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Abstract

Experimental Measurement of the 4-D Transverse Phase Space Map

of a Heavy Ion Beam
by

Harvey S. Hopkins

Doctor of Philosophy in Engineering-Nuclear Engineering

University of California at Berkeley
Professor Edward C. Morse, Chair

The development and employment of a new diagnostic instrument for char#cterizing
intense, heavy ion beams is reported on. This instrument, the “Gated Beam Imager”
or “GBI” was designed for use on Lawrence Livermore National Laboratory Heax-/y
Ion Fusion Project’s “Small Recirculator”, an integrated, scaled physics experiment
and engineering development project for studying the transport and control of intense
heavy ion beams as inertial fusion drivers in the production of electric power. The
GBI allows rapid measurement and calculation of a heavy ion beam’s characteristics
to include all the first and second moments of the transverse phase space distribution,
transverse emittance, envelope parameters and beam centroid. The GBI, with ap-
propriate gating produces a time history of the beam resulting in a 4-D phase-space
and time “map” of the beam. A unique caf)ability of the GBI over existing diagnostic
instruments is its ability to measure the “cross” moments between the two transverse
orthogonal directions. Non-zero “cross” moments in the alternating gradient lattice

of the Small Recirculator are indicative of focusing element rotational misalignments



contributing to beam emittance growth. This emittance growth, while having the
same effect on the ability to focus a beam as emittance growth caused by non-linear
effects, is in principle removable by an appropriate number of focusing elements.
The instrument uses the pepperpot method of introducing a plate with many pinholes
into the beam and observing the images of the resulting beamlets as they interact
with a detector after an appropriate drift distance. In order to produce adequate
optical signal and repeatability, the detector was chosen to be a microchannel plate
(MCP) with a phosphor readout screen. The heavy ions in the pepperpot beamlets
are stopped in the MCP’s thin front metal anode and the resulting secondary electron
signal is amplified and proximity-focused onto the phosphor while maintaining the
spatial and intensity characteristics of the heavy ion beamlets. The MCP used in
this manner is a sensitive, accurate, and long-lasting detector, resistant against signal
degradation experienced by previous methods of intense heavy ion beam detection
and imaging. The performance of the GBI was benchmarked against existing mechan-
ical emittance diagnostics and the results of sophisticated beam transport numerical
simulation codes to demonstrate its usefulness as a diagnostic tool.

A method of beam correction to remove the effects of quadrupole focusing element
rotational misalignmentsis proposed using data obtainable from a GBI. An optimizing
code was written to determine the parameters of the correction system elements based

on input from the GBI. The results of this code for the Small Recirculator beam are

gﬂ@/ (A/Q(/LAL,

Professor Edward C. Morse

Dissertation Committee Chair

reported on.
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Chapter 1

Introduction

The international search for a viable technology to employ in electric power gener-
ation from controlled fusion includes the United States’ Inertial Confinement Fusion
(ICF) Program. Large glass lasers including NOVA and the National Ignition Facility
(NIF) at the Lawrence Livermore National Laboratory (LLNL) are being operated or
built as research tools for achieving ignition and gain in a fusion target.! Success in
achieving ignition is a major hurdle to a practical, economical, and environmentally
attractive source of electric power. The National Ignition Facility, using lasers as a
driver, will demonstrate ignition and the response of target chamber materials to the
fusion environment, as well as contributing to national security as part of the U.S.

Department of Energy’s Stockpile Stewardship Program.

A nominal 1000 MWe inertial fusion energy (IFE) power plant requires a high
repetition rate and high driver efficiency for economic power production.? In the
U.S., several driver options are being studied to obtain the desired characteristics of
high pulse rate, efficiency, reliability, and low cost. These options include the diode-
pumped solid state laser, light ion accelerator, and a heavy ion accelerator based on
induction accelerator technology.® The heavy ion driver research is centered at LLNL
and Lawrence Berkeley National Laboratory. The major issues being studied at these
sites, using theoretical and computational methods, and experiments, include ion

source design and performance, beam transport, beam acceleration and control, final



Figure 1.1: Conceptual view of an inertial fusion energy power plant.!

focusing element design, target chamber beam transport, and fusion target design and
performance. Additionally integrated power plant systems studies done to model the
plant and driver design, construction, and operation are being carried out to estimate

the per kilowatt-hour cost of electricity from an inertial fusion energy plant.

Existing accelerators for high-energy physics research have had long lifetimes and
high availability, and it is expected that IFE drivers could share these attributes. An
induction accelerator in particular is efficient, can readily transport and amplify a
high-current beam, and can easily meet the pulse rate requirement of 3-10 Hz needed
for energy production.* Conceptual designs for IFE power plants have been studied
such as the artist’s conception in Figure 1.1 and the HYLIFE II reactor chamber
design. The HYLIFE II design addressed issues of how to convert the output of the
target to a working fluid as well as alleviating material damage from intense neutron

irradiation and other critical engineering issues.3

The requirements for the driver are imposed by the fusion target design and to a
lesser extent the geometry of the target chamber.>7 Current work at LLNL has fo-
cused on indirect drive targets in which a holraum with radiation converters encloses
a deuterium-tritium pellet. The converters are illuminated by clusters of ion beams

with a narrow cone angle. To achieve a gain of about 100 such a target is required to



receive about 5 MJ in incident ion beam energy in a suitably shaped pulse of about
10 ns in duration.® For an ion mass of 100-200 amu the required energy per ion is
of order 5 GeV based on radiation converter stopping range of R=.02-0.2 g/cm?2.?
The use of heavy ions and their high individual energies allows a relatively low beam
current (compared to light ion beams) and non-neutralized ballistic focusing of the
beam across a 4-10 meter radius target chamber. The ability to focus to a nomi-
nal 3 millimeter spot is governed by four major factors: beam space charge, beam
emittance, transverse focusing field misalignments, and transverse focusing field aber-
rations. Neglecting the effects of the other three factors an estimate of the maximum
permissible beam emittance at the final focus lens can be made. Assuming 6 meters
from the final focusing lens to the target and a 3 millimeter spot size on target, ions
can be aimed with maximum convergence angle of 0.3 milliradians. This angle repre-
sents the ratio between ion transverse energy and beam directed energy. For a 5 GeV
beam, the transverse energy must remain less than 0.5 keV. The transverse emittance
is the product of beam transverse dimension and velocity spread normalized to the
beam’s directed velocity. Uncorrected optics are limited to a focusing angle of about
15 milliradians and so for a 3 millimeter spot size, one obtains an emittance limit of

45 mm-mr.

Limiting the emittance growth from source to target of these heavy ion beams is
a leading topic in the research and development of a heavy ion driver. Understanding
the processes that cause emittance growth and developing the engineering to produce
the necessary beam attributes in an economical way are of high priority. Theoreti-
cal, computational, and experimental work are in progress at LLNL with assistance
from LBNL in the building and operating of the Small Recirculator, an integrated,
scaled driver physics experiment and engineering technology development platform.?
Characterizing its beam of singly-charged potassium ions is crucial to verifying its
design operating specifications and benchmarking sophisticated numerical beam sim-
ulation codes that will help design a full-scale power plant driver. For this purpose
an improved emittance diagnostic, the Gated Beam Imager (GBI) was developed

and fielded for this thesis to obtain information on the Small Recirculator beam not



previously available.

A description of the Small Recirculator experiment and its technology is pre-
sented in Chapter 2. Chapter 3 presents a review of intense ion beam transport
issues relevant to the design and operation of the GBI. Chapter 4 explains the design
methodology used for the GBI and data analysis algorithm. Chapter 5 presents the
work conducted to select the ion detector used in the GBI, a description of the instru-
ment, and its operation. As an application of the unique information available from
the GBI, a beam correction system concept is proposed in Chapter 6. This correction
system uses inputs from the GBI to remove the effects of random quadrupole focusing
magnet rotation errors from a heavy ion driver beam. Chapter 7 presents the results
of GBI measurements on the Small Recirculator beam using the prototype instru-
ment developed for this thesis and validation by comparison with existing diagnostic
instrumentation and code results. Also, experimental results relevant to the beam

correction system are presented.



Chapter 2

Small Recirculator Experiment Overview

As achieving ignition and conducting an experimental program on the National
Ignition Facility can address among many issues, fusion target physics, chamber
materials issues, and give the necessary public awareness boost to inertial fusion
energy research, LLNL is building a heavy ion recirculating induction accelerator
{dubbed “Small Recirculator”) to study in a scaled manner the physics and engi-
neering of producing, accelerating, transporting, and controlling an intense, space-
charge-dominated heavy ion beam through multiple laps of a circular accelerator.’
The recirculating induction accelerator concept applied to a full-scale driver promises
component construction cost reduction over a linear accelerator by re-using the same
accelerating and focusing elements multiple times in a beam’s travel from source to
target. The long path length available in a multi-lap recirculator lessens the required
accelerating gradient through each induction cell allowing smaller (and presumably
cheaper) components than those of a shorter path length “once-through” linear ac-

celerator.!®

The Small Recirculator will be the first accelerato;v of its kind, and with multiple
lap operation will explore the physics and engineering issues of beam control needed
to economically build a driver-size machine. The repeated use of accelerator elements
during beam acceleration and compression on multiple laps also requires new engi-
neering development in areas of beam control, acceleration, and diagnostics.!? These

issues are being addressed in the Small Recirculator project with the goal of an in-



tegrated, scaled system to provide experience in all aspects that apply to building
and operating a driver and to provide data to benchmark computer codes to aid in
the design of a power plant size induction accelerator. To date, prior to multiple
lap operation, the experiment has yielded valuable data on emittance growth, and
beam control of intense heavy ion beams around bends. A summary of its design is
in Table 2.2 at the end of this chapter on page 22 and drawings of its completed form

are shown in Figures 2.1 and 2.2.

Modulator Magnetic quadrupole Insertion/Extraction

Bending dipole

Figure 2.1: Final configuration of the Small Recirculator ring (source and matching
section not pictured).
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Figure 2.2: Final configuration schematic of the Small Recirculator ring

2.1 Small Recirculator Description

The Small Recirculator is being constructed on a “build and test” schedule allow-
ing for component testing and beam ekperiments on that portion available at various
milestones during construction. When completed, the machine will have a circumfer-
ence of 14.4 m, beam pipe radius of 3.5 cm, two beam insertion/extraction sections,

and an altemate-gradient focusing half-lattice period of 38 cm, allowing 40 half-lattice
periods (populated by induction acceleration modules, electrostatic bending dipoles,

and permanent magnet transverse focusing quadrupoles).'®

2.1.1 Full Ring Operation

Full ring operation is expected to include the study of intense beam dynamics
over 15 laps equating to a path length of about 216 meters. Sophisticated numerical

modeling of the beam using LLNL’s WARP code predicts satisfactory beam trans-



port through the 15 laps.™® Data from the full ring operation as well as partial ring
operation during construction will be used to validate the code’s initial beam condi-
tions that are assumed regarding the ion distribution and gage the design operation
of the accelerator system. To provide for the technology development needed for a
full-scale recirculating ion driver in the areas of beam control, longitudinal confine-
ment, induction modulator performance and energy recovery, and beam manipulation
(insertion/extraction) with minimal emittance growth, the beam of singly-charged
potassium ions will be accelerated from 80 to 320 keV by 34 induction modules. The
beam pulse, initia,ﬂy at a current of 2 mA, 4 us in length and 1.1 cm average radius
will be accelerated and longitudinally compressed over 15 laps resulting in a beam
pulse with a current of 8 mA, 1 us in length, and average radius of 1.3 cm. The
initial phase advance of the betatron motion of the ions is ¢y ="78° in the absence of
space-charge and o =16° in the presence of space-charge. At final beam energy, the

phase advances will decrease to og = 45° and ¢ = 12° per lattice period.

Electric quads Magnetic quads %7
\ 7~ 9\\
80 keV lv v vy vy . Slit
K+ SIS SEs=s—= le = = = =o== scanner
F
? 7 T ? 7 T GE Electric araday
Injector ; . fird " up
) Steering  Rotating wir C-probes dipoles
diode quads scanner
0 1 2 3 4 5 meters

Figure 2.3: Experimental configuration of the Small Recirculator during the initial
deployment of the Gated Beam Imager

2.1.2 Partial Ring Operation

During the experiments carried out in support of this thesis the configuration of

the Small Recirculator was that shown in Figure 2.3 with a 45° bend. Figure 2.4
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Figure 2.4: Experimental configuration of the Small Recirculator during the deploy-
ment of the Gated Beam Imager at the end of the 90° bend.

shows the Small Recirculator with a 90° bend installed. In this initial phase of
construction and testing, several designs for the ion source pulser power supply were
tested in order to obtain the desired beam ion extraction voltage waveform rising
from 0 to 80 keV in nominally 326 ns with a flattop, 4 ps long with less than 0.1%
“ringing”, and a sharp cut-off at pulse end. Testing of beam transport through- an
electrostatic quadrupole matching section into a straight magnetic transport section
was completed prior to bending the beam initially around a 45° bend in April 1997.
Construction of a 90° bend in started in August 1997. Bending such an intense space-
charge-dominated heavy ion beam around a curve while maintaining beam quality
had never been accomplished before. Heavy ion beams are much more difficult to

control than electron beams owing to their particle’s large mass (a factor of 7x107 for
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potassium ions compared to electrons), requiring much larger applied fields and less
room for error. Sophisticated particle-in-cell simulations, such as WARP, are required
to accurately calculate the necessary fields and the shape of the elements that produce
the fields such that higher order field components that produce emittance growth
are minimized.”® The development of diagnostic instruments able to measure the
subtle changes expected in the beam into and out of bends was a major effort at this
stage of construction and testing. Development of the prototype GBI occurred over
2% years using the heavy ion beam, first in the straight magnetic transport section
and then at the end of the 45° bend section. Its performance was compared with
data from the mechanical 2-D emittance diagnostic known as “slit scanners” adapted
from LBNL experiments to the Small Recirculator and to the moment and emittance
calculations of the WARP code. For final testing, the Gated Beam Imager contained
within a multi-instrument diagnostic chamber was placed at the end of the 45° bend
section around which the 80 keV beam drifted without acceleration. These results

are discussed in Chapter 7.

2.1.3 Potassium Jon Source

At the source end of the machine, ions are drawn from a diode source that delivers
up to a 9 mA beam of singly-charged potassium ions (K*) at 80 keV.* The ion source
tank is mounted above the source pulser power supply housed in a tank filled with
diala oil to provide cooling to power supply components and to prevent high voltage
breakdown between components.’” This allows a compact physical arrangement of the
pulser circuitry but does cause a considerable effort in tuning the circuit to account
for stray impedances that are caused by circuit geometry which become evident at

the high voltages and frequency necessary to produce the desired waveform.

The ion source is a one centimeter diameter zeolite cylinder coated with potassium.
During operation the source is heated to approximately 1200°F by ohmic heating
causing potassium ions to form a plasma just in front of its surface. The 80 keV

extraction voltage waveform that forms the beam is applied to a graphite Pierce
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electrode surrounding the source shown in Figure 2.5. The 80 keV potential is dropped
across a gap to a plate held at ground potential with a one centimeter round aperature
centered on the beamline. The shape of the Pierce electrode provides a small focusing
effect on the plasma and the aperature limits the current into the Small Recirculator
to 2 mA."® The extraction voltage waveform has a design rise time of 326 ns which
can be adjusted by an RC network in the power supply circuit shown in Figure 2.6.
A nominal 4 us long pulse is generated with its length determined by the receipt of
a second timing signal from the accelerator control system which causes a spark gap

to crowbar the remaining pulser energy to ground with a fall time of 326 ns.

Figure 2.5: Pierce electrode (black) surrounding the potassium source (not visible)
with power supply capacitors mounted on the periphery. The one centimeter diameter
aperature to the matching section is to the left of the Pierce electrode
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Figure 2.6: Source pulser power supply circuit in its oil tank below the ion source
assembly. (Oil not present)

2.1.4 Electrostatic Matching Section

The one centimeter aperature passes the beam into the electrostatic matching sec-
tion formerly used in LBNL’s Single Beam Transport Experiment shown in Figure 2.7.
The matching section contains seven electrostatic quadrupoles. High voltages whose
values are calculated using the WARP code are applied to the quadrupoles which
“matches” the beam by inducing the proper focusing in one transverse direction (e.g.,
z or y, with z being the axial direction) while defocusing in the orthogonal trans-
verse direction. The correct combination of voltages and quadrupole polarity creates
a beam envelope oscillation that matches the beam envelope to the orientation and
spacing of the alternating gradient focusing elements of the magnetic transport sec-
tion of the Small Recirculator. A correct match results in a beam envelope that

remains less than the beam pipe’s aperature dimension. Table 2.1 lists a typical set
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of electrostatic quadrupole voltages used during experiments to attain a matched 80
keV beam.

Figure 2.7: Electrostatic matching section. Cables supplying voltage to the electro-
static quadrupoles enter on the left side and the oil tank housing the ion source pulser
circuit is shown below the ion source assembly tank to the right.

Faraday cup diagnostic instruments that measure total beam current as a function
of time can be inserted into the matching section after electrostatic quadrupole num-
bers two and seven. Two sets of mechanical slit scanners, which can measure beam
emittance in the y (vertical) direction only, are located between quadrupoles two
and three and between quadrupoles six and seven. A set of electrostatic steering

quadrupoles for moving the beam a limited amount in the 4z, y direction are located

after quadrupoles four and five.
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Table 2.1: Electrostatic quadrupole voltages used to “match” the Small Recirculator
80 keV beam to the magnetic transport section lattice.

Quadrupole # Match Voltage (V)
1 +1975
+3836
+3085
+1955
+1840
+1655
+1665

-3 O Ot = W o

2.1.5 Straight Magnetic Transport Section

Following the matching section, during the straight magnetic transport experi-
ments, were three magnetic transport sections, each 76.2 cm long, with two six-inch
diagnostic or pumping ports and connections for capacitance probes (non-intercepting
beam centroid diagnostics).’® The six-inch ports accepted a variety of diagnostic in-
struments including a LLNL-designed mechanical slit scanner, a rotating wire scan-
ner for beam envelope measurements, and test assemblies used for GBI development.
Small one-inch ports were used to bring out capacitance probe signals, and to ac-
commodate GBI detector power supply leads. Each straight section consisted of two
alternating gradient (or FODO, short for FOcusing/DefOcusing) half-lattice periods
with two permanent magnetic quadrupole focusing elements with pole tip fields of
0.295 Tesla. Successive quadrupoles are aligned such that focusing in one transverse
plane is followed by defocusing in the next quadrupole in the same plane. With a
matched beam, the beam waist, (where both transverse radii of the beam are equal
and the beam crossection is round), is at the center of the six-inch diagnostic ports.
Figure 2.8 shows the three straight magnetic transport sections as configured during

‘the experiments supporting this thesis.
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Figure 2.8: Small Recirculator straight magnetic transport section showing the 3
six-inch diagnostic ports.

2.1.6 Electrostatic Bending Section

Figure 2.9 shows the 45° bend section that first accomplished the bending of an
intense heavy ion beam with full beam transport.!® The FODO lattice of the straight
transport continues in the bend with electrostatic dipole bending plates placed at the
center point between successive magnetic quadrupoles. These plates are designed to
bend the beam by 9° in each half-lattice period requiring 5 dipoles to bend the beam
by 45°. The nominal voltage to bend the beam 9° at 80 keV is +6570 V placed on
the outer plate and -6570 V on the inner plate. The shape of the faces of the bending
dipoles is slightly concave on the inner electrode and convex on the outer with “ridges”
along the top and bottom edges. The shape, calculated using the WARP code was

optimized to minimize the energy effect which shortens/lengthens the phase advance
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of particles not on the design orbit through the dipole and to minimize higher order

field components.®

Figure 2.9: Small Recirculator 45° bend section consisting of five half-lattice periods
with electrostatic bending dipole plates.

2.1.7 Multi-Instrument Diagnostic Tank

No induction modulators were placed on the 45° bend section at this point of the
build and test schedule. They were being developed and bench tested during this time
period. As such, no acceleration of the beam was accomplished during this phase of
Small Recirculator operation and the beam drifted from extraction to the end of the
beamline after the 45° bend with no longitudinal confinement of beam ions. Mea-
surement of the beam distribution’s transverse moments was made at the beamline

end in the multi-instrument diagnostic chamber 1 designed and built for acquiring



17

data (Figure 2.10). The instruments contained in the chamber include a Faraday cup
for measuring the total beam current, a mechanical slit scanner emittance diagnostic
capable of 2-D phase space moment measurements, and the GBI diagnostic. This
chamber will continue to be used at the end of the beamline as the Small Recircula-
tor is built, eventually housing the final diagnostics following beam extraction after

15 lap operation.

Figure 2.10: Multi-instrument diagnostic chamber at the beamline end showing the
GBI CCD camera, the slit scanners mounted vertically for y-emittance measurements,
and the Faraday Cup sliding manipulator on the horizontal port. The two boxes
contain the controls for the GBI CCD camera. Slit scanner measurements of the z
emittance is accomplished by mounting the scanners horizontally on the chamber.
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2.2 Beam Physics Scaling of the Small Recirculator

That the Small Recirculator operate in the same beam physics regime as a full-
scale driver is key to benchmarking the numerical simulation codes that will be used as
aids to establish confidence in predicting the performance of a driver design. A LLNL
design study conducted in 1991 proposed a “C-design” recirculator driver as an option
for a full-scale IFE power plant.’® A schematic is shown in Figure 2.11. Appropriate
scaling of key parameters from the Low Energy Ring of the C-design driver size
machine to the Small Recirculator was done to ensure the data generated in the
Small Recirculator experiment would apply to a scaled-up machine.’* A comparison
of the small recirculator to the C-design Low Energy Ring is shown in Table 2.3 at
the end of this chapter on page 23.

2.2.1 Physical Size Scaling

Properly scaling the physical size of the Small Recirculator was the first con-
sideration. The physical length of both the bending dipoles and focusing magnetic
quadrupoles should be greater than 3 times the pipe radius or 1.5 times the aperture
between the bending dipole plates.'* This condition ensures that the nonlinear fields
associated with the finite length of the dipole and quadrupole are sufficiently small to
minimize emittance growth. An additional length equal to the pipe radius is allotted
on either end of each dipole and quadrupole yielding a ratio of L/rp;,. which is nearly
identical to that of the C-design Low Energy Ring. A second scaling consideration is
that the ratio of the beam pipe radius to the maximum beam radius be greater than
1.4.'* This rule of thumb gives adequate clearance to allow for beam motion within

the beam pipe and ensures the image charge forces are unimportant.
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All 3 rings: 4 beams, 100 laps
Target
1
Bunching section/ . goonif)éV,
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(10 GeV, 250-10 ns)
' \ Reactor
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Injector (3 MeV, 200 s)

Low Energy Ring
(3-50 MeV, 200-304. s)

Medium Energy Ring
(50 MeV-1 GeV, 30-2.51S)

\ High Energy Ring

(1-10 GeV, 2.5-0.255)

Figure 2.11: “C-design” heavy ion driver schematic

2.2.2 Maintaining Key Dimensionless Beam Physics Pa-

rameters

Maintaining the values of three dimensionless parameters which characterize the
focusing, space-charge, and inertial forces, which must balance to maintain beam
equilibrium, ensures that the beam physics regime of the Small Recirculator is the

same as that of a full scale driver. The first parameter, the phase advance per lattice
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period, 0y is a measure of the strength of the focusing forces relative to an ion’s
inertia. A resultant focusing of the beam occurs in an alternating gradient focusing
system as follows. The beam is focused in the plane of the largest transverse beam
envelope size and at the same time defocused in the orthogonal transverse plane of
smallest envelope size. This is accomplished with quadrupole magnet fields aligned
to the z —y plane. Since the quadrupol‘ar focusing force is linearly proportional
to distance from the beam pipe axis, the result is net focusing through a series of
magnets with focus/defocus axes rotated 90° to one another. The ions at larger
envelope dimension from the axis receive a greater inward focusing force than the
outward defocusing force applied to the outer ions at smaller envelope dimension in
the orthogonal plane. When the beam centroid is displaced from the axis it oscillates
harmonically in the focusing field and the change in phase per lattice period is the
phase advance, og. Experimental studies on Lawrence Berkeley National Laboratory’s
Single Beam Transport Experiment (SBTE) showed that beam instabilities formed
at og greater than 80° which provides a constraint for both the driver and Small

Recirculator.'

The beam perveance, & is the second dimensionless constant and is a measure of
the space-charge forces relative to inertial forces. The expression for beam perveance

is:11

el
k= ZT_EO—:%—("BTC)E (2.1)
where ¢ is the charge state of beam ions, e is the proton charge, mg is the beam ion
mass in atomic mass units, v is the Lorentz factor, Bc is the ion velocity, I is the
beam current, and ¢q is he permittivity of free space. Scaling for the same perveance,
(k = 1072 — 107*) as that in the C-Design Low Energy Ring is accomplished in the

Small Recirculator by lowering the current, ion mass, and ion velocity appropriately.

The third dimensionless parameter is the depressed phase advance, o. In intense
ion beams, the externally-applied focusing forces are countered by the outward force
generated by space-charge and random ion thermal motion. The random ion thermal

motion results in a thermal force and is characterized by the emittance. In space-
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charge-dominated ion beams of high line-charge density, the space-charge forces nearly
equal the applied focusing forces. The emittance force makes up the difference. An
off-axis beam particle performs quasi-harmonic oscillations in the combined external
focusing and internal space-charge fields. The period of oscillation decreases as space-
charge forces approach the focusing forces. The ratio o /o must be < 1 for a driver.'

The ratio for the Small Recirculator varies from 0.21 at 80 keVto 0.27 at 320 keV.

Therefore, as the key dimensionless numbers are maintained in the scaling from a
driver to the Small Recirculator, verification of the Small Recirculator’s design per-
formance will result in increased confidence in modeling a driver’s performance. This
along with the technology developed to successfully transport and control the beam
through multiple laps will pave the way to scaling up the design to that required for a
full-scale driver capable of economically delivering ion beams to a reactor chamber(s)

many times a second.
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Table 2.2: Small Recirculator design parameters.'®

lIon mass (amu) 39
Total flattop charge (C) 8x10~°
Number of laps 15
Physical quad occupancy fraction 0.307
Physical dipole occupancy fraction 0.291
Pipe radius/max beam radius (z,y) 2.349, 2.348
Pipe radius (cm) 3.493
Circumference (m) 144
Half-lattice period (cm) 36
Half-lattice period/pipe radius 10.308
Quad physical length/pipe radius 3.164
Bend physical length/pipe radius 2.996
Number of half-lattice periods 40
Residence time (ms) 0.229

Initial Final
Beam energy (keV) 80 320
Flattop pulse duration (ps) 4 1
Normalized emittance (mm-mr) 0.1 0.2
Transverse temperature (eV) 0.739 1.478
Quadrupole field (T) 0.295 0.295
Dipole electrode voltage (+kV) 6.789 27.155
ooz (°), ooy (°) 78, 78 44.554, 44.554
og (quadrupole only) (°) 72 34.201
ar0y (°) 15.95, 15.96 11.55, 11.55
(0z/00z),(0y/o0y) 0.205, 0.205 0.259, 0.259
Beam velocity/c (3) 21x107%  42x1073
Flattop bunch length (m) 2.517 1.258
Perveance 3.57x107* 1.79 x 107*
Peak current (mA) 2 8
Line charge (¢C/m) 3.6x10°  7.21 x1073
Modulator Repetition rate (kHz) 43.69 87.38
Beam radius in z (mean,max) (cm) 1.11, 1.422  1.304, 1.487
Beam radius in y {mean,max) (cm) 1.11, 1.421  1.305, 1.488
Number of betatron oscillations per lap in z,y 4.333, 4.333 2.473, 2.475
Ear rise or fall time/flattop time 0.1 0.1
év/v from spatial compression 1.89 x 1072 9.45 x 1073
$v/v from ears 6.73 x 107* 4.7 x 1074
Centroid offset from compression (cm) 0.231 0.354
Centroid offset from ears (cm) 0.008 0.018
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Table 2.3: Comparison between the Small Recirculator and C-design Low Energy
Ring (LER) parameters.'®

Small Recirculator

C-design LER

General

lon energy (MeV) 0.08-0.32 3-50
Pulse Duration (us) 4-1 200-30
Circumference (m) 14 700
Current per beam (mA) 2-8 500-3300
No. of Beams 1 4

No. of laps 15 100
Beampipe radius (cm) 3.5 7.8
Lattice half-period (cm) 36 85
Vacuum (torr) 1x1078 5x1071
Induction modules

Inner radius (m) 0.163 0.313
Outer radius (m) 0.211 0.455
Length (cm) 8.5 40.3

No. of cores 34 785

Cell voltage (kV) 0.50 0.60
Bends

Effective length (cm) 13 15

No. of bends 40 2680
Maximum field 910 kv m™! 0.90 T
Quadrupoles

Length (effective length) (cm) 10 (10) 47 (23)
No. of quads 40 3139
Maximum quad field (T) 0.3 2.0
Dimensionless parameters

Phase advance, oo (degrees) — 78-44 80-20
a/og 0.20-0.27 0.06-0.09
Perveance, (4.0-2.0)x10™4 (9.0-0.9)x10™*
Tune, v 4.3-2.5 92-22
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Chapter 3

Heavy Ion Beam Transport

The production, acceleration, and transport of high-quality intense heavy ion
beams for use as drivers for inertial fusion energy is one of the key issues in deter-
mining the feasibility of the energy source.® The specifications for the ion beams
are determined by target physics considerations. Recent simulations using the code
“LASNEX” have shown that to ignite one class of indirect-drive target tailored to
heavy ions, the ions need to have an energy of about 4 GeV, a total beam energy
of 5.8 MJ, and a spot size on target of about a few millimeters.® The ions must be
extracted from an ion source and manipulated within the driver in order to produce
the desired beam spot size and energy deposition rate at the target. One key aspect
of this process is the drift of the beam from the final focus lens across the target
chamber to the target, a distance of about 4 meters. In a HYLIFE II-type IFE power
plant the target chamber is necessarily large to provide a lower neutron fluence at the
chamber first wall for materials damage limitations and to accommodate adequate
liquid coolant/shielding within the reactor chamber.® This large target chamber drift
distance with no confining fields (except perhaps that of partial neutralization from
the beam passing through chamber background gas) places a considerable constraint
on the final focus lens. Among the detrimental processes during the chamber drift
is the defocusing effect of the beam ions’ random transverse thermal motion charac-
terized by the beam transverse emittance. To account for this, a driver will have a

transverse emittance specification at the final focus to ensure the required spot size
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on target is achieved. Measuring the emittance at the final focus and most likely at

various locations along the beamline will be needed to ensure that this specification

is met.

3.1 Origin of Beam Emittance

At the ion source, the extracted ions have an intrinsic thermal velocity spread
which remains present in the beam from the source to target. This spread is present
in both magnitude and direction of the extracted ions. During beam extraction,
acceleration, and final focus, the velocity vector of each ion is changed under the in-
fluence of the applied electromagnetic fields of transverse focusing elements, the axial
accelerating fields of induction modules, and by beam internal space-charge forces.
In fact, the existence of a beam and not a bunch of randomly moving ions is owed
to the induced directed motion of the ions along the accelerator swamping this ran-
dom component. Despite focusing and acceleration of a beam, the intrinsic random
ion velocity component remains and cannot be removed (except by cooling, generally
deemed impractical in a driver). This is a consequence of Liouville’s Theorem stating
the volume of a particle ensemble in phase space cannot be reduced. The random
component of an ion’s velocity vector in a laboratory beam will vary considerably
from the ideal thermal limit due to nonlinear focusing forces (unavoidable with prac-
tical focusing fields), and instabilities in the beam particle distribution (available free
energy converted to random ion motion). Sophisticated modeling of the ion beam us-
ing the WARP code has shown that transitions between straight and curved sections
of an accelerator are a major cause of emittance growth.®® Controlling this growth

is dependent on the accelerator design and performance, and is a major goal of the

Small Recirculator project.?®

In a conceptual six-dimensional Euclidean phase space, combining configuration
space (z,y,z) and canonical momentum space (p,, py, p:), 2 beam ion is represented
by a point and all the points occupy a volume. This 6-D phase space can be reduced

to a 4-D transverse phase space of (z,z',y,y’) whose volume is conserved with the
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assumption of no coupling between the transverse (z,y) and the axial (z) motions of
the particles as the beam travels through the accelerator. The canonical momenta
are replaced by their corresponding transverse angles, ' = dz/dz, and, y' = dy/d-=.
Also, assuming a system of non-interacting particles, the movement of the beam ions
is associated with the equivalent motion of points in phase space. Assuming no ions
are lost from the beam, the number of points in phase space and the occupied volume
is constant. The projections of the 4-D volume onto the two 2-D, z and y phase spaces
results in two areas that are conserved if there is no coupling between the z and y
motions of the ions. Figure 3.1 is a 2-D visualization of the 4-D phase space and the
two 2-D projections. The assumption of no coupling between the orthogonal motions
of the ions in a laboratory beam is most likely a weak one. Experimental detection
of the loss of directed energy from the z direction to the z — y direction by making
measurements on the z direction energy is unlikely. More feasible is the measurement
of the longitudinal directed energy coupling by measuring the amount gained in the
transverse directions. This coupling can be observed by detecting an increase in
the emittance in the transverse directions. Direct detection of coupling between the
transverse directions is more likely as the magnitude of any energy transfer would be

a much greater relative percentage of the total transverse energy.

3.2 Small Recirculator Beam Transport

Nominally, the Small Recirculator beam consists of a distribution of 5x10'° ions
which are initially extracted from the ion source with an energy of 80 keV. Unless
accelerated by induction modules this beam “drifts” through the lattice of focusing
and bending elements of the machine. The Small Recirculator lattice is a periodic
focusing system with two planes of symmetry (z — z and y — z). In the laboratory, z
is horizontal, y is vertical, and z is along the beamline which curves to the left around

the bend. The paraxial motion of beam particles in the lattice (neglecting bending
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Figure 3.1: Representation of the beam’s 4-D transverse phase space volume and the
2-D projections into the  and y planes.

and space-charge forces for now) is described by two equations:
2(2) + ku(2)z =0 y"(2) + ky(2)y = 0 (3.1)

where k,(z) and k,(z) are the periodic focusing functions and satisfy the periodicity

relation k(z + L) = k(z) where L is the length of one lattice period, 76.2 cm.

Similarly, two sets of equations are necessary to describe the ion trajectories in the
two planes of symmetry with space-charge taken into account now. These two sets
of equations are coupled through the beam space-charge terms. Letting X(z) denote
the z-envelope and Y (z) denote the y-envelope, the ellipse describing the transverse

beam boundary obeys the equation

.,1:2 y2

e =1 (3.2)
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and the charge density is defined by

2 2 $2 2

xr
p@)={ry for Sm+yz<l, O for m4o>1 (3-3)
where
= po(2) = S — 4
o= ) = X ()Y (2) (3:4)

is constant inside the beam at a given position z, (x, y varying) but is a function of z.
The electric field for this charge distribution calculated from Poisson’s Equation is:
I z I Y

E,= E, = : .
e X(X +Y) Yo men Y (X +Y) (3:5)

The ion trajectory equations including space-charge are:

2(2) + ka(2)z — X(‘)’?IT/SI —0, (3.6)
V') + R - g = (1

where « is the beam perveance defined in Equation 2.1. These equations are linear
in z and y, but are coupled through the space-charge terms which can be determined
from the corresponding beam envelope equations.?! The trajectory equation solutions

can be represented in phase-amplitude form:

z(z) = Apwz(z) cos[z(2) + ¢ y(2z) = Aywy(z) cos{tp,(2) + ¢,] (3.8)

where Az, Ay, ¢z, and @, depend on the initial conditions (zg,zf) and (yo,y4) and
remain constant throughout the motion. The terms, w,(z), and w,(z) give the am-
plitude dependence on z as the beam is transported through the alternate gradient

focusing lattice. Differentiating z(z) and y(z) with respect to z gives

’

2 = AWy cos(thy + b)) — wet psin(ty + bs)] (3.9)

/

y' = AW’y cos(, + ¢,) — wyp'ysin(thy, + b,)] (3.10)
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Eliminating ¢ and ¢ using the identity cos?(y) + ¢) + sin®(y + $) = 1 yields the

equation of the 2-D phase space trajectories of an jon.??
42t 4 28z2 4+ Bz = 4,7 Ayt 4 2ayy + By = 4,7 (3.11)

These are equations of ellipses whose shape and orientation are determined by the

amplitude factor, A, and coefficients 4, &, and ﬁ which are determined by w(z), and

wz(z'). All ions in the beam with the same amplitude factor but differing ¢ lie on

the same ellipse. Ions with different amplitude factors lie on other ellipses scaled in
size but similar in shape. The relationship between the coefficients and the ellipse

dimensions are shown in Figure 3.2. For the z — ! plane, and similarly for the y — ¢’

plane,the area of the largest ellipse is 4y = 7¢, where €, is the beam emittance in

the z direction. Therefore, the equation of the largest ellipse can be written as

F2® + 24zz’ + Bz = ‘ (3.12)

’ A s
X max= _{ ffx ' // A
7 slope=- «/a
x'int= isl/é/

p
-
beam < X
centroid /xint".‘ Béx

ol Dt
Kmax == X Xt

Figure 3.2: Relationship between phase space ellipse coefficients and the ellipse
dimensions.
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As the beam drifts through the Small Recirculator lattice the emittance would be
constant if the external focusing and bending fields and the space-charge fields were
linear.?® With acceleration, the emittance decreases since ¢’ = dz/dz, but the normal-
ized emittance remains constant as it includes factors which account for the increase
in ion velocity. A discussion of the use of different emittance definitions follows later in
this chapter. The only ion distribution that results in linear space-charge fields is the
Kapchinsky-Vladimirski (K-V) distribution of the form f(z,z’,y,y’) = Fod(F — Fy).%*
The point representation of this distribution is that all the points in a 4-D phase space
representing ions lie on the surface of the 4-D hyperellipsoid of Figure 3.1. The projec-
tion of the hyperellipsoid onto the 2-D phase spaces results in ellipses with a uniform

charge density.

A fundamental question of beam theory is to find equilibrium states where the ion
distribution remains stationary (i.e., does not change with distance along the accel-
erator). Vlasov theory is a tool used in the absence of collisions to find equilibrium
states. A stationary distribution represents a state of minimum total energy. A beam
with higher total energy contains free energy which is available to be converted into
random ion energy, thus increasing the emittance of the beam. This conversion is
brought about by collisional processes, instabilities, and non-constant space-charge

distributions and nonlinear focusing fields.?

Analytical techniques using the Vlasov equation to understand the stationary state
or the evolution of a non-stationary state are useful only in axisymmetric cases and
in the case of the K-V distribution.? Computational particle simulations must be
used for other distributions such as the constant density with a semi-gaussian spread
in ion velocities used to initialize WARP simulations.’® The initial magnitudes of the
velocity spreads are, to date, only estimates in the code. A result of code simulations
has been to show that the transverse emittance growth of a Small Recirculator beam
as a result of the insertion/extraction into the ring is very sensitive to the magni-
tude of the axial velocity (v,) spread. Determining the proper spread by comparing

experimental measurements to the code is of vital importance to code validation.
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The results of the analytical analysis of the K-V distribution can be used on
unknown (laboratory) distributions, which are likely not K-V, using the concept of
“equivalent beams”.?®?” Treating the laboratory beam as an equivalent K-V beam
has yielded valuable tools for characterizing accelerator performance and as a tool for

designing and predicting accelerator performance.

3.3 Moment Description of the Ion Beam

Sophisticated heavy ion beam simulation codes, such as LLNL’s WARP, model
the evolution of the beam distribution through a model recirculator using macro-
particles, each representing a large number of ions.!® Choosing the appropriate pa-
rameters to use as code benchmarks involves surveying what can be measured in an
experiment. The desirable (and reasonable) measurements include ion energy, beam
envelope parameters, and transverse phase space first and second moments. These
can be compared directly with code results or figures of merit such as the beam trans-
verse emittance in the z and y directions. Relating the beam’s representation in the
conceptual 4-D phase space as a hyperellipsoid to its moments is seen with a matrix
representation in Figure 3.1.%® In this context, o is not the beam phase advance,
but the hyperellipsoid’s sigma matrix. The difference between uses of the notation is

apparent in context.

011 O12 013 014
021 0O22 U223 024
o= (3.13)

031 U032 'O33 0J34

041 042 043 044

The equation of the hyperellipsoid is given by T'To~!T' = 1 where the 4-component
vector, [' = (z,2',y,y") and the dimensions of the hyperellipsoid are related to the
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matrix elements by:
Trmazr =711 :E:naa: =1/022 Ymaz = \/a—; y;na;z; =4/044 (314:)

Assuming a K-V beam distribution, the relationship of the matrix elements to the

second moments of the beam is:

o =4<z?> op=4<zr’>=4<t’r>=0y  op=4d<a’> (3.15)
0'13=4-<:cy>54<yx>:031 023:4<:c'y>54<ya:'>:032 (316)
cu=4<zy'>=4<y’z>=0y ou=4<zy'>=d<y'z' >=04 (3.17)
0‘33:4<y2> os=4<yy' >=4<y'y>=o043 044::4<y'2> (3.18)

The = and y cross terms represent coupling between the motion of beam ions in
the » and y planes. These elements are zero if no coupling is present or non-zero
with coupling caused by, for example, a rotationally misaligned quadrupole focusing
magnet. The second moments of the distribution are defined in the conventional

manner, e.g.,
<3:2>=////$2 plz, 2’ y,y') dz dz’ dy dy’ (3.19)

with p(z,',y,y’) dz dz’ dy dy’ representing the beam ion distribution and having the

normalization

/ / / /p(:v, 'y, y) dzde dy dy' = 1 (3.20)

Without coupling between the ions’ = and y motions, the projections of the hy-
perellipsoid into the z —2’ and y—y’ planes in Figure 3.1 are ellipses which contain
the z and y motions of the beam particles. The applicability of Liouville’s Theorem
to the 4-D and to these 2-D phase spaces is predicated on no coupling between the
orthogonal directions of motion. The separable nature of the z and y phase space

ellipses is seen in the sigma matrix with no coupling, Equation 3.21.
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o oz 0 0
e on o2 0 0 (3.21)
0 0 033 O34 -
0 0 043 OTu44

Figure 3.3 shows the relationships between the sigma matrix elements and the 2-D

phase space ellipse dimensions.

s
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%

‘-—
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X

xmax= Ex l \/0_27.

Figure 3.3: Relationship between the sigma matrix elements and the 2-D phase space
ellipse dimensions.

A beam’s phase space distribution can be described by its first and second mo-
ments. The actual beam distribution in a laboratory beam is not known. The use-
fulness of gross measurements such as the beam first and second moments is in the
concept of equivalent beams. Two beams can be considered equivalent if they are
composed of the same particle species, current, kinetic energy, and second moments.

Detailed differences in their distributions are unimportant as long as the above con-

straints are met. This is fortunate as it allows comparison of a laboratory beam -
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of unknown distribution with that of a known and probably different distribution
used in a numerical simulation. The initial distribution for the WARP code that is
most commonly used is one that is uniform in z,y,z, with a semi-gaussian spread
in vy, vy, and v,.'> MOMENT, a simpler beam moment evolution code, uses a K-V
distribution.?? Therefore, a simulated beam and a laboratory beam with the same
second moments and other quantities at the same time and location in the accelerator

can be considered equivalent, and is one basis for comparing experimental data with

numerical simulation results.

3.4 Definition of Emittance

The figure of merit most commonly used to describe beam quality is the transverse
emittance of the beam. Beam “brightness” is another quantity used as a figure
of merit when there is concern about the amount of beam current as well as the
emittance. In the Small Recirculator, with full beam transport verified with Faraday
cups, the emittance is the relevant quantity. It is closely related to the area of
the two-dimensional projections of the 4-D phase space hyperellipsoid. Lapostalle
and Sacherer introduced rms quantities in order to compare beams with differing

distributions.?®?” The rms beam width is given by

(3.22)

The rms values of other quantities (%', §,¢’) are similarly calculated. Statistically, the
definition of the “rms transverse emittance” in the z direction is

L
2

€= [< 2P><z?> ~ <:cx’>2} (3.23)
where the term < z2'> represents an z—z’ correlated particle flow term that occurs
when the beam is converging or diverging under the influence of external focusing
forces.?®2” 1t represents an inward or outward flow term in the transverse kinetic

energy. The difference between the total transverse kinetic energy, <z?><z'?>, and
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the flow energy represented by <zz'> is the small random transverse kinetic energy

from which the emittance rises. Correspondingly for the y direction:
~ 2 i
&= <y ><y?> — <yy'>Y’ (3.24)

Another common definition I will adopt for clarity is the "rms edge emittance” which

is four times the rms emittance? :

(S

€= 46, =4 <z ><z?> — <z’ >? (3.25)
In terms of the hyperellipsoid sigma matrix:
1
€= [0'110'22 — 0'32] : (326)

As z' is defined as dz/dz, the instantaneous transverse angle with respect to motion
along the accelerator, it is inversely proportional to the beam energy. A correction
factor of fv, the usual relativistic quantities, is applied to the emittance to give the

normalized rms edge emittance which is constant with beam acceleration:®°

én = fve, (3.27)

This is a figure of merit that can be easily used to compare the beam emittance if

measurements are made at two points in an accelerator with acceleration in between.

There are ten independent transverse second moments. The existence of non-zero
cross moments can be indicative of rotational misalignments of accelerator quadrupo-
lar focusing components causing coupling between the z and y ion motions. The
effects of misalignments are more fully discussed in Chapter 6. These z — y cross
moments cannot be measured with a slit scanner diagnostic as this instrument aver-
ages beam information along the length of its slits. A useful quantity that becomes

non-zero with  —y coupling is indicative of the angular momentum developed by the
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beam about the z-axis. This quantity is defined by:

l=p(<z'y> — <zy’>) (3.28)

Detection of beam rotation can indicate alignment problems in the accelerator which
will have the ultimate effect of increasing the final spot size on target over that of a

similar non-rotating beam.

The GBI measures these x — y cross moments and extends the characterization
of the Small Recirculator beam and understanding of possible causes of unpredicted

beam behavior beyond that of previous instruments.
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Chapter 4

Pepperpot Method and Image Data Analysis

The motivation to design a new diagnostic instrument for measuring the charac-
teristics of a heavy ion beam was fostered by the limitations of previous instruments.
The new instrument developed in support of this thesis is the Gated Beam Imager
(GBI) and is based on the pepperpot beam diagnostic method which has previously
been used to diagnose electron beams.?® The diagnostics in predominant use to de-
termine a heavy ion beam distribution’s first and some of the second moments in

transverse phase space have been capacitance probes and mechanical slit scanners.

4.1 Capabilities of Existing Emittance Diagnostics

Mechanical slit scanners, in which two thin slits are repositioned across the beam
between successive shots are able to measure the second moments (<z?>,<zz'>,<z?>
or, <y?>,<yy’>,<y”>) in one transverse plane at a time while averaging the beam
information in the orthogonal plane.®* Thus, only the emittance in one plane at this
particular place in the beam line can be obtained without disassembling the accel-
erator or having a second scanner at the same location, or some other extravagant
solution. As a slit averages the beam in the direction of its length, a slit scanner |
cannot measure any of the cross moments, (< zy >, <z'y >, <zy'>, <z'y’>) which
are important to detecting a decrease in the accelerator performance due to a focus-

ing field degradation, or the presence of a component physical misalignment such as
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a focusing quadrupole rotation error about the beam axis. These types of problems
induce coupling between the 2 and y motions of the ions in an alternating gradient
accelerator lattice causing an “effective” emittance growth in the beam. I call this
“effective” emittance growth as the growth is genuine in its effect on the focusability
of the ion beam. Because it is caused by linear forces coupled in the z and y direc-
tions, it can, in principle, be removed by the appropriate application of counteracting
linear forces. Normally, emittance growth is associated with nonlinear forces acting
on the beam distribution which entrains unoccupied phase space into the distribution
making it for practical purposes impossible to sort out the actual distribution through
diagnostic measurements.”® Figure 4.1 shows the entrainment of unoccupied phase
space within the distribution as a result of nonlinear forces. The dotted line envelope

shows the resolvable phase space ellipse.

The GBI is able to measure all the first and second phase space moments of the
ion beam simultaneously, including the *—y cross moments. With appropriate time
gating it can produce the information for a 4-D and time history “map” of the beam
using successive beam pulses. When installed after a bending dipole such as after the
45° bend section of the Small Recirculator it was found useful as a qualitative energy

analyzer to observe energy changes longitudinally along the beam pulse.

4.2 The Pepperpot Method

In the pepperpot method where a mask with small holes (the pepperpot) is intro-
duced into the beam, the beam ions are stopped by the hole plate except where they
pass through the holes forming small beamlets. These beamlets pass through a drift
region where they freely expand from space-charge and emittance forces. The beam-
lets are intercepted by a detector which is excited and the spots are observed with a

CCD camera, and digitized for analysis. Figure 4.2 is a schematic of the method.

Without the hole plate, the gross behavior of the beam in the drift space is similar
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Figure 4.1: Entrainment of unoccupied space into the phase space area of the beam
due to the action of nonlinear forces as the beam progresses through the accelerator.
The dotted ellipses are fitted to shaded areas to illustrate how the resolvable emittance
grows although the shaded areas are constant in area.

spot crosssection

ion beam

detector

Hole Plate

Figure 4.2: Schematic of the pepperpot method

to the beamlet but the small increase in beam dimension due to emittance forces is lost
in the greater expansion due to space-charge. The small holes allow the emittance-
caused transverse growth to dominate over space-charge expansion and thus be more
easily measured as well as creating a known initial circular cross-section to compare
to the beamlet cross-section at the detector. Creating the beamlets also allows infor-
mation from the central regions of the beam to be used in determining its properties.

Figure 4.3 is a simplified schematic of the Gated Beam Imager.



40
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beam
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raw data
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Figure 4.3: Simplified GBI instrument schematic

4.3 Design of the Gated Beam Imager

Several dimensions of the GBI such as pepperpot hole size, hole spacing, and
beamlet drift length must be sized to achieve the goal of maximizing the beamlet’s
growth due to emittance while minimizing the growth from remaining space-charge
forces. Additionally, adequate signal strength must be present at the CCD camera
and the beamlet image spot size must be much greater than the camera system res-

olution so that statistical averages of the CCD pixels are valid. These requirements

~ place constraints on the pepperpot hole size, hole spacing, and beamlet drift length.

For instance, small beamlet size is desirable to limit space-charge forces but small
beamlets reduce the detectable signal to the camera. Also, the hole spacing must
be close enough to allow enough beamlets for sufficient statistical averaging but the
spacing is limited by the requirement that the expanding beamlet image spots not
overlap at the detector. The drift distance, as well, is limited by spot overlap due
to the quadratic growth with distance of the beamlet from space-charge. Addition-
ally, the drift distance must be sufficient to allow adequate beamlet spreading from
emittance but prevent excessive space-charge spreading. An optimization of these
competing parameters was done by developing a spread sheet to predict the per-

formance of the GBI based on reasonable estimates of instrument dimensions and
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constraints imposed by the Small Recirculator design. The results used in the design
of the GBI are shown in Table 4.1. The criteria used to define an acceptable design
were that beamlet spread due to space-charge be less than 10% and that no beamlet
spots could overlap due to expansion. The spreadsheet also makes estimates of the
amount of optical signal available to the CCD camera based on the input design pa-

rameters. A copy of the spreadsheet is contained in Appendix A and details of the

calculations are available in Reference 55.

Table 4.1: Results of the GBI design optimizing spreadsheet.

rlnput Data T
Beam current | 2 mA || Hole diameter 100 p
Beam radius | 0.5 cm || Hole spacing 2.5 mm
Beam energy | 80 keV | Drift distance 15 cm
Beam length | 4 us Beam emittance | 10 mm-mr
Beamlet Calculations '

Max acceptance angle through hole 12.34°
Beamlet spread due to space charge 8.2%/8.2u
Beamlet spread from emittance 214%/214 4
Beamlet diameter at detector 322.5u
Distance between beamlets 1.96 mm

The optimization calculations assume that the mean direction of the beam ions
is parallel with the recirculator axis (z). In general, the beam will be converging in
one transverse plane while diverging in the other transverse plane through the FODO
lattice. The random transverse thermal velocity of the ions will be superimposed on
top of this directed transverse motion. While this directed transverse motion may
not be overly significant to the design of the instrument, it is important to measure

it in order to obtain an accurate calculation of the transverse emittance.
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4.4 Pepperpot Method Data Analysis

A diverging beam appears in phase space as a rotation of the major axis of the
phase space ellipse containing the beam ion distribution into the first and third quad-
rant. Figure 4.4 shows a schematic of a diverging beam’s phase space ellipse and the

contribution to it of two beamlets created by a pepperpot.

detector phase space

pepper-pot X' beamlet 1

beamlet 1
beam envelope

beamlet 2

Figure 4.4: Determination of the phase space ellipse rotation angle.

Using some geometry and the assumption that the divergence angle is small yields

the expression for the emittance ellipse rotation angle, “6p”:

0r = arctan (p 2 8) (4.1)

The hole spacing, s, and drift distance, L, are known and the determination of the
beamlet spot spacing, p, requires a calibration of the image pixel size so the image
analysis software can measure the distance between spots. To improve the accuracy
of the measurement the orthogonal distances between all the beamlet spots can be

measured and g calculated from the average image spot separation.

A schematic of a single beamlet is shown in Figure 4.5. The beamlet divergence

angle is calculated based on the pepperpot hole size, spot size, and drift distance. For
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the n'* beamlet (from a pepperpot array of N holes) the divergence angle is:

dz 1
' n
r =—=——\z., —T 42
T dZ L ( n h) ( )
detector
pepper-pot
beam env.
_———/ | i — p——
/ Xn+ Xn
2, } ——
v _
2rh ( X n
—_— »-—— — . ———— _
beam axis

Figure 4.5: Beamlet data needed for beam moment and emittance calculations

As seen in Figure 4.6 each beamlet from the pepperpot contributes two points,
(X0, X)) and (Xno, X;,) to defining the phase space ellipse. The pepperpot hole
radius is assumed small compared to the beam radius. The maximum and minimum

boundaries of the phase space ellipse at a given position is given by

r_ (Xn + mn) —'XnO
n2 — L

L

s
“an -

The points from all beamlets will roughly define the phase space ellipse. Figure 4.7
shows data plotted from a GBI measurement on the Small Recirculator where each

set of two points derived from one beamlet is plotted with a vertical line connecting
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Figure 4.6: Beam phase space ellipse.

them. The area of the phase space ellipse is closely related to the beam emittance as

discussed in Chapter 3.

The ellipse is generated using the first and second moments of the beam distribution.
The moments of the entire beam are obtained by averaging the information obtained
from each of the N total beamlets. For measurements made on the Small Recirculator

beam, Nas70. The moments are calculated by discretizing the moment formula:

<¢>:////q5p(a?, o\ y,y") dz dr' dy dy’ (4.4)

with the normalization

// p(z, 2, y,y") dz da’ dy dy’ = 1 (4.5)

therefore the explicit forms for the first and second moments are obtained from the

beamlet spots by the following calculations:

1 N 1 N '
N Zn:1 Iz, <z S= N Z:nzl Inxn

<z >=

(4.6)
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Figure 4.7: Phase space plot of a GBI measurement from the Small Recirculator. The
ellipse rotation angles correspond to the FODO lattice focusing in the z-plane while
defocusing in the y-plane at the GBI location.
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< Ty >= x <zly >= X s (4.11)
]N IN
ZN I wn n ! N [ n ;
<aly>=~ T d <azy >= PR IN —nJn (4.12)
1 Pr, 1 N
=52.% =yl (4.13)
'fl.p_..

where N is the total number of beamlets, n is the beamlet index, P, is the total
number of pixels contained in the n'* beamlet’s digitized image, V is the digitized
pixel value, p is the pixel index, I, is the average intensity of the n* beamlet, and
Iy is the average intensity of all N beamlets. In the above formulas for the second
moments the contribution from non-zero first moments (beam centroid not on the
accelerator axis) is not removed. For a beam not on axis in phase space the following

calculation is used to remove this contribution:

AP =<2’> - <z>? Af=<y?>—<y>? (4.14)

Az? =<2 > — <2’ > Ay?=<y?> - <y >? (4.15)

Aze' =<zz' > - <z><2'> Ayy'=<yy’>-<y><y > (4.16)
Ary=<zy>—-<z><y> Azy=<2y>—-<z'><y' > (4.17)
Ay =<z'y>~-<z'><y> Azy=<zy'>-<z><y > (4.18)

where the A symbol introduced by Barnard will be used henceforth to indicate a

second moment with the centroid contribution removed.” The equation for the ellipse

fitted to the pepperpot data is

vz? 4 2azz’ + Bz’ = ¢, (4.19)
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where

B = (4.20)

The transverse rms edge emittance, €., is obtained from

o

€, =4 (szAay'z — (Aa:a:')Q) (4.21)

The previous discussion of measuring second moments by measuring the half-
widths of the beamlet spots assumed the spots were of regular shape (ellipses or
circles) and the “edges” of the spots identifiable. The beamlets originate with round
cross-section at the pepperpot but become elliptical due to different focusing in the =
and y directions from the FODO lattice prior to the pepperpot, which distorts them
into ellipse-like shapes at the detector.

The raw data available from the GBI consists of a two-dimensional array of dig-
itized pixel values in the field of view of the CCD camera observing the detector.
Pixel values range in value from 0 to 65535 (with 16-bit digitization of the CCD
well). Generally, a contour of equal pixel value identified as the beamlet image edge
will not be an ellipse. To make a spot size measurement, an ellipse is fitted to the
CCD display intensity contour of interest and the measurement of major and minor

axes based on this.

Practically this can be done by sampling the contour of interest (most likely the
contour whose value is 10% of the spot’s peak pixel value), fitting an ellipse and then
rotating the ellipse to its upright position such that the major and minor axes lie on
the z and y axes. This is done as follows: A thin band of N points (z;,y;) at the 10%
contour level is chosen as in Figure 4.8 on page 48. The coefficients for an elliptical

approximation to this band are calculated from:

o2&, o 2, 2 X
=g’ VEgly W=y (4.22)
n=1

n=1 n=1
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The centroid (z,y.) of the ellipse is given by:

1 N 1 N
T = { —— . —_— .
( o3} yc) (N Z m] N Z y]) (4'23>
n=1 n=1
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Figure 4.8: Contour of a single beamlet from a GBI measurement

~These averages, (22,42, £y) can be equated to the elements of an ellipse’s sigma ma-

trix. The equation of the ellipse is:
vz + 2azy + Byt =1 (4.24)

and
o1 O B -« z? Ty

q

]
i
I

(4.25)

T21 Coo o v yr y?
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thus,

ouu=12> op=y> o= Yy =01 =Yz (4.26)

The general rule for transforming the sigma matrix (e.g. a pure rotation) is
c*=Ro RT (4.27)

The transformation for a general rotation through angle, 4 is
cosf sinf o f —sind
o = . 11 O921 COs Sin (428)
—sinf cosf 0o1 092 sinf  cosd

cos? O + 2sin 8 cos fo9 + sin? Goq,
—sin § cos foy; + (cos? § — sin® 0) oy, + sin § cos fogg

—sin d cos foq; + (cos? @ — sin® ) oy + sin  cos oy,

sin? Ooq1 + 2sin 0 cos foqz + cos? fogy

(4.29)

To find the major and minor widths of the beamlet the required transformation is
one that rotates the ellipse into its upright coordinate system. The correct rotation

angle that puts the ellipse upright can be solved from:

’ 1 20’12
=gk = 0 = 0 = — t _— 4 0
o = o3 S arcton( 222 ) (430)
therefore the upright beamlet spot ellipse sigma matrix is:
A? 0
o = (4.31)
0 B?
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with major and minor axes of the fitted ellipse given by
A = (cos® oy + 25in § cos oy, + sin? fogy) /2 (4.32)

B = (sin® 80y, + 25sin 8 cos foyy + cos? 9022)1/2 (4.33)

These values (A, B) are the widths of the beamlet spots used in the calculation of

the ion divergence angles and the ion distribution’s first and second moments.

4.5 Image Capture and Image Analysis Code

To accomplish the immense task of data handling involved in capturing high
resolution images, identifying and measuring beamlet spot sizes and locations, and
performing the data analysis described above I used a combination of a commercial
image capture software and a modified version of a pepperpot data analysis code
developed at LLNL.2 The image capture software, IPLab Spectrum™ by Signal
Analytics Corporation, running on a Macintosh computer incorporates an extension
allowing it to control the CCD camera and store images into the computer memory.>?
It also allows other operations to be done such as focusing the camera and determining
the field of view. Certain image manipulations were also accomplished with this
software such as measuring distances between known points for pixel size calibration,
animating a series of images of the beam into a “beam movie”, an electronic version
of a flip book of sequential images, and correcting images prior to data analyses. The

mechanics of acquiring and correcting data images is discussed in Chapter 5.

The pepperpot data analysis code, “PEPPERPOT” was written for analysis of
pepperpot images generated by a pepperpot with holes arranged in concentric circles.
It is written in Fortran-like commands of the Interactive Data Language (IDL) devel-
oped by Research Systems, Inc.®® I modified the source code to optimize its use with
the GBI on the Small Recirculator. Changes included the ability to do calculations

based on a rectangular array of beamlets. The rectangular array is more appropriate
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for diagnosing a beam with two orthogonal planes of motion produced by the FODO
lattice. The original application was for solenoidal transport which produces radial
symmetry, hence the circular pepperpot design. Other modifications I made included
the ability to analyze different size data arrays to accommodate different CCD arrays,
calculation of the z-y cross moments, and I added in the algorithm for V\;eighting each
beamlet as prescribed earlier in this chapter. This last item was done to bring the cal-
culation in line with the method by which the data from the slit scanner diagnostics is
analyzed so that direct comparisons are possible. I also added a module to the source
code that fits a gaussian to a cross-section of a beamlet so fitted beamlet size data
could be used for moment calculations if desired. To gather time-sequenced data as
a narrow gate is stepped through successive beam shots, moment and emittance data
is written to files for later display using other graphics routines as shown in Chapter
7. The Pepperpot code allows interactive analysis of the GBI images with graphical
and tabular output. A copy of the PEPPERPOT IDL source code is contained in
Appendix E.
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4.6 Sample Output from the Data Analysis Code

The following figures are samples of the output of various analyses on an image.

722971us132.ras ( 67 beamlets Smoothing Q)
integrated beam

Figure 4.9: GBI image used for analysis of beam moments. The four spots between
rows surrounding the center spot allow easy identification of the center hole as a
reference and are not used in the data analysis. Fach spot is approximately 0.5 mm
in diameter and the field-of-view is 2.07 by 3.11 cm.
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Figure 4.10: Identification of which holes the beamlets in Figure 4.9 originated from.
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the beamlets passed.
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Figure 4.12: Plot superimposing the pepperpot holes (diamond symbols) and the
centroids of the beamlet spots (asterisks) at the detector showing focusing in the
z-plane and defocusing in the y-plane.
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Figure 4.15: Surface plot of beamlet intensity vs. position limited to a 20 by 20 pixel
data analysis window around one beamlet.
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Figure 4.16: Surface plot of the beamlet of Figure 4.15 after a 4 by 4 pixel block
averaging of the intensity values.
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column 211 of Figure 4.9 is displayed.
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Figure 4.24: Plots of beamlet peak and total intensity statistics.
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Chapter 5

Detector Selection and Equipment Description

The selection of a specific material or device to serve as the beamlet detector in

the GBI was done by considering the desired performance criteria. These criteria

were:

1. Detector light output to be a linear function of incident beamlet intensity.
2. Shot-to-shot repeatability.

3. Fast detector response time to allow gating the camera.
4. Simplicity in construction.

5.1 Fast Plastic Scintillator as a Heavy Ion Detector

Due to the heavy ion’s short range, its energy is deposited in a very small volume
of material.®* Phosphors are known to damage easily necessitating their frequent
replacement. They also have generally long decay constants on the order of 300 us,
making them unsuitable for gating the camera at the desired interval of 100 ns and
thus were not considered. The initial promising material considered was commercially
available fast plastic scintillator. I conducted experimental studies on fast plastic

scintillator, specifically BICRON Corporation BC-412. Its important characteristics

are summarized in Table 5.1.

BC-412 was chosen based on its short decay constant, and good mechanical properties.
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Table 5.1: BC-412 scintillator properties®?

Light Output % Anthracene 60
Wayvelength of Maximum Emission | 434 nm
Decay Constant 3.3 ns
Bulk Light Attenuation 400 cm

It was unknown whether its light output would be sufficient for small, nanosecond
gated signals or if its molecular structure responsible for scintillation would be rapidly
damaged from intercepting the heavy ions. Initially its response to the 80 keV potas-
sium ion beam was characterized by placing it in the Small Recirculator beam and
measuring its light output signal with a photomultiplier tube. The output signal was
observed to be proportional to, and have the same features as the ion source pulser
voltage waveform and Faraday cup traces. The light output closely tracked the signal

produced by the ion current into the Faraday cup.

Encouraged by the initial photomultiplier tube results, I then conducted exper-
iments to photograph the image of the beam on the scintillator with increasing ion
exposure. | exposed the scintillator to repeated 4 us long, 80 keV pulses (368 shots)
and periodically examined the image of the beam on the scintillator with a CCD cam-
era. The images showed a rapid degradation in image quality. A plot of the sum of
the CCD camera pixel intensity values in the area of the beam image versus exposure
is shown in Figure 5.1. It can be seen that the light output in the area of the beam
exhibits a sharp drop in level then a slower degradation. The images are shown in
Figures 5.2(a)-(d). The previous photomultiplier tube measurements had not shown
such a decrease in light output. It appeared from the full CCD images that there had
been a lot of light reflected off the interior of the chamber that the photomultiplier
tube recorded although the image in the area of interest on the scintillator degraded
significantly. This reflected light is not shown in the sequence of Figure 5.2. I con-
ducted several tests to determine whether the surface of the scintillator was charging
up and deflecting ions from their trajectories by attaching an electrically grounded,

fine mesh screen with an ion transmittance of 90% to the scintillator surface. No
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Figure 5.1: BC-412 scintillator light output vs. exposure.

significant effect on preventing image degradation was observed. Various techniques
of scintillator surface preparation were also attempted to ensure a clean surface was
exposed to the beam. Visual inspection of the scintillator after exposure showed no
discernible changes such as clouding or yellowing of the material that would affect
its light transmission. Scintillator once exposed also exhibited no recovery after not
being exposed for up to a week afterwards and then tested again. Confirmation that
damage was occurring in the localized area where beam ions interacted was tested by
steering the beam to unexposed portions of the scintillator after at least 357 beam
pulses. From Figure 5.2(d), it can be seen that the light output increases for that
portion of the scintillator not previously exposed to the beam as the beam is steered
to the right at the detector on shot 358. Various schemes of introducing unexposed
scintillator into the beam for each shot were considered such as a rotating wheel of
scintillator or “window shade” roller assembly. Although this was a complication in

the GBI design it appeared to be feasible.

The remaining question was whether sufficient optical signal would be present
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with a pepperpot introduced into the beam. This would cut the number of ions on
the scintillator by roughly a factor of 40,000 and gating the CCD camera at a 100
ns interval would capture about 2.5% of that signal. I performed an experiment to
image 4 us long beamlets produced by a pepperpot with 400 micron diameter holes
on unexposed scintillator. The images showed that not enough signal was produced
to give confidence that accurate beamlet spot identification and analysis could be
done. The ultimate pepperpot design was to have 100 micron diameter holes and to
apply a 100 ns gate to the beam signal. As a result of the complications of scintillator
damage and low light output in response to heavy ions, it was determined that fast
plastic scintillator would be unsuitable as the detector in the GBI. Attention was now
given to using a microchannel plate detector with the obvious sacrifice in simplicity

and cost.
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pulse 80
(b)

pulse 200 pulse 358 beam steered right

(c) (d)

Figure 5.2: Sequence of whole beam images showing scintillator degradation with
exposure. (a) First shot onto unexposed scintillator (b-c) Scintillator exposed to 80

and 200 4 ps shots (d) Beam steered slightly right onto unexposed scintillator after
357 shots.

5.2 Microchannel Plate Detector as a Heavy Ion Detector

The response of phosphors and scintillators to intense electron beams is known to

be satisfactory from the standpoint of using them as reliable and accurate particle
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detectors.? The stopping power is much less for electrons than for heavy ions resulting
in less energy deposited per unit volume and more interactions giving rise to photons
in the visible spectrum. A device that converts the heavy ions in the pepperpot
beamlets to an electron signal while maintaining the spatial orientation of original
beamlets is the microchannel plate (MCP) consisting of many tiny parallel electron
multiplying channels spaced tens of microns apart. Initial consideration on the use
of a MCP as a detector revealed some useful advantages and some disadvantages
that needed to be tested to determine whether they would limit the usefulness of the
detector. The advantages which brought MCP’s under initial consideration were:

1. The heavy ions could be converted to electrons which then interact with a
detector material, thus side-stepping the problems seen with heavy ion damage.

2. MCP’s could provide signal amplification once the heavy ions were converted to

electrons while maintaining spatial resolution of the beamlet image.

Concerns regarding the MCP were:

1. Unknown damage response of the MCP due to intense exposure to heavy ions.

2. How to obtain fast gated images as commercially available MCP’s use
relatively slow phosphors as output screens.

A survey of commercially available devices showed that a detector with desirable
characteristics could be purchased from several companies. A device purchased from
Galileo Electro-Optics Corporation and used in these experiments is shown in Fig-
ure 5.3(a). A schematic of the device is shown in Figure 5.3(b) and its important
characteristics shown in Table 5.2. An attractive feature of the Galileo MCP detector
was the stainless steel front anode with minimum thickness of 1500-2000 A plated
onto the input side of the MCP. Its primary purpose is to allow placing a bias voltage
across the channels. It is also thick enough to stop all the incident potassium ions in
the Small Recirculator beam at their incident energies of 80-320 keV, thus protecting
the microchannels from any damage that would affect their performance. To model
the ability of the front metal anode to stop the heavy ions, the computer code TRIM
(Transport of lons in Matter) was used to calculate the ion range and statistics of

their interaction with the metal anode.®® Table 5.3 shows the calculated statistics of



320 keV potassium ions stopping in the MCP front metal anode.
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Figure 5.3: (a)Galileo Corp. microchannel plate and phosphor readout (b) MCP
biasing scheme for detection of positive ions.

Table 5.2: Galileo microchannel plate characteristics®

Diameter 40 mm Channel diameter | 10 microns
Thickness 0.46 mm Channel spacing 12 microns
Anode thickness | 15004 Channel bias angle | 8°

Bias current 8-40 pamps || Channel coating MgO
Phosphor screen | P20 Min. gain @1000V | 5000

During the stopping of the ions in the metal anode, secondary electrons are pro-

duced. At 80 keV it is estimated that 3-5 secondary electrons with initial energies

of a few eV are produced based on the empirical data in Kaminsky.® When the

MCP is biased as shown in Figure 5.3(b) the electrons are accelerated into the MCP

and amplified through interactions with the walls of the microchannels. A first order

calculation of the number of secondary electrons produced in the anode from a 100 ns
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long, 100 micron diameter beamlet formed from the Small Recirculator beam pulse
shows that about 9.4x10* electrons would be produced. The MCP has a minimum
amplification of 5000 at 1 kV bias so there is more than adequate electron signal from
a single gated beamlet to produce an optical signal in the output phosphor. From
the output of the MCP, the electrons are proximity focused across a thin gap by a
strong positive bias of 3 kV onto a P20 phosphor screen which produces the image of
the beamlet spot. The adjustable gain of the MCP allows amplification of very fast

gated signals which proved problematic in the testing of fast plastic scintillator as a

detector material.

Table 5.3: Transport of lons in Matter (TRIM code) ion stopping statistics for the
front metal anode of the MCP detector

Range {A) Straggle (A)

Longitudinal 363 170
Lateral , 124 71
Radial 194 108
Vacancies/ion 750.7

Energy loss (%) Ions Recoils
[onization 22.67 18.39
Vacancies 0.14 1.73
Phonons 0.71 56.35

The microchannel axes of the MCP are manufactured at an 8° angle to the surface
of the MCP. This improves the efficiency of the first interaction of incident electrons
with the channel walls and prevents electrons from streaming through the channels
without wall interactions. This §8° angle results in a 46 micron position offset of
the output of the channels from the input, thus all the beamlet images are equally
shifted by this amount. The high voltage used in the proximity focusing and the short
distance from the channel output to the phosphor reduces to a minimum additional
offset across the output gap. This shift in the overall position of the beamlet images

was considered negligible in the moment calculations discussed in Chapter 4.

The spatial resolution of the MCP is determined from the size and spacing of its
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microchannels. The Galileo MCP used in the GBI has channels 10 micron in diameter
with a center-to-center spacing of 12 microns. A manufacturer’s plot of resolution in
microns versus channel spacing is shown in Figure 5.4. Given the channel spacing of
12 microns the uncertainty in detecting a “sharp” beamlet edge is 12 microns. This is
an indication of the lower limit on the “graininess” of the beamlet images. However,
it is not the limiting factor in system resolution as the pixel size on the camera CCD
chip is 22.4 microns square, which is the limiting spatial factor in resolution. In fact,
the optical resolution achieved in the GBI camera system during data runs was 54

microns per pixel, well within the MCP and CCD limit.
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Figure 5.4: Microchannel plate resolution®”
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5.3 Obtaining Time-Resolved Beam Data by Gating the
MCP

Using a MCP detector with a slow phosphor output precluded gating the CCD
camera at a gate much shorter than the phosphor decay constant. To do so would
include the image produced from ions arriving at the detector prior to the desired
time interval. Faster gating required a different method than camera gating to be
able to resolve the time histofy of the beam. It was necessary to gate the MCP on

and off such that it was “opaque” to ions outside the desired time interval.

The attractive feature of the BC-412 fast plastic scintillator was its fast decay
constant of 3.3 ns. This fast decay constant produced an image that contained the
information from a 107.6 ns long slice of the beam when the camera was gated “ON”
for 100 ns. The extra 7.6 ns of information results from light output corresponding to
ions intercepted just prior to the camera gate. The fast decay constant easily allowed
isolating narrow beam slices using the camera gate. On the other hand, the P20
phosphor of the MCP output has a decay constant of 200 us, thus gating the camera
for the desired 100 ns with the MCP operated in the DC mode “contaminates” the
image obtained with the output of any previous beam impinging the detector prior
to the gate interval. To overcome this difficulty a “Pinhole Neutron Experiment
(PINEX)” MCP intensifier gate circuit and power supply (Figure 5.5) was obtained
on loan from the Amador Valley Operations Office of Bechtel Nevada Corporation.
The PINEX gate power supply is able to bias the MCP “ON” with a -385 V pulse
for 100 ns duration. An oscilloscope trace of a 100 ns and a 1 us gate signal is shown
in Figure 5.6. The detector is effectively opaque to the secondary electrons generated
by the heavy ions when not gated “ON”, thus no optical output signal is produced.
At these fast gates it was difficult to obtain a totally clean MCP bias signal with a
rapid and smooth rise and fall. The trailing voltage spikes seen in the 100 ns trace of
Figure 5.6(b) do not produce significant amplification of the beam signal due to the
nonlinear response of the MCP to bias voltage, thus the gate signal is effectively 100

ns wide. Figure 5.7 is a schematic of the GBI equipment interconnections that were



necessary to obtain gated images of the beam.

Figure 5.5: PINEX MCP gate circuit and power supply.
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Figure 5.6: MCP detector gate signal (a) 1 us gate used for image capture of a wide
slice out of the beam flattop. (b) 100 ns gate used for the narrow slices to construct

a time history of t

he beam.
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Figure 5.7: GBI equipment interconnections

5.4 Camera System Description

The Gated Beam Imager uses an intensified gated CCD camera to view the MCP
detector output screen and capture the image of the beamlet on the detector. The
camera is mounted outside the GBI diagnostic chamber in which the pepperpot and
MCP detector are housed in the beamline as shown in F.igure 5.8. The MCP phosphor
screen is observed through a glass viewport either directly at the end of the beamline
or with a mirror arrangement if placed in an intermediate diagnostic station. The
camera system used was manufactured by Princeton Instruments, Inc. Inside the
camera housing, a 384 by 576 pixel CCD of dimension 8.6 by 12.9 mm is fiber-optically

coupled to an image intensifier allowing the observed image to be amplified and gated
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to approximately 5 ns. To reduce dark charge buildup in the CCD during exposure
and readout, it is seated on a cold finger which, in turn is seated on a thermoelectric
(Peltier Effect) cooler. The cooler is mounted on a heat removal block cooled by air
from cooling fans in the camera housing. To maximize the light transmission from
the MCP phosphor screen to the camera CCD, I chose an f/1.2 Canon lens for its low
f-stop and 85 mm focal length. In order to allow close-in focusing it was necessary to
use a 32 mm lens extension between the camera and lens as shown in Figure 5.8. This

allowed for a sharp focus to within 8 inches of the detector, and the appropriately

sized field-of-view to maximize the spatial resolution of the data images.

Figure 5.8: GBI CCD camera in position. Canon /1.2 lens mounted on a 32 mm
lens extension to provide close focusing to within 8 inches of the MCP detector.
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A Princeton Instruments ST-138 CCD camera controller controls the readout
of the CCD and the operation of the CCD cooler. The readout of the CCD after
exposure is acquired into memory of a Macintosh computer via a serial interface card
connected to the ST-138. Gating the camera intensifier on and off is accofnplished
with a Princeton Instruments PG-200 Programmable Pulse Generator. Both the
ST-138 and PG-200 are shown in Figure 5.9. Voltage ranging from 500-1000 V can
be applied to the camera intensifier to amplify light passed to the camera CCD.
The PG-200 also controls the timing of the voltage to the intensifier in response
to the experiment timing reference. A commercial software, IPLab Spectrum™ with
Princeton Instruments-supplied plug-in software modules was used to both control the
camera exposure and display the CCD readout of the beamlet images immediately

after acquisition.

5.5 Operating the Gated Beam Imager

To acquire a gated image of the beam, a time-of-flight calculation for a given
beam energy is made to estimate when ions will arrive at the detector after being
transported along the Small Recirculator. The head of the beam is then searched for
by adjusting the actual gate start time while observing the images. The proximity
focusing voltage of 3 kV from the microchannel output to the phosphor screen is
applied continuously and the MCP is biased “ON” and “OFF” by the PINEX péwer
supply. As mentioned before, the 100 ns gate on the MCP produces an image on
the phosphor screen that has a 200 us decay time. In order to increase the signal-
to-noise ratio in the pixel voltages read out of the camera CCD it is desirable to
gate the camera electronic shutter observing the MCP detector phosphor output. To
accomplish this, the camera is gated on for 300 us starting coincident with the MCP
detector gate pulse. This gate proved to be optimum for excluding stray light in
the GBI diagnostic chamber while allowing adequate signal for good beamlet spot
resolution. A diagram of the timing sequence for acquiring a 100 ns gated image is

shown in Figure 5.10. The long readout time (4.4 seconds) from the CCD to the



Figure 5.9: Princeton Instruments ST-138 CCD camera controller(lower) and PG-200
CCD intensifier power supply (upper). The wrapped coil on the left side of the PG-
200 adds inductance to the trigger input cable to prevent prematurely triggering on
the rapid electrical transients picked up from the ion source pulser spark gap switches.

computer is a consequence of the camera’s “slow scan mode” clock frequency of 50
kHz. A slow readout of the camera CCD is important in limiting the readout noise in
the image as readout noise is proportional to the readout clock frequency.>® Reading
out images when not collecting data, such as focusing the camera was done at a
1 MHz clock frequency resulting in a 0.22 second readout time allowing easier lens
adjustment while viewing the image. After readout, the captured image is displayed
and examined for quality prior to saving by the operator. For stepping through the
beam, the trigger to the PINEX power supply is then delayed the appropriate interval
(e.g., from 13.2 ps to 13.3 ps for 100 ns slices) and another image acquired on the

next beam shot.
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Figure 5.10: GBI image capture timing diagram.

5.6 Applying Corrections to the GBI Images

It was necessary to apply corrections to the data images in order to account for the
response of the CCD to dark charge accumulation during exposure and readout and
for differing pixel sensitivities that result from manufacturing tolerances from pixel-
to-pixel in the same CCD. Corrections were also made to account for the uneven

response across the MCP detector to an even intensity input.

5.6.1 CCD Dark Charge Correction

Dark charge accumulation is a function of exposure and readout time, and the
temperature of the CCD.*° Several dark charge measurements with the same exposure
and readout times as data images were made during the data runs to account for any
change due temperature drift of the camera cooling system, although changes are

small due to the camera controller’s ability to maintain CCD temperature within
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+ 0.05°C.*! Figure 5.11 shows a typical dark charge result displayed by averaging
the CCD pixel rows. The dark charge buildup is fully repeatable given a constant
temperature and readout time between exposures and is corrected for by individual

pixel value subtraction.

T e
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Figure 5.11: Image row average of camera CCD pixel values showing dark charge
buildup during the finite time taken to read out the CCD by row from left to right.

5.6.2 CCD Flat Field Response Correction

Each CCD chip is unique in its pixel-to-pixel sensitivity due to slight variations
in manufacturing.”® As well as being unique, the response to the same light level is
fully repeatable from exposure to exposure. The difference in pixel sensitivity was
determined with a “flat field” image which can be used to multiplicativly correct a

data image. The “flat field” image was obtained using the “integrating light sphere”
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shown in Figure 5.12. The interior surface of the sphere is coated with a smooth white
diffusing material which provides an evenly illuminated image from a light source in
the side of the sphere. A flat field image was taken using a 300 us exposure along
with a nearly concurrent dark charge image to account for the CCD temperature at
the exposure time. Along with these flat field and dark charge images, a data image
of the GBI beamlet spots is manipulated within the IPLab Spectrum™ software to
correct for the dark charge buildup on the CCD during exposure and the uneven flat
field response. The maximum dark charge level for a 300 us exposure was about 1.2%
of the peak spot intensity and the peak variation in the flat field measurement was

+16%. Pixel by pixel the correction is made using the formula®? :

Mean(Flat — DarkF)(Image — Darkl)
(Flat — DarkF)

Corrected Image =

(5.1)

where “Flat” is a flat field image, “DarkF” is a dark charge image associated with
the flat field image, “I'mage” is an image of the beamlet spots, and “Darkl” is a

dark charge image associated with the beamlet spots image.

5.6.3 MCP Detector Flat Field Response Correction

The third correction made to all data images is a correction to account for the
variation in response of the MCP microchannels to a flat field “illumination”.®” Ideally
all microchannels would give the same output for like input as would the phosphor
screen. Lacking the ability to generate a detector-size flat field of heavy ions, I
tested the MCP using a flat field x-ray source at LLNL. The machine shown in
Figure 5.13 with the GBI attached to it generates 7.47 keV x-rays from a nickel
anode. Figure 5.14 shows the field-of-view of the CCD camera just prior to x-ray
illumination and Figure 5.15 shows the flat field image obtzﬁned. The response of
the MCP varied by as much as 70% from one edge to the other in a gradual and
even manner. Extending this response to an experiment, equivalent beamlets would

be weighted more or less in moment calculations depending on their position on the

MCP.
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Figure 5.12: CCD camera and integrating light sphere setup for obtaining a flat field
image.
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Figure 5.13: GBI attached to a LLNL x-ray source to measure the spatial response
of the MCP to a uniform signal.

Once an evenly illuminated MCP image is obtained, the data images can be
corrected. As the field of view of the CCD camera differs from the experiment setup
to the MCP flat field setup, it is impossible to match up the exact position of the two
images. This is not a severe limitation as the change in MCP response is gradual across
the detector. The four fiducial marks shown in Figure 5.14 around the periphery of
the detector allow the orientation of the flat field and data images to be matched. The
larger field of view of the flat field image is measured and the image is extrapolated to
the same size as the data image using the IPLab imaging software. The data image

is then corrected for the non-uniform response of the MCP using the algorithm of

Equation 5.1.
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Figure 5.14: Field-of-view of the CCD camera observing the MCP detector for the
MCP flat field x-ray measurements.

5.6.4 Preparing the Images for Data Analysis

Using a script of IPLab imaging software commands, the image corrections are
applied in a matter of seconds. The corrected image in the form of a 2-D array (384
by 576) is then saved as a text file with each array address corresponding to a CCD
pixel value representing the intensity of light which fell on the pixel. The array is then
sent to the DEC Alpha workstation running the IDL pepperpot data analysis code.
To conserve memory the array values are linearly scaled from 16 bit digitization (0
to 65535), to 8 bit digitization (0 to 256) and read into memory. Figure 5.16 shows
a small part of a text array that includes a beamlet spot. Data analysis then can be

carried out in accordance with the methods discussed in Chapter 4.
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Figure 5.15: View of the non-uniform response of the MCP detector to a uniform
field of 7.47 keV x-rays. The field of view that matches that of the experimental
measurements is selected from this image and applied as a correction for the non-
uniform response.
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Figure 5.16 A small sample of a beamlet spot data array file in text format en-

compassing one beamlet spot.



Chapter 6

A Beam Correction System

The utility of measurements possible with the GBI in the design, construction,
and operation of heavy ion accelerators can be realized in several ways. Experiments
such as the LLNL Small Recirculator are meant to push the state of the art in in-
duction accelerator design and in intense heavy ion beam control. More advanced
measurements of more beam parameters are essential to evaluating its performance.
The Small Recirculator is intended to produce data that will benchmark a numerical
simulation code such as WARP.'® One area that is ideally suited to being diagnosed
by the GBI is the effect on the beam of rotationally misaligned quadrupole focusing
magnets. The amount of misalignment that can be tolerated is an essential factor
in quadrupole magnet design and accelerator construction costs. Measuring the ef-
fect of misalignments and removing the effect prior to final focus could increase the

quadrupole magnet alignment tolerances and thus reduce accelerator construction

and maintenance costs.

6.1 The Effect on the Beam of Rotationally Misaligned
Quadrupoles

A magnetic guadrupole rotated about the beam axis will not cause a displacement
of the beam centroid off-axis if it is initially on-axis.?® However, a rotated quadrupole

will create a coupling between the previously uncoupled transverse z and y motions
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of beam ions. The beam control elements such as the quadrupoles, steering dipoles,
insertion/extraction magnets, and beam final focus magnets are all assumed to be
aligned to the laboratory frame. Barnard showed that in the presence of rotational
misalignments, the beam 2-D transverse emittance is not conserved even under linear
equations of motion, and the beam acquires a finite angular motion.”® The detrimental
effect of this on the final focus element performance is indeed a real effect as any final
focus lens will be designed to be aligned for an assumed orientation of the beam (most
likely, upright in the laboratory frame). As the misaligned quadrupole still exerts a
linear force on the beam it is possible to “correct” its effect using a suitable number
of correction elements generating the proper combination of fields. Linear forces on
the beam do not result in hopelessly entrained unoccupied phase space in the beam
distribution as in Figure 4.1. A conceptual beam correction system is proposed in

the following discussion (see Figure 6.6) that would use as input, the moment data

obtained from the GBI.

Barnard derived beam first and second moment evolution equations for a beam
transported and accelerated through an alternating gradient focusing, or FODO lat-

tice.?® An outline of the derivation appears in Appendix B. He assumed that:

1. The force on the ions comes from two sources; the external focusing (defocusing)

from the quadrupolar field, and the internal defocusing from space charge of the

beam.

2. The space charge is distributed in a uniform ellipse as in a K-V distribution.

Stating the results obtained in Appendix B the two closed sets of coupled moment

evolution equations for the first and second moments of the beam distribution are:

First Moments

dm> =gl > 2> = Koy <> +Kppy <y > —(dlnf,[dz) <z’ >

Y2 —cyl > L2 = Koy <y > +Kpye < z > —(dlng./dz) < y' >
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Second Moments

= 2Azz’

dz -
d%j:x! = A:L‘I? + I{g;xALE2 + A’:cyAcvy - (dlnﬂz/dz)AfL'iﬂl

482% = O KopAaa’ + 2K,y Ax'y — 2(dIng, /dz) Az

897 — 9 Ayy'

’myy = Ay” + Ky Ay* + Ky Azy — (ding. /dz)Ayy

8% — 9K, Ayy' + 2K, Awy’ — 2(diInf. [dz)A

dAzx

2 = Ax'y + Ay’
M = Ay + Ky Azy + K, Ay? — (ding,/dz)Az'y
By — Az'y' + Ky Azy + KoyAz? — (din8,/dz) Azy’

81V = KAy + Koy Ayy' + Ky Az'y + Ky Aza’ — 2(din, [dz) Ay’

where the notation Aab=(< a®> > — < a >?)(< ¥ > — < b >?) stands for a second
moment with the contribution from a non-zero first moment removed. The coefficients
in the evolution equations in terms of the external quadrupolar and internal space-

charge forces and angles defined in Figure 6.1 are:

Kyoe = —Kyyy = Kyzo cos 20 Koy = Ky = K 1osin 20
Koy = Kopp cos2a + Ky sin 2a Koy = Kgyp cos2a + Kz sin 2¢
Koy = Koye = (Koop — Kopp) sina cos o Kyoo = —Kopo = &>
_ K - _ K
Koob = qammaaaay ™) Kew = sagrasaaym)

Barnard also found two independent constants of the motion of a beam in a FODO

lattice with rotated quadrupoles inducing coupled motion between z and y.2° As the
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X-Y : laboratory frame

X,-Yy: quadrupole frame (rotation error shown)

beam envelope

Figure 6.1: Beam and laboratory coordinate system.

emittance is a constant of the motion in an aligned FODO lattice, Barnard called

these constants “generalized emittances”. Their definitions are:

! 1 : 1/2
g = [§e§x + 56y + (48)*(AzyAa'y’ — Awy'm’y)} (6.1)

e = [(Ee, +(48) (Aay PlAayl? — 28e'yAd'y Azyay’ + [Aa'y]?] 'T6.2)

where the terms €, and €,, are the normalized transverse emittances defined in terms

of the moments as:

1/2

€z = 487y {A:vQAa:'z — (Aa::r’)z] (6.3)
1/2
€y = 487 [Ay7Ay” ~ (Ayy')’] (6.4)
Any other combinations of second moments that yield constants can be reduced to
these transverse and generalized emittances and in fact, these quantities reduce to

linear combinations of the standard transverse emittances in an aligned FODO lattice
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which can be easily verified by setting the cross-moment terms to zero.** To verify
that the generalized emittances were indeed constants of the motion and to study the
emittance growth caused by random quadrupole rotations Barnard wrote a computer
code, “MOMENT” which numerically integrates the moment equations through a

FODOQ lattice representing the C-design of a recirculator driver.?

6.2 Approximate Correction for a Single Misaligned Quadrupole

I modified the MOMENT code into several versions to support calculations to
show that with a set of four adjustable magnetic quadrupoles, (variable rotaticn
angle and field strength) and the information from the Gated Beam Imager (full set
of beam moments), any effect of rotation errors could be removed from the beam and

the transverse emittance growth caused by these errors removed from the beam.

The first modification (FULLAG in Appendix B) of the MOMENT code was to
tailor its model parameters to match those of the Small Recirculator and to allow for
the placing of known rotations on specific quadrupoles or to create random rotations
on all quadrupoles. Figures 6.2 and 6.3 show the effect on the beam moments of a
single misaligned quadrupole rotated 5° counter-clockwise. A large error of 5° was
chosen to support expe‘rimental verification of the effect of rotation errors on the
Small Recirculator. The evolution of the moments from the simulation is plotted
with and without the error for comparison. There is only a slight effect on the z and
y moments but the z —y cross moments become non-zero indicating the the motion of
the ions in the two orthogonal directions becomes coupled after the misalignment. The
beam acquires a rapidly changing angular momentum as it passes through subsequent
quadrupoles and the 2-D transverse emittance rises above its original value. An
attempt to focus the beam to a “spot” at a point past the misalignment would not
be as successful as had the misalignment not been present. Note that the generalized

emittances in Figure 6.3 are unaffected by the rotation error as expected.
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Figure 6.2: Effect of a misaligned quadrupole on the beam moments as a function of
distance along the accelerator axis. Dashed lines denote the moments with a single
error, quadrupole 2 at z=38.1 cm rotated 5° counter-clockwise. Solid lines are without
a rotation error. Output from FULLAG.
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(k) Normalized X Emittance versus distance (1) Normalized Y Emittance versus distance
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Figure 6.3: Effect of a misaligned quadrupole on the beam emittances and angular
momentum. Dashed lines denote the quantities with a single error, quadrupole 2
at 2=38.1 cm rotated 5° counter-clockwise. Solid lines are without a rotation error.

Output of FULLAG.

A special case of an approximate beam correction method was noted while running
the code with multiple known quadrupole rotations. With a known rotation error and
beam phase advance (here 72°) that divides an integral number of times into 360°, the
effect on the beam can be approximately removed by counter-rotating a quadrupole
5 half lattice periods subsequent to the misaligned quadrupole. This provided a
rudimentary method of testing beam correction on the Small Recirculator. These
tests are discussed in Chapter 7. Figures 6.4 and 6.5 show the results of a simulation
run with quadrupole 2 rotated 5° counter-clockwise, as above, and quadrupole 7
rotated 5° clockwise. The motion between the z and y directions is mostly decoupled
as shown in Figure 6.5 as the ¢ — y cross moments return to near zero. The 2-D
transverse emittances return to their original values leading one to conclude that
focusing the beam downstream of the quadrupoles would attain the almost the same
same results as if the quadrupoles were perfectly aligned. Determining how to correct
for any combination of upstream rotation errors would allow quadrupole alignment

tolerances to increase, presumably simplifying the design and construction process of
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a driver size machine while maintaining the performance of an aligned lattice.

(a) Delta x2 versus distance (b) Delta x~xprime versus distance
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Figure 6.4: Correction of a known quadrupole rotation error. Quadrupole 2 at 33.1
cm rotated 5° counter-clockwise and quadrupole 7 at 228.6 cm rotated 5° clockwise.
Dashed lines denote the moments with rotated quadrupoles. Solid lines are without
quadrupole rotations. Output from FULLAG.
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(k) Normalized X Emittance versus distance (1) Normalized Y Emittance versus distance
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Figure 6.5: Correction of a known quadrupole rotation error. Quadrupole 2 at 38.1
cm rotated 5° counter-clockwise and quadrupole 7 at 228.6 cm rotated 5° clockwise.
Dashed lines denote the quantities with rotated quadrupoles. Solid lines are without
quadrupole rotations. Qutput from FULLAG.

6.3 Correction for Random Quadrupole Rotation Misalign-

ments

For the more general case and one that exists in a real machine, the location
and magnitude of quadrupole rotation errors is not known, only the moments of the
beam can be measured at points along the beamline where a suitable diagnostic such
as the GBI can be placed. Non-zero cross-moments would indicate the presence of
quadrupole rotation errors causing coupling between z and y motions. Examining the
second moment evolution equations one sees that they consist of a closed set of ten
equations with ten independent parameters (the moments). A matrix representation

of the equations at constant energy 1s:
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Axz? 0 2 0 0 0 0 0 0 0 0 Az?
Azz' K. 0 1 0 0 0 Ky 0 0 0 Aza’
Az”? 0 2K, 0 0 0 0 0 2K, 0 0 AL

Ay? 0 0 0 0 2 0 0 0 0 0 Ay?

d | Ayy 0 0 0 K, 0 1 K, 0 0 0 Ayy'
Zlag» | o 0 0 0 2K, 0 0 0 2K, 0|| Ay
Azy 0 0 0 0 0 0 0 1 1 0 Azy
Az'y 0 0 0 Ky 0 0 K., 0 0 1 Azx'y
Azy’ K., 0 0 0 0 0 K, 0 0 1 Azy’
Az'y’ 0 K, 0 0 K,, 0 0 Ky, K,z 0 Azc’ys’)

6.

The beam can be manipulated to adjust these moments to the desired values. To
simultaneously adjust the ten moments to desired values requires ten adjustable pa-

rameters.

A set of five quadrupole magnets with variable rotation angle and variable field
strength would supply these manipulations. The generalized emittances provide re-
lief in the engineering and cost of a beam correction system in that they provide
constraints on the system of moment equations allowing the elimination of two pa-
rameters by solving explicitly for them in terms of the other parameters. Applying

the two constraints and eliminating Az? and Ay? by substituting in their expiicit
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solutions yields:

Az’ Ku Ky K Ky Kis K Ky Kis\ [ Az
Az 2K, 0 0 0 0 2K,, 0 0O Az
Ayy' K31 K3 Kss Kay Kis Kss  Kar Ksg Ayy’

d|ay?| | 0o 0 2K, 0 0 0 2K, 0 Ay”

dzy Azy | | 0 0 0 0 0 1 10 Azy

Az'y Koo Koo Kes Koo Kgs Ko Koo Kes | | Azly

Azy Kn Kr Kz Ku Kis K Ko K || Azy

Az'y’ Ke 0 Ky, 0 0 K, K, 0 Az'y’
(6.6)

where the numbered coeflicients are complicated functions of the second moments
but are nevertheless calculable in a code, if not manually on paper. The resultant
system of eight coupled equations and eight parameters allows beam correction to be
accomplished by a system of four adjustable quadrupole magnets. A schematic of such
a system is shown in Figure 6.6. Four adjustable magnetic quadrupoles replace four
standard quadrupoles at some poiﬁt in the beamline. A natural placement may be
just before the final focus lens to ensure the beam enters in the best condition possible
(upright, with zero angular momentum) for effective focusing. Other positions within
the recirculator may be more effective in reducing the cumulative effect of quadrupole
rotation errors. The difference between a regular quadrupole and these are in their
ability to rotate the orientation of their magnetic fields and may have a greater degree

of field strength adjustment.*®

6.3.1 Applying GBI Data to a Beam Correction System

A GBl-type instrument would measure the moments of the beam at the input
side of the correction system providing information on the condition of the beam as
in Figure 6.6. A simulation code run would provide the desired (and attainable) mo-
ments at the output of the correction system. A benchmarked and calibrated code

such as WARP would provide moments that included the unavoidable effects of the
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Figure 6.6: Conceptual beam correction system.

actual fields and resonances that result in nonlinear emittance growth even with a
perfectly aligned model FODO lattice. This nonlinear effect on the moments cannot
be removed through the application of linear fields so the desired moments calculated .
for the output of the correction system must be obtained from a sophisticated sim-
ulation that includes nonlinear effects. The simplest useful correction would be to
correct the cross moments to zero which would deliver an upright and non-rotating
beam (z and y motions de-coupled) to the final focus. This may not be the best
that can be done though which is why a sophisticated code which estimates nonlinear
growth in an aligned lattice is desirable. Once the input moments are measured and

the output moments are calculated, an optimization of the adjustable parameters in

. the correction quadrupoles is calculated and set until a decrease in beam transport el-

ement performance warrants another GBI measurement. A GBI measurement at the

output of the correction system would be useful in directly verifying its performance.

I modified Barnard’s MOMENT code into a third version to serve as an optimizer
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to calculate the field strengths and rotation angles of a correction system to remove
the effect of quadrupole rotation errors. A copy of this code, “OPTIMIZE” is in
Appendix C. Using the generalized emittance equations to explicitly solve for two
moments proved quickly to be too difficult to do by hand. Using the simultaneous
equation solving capabilities of Mathematica™, a symbolic mathematics software
system, allowed me to do this task and to find the simplest solution of the ten pos-
sibilities.*® Solving explicitly for Az? and Ay? resulted in the 8 simplest moment
evolution equations with 8 adjustable parameters. Even though these solutions were
the simplest obtainable, the results consist of algebraic equations of over 100 terms
each. The complete explicit solutions appear in Appendix B. While doing optimiza-
tion calculations it was noticed that a large number of the terms in the solutions for
Az? and Ay* were much smaller than the rest (by 10 orders of magnitude) when
using nominal Small Recirculator quantities. These terms can therefore be dropped

without loss of accuracy and the simplified explicit expressions are shown here:

Az? = (48%Azx'y) (Aza")? — 88 (Az'y' ) Azy + 88 Az'y(Az'y' )  Azy’ (6.7)
+ 84 AT Y Az Aza' Azy' — 484 (A (Azy')? — 88 Az (Azz )2 AL68)
+ 88 Az'y Az AzyAy” — 8% Ax'yAx Azy' Ay”? + 484 (Az'y) (Ay(H)d)
— 8% Az'yAz'y' Ay Ayy + 4ﬁ4(Am'y')2(Ayy'2) +0.58*(Az'y ?¢2,(6.10)
—0.582Az” Ayl ) /(B Az (8(A'y')? — 8Az" Ay”)) (6.11)

Ay? = 0.5(—A%(2568*(Az"y')*(Azz")? — 5128%(Ax'y' ) Azy + 5128° Az'y(Az'y' ) 46:32)
— 5128%Ax'y' Az Aza' Azy' + 25684 Az (Azy')? + 51282 Ax’y’ Az’ Azfd)
— 51282 Az'y Az Azy' Ay — 25682 (Ax'y)(Ay™)? + 51282 A’y A’y Ay (B44)
+2568%(Az'y') (Ayy”*) — 51287 Az Ay (Ayy”) + 32(Az'y) e, (6.15)
— 32A2 Ay? ) /(B Ay (—256(Ax'y')? + 256827 Ay'™?)) (6.16)

To verify the accuracy of these expressions the reduced set of eight moment evolu-

tion equations were used to simulate the Small Recirculator beam drifting through a
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lattice of perfectly aligned magnetic quadrupoles. Two calculations were performed.
The first calculation integrated the full set of ten moment equations. The second
calculation integrated the reduced set of eight moment with the simplified forms of
Az? and Ay? shown above. Figure 6.7 shows the difference between these calculations

and that the maximum error is <0.1%.
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Figure 6.7: Verification of simplified Az? and Ay?® solutions. Each line is the percent

" difference between the calculated moments with the full set of 10 moment evolution

equations and with the reduced set of 8 equations incorporating the simplified explicit
solutions for Az? and Ay

6.3.2 Determining the Optimum Correction System Param-

eters

Modifying Barnard’s MOMENT code to calculate the optimized values of the
correction quadrupole rotation angle and field strength presented a challenge due to

the moment evolution equations’ nonlinear dependence on the two quantities (angle
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and field strength) to be optimized. An elegant and efficient solution was found

by adapting Spall’s “Simultaneous Perturbation Stochastic Approximation” (SPSA)
algorithm to the problem.**

The SPSA algorithm has been applied successfully to many problems where the
equations governing the system are unknown and therefore obtaining the gradient
of the objective function with respect to the parameters being optimized is not pos-
sible.*:4 These so-called model-free applications are treatable with SPSA as it is
based on a highly efficient gradient approximation requiring only two objective func-
tion measurements regardless of the dimensionality of the gradient vector. In the
beamn correction system the parameters to be optimized are the rotation angle and
magnetic field strengths of the four quadrupole magnets with the aim of adjusting the
ten second moments to remove the effect of previous rotation errors. The objective
function I have defined is the root sum square of the difference between the moments

of the beam emerging from the correction system and the desired moments:

L(M)=
((Az? — Az2)? + (Azd . — Azz'y)? + (Az? — Ar')?
+ (Ay? — Ay + (Ayy'. — Ayy' ) + (Ay” — Ay'))?
+ (Azy, — Azy,)” + (Az'y, — Az'y,)? + (Azy'. — Azy'p)* + (Az'y', — Az'y')?)

M = [A:cz, Azz' Az, Ay? Ayy', Ay, Azy, As'y, Azy, A:c'y'] (6.17)

where, for example, Az? is the calculated moment through the beam correction sys-
tem using the moment evolution equations, and Az? is the desired moment at the
correction system outpuf based on a calculation with a perfectly aligned transport
lattice. Although in the set of moment evolution equations, the gradients of the objec-
tive function, L{M) with respect to rotation angle and field strength could be found
and applied to a standard finite difference scheme, the nonlinearity of the equations
makes this difficult. The SPSA algorithm allows one to sidestep this issue with what
has appeared to be no loss of accuracy and a definite improvement in computational

efficiency. SPSA requires only two measurements of the objective function rather

[N g
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than the 16 of the standard finite differencing scheme.** This is quite a saving as
each measurement requires integrating the moment evolution equations through the
beam correction system which is quite demanding using the reduced set of equations
required for a four magnet system. The goal is to minimize the objective function
resulting in the best least squares fit of the desired moment vector M. The SPSA al-
gorithm works by iterating from an initial guess of the optimal M, where the iteration

process depends on the “simultaneous perturbation” approximation to the gradient

9(M) = (6.18)

where 8 is the 8-dimensional vector of quadrupole rotation angles and field strengths.
It is assumed that L{M) is a differentiable function of § and the minimum point §”
corresponds to the zero point of the gradient, i.e., 8" is such that

0L(M)

9(8") = R |g=g* = 0. (6.19)

As a consequence of the basic recursive form of the algorithm there is generally not a
risk of converging to a maximum or a saddle point. Nevertheless, one is able to check
for convergence to a local minimum by examining the behavior of the moments in
the lattice past the correction system, particularly whether the z — y cross moments

Ternaln near Zero.

6.3.3 Implementing the Optimizing Algorithm
The SPSA algorithm iterates through the following steps:

1. Pick an initial guess for § which for lack of any better information and the
desire for the least adjustment for engineering considerations is zero quadrupole

rotation angle and nominal magnetic field strength.
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. Set the counter index, k£ = 0 and compute the SPSA gain sequences

ar = a(A+k+1)"° cr=clk+1)77 (6.20)

Spall states that o = 0.602 and v = 0.101 are effective and theoretically valid

and also gives guidelines for the selection of a, A, and ¢ {footnote].

. Generate by Monte Carlo method a p-dimensional random vector, Ay (p be-

ing the number of adjustable parameters, here, 8) where each component is
independently generated from a zero-mean probability distribution satisfying
the conditions of Spall.** The Bernoulli +1 distribution is a valid choice with
probability % for each +1.

. Obtain two measurements of the loss function, L{M) based on a simultaneous

perturbation around the current §;, y(g, + cxAx) and y(8, — cxAg). These
measurements are computed by first adjusting the quadrupole parameters by
+c Ay and integrating the input moments through the beam correction system
and computing the root sum square of the difference between the output mo-
ments and the desired moments. This process is repeated with the beginning
quadrupole values adjusted by —cyAy. This is where the advantage of needing
only two measurements rather 16 is realized as integration of the reduced set of

moment evolution equations is computationally demanding.

. Using the two measurements of the objective function obtained in the last step

generate the simultaneous perturbation approximation to the 8-dimensional gra-

dient,

L{8pterbp}—L{f—crdy)
2¢ Ay

g:(6:) = s (6.21)

L{fyteadg)-L{8, —ckdy)
2cr ks

where Ay; is the 7** component, (£1), of the A, vector. Note the denominators
change (stochastically) while the numerators are all the same, making possible

only the two measurements to produce gradient approximations.
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6. Update the adjustable quadrupole parameters using the standard stochastic

approximation form

Bp1 = 0 — argr(0y) (6.22)

7. The algorithm is terminated if there is little change in several successive itera-
tions. If this condition is not met, the iteration counter is updated by one and
the iteration is repeated from step 2. The last iterate, 4, is the estimate of the
optimum §° which corrects the beam for previous quadrupole rotation errors

such that the beam is upright with zero angular momentum.

I modified Barnard’s Moment code to include optimization iteration loops imple-
menting the SPSA algorithm. This code CORRECTOR (see Appendix C) models
the beam correction system previously mentioned and shown in ~Figure 6.6. The
results of an optimization run are shown in Figures 6.8 and Table 6.1. The input
moments to the beam correction system resulted from a calculation of a recirculator
transport through 562 half lattice periods with maximum rotation angle error of 0.5°.
The desired output moments were generated by the REDUCEDAG code, a modifica-
tion of the “MOMENT” code modeling a perfectly aligned lattice which can be seen
by the zero values of the z — y cross moments in Table 6.1. Although the SPSA al-
gorithm remained noisy, the desirable éettings were those that produced the smallest
difference between the calculated and desired beam moments. From Figure 6.8 one

can see that the best parameters were not always obtained on the last iteration.
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Figure 6.8: Beam correction system optimization code results plots. The best param-
eters occurred on iteration number 245,753 of 400,000.
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Table 6.1: Results of the SPSA optimization run to determine beam correction system
settings

Least Loss Function Calculated 1.629x10~*

Initial Loss Function 0.1562

Angular Momentum 3.740x10™*

Initial Angular Momentum 0.126

Nominal Quad Field (T) [ 0.25258 Nominal Quad Angle (°) | 0

Quad Field 1 (T) 0.25692 Quad Angle 1 (°) -3.956

Quad Field 2 (T) 0.24212 Quad Angle 2 (°) 0.621

Quad Field 3 (T) 0.25033 Quad Angle 3 (°) -2.112

Quad Field 4 (T) 0.28685 Quad Angle 4 (°) -3.651
Calculated Moments Desired Moments

Az? (mm?) 54.54 Az* (mm?) - 54.54

Azz' (mm-mr) 102.28 Azz' (mm-mr) 101.66

Az () 179.35 Az” () 177.19

Ay? (mm?) 15.96 Ay* (mm?) 15.96

Ayy’ (mm-mr) -31.92 Ayy’ (mm-mr) -30.51

Ay™ (mr?) 66.27 Ay (mr?) 60.78

Azy (mm?) -4.13x1073 | Azy (mm?) 0

Az'y (mm-mr) 4.84x10™* | Az'y (mm-mr) 0

Azy' (mm-mr) 1.92x107? | Azy’ (mm-mr) 0

Az'y’ (mr?) 2.02x107% | Az'y’ (mr?) 0

SPSA Parameters

Maximum iterations 4x10° Gain coefficient, A 2x104

Gain coefficient, a 0.06 Gain coefficient, b 0.0033

Gain coeflicient, c 5%10-° Gain coefficient, d 5x10~°

The optimized values of the four rotation angles and field strengths are used in the
simulation shown in Figures 6.9~ 6.10. A system of 4 quadrupoles modeling the beam
correction system accepts a beam whose input moments are obtained from a lattice
of 562 quadrupoles with random errors up to 40.5°. With the optimized settings of
Table 6.1 the four quadrupoles deliver a beam that is “upright” and not rotating and

whose other moments are nearly returned to the desired values.
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Figure 6.9: Correction of random quadrupole rotation errors of up to £0.5° from 562
half lattice periods of a Small Recirculator lattice. The beam correction system is
placed between z=0 and 152 cm. The dashed lines show the moments as the beam is
in the correction system being “corrected” to the desired values. The solid lines are
the moments from an aligned lattice and are shown to depict the convergence of the

misaligned beam to the desired moment values by the end of the correction system
at z=152 cm.
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Thus, looking at these results it can be concluded that such a correction system
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Figure 6.10: Correction of random quadrupole rotation errors of up to +0.5° from
562 half lattice periods of a Small Recirculator lattice. The beam correction system
is placed between z=0 and 152 cm. The dashed lines show the moments as the beam
is in the correction system being “corrected” to the desired values. The solid lines are
the moments from an aligned lattice and are shown to depict the convergence of the
misaligned beam to the desired moment values by the end of the correction system
at z=152 cm.

placed prior to the final focusing element can have a positive impact on lessening the
rotational alignment tolerance on a driver’s quadrupole focusing elements. Whether
or not the degree of precision required for the field strength and rotation angle of the
four correction quadrupoles can be attained is not determined here. Nevertheless, for
any kind of system that will correct for rotation errors, the z — y cross moments will
have to be measured. The GBI is well suited to do this. A test of rudimentary beam
correction was carried out on the Small Recirculator using single quadrupoles and the

results of these tests as measured by the GBI are discussed in Chapter 7.
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Chapter 7

Experimental Results

A complete set of measurements were made on the Small Recirculator beam at
the end of the 45° bend section with the Gated Beam Imager on July 22, 1997. Good
results were obtained and show the effectiveness of the GBI as a diagnostic tool when
combined with appropriate image analysis software. During the measurements, the
beam energy was 80 keV with an initial 4 us long pulse length which lengthened as
the beam traveled through the accelerator since no axial confinement was possible
without the modulators installed. The data run consisted of gathering 100 ns long
gated images stepped through successive beam shots to time-resolve the beam into
approximately 40 slices. Additionally, 1 ps long gated images were obtained during
the flattop of the beam. Images with upstream magnetic quadrupole rotation errors
were taken to study the effect on the beam emittance as discussed in Chapter 6.
The rudimentary beam correction system of counter-rotating one quadrupole at the
appropriate distance from a known quadrupole rotation error was also studied to
determine the effect on the beam. Appendix D lists the important equipment and

software settings used to obtain the data images and information about each image.

As the images were obtained during the initial testing phase of the Small Recircu-
lator 45° bend section it was necessary to determine the optimum voltage settings for
the bending dipole plates in each half lattice period for a drifting 80 keV beam such

that the beam centroid would be on centerline when intercepted by the GBI. This was
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Figure 7.1: Faraday cup current vs. bending dipole voltage scan for détermining the
optimum dipole voltage to transport the 80 keV around the 45° bend.

done prior to installing the GBI by inserting a Faraday cup in the multi-diagnostic
chamber such that it was centered on the beamline at the outlet of the bend. The
beam current into the cup was measured while changing the bending dipole plate
voltage in the half lattice periods and then plotted in Figure 7.1. The voltage val-
ues of the flattop corfesponded to a beam current of 2.06 mA indicating full beam
transport around the 45° bend. The 4 cm diameter of the Faraday cup is larger than
the nominal diameter (2.6 cm) of the ion beam resulting in the wide plateau in the
curve indicating that the cup intercepted all of the beam over a wide dipole voltage
range. A first order estimate of the voltage that put the the beam on the centerline
was made by taking the midpoint between the “shoulders” of the curve. This voltage
of 6570 V was applied to the bending dipoles in the subsequent GBI measurements
and ve;iﬁed as the proper bending voltage by the images obtained.
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7.1 GBI Setup and Calibration

After determining the bending dipole voltage setting, the Faraday cup was with-
drawn and the pepperpot and MCP detector of the GBI inserted in their centering
mount within the multi-diagnostic chamber and the electrical connections supplying
the detector intensifier and proximity focusing voltages made up. The camera was
then positioned and focused to give a sharp image of the fiducial marks and scale on
the face of the detector. Figure 7.2 shows the camera in position observing the detec-
tor through a window in the diagnostic chamber. A calibration image (Figure 7.3) of
a scale mounted on the detector was then taken with the camera in place. Analysis
of the calibration image with the measurement tools of the IPLAB imaging software
determined the spatial resolution of the GBI to be 54 microns per CCD pixel and
the field of view to be 2.07 by 3.11 cm. This resolution was used as an input to the
IDL Pepperpot analysis code to determine beamlet spot sizes in the subsequent data

images and as an input for estimating error bars on the analysis.

7.2 Observing the Effect of Axial Beam Expansion

Measurements at the end of the 45° bend captured a total of 56 images ranging
from 4 us long images to gated 100 ns long images. A time-of-flight calculation
predicted the beam head would arrive at the detector at 11.9 us after the source
pulser was triggered. The beam head was measured arriving at the detector after
11.7 ps with beam tail arriving after 16.4 ps. Thus, the initial beam length of 4us
had expanded to 4.7Tus long. This axial expansion of the beam was not unexpected
as no axial confinement fields were applied. In fact, the time-resolved beam images
can be viewed as a qualitative measure of the difference in ion energy axially along
the beam as seen in the 3 images of Figure 7.4. These images also confirm that the
timing signals gating the MCP “ON” and “OFF”are correct and discrete beam slices
are being imaged by the GBI. The detector intercepts the head of the beam as it

swings wide around the bend as the head is accelerated by space-charge forces within
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Figure 7.2: Gated Beam Imager in position for data collection at the end of the 45°
bend section
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Figure 7.3: Calibration image taken to determine the CCD camera pixel size

the beam (Figure 7.4a). The center image (Figure 7.4b), at 14.0 us representing the
beam flattop is intercepted at the center of the beamline as it experiences little net
longitudinal space-charge force. In the third image (Figure 7.4c), at 15.6 us, the ions
have been retarded and the beam swings to the inside in the bending dipole field. A
“beam movie” was made of the series of 100 ns slices that graphically illustrates the
acceleration of the beam head, retardation of the beam tail and the stability of the

flattop region of the beam.
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(a) (b) ©)

Figure 7.4: 100 ns images at the end of 45° without beam axial confinement showing:
a. the beam head swinging wide due to space-charge acceleration, b. the beam flattop
on center, c. the beam tail swinging inside the bend due to space-charge retardation.
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7.3 Data Analysis and Results at the 45° Bend Section

A total of 48, 100 ns long gated images were obtained each delayed by 100 ns
from the previous image giving a time history of the beam. Additionally, three 1 us
long gated images from the flattop of the beam were captured. These images were
taken after times-of-flight of 12.2, 13.2 and 14.2 us to characterize the center of the
beam shown as the flattop in the oscilloscope trace of the beam into the Faraday cup
(Figure 7.5). Each data image was modified prior to analysis as described in Chapter

5 to account for dark charge accumulation and non-uniform response of the camera

CCD and the MCP detector.

Figure 7.5: Oscilloscope traces of the source pulser (left) and the Faraday cup signal
of the beam at the end of the 45° bend section. The time scale is 2 ps per division.
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7.3.1 Comparison of GBI and Slit Scanner Measurements

Using the IDL Pepperpot analysis code, each image of the beam was analyzed.
The emittance and second moments of the beam during each time slice was calculated
in order to obtain a time history of the beam. The calculation was carried out as
described in Chapter 4. The normalized emittance versus time along the beam with
the time origin referenced to the beam head is shown in Figure 7.6. The value of
the emittance in the y-direction obtained with a slit scanner is also indicated on
Figure 7.6 with the triangle symbol. There is essential agreement between the two
methods. Figure 7.7 shows the time history of the ten second moments of the beam.
These figures represent a graphical distillation of the 4-D and time phase space map
of the beam. The flattop numerical values characterizing the beam are shown in
Table 7.1, where the symbol “A” is the second moment minus the contribution of a

non-zero first moment, following the convention of Chapter 4.
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Figure 7.6: Normalized emittance vs. time from the GBI. A single data point rep-
resenting the slit scanner flattop emittance measurement in the y-direction is shown
with the triangle symbol.
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Figure 7.7: Beam ion distribution second moments vs. time
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Table 7.1; Characterization of the Small Recirculator beam after the 45° bend section
using the GBL

< z > (mm) 0.67 <y > (mm) 0.39
<z’ > (mr) 1.06 <y > (mr) -3.35
Az* (mm?) 34.6 Ay?* (mm?) 27.4
Azz' (mm-mr) -87.3 | Ayy' (mm-mr) 60.0
Az (mr?) 223.8 Ay (mr?) 135.3
Azy (mm?) 0.736 Az'y’ (mr?) -3.881
Az'y (mm-mr) -3.814 | Azy' (mm-mr) | 0.773
¢; (rms edge) (mm-mr) 22.73 €ne (mm-mr) | 0.0484
¢, (rms edge) (mm-mr) 20.06 €ny (mm-mr) | 0.0427
x envelope (mm) 11.8 | y envelope (mm) | 10.5
x’ envelope (mr) -29.7 | v’ envelope (mr) | 22.9

angular momentum (mm-mr) | 4.587

7.3.2 Error Analysis

The error bars on the emittance data points in Figure 7.6 were calculated based
on known or estimated tolerances in the physical size of GBI dimensions and mea-
surement errors that have a substantial effect on the moment calculations. Each
worst case tolerance value was input into the Pepperpot analysis code. The effect
on the calculation was assumed independent of the effect of the other tolerances.
Like sign effects were summed to generate the high and low limits of the error bars.
The tolerances that were accounted for and their contributions to the emittance are
summarized in Table 7.2. Additionally the Peppperpot analysis code was run with
all of the like effect tolerances applied together to calculate the result when they are

allowed to interact.

Proper interpretation of the error bars is important to drawing a conclusion as
to the relative magnitudes of the z and y emittances. Those errors that tend to

cause the emittance to be greater or smaller than the calculated value (where the
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data point falls) track each other in both the z and y directions. The conclusion
drawn from this is that indeed the = emittance which is “in-plane” with the bend
will remain larger than the y emittance and both values will track together up or
down their respective error bars. As can be seen in Table 7.2 the calculation of the
emittance is most sensitive to errors in the alignment about the z-axis of the grid of
holes in the pepperpot. A misalignment of the pepperpot results in an error in the
calculation of the angle from the position of the hole to the position of the beamlet
spot. Additionally this error is not constant but increases with the distance from
the beam axis. Empirically, it was seen with the images obtained at the 45° bend,
the error introduced did not contribute equally to the error bar in both the z and
y directions. An error resulting from the misalignment of the pepperpot is however

applied equally to all calculations from image to image within a series where the GBI

has not been moved.

Table 7.2: Pepperpot data analysis sensitivity to measurement errors, and instrument
manufacturing and alignment tolerances. (Emittance units are mm-mr)

| Maximum Error| | e | Aeng IR

Nominal Emittances 0.04838 0 0.04269 0
Hole Size + 5% 0.0409 | -0.00029 | 0.04237 | -0.00032
Hole Size - 5% 0.0487 | 0.00031 | 0.04301 | 0.00032
mask rot/cam. angle + 0.5° 0.04768 | -0.00070 | 0.04461 | 0.00195
mask rot/cam. angle - 0.5° 0.04952 | 0.00114 | 0.04312 | 0.00043
w/o intensity weighting 0.05042 | 0.00204 | 0.04474 | 0.00206
+ 5% pixel calibration error 0.05089 | 0.00251 | 0.04496 | 0.00227
- 5% pixel calibration error 0.04587 | -0.00251 | 0.04042 | -0.00227
spot radius meas. error (+27y) | 0.05160 | 0.00322 | 0.04619 | 0.00350
spot radius meas. error (-27x) | 0.04538 | -0.00300 | 0.03928 | -0.00341
change beam energy + 1% 0.04799 | -0.00039 | 0.04234 | -0.00035
change beam energy - 1% 0.04751 | -0.00087 | 0.04192 | -0.00077
space charge + 8.22% spot size | 0.04363 | -0.00475 | 0.03838 | -0.00431

+ Error bar x emittance 0.00719

- Error bar x emittance -0.01212

+ Error bar y emittance 0.00802

- Error bar y emittance -0.01107
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7.3.3 Comparison of GBI Data with WARP Numerical Sim-

ulation Code Results

Members of the LLNL HIF project staff have been developing methods to apply
the numerical simulation code WARP as a tool both the theorist, and experimental-
ist can use to resolve questions regarding the performance of the Small Recirculator.
Although this effort is in its infancy and the experimental results are meant to verify
the correct values of variable initial parameters in the WARP code, it is nevertheless
useful as a confidence building measure in the utility of the GBI to compare its mea-
surements to the code results using reasonable values of the input parameters. The
6-D phase space distribution of the beam initially loaded into the WARP code is a
constant density particle distribution in physical space (z,y,z) with a semi-gaussian
spread in the velocities of the ions in the transverse (v;,v,) and axial (v,) direc-
tions. It is the width of the semi-gaussian velocity spread in the axial direction that
most influences the growth in transverse emittance caused by the transition from the
straight transport section to the bend section. In the code results, the emittance
growth occurs most in the “in-plane” direction (z) of the bend and to a lesser extent
in the y direction until the perturbation thermalizes spreading the emittance across
both directions. Figure 7.8 shows a graphical output from the WARP code with the
data points from the GBI placed at their measured values. It can be seen from the
sensitivity in the emittance growth that determining the proper initial value of the
axial velocity spread is important. The data from the GBI and slit scanners indicates
that a narrower spread is appropriate as the emittance in both the x and y directions
does not grow as much as predicted using the initial velocity spreads (0.250.11 The
envelope of the beam and its slope at the pepperpot location can be easily calculated
from the moments measured by the GBI. A module of the WARP code (WARPenv)
calculates the beam envelope parameters. Figure 7.9 shows data,‘points calculated

from GBI moments for the envelope and envelope slope along with code simulation
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Figure 7.8: Experimental emittance data compared to “WARPxy” simulation.*”

output. This shows a favorable comparison between the code envelope calculations
and the experimental measurements. The envelope dimensions (a, b), and envelope

slopes (a’, b') were calculated from the second moments using:

a=2/<(z— <z >)?> b=2/<(y—<y>)?> (7.1)

and

o =2 (z— <z>)(z'—- <2’ >) =9 (y—<y>)y'—<y >)

J<(@—<z>)?> V< y—<y>)?>

(7.2)

The slope equations having been obtained by taking the derivative with respect to z

of the envelope equations.
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a = 2a <.‘C—>

envelope radii:

04 matching magnetic 45° bend
section transport

O 1 2 3 4 5 6
axial coordinate (meters)

Figure 7.9: Experimental beam envelope data compared with “WARPxy” numerical
simulation simulation. The two asterisks show the envelope detected by the GBI at

the pepperpot and the detector in the z-direction. Similarly the two dots are the
data in the y-direction.”

7.4 Observing and Measuring the Effect of Magnetic Quadrupole
Rotation Errors and Applying Approximate Correc-

tions

The effect on the beam of magnetic quadrupole rotation errors discussed in Chap-
ter 6 was tested by imaging the beam with known quadrupole rotation errors applied
to the Small Recirculator. The rudimentary correction of the beam by counter-
rotation of a single quadrupole of the same field strength at the appropriate position

was also tested. The proposed beam correction system of four adjustable quadrupoles
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was not tested on the Small Recirculator and the construction of such a system is
not yet included in project plans. Nevertheless, the results of the rudimentary tests

conducted point to the utility of the more complicated system.

From Chapter 6, empirical simulation studies showed that the effects of a known
single rotation error can be largely removed by counter-rotating a single, down-
stream quadrupole. The proper number of half-lattice periods between the adjusted
quadrupoles is given by 360/cq when this quotient is an integer. As the GBI was
positioned at the output of magnetic quadrupole 13, testing was accomplished with
quadrupole 8 and 13 with 5° rotations. The limitations to the tests conducted in-
cluded the fact that the actual phase advance of the Small Recirculator is 78° when
the effect of the bending dipoles is added to the 72° phase advance of the magnetic
quadrupoles alone. Because 360° divided by the actual phase advance is not an inte-
ger, but is 4.61, rotating the 8" and 13% quadrupole is a close approximation. The
other limitation was the existence of unknown random quadrupole rotation errors
that exist in any machine. These unknown errors are most likely a contributor to the
non-zero £ — y cross moments obtained in the images without any intentional rota-
tions. Nevertheless, inducing known quadrupole errors was instructive in confirming
their effect on the beam which exploring the concepts of rotation error tolerances and
beam correction. Figure 7.10 shows a series of images taken and analyzed for beam
moment characterization. They are all 1 us long gated images of the flattop of the

beam starting at a time-of-flight of 13.2 us, about 1 us back from the beam head.

Figure 7.10(a) shows an image of the GBI beamlet spots with only the small
existing random quadrupole rotation errors causing coupling between the z and y
directions. The calculations of the second moments results in non-zero = — y cross
moments as listed in Table 7.3. Looking at the image, what appears like a tilt in the
rows and columns of the spots, is more likely a combination of the random rotation
errors and a 1.7° rotation of the pepperpot from the “laboratory frame”. The tilt in
the pattern can also be identified as not solely due to the pepperpot rotation as the

angle of the rows with the z-axis is greater than the angle of the columns with the y-
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(b)

© (@)

Figure 7.10: GBI images with quadrupole rotation errors. All images are 1 us long
from the beam flattop at 13.2 us. a. Existing experimental rotation errors and other
effects b. Quad 8 rotated 5° counter-clockwise only ¢. Quad 13 rotated 5° clockwise

only d. “Corrected” beam with quad 8 at 5° CCW and quad 13 at 5° CW.
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axis. With the pepperpot rotation angle removed during the calculation of moments,
T — y cross moments remained non-zero, albeit much smaller than when coupling is
intentionally induced. Figures 7.11, and 7.12 show the emittance ellipses and cross

moment data plots for this case.
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Figure 7.11: Phase space emittance plots with “aligned” quadrupoles.
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Figure 7.10(b) shows the beamlet spot images when quadrupole 8 was rotated 5°
counterclockwise. Its moment values are listed in Table 7.2 and emittance ellipses and
cross moments data plots are shown in Figures 7.13, and 7.14. Not unexpectantly, the
emittance in the z and y directions increases indicating the decrease in focusability
of the beam due to their (more) non-zero angular momentum. This image along
with Figure 7.10(c) illustrate the ease with which one can observe using the GBI
that quadrupole rotation errors have caused an increase in the emittance. A slit
scanner will detect the same emittance increase from Figure 7.10(a) to 7.10(b) but
with the data available from the measurement the analysis would be hard-pressed to
definitively indicate that the cause. As the slit scanner averages the beam information
parallel to its slits, detection of the slight envelope changes even for a gross rotation

error as 1 induced here is not likely.
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Figure 7.13: Phase space emittance plots with quadrupole 8 rotated 5° counter-
clockwise.
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Figure 7.14: Cross moment plots with quadrupole 8 rotated 5° counter-clockwise.
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Figure 7.10(c) shows the image obtained when quadrupole 8 is returned to align-
ment and a 5° clockwise rotation is placed on quadrupole 13. Similar to the rotation
of quadrupole 8, the beam’s z and y emittances increase along with the cross moments
because of the increased coupling. Figures 7.15, 7.4, and 7.16 show the emittance

ellipse and cross moment data plots.
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Figure 7.15: Phase space emittance plots with quadrupole 13 rotated 5° clockwise.
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Figure 7.16: Cross moment plot with quadrupole 13 rotated 5° clockwise.
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Figure 7.10(d) shows the results when quadrupole 8 and 13 are counter-rotated by
5° approximating the rudimantary beam correction for a known quadrupole rotation
error. In this case the error in quadrupole 8 being corrected by quadrupole 13. Again
it is an approximation to the special case simulation results shown in Figure 6.4 due
to the physical limitations previously discussed. The image itself is upright and the
rows and columns are parallel to the z and y axes. As all the other images indicated
the 1.7° rotation of the pepperpot, this parallelism indicates that the “correction” is
less than optimal as expected. The calculated moments and emittances do however
substantially show values much improved over those with only one quadrupole rotated.

Figures 7.17, 7.4, and 7.18 show the emittance ellipse and cross moment data plots.
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Figure 7.17: Phase space emittance plots with quadrupoles 8 and 13 counter-rotated
by 5°.
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Table 7.3: Summary of beam parameters with known quadrupole rotation errors. a.
Quadrupole 8 rotated 5° counter-clockwise only b. Quadrupole 13 rotated 5° clock-

wise only c. Rudimentary beam correction applied by counter-rotation of quadrupoles
8 and 13 d. Parameters from a beam with no rotation errors.

| Beam parameter | Q8 CCW | Q13 CW [ “Corrected” | No Rotation |

<z> (mm) 0.96 -0.52 0.084 0.67
<z'> (mr) -0.5 0.6 0 1.1

<y> (mm) 0.40 0.63 0.83 0.39
<y'> (mr) -4.3 -3.3 -5.2 -3.3
Az* (mm?) 32.3 35.1 32.9 34.6
Azz' (mm-mr) -80.7 -83.4 -81.2 -87.3
A (md?) 3082 | 2183 5041 9238
Ay?® (mm?) 26.0 26.8 25.9 27.4
Ayy’ (mm-mr) 59.3 61.5 55.8 60.0
Ay (mr?) 142.0 157.0 125.0 135.3
Azy (mm?) 7.7 7.2 -1.2 0.7

Az'y (mm-mr) 10.6 -1.9 7.3 -3.8

Azy’ (mm-mr) -27.6 36.5 4.5 0.8

Az'y’ (mr?) 52.4 -52.0 0.7 -3.9

€z (rms) (mm-mr) 29.2 53.0 23.1 22.7
ey (rms) (mm-mr) 26.6 41.2 22.8 20.1
€ne (Mm-mr) 0.062 0.11 0.049 0.048
ey (TOT-TIT) 0057 | 0.00 0.049 0.043
x envelope (mm) 11.3 11.8 114 11.7
x’ envelope (mr) -28.4 -28.1 -28.2 -29.6
y envelope (mm) 10.2 10.3 10.1 10.4
y’ envelope (mr) 23.3 23.7 21.9 22.9
angular momentum (mm-mr) -38.2 38.4 -2.8 4.6
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7.5 Beam Transverse Intensity Distribution Measurement

An examination of the intensity distribution in the x-y plane is also of great
interest in determining the performance of the ion source. The calculations of the
emittance yields a value for an equivalent K-V beam (uniform distribution in phase
space) but the actual distribution may be quite different. A surface plot of the
beamlet total intensity vs. x-y position with interpolation between spots is shown
in Figure 7.19. As one can see the Small Recirculator beam at the end of 45° was
quite different from a uniform distribution. A surface plot of this kind is very useful
as the difference in intensity level is less evident looking at the image or a 1-D (;ut
along a line of beamlet spots shown in Figure 7.21. The resulting conclusion that the
intensity distribution is far from uniform across the beam was not evident (nor easily
observable without a lot of effort) from previous slit scanner measurements. Using the
slit scanner data the degradation of the ion source had not been detected, although a
re-examination of the data shows correlation between it and the GBI intensity data.
A scan of the source near its output aperature using a pair of 1 mm cross slits and
a Faraday cup was performed on August 2, 1997. This scan shown in Figure 7.20
also showed a large variation in source intensity prior to beam transport through
the electric and magnetic quadrupole lattice. Subsequent physical analysis of the ion
source at Lawrence Berkeley Laboratory showed that the source was largely depleted
of potassium.’* The attributes of the GBI that allow it to quickly measure the 2-
D intensity profile of the beam make it most useful in gaging source performance
degradation once calibrated against a known good source and any anomalies in beam

transport are eliminated in contributing to a changed intensity profile.
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Beam Intensity After 45 Deg Bend
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Figure 7.19: Small Recirculator beamlet intensity surface plot after the 45° bend
showing the uneven emission of the potassium ion source.
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Figure 7.20: Small Recirculator ion source scan at the source indicating non-
uniformity of emission.
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Chapter 8

Summary and Conclusions

The principle goal of this dissertation was to design, build, and test a new di-
agnostic instrument capable of rapidly, and durably measuring the four-dimensional
transverse phase space characteristics of an intense space- charge-dominated heavy
ion beam. The Gated Beam Imager was developed and uses the pepperpot method of
analysis to statistically extract the beam ion’s positions and corresponding transverse
velocities. The GBI provides durable, and repeatable measurements by employing a
microchannel plate as the ion beamlet detector. The GBI was successfully deployed.
on LLNL’s Small Recirculator experiment and measured the characteristics of a 2 mA
potassium ion beam. In the construction and testing of this instrument, a few of the
more challenging issues included the selection of a material or device to detect the
beamlets reliably with no loss of sensitivity with high exposure to the ion beam, op-
timizing the design of the instrument and the camera optical system, and developing

software analysis tools to analyze the images and provide a convenient user interface.

A secondary goal of this work was to show the utility of the additional information
available from the GBI, but not from existing diagnostic instruments. This was done
by developing a conceptual design for a beam correction system addressing how to
correct for rotational misalignments of quadrupoles in an accelerator’s alternating
gradient focusing system. A demonstration of a computational method, using the
information available from a GBI, for determining the settings of such a correction

system was performed. A practical use for this correction system would be to increase
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the focusing quadrupole alignment tolerances during the construction of a driver-scale
accelerator which would presumably lead to a decrease in construction and operating

costs.

The predominant phase space diagnostic in use on heavy ion beams is the mechan-
ical slit scanner. This diagnostic uses two parallel, narrow slits moved through the
beam on successive beam shots to measure the first and second transverse moments
of the beam distribution in the direction perpendicular to the slits. Averaging beam
intensity information occurs in the direction parallel to the slits resulting in the mea-
surement containing a contribuiton from any coupled motion between the orthogonal
transverse directions (z and y). The time to scan the beam is about 15 minutes and
requires about 400 beam shots. To obtain the moments in the orthogonal direction
the slit scanners are rotated 90° or a second set of scanners is installed at the same
position. With the GBI, one is able to obtain in a single beam shot, the first and sec-
ond moments of the beam in both transverse directions and the four cross-moments
between the ¢ and y directions which are indicative of coupling between motion in the
z and y directions. A cause of this coupling in an alternate gradient focusing lattice
are quadrupole rotational misalignments. The transverse cross-moments cannot be
measured with the existing slit scanners due to the averaging of beam information in
the direction parallel to the slits.The moments are intensity-weighted as the GBI pre-
serves the intensity characteristics of each beamlet as it is transformed to an optical
signal and digitized by the CCD camera. A time history of the beam is obtainable
by gating the GBI detector on for a short time and moving the gate time through
the beam on successive shots. Thus, a transverse phase space time-dependent map
of the beam is obtained which can be compared with detailed numerical simulations

or used as input for a beam correction system.

The unique design of the GBI includes the use of a microchannel plate to detect
the ion beamlets produced by the pepperpot mask, and convert this signal to an
visible optical ouput that preserves the intensity distribution of the beamlets. The
spatial orientation of the beamlets is also preserved allowing the hole in the mask,

from which the beamlet originated, to be identified for moment calculations. In the
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work to develop the GBI, fast plastic scintillator material was first investigated as
a possible beamlet detector. Plastic scintillator was investigated based on its rapid
scintillation decay constant which would allow obtaining narrow time slices from a
beam by gating the observing camera rapidly “on” and “off”. This would allow
the construction of an inexpensive detector and take advantage of existing camera
capabilities. During tests, plastic scintiﬂator proved to be rapidly de-sensitized under
repeated exposure to the ion beam. Additionally, its initial light output was too low
in response to the ions to obtain accurate images of the beamlet spots. Presumably,

the short range of the heavy ions precluded sufficient interaction with the scintillator

to produce adequate visible output.

The microchannel plate detector eventually incorporated into the GBI has several
features that allow it to produce accurate, and repeatable detection of the beamlets
and produce an optical signal strong enough to be useful for transverse phase space
moment analysis. To avoid the damaging effects of the heavy ions, the microchannel
plate selected has a thin stainless steel coating on the front face of the microchan-
nels. The primary purpose of this coating is to provide an anode to allow placing a
voltage across the microchannels to produce amplification of an incoming signal. The
anode is thick enough to stop heavy ions in the energy range of the Small Recircu-
lator. The secondary electrons produced during ion stopping enter the microchannel
plate and are amplified and detected with a phosphor screen at the output of the
microchannel plate. This “shielding” of the microchannel plate from the heavy ions
side steps any damage issues. Additionally the gain of the microchannel plate is linear
allowing optical signal amplification while maintaining the intensity characteristics of
the beamlets. The spatial resolution of the position and size of the beamlets is not
significantly affected by the “discretizing” of the beamlets into channels of finite size
and spacing as the resolution of CCD camera systems is less than the microchan-
nel spacing. Obtaining narrow time slices of the beam proved more difficult with a
microchannel plate detector as it was necessary to gate the bias voltage to the de-
tector rather than use the built-in gate on a CCD camera. This was a consequence

of commercially-available microchannel plates using phosphor screens which produce
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an output with a long response time. Confirmed during testing, the microchannel

plate detector produced accurate, repeatable, and flexible images well suited to data

analysis.

GBI measurements on the Small Recirculator beam showed good agreement with
mechanical slit scanner emittance data obtained in the y-direction. Similar magni-
tude error bars as those calculated for the GBI are applicable to the slit scanner
data. Comparison of the GBI moment data with the output of the WARP code, a so-
phisticated particle-in-cell numerical beam simulation, shows that the assumed initial
velocity spread of the ions in the axial direction should be adjusted. WARP calcula-
tion of the beam emittance at the position of the GBI shows much more growth in
emittance in the z (in-plane with the bend) direction than measured. The simulation
results are much greater than the data and well outside experimental error bars. It is
known that the emittance growth is very sensitive to the assumed initial width of the
semi-gaussian spread in the lon axial velocity. Beam moments from the GBI data,
analyzed to yield the beam envelope and envelope convergence angle, agree well with
the WARP calculations. These envelope calculations are insensitive to the assumed
ion axial velocity spread and lead to the conclusion that the code axial velocity spread
assumptions should be re-examined. These results are a measure of the validity of
the Small Recirculator experimental program of which a main goal is to benchmark
sophisticated codes such as WARP. This requires that those quantities not obtainable

through first principles or direct measurement be empirically determined.

The usefulness of a 4-D phase space diagnostic such as the GBI is demonstrated
in the conceptual beam correction system addressing quadrupole rotation errors pro-
posed in this work. The ability to measure the z — y cross-moments makes such a
system possible. Extension of Barnard’s work that found constants of the motion in
the presence of rotation errors was necessary to demonstrate efficient design of the
correction system. That such a system will decrease the construction and operating
costs of a driver-scale accelerator is realizable in the ability to increase alignment
tolerances of focusing components and to be able to withstand any component aging

effects resulting in rotational misalignments. The “model-free” attributes of the Si-
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multaneous Perturbation Stochastic Approximation (SPSA) algorithm for optimizing
correction system parameters were successful due the nonlinear dependence of the
beam moments on the optimized parameters. SPSA requires only two calculations of
the parameter gradients regardless of the dimensionality of the system. This was very
efficient, although it was noted that the difficulty in tuning the algorithm to converge

quickly increased with the increasing dimensionality of the problem.

The GBI combined with user-friendly analysis software has been shown to rapidly,
and efficiently provide accurate, and repeatable characterization of heavy ion beams.
It provides additional information beyond that of other diagnostics. This information
is useful in diagnosing the cause of beam emittance growth and allows the concept
of “correcting” a beam to be further studied. The GBI developed for this work is
a prototype and showed that reliable detection of an intense beam heavy ions could
be accomplished in a manner allowing characterization of the beam’s 4-D transverse
phase space. The further development of the basic components of this instrument
will continue allowing it to be a more fexible, and capable instrument in meeting the

need to supply data on the operation of heavy ion accelerators.
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Appendix A

GBI Design Optimizing Spreadsheet

The following is a printout of the spreadsheet incorporating the design equations
of the GBI It allows the user to vary the beam current, average radius, energy,
length, emittance, ion mass, pepperpot mask thickness, hole diameter and spacing,
drift distance, and the gate interval. The effect on beamlet spread due to emittance
and space charge as well as beamlet spot spacing at the detector is calculated and
checked against a minimum criteria. Additionally, estimates of the signal from the

detector is estimated.



electron charge (€)

1.60E-19

“.'."‘_'E‘.;(_".S)-

1.66E-27

Pl

13.14159

Input Data

Beam Current (mA) |~ 2 ~ o o
Beam Radins (em) | 07 S —

Beam Energy (keV) 80 -

Beam Length (usec) | 4 _

lo_n Mass (amu) 39.1 o

Beap} »l_%:p”i}_lir}ce (mm-mr)_A 20 o

Hole Plate Thickness (1) | 1572 ] _ I
Hole Diameter () 100 i o

Hole Spacing (mm) 25 .

Drift Distance cm) | """ 15 R R
Gate Time (nsec) 00 SR A
Conslants 1 o I R

permitivity (F/m)

Conversions

8.85E-12

/il

254

A_{ M

1.00E+04

mm/mil

2.54E-02

statcoul/coul

3.00E+09

Lyl



g]lliga.l‘

Nin Desr
# of ions in Beam pulse >00E+10
Energy per Beam pulse (J) 6.40E-04
current density (A/sq. m) 1.30E+01
fon velocity (m/s) 6.28E+05
Emittance Divergence angle (mradians 2.86
Aperatured Beam
#ions thru an aperature (ungated) 2.55E+06
Beamlet  crosseclion (sq. p) 7.85E+03
Energy per beamlet (]) 3.27E-08
ﬂ_ig__n}s_“thru an aperature (gated) 6.38E+04
Beamlet crossection (sq. jt) 7.85E+03
Energy per beamlet (J) 8.16E-10
&f_ﬁmum acceptance angle through a hole (°) 12.34 OK
Beamlet spread due to space charge (%) 8.22 OK
Beamlet spread due to space charge (jt) 8.22
Beamlet spread due to emittance growth (%) 428.57 OK
Beamlet spread due to emittance growth () 428.57
Beamlet Diameter at MCP (i) 53679
1.53 OK

Distance between beamlet images at MCP (mm)

871



l
Eheton Production/Detection Calculation
MCP Delector l
# ions thru an n aperature (gated) 6.38E+04
13 of secondary electrons per jon 3 (—1*.‘-3*)_
MCP detector gain I 10.00 o
H of_[—)‘holons produced per electron at phosphor 5 (1-5)
# phélons pr(‘)a:caea by phosphor 9.57E+06
-1
URA2 Spreading Loss
distance from phosbhor to camera lens {cm) 15.00
diameter of camera fens (cm) 2.54
sohd angle 2 subtended By cémera lens (steradians) 0.53
lmige Intensifier ]
] phol-oT{s- incident on image ilensifier 4.04E+05 T
image inlensifier gain l 1.00E+03 )
# pho!Je]écTrons out of the image intensifier 4.04E+08
# of pholons produced per ¢ electron at phosphor 5 (1-5)
# photons produced by phosphor 2.02E+09
Imaggi;\—t—e.n Resoluhon (;l)[ 33
l{nmag‘fzﬂen pore size (sq“ n) 855.30
Camera CCD
Quanlum Emcnency at 420nm 0.14
camera resolution (i) ' 225
Plxel area (sq 1) 397.61
W Plxels per beamlet timage 569.17
phatoelectrons per pixel 4.96E+05

671



Assumplions

1 Each jon produces between 1-10 secondary electrons B

“at the MCP detector front electmde

2 'h1e  gain of | the MCP deleclor is kepl very low (10-100X)

3 Each electron in mcndenl on the deteclor " phosphor

produces 1- 10 ;_)holons

4, Assume 1 lmagmg by camera (l e. snze e of beamleu

phosphor is the same as on the i |mage mlensmer

5. Gain of the i image mlensiher is ~ 1000X

et image on

6. Assume dueto U_\e fiber-of opnc couplmg between the i

image

. the pho§phor arrive al the CCD

- mtensxher - and | the CCD that 1/2 of lhe photons produced in

et

"50 _mm mr and_ﬁa; beam rotion anj;ie?ﬁ 72° “-’ o

7. Cmena 1 for maximum accep(ance angle based on emiltance of

8. énléna for beamlet spreadmg - <10% from space charge

& >25% l'rpm_emmence

l

9. Minimum beamnlel s separation is 0.5 m

Camera CCD lnformauon

Number of pixels X i 384

Numberof pixels Y 576

Tolai pxxels ) 221184

X leng!h (mm) 8.6

Y length (mm) 12.9

w/pixel X i —
w/ pixel Y 224

081
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Appendix B

Derivation of Beam Moment Evolution Equations

This appendix follows the work of Barnard in deriving the moment evolution
equations of éhapter 6 [footnote]. Barnard assumed that the force on an ion comes
from two sources only, the external focusing force from a purely quadrupolar field,
and an internal force from the space charge of the beam. The calculation assumes the
space charge is evenly distributed in a uniform density ellipse but the semi-axes and
rotation angle of the ellipse is allowed to evolve as a function of the axial coordinate,
z. Quadrupoles can be rotated by an angle, § from the z-axis, and the beam can be

rotated by an angle, o from the x-axis as seen in Figure reffig:coordsyst

The relation between the coordinate in the quadrupole frame (subscript 0) and the

lab frame (no subscript) are given by:
x = xocosf — yosin b Yy =1yocosd + zosind (B.1)
and similarly for the beam frame:
T— <T>= TpCcosx — Y sin @ y— <y>= Y COS & + T3 sin & (B.2)

The “< >” indicates a statistical average over the beam ion distribution

For a non-relativistic beam, with velocity ratio 2, moving along the z-axis the paraxial



X-Y : laboratory frame

X,-Yg: quadrupole frame (rotation error shown)

X,-Y, : beam frame

beam envelope

Figure B.1: Beam and laboratory coordinate system

equations of motion can then be written as:

d2
2" = d—; = I(qxxx + I(quy + [{srz(x_ <:E>) + I{sxy(y— <y>)

w_ 4y , )
Y= = Koyy + quz:i+fxsyy(y— <y>) + Ksye(z— <:c>2

external forces indernal forces

Kpr =Ko c0s® 8 4+ Kyyosin® § = Ko cos 20

K=Ky cos® 0 + Kpposin? § = — K 70 cos 20

Kooy=Kqye = (Kgo0 — Kgyo)(sin fcosd) = K0 sin 26

K=Ky cos® 0 4+ Kyposin® 8 = — K, cos 20

Kopyw = Koy cos 20 + Ky sin 2 Ksyy = Koyp cos 20 + Kz sin 2c
Kooy = Koye = (Kozp — Kyyp) sin a cos o

&m=—&w=%
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For instance, K, is the proportional constant for the quadrupolar force on an
jion in the z-direction caused by a dispacement in the z-direction from the center of
ﬁhe magnetic quadrupole which corresponds with the center of the beamline. K.,
is the proportional constant for the space-charge force on an ion in the z-direction
caused by a dispacement in the y-direction from the centroid of the beam. In the

rotated beam frame:

- — [ 7 J— I3
Ksov = 5@77 @200 Keyp = siagrraszasy

and Az, and Ay, are the moments in the rotated beam frame:

Az} = Az? cos2a + Ay?sin 2o + 2Azy cos arsin o (B.5)
Ay = Ay® cos 2o + Az? sin 20 — 2Azy cos asin o (B.6)

Here & is the beam perveance and is a measure of the space charge forces relative to

inertial forces. ;
€lo
K= EZW—EOSW (B.7)
where ¢ is the charge state of beam ions, e is the proton charge, mg is the beam ion
mass in atomic mass units, v is the Lorentz factor, fc is the ion velocity, Iy is the
beam current, and €, is he permittivity of free space. The symbol, A is shorthand
for the second moment of the distribution with the contribution from non-zero first

moments removed, (i.e., Aab = <ab> — <a><b>).
The beam rotation angle may be expressed in terms of the second order moments by

2Azy
Az? — Ay?

tan2a =

(B.8)

Let the beam distribution function f,be the number of particles d/V per unit transverse

phase space volume:

dN
dzdz'dydy’

Since the beam can be described as a collision-less non-neutral plasma the evolution

flz, 2, y,y") = (B.9)
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of f can be described by the Vlasov/Collisionless Boltzman Equation

P ; " "
OF  OF  W0f | BF | 05, 0 3y

0z Oz dz’ Ay 3y’ (8’+6_y')f:0 (B.10)

where 2" and y” are determined by the equations of motion. The average of a variable

over a continuous distribution is given by:

<¢>(z ////gbf (z,2',y,y")dadz'dydy’ (B.11)

substituting the moments into the above equation and integrating by parts yields the

moment evolution equations:

2
————d‘;: = 2Azz’

oz’ = A2” + Koo A2® + Koy Azy — (dinf, /dz)Aza’
482” = 2K, Axa’ + 2Ky Aa'y — 2(dinf, /dz) Ac”?
dAy — 2Ayy

M = Ay”? + Ky Ay + Ko Azy — (ding, [dz) Ayy'

dﬁy = 2Ky, Ayy' + 2K Azy' — 2(dInB,/dz) Ay"
dA”y = Az'y + Azy’ .
dA‘” = Ay + Ko Avy + Ky Ay? — (ding,/dz) Az'y

‘m” = Az'y' + Ky Azy + Koy Az? — (dIng, /dz)Azy’

dAdi!yl = K. Azy' + Koy Ayy' + KyyAz'y + Ko Az — 2(ding,/dz)Ax"y’
where

Koo = Kppy + Koyw

Ky = Koy + Ky

Koy = Kooy + Kogy = K,




and similarly the first moment evolution equations are given by

d<df>' =<z’ > d<dle> = Koo <2 > + Kooy <y > —(dInf;/dz) < z' >
d<y> oyl > d<d1;'> =Ky <y > +Kpe <z >—(dlnB,/dz) <y’ >

dz

135
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Appendix C

Explicit Solutions for Az? and Ay”

From an engineering and cost point of view it is desirable to reduce the num-
ber of independent adjustable parameters necessary to correct the beam for random
quadrupole rotatational misalignments. Using Barnard’s generalized emittances the
matrix of ten moment evolution equations may be reduced to eight by explicitly solv-
ing the expressions for the generalized emittances for two of the moments in terms
of the remaining eight moments . It was found helpful to use the capabiltiies of
Mathematica to do this and it was found that solving for Az? and Ay? yielded the

“simplest” result. The Mathematica command for doing this was:
Solve[<< constraints.m >>, {dz2, dy2}] (C.1)

where the file “constraints.m” contained the generalized emittance expressions and
“dx2,dy2” are Az?,Ay? in a form readable by Mathematica. The explicit solutions
are very long and as discussed in Chapter 6 they were able to be simplified when
the numerical values for the beam moments corresponding to the Small Recirculator
were used in the formulas. The terms that were dropped from the following explicit
solutions to obtain the results of Equations 6.11 and 6.16 appear in a lighter shade.
“The numerical value of the terms that were dropped was about 20 orders of magni-
tude smaller than those terms kept. These solutions are then substituted anywhere
Az® Ay*® appear in the ten moment equations and the eight independent moment

evolution equations of the reduced matrix of Equation 6.6 are the result. All the
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complications are contained in the numbered coefficients.

Ax? = [48*AXy ? Axx>—8 g* AX'y? Axy+88* Ax'y Ax'y’? Axy'+
8 * Ax'y' (Ax? ) Axx' Axy'—4 g* (Ax’z)2 Axy?—
8 5% (Ax’z) Axx’” (Ay’2)+8 8% Ax'y’ (Ax’z) Axy (Ay’z)——
8 f* Ax'y (Ax’z) Axy’ (Ay'2)+4 Bt Ax'y? (Ay’2)2~—
8 8% Ax'y AX'y' (Ay'?) Ayy'+4 5% Ax'y'? Ayy'2+
0.5 8% Ax'y"” g% —0.5 32 (Ax'z) (Ay"™®) €g” —
0.015625[65536 5% Az'y™ Azz’™ — 262144 B2 Ax'y”® Azz”® Ay +
262144 5% Az'y"® Azy? +
262144 8% Az'y A’y Azz” Azy' —
262144 5% Az'y"* (Az') Azz™ Azy’ —
524288 8% Az'y Az'y” Azy Azy + 524288 5 Ax'y"™ (Az”) Azz’ Azy Azy' +
262144 % Az'y® Az'y™ Azy” — 524288 4% Az'y A’y (Az”) Azz’ Azy” +
303216 £* Az'y'? (Az'?)’ Az’ Azy' —
262144 88 Az'y" (A$'2)2 Azy Azy™ +
262144 8% Az'y Az'y” (A$'2)2 Azy” —
262144 85 Az'y' (Az'?)’ Aza! Azy® + 65536 5% (Az')" Azy™
262144 8% Az'y” (Az"?) Azz” Azy (Ay?) —
786432 4% Az'y" (Az"?) Azy® (Ay”) —
262144 % Az'y Az'y'? (Az?) Azz”? Azy' (Ay™?) +
1.57286 10° 8% Az'y Az'y” (Az”®) Azy Azy' (Ay'?) —
524288 £° Ax'y™ (Az?) Awa’ Azy Ay (Ay”?) —
786432 8% Az'y’ Az'y” (Ad) Azy” (Ay'?) +
524288 8° Ax'y Az'y' (Az'?)” Az’ Ay (Ay?) +
262144 8% Az'y’ (Az'%)’ Azy Azy”? (Ay™) —
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262144 8% Az'y (Az?)” Azy® (Ay'?) +
131072 8% Az'y® Az'y” Aza”® (Ay’2)2 -

262144 A% Az'y® Ax'y” Ay (Ay?)" —

524288 4% Az'y Az'y” (M) Ace’ Azy (Ay'?) +

786432 8% Az'y"” (Al‘ﬂ) Azy? (Ay'2) +

262144 85 Az'y® Az'y? Azy' (Ay?)’ +

9262144 B85 Az'y® Ax'y' (Az'?) Azz’ Azy' (Ay?) -

1.04858 10° 3% Az'y Az'y' (Az™)’ Azy Azy' (Ay'?)’ +

393216 4% Az'y? (A2?)” Azy? (Ay™?) —

262144 §° Az'y? (Az'?) Azz” (Ay?)’ +

262144 85 Ac'y® Az'y' (M) Azy (Ay”?) +

524288 8% Az'y (Az'?)’ Azz’ Azy (Ay™)’ —

262144 4% (Ac™)’ Azy? (Ay?)’ — 262144 85 Ac'y® (Az') Azy’ (Ay™) +
65536 8% Ax'y* (Ay?)' — 262144 §° Az'y Ac'y™ Aza™ (Ay™) Ayy' +
524288 8% Az'y Ax'y"™ Azy (Ay"?) Ayy' +

524288 3% Ax'y”® (Az?) Aza’ Azy (Ay™) Ayy' —

524288 8% Az'y’ Az'y” Azy' (Ay'”) Ayy' —

524288 B Az'y”? (A2’ Azy Azy' (Ay?) Ayy' +

262144 8% Az'y Az'y’ (Az") A:ry'z (Ay"?) Ayy' +

524288 B2 Az'y Az'y' (Az") Azz” (Ay'2)2 Ayy' —

524288 A% Az'y Az'y” (Az") Azy (Ay’z) Ayy’ —

524288 8% Az'y’ (Az” ) Azz’ Azy (Ay” ) Ayy’ +

524288 8% Az'y® Az'y' (Az) Azy' (Ay'2)2 Ayy' —

524288 3% Ax'y (Ax'?) Aza’ Ay (Ay) Ayy’ +

524288 8% (Az'?)’ Azy Azy' (Ay™) Ayy' —

262144 8% Ac'y® Az'y' (Ay"?)’ Ayy’ +

131072 8% Az'y™ Azz Ayy”® — 262144 88 Az'y"® Axy Ayy”™ +
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262144 £° Az'y Az'y"* Azy' Ayy'™ — 262144 88 A’y (Az"?) Aza’ Azy’ Ayy'® +
131072 8% Az'y" (Az' ) Azy”® Ayy” —

262144 8% Az'y” (Az'?) Azz’® (Ay'®) Ayy”* +

262144 8% Az'y"” (Az") Azy (Ay”) Ayy”® —

262144 % Ax'y Az'y” (Az"™) Azy' (Ay'?) Ayy”

524288 8% Az'y' (Az" ) Azz' Azy' (Ay"?) Ayy” —

262144 §° (Az'?)’ Azy? (Ay?) Ayy” +

393216 8° Az'y? Az'y? (Ay™) Ayy” —

262144 5° Az'y Az'y" (Ay"™) Ayy™ + 65536 82 Az'y™ Ayy'* +
16384 3° Az'y"™ Aza® ¢,® — 32768 8% Az'y” Azye,? +

32768 8% Az'y Ax'y™ Axy' e,* —

32768 3% Az'y” (Az"?) Az’ Azy'e,® +

16384 ﬁ6 Az'y” (Aa:'z) Azy”? e,

16384 5% Az'y” (Az?) Azz” (Ay'z) 4+

65536 5% Az'y" (Az") Azy (Ay'™*) e, —

65536 f° Az'y Az'y” (Az"?) Ay’ (Ay'?) e,? +

32768 89 Az'y’ (Az')" Az’ Azy' (Ay”) €,

16384 £° (Az'?)” Ay (Ay'?) e,? +

16384 B¢ A’y A’y (Ay™) ¢, —

32768 8° Ax'y' (Ac')’ Acy (Ay?) 2 +

32768 B° A’y (Az'?)” Azy' (Ay?) ¢, —

16384 % Az'y® (Ax?) (Ay™?) ¢,? —

32768 8% Az'y Ac'y”® (Ay™) Ayy' ¢,® +

32768 5° Az'y Az'y' (Az”?) (Ay?) Ayy'e,? +

16384 5% Az'y"™* Ayy' ¢,2 — 16384 8° Az'y” (Az'®) (Ay'"?) Ayy? ¢,2 +
1024 8% Az'y™ (¢,)* —

2048 B* Ax'y™ (Az?) (Ay?) (¢,2)? + 1024 f* (Az'Y) (Ay™) (e,)* +



1024 8* Az'y™ (Az"%) (Ay”) (e)* — 1024 8% (Az) (Ay'™)’ (e)41%5)/

[6* Ax"? (8 Ax'y? — 8 Ax'? Ay'z)]

Ay® = 0.5 [32[256 82 Ax'y"? Axx'? —
512 52 Ax'y” Axy +
512 32 Ax'y Ax'y”? Axy’ — 512 82 Ax'y’ Ax'? Axx’ Axy’ +

256 A% (Ax?)? Axy"” +

512 82 Ax'y’ Ax” Axy Ay? — 512 82 Ax'y Ax? Axy' Ay'? —

256 82 Ax'y? (Ay™?)? + 512 82 Ax'y Ax'y’' Ay” Ayy’ +
256 8% Ax'y? Ayy” — 512 82 Ax? Ay”? Ayy”? +

32 Az'y'? eg? — 32 Ax"? Ay .7 —

(84256 B Az'y"* Azz” — 512 8% Az'y"” Azy + 512 82 Az'y Az'y'? Azy’ —

512 5% Az'y’ Az’? Az’ Azy +
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(C.3)

256 52 (Az'))? Azy’® +512 82 Az'y’ Ax’® Azy Ay'? — 512 82 Az'y Az Azy’ Ay’ —

256 62 Az'y? (Ay'*)? + 512 82 Az'y Az'y’ Ay'™? Ayy! +

256 82 Az'y"” Ayy™® — 512 5% Az Ay Ayy'® + 32 Az'y” €,° — 32 Az Ay” €] —
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4 8% Ayt [-256 Az'y’” + 256 Az'? Ay’ [-256 B* Az'y’? Az Azy® +
512 8% Az'y Az'y' Az Azy Azy’ — 256 5% Az'y? Az Azy? +
956 B* Az'y® Aza’® Ay? — 512 81 Ax'y? Az'y’ Azy Ay'® —
512 84 Az'y Az Aza’ Azy Ay + 256 54 (Az’*)? Azy® Ay +
512 8% Az'y® Azy’ Ay —
512 8* A’y Az'y' Azz” Ayy' + 1024 B Az'y Az'y? Azy Ayy' +
512 8% Az'y’ Az Azz’ Azy Ayy' —
1024 84 Az'y® A’y Axy’ Ayy' + 512 84 Az'y Az Azz’ Azy' Ayy' —
512 84 (Az™)? Azy Azy' Ayy' — 512 8* Az'y’ Az Azy Ayy'™™ +
512 8% Az'y Az Azy' Ayy” +
256 8% Az'y® Ay Ayy” — 512 6% Az'y Az'y’ Ayy” +
256 8% Az"> Ayy™ +
3282 Az'y® Ay €, — 64 82 Az'y Az'y’ Ayy' ¢,® +
32 B2 Az’ Ayy” €° + Az €,4]%5]/

(B* Ay™? [-256 Ax'y"” + 256 Ax”? Ay”?])
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GBI Equipment Settings for Acquiring Gated

Images

Table D.1: GBI Equipment and Software Settings for GBI Measurements at 45°

[ CCD camera settings | Lens aperature | f/1.4 ]
[ ST-138 Controller | CCD temperature | -30°C |
PG-200 Voltage P/S | Gate width 200us
Voltage for 100 ns/1us gates 900/700 V
Mode " Gate”
Brightness Control “Off”
GBI Settings Gate width 100 ns /1us
Int. Voltage -350 V
Proximity focusing voltage 3000 V
IPLAB Settings Mode “Synchronous”
Exposure 200pus
Timing “Ext. Sync”
Cleans “Continuous”
Region 384 x 576 pixels

A/D Converter

“16 bit 50 kHz readout”

CCD Selected

“Electronic 3 ph”

Small Recirculator

Bending dipole volt.

+6570 V

Vacuum

4F-7 torr




Table D.2: GBI Measurement Parameters at 45°

Date of Measurement 7/22/97
GBI Position (descriptive) after 45° bend
GBI Postion (cm along beamline) 670 cm
Measured after Quad No. 13
Beamlet drift distance 15 cm
Camera field of view 2.07 by 3.11 cm
Lens Extension needed 32 mm

Table D.3: 45° Integrated image file information

Image File name Gate Comments

start time

(ps)
“72297 .ras” no gate integrated image
“722971us132.ras” 13.2 flattop image
“722971us142.ras” 14.2 flattop image
“722971us152.ras” 15.2 flattop image
“Q8CCWQ13CW132.ras” | 13.2 rotated quadrupole error
“Q13CW132.ras” 13.2 rotated quadrupole error
“Q13CCW132.ras” 13.2 rotated quadrupole error
“Q8CCW132.ras” 13.2 rotated quadrupole error
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Table D.4: 45° 100 ns gated image file information

Image Gate | Image Gate | Image Gate
Filename start | Filename start | Filename start
(us) (ps) | (ps)

“72297117.ras” | 11.7 | “72297133.ras” | 13.3 | “72297149.ras” | 14.9
“72297118.ras” | 11.8 | “72297134.ras” | 13.4 | “72297150.ras” | 15.0
“72297119.ras” | 11.9 | “72297135.ras” | 13.5 | “72297151.ras” | 15.1
“72297120.ras” | 12.0 | “72297136.ras” | 13.6 | “72297152.ras” | 15.2
“12297121.ras” | 12.1 | “7T2297137.ras” | 13.7 | “72297153.ras” | 15.3
“72297122.ras” | 12.2 | “72297138.ras” | 13.8 | “72297154.ras” | 15.4
“72297123.ras” | 12.3 | “72297139.ras” | 13.9 | “72297155.ras” | 15.5
“72297124.ras” | 12.4 | “72297140.ras” | 14.0 | “72297156.ras” | 15.6
“72297125.ras” | 12.5 | “72297141.ras” | 14.1 | “72297157.ras” | 15.7
“72297126.ras” | 12.6 | “72297142.ras” | 14.2 | “72297158.ras” | 15.8
“72297127.ras” | 12.7 | “72297143.ras” | 14.3 | “72297159.ras” | 15.9
“72297128.ras” | 12.8 | “72297144.ras” | 14.4 | “72297160.ras” | 16.0
“72297129.ras” | 12.9 | “72297145.ras” | 14.5 | “72297161.ras” | 16.1
“72297130.ras” | 13.0 | “72297146.ras” | 14.6 | “72297162.ras” | 16.2
“72297131.ras” | 13.1 | “72297147.ras” | 14.7 | “72297163.ras” | 16.3
“72207132.ras” | 13.2 | “72297148.ras” | 14.8 | “72297164.ras” | 16.4
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Appendix E

Simulation and Data Analysis Codes

The following are the codes used in the course of this work, to simulate the Small
Recirculator beam using the moment evolution equations, to find the optimized values
of the strength and rotation angle of the quadrupoles in the beam correction system,

and to perform the GBI image analysis.

E.1 “FULLAG”

“FULLAG” is a FORTRAN 77 code modified from J. Barnard’s MOMENT code.
Its algorithm incorporates the full set of 10 second moment evolution equations and
allows the setting of either random quadrupole rotation errors or discrete errors of the
user’s choice. It was used to produce moment data to compare against that produced
by the reduced set of 8 second moment evolution equations in their approximate form.

This comparison is shown in Figure 6.7.



Oct 23 1997 15:07:45 {ullag.t Page 1 Oct 23 1897 15:07:45 fullag.f Page 2
1 [T g S S o o o o I IS T Y o T T o T T Tl T N S o T T o e T T 4 . pervpower=-1,81444d+00

1 c 15 print ¢, ‘pervpowers*,pervpower

1 c “fullag.i" Integrates the full set of Barnard moment evolution ¢ ki1 cr*sinltialization parametegrgtstetdsrtdtanstenrenanias

[} e equationy through a Small) Recirculator alternsting gradient c 11 nprintsums«Q

5 c quadrupole focusing lattice, ¢ kL] 11attnos0

[ < c 79 jtodoxl

1 CCETECCOCCrCEECrCaeCTOLCLTlRLCCCeCoCeCeCeCeeerescocciceecacaeaececce BO ce*irobation erzoy anglestrrsrscetentaenidiiadiraine,

8 PROGRAM momant 81 c**rrandom ergorgttertetisians pranae

9 IMPLICIT DOUBLE FRECISION {a-h,0-2) 82 e Quad raotation error data

10 © vt SETUP PROGRAM S#%%ttvitostnaatcatnbsavstatasosisanssdrsnsassins 83 iseeds22221

11 EXTERHAL dfdzsub 84 fcorrelation=t

12 © =xx tilensme characters (Aa,efc. |re=zsrzexsnssxcravanusasrzanancesy 85 thetamax=,0044d0

11 PARMMETER (nprimax=1,nthetx106000) as If{icorrelation,eq.0)then

1 ¢ axx allocate space {Or arrayssessscsssszesaszzscasasmxzeeszirsces 81 do J=i,nhip'niaps

15 OINMEMSION gO{10, nprimax), 9l {10, nprimax},dfdzwd {10, nprimax} .13 dthetatab(j)»2.0d0 thatamax* (DBLE{ren{ixeed)}-0.5)
16 DIHENSION dthetavabinthet) B3 print *, dthetatabij}

17 common/sblkl/dx2, dxxp, dxp2, dy2, dyyp, dyp2, dxy, dxpy, dxyp. dxpyp 30 enddo

18 common/bly2/tkbet2, tkbtx02, thbty02, pervo, betao, parvpover 91 endlt

19 common/blki/hetacont, haltbetacont,petaovbetao, dbdzovh 92 lf{icorrelation,eq.l}then

20 COHMON/blk11/jstep, johase, Jfend, jdbeg, jdend, jlatt,dzmag,. dzdrift 93 do j=l.nhlp

F33 COMHON/bIk12/d1,d20, d2pre 11} dthetatab({fie2,.0d0 ' thetamax* {DBLE{ran{ineed))-0.5)
22 COMMOR/bIRI0/dtheta, costwotheta, sintwotheta, thetamax, thetarms, 9% enddo

23 .ilattno,dthetatab 96 do k=2,nlaps

H COMMON/bAX 3L /iprint, nprint 97 do j=1,nhlp !

25 nprintsuamsd 98 dtherarab{ik-1)*nhlp+§}=dthetatabij}

26 ilattno=0 99 print ¢, dthetatabl))

ral Jfodos1 100 enddo

28 OFEN(2], filex‘q2m] . dat "} 101 enddo

29 OFEN(50,(ile="7_out*) 102 endif

10 OFEN{5], £§lex"goodmon®) 103 lc*spetable errnrat*tastisanesssreotdsnrsacnstsstrasavea

3 c wux Inftiatize constants sesweszrrszszssxrnsrzszeexsusavanzsansnunns 104 thetamax=1,0d0%0,00873d0

12 € Humerical CONSEaNLEY s ediresstesttraaasnsrtnsesss 105 do j21,nhlp

1 pl=3.14159265240 106 drheratabij)=0,0

M fpl=3.14859265440 107 enddo

35 haltplepls2.d0 tos ¢ dthetatab{2)=-2.0*thetamax

)6 f{mhc2-938.d6 109 ¢ dthetatab{1}=1,0%thetamax

37 {mec2=511.d} 116 le dthetatab{4)=-0.5'thetamax

lg ltpieps0=1.1127d-10 111 ¢ dthetatab{S)=-0.35*thetamax

19 currax3t. 3de 112 ¢ etc, etc.

10 CtoaPhystcal datassesieessissastasatscaisiinansieitaas L1131  feeseassnanniatsnsirsiarasataconssvoasarsatsnatascssnnn

41 etag=0,29d40 11e thetasum=0, 040 )

42 tlattic=38.1d0 115 thetaZsum=0.0d0

1) nhlp=10 116 nlatt=nhlp*nlaps

o nlaps=1 17 do =1, nlatt

&5 tlengthrnlaps*ahip* (iattic 13%.) thetasumethetasum? dthetatab{j}

6 qchargex,0d0 119 theta2sum=thetalsum? dthetatab{j)**2

41 energyo=80.0d) 120 enddo

18 energy(=80,0d3 121 thetaavgsthetasum/nlatt

19 amu=39%, 9240 122 theta2avg=thets2pum/nlatt
50 bets=DPSORT12.0d0 enargyo/ {amy* fmhe2}) 12 dthetarms=DSQRT {theta2avg-thetaavg**2)
51 betsozbeta 124 dthetarmstheory=2, ‘thetamax/},
52 betal«DSQPT(2.040 energyl/ {amu*fmhe2)) 125 ilattno=l
51 betaconlz{energy{fenexrgyo-1.0d0)/flength 126 costwothetasy, 0do
k1] halfbetacenlt=.5d0"betaconl 127 sintwothetax0.0d0
55 current:2,.0d-3 128 dalpha®sdthetatabil}
46 sigma0s+72,0d0 129 dz0=flattic/float (nstepsperhlp)
57 nstepsperhlp=200 110 epsdyinit=0,0d-5
58 nExint =l 111 Ax2b0=a0**2/4.040
53 alx1.4365d+00 132 dy2b0=b0**2/4.0d0
€0 £0-8.7542d4-01 11 dxxpbO=ap0*an’e.0d0
(3} pp0=42.5526d4-02 134 dyypbQ2bp0*ho/4. 040
62 bp0=-1.7423d-02 135 dxp2b0={emitx04*2716,0d0+ dxxph0*42)/dx2bo
€) 20«0.0d0 138 dyp2b0s (emity0*+2/16,0d40+ dyypb0*+2)/dy2bo
[13 em{tx0=2,5169d-0) 137 dx20={}.0d0repsdyinit}* {dn12b0*DPCOS [dalphal)+*2s
(33 emity0e2.4811d-0) [31] . dy2b0*DS1H(daiphal}**2)
66 pervalts2 0d0*current*gcharge/{amu‘beta**d*curra) 139 dxxp02dxxpb0*DCOS [dalphal) * *24dyypb0  DSIN{dalphad) 4 2
67 pervos. 00035740 140 dxp20+ 1dxp2b0 ' DCOS (dalphad)* *24dyp2b0 42401 {daiphal) **2)
£8 pervi=,000353d0 141 dy20s41.0d0~epsdylinit) * {dy2b0*DCOS {dalphad) 442y
£% FRINT ¢, "BETA=® beta 142 B dx2bB*DSIN{dalpha) *42)
10 44840 taeenass b et dasedonsosiaseotsatitstosastostsionranissnassss 143 dyyp0=dyypb0‘ DCOS {dalpha0] * 4 2+dxxpb0*DSIH (dalphaOl * 2
" ¢ Get & divide by zero in Pervpower If betaorhetafl so for 144 dyp20= {dyp2h0+0COS (daiphad) **24dxp2b0*424DSIH{dalphat] ¢+ 21
1 ¢ a drifting beam calculate betas based on 80%eV and BlkeV 145 dxyO={dx2b0-dy2h0) *0s1H{daiphad) *DCOS {dalphao)
11 C*eesaBai v asiastatacsadsstisatttabacertsarabirtatintiranaoitinn 146 dxpyp= (dxp2b0-dyp2h0) * DSt {da iphab) *DCOS {da lpha0)
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147 dxyp0 » {dxxpb0-dyyph0) *DSIN (dalpha0) sBCOS {dalphao) 220 dy2xgiid, 1)

148 dxpyds {duxpb0-dyyph0) *DS 1N {dalphad) *0COS {daiphad) 221 dyyp=gi{5. 1)

149 dx2adx20 222 dyp2-g1({6,3)

150 dxxp = dxpd 223 dxysgl(1,1}

151 dxpladxp20 224 dzpysgl{8,1)

152 dy2:dy20 . 215 dypegl(9, i}

153 dyypedyypd . 21€ dxpypegt (10,1}

154 dyp2edyp20 127 <

15% dxy=dxyd 228 do 400 lcasrd=1,10

15§ dxpy =dxpy 229 @0{icooxrd, i¥=gli(levord, 1}

157 dxypsdxypo 110 400 cont inue

158 dxpypadxpypd 211 © as= Printing loop messcassszastensrraunusnnanassnnnssanssannnnnsan
159 ¢ =es Satup foda ¢tuff aeasansszsasnussncnnansasnna samaamannrunm 212 ¢ 1IF liprint . EQ.nprint) THEN

160 Jc »=x Initlal dx*2¢k_beta*2tincluding space chargel suassscaasanses 213 ¢ IF {z .ge. 21412.2} THEN

161 rea o CALL prntsubiz}

162 dz=d4z20 235 nprintsumspprintsums

18) IF ti€cdo.EQ.1} THEN 236 iprints1l

164 ¢ jtend is the value of § at end of focusing magnet 237 ENDIF

189 < focuslng magnet has values of § between 0 and jiend 231 1000 CONTINUE

166 e first delfe jfend and jdbeg 239

187 ¢ defocusing magnet jabeg and jdend 240 print 4, *dthetarms=",dthetarms,* thataavg=",thetasvyg

131 ¢ second drift jdend and jlatt 241 priat ¢, "drhetarmstheory~*, dthatarmsthecry,

169 jfend=AINT (ataq*fiattic/dz0 +.5) 242 : (huanvqtheoryt‘ 0,040

170 IF (jlend.LT,1} $fends} 243 prlnt s.nprintaus,* palnts in 2z in each history plot.*

131 dzmagaetag*flattics/jfend 24

112 JArifE=ALHT({1.0d0-ecag) *tlattic/d20+.5) s CLOSE{(21}

173 IF (jdrife. LT, 1) fdelfusl 246 CLOSE (S0}

114 dzdrlfr«{!.0d0-stag)*fiattic/jdrite 247 CLOSE(51)

175 jdbegsjtands jdrife 248 CALL EXIT(L}

116 jdends jdbegs ffend 243 END

11 jlateajdendsidrite 250 [Cumsssnmamans s AR AR AN A AN R AR NN AR R AN AR AN ARANNARRERALERRRE AR
178 ni=jdbegnhlp*nlapa 25% c Printing routina ssasnax E AR RS RA NN EARNEAAREEARAREEAANARE
179 slgmaOradssigma0* {{pl/18q,) 252 RN E MR A R S AN NN AR R s A RS NA NN RN AN I AR AR AR A NS AR AR AR ST A N RGN RN 22
180 Ikber2sDSQAT(2.* (1, ~DCOSIalgmeOrad)) /{1, -2. *etag/], “/ 253 [

181 {etag*flattice*2) 25¢ SUBROUTINE prntsub{z)

182 print *,'nz=* pz, * fkbet2s*, fkbet2 2%5 PARAMETER (nprtmax=1, nthet=100000)

183 txfodosfkbet2*¢(,5) 256 IHPLICIT DOUBLE PRECISION fa-h,o0-2)

184 fxbtx02sfkbat2 251 DIMEHSION dthetatab(nthet)

185 fkbty02=-fkbetd 258 comaon/blkl/dx2, dxxp, dxp2, dy2, dyyp. dyp2. dxy, dxpy, dxyp . dxpyp
186 ENDIF 159 common/b1k2/fkbet2, {kbtx02, fxbty02, pervo, betao, pervpowar
a7 e 260 cosmon/blk)/bataconi, halfbetaconl, betaovbetao, dhdzovh

188 c sea writs headings of emitout flles sauscunsassnansexsansxasunssens 161 COHHON/h1k11/ fxtep, jphasa, §fend, jdbeg, Jdend, jlatt,dzmag, d2dei ¢
189 ¢ 162 COMHON/blk12/d2,d20,dipse

130 f{c mss inftialize snd write down beginning values szsssssasassvazwea 263 COMHON/b1k10/dtheta,costmothets, aintwotheta, thetamax, thetarms,
191 3az0 2164 .1lattno,dthetatab

192 got1, 1) adx2 265 xav=0.

1%) got2, 1}edxxp 66 yavad,

194 g0}, 1) vaxp2 261 xpaval.,

19% 9014¢, ) ndy2 26t yYpav=0,

196 2015, 1) «dyyp 269 call betavals{z)

197 901{6, 1) =dyp2 27¢ betasbetso*betaovbetao

198 9047, M) sdxy 271 dalphas. S*DATAN(2 dxy/ (dx2-dy2) )

199 90(8, 1) »dxpy 212 cosalphasDCOS{dalpha)
200 90(9, 1) =dxyp 273 sinalphasDSIH{dalpha)
201 g0{10, 1} sdxpyp 2 cosalphal=cosalpha**2
202 |c asa Call print here to get the first line with 2+20 «wsmzazscnsann 2715 cinsiphalssinsiphat*2
0 CALL prntsubixsum, ysum, xpsum, ypsun, 3, npact} 276 castwoalpha=DCOSt2. *dalpha)
04 nprintsum=nprintsumed 277 sintwoalphasDSiN{2.*dalphal
205 Iprintsl 278 transenesgy~.5* {dxp2 + dyp2
206 ignap=l 279 . -~ tkbetadIx{z)*{ [dx2-dy2}*costwotheta ¢
207 280 . 2.0d0*dxy*sintwotheca |
208 ¢ 281 . - pervo*DLOGH
109 ¢ 282 . DSQRT {dx2*cosslpha2 +
210 C R AR AN ARA SRR R A NS S AN AR A NS AAAR AN AN R AN A N AR N RAR ARG ARA L 283 . dy2*sinalpha? »
213 do 1000 fz=1,nz 288 . dxy*slntwoalpha )
112 1F ({foda.£Q.1}CMA fodostep 285 . DSQRT{dy2*cosalpha? +
24 © =an Advance all particles smassssexssnaasssanacsaunsssensansasncaasnysanmuans 286 N Ax2*alpalpha -
M CALL dfdzaub{z,q0,dfdzw0) M . dxy*sintwoalpha 1 ) )
215 CALL fint{qD,gt,z,d2,dfd2eub, dfdzwl) 280 dxbls=dx2*cosalphaidy?*ainalpha2s2*dxy*sinalpha’cosalphs
16 zez4d2 289 dyb2«dy2*cosalphaZedx2sinalpha2-22dxy*einalpha*cosalpha
11 dx2sg¥ (1,1} 230 abeams»2*DSQRT (dxb2)
21 dxxp=gi (2.1} 291 bLbeam=2*DSQRT {dyb2)
219 dxp2=gli{3,. 1} 92 angmom»dxyp -dxpy
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29)
25¢
295
296
297
298
299
100
J0L
302
303
304
105
10¢
307
J08
309
310
it
112
i
N
s
)16
17
318
119
120
121
122
iy 3]
n
114
126

127
328
323
1
11
112
111
N

exltnx2e16,0d0bata**24 {dx2¢dxpl-dxxp**2)

emitnx=SQAT {emitnx2)

emitny2=16,0d0beta®*2* (dy2*dyp2-dyyp**2)
saltny ~SORT lemltny2)

emitng2s,5* {amltnx2remitny2) +

. 16, *beta*2¢ {dxy* dxpyp-dxyp*dxpy)

emltngaSQRT (emitng2)

enitnhe (emitnx2'emitny2 + (4.0d0%beta)**4*{dxpyp**2¢dxy**2 -

. +
. dxpy*t2¢dxyptt2 ¢ 2'Axpy*dxxp*dxy*dyp? -

. dxp2dxy**24dypl - dxpy**2*dx2*dyp? -

+ 2'dxpypidxxptdxy*dyyp - 2*dxpy*dxxptdxyptdyyp ¢

2 Axp2tdxydxypidyyp ¢
24dxpy*dxpyp*dx2*dyyp + 2*dxpyp*dxxp*dxypidy2 -
dxpldxyp*20dy2 - dxpyp®t2tdx2¢dy2))*40.25
fap=1,0d0
dumsl,0d-8
IF tz .GE. 21412.0 ,AND, z .LE, 21412.4) then
WRITE{S0,*) "zw*,z,dx2,dxxp,dxp2,dy2, dyyp,dyp2,dxy, dxpy.dxyp,

dxpyp
ELSEIF (x .GE, 21564.2) then
WRITE(50, %) “z»°,2,dx2,dxxp,dxp2,dy2, dyyp, dypi, dxy, dxpy, dxyp,
. dpyp

WRITE({SY, ¢} dx1, dxxp, dxp2,dy2, dyyp. dyp2, dxy, dxpy, dxyp. dxpyp
print *, *z»*,2,dx2,dxxp,dupl, dy2, dyyp. dypl. dxy, dxpy, dxyp, dxpyp

ENDIF

7" FORHAT{2(1x,1pell. 4})

715 FORMAT(AX DX, £12.8))

ddx2edx2*1e2

ddxxp=dxxp®led

ddxp2=dxp2¢1eé

Ady2edyl1e2

ddyypsdyyp®lel

ddyp2=dyp2* e

ddxy=dxy*le2

ddxpys=dxpy*led

ddxypadxyp* el

ddxpypadxpyp*leb

eceaitnxremitnxsied

temitny=emitny*led

LK)

sangmomsangmom*led
semitngsemitng*led
eenitnhsemltnh*led
WRITE21, %) z,ddx2,ddxxp, ddxp2, ddy2, ddyyp, ddyp2, ddxy.
. ddxpy . ddxyp, ddxpyp, temitnx, eemltny, sangmon, eemltng, eemitnh
RETURN
END
<
3
CNAMM UMMMy Ens Nt AL R e R LSS I RN ARRE AR AN M AN SR SRR
c e Integration routine saxanzus
o s A s NN s S R AN A AR SR AR P ANNA TN R AR CARSFER AR RS mARART A REas O RS -e
=s» This subroutine is adapted from the subroutlne RK4 fyom ==
ss= Ruserical Recipes by Prexs et al. The main difference {s the sas
sss use of two dimensional srrays rather than 3inear arrays., w»sess
sae Input varfables: LA L]
wes  Yifeqn,it}: The 2-D array of dependent varlables
ana DYDX{leqn.it}: Initlal derfivatives calculated in u\llnq
sux  gubroutine,
zau fegnmax, npremax: Maximum dimensjons of the arrays
Y X: The independent varisbie
ase  H: The step size In X.
DERIVS: The name of the subroutine with the derivatives,
Ousput varjables:
«ss  YOUT{legn.it): The new values of Y at X+H
NS MM RRANRARIKERA R AN AASEAARRATIARRAN NS AN NRE S AR NN ANN.
SUBROUTINE fint{y,YOUT,X . H,DERIVS, DYDX)
INPLICIT DOUBLE PRECISION (a-h.o-z)
PARMMETERt leqn) im=10, nprimax=1)
EXTERHAL DERIVS
DIMENSION Y{isqnlim,npremax),dyDX{leqnlim, npremax),
. YOUT {leqnlim, nprimax)

=aw

nanonnAannNhARNNNDN

364
181
368

DIHENSION YT(leqnlim,nprtmax),D¥T{legn)im, nprimax),
. DYHtlequlinm, nprtmax)
Legnmaxs=10
Itmaxsnprimax
HH=H'0,5
HE~H/E,
XHaX+HH
XFaKeld
do 110 Ats=1, ltmax
DO 11 legn=l, fagnmax
YTi{iegn, ft)aYlieqn, {t) sHH*OYOX {{eqgn, ic)
¥ CONTIHUE
110 CONTINUE
CALL DERIVS(XH,YT,DYT}
do 120 ltel, itmax
DO 12 jegn=l, jegnmax
YTileqn, 1t)~Yiiegn, &) vHH*DYT{iegn, it}
12 CONTINUE
120 CONTINUE
CALL DERIVSIXH, YT, DYM)
do 130 lte], ftmax
00 13 legnsel, fagnmax
YT(leqn, {t) =Y ileqgn, it} tH*DYM{leqn. it)
DYM{legn,it)=DYT{legn,it) +D¥Mlieqn,it)
13 CONTINUE
130 CONTINUE
CALL DERIVS{XF,YT,DYT}
do 140 ftal, itmax
DO 14 feqnal, jegnmax
YOUT{legn, lt)«Y{ieqn, it}
. +HE* (DYDX {feqn, L) +DYT (teqn, $t)+2.4DYHilegn, It))
14 CONTINUE
140 CONTINUE
RETURN
END

CHamnaEgtnsxanansunsparsnsatsnEans

¢ wes Runge-kutta Integration routine saswsnsusxszzzsecns
T P ] T TP RERP PPN

Ea AR ANAENFAM AN SN RN NN A SRR

azmsmaxswErza

SUBROUTINE dfdrsublzw, fw,dfdzw)
IMPLICIT DOUBLE PRECISION (a-h,o0-2)
PARMMETER(nprtmaxal, nthet=100000)
DIHENSION fw{10 npctmax),dfd2w{10,nprimax}
DIHENSION dthetatab{nthet)
comnmon/blk}/dxl, dxxp,dxp2, dy2, dyyp, dyp2. dxy, dxpy,dxyp, dxpyp
common/blk2/ tkbet 7, tkbtx02, fkbty02, pervo, batao, pervpaver
comman/blkl/betacont.halfbetacon), betaovbetao, dbdzovb
COHMON/blk11/istep, iphuse, jfend, jdbeg, jdend, Jlatt, dzmag, dzdriflt
COMMON/blk12/dz,d20,d2pre
COHHON/b1k310/dtheta, costwotheta, sintwotheta, thetamax, thetarms,
Jdlattno,dthetatad

dx2=fw{l, 1}

dxxpafw(2,1}

dxp2=fwil, 1)

dy2=fwid, 1)

dyypefwis, 1)

dypl=lwis, 1}

dxy=fwi?, 4}

dxpysfwi8, 1}

axyp=lwig, 1}

dxpypsfw{10, 1}

call betavalsizw)
[ pervz=perve/ {betaovbetan**2) {constant bunchlength)
pervepesvo‘betsovbatao® ‘pervpower
alphas S*DATAN(2*dxy/ (dx2-dy2))
cosalphsDCOS{alphal
sinalphsDSINtalpha)
cos2alphaccosaipht*l
ainlalphassinalph**2
sinalphcasalphs=sinalph®cosalph
dxb2=dx2*cos2alphatdy2*sin2alphas2*dxy*sinalphcosalph

891
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[33] dyb2ady2¢cos2alphasdx24sin2alpha-2*dxy’sinatphcosalph 512 dthetasdrhetatabtlilattnol

“Ho dxbdybaSQRT [dxb2 *dyb2} 513 costwatheta=DCOS{2. *diheta)

41 fkaxbe.S¢perv/ {dxb2+dxbdyh) 514 sintwotheta=DSIN(2.*dtheta)

442 Ixsybs,5¢perv/ {dyh2«dxbdyb) 515 titlprint.eq.nprint)

i) thaxx=fksxb*cos2alphas fksyb*sinZalpha 516 N peint 4, *Quad no.#”, ilattno, " dtheta=",dtheta
444 fhsxys{fkaxb-fksyb} *ainalphcasalph 511 ENDIF

445 {rayxe{kexy S1a IF (jdbeg.LE.jstep.and. jxtep LT, jdend} THEN
(XT3 fksyys=fksyb*cos2alphas fksxbsinZalpha 519 dzsdzmag

441 fkgxxefhkbera0lx{zw) *costwotheta/betacvbetan 520 [kbix02a-fkbet2

448 fkayy=tkbetaOly(zw) *costwatheta/batacvbetsa 521 fkbty02a({kbetl

449 fkaxy=fkbata02x{2w) *sintwotheta/betaovbetac 522 jutepsisteped

450 tkqyx=fkgxy : LY ) ETURH

451 Exxs kgt Fkaxx 524 EHOLlF

452 fxkxy=fkqxyt [Eksxy 525 IF (jstep GE.jlatt) THENM

45) tkyxutkqyxt tkayx 526 dz=dzmag

154 tkyysthqyyt tksyy a2 fxbtx02xIkbet2

455 c dx2° 528 (kbtyd2e-fhbetl

456 dfdzwil,1}= 2¢fw(2,1} 529 Jstep=l

457 ¢ dxxpts S0 flattnosflattnoe}

458 dfdaw{2, 1) =fwd, 1) ¢ Ekxx*fwii, 1} + 511 drhatasdthetatabi{ilattno)

459 . fhxy*tw(7.1) ~ dbdzovb*fuwil, 1) §32 costwatherasDC0S{2. *dtheta)

4860 © dxpl2's 513 sintwothe DSIN(2,*dtheta}l

161 dfdzwl), 17~ 2,040  thux"Ewil2, 1) . E3 1) ittiprine .nprint}

162 . 2,0d0*thxy fwiB, 1} -~ 2,0d0dbdzovbeiw(}, 1) 515 print *,"Quad no.=*,flattno, ' dthetas*,dtheta
461 c dy2's 516 RETURN )

464 dfdawid, 1= 2*twi(5,1) 517 ENDIF

465 ¢ dyyp’'= 538 dzsdzdr{fe

468 ddaw (s, 13w fw(é, 11 thyy*fwid, 1) o 539 fkbix02=0.0d0

461 B fkyx*fw(7,1}- dbdzovb*{w{S,61} 540 fkbty02=0.0d0

468 ¢ dypl's 541 istepsjatepsl

69 dfdzw(6, 1}« 2.0d0* fhyy*fwlb, 1)+ 542 RETURN

470 . 2.0d0*tkxy* fw(9,1) - 2.0d0*dbdzovbfwié, 1} 542 £

41! c dxy’ 544 3

22 dfdzwi{?,11~ fw(8,})efwi9, 1} 545 e

473 le dxpy‘s 546 |c

i dfdzw(8, 1) fwil0.1)4Ekxx*fw{?, 1) 547 FUHCTION fkbetad2x(z)

475 . tkxy*fw(d,1)- dbdtovbefwis,1) 548 IMPLICIT DQUBLE PRECISION {a-h,o0-2})

476 e dxyp’a 549 common/blkl/dx2, dxxp, dxpl, dy, dyyp, dypl, dxy, dxpy, dxyp, dxpyp
an dfdzw(9, 1}e  fwi{i0, })efkyy*iwi(7,1)¢ 550 common/blk2/tkbet?, fkbtx02, tkhty02,perva,betao, pervpower
(¥1] N fhyx*fw{l, 1)~ dbdzovb*iw{9,1) 5§51 fhkbeta0d2x=-fkbtx02

413 © dxpyp'as 552 RETURH

480 dfdawil0,1)= foxx*fw(9,1) ¢+ fkxy*fw(5,1) ¢ 551 END

481 . fhyy*fwid, 1} + fkyx*fwi2,1} 554 c

82 . ~ 2,0d0*dbdzavbfwilo, ) 555 <

483 c 556 c

(LI RETURN 557 FUNCTION fkhetaO2y{z}

485 END 554 THPLICIT DOUBLE PRECISION (a-h,o-2)

486 |c 559 common/blkl2dx2, dxxp, dxp2, dy2. dyyp. dyp2, dxy, dxpy. dxyp. dxpyp
447 < 560 common/blk2¢fkbet2, fxbix02, Exbty02, pexvo,betao, pervpower
488 I3 561 fxbetaOly=-fgbty02

189 L T T e S T T T T P T Y T Ty 562 RETURN

4190 J¢ ass fodo routine ess EEAANARItESERAEEARSIREZENEAAKERARAZAEAS $63 END

131 lcessnssssununnnaran A MAESRAEAERKEAAARIEAAEAMAMEYELAEERARSES 564 e

452 SUBRQUTIHE fodostep 565 ¢

493 IMPLICIT DOUBLE PRECISION {a-h,o0-2) 66 e

494 PARAMETER (nthet »100000} 562 SUBROUTINE bLetavalsiz)

498 DINENSION dthetatab(nthet) 568 INPLICIT DQUABLE PRECISION ta-h,o-z)

496 common/blkl/ fkbetd, xbtx02, (kbty02, pervo, betao, pervpowar 569 common/bikl/betacon), halfhetaconi,betaovberao, dbdzovb
437 common/blki/betaconl, halfbetaconi,betaovbetao,dbdzavb 310 ¢ betaconlx{enecgyf/enesrgyn-1,0d0)/{nlaps*flength)
99 COMMON/blk11/jstep. jphase. jtend, idbeg, jdend, jlatt,dzmag. dzdrift 571 |¢ halfbetuconls.5*betaconl

198 COMMON/bik12/d2,d20, dzpre 5§72 betaovbetao=DSQRT{},040 » betaconl®r}

500 COMMON/DIk3IC/dtheta, costwotheta, alntwotheta, thetamax, thetares, 573 dbdzovb=halfbataconl/(1.0d0 ¢ hetaconi‘z)
501 .dlactno,dthatatab 514 teturn

502 COMMON/DIKkIE/ipeint, nprint 575 end

30} IF 10.LE.)step.and.istep.LT.jfend) THEN

504 dzedzmag

§05 fkbex02=fkhet2

506 fkbty02=-tkbet2

£01 jateps)stepsl

508 RETURM

509 ENDIF

510 IF (jsrep.EQ. jdbeg} THEN

511 {lattno=jlattposl

691
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E.2 “REDUCEDAG”

“REDUCEDAG” is a FORTRAN 77 code modified from J. Barnard’s MOMENT
code. Its algorithm incorporates the reduced set of 8 second moment evolution equa-
tions by substituting in the approximate explicit solutions for Az? and Ay? (Equa-
tions 6.11 and 6.16) wherever they occur in the moment evolution equations. The
code allows the setting of either random quadrupole rotation errors or discrete errors
of the user’s choice. It was used to produce moment data to compare against that
produced by the set of 10 second moment evolution equations of “FULLAG”. This

comparison is shown in Figure 6.7.
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reducedag.f: Integrates a reduced set of Barnard moment
evolution equations through an alternating gradient quadrupole
focusing lattice, The set of equations were yeduced by Hopkins
trom 10 to 8 by applying the generalized emittance constraints,
dx2 and dy? are calculated using a simplified form of the
constraint equationa. Quad strength is caleulated using B'/([Bp}

aannann

Instead of the Lee, et, al. equation relating sigmad ro K, ¢

o

tecereeoeccece
PROGRAM moment
IMPLICIT DOUBLE PRECISION {a-h.e-2)
144 SETUP PROGRAM *#esetsstencansisaasaeatisardacenntssdsnnsirsona
EXTERNAL dfdzsub
sasx filename characters {(Aa,2tC.)czaananuxavnssnusasnssannnnsanxann
PARAHETER (nprtmaxxl,nthet21000)
aex allocate Space [Or ATfAySsssssasmzssusasassssnnmtausnnunnsanss
DINENSION 010, nprimax}, 0110, nprimax),dfdzw0{10, nprimax)
DIMENSION (kfodo(nthet)
common/blkl/dx2, dxxp, dxp2, dy2, dyyp, dyp2, dxy. dxpy, dxyp, dxpyp
common/blk2/Ekbet2{566}, tkbtx02, tkbiy02, parvo, batao,
. pervpower
common/bik3/betaconl, hal fbetaconl, betaovbetas, dhdrovh
COHMON/blk11/istep, jphase, jtend, jdbeg, jdend, jlatt,dzmag, dzdri ft
COMMON/hlk12/d2,dz20,dzpre
COMMON/bYXY0/dtheta, costwotheta, sintwotheta, thetamax, thetarms,
.ilattno,dehetatab{566)
COMMON/blk31/iprint, nprint,quadfld(566)
COMMON/h1ki0/emitg2, emith2, beta
nprintsums0
{lateno=0
jtodo=1
OPEN{20.file»*2z_dx2.dat"}
OPEN{21, filex*q2mireduced.dat )
OPEN{50, L1)en"7_out")
s Inltialize CONKLANES sxmxsassnmvasamrassrasshEsassssauasasannan
cassecannsatinan

plad 24159265440
fpiad, 14159265440
halfpispis2.do
fmhc2-938.46
fmec2+511.d1

_ frplepsO=1.1127d-10
curras}1.3d6

C***Physical datat P esasinsisniaatatesdstastananirans

eataqs0,29d0
flateic=36.1d40
nhlp=566
nlapssl
flengthsnlaps*nhlp*flattic
qcharges=1.0do
energyo=80.0d)
energyfed0.0d1
amu=19,940
betasPSQRT (2,040 energyo/ lamu* fmhc2})
betaoabeta
betaf=DSORT(2.0d0%energyf/ {ami* fmhe2))
betaconta{energyf/energyo-1.0d0)/flength
halfbetaceonlis,5d0%betacont
current~2.04-3
slgma0=72.0d0
netepsperhip=200
nprincs1
#0=x1.4165d+00
b0+8,75424-01 :
ApD=¢2,5526d-02
bp0=-1,7423d-02
200,040

quad»0.25258d40

brho=25.798d0

rplpesl. 149d0

emitx0=2.5169d-0)

emityQ=2.4811d-02

pervalts=2,0d0 current*qcharge/ (amu*beta**d¢curral
pervos.000357d0

pervi«. 00035340

ETAx* ,beta
MRANadssasadsetatanasaaabasrasttaarattars
3 Get a divide by zero in Pervpower if betao=betaf sa for
c a drifuing beam cslculats betas based on BOkeV and 8ikev

P R R T R T e

pervpowere-1,.81444d:00
print *.'parvalte®,pesvale,* pervos*, parva
rint *,*pervpowers* pervpower
ctretnitinliaation paramelerscetitetstatitatotanrnters
nprintsums0
ilatenos0
jfodox1
c***setable rotation angles and fleld strengthsgrterertaseasaans
thetamax+0.0124531d0
DG §sl.nhip
dthetatab{j}=0.0
quadf1d(j)aquad
£HDDO
dthetatab{l)=-1.0*thetamax
dthetatab(2)=-1.0*thetamax
dthetatab{}) =2.0thetamax
drhetatab{4)=-0.5thetamax
dthetatab(5)=-0.35 thetamax
dthetatab{7}«1,0*thetamax
etc, etc...
quadfld{2)=0.28d0
quadfld{)}=0.28d0
quadfld{4)=0.28d0
quadfld{5}+=0.28d0
ete, eto...
Cleessanariasana
random errors®**
Quad rotation error data
1saed»22221
lcorrelatfon=1
thetamax>, 004440
ifilcorralation.eq.dlthen
da f=1,nhlp*niaps
dehetatablji=2.0d0*thetamax* (DBLE{ran{iseed))-0.5})
print *, dthetatabij)
endda
endif
ff{icorrelation.eq.l)ithen
do j=1.nhip
dihetatabt$)=2.0d0*thetamax® {DBLE{ran({lseed))-0.5
enddo

annAannnnnnnan

40cnrsesraanatastebatibtatinnsrtian

»

soranes

no

do k=2,nlapa
do j=1,nhlp
dthetatab({k-1)*nhlp+j)=dthetatab{])
enddo
enddo
endif
print ¢, *tine 343°
CATeREaNb I eadanenttainatentatatsebibentibinanrteattntitantn
thetasum=0,0d0
thetaZsumeg,0do
nlattznhlp*niaps
do j=1,nlatt
thetagum=thetssums drhetatabij)
theta2sumsthetasum+ dtheratah{j)**2
endido
thetasvgsthetasum/nlatt
thetaZavgetheta2sum/nlatt
drthetarms=DSQRT (thetaZavg-thetaavg**2)
dthetsrmatheorys?, *thetamaxsy.
ilattno=]
costwotheta=1, 0d0
sintwotheta=g,0do

1.1
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dalpbatsdthetatab{l}
dzO=flattic/float (nstepaperhip)
epsdyinite0.0d-5
dx2b0=a0**2/4.0d0
dy2h0«b0*42/4,0d0
dxxphl=ap0*ad /4,040
dyypb0=bp0+b0/4 . 0d0
dxp2h0s {emitx0%*2/16,.040+ dxxpb0*42)/dx2b0
dyp2bO={emlty0**2/16.0d0+ dyypb0*+2)/dy2b0
Ax20={1.0d0+epsadyinit)* (dx2b0*DCOS (dalphad) +*2e
dy2b0°D$IN(dalphad) **2)

dxxpD adxxpb0*DCOS {dalphal) * ¢ 24dyypb0*DSIN{dalphal) *+2
dxp20={dxp2b0*PCOS (dalphal) **24dyp2b0** 24053t {dalpha0) 442}
dy20=x(1.0d0-epsdyinit)* (dy2h0*DCOS (dalphal)**2¢

. dx2b0*DSINIdalphad) **2)
dyyp@=dyyph0*DCOS (datphaf) * #24dxxpb0*DSIH {dalphal) **2
dyp20s (Ayp2b0* 0COS{dalpha0) * *24dxp2b0* *2*DSIN{dalpha) **2)
dxy0= {dx2b0-dy2b0) *D5IN{dalphal} *DCOS {dalpha)
dxpypl= {dxp2b0-dyp2b0) *DS1NIdalpha0d) *pCOS (dalphal)
dxyp0~{dxxpb0-dyyph0} *DSIN(dalpha0} *DCOS{datphad)
dxpyd» {dxxph0-dyypb0) *DSIH(dalphat) *DCOS {dalphad)
dx2sdx20
dxxpudxxp0
dxp2=dxp20
dy2=dy20
dyyp=dyyp0
dyp2edyp20
dxy=dxy0

ypo
write{50,4) z,dx2,dxxp,dxp2,dy2,dyyp.dyn2, dxy. dxpy, dxyp, dxpyp

CA s e N A ks A A R RN R A S AN E A R E N AN AR AN AR L TURARNR RSN E RS EANRO AR SRR

c =»» Calculate the generalized emittances based on the abovesssxss
T L e Yy

c generalized em{ttance constraint equations

enitg2eEG(dx2, duxp, dxp2, dy2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp}
emith2=EH(dx2, dxxp, dxp2, dy2, dyyp, dyp2, dxy, dxpy. dxyp, dxpyp}
¢

Cmemssnsdesstnztunssunnssnsnansanans
C =xx Setup fodo StUff =seavsasmsassssssxzzatazsusssanaxa
¢ =es Inftisl dx*2*k_beta*2tincluding space charge) ssusssesamsanen
r=a
d2xd20
IF {jfodo.EQ.1)} THEN
jfend 1s the value of j at end of focusing magnet
focusing magnet has values of § between 0 and jfend
firse drife jfend and jdbeg
defocusing magnet jabeg and jdend
second drift jdend and jlatt
Jlend=ATNT (etaq* fiattic/dzd +.5)
IF (Jfend.LT.1} jfend=}
dimag=etag*tiattic/jtend
JArife=AINT((1.0d0-¢etag) *flattic/dz0¢. 5}
IF (JArife,LT.1) jdriftsl
drdrifte{1,0d0-etaq) *flattbc/jdcife
jdbeg=jfends jdrift
jdend=jdbeg+ifend
jlattsjdende jdrlft
c nz={3.+etaq) *nstepsperhliprl
nz=jdbeg*nhip*nlaps
¢ nxx111200
PRINT *, ‘n2=‘,nz
sigmoCrad=sigmad* {tpl/180,)
DO jei,nhip
fxber213) squadildiy)/{rpipe*brho)
tkfodo{f)=fhbet2{j} *{.5)
ENDDO

Rrszessmszesssax

aaonnea

print ¢, *nz=°,nz,* frbet2s*, kbet
fkbtx02«fkbet2
tkbty02a-fkbet2

ENDIF

nn

c »== fnftialize and write down beglnning values sssxsscannasassnus
2230
90(1,1)=dx2
90(2,1) »dxxp
g0(3,1)=dxp2
g0(4,1)=dy2
ge{S.1i~dyyp
g0(6,1)«dyp2
§0(7,1) edxy
Q0(8.1}=dxpy
9049, 1) sdcyp
90(10, 1) »dxpyp
C mwa Call print here to pet the first line with zaz0 sxsscxacemcxan
CALL prntsub{xsum,ysum, xpsum, ypsum, z,npact}
nprintsum=pprintsums}
iprint=}
isnap~1
jatep=0
print *,z,dx2,dxxp, dxp2, dy2, dyyp, dypl, dxy, dxpy, dxyp. dxpyp
AN ESAAL AR AARARRERARRNR NS RAFNAT AR ARINRE
HAIN Z-LOOP as ax
AN AR AR SRR AR R RN AN ARARSKAKANARCCRRRARE LR AR
do 1000 ize),pz
< print *, iz

EAKaSuSESawkFASMNSEET

IF {jfodo.EQ.1)CALL fodostep
¢ ssx Advance all particles =
CALL dfdzsub(z,q0,dfdzwd)
CALL fintig0,gl,z,dz,dfdzsub, dfd2w0)
dxxp=gt(2,1}
dxp2=g1(3, 1)
dyyp=gl{5.1)
dyp2egi {6, 1}
dxy=g117,1)
dxpy=gl(8,1)
dxyp=gli9, 1)
dxpype=gl(10,1)
dx2<DEEX2 (dxxp, dxp2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp}
dy2#DEEY2 (dxxp, dxp2, dyyp. dyp2, dxy, dxpy, dxyp, dxpyp}
IF {z .GE. 21412 .and. z .lt, 21412.4) then
WRITE(S0,*) “xe*,2.dx2,dxxp, dxp2,dy2,dyyp, dyp?, dxy, dxpy, dxyp.
. dxpyp
ENDIF
IF {z .GE. 21564.¢ .and. z .1t, 21564.8) then

. dxpyp
ENDLIF
Taxtdz
9311, 1) =dx2
glid. 1) »dy2
do 400 jcoord«1,10
g0ticoord,tl=gl{lcoord,}}
continue
€ =xx Printing 1oop sxsamssssssxsanusacauasanssztenn=aanannnunsasnasn
]
CALL prntsub(z}
1000 CONTINUE
print *,“dchetarmss® dthetarms,* thetaavga®,thetaavg
print *,*dthetarmstheory=*,dthatarmstheory,
. * thetaavgtheory=*,0.0d0
print *,nprintsum,® points in z In each history plot,*

CLOSE(20)
CLOSE(21}
CLOSE(50)
CALL EXIT(}1)
END

P T P T Y LT T up e
¢ ans Printing routing eesasxsunvsraxrsasannnasn ANZusszsmssaarxamaR
LT T R T T L T T T I T e papppy
<

LT LEEE LY PP T rT TS

SUBROUTINE prantasub(z)

PARMMETER {nprtwax=1, nthet=1000)

WRITE{SG,*} 'x-'.z.dxl,dxxp.dxpl,dy).dyyv.dyp).dxy.dxpy.dxyph

L T T T P T T Y T Y T YT Y Fryres
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¢*The

IMPLICIT DOUBLE PRECISION (a-h,o-%)
common/bikl/dx2, dxxp,dxp2.dy2, dyyp, dyp2, dxy, dxpy, dxyp. dxpyp
common/bik2/fkbhet2{568), tkbtx02, fkbty02, pervo, betao,
pervpower
"common/blk) /betaconl, halfbetaconl, betaovbetaa, dbdzavh
COMMON/bikid/jstep, jphase, jiend, jdbeq jdend, jlatt, dzmag,dzdrift
COMMON/b1k12/dz, 420, dzpre
COMHON/b1k30/dtheta,costwotheta, sintwotheta, thet amax, thetarms,
.ilattno,dthetatab(566)
xave0.
yav«0,
xpavs0,
ypavs0.
catl betavais{z)
beta:hetao*betaovbetao
dalphas.5*DATAH(2 *dxy/ {dx2-dy2))
cosalphaspcos(daiphal
-lnnlnha-DSIN(dalphA)
cosalpha2ascosalph
sinalpha2ssinalph 2
costwoalphas»DCOS (2, *dalpha)
sintwosipha=DSINt2. *dalpha)
(rnn:enequ- 54 (dxp2? + dyp2?
- fkbeta02x(z}*{ (dx2-dy2)‘costwotheta +
2.0d0 dxy*sintwotheta )

-~ pervo*DLOG(
DSQRT{dx2*cosalpha2 +
dy2+ainaipha? +
dxy*sintwoalpha ) +
DSQRT{dy2*cosalpha2 »
dx2*sinaipha? -
dxy‘sintwoalpha } )}
dxbl-dx2‘cnlalpha20dy2‘|lnnlpha2¢2'dxy xinalpha‘cosslpha
dyb2sdy24cosalphal+dx2¢sinalpha2-2*dxy*sinalpha*cosalpha
abeam=2 *DSQRT {dxb2}
bbean»2*DSORT {dyb2)
angmomschcyp-dxpy
emitnx2:16, 0d0‘bell"2‘(dx2‘dxp2 dxxp**2)
emltnx«SQRT (emitnx2}
en{tny2=l6, OdO'betl"Z'(dyz‘dypZ dyyp**2}
emitny=SORT{emitny2)
emitng2s=.5* (emitnx2semltny2) ¢
. 16, *heta**2* {dxy*dxpyp-dxyp*dxpy)
emitng=SORT (emitng2})
emitnha {emitnx2*emitny? ¢ (4.0d0*beta)**4*{dxpyp**2*dxy®*2 ~
. 2*dxpy*dxpyp*dxy*dxyp +
. dxpy**24dxyp**2 ¢ 2*dxpy*dxxp*dxy*dyp? ~
dxp2tdxy*22¢dyp2 - dxpy**24dx2°dyp2? -
2*dxpyp* dxxp'dxy dm - 2*dxpy*dxxp*dxyp*dyyp +
2*dxp2 * dxy *dxyp*d:
2 dxpy'dxpyp‘dxl"dyyp + 24dxpyp*dxxp*dxyp*dy2 -
dxp2tdxypt*24dy2 - dxpyp®*2+dx2:dy2])*0.25
fnps},0d0
dum=1,0d-8
IF {x .GB. 2.287d+02 ,AND. z .LE. 2,2882d402) then
WRITE([30,*) "za*,2,dx2,dxxp.dxp2,dy2, dyyp.dypl, dxy, dxpy, dxyp,

dxpyp
IF (z .GE, 3,541d+02 .AHD, z .LE. 3,5424+02) then

WRITE{S50,*) "zx°,2,dx2,dxxp,dxp2.dyl,dyyp,.dypl,dxy, dupy, dxyp,
. dxpyp

ENODIF
FORMAT{2{1x, 1pell.4))
FORMAT {6 (1x, 1pell. 41}
following puts everythlng In terms of mm and mr vice cm and rads

ddx2e=dx2*1e2
ddxxpsdsxp*lel
ddxp2edxp2¢les
ddy2sdy2*1e2
ddyypedyyp*led
ddyp2=dyp2*les
ddxysdxy*1e2
ddxpy=dxpy*led

ddxypsdxyp*led
ddxpypedxpyp*leé
senitnxsenitnx*led
eenftny=emltny*led
sangnomsangmom*led
eemltngeenitng®led
eemitphsemitnh*ied
RETURN
END
c
<
Lo T T N D T P Y TYPrTT P T
¢ #=n Integration routine =ex=s=
N N N AN AN AN SR RS A A RN AR A S RS SN E AR RS AN AR RN SN AA R R AN AN N a A xR AR

BAsEAARsssCERUSENAREEN

c «»= Thia subroutine ia adapted from the subroutine RK4 from sxs=ass
© == Numerical Recipes by Prass &t al. The main difference is the ==«
e wen use of twa dimensional arrays rathex than linear arrays, ==wzsa=
c === Input variables: annsanz

#s=  Yilegn, it}: The 2-D array of dependent varlables asasan

wau DYDX{leqn,it): Initial darivatives calculated in calling s==ss
anw subroutine. LLEEL]
mua legamax,nprimax: Haximum dimensions of the arrays
X: The independent variable
svx  H: The step size In X,
LT L DERIVSt The nams of the subroutine with the derivativas.
=z= Qutput variablest
«=2m  YOUTlieqn,it): The new values of ¥ at X+H LEELL]
A KA R KRN A AR A AR AR EEARAENARCSEANAANATRASAANAKANARNTEANAY
SUBROUTINE fint{Y,YOUT, X, H, DERIVS, DYDX)
INPLICIT DOUBLE PRECISION (a-h,o-z})
PARAMETER(feqnlim=10,nprimaxel)
EXTERNAL DERIVS .
DIMERSION Yilegnllm, nprtmax}, pYDX{legnlim, nprtmax).
. YouT{ieqmiim, nprtmax)
DIMENSION YT(iegnlim. nprtmax),bYT{ieqnlim, npremax),
. pYH{fegnlim, nprimax)
jeqnmax=10
ftmax=nprimax
HH=H*0.§
H6<H/6 .,
Xri=X+HH
XF=X+H
do 110 ltel, itmax
03 11 fegnsl, begnmax
YT{fegn,it)sY (feqn it} +HH DYOX {Llegn, 1)
1 COHTINUE
110 CONTINUE
CALL DERIVS(XH,Y¥YT,DYT)
do 120 lte),)tmax
DO 12 lequ=l, Lequmax
YT{iegn, it)=Y(ieqgn, 1t) +HR*DYT ({eqn, 1t}
12 CONTINUE
120 CONTINUE
CALL DERIVS(XH, YT, DYH)
do 136 itey, itmax
DO 13 leqnel, iegqnmax
- YTtiegn,lit)=Y(lagn, it} +H*DYH(legn,it)
DYM(leqn, Lt} =DYT{iegn, It} +DYH{ieqn. it)
13 CONTINUE
130 CONTINUE
CALL DERIVS(XF,YT.DYT}
da 140 fts=1, ftmax
DO 14 fegne+), legnmax
YOUT{ieqn, it)aY({ieqn, ity

nnnaandnnn
.

. +HE* (DYDX (feqn, St} +DYT(leqgn, t) 2, *DYH{leqn, L1}
14 CONTINUE
140 CoONTINUE

RETURN

END

e MaE AR EEAANa A SR AN E R AR N E AT R A AN R R AR R AR AN R
¢ =ve Runge-kutta integratlon routine seswmasmsuns

€Ll
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SUBROUTINE didzsublrw, fw,dfdzw}
INPLICIT DOUBLE PRECISIOH {a~h,o0-1z)
PARAMETER{nprtmax+},nthet«1000)
DINENSION IwilD, npremax},dfdzw{10, nprtmax)
conmon/blk1/dx2, dxxp, dxpl, dy2, dyyp, dyp2, dxy. dxpy, dxyp, dxpyp
common/blk2/tkbet2{566), fkbtx02, ikbty02,pecva,betao,
. pervpower
common/blkl/betaconl, halfbetaconi, betsovbetso,dbdzovt
COMMOH/blk11/istep, jphase, jfend, jdbeq, jdend, §1att, dimag, d2drify
COMMON/b1k12/d2,d20.dzpre
COMMON/blk10/dtheta, costwotheta, sintwotheta, thetamax, thetarms,
dlattno,dthetatab(566)
dx2afwtl, 1)
dxxp=fwi2, 1)
dxp2efw(l. 1)
dy2=twid, 1)
dyyp=fwis. 1)
dyp2=fwi{6, 1)
dxy=fw(?,1}
dxpy=fw{f, 1)
dxyp~fwi(9,1)
dxpypsfwil0, 1)
call betavals{zw}
c pervepervo/ {betaovbetao**2} [constant bunchlength)
pervspervo‘hetaovbetaa’ ‘pervpower
alphas 5'DATAU2¢dxy/ {dx2-dy2))
cosalphsDCOS{alpha)
afnalphaDSiN{alphs)
cos2alphascosalph?*2
sin2alphaszsinalphe*2
sinalphcosalph=sinalphicosalph
dxb2=dx2*cas2alphnasdy2tsin2alphat2*dxy*sinalphcosalph
dyb2sdy2°coslalphatdx2*sin2alpha-2*dxy*sinalphcosalph
dxbdybsSQRT (dxb2*dyb2)
tksxhz. $°perv/ {dxb2 vdxbdyb)
fkaybe,5*perv/ {dyb2+dxbdyb)
fxsxxstksxb*cos2alpharfksyb¢sinZalpha
tkaxya{tksxb-fkayb) *sinalphcosalph
fksyx=fksxy
tksyy=fksyb*cos2alphas fksxh*sin2alpha
tkqxxs(kbeta02x [zw) *costwotheta/betaovbetao
fhgyy=£fkbetal2y {zw) *costwothetashetaovbetao
Ikgxys=fkbeta02x({zw) *sintwotheta/betaovbetao

Ehayxs Chaxy
Hoox= Ekgrx fhexx
Proy=Ekgxy ¢ fksxy
Eryxskgyxs fhsyx
fryysthqyystksyy
& axd
dfdzwil, 3}te 2%fuwi2,))
¢ dxxp's -
dtdavi2, 1) =bwld, 1) ¢ fhxxefw(l, 1) o
. tkxy*iw(7.1) - dbdzovbfw(2, 1)
¢ dxp2's
dfdrwid, 1}= 2,0d0%fkxx*fw(2,1)+
. 2.040* fkxy*Iwi8,1) -~ 2.0d0*dbdzovb*fw({l, 1}
c dy2'=
didzw(d,1)= 24£w{5,1)
¢ dyyp's
dfdzwi(5.1)= Ewl6,11¢ Ehyy*fuw{d 1) v
. fhyx*twi?,1)- dbdzovb*fw(5.1)
¢ dypl’e
Afdzwi(6, t)x 2.040° tkyy* fw(S, 1}
. 2.0do*fkxy*fw(9,1) - 2.0d0*dbdzovh*fwié, 1]
¢ dxy’
dfdzwi{?,1)= (w8, 1}+fu(3, 1}
¢ dxpy’s
Afdywi{8, 1) e Fwild, Y} efkuxtfw(?,2)¢
. fkxy*fw{d,1)- dhd2ovb*iwiB, 1)
¢ dxyp'e

dfdrels, 10e  £w{10,1) 0 fhyy* £l 1)+

tkyx*tw(i, 1) - dbdzovbh*fw(9,1}

e dxpyp'~
dfdzw (10,11 = fkxx*fwi9, 1) + fkxy*lwi{S,1) +
. fryy  twil, 1) & fkyx*f{wi{l, 1}
. - 2.0d0*dbdzavb* fw{10Q,})
c
RETURN
END
[
c 5
c

e o aaREk AR A YRR AN N NN N AN AR S YRR EARAXANYNAARRRSANBTRRRRRRAS
¢ =a= foda toutine exsazas
Camamasunssuassarssannmsas
SUBROUTINE fodostep
IHPLICIT DOUBLE PRECISION {(a-h,o0-2)
PARAHETER {nthet«1000) .
c DIHENSION dthetatabinthet)
common/blk2/Ekbet2{566), tkbtxD2, tkhty02, pervo, betao,
. pervpower
common/blkl/batacon], haltbetaconl, betaovbetao, dbdzovb
COMHON/LLKk1l/ §step, iphase, jfend, Jdbeg, jdend, jlatt,dzmag. dzdrift
COHMON/bIk12/dz,d20,dzpre
COHMON/bD1k)0/dtheta, costwatheta, sintwotheta, thetamax, thetarms,
Jilattna,dehecatab{566)
COMMON/b1k31/print, nprint, quad€ld{566)
IF {0.LE.jetep.and.jstep.LT.jfand} THEN
dzsdzmag
dehetasdthetatab{ilattno)
coatwothetasDCOS(2, *dtheta)
sintwotheta=DSIH12. *drheta)
fkbtx02=tkbet2{llattno}
Ixbty02s«-fkbet2{ilattno)
Jstepsistepsl
RETURM
ENDIF
1F {jstep.EQ.jdbeg) THEN
flactnosilattnosl
dthetasdthetatab{ilattno)
costwotheta=pCOS{2, *dtheta)
sintwothetasDSIN(2.*dthetal
{ftiprint.eq.nprint)
. print *,*Quad no,«*,1lattno,* dthets«", dtheta,
. *a Fleld=*,quadfidiilatene)
ENDIF
IF {jdbeg.LE.jatep.and.jstep, LT, jdend} THEN
dzadzmag
fkbtx02=-fkbet2{{lattno}
{kbty02+-fkbet2{ilattno)
Jstepainteprl
RETURH
jaiisity
IF {jstep.GE flatt) THER
dzadzmag
step=l
flattno=ilattnosl
dthetasdthetatab{ilattno)
costwotheta=DCOS({2., *dtheta)
aintwotheta=DSIN{2, *deheta)
fxhtx02«fkbet2(l)attna)
Exbty02=-fkbet2{ilattnal
1€(lprint.eq.npcint)
. print *,“Quad no.=",flattno, * dtheata=*, dtheta,
. . B FPlelds*, gquadfidiilattno)
RETURN
ENDIF
drsdzdrify
fkbtx02s+0,0d0
tkbty02#0,0d0
jatepaisteprt
RETURN
END

aan

VLI
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¢
FUNCTION fkbeta02xiz)
IHPLICIT DOUBLE PRECISION (a-h,o0-2)
common/blkl/dx2, dxxp, dxp2, dy2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp
common/blk2/fkbet2{566), fkbrx02, tkbtyd2,pervo,betao,
. pervpower
fkbetad2xz-fkbtx02
RETURN
END
<
c
T
FUNCTION (khetaO2yiz)
IMPLICIT DOUBLE FRECISION {a-h,0-z)
common/blkl/dx2, dxxp, d=p2, dy2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp
common/blk2/fkbet2{566), fkbtx02, tkbty02, pervo, betao,
. pervpower
fkbeta02y=-tkbry02
RETURH
EHD
€
¢
3
SUBROUTINE betavalsi{z)
IHPLICIT DOUBLE PRECISION ta-h,o0-z)
common/blk}/betacon?, halfbetacont, hetaovbetao, dbdzovh
¢ betaconla{energyf/energyo-1.0d0}/(nlaps*flength)
¢ haltbetaconla, 5'betaconl
betaovhetao=DSQRT{1,0d0 + hetaconl'z)
dbdzevbshalfbetacont/{1.0d0 + betaconl®z)

return
end

CARRsra Nt NE R nsnaR s st RN Ea s AR IR MR AR AN AR SRR RN E A RO R ARSI AN
FUNCTION DEEEX2{dxxp, dxp2, dyyp, dyp2, dxy.dxpy, dxyp, dxpyp}
IMPLICIT DOUBLE PRECISION {a-h,a-1}
COMHON/b1Xk40/emitg2, emith2, beta

The full expression for dx2 i{n texms of the other § moments and the
emittances

234567890122456789012345678901214567890123456789D1234567890123456789012

nannnan

DEEEX2=f4.*bera* 4 dxpyp* *2°dxxp**2 - B.'beta‘*{ dxpyp**3I*dxy +
B.*beta* 4 dxpy*dxpyp*s2dxyp +
8. *beta**t dxpyp*dxp2 dxxp*dxyp - 4.'beta**d¢dxp2®*Iodxyp*+2 -
f.tbetat*i*dxp2*dxxp**2-dyp2 ¢+ 8,’beta‘*{ dxpyp*dxp2*dxy *dyp? -
8. *bet *dxpy*dxp2*dxyp*dypl + 4. ‘beta**d’dxpy**2°dyp2+*2 -
8.'beta** ¢ dxpy dxpyp*dyp2:dyyp ¢ {.'beta* 4 ‘dxpyp**2+dyyp**2 +
0.5*beta*20dxpyp**2'emitg2 - 0.5 bata**2*dxp2*dyp2tenitgd ~
0.015625°5qrt (65536.,0000000000 1 beta* *Brdxpyp? *d*duxps*d -
262144, *beta’*n* degeduxpre2odxy ¢
262344, *betat B dxpyp*6tdxy* 2 ¢
262144 . *betat*8*dxpy‘dxpyp* *4*dxxpt *24dxyp ~
262244 *betatrne YP *dxp2tdxxp**)odxyp -
$24288.0000000001 *beta’ *Bedxpy *dxpyp* *5*dxy *dxyp *
$24288.0000000001*beta* 8 dxpyp 4 dxp2* dxxp dxy*dxyp +
262144, . *beta**8? y**24dxpyp e ..
Slllll.OoOoDoooot'bAtA"l‘dxpy'dxpyp"] dxpl'dxxp Axyp**2 ¢
393216, *beta*8dxpyp* *2*dup2t 4 20dxxpt * I0dxyp 2 -
262144 . *betat*Brdxpyp* * 3 dxp2** 2 *dxy *dxyp**2 +
262144 ‘batat*fdxpy *dxpyp* * 2*dxp2* *20dxyp**) -
262144, *beta* *A*dxpyp*dxp2* 1 dxxpidxypt ¢y »
£5516.00000000001 *betat*8dxp24+ 4 dxypt it +
262144, *betas*8Axpyp® ) dxp2 *dxxp* *2 *dxy ' dyp2 -
706412.0000000001beta @ dxpyp’ * 4 dxp2*dxy* *2*dyp2 ~
262144.*beta**8*dxpy *dxpyp* *2*dxp2*dxxp* *2 *dxyp dyp? ¢
1.572864e6bata* B2 Axpy *dxpyp* * 1 *dxp2 *dxy *dxyp *dyp2 ~
5§24268.0000000001 *beta**@*dxpyp* ¢24dxp2* * 24 dxxp dxy*
dyp? ~ 786412.0000000001*beta** 8 dxpy* *2*dxpyp* *2*dxp2*
dxypee2edyp? +
524208,0000000001 *beta® *8+dxpy* dxpyp* dxp2* *2* doxp dxyp* 2
dyp2 ¢ 262144, ‘beta’*8°dxpyp*dxp2** I dxy dxyp* *24dyp2 -

PP T T S S T S R T I R R I T T S S S Y

262144 . *betar 8 dxpy*dxp2**I*dxyp**) *dyp? +
131072, *beta *dxpy**2°dxpyp  *2tdxxp*i24dyp2*2 -
262144, *betas*8°dxpy* * 2 dxpyp* * 3o dxy dyp2*+2 -
524288.0000000001 beta* 8 dxpy‘dxpyp**2*dxp2*dxxp’dxy*
dyp2**2 + 186432.0000000001 *betat“8 dxpyp**2°dxp2**24dxy*"2*
dyp24*2 + 262144, °beta* B dxpy* 3 dupyp* 24 dxyp dyp2° 2 +
252144, *beta*8 dxpy* *2*dxpyp *dxp2 *dxxpdxypdyp2**2 -
1.04857626 beta**8'dxpy ‘dxpyp*dxp2*? 2+ dxy *dxyp dyp2**2 +
383216.'beta tdxpy**24dap2* * 1 %dxypt t 24 dyp2t*2 -
262144, *betas *dxpy**2*dxp2*dxxp**2°dyp24*) +
262144, *beta* *B*dxpy* *2*dxpyp*dxp2¢dxy *dyp2*43 +
524289.0000000001*bata* 8 dxpydxp2* *2¢duxptdxy *dyp2**] ~
262144, ‘bheta* 8 dxp2+*)*dxy**2+dyp2+*) -
262144, *beta** A dxpy* * 3 Axp2dxyp*dyp244) +
£5536.00000000001 *beta**Asdxpy**4dyp2ees -
262144, *heta'* B dipy *dxpyp* *I*dxxp* 42 ¢ dyp2 tdyyp +
5$2424848.0000000001 *beta* B "dxpy*dxpyp* *4*dxy*dyp2dyyp +
524209.0000000001beta’ A *dxpyp* *1*dxpl® duxp*dory *dyp2tdyyp =
524268.000000000] *beta**8 dxpy**2+dxpyp* *) *dxyp *dyp2 *dyyp ~
§24288.0000000001beta* 84 dxpyp* *24dxp2*+2 *dxy *dxyp dyp2?
dyyp ¢ 262144, beta**f ‘dxpy*dxpyp*dxpls*2¢dxypr*2tdyp2*
dyyp + 524280,0000000001 *bata**d*dxpy *dxpyp*dxp2*dxxp**2*
dyp2*e1+d -
524288.0000000001 *beta**t dxpy *dxpyp* * 2 *dxp2*ducy* dyp2* 2+
dyyp - $24288,0000000001 beta**8*dxpyp*dxp2 ¢ * 2 *dxxp * dxy*
yp2t s 1idyyp ¢
52(28! 0000000001’bltl"G‘dxpy"i‘dxpyp‘dpo‘dxyp'dypl"2‘
dyyp - 524208.0000000001 beta® 8 dxpy dxp2**2*dxxp*dxyp”
dypl**2tdyyp ¢
524288.0000000001betat*f*dxp2® I dxy dxyp*dyp2**24dyyp -
262144, *beta 9 dxpy* * 3 dxpypdyp2** ) tdyyp +
131072, *bata**b dxpyp**4¢duxp®*2*dyyp® 42 ~
262144, *beta**f dxpyp**Sedxy ‘dyyp**2 +
262144, *bet *dxpy*dxpyp* *4 *dxypdyyp**2 -
8*dxpyp**)tdxp2tdxxptdxyp *dyyp®s2 ¢
8 dxpypée2dxp2 s+ 20 dxyp® *2%dyyp*2 -
Bedxpyp**2dxp2daxp**2¢dyp2dyyp 2 +
& dxpyp** 3 dxp2idxy dyp2 tdyyp**2 -
262144 *beta* 8 dxpy dxpyp* * 2 dxpl*dxypdyp2*dyyp* 2 +
524288.0000000001 beta**d*dxpyp*dxp2* ¢ 2*dxxp* dxyp* dyp2*
dyyp**2 - 262144.%beta**B*dxp2** ) dxyp**2°dyp2 dyyp**2 +
391216.*beta* R dxpy**24dxpyp**2tdyp2* *2°dyyp**2 -
262144, sbeta’ *8*dxpy*dxpyp* * I *dyp2dyypi*l 4
£5536.00000000001beca*B4dxpyp* *d*dyyp *d +
16384 . *beta* 6 dxpyp* *4*dxxp* 2 enitg2 -~
32768, *beta** 6 dxpyp** S dxy*emityg2 +
[1] t & *dxpy *dxpyp* *4dxyptemitg2 -
32768, *heta**6 dxpyp** 1 dxp2 *dxxp dxyp*emitg2 +
36184, *betat 6 dxpyp**2*dxp2*42*dxyp**2temityg2 -
16384, "beta’ 64dxpyp* *24dxp2*dxxp* *2¢dyp2temitgd +
65536.0000000000t “betas e 6edupyp* *I*dxp2 dxy ‘dyp2remitg2 -
§5536.00000000001*beta**6*dxpy *dxpyp® * 24dxp2 *dxyp* dyp2*
emitg2 ¢ 12768, beata**6 dxpyp*dxp2* *2* dxxprdxypsdyp2*
emitg2 ~ 16184, ‘beta**6odxplotd* 2*dyp2enitg? +
16184, *beta* 6 dxpy**2°dxpyp* *24dyp2*42*enita2 -
32768 . *beta**$*dxpyp*dxp2* * 2 *dxy*dyp2**2temitg? +
12768, *beta’ 6*dxpy*dxp2® * 2 dxyp*dyp2**2*enltg? -
16384, *betat*64dxpy**2*dxp2tdyp2**Itemitg2 -
32768, *beta®*6*dxpy *dxpyp*® *1*dyp2*dyyp emitg? +
312768, 'betat* 4 drpy dxpyp*dxp2tdypa** 2*dyyp emitg2 +
16384, *beta* 6 dxpyp* *d*dyyp**2%emitg2 ~
16384, *beta** 6 dxpyp* *2¢dxp2¢dyp2+dyyp* *2%emitg2 ¢
1024. *betas € dxpyp® *4*emitg2ssa -
2048, *beta 4 odxpyp®* 2 dxp2 *dyp2temltg2442 +
1024, *beta® dodxp2**2°dyp2 ' 20 emitg2+42 +

R T I T T R T SO T R T S A S B L R Y

I R B A I T T O S O O R T T

1024, *bata**dsdxpyp**2*dxp2 tdypltemith2 22 -
1024.be *44dxp2**2°dyp2**2°enith2**2)}/
(bata**4'dxp2* (8. *dxpyp**2 - 8. 4dxp2*dyp2)}
c
RETURH
END
<

Al
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FUNCTION DEEEY2(dxxp,dxp2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp)
IHPLICIT DOUBLE PRECISION (a-h,o-2}
COMMON/b1k4Q/emitg2, emith2, beta

The full expression for dy? in terms of the other 8§ moments and the
enittances

nnannan

2)4567890123456759012llSGT890l2]l561890\23l56789012]4567890123‘56759012

DEEEY2x0.5%(-1.%beta**2+
{256, *beta** 2 dxpyp* *2°duxp®*? - 512, ¢%beta**2dxpyp**dsdxy ¢
512.°beta* 425 dxpy *dxpyp® * 24dxyp ~
512.*beta’ 2" dxpyp‘dxp?‘dxxp dxyp ¢
256, sheta**24dxp24 2 dxyp *2 +
512, *heta**24dxpyp*dxp2¢dxy ‘dyp2 -
512.'beta**2¢dxpy*dxpd *dxyp*dyp2 -
256.hets* v 2 dxpy*42°dyp2° 42 +
512.*heta** 2 dxpydxpyp dyp2*dyyp ¢
256. 'beta**24dxpyp**2°dyyp* e ~
512, *beta** 2 dxp2dyp2:dyyp**2 + 32.°'drpyp**2tenitg2 -
32, *dxp2*dyp2temitg2) -
1.*5qrt [bera**4*{256. *bet 2 dxpyp* *2'dxxp**2 -
S$12.*beta**2 dxpyp**3*dxy ¢
512 ¢beta’*?*dxpy*dxpyp* 2 dxyp -
512.%beta’ 24 dxpyptdupltdxxptdxyp *
256, *hata**2*dxp2**2¢dxyp 2 +
512, *beta’*24dxpyp*dxp2*dxy dyp2 -
512, *beta**2+*dxpy dxp2dxyp*dyp2 =
- 256, *betas 2odxpy**2°dyp2 o2 +
512, *beta* 2 dxpy*dxpyp*dyp2*dyyp +
256.*beta**2*dxpyp**2'dyyp* 2 -
512, *beta**24dxp2:dyp2:dyyp**2 + 32.°dxpyp**2°emitpg2 -
32. *dxp2dyp2temitg2)te2 -
€. 'beta® 4 dyp2-{-256, *dxpyp**2 ¢+ 256, *dxp24dyp2}*
(-256.beta* "4 odxpyp* * 2 dxp2taxy**2 +
512.*beta“*{*dxpy dxpyp dxp2 *dxy*dxyp -
256.“beta* 4 dxpy* " 2°dxp2 dxyp**2 +
256. *beta* 4 dxpy* ‘2 dxxp* *2*dyp2 -
512.*beta*"4*dxpy* * 2 dxpyp dxy "*dyp2 -
512, *beta* ‘44 dxpy dxp2 tdxxpdxy*dyp? +
256, *beta**d*dxp2 *24dxy* *2%dyp2 +
512, *beta“*4d dxpy**)*dxypdyp? ~
512, *beta** 4 "dxpy ‘dxpyp*dxxp**2*dyyp ¢
1024, *beta* *4*dxpy dxpyp**2°dxy‘dyyp +
512.%beta**4*dxpyp*dxp2*dxxp*dxy *dyyp ~
1024 *beta *d *dxpy* *2* dxpyp *dxyp dyyp +
512. *beta* 4 dxpy*dxp2 ‘dxxp*dxyp*dyyp -
512.%beta *4*dxp2+42 dxy‘dxyp*dyyp -
512, ‘beta’*4*dxpyp*dxp2dxy*dyyp**2 +
512.*beta* 3 *dxpy ‘dxp2 *dxyp*dyyp**2 +
256.4betat «4*dxpy** 2 dyp2dyyp**2 -
512, 'beta**4tdxpy dxpyp dyyp**] +
256.’beta**$2dxp2 *dyyp**d ¢
32.*beta’*2'dxpy**2*dyp2remitg2 -~
£4.00000000000001 "beta*2 dxpy *dxpyp dyypremltqg2 ¢
32.*beta**2'dxpltdyyp®*2temitg2 + 1.%dxp2iemith2**21}}/
(beta* 4 dyp2* {-256, dxpyp**2 + 256, dxp2 dyp?))

R

[ Yo

P

Poyoy oy o b ey

RETURN
3D
MR EEME G R SN RSN ARR AR NA S XS RN R AN NRAASE IR RO RENZaAs TR aRARUAR A RARE
csanans (eneralized Emittance Calculations ssasmscssnszasacsasssans
T N e T P T TY T rC PP T BT
c
FURCTIOR EG(dx2,dxxp,dxp2,dy2, dyyp.dyp2, dxy,dxpy, dxyp, dxpyp}
INPLICIT DOUBLE PRECISION (s-h.,o-12)
COMMON/bik40/emitg2, emith2, beta

EG=)6*heta®*2* {dxpyp*dxy -~ dxpy*dxyp} ¢
. 8.%betat*2*{-dxxp**2 + dxp2+dx2) + B.*beta**2*
- {-dyyp**1 + dyp2*dy2)

RETURN
EHD

[

R R A R ANA NS AN NS AEAANSARAR A ATS R ARENA SRR AR SN TR T RERARRARBIADN
FUNCTION EH{dx2, dxxp,dxp2, dy2, dyyp.dyp2, dxy, dxpy, dxyp. dxpyp!
IAPLICLT DOUBLE PRECISION {a-h,o-2)

COHHON/b1k40/emltg2. amlthl, beta

EHa{256*beta**4* (dxpyp**2°dxy**2 - 2*dxpy‘dxpyp’dxy dxyp *
dxpy**2*dxyp**2 + 2*dxpy*dxxp*dxy*dyp? -
dxp*dxy* *24dyp2 -
dxpy**2*dx2+dyp2 - 2*dupyp*dxxp*dxy*dyyp -
2¢dxpy‘duxptdayptdyyp ¢+ 2'dxpltdxytdxyptdyyp ¢+
2+dxpy*dxpyp*dx2*dyyp + 2*dxpyp‘dxxp*dxyp'dy? -
dxp2tdxyp*2°dy2 - dxpyp**24dx2*dy2) +
1%6°betar * 44 {-Axxp*®2 ¢ dxp2idx2}*{-dyyp**2 +
dyp2+dy2))**0.5

IR R R

RETURN
END
DT L L T e T T I T LT LI I
c
FUHCTION DEEX2{dxxp,dxp?,dyyp,dypl, dxy, dxpy, dxyp, dxpyp)
IMPLICIT DOUBLE PRECISION ([a-h,o-z)
COHHON/b1k40/emitg2, emith2, beta

The reduced expression for dx2 in terms of the other 8 moments and the
emfttances

23456789012345678902234567890123456789012345678901234567890123456789012

nhhannn

DEEX2n (. *betass{*dxpyp* *1dxxp**2 - 8. *beta* 4 *dxpyp**)+dxy +
8. *beta‘*i‘dxpy dxpyp* *2°dxyp +

8.'beta* 4 dxpyp*dxp2 ‘dxxp dxyp « 4.*beta**$¢dxp2**2*dxyp**2 -~
8 eta**§+dxp2tdxxp**2°dyp2 ¢+ B.'beta *dxpyptdxp2‘day 4dyp2 -
B.'betas dodxpy dxp2*dxyp*dyp2 + 4.°'beta** 4 °dxpy**2¢dyp2+42 -
8. *bata’ ¢ ‘dxpy*dxpyp*dyptdyyp ¢+ 4. beta’ 4 dxpyp**2¢dyyp**2 ¢
0.5beta**2+dxpyp**2'emitygl - 0.5*beta**2'dxp2 dyp2iemitgd}/
{beta* 4 dxp2* (8. *dxpyp**2 - &.*dxpledyp2)) ’

[ R R

RETURN
END

T T T T e e L LI LT T T P T TP PP
FUHCTI0NH DEEY2{dxxp, dxp2, dyyp,dyp2,dxy, dxpy,dxyp, dxpyp)
INPLICIT DOUBLE PRECISION (a-h,o0-3}
COHMOH/b1k40/enlitg2, emith2, beta

e
¢ The reduced expresslon for dy2 in terms of the other 8 woments and tha
¢ emittances
c
<
C234567090121456789012345679902234567689012345678901234567890423456789012
©
DEEY2=0.5"{-1.*beta**2*

- (256.*beta’ *24dxpyp*“2°dxxp**2 - 512.%beta**24dxpyp**I dxy +

- 512, *beta**2*dxpy dxpyp**24dxyp -

- 512, *beta®*2°dxpyp*dxp2 *dxxpidxyp +

- 256 . *betat 24dxp2r2edxyp o2 +

- 512, *beta**2¢dxpypdxp2*duy*dyp? -

- 512, *beta**24dxpy ‘dxpl‘dxyp*dypl ~

- 256.*beta*s2¢dxpy* e 2¢dyp2+42

- 512.%batar 1 2¢dxpy  dxpyp* dyp2odyyp ¢

- 256, beta**2*dxpyp* 2 dyyp**2 ~

- 512, 'batu"l dxp2¢dypl*dyyp**2 ¢+ 32.°dxpyp’*2*emlitg2 -

- 32, 2+dyp2tenmitg2)y/

- (be;l"l‘dypzl( ~256.%dxpyp**2 ¢ 256,*dp2dypl)}
¢

HETURN

EHD

9.1
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E.3 “CORRECTOR”

“CORRECTOR” is a FORTRAN 77 code modified from J. Barnard’s MOMENT
code. It implements the SPSA algorithm to optimize the settings of the adjustable
magnetic quadrupoles of the beam correction system based on a desired set of beam
second moments. The code allows the user to determine the initial settings of the
quadrupole field strengths and rotation angles. “CORRECTOR’s” algorithm incor-
porates the reduced set of 8 second moment evolution equations by substituting in the
approximate explicit solutions for Az? and Ay? (Equations 6.11 and 6.16) wherever

they occur in the moment evolution equations.



<

<

4

FROGRAN moment
IMPLICIT DOUBLE PRECISION (a-h,o0-z})
52 SETUP PROGRAM =asazstvztitasaxstascsussasssassusssisstatnannsns

EXTERNAL dfdzsub

CCCCECECECECCRCesTECCEECOCcecrCceeceeccececceccresccecececcececeaceccee

sxs filename characCters {Aa, AtC. ) rsraranarsn s snsssXBREERARIRZAZREE

PARAMETER tnprtmaxal, nthet=100000)
s2: allocate space [OF AafXAySztassssmssssxmrasexsxassmmnvanssnnssn
DIMENSION 0{10.nprtmax),gl(10,.nprtmax}t,dbdzwd (&, npremax)
DIMNEMSION dthetatab{nthet),goad{10),y(2),kdeltatio}
DIHENSTION thetanew(10},gee{i0),gechb(10), quadildnew(lo}
COMMON/blk1/emitg2, emithZ, beta
COHMO/DIK2/ tkbet2(10), Ekbtx02, fkbty02, pervo, betao,
N pervpawes, quadfldtl1o), fklodoll0)
COMMON/b1k)/betacont, halfbetaconi, betaovhetao, dbdzovb

COMMON/D1k4/ddx2 (800}, ddxxp [BOO) ., ddxp2 (800),ddy2(800),ddyyp (800},

.ddyp2 (800} ,dd=y ({200}, ddxpy t800}), ddxyp (800), ddxpyp{800), zeeiB00)
COHHON/bIkS5/eemitnx (800), eemitny (800) , sangmom{800),
.eemltng (800}, eemitnh(800)

COHMON/b1k1l/ §step, jphase, jiend, Jdbeg, jdend, jlate, dzmag,dzdri ft
COHHON/bIK12/d2, d20, d2pre
COHHON/bIk10/dtheta, castwotheta, sintwotheta, thetamax, thetatms,
.ilattno,dthetatab

COMMOM/bIk31/fprint,nprint

COMHON/b1k3S/good

flattnas«i
jfodoxt

OPEN(70, f({lex*convergel.dat*}
OPEN(BO, files*allout*}
print *, “started®

¢ sxx Jnitfalize constants sszsasasratcszsrsszxsbcissssdRexxanusssass
crrrMumerfcal Cconstantgszssssszsaszasansnccanzeehrents

pl=3.141592654d0
[pi=1,14159265440
halfplspi/2.do
fmhc2a918.d6
{mec2=511.d)
frpieps0=}.1127d-10
curraz}l.3dé

crxePhys{cal datasstavanxsesssassasncersasscannaznanss

etag=0.29d0
flattice=18.1d0
rpipe=}, 14940
nhlip=d
nlaps=1
tlengthznlaps*nhlp‘flattle
gqcharge=1.0d0
energyo=80,0d3
energyf=80,0d}
amu=19,9d0
betas=pSQRT(2,0d04%energyo/ (amutfmhe2})
gamma=DSQRT {1/ (1-beta**2))
betagsbata
betaf=DSQORT(2.0d0*energy €/ {amu* {mhecll)
betaconl:{energyf/energyo-1.0d0}/flength
halfhetaconl=,540*betaconl
current=2.0d-3
brho=25,798d0
quadb0a0.2525840
nstepsparhlps=200
1020

good{2)=1,016630)1B0406977E-02
good{3]«1,772945125260419E-04
good{4)=.1596119520577
good{5)=-).051328062721792E-03
good{61=6.071782506€05T941E-05
goodi{T)= 0.0
goodiB)= 0.0
goad(3}= 0.0
good{10)= 0.0
CorueSPSA PATAMELEl Sx"smasea s s Fanens AR T 2R R TR s S N R AR AT AR A RS TR
maxit=400000
kbigasmaxit/20
smalla=.06
smalib=.0033)
smallcel.pd-8
smatid=1,0d-6
k=0
ysqrmins10
angmommin=100
L T T LT T T T T Ty D g
c Get & divide by zero in fervpower Il betaozbetaf so for
I3 a drifting beam calculate betas based ca 80keV and 8lkey
R AR RS e r TN Z A A NN NN AT AR RS AN TN AT AN NS RN ANR RS RS x A RA AN
pervpower=-1,81444d:00
cessinitialization parameterssrss=sausssmrsnancennanns
Jlattno=}
jfodaxy
ceesinitial quad rotation angles and quad strengthsscarsssaess
thetamax=1.0d+00*0.0174533d+00
00 fe3. 4
dthetatab(§1=0,0d:00
quadf)diji=quadb0
ENDOO
CxmxSPSA Seluprasxasssssnsstasaassisasnnusnssnudnnasrancssaznn
jseed«227
k{lag=0
50 asubkzgmalla/{khigaelek}e® 602
bsubkagmallb/ tkbigatl+k)**. 602
csubk=smatle/tked)**, 101
dsubkssmatld/ikel)** 101
Isteps}
Do i=1,8
rdmsran{izeed)
IF {rdm .LT. 0.5) THEN
kdelca(i)s-1
ELSE

kdelta{i) =l
ENDIF
v ENDDO
kounter=]
Da 1000 kounteral,2
jatep=}
1F {kounter .EQ.11 THEM
po i=1,¢
=1
dehetatsb{iy=dthetatabtl) +csubk*kdelta(i)
quadfld(i)=quadfld{i}+dsubk kdelraij)

po 1x1,4
Juhed
dehetatabi{i)sdthetatabtl)-2. *csubk*kdelta(l}
quadfldil)=quadfld({)-2.*dsubk*kdelta{j}

Oct 23 1997 14:47:28 corrector.f Page 1 Oct 23 1997 14:47:28 corrector.t Page 2
€CLCTECLCLCTTCOLLCLLCereccec cc pervalt«2.0d0¢‘current*qcharge/ (amu*beta**d *curral

e pervox . 00035740

¢ *corrector.f*: SPSA algorithm to find the cptimum position and c pervis.000153d0

¢ magnetic flelds for a 4 guad system to shape the transverse second ¢ tkbeta0=guadbQ/ {rpipe*brho)

¢ moments to remave any effects of upstream arbltrary quad rotation < N e s AR SR ML SRR A R R R RN S R AN R AN AN R AR NI AN AR LSRN AN ARAR NS SRR TR AN
¢ and/or off-design quad fleld strengths . This is done with & c NN NS xR AR RN RN AN N E N N R T A AN AR AN R R A N B AR IR AR AN AR AT R AR R R AT RY
¢ quads at the usual HLP spacing with variable rotation angle and c c Obtained from stralghtég.f with no rotatlon errors aftec hlp #56¢6

¢ magnetic {ield strength. The reduced form of the constraint c c  at z=21537.5%% flle="allignedSsté.out"

¢ equations is used c e R US RN R A aE R IR RN A AU N A S AR AN AR L Ca RN AR IR AN AR A N RN AR RN AR N DA NS

< 3 good{l)=.58548)0257981904

¢

841



Oct 23 1997 14:47:28 corrector.f - Page 3 Oct 23 1997 14:47:28 ’ corrector.f Page 4
EMDDO c »ex  jnltiatize and write down beginning values =s=suxsxszaxzwnzes
ENDIF =20
Rt amsarsimmmEErnT AR N a N R AL R AR m AN KEERARARARE A n s A AR N RA R AR @0(1,1)=dx2
thetasumed . 040 @012, 1) 2dxxp
thetal2sum=0, 0d0 go 3. 11 adxp2

nlact=nhlp*nlaps
00 j=1,nlatt
thetasumsthetasume drhetatab{j)
theta2sumstheta2sums dethetatabijjr*2
ENDDO
therasvgsthetasum/nlact
theta2aygatheta2sum/nlact
dthetarms=DSQRT {thecalavg-thataavge*2)
dthetarmstheory+2. *thetamax/}.
1lattnoal
costwothetas1,0d0
sintwothetas0.0d0
dz0=flattic/floatinstepspechip}
epsdyinit=0,0d-4
QAN T aaamRAREA SRR R KSR IARRRTANENMTRAEENTRALIR AT AR
¢ random votations to max of 0.% deg, for S62 HLP, calculated at
¢ z=21412.2 cm
Casszssuxalpnput to Quad O CM swuzssazussxannzsnsannes
ta2» the moments alter 562 hlp with
I3 random rotation erros up to 0.5 deg. 2x21412.2
dx2=.8117015616058228
dxxp=1.442077282077043€-02
dxp2=2,610347813560520E-04
dy2=.2100116409152491
dyyp=-5.2103726823221)18-0)
dyp?»1.728112964400602E-04
dxy«~5.480955980645722€-02
dxpy=»-2.4236B7546361204E-0)
dxyp=-4.475037712971694E-0)
dxpyp=-3,.81689253)347671E-05
dalphas=0, 5 OATAR{ 2 duy s {dx2-dy2) }
T T O N S S TTITITLLI LTI e
¢ s=n Calculate the generallzed emittances based on the abovesszsea
CMssrastas AR LS AR e nna s aRE R AR NN RA R AN AR N IR R R RAS RS RS nny
c ==2a generalized emlttance constraint equations

e
emitg2=EG{dx2, dxxp, dxp2,dy2,dyyp, dyp2, dxy, dxpy. dxyp, dxpyp)
emith2+EH{dx2, dxxp, dxp2,dy2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp)

<

Carsxusisonsusnansssnny

AsEEASREREREAssANZEANAENEARERAR.

¢ a¢x Setup fodo STUff samasawrarasuwacuenzrzunansranxnzax
¢ »ss Initia) dx*2¢k_beta“2({including space chargs) smsessszsscasss
Tk
dz=dz0
IF {jfoda EQ.31 THER

c jtend Ia the value of § at end of focusing magnet
¢ locusing magnet has values of j between 0 and jlend
< firse delte {tend and jdbeg
¢ defocusing magnet jdbeg and jdend
¢ second drift jdend and jlatt
jfend=AllT(etag* flattic/dz0 +.5)
IF {3fend . LT.1) jfendsl
dzmag=etaq*tiactic/jfend
JArlfesAIHTL(1 . Qd0- atagi s finvtic/drls . 5)
IF {jdrift . LT.})jdelfex]
dzdrifes(1,0d0-etag} flattic/jdediit
jdbegs=jfends jdrite
jdends jdhegeifend
jlatt=jdendsjdrift
ns4‘nstepaperhip
c nzstd, setaq) *nstepsperhlipel
DO j=xt, 4
fxkbet2 (1) =quadfid(§)/trplpe’brha}
txtodo(3}=fkbet2(})**(.5}
EHDDO
ENDLIF
¢

g0td. 1) =dy2

g0(5. 1) ~dyyp

016, 1h=dyp2

g0i?,1) =dxy

018, 1)»dxpy

909, V) edxyp

g0{10, 1} =dxpyp
R NAA RN A AR AR NS ARANAR R EANSE R R RS AN RA RS SRR RN AT ANAE AN AR R AR
mrexmusasssssansasansss MAIN 2-LOOP xamsazsusxmavasszzszeaxssstaca

nnn

A AN NN ENESARAREAERERAARNRANRARASAERRARAR A AmANG ST AR R RAR KRR
DO 2000 fzs1,nt
IF (jfodo.EQ.1)CALL fadascep

axx Advance all particles =sssacssapssxsrusscamssanxssumesnyanrxzy

]

CALL dfdzsubiz,pd.dfdzwd)
CALL fint{g0,g},z2,.dz,dlfdzsub, didzw0)

Tazidz
dxxpegl(2,1)
dxp2gl {3, 11
dyyp=g115,1)
dyp2=gi(s, 1)
dxy=gti?, 1)
dxpy<gl (8,1}
dxypegl{9,1}
dxpyprgl{l0,1)

dx2=DEEX2 {dxxp, dxpl, dyyP, dyp2, dxy, dxpy, dxyp. dxpyp}
dy2=DEEY2 [dxxp, dxp, dyyp. dyp2, dxy, dxpy, dxyp, dxpyp)

911, 1) wdx2
atid,1)y=dy2

DO 400 icoordsl, o
gb0{icoord, 1) =gl (icoord, I}
400 CONTINUE
c*The following puts everything in terms of ma and mr vice cm and rads
zeellz)=2
ddx2(iz)«dx223e2
dduxpiiz) sdxxp*led
ddxp2tiz)=dup2*les
ddyZ{iz}ady2*1e2
ddyyptlzladyyp*led
ddyp2ilz)=dyp2*les
ddxy {{tledxy* el
‘ddxpy (§2) =dxpy*led
ddxypilz) =dxyprled
ddxpypliz) =dxpyp*leb

¢
2000 CONTINUE
¢
CALL loasfuncigl,ysqr,yloss)
yikounter)»ysqr
angmom= {dxyp-dxpy) *1ed
1000 CONTINUE
¢

L e e o T T e N e LT L}

c Compute tha gradient approximation, calculate the new Quad
c angles and check that they are significantly different from the
e last fteration and that the maximum ireratlons allowed has not
< been exceaded. 1f not, jterate again atarting at tlag 50,

o Uy A Sy
¢

ydifsy(t}-ylast

ysqroumsy{1)-y(2}

ylastay(t)

00 Is1,4

6L1
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Jeied
gee{i)»yagqrnum/(2*csubk*kdeltatl}}
geab{l)=yaqrnum/ (24dsubk‘kdaltatj}}
thertanewti)=dthetatab(1}-{asubkigea(i))
quadfidnew(i)rquadfldil)- {bsubk+geebil})
ENDDO

IF {ysqr .LT. ysqrmin) THEN
OPEN(101,files"bestl")
OPEN{102, f1le="zcorrl dac®)
ysqrnineysqgr
WRITE(10],*) “‘Least Losz Function was *, ysqr
WRITE(101,*) *Angmom was *,angmom
WRITE (10),*} *Iteration NHumber was *,k1,* ka*,%
WRITE{$101,*) "smallas®,smalla, “kbigaz*,kbiga
WRITE(1G1,4) *smallba®, smallb,* maxita®, maxit
WRITE{101,*1 °swalle=*,smallc,*smalld=",smalld
DO ix), 4
WRITE {101,*) *Quad Field * {4, was *,gquadfld{})
ERDDO
WRITE {101,*) *Quad 1 Angle was *,dthetatab(l)
WRITE {101,*} *Quad 2 Angle was *,dthetatab{2)
WRITE (108,°*) *Quad 1 Angle was *, drhetatab{])
WRITE (10),°) *Quad 4 Angle was *,dihetatabid}
WRITE {101,%) *dx2a *,dx2,good(1}
WRITE {101, %) ~dxxup= *,dxxp,good{2]
WRITE (101,+} <dxp2s *,dxp2,good{l}
WRITE (101,*) “dy2= *,dy2,good{d}
WRITE (101,%) “dyyp= *,dyyp,gcod{5})
WRITE {101,%) <dyp2s *,dyp2,goadib}
WRITE {101,°) ‘*dxys *.dxy,good{7}
WRITE {101,*) ‘dxpyes *,dxpy,good(8}
WRITE (101,*) ‘“dxyps *,dxyp,good(9)
WRITE (101,°*) “dxpyp= *,dxpyp.geodil0}
WRITE (101,*) ~* N
WRITE {101,*) ~betas* beta

DO let,800
sangmom{1)eddxyp (i) ~ddxpyti)
eemitnx2«16,0d0beta**2* {ddx2 {1} *ddxp2ii) -ddxxp (i) *+2)
cemltnx{i}sSQRT {eemitnx2}
eenitny2x16.0d0'bata**2* (ddy2 {1} *ddyp2 (i) -ddyypii)e*2})
eenmitny (1) =SQRT teemitny2}
cemltng2= S*{eemitnx2ieemitny?)+
16.*beta**2* (ddxy (1) *ddxpypti} -ddxyp {1} *ddxpy (i)}
eemitng (1)s»SQRT (eemitng2)
€ 34567890123456789012345678901234567890123455878901234567890123456789012
eemitnhil)={eemitnx2eemitny2s
. $4.,0d0‘beca) 44 tadxpyp (L) 24 ddy (L) 002~
. 2'ddxpy (i) *ddxpyp (i) ‘ddxy (i) *ddxyp (i)
. ddxpyd)*02+ddxyp (i) *+24 24 ddxpyt1) *ddxxp (1) *ddxy (1) *ddyp2 (i) -
. ddxp2 (i} eddxy{1)*+2+ddyp2 () -ddxpy{i}**2adx2 1) *ddyp21(i)-
. 2*ddxpyp{l) *ddxxp i 4) *dedxy {§} *ddyyp (it -
N 2*ddxpyil) *ddxxp (1) *ddxyp (1) *ddyyp i)+
. 2:ddxp2 (4} odduy (i) *ddxypil) *ddyyp i) ¢
. 2+ddxpy (i) *ddxpyp (L) *ddx21$) *ddyyp i) ¢
. 2*ddxpyp{i} *ddxxptl} *ddxyp (L) *ddy2{4) -
. ddxp2{i)eddxyp(l)**2+ddy2(l}-
. ddxpypii)**2radx2 (1) *ddy2(i1))**0.25
WRLITE{102,*) zee()),ddx2{1),ddxxpi{l).ddxp2{i),ddy2 (i} .ddyypii},
. ddyp2 (1], ddxy (L), ddxpy i), ddxyptl) . ddxpyp (i}, sangmamii},
. eemitnxii), eemitay (1}, eemitngti). eemltnhii], k
ENDDO
CLOSE{101)
CLOSE{102)

ENDIF

1IF {(ahs{angmom) .LT. abs(angmommin}} THEN
OPEN{103,f{lex"best2")
OPEN{104, tite="2zc0rr2.dat")
angmamminsangmom
WRITE{101,*} "Lesst Angmom was °,angmom
WRITE{103,*) *Loss Function was *, ysqr

WRITE (101,°¢) *Iteration Rumber waz °,ki,” k=*,k

WRITE{103,¢) “smalla=",smalla, "kbigas®, kbiga
WRITE{101,*) “smallbs,smallb,* maxits", maxit
Do d=1.4
WRITE(103,*) "Quad Field *,{," was *, quadildil)
ENDDO
WAITE{10),*) "Quad 1| Angle was *,dthetatab(l)
CWRITE(103.*) *Quad 2 Angle was *,dthatatabi(2}
WRITE{10),*] “Quad 3 Angle was *,dthetatab(l)
WRITE{103,*) *Quad ¢ Angle waz ", ,dthetatabid)
WRITE{10), ¢} *dx2= *,dx2,goodli} *
WRITEL103,*) *dxxps *,dxxp,good(2}
WRITE{103,%) *dxp2e °*,dxp2,good(3}
WRITE{1Q3, 3 *dy2» ¢,dy2, good{d)
WRITE(103,*} “dyyps °*,dyyp.goodi5)
WRITE(103, 4%} *dyp2= *,dyp2.goocd{§}
WRITE{103,*) *dxys *,dxy,good(7}
WRITE(10), *) “dxpys *, dxpy,goed(B8)
WRITE(103, 2} *dxyps *,dxyp.good{9)
WRITE{103.*) “dxpyps *,dxpyp,good{l10)
WRITE(10},*) * *
WRITE[103,4) ‘betas*, bata

Do ey, 800
aangmom{i)xddxyplii)-ddxpyi))
eemltnx2216.0d0 beta® 2% {ddx2 (1) *daxp2ti) -ddxxpti}**2)
eenftnx{i)=SQRT {eemitnx2}
eemltny2=16.0d0 beta“2° (ddy2 (1) ‘ddyp2{i)-ddyypiii**2)
eenitny (1) aSORT {eemitny2)
semitng2e.5{eemitnx2seemitny2) ¢
. 16. *beta**2* {ddxy (i) *ddxpypii} ~ddxyp (i} *ddxpy (1} }
eemltng {f)«SQORT{eemitngl)
€ J45678901234567890421456789022)456789012345678901234567850121456769012
temitnhil) e feemitnx2*eemitny2s
{4.0d0*beta)* *4* iddxpyp i} * 2¢ddxy (i) **2-
24ddxpy (1) *ddxpyp(4) *ddxy t1) *ddxyp (i) ¢
ddxpy (1) **2°ddxyp {1} **2+22ddxpy {11 *ddxxp (1) *ddxy ({) *ddyp2 11} -
ddxp2 (1) *ddxy (1) **24ddyp2 (L} -ddxpy (1) **2*ddx21i) *ddyp2 ()~
2°ddxpyp 1) *ddxxp (i) *ddxy (1) *ddyyp (1) -
2¢ddxpy (1) *daxxpil} *ddxyp (1) *ddyyp (i) ¢
2:ddxp2 (i) 4ddxyti) *ddxypl) *ddyypil) e
2*ddxpy (i) *ddxpypid)*ddx2t)) *adyyp i)+
24ddxpyp(}) *ddxxp (1] *ddxyp (i) *ddy2§§)~
ddxp2 (1) *ddxyp i) **2+ddy2 4]~
Adxpyp (1) **2°ddx2 {1} ddy2{i)))*+0.25
WRITE{104,%) zee(l),ddx2(i),ddxxp{i},ddxp2{1),ddy2ii},ddyypil),
. ddyp2(i}, ddxy (i}, ddxpyii), ddxyp(ll ddxpyp (!}, aangmom(it,
. eznltnx(i).e:mitny\&),eemitnqll).lamltnhl!).k
EHDDO
CLOSE(10))
CLOSE{104}

ENDIF
onex=dthetatab{1}*1000
twosdthetatabi2)*1000
threexdthetatab{3}*1000
foursdthetatabid) *2000
angmoa= {dxyp-dxpy) *ded

WRITE(70,*), %k, one,two, three, four,quadfidnewi]l), quadfldnew(2},
. ad(ldnewl]) quadfldneawld),ysqr, angmon
11 FORMAT12{1x, Ipeil.))
112 FORMAT({S{1x,1pell.4}}
e
DT T T T L L T T LI T eryupyupnppy
csams» Stopping Criterla s=sssxzuxsn KA AERARRARA R R ARG R AN TE D
LT T T T LT T Py P P P PR
1F (ki .GT. wmaxit) THEN
PRINT *, *SPSK exceeded maximum iterations Yimice
WRITE(80,*) "SPSA axceeded maximum iterations limit of*, ki
ELSE
slimic=0.0000001

081
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IF (ysqr .GT. slimit) THEN dx2=g2{1.1}
DO i1, 4 dxxpeg2{2,1}

dthaiatabl!)-thetanewll)
quadfidilysquadiidnewil)
ENDDQ

g*asubk*gea(l)
PRINT S, K, * ¥, ysqr,angmon
kaksl
kiaskiel
kilag=0
GO 70 5D
ELSE
kilagskilageld
IF {xlflsg .LT. 1} THEN
0O 3.4
dthetatab(l}sthetanewti)
quadfidii)aquadfidnew(i)
EHNDDO
Kaksed
kl=klsl
PRINT *,*k=",k,* angles=*,dehetatabii),dthetatadbi2),
dthetatab(3),dthetatabid),* flage* kilag
GO TO 50
ENDLF
ENDIF
< ERDIF
ENDIF

caex PrUNting 100p ssesasssasassemussssnsnasasasznunsanssnnansasran
3

CALL prntsublz)

FRINT *, *dx2x*,dx2,* doxpe®,dxxp,* dxp2=*,dxp2

PRINT *, *dy2s*,dy2,* dyyps",dyyp." dyp2«*,dyp?

FRINT *, “dxy=",dxy, " dxpy=’,dxpy,* dxyps®, dxyp,® dxpyp=,dxpyp

<
0O let 4
anglesthetanew(l)*(160/(2*pi)}
PRINT *, °Correct angla for Quad*,l, *is*,sngle
¥WRITE B0,*) “Correct angle for Quad*, i, *iz°, angle
ENDDO
DO i=1.4
PRINT *, =Quad Field* 1,*is",quadfldti}, "Tesla"
WRITE {B0,*) °Quad Fleld*,{,*ls*,quadfld(i), Tesla*
ENDDO
WRITE (80,¢) “dx2=*,dx2,* dxxp=*,dxxp,* dxp2=*, dxpl
HRITE (80,*) “dy2=°,dy2,°* dyype'.dyyp." dyp2=*,dypl
WRITE {80,%) “dxy=*,dxy," dxpys*,dxpy, " dxyps*,dxyp,
. “dxpyps* , dxpyp
WRITE(80. ¢} *Final angmom=*,angmom
WRITE(B80,*} “Flnal Loss Functlons=’, ysqr
WRITE{80,*) *Desired moments were:®
WRITE{80,*) “dx2s0,25491°
WRITE(80,*) *dxxp=5.79941d4-03*
WRITE(80, *) *dxp2=1.334913d-04"
WRITE(80, *) *dy2=.67851"
WRITE{80,¢)  *dyyp=-},146654-02*
WRITE(80, ¢) “dyp2=1.94344d-04"
WRITE(80, ¢} *dxye 0, dxpy=0, dxyp=0, dxpype=0*
WRITE({8O, %) *smalla=® smalla, * smallibs=®, amallb
WRITE(RO, ¢} “smallc=*, smalle, * smallds*, amalld
c
<

CLOSE{10)
CALL EXIT(1}
END

CANA TR A Ad AN R AR A NE L AN RN AN NSRS A RS AR ARE AT AN SN ARANE MO R SN
Least Sguare Calculatlon Routine
P L L T R YT T P T TP T PRP Y}
SUBROUTINE loxzsfunclg?,ysqrt,yloss}
IMPLICIT DOUBLE PRECISION {a-h,o-zi
CONMON/bik3S7good
DIHENSTIOH good(10),92110,1)

dxp2sg2{l, 1}
dy2rg214.1)
dyyp=g215,1}
dyp2ag2i6, 1}
dxy=g2{7,1}
dxpy=g2i8,1)
dxypeg2l9.1}
dxpyprg2{10,1}

¥BQreeDSQRT{{dx2-good(1}) ** 2+ [dxxp-goodi2)}**2¢
. {dxp2-good{3}y**2s{dyd-goodid} ) *2+ (dyyp-good(5)) **2+
tdyp2-good {6114 *2+dxy** 2edxpy* * 2vduyp* * 2+ dxpyp* * 2}

yioss~DSQRT{{1e2* {dx2-good(1)))**2+ (1ed* (dxxp-good(2))}* 2+
. 1e8* {dxp2-goadi3))i+*2+11e2* {dy2-good{4)})**2¢
. {led* (dyyp-good(S5ih®*2¢ (1leb (dyp2-goodi6))) *"2+
. (led*dxy) **2¢(led*dxpy)** 20 (led dxyp) **2¢ (Leb*dxpyp)**2)

RETURN
END
RN AR ERS ks n AR AR NS NA U MR N TR R AN AR AR Ak KA RRaAREASRT TS
Crsasnnnxnnnnas
c ==a Printing routine wexsssames
LT L LT T YT TP T PP PPy P
SUBROUTINE prntsubiz)
PARAHETER (nprtmax=], nthet=100000)
LHPLICIT DOUBLE PRECISION (a-h.o-z2}
DIMENSION dthetatabinthet)
COMMON/blk1/emitg2, emith2, beta
COMMON/b1k2/tkbet2{10), £kbtxD2, £kbty02, pervo, betao,
. pervpower,yuadfld(10), {kfado(10)
COMMON/b1k)/betacont, halfbetaconl, betaovbetao, dbdzovh
COMMON/blk11/jstep, jphase, jfend, jdbeg, jdend, Jlatt,dzmag, dzdrift
COHNOH/bik12/dz,d20, dzpre
COMMON/bik3ID/dtheta, costwotheta, sintwotheta, thetamax, thatarms,
.tlattno,dthetatab
xave0,
yav=0,
xpav=0,
ypavz0,
cail batavals{z)
betas=betao’betaovbetao
dalphas,5¢DATANI2dxy/ [dx2-dy2))
cozalpha=DCOS{dalpha)
sinalphas=DSIH{dalpha)
cosalpha2=cosalphase2
sinalphalssinaiphar*2
costwoalpha=DCOS({2, *dalpha}
sintwoalpha=DS1N{2, *dalpha)
transenergy=.5*{dxp2 ¢ dyp2?
-~ fkbeta02x({z)*{ {dx2-dy2)*costwotheta ¢
2.040*dxy*sintwotheta )

EsaERSEREEsEEcEEMANRUEISS

axsrasaskyaRn

. - pervo'DLOGH

B DSQRT{dx2*cosalpha2 +

N dy2*sinalphaz +
. dxy*sintwoalpha } ¢

. PSQRT{dy2¢cosalphal +

dx2*sinalpha2 -

R dxy‘sintwealpha } } )
dxb2rdx2*cossalphazsdyitsinalpha242*dxytsinalpha‘cosalpha
dyb2sdy2*cosalphaledx2¢sinalphaz-2*dxy*sinaipha*cosalpha
abeame=24PSQRT (dxb2}

bbeam=2*PSORT {dyb2)

angmomsdxyp -dxpy
emitnx2=16,0d0 beta*+2* (dx2*dxp2-dxxp* 1)

enitnx=SQRT {emftnx?)
anftnylsi6,040*beta* 22 (dy2*dyp2-dyyp* 2}
enitny=SQAT(enltny2)}

eaitng2=.5*tenmltnx2semitny2te

. 16.*beta’*2* (dxy* dpyp-dxyp *dxpy}

2n{tng«SORT {emitng2)

181
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Enps1.0d0

dumsx1,0d4-8

RETURN

Enp
5
P e T L T T L L L Ll L L T T P PP PP PR PP
© xxs Ilntegration routine zsessxaxsxsazcasarasnzansasaascsssnannnaasssy
T T T T L T T T T YT P LT PYTT P POT

¢ =»s This subroutine is adapted from the subroutine RRK4 (rom ssazass

¢ =#s Numerlcal Recipes by Press et al, The main difference iz the ma=
c axx use of two dimensional arrays rather than linear srrays, esss=s
¢ === Input varisbles: ansnma
c =ax Y(legn,it): Tha 2-b srray of dependent varlables sxzamm
© =ax pYDX{leqn,it): Infitial derivatives calculated in calling =exa«
(XL subroutine, ssana
[T {egnrax, nprimax: Maximum dimensions of the arraya Euzuw
C mwx X: The ladependent variable swaax
¢ asa  H: The step slze §n X. waxax
¢ =xx  DERIVS: The nama of the subroutine with the derivatives. ==xzx=
¢ =ex Output variables: amamn
c =s=  YOUT(iegn.lt): The new values of Y at X+H anxxa
P T T N N LT LI T T T PT T Yo

SUBROUTINE fint(Y,YOUT,X,H, DERIVS, DYDX)
IMPLICIT DOUBLE PRECISION {a-h,o0-z)

PARMETER {leqniim=10, nprimax~1, idir=8}

EXTERNAL DERIVS

DIMENSION Y{legnlim, nprtmax}, DYDX{ldix,nprimax),
. YOUT(leqnlin, nprtmax}

OIHENSION YTiiegnlim, nprimax), DYT{idir.nprtmax),
. pYM(1dir, npsrtmax)

legqnmaxs10

Itmaxsnprtmax

HHeH' D, 5

HE=H/6 .

XHaxeHH

XFeXeH

DO 110 ib=1, jtmax
T2, A=Y {2, fE)eHR OYDX(L, S0}
YTL), behaY (3, o) oRHDYDX (2, 1t}
YT(5.5E)=¥ (5, 1e) e M DYDX{, L}
YT(6, Bt} e {6, 1t)+Hy DYDX (4, Lt}
YT, 1e1mY {7, ) MU DYDX (5, it}
YT(6, 4t} {8, fu) eNH DYDX {6, it
YTU9, 4t)ay {9, fe) s tyDR (7, 1t)
YT{10,4t)=Y (10, 1t} ¢HH*DYDX (8, 1t}
110 CONTINUE

CALL DERIVS{XH,YT,DYT)
5O 120 11, ftmax

YTL2, §E)aY {2, fe) sHH DYT(L, It)
YTiY, $e) =¥ 13, ht) eHH DYT{2, §t)
YTLS, he)a¥ S, 1t) sHHeDYT(3, St}
YTLE, ft) =Y ({6, It} ernsDYT4, It)
YT{7, behaY (7, dE) eHHADYT(S, $t)
YT{8, ft) =¥ {8, 1t} +HH DYT (6, St
YT(9,it) =¥ (9, 1e) e HH*DYT(?, ft)
YT410, §t) =Y 810, 1E) eHH DYT(B, LE)

120 CONTINUE

CALL DERIVS{XH,YT,BYH)

©0 130 je=1, itmax
YLz A= 42, e O DYRIL, I E)
DYH(1, deh=DYT(E, L) +DYHLY, tL)
YTU). i)=Y i), it} sn*DYHi2. i)
DYRI2, 1t} eDYT(2, it) 4DYH{2, i)
YTLS, e =Y 5, LuheReDYM(D, i)
DYHM(3. §t1«DYTL1, Le)eDYn (), i)
YTI6, 1ch=Y (6, it)+HoDYMLL, LL)
DYR{4, St)=DYTL4, {t)+DYHIL, 1)
YT, i) #¥ 17, 0D e H DYM(S, 1t}

DYM[6, SLI=DYT{6, ity +DYHLS, it)
Y9, fehev {9, ft) ¢H DYN(? 4t
DYHMLT, 1t} «DYT{7, kL) 4DYM(D, {t)
YTE10, hed =Y ({10, r) s HeDYH (D, it}
DYK(B, Lt)«DYT {8, jr)+DYNLN, it)
110 CONTINUE
<

CALL DERIVS(XF,YT,DYT)

DO 140 1tw), ftmax
youttz, Loy =¥i2, 3t

. SHE{DYDX (L, At dsDYTS, dxd o2, *DYHIL, kt))

TOUT{3, ftinv(d, le}

. HES{DYDX IR, 1E)+DYTIZ, k)42, “DYM{Z, It))
YoUT(S, () =v(s, it)

+HES (DYDX (3, 1e) eDYT(I, 1t} +2,*DYN(Y, dE))

YOUTI6, 1) =¥ (6, 1) -

. tHES (DYDX LA, ) +DYT 4. 1) ¢ 2, *DYH(4, IL))
YOUuTt?, de)syi?, it

. +HES {DYDX{5, L) +DYT (S, 1K) +2,DYM(S, {t})

YOUT {8, it)=Y{8, i)

. +HE* (DYDXU6, LEI4DYT{6, 1t} 22, *DYMI6, Jt))
YOUT{9, fe)=¥(9,it)

SHE* LOYDX (T, 1L 1 oDYT(T, Lt) o2, *OYHIT L)}

YOUT(10, LY =¥ {10, (b}
. +HE* (DYDX (B, Le)epYT(A, lt)») *DYMI8,ic))

140 CONTIMUE

RETURN

ENO
[+
M E s RN NAER N s anuEas e ¥R A RN RN LSRN AR AANAS AR RN NN R RSN R R RSN RE
c = Runge-kutta ‘nkggr.[‘on routife =sxssswsnanconcsassnansenasnnany
Cunsnssspsanawnsusnn

L T T T T YT P P Y P e e T

SUBROUTINE dfdzsub{iw, {w, dfdzw)

IHPLICIT DOUBLE PRECISION {(&-h,o-2)

PARAHETER inprimax=},nthet=100000)

DIMENSION fwll0,nprimax),dfdzw(8, npritmax}

DIHENSIOH dthatatabinthet)

COHHON/blki/emitg2, emith2, beta

COMMON/b1k2/fkbet2 {10}, fkbtx02, {kbty01, pervo,batao,
pervpower, quadfld{10}, fkfodo (10}

COmOHIh)k!/bctlconl halfbetaconl,betacvbetao, dbdzavb

COMMON/bL1k{1/]step, jphase, jfend, jdbeg, jdend, jlatt,dzmag, dzdrift

COMHON/bik12/dz.dz0,d2zpre

COMMON/bik)0/dtheta, costwotheta, sintwotheta, thetamax, thetarms,

.1lartno,dthetatab

dxxp=tui{2,l)
dxp2efw{l, 1}
dyyp=fw{5.1)

dyp2=twi{é, 1)
dryetlw{?, 1)
dxpysfw(8,11
dxyp=fw{9,1}
dxpypafw{10,1}

dx2=DEEX? {dxxp, dxp2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp)
dy2=DEEY2 {dxxp, dxp2, dyyp, dypl, dxy, dxpy, dxyp, dxpyp)

Ewil, 1} =dx2
Ewid,1)=dy2

CALL hetavals{zw)
pervepervo‘betaovbetac* *pervpower
alp! JSTDATANL2*dxy/ (dx2-dy2})
cosalph=DCOS{alpha)

sinalph=DSIN{alpha)
DYM{S, 163 =DY TS, Ix) »DYHIS, 1t} cos2slphancosalph**2
YTI8, fr) sV 1) +H DYH{E, Lk) sin2alpha=sinalphe*2

meas Rt MY aAAm e4 am s

¢81
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sinalphcosalph=sinalph cosalph
dxb2sdxi*cos2alphatdy2/sin2alpha+2+dxy*sinatphcosalph
dyb2=dy2cos2alphatdx2*sin2alpha-2*dxy*sinalphcosalph
dxhdybeSQRT {dxb2 *dyb2)

fksxbe.5%perv/ {dxb?+dxbdyh)

tksybe . S*perv/ {dyb21dxbdyb)

fkaxxxtksxbtcos2alphas fksyb*sin2alpha
fksxys={tksxb-fksyb}*sinalphcosalph

fksyx=fksxy

tksyy=fksyb*cas2alphas fksxb ain2alpha
thgxx=fkbeta02x{zw} ‘costwortheta/betaovbatao
fkqyyafkbeta02y{2w)‘costwotheta/betaovbetao
txgxysfkbetad2x{zw} *alntwotheta/betaovbetao
fkqyx=fkgxy .
Phxxsfkgens (ksxax

fhxystkgxy+ fkaxy

Pxyx=tkqyxs fkayx
thyy=tkqyy+fksyy
e
C dxxpt»
dfdawil, 1) =fwi{d, 1) + fkxx*dx2 ¢
. fkxy*fw(?7,1) - dbdzavh*fw{2, 1)
¢ dxplra
didzwi2,1)» 2,000  Ekxx*fwil2, 1)+
. 2,040 tkxy fwiB, 1) - 2.0d40*dbdzovb*Iw{}, 1]
c dyyp'»
didzw{l, Ly €w(6,1}¢ fkyy*dy2 +
. tkyx*fwl?,1)~ dbdzovh*wis, t}
¢ dyp2'»
dfdzwid, 1}e 2.0d0*thyy*fw(5, 1}
. 2,040 fkxy*fw(9,1) ~ 2.040dbdzavb’iw{6, 1)
© dxy*
dfdzwis§, 1) fwi{8 1)1+twid.1}
c dxpy'»
didzwié, 1)» £wi10,1) efkxx*fwi?, 1}
. fkxy*dy2- dbdzovb*{wid, 1}
¢ dxyp's=
dtdzwi?, )= Lw{ld, 1) o bkyy fw(?. 104
. fkyx*dx2- dbdzovb®fw{9,1}
¢ dxpyp’e
dfdzwid, 1) » Fkxx*fw{9, 1) ¢ fhxy*fwi(5, 1} +
. Ekyy*twif, 1) ¢ fkyx*fw(2,1)
. - 2.0d0'dbdzovb*fwi(l0,1)
¢
RETURN
END
¢
c
¢

A RN Rk s M A A NS a N NN A TR AR A TR T A S AR AR AR R R AR AN AR RIS SR AR RN R AN AKAANRER
¢ =xs f0do routine sasmessaxxcxzRaamzsEEIsARRNSEARRENRRNSTRARTRNNSS

L L T T L e P e YT

SUBROUTINE fodostep

IMPLICIT DOUBLE PRECISION (a-h.o-z)

PARMIETER{nthet =100000)

DIMENSIOH dthetatab(nthet)
COMMON/b1k2/Ekbet2{10), fkbtx02, (kbty02,perva, hetao,

. pervpower, quadiid (10}, fkfoda (10}
COMHON/b1k]/betacon), hallbetaconl, betaovbetao,dbdrovh
COMMON/bikiY/ jsrep, Jphase, jfend, jdbeg, jdend, jlatt,dimag, dzdrite
COMHOt/bIk12/d2,d20, dzpre
COMMOH/bLk30/dtheta, costwotheta, sintwotheta, thetamak, thetarms,
.dlattna,dthetatab

COMMON/bLkIL/ iprint, nprint

1F {0.LE.jstep.and.istep LT, §fend) THEN
dzxdzmag
dtheta=dthetatab{ilattno)
costwothetarDCOS{2. *dtheta}
gintwothetasDSIN{2.*dthetal}
fkbtx02sfkbet2(iiattno)
txbty02=-fkbet2(ilattno}

Jsrepajsteped
RETURN
ENDIF

1F ($step.£Q.3dbeg) THEN
{lattno=ilattnotl
dthetasdthetatabiilattno)
coatwathetas=pCOS{2,. *drheta)
sintwaotheta«<DSIH(2. *dutheta)
ENDLF

IF (jdbeg.LE.fsetep.and. jatep.LT, jdend} THEN
dz=dzmag
fkbtx02x- tkbet2{{lattno)
fkbty02=fkbet2{flattna}
istep=jstepel
RETURH

ENDIF

IF (jsvep.GE.jlatt) THEN
drsdzmag
Jsteps)
flattnosilattnosd
dehatasdthetatabillattno)
costwothetasDCOS{2. *dtheta)
sintwotheta=DSIN{2,*dtheta)
fkbtx02=fkbet2{iiattna)
fkbty02a-{kbet2{{lattno)
RETURN

ENDLF

dz=dzdrift
fxbtx02=0,0d0
Ixbty0220.0d0
Istep=istepi!]
RETURN
END
NS NA B R A RA RN N AN A IR RN AR A NE R RATRERNRANRARANKRNASERARINR S TR
FUNCTION fkbetaO2x(z}
IMPLICIT DOUBLE PRECISION {a-h,o0-2}
COHMOU/bYk)/emltg2, emith2, beta
COMMON/bik1/ Ekbet 2110), fkbtx02, (kbty02,perva,betsac,
. pervpower,quadf1ld(10}, fkfodo {101
Ckheta®2x«-fkbtx02
RETURN
END
CoMmmE Ny A AR A Ea R AR E AR AN AR NS AN NA RS EA R NSRS RN NA AR AR SR ARRE
FUNCTION fkbetaO2ylz}
IHPLICIT DOUBLE PRECISION (a-h,o0-z}
COHHON/blki/emitg2, emith2, beva
COHHON/D1k2/ fkbet2{10), tkbtx02, fkbty02, pervo,betas,
. pervpower,quadfld{10), fkfodo(10)
txbeta02y«-fkbty02
RETURN
END
oM AN N XA ANA RN N s R AN EA RN A S NN NN NN SRR AN S AR S NT S AR ARKNAR DR
SUBROUTINE betavals{z)
IKPLICIT DOUBLE PRECISION (a-h,o-2)
COMHON/bik3/hetaconl, halfbetaconl, betaovbetso, dbdzovh
¢ betaconls{enexrgyf/energyo-1.0d0}/{nlapa*flength}
¢ hallbetaconi=,5*betaconl
betaovbetao=DSORT{).0d0 ¢+ betaconl*z}
dbdzovb=haltbetaconl/ {1.0d0 + betaconl*zl
RETURN
END

L N L T Y T Y TP P PP e

FUNCTION DEEXZ(dxxp,dxp2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp)
IMPLICIT DOUBLE PRECISION {a-h,a-z)
COHHON/blk1/emitg2, emithl, beta

<
E2I456789012)456789012345670901234567853012345678901234567890121456749012
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¢

DEEX2# (4. *beta*sd*dxpyp*/2¢dxxp**2 - 8,'beta**4*dopyp**I*dxy +
8.*beta**4*dxpy*dxpyp**24dxyp ¢

8.*beta® i *dxpyp*dxp2dxxp*dxyp « &.*beta**4°dxp2°*2*dxyp* 2 -
8.'betat 4 dxp2tdxxp?¢2°dyp2 + B.¢beta’ 4 dxpyp*dxp2tdxydyp2 -
8.'betat ‘4 dupy*dxp2*dxyp dyp2 ¢ 4.*beta**4*dxpy**2°dyp2**2 -
8.*beta’*44dxpydxpyp*dyp2*dyyp ¢+ 4. ‘beta* ‘4 dxpyp**24dyyp**2 +
0,5'betat*2dxpyp *2¢emitp? - 0.5'beta’*2dxp2dyp2 amitg2l/
{beta**d*dxp2 (8. *dxpyp**2 - B.*dxp2*dyp2})

RETURN
END

Foro oy

<

e s S
FUUCTION DEEY2 {dxxp, dxp2, dyyp. dyp2, dxy, dxpy, dxyp . dxpyp}
IHPLICLT DOUBLE FRECISION {a-h,o-2)
COMMOH/blkl/emitgl, emivh2, beta

4
C234567090223456789012345670901224567689012345678901234567890123456789012
<

DEEY2=0.5%{-1. *betar 2+
1256.'bata**2*dxpyp**24dxxp**2 - S12.'beta**24dxpyp**)tdxy +
§12.'beta*?2dxpy ‘dxpyp** 2 cxyp -
5§12, *beta**2*dxpyp*dxp2 *dxxp *dxyp ¢
156, *beta**2°dxp2* 2 dxyp**2 +
512, “beta**2vdxpyp dxp2 ‘dxy *dyp2 -
512, %bectat 2 dxpy*dxp2*dxypdyp2 ~
256, 'beta’*2°dxpy**2*dyp2*°2 ¢
$12, *bata’*2*dxpy dxpyp*dyp2?dyyp +
256, *beta**24dxpyp* * 2dyyp**2 -
512, *betat*2dxp2*dyp2tdyyp**2 + 32.*dxpyp**2°emitQ2 -
32, *dxp2edyp2remitg2) i/
thetat 4t dyp2*1-256. *dxpyp**2 + 256, *dxpdtdyp2))

RETURN
[>20]

T Ty O T P T Ty ey e P Y P T LT E YT T RPN

I O S S

caswsns Generalited Emittance Calculations = srasmzaana
RS AR NEaRRAAANA AR MR AR CNE AR ARSI NEREANNAENEN
c
FUNCTION EG{dx2,dxxp,dxp2,dy2, dyyp, dyp2, dxy, dxpy, dxyp, dxpyp)
IHPLICIT DOUBLE PRECISIOM (a-h,o-1)
COMMON/bYkE/emitg2, emith2, beta
<
EG=16*bata**2¢ (dxpypedxy « dxpy‘dxyp
- 8.*betat*2* {~dxxp**2 ¢ dxp2edx2) + B ‘beta“Z'
- {-dyyp**2 ¢ dypa*dy2)
c
RETURN
END
¢

P T LT L T P LTI L L L T LT PP P YT
FUNCTION EM{dx2,dxxp,dxpl,dy2, dyyp, dypl,dxy, dxpy, dxyp, dxpyp)
IMPLICIT DOUBLE FPRECISION fa-h,q-2}

COMMOH/blk1/emitg?, emith2, beta

e (256 beta* 4 * [dxpyp**24dxy*+2 ~ 24dxpy*dxpyprdxy*dxyp *
dxpy*¢2tdxyp**2 + 2*dxpy*dxxpidxydyp? -~
dxpldxy* *2¢+dyp2 -
dxpy**2°dx2dyp2 ~ 2*dxpyp*dxxpdxy°dyyp -
2*dxpy*dopsdxypdyyp ¢+ 2*dxp2*dxy*dxyp*dyyp +
2+dxpy *dxpypdx24dyyp ¢ 2*dxpypdxxp*dxypdy? -
dxp2‘dxyp"2'dy2 ~ dxpyp**24dx24dy2) +

~dxxpt*2 ¢ dxp2dxi)t{-dyyp*t2 ¢

dyp2¢dy2)}+0.5

R

RETURM
END

RS EATA AR A SR A XA NS R AR RN AR AP U A R A EARE N AR AS AU SR ARARSR AR RENN

781



185

E.4 “PEPPERPOT”

“PEPPERPOT” is a code written in IDL. It was modified from A. Paul’s IDL
pepperpot image analysis code used with images of electron beams from the ETA-
IT accelerator. It was modified to analyze ion beams passed through a rectangular
pattern pepperpot mask more suitable to the analysis of a beam produced by an alter-
nating gradient focusing lattice. A modification was made to calculate the transverse
cross-moments and display these correlations. The ability to fit a gaussian curve to

beamlet spot cross-sections was also added.
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T e s e B e . AT T

GBI.FRO

center (1..nbeam,€) == xpix,ypix,xmin,xmax,ymin, ymax
bradius (0. .nbeam-1) 22 radius of beamlet, center of beamletx0
jradius {0, .nbeam-1) == radial position af beamlet on mask
data t1. .nbeam,9) =2« peak,xl,x2,xabs,yl,y2,yabs,tetallnt, background
phase (1..nbeam, 6} =+ xabs,xpl,xp2.yabs,ypl,yp
-3 7 0,0.xav,xpav yav,ypav {(centroid of phase space)
-2 7 r12,¢e34,x8,xpa, ys,yps {phasae space plot scales)
1 7 Bl1,512,822,53).804, 544
emitn {1..nbeam} == amitx,emity for each beamlet
mask{*,)] == x,y.tadlus / 1:inbeam are tor beamlets, mask(0,2}«input radius
mask(0,0} not used, mask(0,1)=mask rotaton angle
plot_lees(l. nbeaml =x beamlets_number_plotted , beamlet_lgnor_tlag
/ {nbeams1),.ix1abel_ellipse_flag
prange{50} ==(0..3fzprofile{xmin, xmax,ymin, ymax), (4)snsave,{5.,49)overplots

Hodified from Pepperpot.pro, A.C.Paul,

Read *.RAS flles with pepper pot images

plot Clontour, S)urface, B)eamlets, Ejllipase, Pirofiler, J)ness
Calculate beam brightness and phase space occupled by the beamletts.

1) analyze. 4152 / Take x,y cuts of beamlets, prints hall size
) adjust_centers, 322}
2} autoview, 712
3) data_input, 1724
4) decode, 1319
S} default_data, 4772
§) do_levels, 281
7) do_prafiles, 4559
B} doplots., 5052
9) dump_image, 3459
10) dumpfile, 567
tit_gauss, 4240

TV, surface, and contour plots of many flles
Interactive data input, change parametets

input string ss. returns array of numbers

Set initiasl parameters

calculate emlttance for levels 10,.90%

Cuts in x and y

plot beamlets, contour, surface, mask,window, ...,
Prints actual IMACE sub area in plxels, raw data
saves and restores parameters 1/4/91

N

11} fix_data, 833 7 Fix window, image and mask arrays

} fix_beam, 961 ¢/ Fix beam centers, add or delete beamlet windows an
rnask
12) fix_image, 1078 / Fixes the image array, subtract background, etc,
13) fix_mask, 89) / Eix mask

) gen_rectangular, 2794 / generates cartesfan maxk
14]) gen_round, 26%9% / generates round mask pattern
15} gen_mask, 31588 } generates mask hole pattern (x,y! st L»0, mask{*)
16} get_centers, 128% / Finds beamlet reanter(*) and sub_window in pixels
17) get_beamlets, 1451 7 Finds beamlet width at level in sub_windaw, dataf*

18) get_emittance, 1671 /7 Calculates emlttance of beamlets. phase{*).ealtn{*

)} get_halo, 383 /

) get_rebin, 1428

y get_scale, 5024

} get_xigma, 1569
19} {unction get_word, 269 / returns word from string
20) greetings, 234 /7 Print inital {nformation cn help
21} helpme, 137 7/ online help package
22) tistdata, JBBE / List beamlet centers, and data{} array to screen
2]} move _cussear, 1836 / Move cursor on contour or window plot, set surface |
24) wovie, 1870 / Movie of cuts every S5 pixels ln the x or y directio

25) next_file, 1871 ! Gets next sequential file’

26} function odd,n / na% x=5,00 xh=2 x-2nh=1 / n=6 x=6,00 xh=) x-2xhs0
27) output, 1211 / Writes file printname with beamlet data

28) pepperpot, 5274 ! Hain program

plot_all_beam, 2417

29) plot_6d_space, 2049 / Plots xy', yx', x'y‘, and xy of beamlets

3 30) plot _beamlet, 2478 / Plot sutface plot of given beamlet

31) plot_brightness, 3641 / Plots heamlet bhrightnesa vs radjus

32% plot_ellipse, 1984 / Plot phase ellipse on data plot from salgma matvix
13y plot_mask, 2586 / plot mask hole pattern an contour, center plot
34} plot_phase_space, 2218 / Plots x and y phase space

[}
|

erint,”
print,*< scszsxmessazersx GBl pepperpot.pro {5/14/97) sazzsazxsuzansxs >°'
print,”
print, ‘ETAJR LOS calibrations x,ytem/plxel) are;*

print.’ 1120(0.0157,0.0130), 1726(0.0272,0,018%), 1B06(0.0150,0.0119)
print, ‘ainalyze Do cuts in x snd y of given beamlet’ .

print, ‘Alutoview Hardcopy of TV, Surfaca, and Contour plots, many files *

print, *flix

print, “{)nit

39) plot_tv_frame, 1158 7/ Plots *TV* of image, overlay windows
316) plot_window. 3517 ¢ Plotx Yocation and beamlet number on pixel grid
38) read_titles, 4979 / Reads the title Yines for a sequence of flles.
19) readdata, }%9) / Reads latcial dava, window.level, filenames etc.
40) readiile, 136} / Reads image.RAS flle
4%) veadme, 197 / Reads help (lle *pepperpor.readme*

rotate _mask, 862
42} set_contour, 4884 / Finds center for contour plot from mouse position
41) set_path _name, 4962 / Sets directory path name for Save and Ras files’
44) xet_surface, 4207 / Finds center for surface plot from mouse position
45) show_list, 4882 7 List to screen plots that will be generated by *»*¢
46]) smoath_data, 4736 } Use sliding box car smooth aa image

) summary, 4146

47) summaryr, 4058 / Plots Peak.Total beamlet intensity. x.y and rvadius
48) toggle_windows, 49)5 / shows and hldes windows D, 2 and ¢

} vary_mask. 1049
49) write_scales, 2208
: 50) zero_image, M4 / Allows ‘2evoing* of a bad area of the image

save *dumpfile’ consists of
printi, 1, Filename
printf, 1, title
print{,1,imin, imax, background, xdim, ydim
printf, 1, xenplix, yomplx.deift, rhole, separation, thickness
printf, 1, window, xwindow, ywindow, level
printf,. 1, curtent, energy, betagamra, restm, brightness, emitx, emity
printé, t.ipass,nholes, emit_scl{d),bright_sclid)
printf,1,abeam, nmask, typemask
printf, 1, ‘DATA(}"

printf, 1 dara{0:nbeame2, ) 0..
printf,}, ‘CENTER]}"
printf, 1, center (0:nbeame2, *) 0.

princf, 1, "HASK(}’
princf, 1, nx, ny, junk, junk
princf, 1, mask(l:nmask, *t 0..

pro helpme
cotwwan comi, £4Yename, dumpname, printname, dataname, ticle

for kx1,9 do print,’

print,‘bleamlet Plot given beamlet 1. .max’
pring, *8) Regenerates beamlets, Ba)ckground subtraction’

print, ‘clontour Plot contours of image, Enter §x1 ix2 lyl ly2, cs autn scales’ .

prine.‘d)ata Input E{Hev}, current, mask, pixels, window, Image, and level*

print, ‘a)1lipsa Flot x-xp and y-yp phase tpace, es input fix scales for e plot

pring,’ e§ plots (x-yp), ly-xp}, Lp-ypl, (xy), e26,e48 to wlnd:‘ws 2 and
4

print, ‘el plot emittance vs level 10,.90%, ele 5,10,20..,30,95%

print, *ecwids>  plot beamlets transformed to locatlon of walst,image,distance’
print, ‘Elnhance Scales imagel) array to 0..254 pixels’

clenteri}, miask{), i}image() arcrays’

print, ‘glet_halo Remove beamlets from Image, leaves background halo,’

print, *hielp “he this oniine help, *H° will read flle pepperpot.readme*
Hask hole pattern, iw maskiwindow centers superlmposed’

pcint, * iclroasover, isiift by glven x,y, fviary_mask’
priat,! lglenerata click on holes, lgx generate mask of nx’ny holes®
prist, izigenerate round mask of nbeam holes, Ikirotate mask pattern’

Plot brightness, 3¢ input fix scales for all J plots’
prine,*Y)ist List data, intenslcy of beamlers, x,y)centroid ete.’

printe, *m)ove Hove cursor, left buttem returns x,y, right button returns’
priny, *H)ovie X,y profiles every x=5.,.xdim in steps of 5, M, Hx.My, Mxa adds’

print, " Jinesa

print, ‘nyext Flle, new image’

981
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14t
142
14

144
1S
146
u?
148
1y
150
151

152
153

154
155

peint, "olutput
print, 'plrotile
print,*

+

print, ‘Plath
prine,’
print, ‘qlutr
print, *R)
princ, ‘siurface
princg, ‘Simooth
print, ’Sa
prlnt.‘tlv

'

|pxlnt.

prlnt.'T)ltlzl
print, ‘u)abort
print, *vilew

M

Iprine, "wlindows
X

print,’
print, W
ptint,*x)ecuta
print, ‘y)dump
print, *2)ero
peinL, )
peint, ’

return
end

pro readme
i

tf chl ne *
begin

while not

end

begin

end
end
goto, exlt
end §

end

exlt: close,1
return

end

pra greatings, cer
common conl, sskn,

print, “acecemnnoe

readf 1,
{6 (strmid(sa,0,1} eq ‘9’') then $
1f istrmid(ss,1,lsx} eq schk) then goto,)listit
1f (strmid{ss,1.1} eq ‘@' ) then goto,exit

Writes cent bright,emlt file *‘+printname+’* *0° forces new’
Cut in image, e.g.. X104 {xcut @ yl04) y55 {ycut @ x55%, plo’
polverplot profiles, prjoverplot range profiles, kmin,max,step

Set flle directary path, e.9., *.ras flles "RISS/*

Ps met path for *save” Eiles’

Exits this program after allowing for *maving" of flles,*
72?0

Surtace plot of sub_window region. Enter --> ix} ix2 iyl 1y2*
Smooth Image, 1f smooth<) then regenerate centers etc'

Adjust beamlat centers’

Produce a TV image ot frame, €2,12,§2,t2,v2,0r wl =+> window 2
ts scales {mage to 0..25%, el, 14,4, t4, v, or wi ==> windaw 4
Reads title lipnes (or a sequence of files'

abort In get_beamlet at beamletsiabort*

Sunmary of all beamlets, radius, intensity, peak. vr vs radius

flot window of beamlets and centers with fndices, wc)entmeters

wn)no fxames, just center and index number into window 2.’
Toggles s)how and h)ide of windows 2 and ¢, Ws2,Wsé Wh2, Whi'
runs besmlet and emlttance procedures,’
sub region of Image to *’+dumpnames’*
sub reglon of image *

Print plots now and retura to program, ** purges all plots’
*1 show to screen plot that will be genetlled by **

Wotverplot ¢’

common com), ssin,pview, ch2

$32'° & che® * & line=0
openr, 1, ‘pepperpot . readme’

then § .

laxsstrlen{ssin)-1
rchk=strmid{ssin,l, bax)

eof{t) do begin
s

1isvit: readf,1,ss
while (strmid{s#,0,1) ne *@*) do §

print, ss & readf,}, sy
line=linesl
1f line gt 40 then begin
linex0 & tead,'Continue <,n> *,ch & If ch eq 'n* then goto,exit

else while not eofil) do begin & wahow, 0,0
read{,},8s L print,as &k lineslinetl
{f line eq 43 then begin
1ines0 & tead,’Continue <,n>» ’,ch t if {ch eq 'n’) then gata,exit & and

oY
pview,ch2

209
210
211
212
213
214
15
216
217
218
219

common comiS, version, comhend, comdata, moments

:
sssstrarc(ll)
ilsstrpos{comdata{0), ‘VERSION') & llx=strxlenfcomdatatd)}

BE| D)a’. mmEazmessansesassnaxssEEaRRRIERRRRSRRRRRRE, ¢

ssi 3)=* Program to prosses *.RAS files and calculate from the TV image*
ssi 2} the beanm emittance and brightness for °*PEPPER_POT* beamlets.'
as{ e’
ss{ 1= Geaatings / pepperpot.pro .
sad S)e* Enter Capltal H for *pepperpot.readma*
aa{ §)a* Enter Capital Wx for help on subject x =command chn:-cter
s 7)=" any other entry starts program
ss{ B}« .
sl 9= “eatrmldicomdata(0}), 13,4111
satiD)=" ‘
ss{ll}n‘ununsmnnssunsnatacnnaunsnpnannanusknEnnnn’

yyx=0.9

tor ka0,1t do begin
xyouts,0.12,yyx,sstk),color=D,slzex1,25, /norm & yyx=yyx-0.06
end
s3s'* & read, ‘Youc entcy please <HYELP, R)leatart, LF> =a> ’, 38
chestrmid(ss,0,1)
it ch eq 'H' then begin
AE strlen{sa) gt § then ch2=strmid(ss, 1,1} else ch2x’ ' & readme
end else if ch eq ‘R' or ch eq ‘r' then begin
print, *RESTART from fila’
cersors‘R*
end else helpme
return
end

jeacmnn

i
tunction get_word, s, nword
H
isstrposiss,* '}
§f 1 1t 0 then read.* ',word §
else begin
while strmidiss,1,}) eg * * do isie]
wardsstemid{ss, §,.strlentns)-1i)
end

+
return, ward
end

¥
pro do _lavels, ntime
cormon coml, {1)ename, dumpname, printname,dataname, ticle
cooman comd, ssin,pview, ch2
common camd,data,nspc),phase, maxdata,mask, nmask, typemask
common conS.plot_lets, center,maxb, nbeam
common comB, windaw, xvindow, ywindow, chwin2, level
common comd,current,energy,.betagasma,restm, brightness, emjtx, enmity, emitn, nenit
common conll, version, comhead, comdats, moments
comnon coml?,chbsv, have_done,maxptype,ptype,chelllipse, chel6d. chelaci
H
1§ nmask ¢q 0 then begin & print. ‘Hust generate mask,* k return & end
if strmidissin,2,]) eq ‘2’ then begin
k10 & %X2»10 & lev«10*indgenill) & emt=flitarci(il}
lev(0ixS & lev({10)ad5
end else begin
ki=1l & k2%9 & leveiO*indgen(i0} & emt=fltarr(10
end

emxsemt & emy=emt
for k=kl,k2 do begin
levelelavik)
ger_beamlets, O
get_enittance,’ *
xemavad & yemaval
for [x],.nbeam do begln

xemav=xemav+lebtemitnii, o)

181
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282
28)
284
285
286
287
289
289
2%0
291
292
293
23¢
29%
296
297
298
289
100
3oy
302
101
304
305
306
307
108
309
ito
i
2

IR0
14
315
bR
317
318
319
320
b3}
122
12
124
32§
126
27
128
129
30
111
112
1)
334
318
336
in
e
319
340
341
342
343
144
i H
6
3
4
348
150
5%
152
353
154

yemavsyemavileSiemitnti, 1)
end
xemavaxemav/nbeam k yemavsyemav/nbeam
aves0.5¢ {xemaviyemav)
emx (k) sxemav & emyi{kjzyemav &k emrik)=ave
if ntime egq 0 then $
print,’ level ‘+stringtlevel, format="(13}*)+' ‘scomdataify
end
plot, teviklik2), emt (kl:k2),xrange={0,100), psymad,§
xtitle='Percent Level’,ytltles'Beam Emlttance {mm-pry‘,$
titlestitles’ ‘sfilename
oplot,leviklik2) . emt tkl:sk2)
oplot,levikl:k2),emx{ki:k2}),.psymed
oplot,lavikiik2}, eny(ki:k2},psymed
xxzfltarr{2) & yysxx
for k=kl,k2 da begla
xx(0)elavik} & xx(})=xx{0) & yy({Ol=emx{k} & yytli=emyik)
oplot, xx,yy

end

if emx(5) gt emy(5) then ixa§ else {xa-%
xyouts, lev{s)+ix, emx{5), X’
xyouts,levi5)-ix, emy(5), Y’

1f ntime eq 0 then begin & xx=0.4 & yy«0.93 & end §
else begin & xx=0.1 & yy»-0.0) & end

yy=yy-8.01 & xyouts,xx,yy,comdatall),/norm
yyayy-0,01 L xyauts,xx,yy,condataid}, fnocem
yy*yy-0.0) & xyouts, xx,yy,comdata{6]scomdata{?},/norm
yy=yy-0.0) & xyouts, xx,yy,comdata(9),/norm

vy*yy-0.03
if mask(0,1) ne 0 then xyocuts,xx,yy, 'Mask rotation ’‘+comdatall9),/nomm
H

fevelsio
get_beamlets, 0
get_emittance,’' *
return
end

éro label_frames,ntime, pixsum, heysum, imsum, saize

i

common coml, £1lename, dumpname, printname, dataname,title
common comd,data.nspcj, phase, maxdata, mask, nmask, typemask
common com$,plot_lets,center, maxb, nbaam

:

ftots0 & for kxl,nbeam do ftots{totedaratk,?}

if ntime eq 6 then begin
priag,’ image halo pixsum
print,’
print, ‘Totals: *

ftotal (bean)>bg’

+

* testringlimaum, formats=’ (£10.0)"')+$

¢ *satringtheysum, Format«* (£10.0)')+$

* feptringlplxsum, format=’ {£10,0) )¢}

* estringtitot, formats’(f10.0)°)1¢§

* im-hax"¢stringlimsum-heysum, formate’ {£10.0}"}
return

end

41t ntime eq 1 then iy=-0.0?7 elae ly=0.%0

dix{msuns-heysum

d2=heysum-pixsum

xyouts,0.18, 1y, f1lename, /norm

xyouts,0.52,1y,ssize, /norm

xyouts,0.18,1y-0.03, "Total pixels in {mage 48
steing{imsum, format=’ (£10.0]"), /norm

xyouts,0,18,1y-0,08, *Total pixels in hale t ‘ef
string{heysum, format="{{10.0}°)+* tef
string{d), formate* (£10,01"}, fnorm

xyouts,0.18,1y-0.09, 'Total pixels in halo above background: *+§
stringipixsum, formats  (£10.0) )+’ 3]
string{d2, format='{£10.0) "), /norm

xyouts,0.18,iy-0,12, *Total pixels In beamlets above backg 1 "»§

stringlitat, formate’ {€10.0} "), /narm
i
return
end

b
pro get_halo,ntime
common coml, filename,dumpname,printname, dataname. title
common com2, xdim, ydim, imswch, image, icbject
common comd, ssin,pvlew,ch?
common comd,data,napce),phase, maxdata, mask, nmask, typemask
comman comi,plot_lets.center,maxb,nbheam
common com?, xcmpix, yompix,drift,rhole,separation, thickness
cammon comB,window, xwindow, ywindow, chwinl, leve
H
If strpos{*24*,ch2) 1t 0 then is0=1 else begin ; g2 g2} etc.
ix020 & ch2sscrmid{ssin, 2,1}
end
s3e'y’
halosimage

for k=1,nbeam do begin

nxlscenter{k,2} & nx2ecenter{k,3}} & nyl=centertk,$)} & nyiZ=center{k,$5)

bglstotal (haloinx):nx2,nyl}) )/ (nx2-nxi+1)

bgletotalihaloinxyinx2, ny2))/{nx2-nxl+t)

bgdstotal (halo(oxl,nyliny2)}/iny2-nylsl)

Lgdstotal (halo(nx2.nyliny2))/(ny2-ayktl}

bgx0.25"(bglebg2+bglebgd)

hato{nxl:nx2,nyiiny2)=bg

1f ch2 eq '1* thea §

print, ‘beamtot: *extringik, format="(i3}"3¢* bgt, 2,3, 424§

« rsstring(bgl, formate’ {£3)'}+* 'estringlbg2, format=’{13}*)+5
* *satringlbg), format=’(13})*)+’ ’+stringibgd, fosmat=’(13)"}+$
¢ average: ‘tstringibg.format=’{id)”")

fioorsfltarrinx2-nx1+¢1,ny2-nylsl)
hala(nxl:nx2,nysiny2)sbytetfloor)

end

xx=indgentS512)

k=size(halotl & kxmaxzki{}} & kymax=k{2)

f3x=500 ¢ Isyed50

It kxmax 1t isx then begin & lax=400 & Isy=d40 & end

thalovsmoothi{halo{0:isx-1,0:1sy-1),5)

k=glze({halo) & kxmaxak{l} & kymaxaki2)

nxl=min{center{l:nbeam,2))-20

nx2=max{center(l:nbeam,3))20

nylemin{center{i;:nbeam, ¢})-20

ny2=max{center(l:inbeam, 51428

salzesc{ “istringinxl, format="(11)*)+ 1" satcingi{nx2, formats' ()"
atringinyl, format=’ {13}’ )+’ ;" 42tting(ny2, formatx’ {43}’

{f nxl 1t 0 then nx1x0 & if nyl It 0 then nyl=0

1f nx2 gt lomax then nx2=kxmax & L{f ny2 gt kymax then ny2skymax

SURFACE PLOT OF HALO

fzsmax(image)

jterebinthalo, Lax/5, tay/5)

axsnx2-nxls1,.0 & ays=ny2-nyl+l.0

py=0.5%(total (haloinxl,nyliny2}i+total {haloinx2,nydiny2)))
px=0.5*{totalthalolnxl:nx2,nyl)j+total (halo{nxlinx2,ny2)))
pa0. 9 {px*ayspy*ax)

pl=afothalo{oxt inx?, nyliny2))
p2=max(halolnxl:nx2,nyl:ny2}}
platotallhaloinxl:nx2,nyl:nyd}}

pl=pd/{antay}) & p5+p0/{ax‘tay)

my=1.24p2

surface, il

xyouts,0.1,0.90, ti1ename, /norm

xyouts,0.1,0,87,%

‘Halo min,maxt "+string{pl, format=*{13)*Yestring({p2, format="{1d)"}+4

881
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428
429
430
111
12
(RS}
434
439
416
417
48
{19
440
141
442
43
L¥T)
415
446
37
ua
£49
450
451
€52
45)
454
455
456
451
58
459

t60
I
162
463
464
465
166
167
168
169
€10
(13
2
47
M
75
1416
k2]
118
419
480
181
4812
481
8¢
485
486
.87
11
48
90
491
492
t9)
[t
495
456
T3]
698
439

500

: tota)’sssizes «‘sstring(p), formata* {£10.0)" )%

* ave=‘estringipd, formata’(£5,1)'), /norn
xyouts,0,1,0.84,¢

‘Background’ issfzes+’ total=’vatringlp0, format=* {£10.0)")+$

4 aves‘satringipsS, format="{£5.1)'}, /norm

CONTOUR PLOT OF HALO
if ntime &g O then begin
ss=' ' & read, ‘Contour plot <y,n,qluits,a)bort *,ss
1f s2 eq ‘a’ then aborg
If ss eq ‘g’ then return
end
it s3 ne ‘n’ then begin
contour,hatoinxlinx2,nyliny2),nlevels=20, xatylaxl, ystyles1
xyouts,0.1,0.90, {1lename, /norn
xyouts,0.1,0.87,§
‘talo wmin,max: ‘sstringipl, format=" {13}’ }estringip2, format=*{id) "), /norn
il ntime eq 0 then wser,2
contour, image{nxl:nx2,nyliny2},nlevels=20, xstylesl, ystyle=t
end
it ntime #q 0 then begin & wshow,2 & wahow,d & end

H
; TV PLOT Of HALO

if ntime eq ¢ then begin

s5%° * L read,'TV plot of hale <y,n,qluits> *, ss
1f 58 eq 'q* then return
end

i1 32 ne '‘n* then begln
If ntime eg 0 then wset,2
tvscl, haloinxt:ax2, nyl:iny2)
end

Vertical sllces through halo

if ntime eg 0 then begin
waet,0
28=' * & read,’Vertical slices <y,n,qluits.albort * sx
if 25 eq ‘s’ then abort
1t as eq *q’ then return

end

hey=floatihalo)

if 32 npe °n' then begin

: get sverage background

bg=fltary tkxmax)
for kaS,nyl do bgabgihey(* k)
for k=ny2,kymax-5 do bygxbgiheyt®, k)
bgsbyteibg/inyl tkymax-ny2})
pixsums0
heysumstotal they(nxl:nx2, nyl:ny2)} & imsum=total(image{nxl:nx2,nyl:ny2))
for k=nyl,ny2? do plxsumsplxsumitotal{hey(nxl:nx2,k}-bg{nx}:nx2}}
it ntime eq 0 then lsbe!l firames,6,plxsum, heysum, Imsum, ssize

it 150 eq 1 then begin
if ntime eq 0 then wsey,d
plat,xx, halof*, (nyleony2)/2) xstylesi,xtanges{0,xdim},yrange=[D,my}, /nodata
tor k=nyl,ny2,5 do oplot,xx,halol*, k)
label_€xames,ntime, pixsum, heysun, imsum, sslze
end

1f ntime eq @ then wset,?2
plot,xx, hala{*, (nyl+ny2)/2).xatylesl,xranges{0,xdim),yranges [0, my|
for k«5.nyl,5 do oplot,xx,halai*, k)
for kany2,kymax-5,% do oplet,xx,halo{* k)
label_frames,ntime,plxsum heysum, Imsum, sslze
plots, Inx1,nx1},10,0.5*my] & plots, {nx2,nx2].10,0.5ny|

If ntime eq O then wset. 4
plot,xx, hey{*, {nyliny2)/2) -bg, xrange={0, xdim},yranges (0, my],xstytax}
for kx=nyt,ny2,5 do oplot,xx,.hey({*.k)-bg
tabel_frames.ntime, pixsum, heysum, imsum, ssize
plots, Inxl,nx1),{0,0.5'my} & plots, [nx2,nx2),{0,0.5my]

501
502
503
S04
505
508
507
508
503
510
s11
512
513
514
518
516
517
518
519
520
524
522
523
S
525
526
527
528
529
530
531
532
533
514
535
536
517
538
5319
540
541
542
543
544
545
546
547
548
549
550
551
552
551
554
555
856
557
550
559
560
561
s62
563
564
565
566
567
568
569
570
571
$72
513

end

: Horizontal slices through hale
if ntime ¢q 0 then begln
ans’ ' &k read,'Horizontal slices <y.n.albort *,ss & if ss eq !a’ then abart
end
Lf #3 na ‘n' then begin
H get average background
bgaflrarc(kywax}
for k=5,nx1 do bg=bgihey(k,*)
for k=nx2,komax-5 do bgabgtheylk,*)
bgxbyte(bg/ {axlskxnax-nx2))
pixsum:0
heysum=total (hey(nxt:nx2,.nyl:nyZ}) & Imsumztotal{imageinxl:nx2,nyliny2}}
fot kenxl,nx2 do pixsum=pixasumitotal (heytk.nyt:ny2}-bginyl:ny2))
if ntine &g 0 then label_frames, 6 . pixsum heysum, imsum, xsize

1f 150 eq t then bepin
If ntime eq 0 then wset,0
plot, xx,heyl(nxlenx2}/2,*},xstyle=1.xrange={0, ydim).yrange={0,my}, /nodatas
tar k=axl, nx2,5 do oplot,xx, hey(k,*)
label_frames, ntime, plxsum, heysum, imsum, ssiza
end

1€ ntime eq 0 then wsar, 2
plot, xx, hey((nxlenx2)/2. %}, xstyle>], xrange={0,ydim|.yrange={0,my}
for k«5,nx1,5 do oplot,xx, heylk,*)
for ksnx2,kxmax-5,5 do aplot,xx,heyik,*)
label_frames,ntime, pixsauw, heysum, imsum, sgize
plots, inyl,nyl), {0, 0.5%ay] & plots, {ny2,ny2),(0,0.5 sy}

If ntime eq 0 then wset.d
plot,xx,heyl®, {nx1+1nx2)/2) -bg. xrange={0, ydim],yranges{0,my), xstylesl
tor kanx!,nx2,5 do eplot,xx,heytk,*})-bg
l1abel_frames,ntime,pixsum, heysum, imsum, ssize
4 plora, inyl,ny1),{0,0.5°my} & plots.|ny2.ny2},[0,0.5my)
en:

i

1f ntime eg D then wset,0
return

end

Jueeaseacana e ma—emasanana omsmmumeaiann ammaen whetmmaemesmasaaan
3

pro dumpfile, fname, csw
i ‘--- s)ave, r)ecall

common coml, filename, dumpname, printnama,dataname, title

comman com?, xdim, ydim, imswch, image, iobject

common com}, sein,pview, ch2

common comd,data,nspei, phase, maxdata,mask, nmask, typemasgk

common comS,plot_lets,center,maxb, nbeam

comman com?, xcwmplx, yerplx,debit, rthole, separation, thickness

common comB, window, xwindow, ywiadow, chwing, Ievel

common comd,curtrent, energy,betagamma, restm brightness,emftx, emlty, emitn, nemlt
common comlO,xcent,ycent,nxcent,nycent, imin, imax, background

common comll, ipass, bradius, xave,yave, ibsamn, jradius.bjj

cammon comi2,nb,type_slice,xslice,yslice, prange,chsavel,chsavel, chsavel
comnon comlS,version, comhead, comdata, moments

common comlé, xwcent, ywcent, xpix0,ypix0,pinsize

common coml?,chbsv, have_done,maxptyps.ptype,chellipsa,cheléd,chelscl

conmon comlD,scales

cammon com2l,max.maskliat

1€ stelentfname} eq O then begin

read, ‘Enter dump filename: qluits °*, fname

If strlen{fname) eq 0 then return

Ltf fname 3 ‘Q' then return
end
1f (strposifname,‘/*) eq -1) and $

{strxlenfcomdata(ls)) gt 1) then fnameecomdata{l6)+frame
i

{f caw eq ’a’ then begin & se='* ; SAVE file {name for xestart

Naro-

Maw P4 1GQ7 LE.AALIA

681
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57¢ Junk=0 647 lineefltarr{nbeams1})
515 openw, 1, fname, /variable 648 for k20,2 do begin ¢ readf, 1, 1ine & mask{0:nbeam,kizl{ne & end
576 printf, 1, filename 649 close, )
517 printf, 1, comdata{17) 650 maski{st{0,0)=nx & maskliat{0,1)xny
578 ss=string(imin, lormat-'(lSl')uttlng(lmx.lnmat-'(lS"Ios 651 for kel,nmask da mulk(k.Z)-qut(musk(k.D)"I‘mask(k,l)‘ll
579 slrlnq(bacquound.formnt-‘(lS)'los 652 for k=0, maxptypa da Ptype(k}=0
580 nr!nq(xdlm.(ormat-'HS)‘)o:trlnqudln, formats'({5)*) 65) 1
581 prlntl.l,lchompren(lx)os 654 comdata{0}at{lenames* (' +datanames’) ‘eversion
582 ’ \ lmin,lmnx.backq,xdln.ydln‘ €55 l:ondnu(ll-‘l‘uulnq(xdln.(ornat-'(Ul‘h'. ’utdng(ydlm,format-‘“))'h'l
581 ssutrlnqlxcn\plx)utrlnqucmplx)utxlnwldr“ths +
S84 lulnq(rhola)ulrinq(sepuutian)utrlng(thlcknesﬂ 656 co-du:ulﬂ-‘l'utrinqllu!n.lnmat-'H]l'H'. '8
LEH prlnt(,l,nrcompresl(.uh' AN x,ycmplx.dr“t.rhnll,xep‘ 857 l(rlng(h\ax.(omntl‘(ll)')o‘] 'unlnq(bncquuund,Iumal-‘ll]l‘)
586 ssrstrlnq(vlndow)unlnq(wlnduuiutrlng[ynlnduulutxtng(lnvtll 658 condatl()l-'l‘uulng(xcmplx,(ormat-'(l'l.s)'lo','os
587 prlnt(.l.urcompress(u)'s 659 atxingilycmpix, formata’ (£7.5) )40} .
588 ‘ window, xwin, ywin, level * 660 ccmdatl“)-‘l'utrlnq(energy. formats=’ (f8.4}7)+*, ‘e $
589 u-:trlnq(current)ostrlnq(enerqy)utrlnqlbeugamuhs 661 lLrlng(betnqnmma,foxmatt'(fs.ll'h'l ‘o8
590 :tring(reumlntrlng(briqhtnes:lutrlnqlemhxlutxlnqlenlty) 662 ltr]nglre:tu.fnnnnt-'(nz.))‘)
591 prlnlf,l.stxcumpreu(n)o' \ Amps,HeV,betag, xyemit*® 66) condnnlSl-'l'astllngl]'xwlndow. formats' ([} )o*, 248
592 ss-urinq(ipanw).(omutt‘((s.zl')ostrlng“pu-(l).fomat-'(ls.zt') [11] ntrlng(!‘yu(ndov.lntmut-'(l))'lv .
5913 for k=0,7 do ls-lsostrlnqllcalenkl.!okmat-‘(fﬁ.ﬂ') £65 comd-t-(ﬁ)s'l'ntrlnq(rhol.. furmat-'(lB.l)')O‘,‘os
594 plintf.l,:lrcompressln)o‘ \ lpassn,scnleaisl‘ 666 string(separation, !onnat-'((a.l)')b‘. ‘a8
5§95 u-xtr]nqlnbeamlo-trlnglnmuk)OStdnq(typemaskl 667 nrlnq(thlcknen,lurmut-'(lﬂ.“'lo') H*
596 prlnt(,l,ltrcompre:s(s:)os 668 comda:n(?)-lnlnq(drlll,fnrmat-'llﬂ.dl')
87 . \ nbeam, nmask, typemask 669 : comdatat8). (11}, (12), and comdata{l3}t will be set In get_emittance
598 printf, ), "DATA() - 670 avez0.5* {em{txsemity)
599 prlnk(.l.datalﬂ:nbuml.‘) 671 comdntulﬂl-’('ﬁltrlng(emltx.fornat-'“'BJI')0','0$
600 printf, !, *CENTER(}* 672 -trlng(emlty.lormat-'((ﬁ.l)'lﬂ'l'os
601 prlntl.l,ctnterlo:nbeamd,‘) 61) Ave:’utrlnq(nve,lolnnt-'l“‘]l'hs
602 printf,1, "MASK(}* 614 . nnu-:'ulrlnqlnvn‘betngnmma.lormnt-'(”.”'l
603 pllnll.l.maskllst(0.0).maskll:t(0.ll.junk.junk 615 sdj=0
604 pxlnt!.l,msk(o:nbeam.') 516 cumdnta(’l-'l‘ostrlnq(curnnt.lormAt-‘l(L?)‘)O'('d
605 close.1 & print, 'File ‘tfname+’ written: & return 6§17 strlng(lpalilo),format-‘(fﬁ.))‘)&‘/"S
606 end else § 678 ltrlnq“puu(l),lornwt-'(ll)'li'l.'os
£07 : 619 :trlnglbrlqhxneu,fonnal-'lelo.zl')o' 1-'e8
608 1f csw eq “r’ then begin & ss«'' ; RESTART from saved file 680 nrlng(sdj,{armat--‘28.2)‘10'1'
609 numsfltarr (20} 681 cnn\datallol-strlngllevel.furmnt-'(Hl')
610 dataname={name 682 comdata{l7)atfitle
&11 openr, ), fname 68) cumdnl(U)-nrlnq(ma-k(ﬂ.ll,lurmnl-‘((ﬂ.l)‘l
€12 peint, *—-eunio L. T e e e eneneiiaa A LT P PRIR ‘ &84 end
613 readf, 1, filename & print, filename 68s :
61l readf, 1, title & print,title 686 return
615 readf,1,ss & decode, $5,num, n & print, ss 687 end
€16 imin=fix(num(0)) & dmax=fixinumil)) & background=numi2} 688 H
£17 xdimefix(num{d}) ¢ ydimafixinum(4)) 689 R T R L LT T PP e R T PP R T e
616 read{,}, ss & decode, 3, num, n ¢ print,ss £50 i
619 xerpixenum{0) & yoempixenum(]) & dedfeanum(2) €91 pro autoview
§20 thole=num(3) & separation=numid} & thickneul:numlS) 692 common cnml.lllenume.du.mpnuma,printnnme,dutnname.tltla
621 readf, 1,88 & decode,ss,num,n & print, ss [13] common com2, xdim, ydim, imswch, image. jobject
622 windowz¢fix{num(0)} 694 comnon con7.xcmplx.ycmpix.drl(t.rholn.n:pantlcn,thlcknt-s
62) xwindowsfix{pum(1)) & ywindowsEix {num(2)) & levelafix{num(d}) 695 common cumlo.xcent.ycent,nxr:tnt,nycenl.lnln. imax, background
62¢ readf,1,ss & decode, 58, hum, n & print, ss 696 common coml), sub_range
625 currentsnum{0) & energy=num{l) & betagammasnum(2) & restm=num{}) 637 common cu-l5.vnrslon.comheud.comdall,mnentl
626 brightness=num{d) ¢ emitxxnpum(5) & emity=num(6) 698 :
621 readf, 1,53 & decode, ss,num, n & print,sse n=‘+string{n} 6§99 sclocssub_range.seloc
628 ipass{0lsnum(0) & ipass(1y=<numiy) 100 nfiles=0 & maxfile=} & lpetiles=o
&29 £ nge ¢ then begin 701 modes’ ‘& nptimes=0 ¢ praws’ * L {type=’ * & ftypes=‘ *
630 far j=0,3 do scales()=num(f+2) 702 ch=' * & loerrors’ * § Eilelfgtart § gpaee ¢ fllenames’*
611 it n eq 10 then for J=4,7 do scales(f)=nunifs2) 703 pool-'012]456799;bcde(ghljklmnoppqrstuvwxyz'
632 end 704 pathxcomdata({l5) & fone'filelfst,dat’
£11 readf,1,ss & decode, 35, num, n & print, ss 105 tead, ‘Entar directory path {LF for none} =2> *,nath
(31} nbeamxfix{num{0)} & nmasksfix{numf1)) & typemaskafix{num(2}) 106 it (strien(path) gt 0) and ¢
635 1 7017 (llrmld(plth,ltrlenlpnth)-l,l) ne ‘/*) then pathepathss*
€16 maxbs0 08 read, ‘Enter Flilenames, or Liist_filename <f,}> an» ‘,frype
§37 plot_lets{*,1)s1 709 1€ ftype eq *£° then begin
618 i 710 read, ‘Enter *¢.RAS* fllename ‘. tilename
619 readf, ), us ¢ print,ss i DATAL{} 711 read,’ How many sequential files *.nflles
640 linesfltarr{nbeamsd} 7112 nnxstrpos{filename, ‘., ras’)
641 for k0,8 do begin & readf, 1, ine & datai0inbeame2,k}=line & end n3 root=strmidi€i)ename,0,nn-2) ¢ luH-ltrmldlfllannme.nn-l,l)
€42 readf, 1, 55 & print,ss CENTER{) T ncl-urpn-(pool.ltmld(-uﬁ,o.l)) & ncZ-urpos(pool,urmld(luf[,Lln
641 Uinexintarrinbeamsd) 18 1 niiles )t 1 then nfilessi
(11} for kx=0,5 do begin & readf,},line ¢ center (0:nbeam¢2,k)sline & end 736 end else If ftype eq '1* then begin
645 readf, 1, g3 & print,sy ; HASK () 717 read, ‘Enter file name t.Fecuses ‘tfne’s ==> * 28
646 readf, 1, nx, ny, junki, junk2 118 1€ strlentss) eq 0 then fllelisteln elge filelist=ss
Nara. $9cie N4 +ARY 7 . ms s

061
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119
720
11
722
72)
721
125
126
m
128
729
230
M1
132
13}
734
735
736
17
78
718
Ho
741
42
(LR
Té4
745
HE
n1
748
19
750
751
152
753
754
755
756
182
758
753
760
761
762
})
164
765
766
767
768
769
770
m
m
m
4
715
176
M
770
113
180
181
182
74)
T84
185
186
787
784
189
790
791

end else return
read, ‘Ajutomatic, Mpanule mode
1f th eq ‘m’ then auto20 else auto=}
tead, ‘T)V_image,Sjurface,C)ontour
read, ‘Smaoth image
ch=strmidiss,0.1) & gmooth«0
L1f strpos('0123456789°' .chl ge 0 then begin
smoothsbytelich)-byte('o*)
if strlentss) gt 1 then smoothx10*smocthebyte{strmid{ss,i. 1)) -byret' 0"}
and etze {f ch eg 'y’ then read,’Enter smoothing width <3, ..> ‘.snooth
read, ‘Hard copy <y,n> s=> ‘,pisw
1f (auto eq 1) and (prsw eq ‘y*} then $§
read, *Enter numher ot flles to print befars l(m:out £3 I
print, tmes e i .-

<a,m> =x> ‘,ch

<t,s,c> »3> *, {type
<y.n,3,.9> s> " 5%

x> '.nnxllll

ntilc-o & If ftype eq *1' then openr,1,fllelist

next: nfilesnfilesy
if tiype eq *1° then begln

veadi, ), 28 & 1f 85 eq ‘end’ then goto,myexit else filenamexss & end §

elze L€ (ftype eqg ‘£*) and inflle gt }) then next_file
restart=" * & loerror='A’ & readfile,loerror,restart
if amooth ge ) then image=smoothilimage,smooth)
fix_lmage, ‘r*
slensstrienitlitle) & If sten gt 30 then slensd0
ahorte’ ‘sstamidititle,0,slen-1)
print.stringinfile, fosmat="{i2})+*, *+lilenames’ ‘eshort
itypesatrlowcase(itype}

;'»mm
1€ icype eg “t* then begin & tv, image & xyouts,0.15,1,00,{tlenane, /norm

1f (ntime eq 1) then begin
xyouts,0.10,-0.0), fi}ename, /noxm & xyouts,0.160,-0.06,tltle, /norm & end
end else §

Lt itype eq 's* then bagln & get_rebin, simage . cx.cy
surface,simage, xtftlex'x’, ytitles"y"
xycuts,0.14,0,90,ff ename, /norm & xyouts,0.14,0.87, ticle, /norm
slmages0
end else §

1t itype eq ‘e’ then begin
step=fix(0.05° (imax-background)} & levela=fixi{background)+step*indgen(20}
sa='0ridixt:x2,yliy2} ‘ssclocs’ Levals='+$
string(levels{0), format="(id}* h'..'ostrinonev-hnn formate=‘(§3)*)+$§
* In steps of 'ostrlnq(:tep.laxmal-’l\l)
contour, simage,cx.cy, xstylesB, ystyla=6, levelsslevels,$
amargine(g, 8}, ymarginsid, 4], xtitlea'x{cm} ', ytitles‘y(lcn) ‘', subtitle=ss
axis, xaxig=1, xrangea{0,xdim-1},xstylesl, xtitle~"x(pixels)’, ticklen~-0,02
-xll.ynxln-l,yrnnac-lo,ydlu-ll.y:ty\t-l.ytltl--‘ylplxalnl’.tlcklen--o.ol
xyouts,0.14,0.85, filename, /norm & xyouts,0.14,0,82,title, /norm
simagesd
and

i€ smooth ge ) then begin
if ntime ¢q 0 then yyx=0.90 else yyx=-0.10
nmuu.o 20,yyx, 'Smoothings " ¢stringlsmooth, format=’ {12}'}, fnorm

ll lnllac eq 0} then begin
{f auto eq ! then walt,10 else begin
read, ‘Next plot <y,n> ‘.ch & 1€ ch eg "n‘ then goto,myexit & end
end
{f {praw ag ‘y‘} then §
1f (ntime e 0) then beglin & ntimesl & roots«'idi.ps’
set_plot, 'pa’ & device, filenamesroot
print, ‘Hald on , generating printed output ‘+root & goto,plotit
end else begin & ntimex0
; device,/close
spawvn,'ipt ‘vroot & Yprilleaclprfileast
if lpriiles eq maxfila then §
begin & times0 & lastffle=*’ & chf=’’
messages‘Halting 3 minutes for print *QUE" to empty’
pring,* ‘smegsage
pauske: walt,180 & spawn,’lpg > temp.lpq’ & timestime+l & nlpqe-1

191
79)
9
195
196
197
798
199
800
801
802
a0
804
805
BOS
8907
a8
809

openr,2,temp.lpqg’ & readf,2,messsge & messagexzircompressimessage)
while not e¢ofl(2) do begin & readf,2,lastfile & nlpg=alpgel & end
close,2
sx2’ / ‘satringltims, formats" {12} *)+* minutes
chfsstrmid(lastflle, 0,1} & L€ cht eq *n’ then nlpq=l
sxxaststringinlpq, format=*(12)*)¢+* flles in QUE’
pring,* s=>'imelsagesss
it (nlpg Ve 1} then goto,continue
1f (mewsage na ‘no entries’) then goto,pause
continue: lprfiles=0
end
ast_plot,'sun’ & ip.color=0 & !p.background=16777215 & end else walt, 1%
1f (Etype og ‘1*}) or ((ftype eg “[') and (nfile It nfiles)} then goto,next

H

myexit: {f ftypa eq "1' then clase,l
return

end

H
pro fix_data
i
comman comd,data,nspc),phane. maxdata,mask, nmask, typemask
common com$,plot_lets,center,maxb, nbeam
comman com?, xcmplx, yomplix,delft,thole, separation, thickness
comman com8,window, xwindow, ywindow, chwin2, tavel
commnon comlD, xcent,ycent,axcent,pycent, imin, imax.background
comman conli,nmax, masklist
H
chs* * & lixtyp- [
print,*re-rmmcvceana R e e B it m———— amremsmim—esann. .t
print,ch .
tead, ‘Fin clenters, limage, mlask «c,{,m, qlult> 7 fixtype
If strpos{’cim’, fixtype) It 0 then return

It fixtype eq *1* then {ix_frags,*{‘ else §
it Iixtype eq ‘c’ thea f{ix_beam,ch alae §
if fixtype eq 'm' then fix_mask,ch,0

{€ ch eqg ‘q’ then return

ch='x"

get_beanlets, 0

gat_emirtance,ch

i N
return

end

H
pro rotate_sask,ch

common coml, filename, dumpname,printname,datanama,tltle
common comd, ssin,pview,ch?

common comd,data,nspcj,phase, maxdata,mask, nmask, typemask
comman comS,plot_letz,center,maxb, nbeam

common con?,xcepix,yomplix,drift,chale, separatian, thickness
common coml$,veraion, comhead, comdata, monents

H
$f ch eq ‘I’ then begin
print, ‘Hask rotatlon of ‘scomdata(l19)+' removed.’
ang=-mack{0, i}

end else begin ; ch2 eq 'k’
i€ nmask It I then begin & print,‘Firat generate the mask’ & return & end
print, 'Enter changa In mask rotatfon angle (deg) ‘4§

string(mask(0,1), format=‘(€8,3}°}4! =ny» *

sasget_ward{ssin) & angxfloat{sa)

end

3
mask (0, 1) =mask({0,1)¢ang & comdatatl9)estring(mank(0,1), format=’{E8.1}"}
pi=tpl & ang=ang*pl/180.0 & sn=siniang) &k cs=cos{ang}
for k=l.nmask do begin
xamask(k.0) & yamsskik,1) & maskik,0}=x*ca-y*sn &k mask({k,l)=x*sn+y‘cs

end

e

-
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865
1113
867
868
869
820
811
872
81}
874
8475
b
a1?
LX)
£873
(114
B8t
862
683
ELE)
885
986
8287
6ae
889y
890
g91
892
89)
134
895
&36
837

it ch eg 'k' then ger_ealttance,’ *
;eturn
end

H

T T L LT PP T T T Ty epupio s —u——

i
pro Lix_mask,ctype, newbeam
i
common comd,data,nspel,phase, maxdata, mask, nmask, typemask
common comS,plot_lets, center,maxb, nbesn
common con?, xcmpix,ycwmplix,drift, rhole, separation,.thicknass
conmon com$, window, xwindow, ywindow, chwinz, level
common comll, xcent,ycent,nxcent,nycent, lwln, Imax, background
common comls,version, comhead, comdata, moments
common com2l, nmax,masklist
t
1ize=*’ & ch=‘s’
; must un-rotate mask hefore fixing.
1f magk{0,1) ne 0 then rotate_mask, £’
iIf typemask eq 2 then gen_round,ch § ; <<=--- ghow rings and hales in use
else gen_rectangular,ch

numsfntarc(nbeam}

it newbeam eq 0 then begin
print, ‘Fix mask’
print,”’ al enter il{sy of peamlets to be re-agsocisted with mask:*
print,’ bl enter range to be shlift e.g. *23-32 -3* shifta 23-32 left 3:*

print,'=cecenacr e an s ea——— mesvcaaas cmmmant
cead, st
1f strpos{list,‘-*} gt O then begin ; range of beamlets to shift left-right
dolist=0
mastrpostlist, ‘-'} & bllk=strpos{lise,’ ‘)
ns=fix{stemid{list, O, m})
n2efix(stomid{tist, med, bik-m))
nshitsllx(get_word{list, 1))
end else begin
dolistsl & decode, liat,num, nn
end
end else begin : call from fix_beam, add newbeam mask
dolist»1 & nnznewheam
for k=0.nn-1 do numtk)=nbeam-k
and

xxxfltars(S} & yy=xx & dxa0,)1*separation & dy»dx
xx{0}a-dx & xx{l}=dx & xx(2)sdx & 2x(3})e-dx & xx{4}w-dx
yy{0)a dy & yyll)=dy & yy(2)x-dy & yy(M=-dy & yy(d}=dy

if dolist eq 1 then goto,dolfist

for keng, 02 do begin
oplot, masktk,0) vxx, maskik, 11 ryy,color=t€171244
mask{k, 0} =mask{k,0)+nshft*separation
raskik,2}=sqrt (maskik, 0)~2¢maskik, 1}°2)
oplot, maskik,0)exx, mank(k, 1} eyy
xyouts,maskik, 0} -dx/2,maskik.1)-dy/2,stringlk, farmats=’{13}*}
end
return

dolist;
for k=0,nn-1 do begin
Llenum{k}
read, ‘Enter mask hole number for beamlet ‘+string(l, formate’ (§33°)s* -->*,§
oplot,maskit,0) txx, mank{i, 1) ¢yy, color=16777214
maskil,0)smasklist{i,.0)
mask{f,1}emasklise(f, 1)
wask{i,2)nmask)lse(j, 2)
aplot ,mask{l,0)axx, mask{i, 1) +yy
xyouts,maskll,0)~dx/2, mask{i. 1) -dy/2,stxing{i, format="(13)"}
end
H
ctypas‘q’
return

Nov24 1897 16:01:30 © ' ' pepperpot.pro Page 14

L]
919
940
41
942
943
q44
945
946
47
948
949
950
951
952
953
954
955
956
857
958
959
960
961
862
96

H

i
pro fix_bean,chi

coxeon coml, xdim, ydim, Imswch, image, fobject

common com),ssin,.pview,ch?

common comé,data,nspci.phase, maxdata, mask.nmask, typenask
comson tomS,plot_lets,center, maxh, nbeam

common com?, xcwpix,yorpix, drift,xhole, separation, thickness
comman com, window, xwindow, ywindow, chwin2, level

common coml, xcent,ycent,nxcent,nycent, ioin, imax,background
cotmon comll, sub_range

common comlS,version, comhead, comdata, moments

comman comi?,chbsv,have_done,maxptype,ptype,chellipse,cheléd, chelscl
cormon conll,nmax,masklist

chs® ¢
1 chi ne *1* then begin

read, *Aldd, Dielete beamlets <a,d,qlults> ', ¢ch
It strposi{‘ad’,ch) It 0 then bagin chi='q’ & return L end
chlsch

end

If chi eq *a’ or chi sq *1° then begin ; add beamlets from contour plot

chla® ¢ & ch2«’s’ & s3=' * & ptypai{lin) & ntimex73
if ch aq *a’' then §

pet_sacale, ‘+* ; set contour scales to significant reglon of image
doplats,chl,ss,ntime ; plot contour of image
ptype(l}=0 : muppress contour plot on return to main routine
tvers, 150,150 . 3 move cursor into Image window
print, ‘Click LEFT mouse button on beamlet to sdd, RIGHT quits.*

xi20 & yis0 & naddeo
sclocasub_range,scloc
Ix0=fix(atemidiscloc, 1,3)) & lyd=fin{ztrmid(scloc,9, 1)}
while ferr na 4 do begln
cursor,x,y,/data
€ x ne xi and y ne yl then begin
xlex & ylay & ixslxO¢fix{x/nempix) & ly=iyO¢fix{y/ycmplx)
naddenadd+1
nbeamanbeamt ]

adjust ix,ly so that it ls at the max value within this beamlet
Ixminelx-5 & banaxsix+5 & tymin=jy-5 & lymaxeiy:$
jmax=max{imagetixmin:lxmax, lymin:iymax})
lecswhere(image{lxmin: fxmax, lymin: lymax) eq jmax)

te=lecio)

nx=ixmax-Hanintd

fycaic/nx

ixc=lc-lyetnx

fyc=iyminelyc

ixculxnintixe

center{nbean,0}sfxc & center(nbeam, 1}=iyc
center(nbeam, 2} =ixc-xwindow & centerinbeam, 3)»fxcexwindow
center{nbeam 4} ={yc-ywindow & centerinbeam, 5)=lyct+ywindow
plot_lets{nbsam, 1}=1
print, ‘Addlng beamiet ‘¢string{nbeam, format=’ {13} }e$

* Ixe,iyce’tstringiixc, format="113)*} ¢, “estringtiye, formate’ (43)°)

ke«nbeaa
lobject {centaxik,2)jcentar(k,3),center(k, {}:centerik, 5))=0
wask {(nbeam, 0} =mask (nmask, 0}
wask(nbeam, 1) smask{nmask, 1)
wask{nbean, 1) «maskinmask, 2)
nnasksnmaske)
end ; if x,y polnt
end | while
adjust_centars
ssine't2x* & plot tv_frame,0 & wset,0 b asin=' *

Nara-
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1010
1011
1012
jo1)
104
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
10314
1032
10))
103¢
1018
1038
1617
1038
1019
1040
1041
1042
1043
1044
1045
1046
1047
1048
1043
1050
1051
1052
1053
1054
1056
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1089
1070
1071
1072
1073
1074
1035
1076
1on
1078
1079
1080
1081
lo82

i

H
H
i
H
1
i

ii=strposicomdata(l},’ beamlets’})-3 & Il=strlen{comdatatll)}
comdatatl)=strmid{comdatail),0,41)14
string{nbeam, format='{13)’)estrmid{comdatall), tied, §1-84)
it chl eq *1’ then return
fix_mask,’'a’,nadd
end else begin ; defete beamlatts
ntimes=0 & chw=' ‘' & szs* °*
plot_window,chw.ntime
print, ‘Encer list of beamlet numbers to delete.’
tead,’t ‘,us
if strlen{ss) eq 0 or 33 eq 'g’ then return
numcintars (nbeam)
decode, s3,nun, nn

H ordey list in decending numerical value

nk=nn
for ksQ,nk-{ do §
1f numik} 1t 1 or numik) gt nbeam then begin
nn=nn-1 & for j=k,nn-1 do pum(j)=num(j+})
end

for k«0,nn-1 do $
for jaks+l,nn-1 do §
1f num{j} 1t numik} then begin
ten=num(k) & num{k)=num{j) & pum{j)=isn
end

for %k=0,nn-1 do begin
ibanum(k}
1€ §b It nbeam then begin
tor j=lb,nbeam-1 do center(j,*)scenter{j¢l,*)
for jaib,nbean-1 do mask(j, *)=maskijsl, *}
end
print,‘Deleting beamlet ‘4string{ib, formats’(13}°}+* ‘,nbeam, nmatk
nbesnsnbeam-t
nmagk=nmask-1
end
lisstrpos{comdata{l},’ beamlets'}-) & il=atrlen{comdatail)]
comdata{lj=stemidicomdatall), 0 1{}es
string{nbeam, formate’ {3}’ }+strmid{comdata(l), 44¢),11-1})
end

H
pro fix_limage,csw

common com2, xdim, ydim, imswuch, image, 1object

common com},ssin,pview,ch2

common comil, xcent, ycent, nxceant, nycent, imnin, imax, background
common coml 5, version, comhesd, condata,moment s

csw='b’ called from main *"Ba® and smooth_data for background subtraction
csw='E’ called from main *E* {or image enhansement

csex’1’ called from fix??2_data for remaveal of dead plxels

cses'r’ called from readflle to set ain,imax and background

cse='a’ alternate pixels are 2210, set equal to ave ot naighhbora

ch=' * & gga’’
1f csw eq ‘s’ then begin
evenss0 & oddssD
for k=0,ydim-2,7 do evenawevens+¢image{xdias2,k)
for kal,ydim-2,2 do oddssodds+image(xdim/2,k}
print,'Sum of evens e *,evens,’ pixels at xa*,xdin/2
priat, ‘Sum of odds » *,o0dds,’ plxels at xs*, xdim/2
read, ‘Fix R)eturn,Elven,0)dd vert.pixels (Chose small value}) <e,o0,r> *,51
1f tas eq 'r*) or (atrleniss) 1t 1) then return
it 52 eq ’¢' then kO=2 elsge k0=l
for kek0,ydim-2,2 do Image{* k)luiimage{* k-t}/2}¢e{imageis ke¢1}/72)
end else §
if csw eq 'b* then begin

1083
1084
1085
108§
1087
1088
1089
1030
1091
1092
1093
1091
1095
10846
1097
1098
1099
1100
1100
1102
1103
1104
1105
1106
1107
1108
1109
310
1111
13112
1113
1
111§
1116
1117
1138
1393
1120
na
1122
1121
Hao
3128
1126
1127
1128
112%
1130
1131
1132
1133
1134
1118
1135
1131
1138
1139
tido
1141
112
114
11
1145
1146
112
1148
1149
1150
1nsn
1152
1153
1154
1153

1f jch2 eq ’s*) and (mlnlimage} gt 0} then §
bagin & imsgeximage-miniimage] & wiet,2 & tv,image & waet,0 & end
get_beamlets, D & get_emlttance,* '
end else §
it lcsw 2aq ‘e’) or {(csw aq ‘E’) then begin
fain=min{image} & imax=maxilimage)

scala=254.0/(laax~imin)
1f caw eq ‘E* then begin
read, ‘This will scale Imagel*) by ‘+stringi{scale, formata'{f6.3)°)+$
* for range of 0..254 pixels, continue <y,n> ‘,ch
if ch na 'y’ then return
*
inagesbyralscale’ {Image-imin))
1€ caw eq 'E' then begin & get_beamlets,0 & get_emittance,’ * & end
weet,2 k tv,imsge & wset,O
end alse §
1f csw eg *{* then begin & che’ * & lmx=’"
print, " -~-= eetacroncas
print, *1f Imaps has desd plxels, then image(?)=¢ and we can not subtract’
prine, ‘background, this fix zets image{*}zi{min so that the "Ba* works'
print, *You may allso set the image floor to zero, i.e.. lmagel*)<fiocorag’
pring, ‘and {mags{t}»Dximage(*)-floor’
tead, 'Fix D)wad pixels, Zlero_flacr <d,z,qluita> =ex *,¢ch
it ch eg 'q* then return
read, 'Enter Jevel, LF uses {'+atringlimin, format=*{£3}"}+*) =n> ’, Imx
if serleniimx} 1t 1 then Imx=imin & {sx=byteifixiimx))
it ch eq 'd' then begin
{ndexswhere(image it Imx,count)
1€ count gt 0 then Image({lndex)simx
end
Lt ch eg "2’ then begin
indexswhere{image It imx,count)
print, "'Number of locatlions to be zeroed Is ‘satringlcountl
i1t count gt O then begin
image{index}=0 & Index»whare({image gt 0)
Imagetindex}=image{index)-imx
end elge i{mageximage-imx
end
end

backxstotal {image{*,0}}/xdimstotal{image(*, ydim-1})/xdim
backystotal {image{0,*)}/ydimitotal {image(xdim-1,*))/ydim
background=f{x{{backxrbacky)/4.0}
iminemin{image) & Imaxsmax{imagel
comdata{2)=’[*+stringilmin, format=? {13)*)e*, *¢$

stringiimax, format=’{13)°)¢'] ’+string(background, format='{i3)*)
print,comhead(2) scomdata(2)
H
return
end

i
pro plot_tv_frame,ntine
i

common coml, filename, dumpname, printname, dataname,titie
common coml, xdim, ydim, Imswch, image, lobject
caerwmon coml, agin, pview,ch2
common comS,plot_lets,center,maxb, nbeam
comton comB, window, xwindow, ywindow, chwin2, level
common comi$,vergion, comhead, candata, monent s
i
chls? *
1f ntime &g 0 then begin
cc=0 & chsstrmidissin, i, 1)
LE strlenissin) &q ) then chlestrmidissin,2,1)
if strpos('024‘,ch) ge 0 then begin & cesfixich)
waet,cc & wshow,ce, !
end
end
¥
eraga

1f imax ge 258 then begin L prlint,'Image niready expanded.® & return k end

Rarn.
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1156 if ntime eq 0 then begln 1229 string{centerik, 0}, format=" {141’ extringicentearik, 1), format="[i4)°)
1157 if ¢h2 eq 'o" then fmswchs*{’ alye § 1210 end

1158 if ch2 eq *h’ then imswcha'h’ else lmswche® ¢ 1231 done: printf,}, se

1159 end 1212 endrep until k ge nbeam .

1160 [: 1233 printf, 1, 'Beamleat centers and x,y range (plxels} . center(l,.nbeam, 0..5)°
1161 Lf imswch eq ‘1* then tvick,lobject, /device eisze § 1234 printé. 4, Kk xcen ycen xmin xmax ymin ymax'+$

1162 if imswch eq *h’' then begin 123% . k  xcen ycen xmin xmax ymin ymax*

116} halosimage 1234 nbhanbeanm/2

1164 for k=1 ,pbeam do begin 1237 for ke=1,nbh do begln

1169 nxixcenter{k,2) & nx2scentertk,3} & ayl=center{k,$) & ny2«centerik,$) 1238 L€ plot_letsik.}) eqg 1 then kswak else ksw=-k

1166 bygi=toral thaloinxl:nx2,nyl)}/(nx2-nx1+1} 1219 1f plot_lets{ksnbh,i) eq 1 then Jswskenbh else jsws-k-nbh

1167 bglstotal thalotnxl:nx2,ny2))/{nx2-nx1+1} 1240 peinct, ), formats” {44, 4%, 3¢2x,284),2x, 148, 1x,3(2x,214))*.§

1168 bglstatal{hato(nx},nyliny2))/iny2-nylsl} 1243 kasw,center(k, 0),.center(k,1),$

11469 bgé=totalthala(nx2,nyl:ny2})/iny2-nylel) 1242 center{k,2), centerik,3),centeri{k. 4),centerik,.5),5

nmw bg=0,25*{bglebg2e¢bglehgd) 1243 isw,centexlksnbh,0), centec{kenbh, 1),5 )

11 haloinxl:nx2,nyliny2}sbg 1244 centarikinbh,2),center{k+snbh, 3}, centec{kinbh, 4}, centertkenbh, )
112 end 1245 end

1173 tvacl,halo, /device 1246 |5 -ovve- -——-

1174 end else tv, imsge, /device 1247 print,* @DATA(",)’

1175 | 1248 printf,1,' @DATAL*,)*

1176 s82'°* & nagtrlentconmdata{}}y-10 1249 printf,1,’ n peak xmip  xmax xcent yminn  ymax  ycent ‘a8
un it n gt } then sax* (*+atrmidicomdatatl}, 10, n)e’ ) t250 ‘total_int backg*

117 xyouts,0,1,0.95, f1lename, /norm 1251 printf, 1, pixeln tem) fem) {cm) {ecm) tcm) {em) 8
1179 xycuts,®,1,-0.02, filenamerss, /norm 1252 * pixels pixels*

1180 xyouts,8.1,-0.10,title, /norm 1253 for kel,nbeam da begin

1181 If ch) ae * * then § 1254 ss=string(datajk, 0}, formac=’ ({5} }+* *

1182 for kai,nbesm do hegin 1255 for j=1,6 do ssaszistring(datatk,.i), format="(£2.2)")

1183 Ixscenter(k, 2}-5 1256 ss=ss+’ ‘+gtring{dataik, 7}, format=  (£10,0}')+$

1184 lya(centerik,¢}ecenter(k,5})/2 1257 * testringidatatk.8), format=°{£6.21}

1185 xyouts, 1x, ly.stringtk, format='{i2)'),color<16777219, /device 1258 printt, },stringik, format="{13)*)+ “eag

118§ tnd 1259 end

1187 }; 1260 print,’ @PHASE(*,)’

1188 [return 1261 printf, 1, @PHASE(*,} at location of image*®

1189 Jend 1262 printf.1,' n xg-ave ~ xpmin xpmax yg-ave ypmin ypmax*
2190 | 1263 for k=1, nbeam do beglin

1191 Ji-cmmeecns B R L LV P EELE SN —m————- e emecesesscaaeacoaa 1264 as="* & for §=0.5 do ssssaistring(phasetk,J), formats"({9.51"}

182 §; 1265 print€, ), stringlk, format="(13)‘}+* ‘exs

119) {pro output, have_done,chx 1266 en

1194 [common coml, [ilename, dumpname, printname, dataname, title 1267 -1 . 0

1185 [common com2, xdim,ydia, {mswch, $mage, iobject 1288 sa=* & for §«0.1 do sa=gasatring(phaae{maxdata-2,}), formate’(£9.5)"}
1136 Jcommon comd,data,nspci, phasa, maxdata, mask, nmask, typemask 1269 tor 32,5 do ss=ss+string(phase{maxdata-3,§}, format="1£9.5)")

1197 fcommon com5,ploc_lets, center,maxb,nhean L1210 printf, 1, string(maxdata-3, format=' ({3} }e* ‘488

1198 fcommon com?,xcmplix,ycmpix, drift,rhale, separation, thickness 121 ag=’" & for j=0,5 do sysssestring(phase(maxdata-1, 4}, format=*(£3.5)*)
1199 [common com8, window, xwindow, ywindow, chwin2, level 1272 priontf,l,stxingimaxdata-1, format=’{§3} }+* ‘4ss

1200 |common com$,curtent, anergy,betagamma, restm,brightness,enltx, emlty, enitn, nemdt 1273 ;2
1201 [common comll, lpass,bradfus,xave,ysve, ibeamn, jradius, bjj 121 print,’ @EMIT_BRICHTNESS'+' nspci=‘estringinspej)
1202 fcommon coml$,verslon,comhead, comdata, moments 1218 printf,1,* OCEMIT_BRIGHTNESS*+‘ nspci=‘+stringinspci)
1203 {; X 1236 prlntl 1,$
1204 #3='" & ch=' ' & maxls45 12717 k  Emitx Enfty Radiusz Current Brightness  SPC_Corrected’
1205 it have_done eq ‘t* then goto,printlt 1278 print( 1,$
1206 openw, 1, printname, /variable 1279 m-rad a-rad [ Amperes A/{m-rad]”2 A/(m-rad}~2*
1207 print, ‘Weiteing beam and window data* 1280 for k=},nbeam da begin
1208 sssatrcompresa{steteimititle,2)) & len=strleniss)-1 1281 s3a’’
1208 k=0 & ka=72 1282 ss=stringtk, formate‘ {13} }+3§

1210 repeat begin 1283 stxlnglemftn{k, 0}, format=*(8)0,31°)+¢§

1211 1t keka gt len then kmslen-k 1284 stringtemitnik, 1), format="'(210,3)°)+¢§

1212 printf, ), scrnid{ss,k, km) 1285 stringfjradiusik-1), loymate’ (£8,4)'}s$

1213 Keks12 1286 string{ibeamnik-1), format=" (9.4} ") +5

1214 endrep untll %k gs len 1287 string(bjf(k-1,0), format=' {e15.3)*)+$

1215 princi, 1, 1280 string(bjjik-1,11, farmate*{e15.3)*}

1216 for k=0,14 do printf,1,stxing{k, formats’>{12)*)¢* *scomhaad{k)ecomdata(k} 1289 printf, 1, ss

1217 k!9 & printf,]l.string(k, Lormat=’ {12} )+’ ‘scomheadik]+comdataik) 1290 end

1218 printl,]l,strcompress{filenamel+’ =a> ‘¢strcompreasiprintname) 1291 print,* OMASK*

1218 k0 1252 printé, 1,  OHASK nmasks’, nmask, ' typemask=’,typemask

1220 print,' @CENTERS{*)* 1293 printf,1.* k x{cm) yicm)?

1221 printf,1,* OUCEMTERS{*)* 1294 for kal,nmask do $

1222 printf, 1,8 1295 printf, 1, string(k, formata’ {ld)*}e$

1223 |’ n xplx yplx n xplx ypix noapix ypix  n oxplx ypix n xpix ypix* 129¢ ntrlnq(m-k(k.ol.lomnt-‘(fS.H’hltrlhv(ma!klk.n.fomnt-'lltu‘l
12724 repeat begin & s3=*’ 1297 printf, 1, teamauat

1125 for n=1,5 do begin 1250 print, ‘HLB ‘tprintnames+* written and locked.'’

1226 kakel 1299 clox

1227 L€ % gt nbeam then gato, dang 1300 have_ donn't‘

1222 sassgesteing(k, format="116)4)+$ 1301 pxlntlt:

Aare
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1302
1303
1304
1305
1306
1107
1108
1109
1310
1311
112
131
14
1318
1316
1317
1118
119
1320
132y
122
112}
1324
1328
1326
1327
1328
1129
1130
13
13312

1333
1334
1315
1136
1137
1318
1139
1240
1341
1342
1340
134
1345
1346
1347
1348
1149
1350

nmm
1
1173
137¢

it chx ¢q ‘E' then return
openrc,l,printname & lines=0
while not eof{l} do §
begin & readf,),ss & print,ss
{t strpos{ss,*'#') ge 0 then begin
read, ‘Continue < ,n> ‘,ch
tf ¢ch eq 'n' then goto,close & lines=0 & end
lineaxlines+l & if lines ge maxl then begin & liness0
read, 'Continue < ,n> ’,ch & it ch eq 'n’ then goto,close & end
end
close: close,}
return
end

i
pro decode,ss,num,n
i Input steing ss, return nus{o,...)=numbers, n entries
H s32°125 160 240 275 * then num{125,160,240,275) and n=¢
i
ni=gize(num}l & kmax:nsil) & temps‘’
n:0 & sn='’ & phlk=0 & nstart=0 & pumbers="012345678%s-.¢"
tf strpos{ss,*\’) It 0 then temp=ss else tempsstrmldiss,0,strposiss,’\'}-1}
sslensstylen{temp) & if ss¥en eq O then return
tempsstrcompress{strtxim{tenp, 23y’ *
for kx1,kmax do begin
it natart ge sslen then return
nblksstrpos{temp,”’ *,nstart}
snastrmid{cemp, nstart,nblk-natart] & nstartsnblksl
tor j=0,strlen{sn)-1 do §
1€ strpostinumbers,stimidisn, ). 1)) eq -1 then goto,skiplt
1f strposisn,’.*) ga 0 thea num(n}sfloat{sn) else numinj=fix(snj)

n=ntl
skipic:
end
return
end

pro readfile, loervor, restart

common coml, f1lename. dumpname, printname, dataname, title
common com2, xdim, ydim, imswch, Image, fobject

common coml$, version, comhead, comdata, moment s

{f foerror eq 'F’ then begin & ss=’*' & kmax=0 & goto,skip & end
pathscomdata{ts)
on_loerror, error
openr,unit,path+fllename, /GET_LUN
hdrsassoc{unit,bytarr{512}) & h=hdrio)
xdimsh(4)¢256*h(5)
ydimsh(6)14256h{7}
erint, ‘xdims’,xdim, *ydin=*,ydim
npicxfloat{xdim)*float (ydim}
blocksfix{npie/512.0}
nstart=fixinpic-512.0*block)
aasagsociunit bytarrixdim,ydim}, 512.0) & image=aaid)
i tallsasgoctunit,bytarr(l8+nstarc),512.0°(J+block}) & txtallio)
goto,done
errar; prine,’10 ERRGR *,lerc_string & loerrore't’ & return

done: free_lun,unlt
titles'’ & gsgu’’
kmax#256 & while hikmax) eq 32 do kmax=kmax-1
if dmax-11 It B0 then for k»10,kmax do ss=ss+string(h(k]) alse $
begln
for k=10,25 do ssxsseatring(hik)) 3 flrst 20 characters
for kakmax-57,kmax do sassss+istringthtk)} ; last 60 characters
end
skip: title=strmid{xs, 0, kmax)
1t loerror eq ‘A’ then return ; called from autoview

comdatal{l)a {‘eatringixdim, Cormatn* {43} }+*, ‘satringlydim, formata’{13)¢)s+°}°

1175
1376
13717
1374
1173
1180

even odd error fix

§ reseememanoon. oan

iminemin{image) & imax=max(imaga} & scale=254.0/(imax-inin)
imagazbyteiscale® (lmage-imin}}

for k=1,ydla~2,2 do image{*, ki=timagel*.k-1}/2}+{Image{* kel}/2

boarder raflections

§ mmmmemummmmaan PO

for k=8,0,-1 do begin
imageik, *}=imagei{kes, )
imageixdim-k-1,*}=imageixdim-k-2,4)
Image{*, k}=image(* kel)
image(*,ydin-k-1)simage(*,ydim-k-2)

and

tix_image,'r’ ; sets Imin,imax, and background

comdata{l7)stitle

print,  1MAGE' scomdata(l}

read, 'Smooth Image with sliding *box car* <y.n> ==> *, 55
print, ~eccacnas B et B L T TP TP PP PRSI dmnmmmassmaann ahaan
chs*

if s3 &q *y' then smooth_data,ch

wset,2 & tv,image & wset,{

get_centers, restart

tvscl, lobject

:
return
end

: .
pro get_rebin,new_lmage,cx,cy ; Finds index for yebin (512/8,480/8)(510/6,478/2
}

; called from autoview and doplot
$
common com?, xdim, ydim, lmswch, image, fobject
comman coal, xcmplx,ycmpix,drlft, rhole, separation.thickness
3
nxs«10 & nysax & pmis=nx-}
nx*9% & ny*nx & ruslenx-1
xr=floati{xdim) & yr=floatiydim}
for k=i,nmt do begin

rem=xr-fix{xr/nx)*nx & §f (rem eq 0} then goto,.next elsa nx=nx-1 & end
next:
tor kel ,nmi do begin

remsyr-fix{yr/ny}*ny &£ 1f {rem eq 0) then goto,done else ny=ny-1 & end
donet
nhxexdin/nx & nby=ydim/ny
new_Imagesrebin{image,.nbx.nby}
exsnx*xempix* indgen(xdim/nx) ~-xcmpix*xdim/2
cysny*ycrpix*indgeniydim/ny} -ycopixtydim/2
1
return
end

H
pro get_beamlets, iabort
i

commoan com?2, xdim,ydin, Imswch, image, {object

comman comd,data,nspci, phase, maxdata,mask, nmask, typemask
common com5,plot_lets,center,maxbh,nbeam

common com?, xemplx,yemplx,drift, rhole.separation, thickneas
common com8, s indow, xwindow, ywindow, chwin2, Jevel

common ¢oml0, xcent,ycent,nxcent ,nycent, inin, inax, background
cosmon comll, ipass,bradlus,xave,yave, ibeamn, jradius,bij
casreon comiS,version, head, comdata, ]

H
chs* *
itotalsd & >amined & jmax=0 & ymin»0 L ymaxs=0 & pmax=0 & sum=0 & nd=0 & backs0

H

Dare-
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17
1448
1448
1450
1451
1452
1453
1454
155
1456
1457
1458
1459
1450
1461
te62
1461
1464
1465
166
1467
1468
1469
1470
147}
1472
Hu”n
1474
1475
1476
1427
1478
1419
180
1481
1482
148}
1484
1485

1517
1518
1519

for beamlets1, nbeam do begin
ecral
nx=center{beamlet,0) & nyscenteribeamlet.l)
if {nx 1t xwindow) or {(ny 1t ywindow} or §
ixdim-px 1t xwindow) or {ydim-ny It ywindow} then errs=}
if terr ne D} then gato,bypass

nxlanx-xwindow & 1€ nxt 1t 3 then nxls1

nx2snxéxwindow & if nx2 ge xdim then nx2=xdim-1

nyl=ny-ywindow & if nyl 1t 1} then nylal

nyZsnyrywindow &k if ny2 ge ydim then ny2eydim-1

backs{tatal{imageinx):nx2,nyl}}etotal{imagetnxl:nx2,ny2)) )/ (nx2-nxfiel1}+§
ttotal (imagelnxl,nyliny2))+totalimageinx2, nyliny2)))/(ny2-nylsl)

back=0.25*back

TEST 4/21/97 subtract tllted local background, then calculate cut

linex=image(nxl:nx2.ny} & maxlinexnx2-nw} & xwlnmaxsmaxline-i
ixaswhera({linex eq max(linex)} & Ix=ixa(Q)
ilxsfloatimini)inex{0:ix)))
12xstloat imin{linextiximaxlina)})
ixlazwherellinex(0:lx) eq {1x}
ix2aswhegeilinex(ix;maxline) eq 12x)
Ixlstloat{Ix1a(0}) & ix2sixefloat{ix2a{0}}
1f §Ix2 eq ix) then xas=0 else xax={i2x-f1x}/(ix2~ix1})
xbackeflxtras* (indgeninx2-nxt))
linexslinex-xback
cutxeffx{0.01*levat*max(linex)s0.5)
for k=lx,1,-1 do if linexik) lt cutx then goto,gotxl
gotxt: if %x») ge maxline then goto,bypass
if k 1t 0 then k=0
1t tlnex(k+1)-linextk} eq G) then xminsik- {xl‘xcmplx elsa §
xmins{k-fix¢{cutx-linextk})/{linex({ksti-linex{k})}*»cmpix
for k=ix,xwinmax do if linex(k) 1t cutx then goto.gatx2
kek-1
gotx2: ff {1linextk-1}-linexik) eq 0) then xmaxstk-ix)*xcmpix else §
xmaxa{k-fx-{cutx-linex(ki}/{tinex{k-1i-1{nexik})) *xcmpix

lineysimage(nx, nyl:ny2) t maxline=ny2-nyi & ywinmaxs=maxiine-i
iyaswhere{liney eq max{liney)) & Jy=iya(0}
Hlysfloat(min(liney{0:{y))}

12y=floatimin{lineyliy:maxiine}}}

iylaswhere{liney(0:iy} eq ily)

fylaxwhere(llney{ly:maxline) eq 12y}

jyl=float{iyia{0}} & lQy2=lye¢lloatiiy2ai0))

1f iyl eq ly2 then yasz0 else yas={§2y-ily}/{iy2-lyD)
ybacksilysyas*{indgen(ny2-nyl}}

Yiney=liney-yhack

cuty=fix(0.01l*level " maxtliney)s0,5)
for k=ly,1,-1 do {f lineytkt it cuty then goto,gotyl
gotyl: {f k+]1 ge maxline then goto,bypass
{f X 1t D then k«0
tf (tiney{ksl)}-tineyik) eq ¢) then yminstk-ly}*yompix else $
yminx(k-jy+ [cuty-liney(k}}/{1ineyik+1)-1liney(k}]) *yompix
{or ksiy,ywinmax do if liney(k) lt cuty then gota,golty2
ak-1
goty2: if f{lineyik-1)-llneytk} eq 0) then ywaxs{k-{y)*ycmpix else $
ymaxa(k-{y-fcuty-1ineytk))/{lineylk-1}-Lineytk) }) *ycmpix

peaksmax{image{nxl:nx2,nyl:ny2}} & 1€ peak gt pmax then pmax=pesk
lrotalatotal (imageinxl:nx2,nyl:ny2))-hack?® (nx2-nxl+1)* {(ny2-nyi+1)
sumssumt frotal

bypass:

ndznd+1

dataind, 0) simageinx, ny} : peak amplitude

datatnd. ti=xmin & dataind,2)=xmax & dataind, })snxxemplx
data{nd.4}eymin & data(nd,5)=ymax & dataind, 8} «ny°ycrmpix
dataind,7)=itotal 1 total int shove background far beamlett
datatnd, 8) =back

for §+1,6 do if datatlnd.j)} gt 50.0 then err=l

if err eq 1 thea hegin & piot_letsind, 1}a0

1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
15N
1512
151)
1834
1515
1536
1537
1538
1518
1540
1541
1542
1541
1544
1545
1546
1547
1548
15438
1550
1551
1552
1553
1554
1655
1556
1557
15586
15%%
1560
1561
1562
1563
1564
L1565
1566
1567
1568
1569
1570
1571
1572
157)
1574
1575
1576
1517
1578
1579
1580
1581
1582
1583
1584
1585
1586
1581
1588
1589
1590
1593
1592

dataind,1}=0 & dataind,21=0 & dataind,4)=0 ¢ dataind,5)*0 & end
Lf beamlet eq labort then abort ; TEST debug ACP
end
data{0,0)~pmax k dara{d,7)}asum
i
xavestotal (data(l:nbeam,)})/nbeam
yavastotal {data{l:nbean, §))/nbeam

i

for k~1,nheam do §
bradiuz{k-1120.25*sqre{{dakaik,2)-daratk.1}) 2+ {dataik,5)-dataik, 411"2)

1

return

end

i

H
pro get_sigma, xxl,xx2,yyl,yy2

common comd,data,nspci,phase, maxdata, mask, nmask, typemask

commen com$,plot_Jets,center,maxh, nbeam

common comd, current, energy,betagamma, restm, brightness, enftx, emity, emitn, nemic
common tomll, ipass,bradius, xave,yave, {baamn, jradius, bjf

common comld,slt, 512,822,833, 834, 84, xcn, yon, xpon, ypen, £12, 134, Ix, 1y, 1d, ldx, 1dy
common coml5,verslon,combend, comdata,moments

xxl=fltarrinbeamtl) & xx2=xx} & yyl=xxl & yy2exxt
count=0 & xcn=D b ycn=0 & xpcn=0 & ypcn=0 &k xemltavs0 & yemltav=0
avgbeamlet=Q
far k:l,nbeam do If plot_lets{k,1} #q 1 rhen begin
countecountel
xemjtavzxemitaveemitnik,0)
yemitavayemitaviemitn{k, 1}
end .
beamave=data(0,7) /nbeam
xemitavsleé xemitav/inbeam*beamave)
yenirlv-leﬁ'yenltnvl(nbenm'benmnvel

for k l.nbeam do {f plot_letsik,1) eg 1 then begin
xcpaxcnimask{k, 0) *dataik, 7} /beamave
xpcnsxpen+0,5* (phasetk. 1) rphase(k, 2]} *data(k, 7} /beamave
yen=ycnimask{k, 1) *data(k,?)/beamave
yRCAsypened, S‘lphnlelk,liophnseik 5))*data(k,?)/besmave

if count #q U then return
nisl.0/count
xe=xcn*nl & yc=ycn®nl & xpcrxpen®nl & ypesypen’ni

t

print, *xe,xpe ', xc, xpc
grint,'yc,yps  ‘.yc,ypc
H
$1120 & 22220 & 51320 & #4420 & $12+C L s38=0

$1320 & 5210 & x14=0 & 524:0

as0 & =D k 8p2D &k bp=0 & x11#0 & x2220 & y)3=0 & yld=0

for k=1,nbeam do if plot_letsik,1) eq 1 then hegin
x%0.01*{mask(k,0)~xc) k xplsphaselk,t}-xpc & xp2sphaseik,2)-xpc
y=0.01%(mask{k,1}-yc} & yplephasei{k.d)-ypc & yp2sphaseik,5)-ypc

xlaxsidxtxpl L x2extldx*xp2 & xxifk)axl & xx2{k}=x2
yleysldy* ypl & y2=ys+ldy*ypl & yylik)=yl & yy2{k)ey2
PP . e mms AR e m A e e mam . —————
tllxlllo(xl 2¢x2"2) *data(k, 7} /beamave
sl2=s12+ {x o xplax2*xp2} *data(k, 7) /beamave
522=822¢ (xpl 2¢xp2-2) "datatk,?) /beamave
233esdds{yl*241y2°2})*dataik, ) /beamave
s)4x838 e lyltypley2+yp2) tdataik, 7} /beamava
sddxsddr iyp1"2¢yp272) *dataik, 7) /beamave
+ cross moments
al1deslie(xloylex24y2) *datalk, 7} /beamave
82323234 (xplPylexp2®y2) ‘dataik,?)/beamave

i4valdeix)?yplex2typ2) *data ik, 7) /beamave
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1591
1594
1598
1596
1591
1588
1599
1600
1601
1602
1603
1604
1605
1608
1607
1608
1609
1610
1641
1612
1611
1614
1615
1616
1617
1618
1619
1620
1621
1622
162)
1624

1644
1645

1647
1648
1649
1650
1651
1652
1653
1654
18655
1656
1657
1658

:2‘::240(xp\‘yp\~xp1 ypl)‘datulk 7)/beamave

end

xchaxcntni &k yon=ycn’ni
xpen=1000.0*xpen*nt & ypen=1000.04ypennd
ixxpaves=xxpave'ni & yypaveszyypave‘nl

H .-~ meters*2 .-- rad*2 <~ meter‘rad Jee mm-mT
sll=1 0e6os)1*nl & 322=1.0e6°x22'nl & s12»1.0e6s12°nlt
emitx=sqre{all*322-(s12}"2}
$3)=1.,0e6%53)°nl & sdd=) . Oc6'sddenl & s)4=1.0e6°s34 n}
emltysxsqrtis3desdd-1sd4)~2)
$13=1.0¢6°312°nd & s230).0e6°823%al & slé=1.026%s14%nl & £2431.0664824"nl
print,‘x}1,s12,322*, 11,812,822
prine, 's33, 234,544 833,534,244
as2tsqrefl.O0e-6*811/2) & b=2*sqrt (], 0e-64s33/2)
ap22.0e-8*512/2/{sqr1{1.0e-56"311/2)) & bp=2.0e-64824/2/(sqrt{1.0e-6"533/2)}
tx=20.5%tan{2312/(511-922)}"180/).1415%
ty=D.5atan(2*s34/{s33-544))*180/) . 24159
print ‘a2, a," b=',b,’ ap=‘,ap,' bp=’,bp
print, ‘exe’ , tx,* Ly=’,ty
moments{0)=s11/2 & moments{1)=412/2 & momenta({2}=x22/2
momenta({1)=2)3/2 & momentatd)=s34/2 kL moments{S)=sdé/2
momenty{é)=a13/2 L momentsa{7)»523/2 & momentz{B}=514/2 & moments{¥)=s24/2
princ, *x2, xxp, xp2* ,moments {0) ,moments (1} ,moments(3)
print,‘y2,yyp,yp2’ . moments {3}, moments {4}, moments{5)

print,’ xy.xpy.xyp.xpyp mumentl(ﬁ] moments {7}, momenta{s), moments (3
‘-
: moments are divided by a factor of 4 ta get the ‘*expectation vnlue:' from
: the sigma matrix values {emittance ellipse coefficients). The sigma values
; differ from the “expectation values® because they are summed In pairs to
; accomodate the array indices but anly divided by the number af beamlets whic
h
|: s one-half the number of data polnts summed giving 1 factor of 2. The othe
T
; factor of 2 comes from the sigma value calculation with the 2/N la (xont
i instead of 1/H which gives the other factor of 2.
e
print, ‘emitx, emity’  endtx, emity
print, ‘angmoma’,betagamma*® (moments (8} -taments{?})}
;ex-bctaqlmml'emitx & neysbstagamma*emity
print, "norm x emit=*,nex,* norm y emit=* ney
engx=sqrr (0.5 nex2+0. S‘ney‘}olﬂ'betnganna‘z'(xl)'lzl-lll 22})}
i
enhegqrt (256 ‘betagamma“4*{$24°2°813-2 « 24827 +¢524%s1) 314 4+ $23°24904"2 o 2°521

4451208130508 - $22°513°2¢044 - 223°2%s) i ndd - 2°5244812°310%834 - 2482312314
a0 ¢ 205224100814 24 4 205234524 0110500 ¢ 2°824°212°814°83) - 522%814%2%53)
4 - 32472¢511¢5)3) + 256°betagammad*{-512"2 + 222°a)1)°(-534"2 + sid+5233))

3
print, *eng’, eng
print, ‘enh*, enh
1€ 3114222 gt O then rl2=s12/sqre(sii*s22) elae ri2«0
LE 233544 gt O then rdd=2d&/sqrr(sdd*sid) else rid=0

Dlstance to walst: Yx=-212/222 and ly=-s)d4/sé4

51121 .0e-6°811 & %22a1.00-6222 & 812%1.0e~6s)2
enitxsl Ce-6temitx
23)x1,0e-6°53) L s44xl . Oe-68d4 & 234=1.00-64sW4
enity=1,0e-femity

teturn

end

t

P e [P R, [P

pro get_emittance,chaw

1659
1660
1661
1662
1663

1664

166%
1666
1663
1668
1669
1670
1613
1872
167)
1614
1875
1676
1617
1678
1679
1680
1681
1682
168)
1684
16as
1686
1687
1688
1689
1890
1691

3
cammon con?, xdim, ydim, imawch, image, lobject

common comd,data,nspc),phase, maxdata, nask, nmask, typemask

comuon com5,plat_tets,centur,maxl, nbeam

common com?, xcmplx, yempix, drift.rhole, separation, thickness

common comd, window, xwindow, ywindow, chwin2, level

comman com?, curcent,energy,betagamma, reatm, hrightness, emitx, emity. emitn, nemic
common comll, ipass,bradius, xave,ysve, ibeamn, jradius.bii

common comid,sll,s12,222,8)), 834, s, xcn, yon, xpen, ypen, r12, e 34, Ix, by, 1d, 1dx, 1dy
common comlS,verslon, comhead, comdata, moments

common coml?, chbsv,have_done, maxptype,ptype,chelllpse,cheléd, chelscl

i

0 1 2 1 4 5 [ ? 8
data { L4)epixel,xmin ,xmax ,xave,ymin ,ymax ,yave. sum, backg
phase( . *)=XABS, xpmin, xpmax, YARS, ypmin, ypmax
phase(m-1,%)=sll, »12, 522, 531, 34, sdd4 / mamaxdatavd00
phaseim-2,0)2rl2, r)4, xscl, xpscl, yscl, ypscl
phasa{m-3,4}=0,0, xave, xpave, ysave, ypave / center of phase space
phase(m-4,*)sxnin, xmax, xpmin, xpmax, 0,0 / fix scales ol brightness plots
phase(®-5, *)axmin, xmax, xpmin, xpmax , 0,0 / fix scales of emittance plots

{f datai0,0) 9t 0 and chsw sq “n’ then goto,segenerate
1t datal0,0) eq O then get_beamlets,O

nemics=0
zeros0.000001
phass=fitary {maxdata,6) ; phase(maxdata-1,6)=511,812,522,83),834, 544
if rhole eq 0 then §
beglin & phasel(*,*}=0 & emitn{*,*)=0 & goto,regenerate & end
L€ drift gt O then deml=1/(100deife) else demia0

H
openw, 13, *henitx,dac’
openw, 14, *hemity.dar" -
for k»1,nbeam do begin
rxx=0.5¢(data{k,2)-data(k, 1)}
1f {«x It rhole} then rps0 else rp=dcml*irx-rhale)
enltnik.0)=0.01 maskik.0)%rp
printf, 1), mask(k, 0}, tebemitn(k,0)
H enitnik,0)=0.01%rholetrp
phasa{k,0)data{k,1}-xave
rp0s(phasetk,0) -maskik,0)) *deml
phaselk,}=rp0-1p k phaselk,2}=rpOerp
0.5 (datatk,5) -datatk, 41}
if (ry 1t rhole) then rp=0 else rp=dcmi*{ry-rhole}
H emaftni{k,1}20.01cthole*rp
emitnik, })=0.01*mask({k,})*rp
printf, 14, maskik,1),1eb*emitnik, D)
phaze(k,l)edatatk,5)-yave
1p0=(phasefk, 3} -maskik, 1)} demi
phase{k,4)=xp0-rp & phasa(k,S)arplsrp
end
close, 1}
close, 14

'

enitn(0, 2) *nbean

¥

regenerate: pis=ipl ;pl«) 14159

1 »t mazk, Jdxsldy»0

1dx=0 & idy=0 & get_uigma,xxl, xx2,yyl;yy2

Ix=-512/522

ly=-834/344

jradius=fltarri{nheam) & ibeamn=jradius L bjjefltarrinbeanm, 2)
phase{maxdata-]1,0)=sli & phase{maxdata-1,1}2312 & phase{maxdata-},2)s22
phasea{maxdata-1,3)ss3) &k phase({maxdata-1,4)=a3é & phase{maxdata-1,5}exdd
phasa(maxdata-2,0)=ct2 & phasei{maxdata-2,1)=rd4
&
&

phase{maxdata-3,2}excn phagze maxdata-1, 3) =xpcn
phass{maxdata-3,d}«ycn & phase{maxdata-3,5)=ypen

ngoode0d & theta=0
for k=),nbeam do §
1€ (phasei{k;1) ne 0} and (phaselk,2) ne 0) and §
tphase(k,1) ne 0} and {phaselk,2) ne 0} then begin

161
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1132
113
1734
1735
1736
1737
1738
1139
140
1748
17242
1143
1744
1745
1748
17142
1748
1749
1150
1754
1752
1753
1184
1755
1756
1253
17158
1759

1760
176%
1762
1763
176¢
176%
1766
1767
1768
1769
1770
177}
17712
177}
171
1775
1176
1mm
1778
1779
1180
1781
1782
1783
1784
1785
1786
1187
1788
1789
1130
1191
1792
1793
17154
1788

1796
1792
1758
1799
1800
1801
1802
180}

thetastheta+0,25* (phase(k,2)-phase(k,1)sphase(k,S)-phasetk, 4))
ngood=ngood+l
end
{f ngood gt 0 then theta=1000.0%thata/ngood
for k=1 ,nbeam do jradius{k-1)=maskik,2)+srhcle
1t maski0,21 gt 6 then radius=mask (0.2} else radiuszmax(jradius}

avexD.5'temitxsemity)
condlakatByx jrustring(emitx, formata {£8,3} )¢, 45
stringfemity, formate"{18.3)° )4’} e
. ave:’+stringlave, format='{£8.3}°)+3
. norm: ‘ +stringlave*batagamma, formata* (€9.4}°)
comdatafliyx’{’+stringt100.0%sqrt{sil}, format= {E7. L) }e",  o$
string(rl2, fosmat="{£7,4}3*)¢*,"+§
string(1000.0%sqre{822), ormat="{£7,2}*)+'} red
stringllx, formar='{€7.1}‘}+* m'
comdata{12h='{ +stxing{100.0%aqrt{833), format=" (€7, 4} )+*, " ¢§
string{rdd, format=" (€7 43 3¢*, %48
string(1000.0"sqreisdd), format="(€7.2)"' 44"} 8
stringily,format='{f7.1)*1+' m'

1f emltx eq 0 or emity eq O then raturn
jxs2.0%current/(pl*le-6emitx*betaganmal ™2
jy*2.0%current/ipitle-6'emity*betagammal “2

speing, i 3yt dx, Jy

jxy=lel2
jxyssqeetix Jy)
1t radius’theta eq 0 then jwbx0 else §
jwbecusrent/ipl*le-5*radius*theca‘betagamma) 2
comdata{ld]='['esteing{jx, formats'{e10.2} }e*,"'+$§
stringfjy, format=" {£106.2) )e', "33
steing(ixy. format="({e10.2)7)¢* " ¢§
»tring(jwb, format«*{e10.2)/}+’}"

calculate brightness j=in/(pf emit betagemw}~2
in={1BEAM*nbeamlats*hole“2/RBEAN"2) *sum(pix n)/sumlall pix (n imsge)

.+=-~ then wa have inputted the measured passed current
’
1{ {passt]) gt 0 then nbpass=ipass(l) else nbpassenbeam
radiusa%0.0¢({sqrtisid}enqgreizsdd})
amps=current*nbpass*{rhole/radius}"2 & ipask=amps

TEST 4728797 Ace

f chsw ne *x* then goto, skipit

print, ‘TEST:get_emittance current>’+string(current, format="{£7.1}'}¢§
‘ nbpsssssstringinbpass, format=*{j3) ‘)¢5
* ri{cmls‘estring{radius, tormata’ {£8,3)°)+$
* ampsw'¢string{amps, formats’ (£8.3}°)
ipavesd
for k=1,nbeam do {paveszipaverdatatk.0) & ipavesipave/nbeam ; ave peak
i ifncldent whole beam plxels = pi*r"2*ipave

pltg
END TEST 4/28/%7 ACP

fluxsipi*radius*2tipave ; pixels
favercurrent/flux
fapx=0
for k=},nbeam do lapxajapxedataik,?) & lapxeiapx/nbeam
favesd
{apb=0
{taa=0
i prine,* Average incldent flux *+stringllpave, format='{£8.1)*)
; prine,’ Average Impingent flux on mask{A/p) *+string{lave,formats’{fR.2}"
}
3 pring,”’ Average pixels per beamlet *+stringliapx, formate’{f8.2)’)
: pring,* Average current per beamlet *esteingliapb,format=’{{8.21")
i pring, Total passed current ‘estring(ftaa, Eormat=*(§8.2]"}
ski
i

it (ipasaf0) gt 0) and {ipasstl} gt 0) then begin

1804
180%
1804
1807
1308
1803
1810
81
1812
1411
1614
1815
1816
1817
1818
1819
1820
1821
1822
182)
12
1825
1826
1827
1828
1829
1830
1831
1832
1831
180
1838
1836
1837
1818
1412
1840
1841
1842
1843
1644
1845
1846
1842
1848
18439
1850
1851
1852
1853
1854
1858
1856
1857

arps«fipass(0)*nbean/ipansi(l] & fmask«ipassi0} k end

ampssampa/data{d,?) ; data{0,?7)~sum of all pixcels -~ all beamlets total
ass0
a8s2/ipi & cutoff»0.02°rhole/thickness
for xsl,nhean do begin
cossqgreiiphaseik, 2} -phaseik, 1})~2+(phaseik,5)-phasetk, §})"2)
1t rp 1t cutoff then f=1.0 elxe §
begin i veff*2 = rhale"2 * (i-(2e/pl} -{2/plisiniticonit))
thatalsthickness*tanirp)/{2.0%chole)
f21.0-aa*theatat-aa*zinithetal) *coz{thetal)
end
ibeamnik-1}=ampas*E*dataik.?)
asxassibeamntk-1)
end

; current carried by this beamiet

.~<- ditf between imask and as is non walst angle correction effect.

I
1€ fpaxs(0) gt O then begin : scale current to measured value
asximask/as
for ks1,nbeam do {beamntk-i)=as®ibeamntk~11
end else imaskeas
ff mask(0,21 gt @ then §
comdatailé)=’{*estring{mask{0, 2}, format="{f8.3)') else §
comdata{ld}="{'+srring{radlus, foxmat="{f8.3}"|
comdata{ld)scomdataiié)+’, ‘estringithats, Format=" (7. )} )" " 4§
stringiimask, tormac='{£7. 3} )+ )’

constsibetagamma‘pi)~2
correcrfaon={0.02*pi*rhale)"2/1)7000*betagamma)
for k»}, nbeam da begin
1f {emltn(k,0) eq 0) or {emitnik,)) aq 0} then In=0 else §
jnsibeamnik-1)}/{consteemitn(k,0}) *emitnik, 1)}
b}itk-1,0)=in & rbebradiusik-1)
§f b gt 0 then in=jn*{l-{xhole/srb}*2}/{1-Jn*correctiontalogirb/rhole))
Jradlus({k~1)smask{k, 2)+rhole
bijik-1,11=3n
end
brightness=¢ & nbh=0
for k+0,nbeam-1 do §
if {bjiix.nspci) gt 0) then §
1f plot_letstk,1} eq 1 then §
begin & nb=pbil & brightaess=hrightness+bijiik,nspcj) & end
if nb gt 0 then brightness=brightness/nb
sdi=Q
for ka0, ,nbeam-1 do §
if {bjjik.nspci) gt 0} then if plot_levs(k,l} eq ! then §
sdi=sdj+ (bjitk.nspc})-brightness)*2
sdi=sqgct{sdi)/{nbel)
comdata{?)='[ +atring(current, format=* (£8.2}) )+ ' {*1$
string(imaxk, format="(£6.3)")¢'/ 4§
stringinbpass, formac='[14) )"}, 4§
string{brightness, formate"'{el0.2)'}s’ +-'+$§
string(sdj. farmat='{e8.2)" )4 }"
Teturn
end
H
§--

i
pro movie,ntima
H
common com}, fllename, dumpname, printname,dataname, title
common com?,xdim,ydim, imswch, image, dobject

common coml,ssin, pview,ch?

commaon comll, xcent, ycent, nxcent,nycent, Imln, imax,background
common coml5,verslon,comhead, comdata, moments

common coml8,.kmavie,nalicw,slices

H
2dd=0 & kmine§ &k kmax=0 & kstepsS & ss='’ & smwr0 & numsintarrid) -
L ntixme £q O then begin
ftimex=}
if (stxrlen(asin) eq 3) then {€ {(ztrmldi{ssin,2,1) eq *a’) then addsl
1t ch2 eq "a’' then add=}

peing, 'Enter kmin.kmax,kstep, smooth [LF uses 5,480,5,0) * & read,as

861
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18771 It strlen{ss) gt 1| then begin &k decode,ss,num,n 1950 xyouts,0.15,0.90, xmhend, color=0, /norm

1874 kminsfix(num{0)) & kmax=fix{num({l)) & kstep=fix{num(2)} 1551 plots, {0,ydlm-1), [background, background}

187% if n ge & then smw=fix{numiid}) 1852 Yinexs}ine

1880 if n ge 5 then Itimex=fix{num{4}} 195) end §

1861 end 1954 alse §

1882 kwovie{0)skmin & kmovie(l)=kmax & kmovie(2)=kstep & kmovie({l)=saw 1955 for k<kmin,kmax.kstep do begin & ss='X cut ‘+atring(k, formata’ (i3}’
1883 Lf ch2 eq "x* then kmovietd)=) else kmovie{d)=d 1956 xyouts, 400, background+§, 58, color=0

1884 end else begin 1957 1t sow go 3 then linessmoothiimagetk,*),smi) else line=imaga(k,*)
1885 kminzkmovie({0} & kmaxzkmovie(l} & kxtepskmovie(2) & stwskmovieid) 1958 oplot, xaxis(5:ydim-5),line{S:ydin-5},color=0

1886 L€ kmovield) eq ! then ch2='x' else chis'y* 1959 {f add eq O then begin

1887 end 1960 oplot, xaxis{5:ydim-5), linex{5:ydin-5),colot=1677721%

1888 1968 oplaot,xaxis{5:ydin-5) ., 1ineiS:ydim-5) ,colora0

1889 heading=ztilename 1962 plots, {0, ydixn-1], (background, background),color=0

1890 nastrlea{comdata{l)}-10 1963 linex=1line

1891 {f n gt 1 then heading-headings* ‘satrmidicomdata{l),10,n} 1964 end

1892 smheads*Cut smoothing »*+stringi{smw, formats’ (123} 1965 walt,ltimex

1831 * Horizontsl line a background Jevel* 1966 xyouts, 400, background+6, s, calaral6277215

1894 if ch2 eq *x* then begin ; horizontal slices 1967 end

1895 {f kmax aq 0 then kmaxs5*fix{0.2*ydim)-5 1968 end

1896 Hf sme ge 3 then linexsmooth(image(*,kmin),emw) elss }ineximagei*,kmin) 1989 xyouts, 400, backgroundt§,ss,color=D

1897 linexsline L xaxiss=indgen{xdims+1} 1370 };

1898 plot, xaxist{S:xdim-5), 1ina{S:xdim-5)},color=0,$ 197% }rerurn

1899 xrange=[0,xdim],yranges {0, maxs10}, xstylesl, yatylesl,$ 1972 lead

1900 xtitles'Xipixels)*' ytitle«'lntensity’ titlecheading, /nodata 19713 |;

1901 xyouts,0.15,0.90, smhead, color=90, /norm XY B FEEE R PRy fmmmecana B e kT R B
1902 plots, (0, xd{m-1}, {background, background],color=0 1315 };

1907 1976 lpra plot_ellipse,plane,ellipse

1904 Il ntime eq } then § 1977 §;

1908 for ka:kmin, kmax, kstep do begin 1978 lcommon comd,data, nspcj.phase, maxdata,mask, nmask, typemask

1906 sax’Y cut "sstadng(k, Format='{13}°} 1973 [common com9,current, energy, betagamma, restm, brightness, emitx, emity, emitn, nemit
1907 xyouts,0.15,0,87, s35,color=0, /norm 1980 {common comid,s)),»12,822,533,334, s44, xcn.yon, xpen, ypen, £12, 034, 1x, 1y, 1d, 1dx, 1dy
1908 1f sms ge 3 then linessmoothiimage(* .k}, smw} else lineximage 1981 {common coml$,verslon,comhead, comdata, moments

1909 plot, xaxist5:xdim-5}, line{5:xdim-5),color=0,$ 1982 jcommon coml7,chbsv, have_done, maxptype,ptype,chellipse, chelsd, chelscl

1910 ) xcangea(0,xdim},yrange={0, imax+10), xstylesl, ystyle=t,§ 1983 };

1911 xtitle="X(pixelsl” ytitles’intensity’, titlesheading 1984 {€ plane eq ‘%’ then goto,xmask else §

1912 xyouts,0.15,0,90, smhead,color=0, /notrn 1985 If plane eq "y’ then gota,ymask else §

191 plots, {0, xdim-1]}, ibackground, background} 1988 if plane eg 1’ then goto.xwalst else §

1914 linexxline 1987 if plane eq '}’ then goto,ywaist else §

1315 end § 1988 §f plane ¢g ‘c’ then goto,ximage else §

1916 else § 1985 i1f plane eq "d’' then goto,ylmage else return

1817 for kxkmin, kmax, kstep do begin & ss=*Y cut ‘+stringtk, format="(11)"} 1990 §;

1918 xyouts, 400, backgrounds 6, 53, color=0 1991 {xuaist:

1919 if sme ge 3 then linezsmooth{lnage{’, k), smw) else line=imaga{*, k) 1992 ta0 & a~xl.Ce-12%emitx"2/322 & bh=s22

1920 oplot, xaxis{S:xdim-5}, line(S:xdim-5) ,colors0 139) Xe=xen kb xcpexpen

1321 if »dd eq 0 then begln 1994 goto, generate

1922 oplot, xaxls{5:xdim-5), tinexi5:xdim-5),color=167177215 1995 {ywaist:

1523 oplot, xaxis(5:xdim-5}, line(5:xd{m-S),color=9 1996 t*0 & anl Oe-12%emity~2/344 & basid

1924 plots, {0, xdim-1}, {background, background],calar=Q 1997 xcsyen k XCpsypen

1825 linex=1ine 1998 gote,generata

1926 end 1999 |

1927 walt, ftimex 2000 {ximage:

1928 xyouts, 400, background+6, s, color=16727215 2001 xcaxcn b xcp=xpon

1929 end 2002 gato,xplane

1530 end § 2003 lyimage:

193 J: 2004 xc=ycn &k Xcpeypen

1432 else begin ; verticle slices 2008 goto,yplane
191 1f kmax eq 0 then kmax>5*fix(0.2*xdim})-5 2006 ):
130 I( smw ge 3 then linessmaoth{lmage{kmin,*), sms] else linesimage(kmlin, s} 2007 [xmask:
1935 Ilnexsline & xaxissindgen{ydims+1} 2008 silephase{maxdata-1,0} ¢ si2=phaseimaxdata-1,1) & s22s=phase(maxdata-},2}
1936 plot,naxistS:ydim-5), line{5:ydim-5),color=0.§ 2008 xcxphase (maxdata-3,2) & xcpsphaselmaxdata-3,3}

1931 xrange={0,ydin},yranges|0, Imax+10], xstyles),ystylasct,$ 2010 [xplane;

1918 xtitle='Y{pixels) yritles’Intensity’,tittesheading, /nodata 2011 t=0.5%atan{24s12/i511-522})

1939 xyouta,0,15,0.9%0, smhead, color=0, /norm 2012 ascox(t) 2all+2tcanic)*sintt)*ad2ralinit) 2522

1340 plots, {0,ydim-11, ibackground, background),color=0 2013 b=sin(t)~2°211-2*cosit) *sin{t}*si2+cos{t} 24522

1941 | . 2014 goto,genarate

1942 I ntime eq 1 then § 2015 [ymask:

194) tor k=kmin, kmax,kstep do begin 1016 s)daphaseimaxdata-1,31 L sdéxphase(maxdata-), 4} & sdd=phaseimaxdata-1,$)
1944 #3$2°X cut ‘estelng(k, format«" (13) "} 2017 xcaphase(maxdata-3,4) & xcprphaselmaxdata-3,5)

1945 xyouts,0,15,0.87,58, color=0, /norm 2018 {yplane:

1946 if s»w ge ) then linexsmoothiimagefk,”),smw) ealse linesimage(k,*) 2019 t=0.5%atan{2s34/123)-004))

1947 plot, xaxis{5:ydim-5), net5:ydim-5),color=0,$ 2020 ascos(t)"2*933+2%con () sin{t)*sddvminit) 2284

1948 xrange={0, ydim},yrange={0, Imax410) , xstylesl,ystyle=1,§ 01 b=sinit)“2*s33-2*cox(t)*sin{t}*sldecon{t] 24244

1949 stitles’Y{pixela)' ytities'Intensity'.titte=heading 2022 §;

661
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2021 |generate: 2096 |; xpy=Q

2024 ax2'sqrt{a) & bs2'sqrtib) 2037 §; for k=l.nbeam do §

2028 acza’cos{t) & ass=a*sinft) & bcsb’cos{t) & bssb*sinit) 2098 |3 it ploc_letaik,1) eq } then §

2026 npoints236 & ellipsextitarz(2,npoints) 2093 {; xpy*xpy¢ {maskik, 1) *phase(k,1)+mask(k, 1} *phase(k,2))

027 t=0 & dee2etpdsiap = 2100 |; xpyps=0

2028 tor k:0,npoints-1 do § 2100 |; for k=1,nbeam do §

2029 begin 2102 ); 1f plot_lets{k,1) eq 1 then §

2030 xxcosit) & y=sinit) 2101 |;  xpypsxpypt iphasetk.)) ‘phaseik. 4) sphazselk,2) *phaseik,5})

2031 xxzac*x-bs'y h yy=as*xsbe'y & xx=x100*xxixc & yy=1000°yytxcp 2104 {; xy=100°xy/nheam & xyp=led’xyp/nbeam

1012 eliipse(0,. k)sxx & ellipsell. k)=yy 2105 |: xpys=lel*spy/nbean & xpyp=leb*xpyp/nbeam

2001} tetade 2106 |; angmomsxpy-xyp

2014 end 2107 |; eclot, ‘xy,xpy,xyp, Xpyp. angmon’

2005 | 2108 {: print,xy,Xpy.XyP.Xpyp.angmom

2036 freturn 2309 |: momentsib)axy & moments{7)=xpy

2037 {end 3110 |; momentsiB)=xyp k& moments{9)xxpyp

2038 |: 2111 axypesgrt{stisdonidsiy 1 mmimr

2039 |jremmrm e —ean B ] P ] D i B B LRl 2112 Expy»sqrt(s33/4+523/4) i mentmc

040 {; 2113 SXpyp=sqrt{s22/4s44/74) : met2

2041 |pro plot_6éd_space,ntime 24 sxy=sqQrtisi1/74+ad3/4) ;i mmt 2

2042 |; 2115 |print,*

204) Jcommon coml, filename. dumpname, printname, dataname, title 2116 |print, 'sxy.sxpy, sxyp, sxpyp’

2041 jcommon comd,data,nspc,phase, maxdata, mask,nmask, typemask 2117 |print. sxy, sxpy, sxyp, sxpyp

2045 [common comS,plot_lets,center, maxb.nbeam 2118 {print,’

2046 jcommon cem?,xcmplix,ycmpix,drift,rhole, sepatation, thickness 2119 sslbzstrarr (4,4}

2047 Jcommon comg,window, xwindow, ywindow, chwin2, level 2120 $ss1b{0,0) =’ axyp, Xyp, xyp/axyp*

2048 {common comd,turrent,energy,betagamma,restm.brightness,emitx, emity, emitn, nemtt 2121 $31b{0, 1) = <x*yp>a*+steing imoments{8), format="(£8.21"'}+" mm-mr*
2049 Jcommon comlid, s11,812,522,833,534, 544, xon, yon, xpen, ypen, £12, 034, Ix, 1y, 1d, bdx, 1dy 2122 tsib{0,2}='sum ~*satringisxyp. formats’{el0.2)")

2050 [common comlS,version, comhead, comdata, momeits 212) s31b{0, 3] «’S/x*yp="sstringimomentsld) /sxyp, format=‘{el0.2)")
2051 Jcommon coml?,chhsv, have_done, maxptype. ptype, chellipse,chelfd, chelsc) 212¢ s851b{1.0) =’ sxpy. xpy, xpy/sxpy’

2062 {1 2325 s3lbil.l)a‘<y*xp>n’sstring(moments{?}, format=’(€8,2} )¢’ mm-mr’
205) che’ * &L fp.multila{Q,2) 2128 sslb(l,2)x zum s'sstringisxpy, format='{el0.2)"} .

2054 |: 2127 salb{l,3}=*S/y*xpa’sstring(momentsi?)/sxpy, formats’{el0.2)")
2055 If nmaak eq 0 then begin & print, ‘Must generate mask.’ & rveturn & -end 2128 s81h(2,0) =’ axpyp. xpyp. xpyp/ S xpyp’

2056 {; if ntlme &g O then read, *Plot beamlet lables <y,n> ‘,cheléd 2129 831b{2, ]} <xp*ypr='tatring(moments(9}, format=’ (£8.21 )+ mr"2’
2057 |; 2130 aslbid, 2)='sum =*+stringlaxpyp, formate’{el0.2)°)

2088 tits=strarr{d) & axlsastrarr(8} & assfitarc(€,2} 2111 s8)b{2,3)a'S/xpyps* estcing(moments{9) /sxpyp, format~*(el0.2}°}
2059 xymin=Iltarr(2} & xymaxsxymin & xpmins=fltarr(2) & xpmaxexpmin 2132 231bil), 0) =" exy, xy, xy/axy’

2060 tles(0)a’ X-Yp t*rfilenames’)’ & tits()s'¥-Xp (“+filenames’ )" 213 s3lbid, l)eexsy>a’sstringimoments (6}, format="(£8.2)"j¢' mm"2°
2061 tits(2)a'Xp-Yp (*e+filenamet )’ & tita{3ia® R-Y (“+fldlenames’}* 2134 sslb{3, 2= sum »*+3tringisxy, format='(el0.2}")
2062 axis{0)=" x{mm}* & axis{l)s'ypimr}* & axis{2)="yinm}' & axis{))a’xplar)* 2115 sslb{3, })="'5/xy='estring {momentsi6}/sxy, tormats’ (el0.2)"}
2063 axisté)n xpime)’ & axistS)='yp(mr)’ & oxis(6)x'x({mm)’ & axisg(T}=* yi{mm}* 2136 |;
20€4 4%(0,01=0 & as{).0)=0 & a5(2,0)20 & 25().0}=0 &k as(4,0)=0 & as{5,0j:0 2137 for planes0,) do begin
2065 |[; 2138 ixs2'plane & {yxixs3 & expnd=i.S
2068 |; phase(*,0)=xabs, phase(*,1}=xpl, phase(*,2}=xp2 2139 Ix0windex(plane.0) & {xisindex{plane,1) & xscl=index{plane, 4}
2061 }; phasel*,d}ayabs, phasel®,4)=ypl, phase(*,5)=yp2 2140 ix2=indexiplane,2) & ix)=indexiplane, 3} & psclsindexiplane.$)
2068 (; 214} xymlni{O)axscl*miniphase{where(plot_lets{l:nbeam, 1} gt 0},ix0})
2063 rad=atan{1}/4.5 ; 10 degrees 2142 xymax{0)sxacl*max{phase{where{plat_lets{l:nbeam, 1} gt 0),ix0})
2070 circle=fltarr{3?,2) 2343 xymin(l)axscl*min{phass{vhere{plot_lets{):nbeam, 1} gt 0),ix1})
0o clrclet*,0)xsin({indgeni{3?t*rad) & clrcle(*, 1)acoa{indgentd?} xad) 2144 xymax(1)=xscl*max(phasse{where(plot _leta{l:nbeam, 1} gt D), ixi}}
0m2 indexsintarr (4,6} 2148 | xymin{0) =xscl*minimask{vhere{plot_lets{l:nbeam, 1} gt 0},ixa}}
2073 index{0,0)=0 & Index(0,11x0 ¢ {ndex{d,2)st L indexi{0,3)a$ 2146 | xymax{0)sxaclimax{mask{where(plot_lets{)i:nbeam,1} gt 0}, 1ix0})
2074 index{1,0)2) & index(},1)=) & lndex(!,2)=1 & Index{l,6d)=2 2147 |3 xymin{l}sxscl*min{mask{whavreiplot_lets{l:nbeam, 1} gt 0),Ixl))
2018 index{2.0)s} & Index{2,1)=2 & index{2,2}=4 & index{2,3)=5 2148 {; xymax(1}=xscl'maximask (whersiplot_leca{l:nbeam, 1} gt 0),1x1))
2076 index11,01<0 & {ndex{3,1)x0 &t index{},2)ad & Index{d,3}a} 21438 xpmini0)rpacl*mini{phase(whereiplot_lets{l:nbeam.1} gt 0}.ix2)}
2077 | 2150 xpmax (0} spscl*maxiphase (wherel{plot_lets{1:nbeam, 1) gt 0}).Ix2})
2078 pss1000,0 2151 xpmin{l)epscl*min(phase(wheraiplot_letsi{l:nbeam, 1) gt ©0),ix3))
2019 index{0.4)21.0 & index(0,5)=ps 2152 xpmaxiljspacl*max{phase{wheraiplot_letz{l:inheam, 1} gt 0).1xIN)
2080 Index{l.4)1%1.0 ¢ i{ndex{l,S)«ps 2151 wminprexpnd*ainixpmin} & xmaxpsexpnd*maxi{xpmax}
2084 index{2,¢)sps & index(2,5)=ps 2154 sonin sexpid*wmin{xymin} & wxmax sexpnd*max{xymax)
2082 Indext). 4)=1.0 & Index{3,5}»1.0 2155 as{0,0)uxmin & as(5,0)axmax & ag{2,1}xxmaxp & axi{3,1)=xminp
2083 {: 2156 };
2084 |: Calculata the cross cartelation sums xy, x-yp, xp-y, and xp-yp 2157 plot,ast*, 0}, a8i%,1),4%
2085 |; xy=0 2158 xrangesxmin, xmax},ytange={xminp, xsmaxp}, nstylesl,ystylas1,$
086 |1 avebeam)eted 2159 xtitle=axis(ix},ytitle=axist¢iy),title=titaiplane}, /nodata
2087 |: tor k=i, nbeam do begin 2160 plota, [0,0), {xminp, xmaxp) & plots, fxmin, xmax], (0,0}
2084 |; avebeanletsavebesamletsdataik, 7} fnbeam 2161 1t plane ¢q 0 or plane eq 2 then Ixl=0.1 else Ix140.6
2089 | end 2162 write_scales, ix}
2090 1 for k=i,nbeam do If plot_tets(k,l) eq ! then § 2163 if plane eq 2 then begin ; Xp-Yp plot circlas
2091 | xy=xyelmaskik, 0} ‘maskik,1})*‘datatk, 7}/ 2164 tox ka)l,nbeam do §

2092 [ xyp«Q 2165 L (plaot_letsik,1) eq 1) then begin

209} for k=),nbeam do $ 2166 §; xxax=0.5*xscl*imagki{k, ix0)imaskik, ix1})})

2094 | ${ plot_lersik,1) eq 1| then § 2167 xxax20.5'xsc)* (phasetk, ix0)sphaselk, ix1}))

2095 |: xyp=xypt {mask{k,0} ‘phaseik, 4) +maskik, 0) *phaseik.5}) 2168

xp#20.54xsct* {phaseik, Ixl) -phaseik, ix0})

002
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2169 | yyax=0.5*xscl* {mask(k, ix2)smask(k, ix2)} 2342 end

2170 yyax=0.5*xscl*{phaseik, ix2}+phasetk, ix3)) 224) 1t nmask &q 0 then begin & print, *Hust geperate mask.’ & rveturn & end
217 yps=0.5*'xscl¢ (phase(k, {x3} ~phasetk, Ix2}) 2244 it {nbeam eq 0} then begln k print, 'RAW HODE' & return & end

2112 oplot,circle(*,0) *xpsoxxax,clrcle(*, 1) typasyyan 2245 1f ch2 eq ' * than begin

2111 plots, [xxax, xxax), {yyax-0.%,yyax+0,5} 246 xplange'x’ & yplane=’y’ & 1dx=0 & )dy=0 & slocs’mask’ & end §
N plots, {xxax-0.%, xxax¢0.5), [yyax,yyax) 120 elase {€ ch2 eq *w* then begln

2175 end 2248 xplanes*1* & yplane=*3* & ldxelx & ldyely & sloce‘waist® & end §
2176 end else § 2249 slse if ch2 wq 'm° then begin

un tor ksi,nbeam do § 2250 xplane=’x* & yplanes'y' & 1dx=0 & 1dy=0 & sloca2’mask’ & end §
2178 if iplot_letsi{k,1} eq 1} then begln 2251 else if ch? eq '1* then begin

2179 xxax={xsclsphaselXx, 1x0), xscl*phase(k,ix1)) 2252 xplane='c’ & yplane='d’ & ldxsdrife & idy=drife

2180 yyax=lpscl*phaselk, 1x2} ,pact?phasetk, ixd)] 2253 sloce'TV iwage’ & end §

2181 plots, xxax,yyax & oplot,xxax.yyax,psym=6 2254 elza 1€ ch? eg *d* then begin

2182 end 2255 xplanes‘c’ & yplane=‘d’ & ldxs=1d & 1dy=ld

218) if cheléd eq 'y’ then begin 2256 sloce’La’estring(ld, format=*{£2.3}*)+' m' & end §

2184 tor kal,nbeam do if plor_letsik,1} eq ! then § 2253 elzm return

2185 xyouts,xscl*phasetk, 1x0}),pscl*phasetk, ix2),string(k, format="(13)*) 2258 |

2188 end 2259 S22’ k gsl=’ & saxstt & mmysc’

2181 if ntime eq 1 then iyl=-0.07 else {yl=0,95 2260 flag=0 & xacepls-100 & xacep2+100 & yacepls-100 & yacep2al00

2188 It {plane eq O) or {plane eq 2} then begin 2261 labelsplot_lats{nbeamil, )

2189 tf mask{0,1] ne 0 then begin 2262 |3

2190 iylsiyl-0,025 2263 tles=styarr(6)

2191 xyouts, 0,18, lyl, *Hask rotation ‘+comdata{18}+* deg.’,/norm 2264 thts(0)="xtem)® & tles{dje'xpimr)* & tital2)=*X-Xp {*+filenames’)*
2192 end 2265 thtsi3)a'yfcm)’ & tlta{4)s yplme)' & tits{S)=Y-¥p 1’ +I)lenames’)*
2191} end 2266 xxax=fltarr{2) & yyaxaxxax

2194 |: for js1,) do begin & fyl=iyl-0.022 2261}

2195 | xyouts,ixl+0.02,1yl,sslbtplane, i}, /notm & end 2268 get_sigma, xxl, xx2,yyl,yy2

2396 {1 it tplane eq 1) and (ntime eq 0} then begin 2269 xxi=100.0'%xx} & xx2=100.0%xx2 & yy1a100.0%yy) & yy2=100.0%y2

2197 (. read, ‘Continue <y,n> *,ch & if ch eq 'n’ then goto.myexit & end 2270 p=1000.0

2198 {; end 2133 ag=fltarci6,2) & xxaxefitarr{2) & yysx«fltarr{2}

2199 fyleiyl-0,022 22712 i1t chelac) &g *s* then begin

2200 xyouts, §x1+0.02,iyl,sslbiplane, 1), /norm 2273 fixscale: memaxdata-2

2201 it iplane eq )} and {ntime eq 0) then begin . 21 xminsphase(m, 2] & xmax=phase{m, 3} & >xminp=phasa(n, 4} & xmaxp=phase(m,5}
2202 read, ‘Continue <y.n> *,ch & if ¢h eq 'n’' then goto,myexit & end 2275 yminsxmin & ymaxsxmax & yminp=axmlnp & ymaxp=xmaxp

2201 end 1276 goto, twoplots

220¢ |; 2271 end

2205 Jmyexit: !'p.multia0 22718 |

2206 lieturn 22139 q=1.5§

2207 (end 2280 xmina=fltary{2) & xmaxa=xmina & yminasxmina & ymaxs=xmina

2208 |; 2281 xpminsfitarr(2) & xpmaxsxpmin & ypmin=xpmin &k ypmax=xpmin

2209 |i-ememamimaaae P e fmmaem. wam——- eAmeemmmeca . N B et ammmmanaa 2282 xmina{0)=min{xx) (wheraiplot_lets(l:nbeam, 1) gt 0}))

M0 3 2283 xmaxa{0)=max{xx}(where{plot_lets{linbeam,1} gt 0}})

2211 pto welte_scales,xps 228¢ axmina{l}emini{xx2(where{plot_leta{linbesan,i} gt ©)))
2212 (¢ 2285 xmaxall)=max(xx2{where{plot_lets{l:nbeam, 1} gt 0}1)
2211 ss=stringtix.crange{0), format="{{1.2)}+$ 2286 xpmin{0)=p*miniphase{where{plot_lets{1l:nbeam, 1) gt 0).11)
2214 string(!x.crange{l), formata*{£7.2} e 2287 xprax{Q)sprmax({phase (whereiplot_lets{linbeam,1) gt 0),1}))
221% string(ty.crange(0), formags* [£7,2)"') 4% 2288 xpmin{1) =p*min{phase{where{plot_lets{i:nbeam, 1) gt 8},2))
2216 string{ty.crange{l), formats*(£7.2)") 2289 xpmax{l}=p*max{phase{where{plot_lets{l:nheam, 1} gt D).21}
2217 xyouts,xps, 0.0, strcompressias), /norm 2296 xmin=g'minlamina) & xmaxe=g*max(xmaxa)
2218 §: 2291 xsinprqiminixpmin) & xmaxp=q*max({xpmax)
2219 |return 2292 &
2220 jend 2291 ymina{@) =minlyyl {wheraiplot_lets{l:nbeam,1) gt 0))}
2221 {; 2294 ymaxa{0) =max(yyl (where{plot_leta{l:nhean,1} gt 0}})
2222 {je-e-- mmann B Rt eemeenn B ittt L PR Memerseaan 2295 yaina{l)=min{yy2(wheze({plot_lets{l:nbeam, 1) gt 011}
2223 |; 2296 ywaxa{l)»max{yy2iwhereiplot_leta(l:nbeam, 1) gt 0}})
2224 [pro plot_phase_space,ntime 2247 yeain(0)sp*min(phase{where{plot_lets{l:nbeam, 1} gt 0),4))
21228 }; 2298 ypmax{0}=p*max{phase{vhece{plot_letsil:nbeam,1) gt 0},4})
2226 {common coml, filename,dumpname.printname,dataname, titla 2299 ypain{l)ep*miniphase{where(plot_leta(l:abeam,1} gt 0),5))
2227 [cormon com}, ssin,pvliew,ch2 2300 ypmaxilyspimax{phase(where{plot_letsll:nbeam, 1} gt 0}),5})
2228 lcommon comé,data,nspc),.phase, maxdata,mask, nmank, typemask 2301 yninsg'sin{ymina) & ymaxeg*max{ymaxa)
2229 |common com$.plot_lets,center, maxb, nbeam 2302 yrlnpsq‘min{ypnin} & ymaxp=qg*max{ypmax}
2210 jcommon com?, xemplx,ycmpix,drift,rhole, separation, thickness 2303 |;
2231 [common card,window, xwindow, ywindaw, chwin2, level 230 it zscales(0) ne 0 then begin ; use fixed acales
2232 |common rom3,current, energy,betagamna, restm, brightness, emltx, emity, enitn, nenly 2305 xminsscales{d) & xmax~scalea(l) & xminpsscales{2) & xmaxpescales{3)
223) [common comll, ipass,bradius,xave,yave, {heamn, {xadius,bjj 2306 yminsxmin & ymaxsxmax & yminpsxminp & ymaxp=xmaxp
224 jcommon comld.sll,s612,222,233,534, 544, xcn, yon, xpen, ypen, k12, 534, Ix, 1y, 14, 1dx, 1dy 2307 and
2215 |canmon comif, version, comhead, comdata, moments 2308 |;
22)6 {cosmon coml§, xweent,ywcent,xpix0,ypix0,.pixsize 2303 ltwoplote:

2237 |common coml7, chbsv, have_done, maxptype,ptype,chellipsa, cheléd, chelscl 2310 |1 x-xp phssge space

2238 jcommon com20,scalea 2118 tp.muleis{o,2)

2219 |3 2312 dxlab=0,044xmax & dylabs0.04*ymax

2240 {f maxiplot_letsli:nbeam, 1)) it } then begin 1313 planes‘x*

2241 print, *All beamlets have been slliminated. See b)eamlet option' & return 231 83{0,0)mxmin & asi),0)=0 L a5(2,0}00 &k a8{3,0)=0 & as(4,0}1=0 & 88(5,0}=xmax

rarn.
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2318 a5i0,1)%0 & 28(1,1}«0 & as(2,1)=xmaxp & as({3. 1lexminp & as{d,1}=0 & a515,1)=0 2386 §f n2 gt 10 thea ssestymidicomdatall),10,n2-10}

2316 plot,as(*,0),a8{*, 1), xrangespxnin, xmax), yranges[xminp, xanaxpl.$ 23m xyouts,0.62,yy,ss, /norm ; nbeam smoothing
17 xstyle=1,ystyle=t,xtitlestitnioO), yritlestitsil), titlestits(2},/nodata 2188 |:

2310 [; write_scales, 0.10 2389 1f wask{0,1) ne O then begln

2319 for k=1, ,nbeam do § 23390 yy=yy~0.0) & xyouts,0.65,yy, 'Mask ‘s+comdats{l9)+* dey.’',/norm k end
2320 1f {tphaseik,)) gt yacepl) and lphasaik,)} 1t yacep2}) and § 2391 i cecaomrmamen

2121 fplot_letsik,1} eq 1} then begin 2392 I

23122 xxax={xxt{k),xx2{k}] & yyaxs{p*phaseaik,)),p*phase(k,2)} 2191 1€ ntirs ne O then goto.myexit

213} plots, xxax,yyax & oplot,xxax,yyax,piynzé 2394 1f as! eq ‘1’ then goto,myexit

2124 if flag eq 1 and label eq 2 then § 2395 TR

2325 xyouts,xxlik}+dxlab,p*phasetk, 1}, stringtk, formata’ {13} *) 2396 read, 'Plot st given Kicm).Y{cmislice, Sicale, E)llipse, L)abel, Njolabel ‘s
2326 end ’

P33 3t ntime eq 1 then begin 2397 | ‘<LF exit> ‘,sx
2128 ss=stymidlcomdataiB}, 1.8} +* mm-mr’ +

2329 |: xyouts,0.15,0,90,ss, /notm 1398 if strlen{ssl) eg 0 then goto,myexit

2130 §; ssrcomhead(10} +condata(l8} € xyoutn,0.15,0.87,55, /norm 2199

1N end 2400 1f ssl eq ‘a’ then begin

2312 plots, 10,0}, ranlnp, xmaxpl & plots, {somin, xmax}, 0,0} 2401 plot_ellipse,xplane,ellipse

23)) if tlabel eq 21 and {flag =g ©) then $ 2402 plot,ellipse(0,*),ellipse(l,*),$

2114 for k«l,nbeam do if (plot_letstk,1} eq 1) then § 240) xxange»{xmin, xmax},yranges{xminp, xmaxp], $

2335 xyouts,xx1{k)+dxlab, p*phaseik, 1), stringtk, formata’ {13}*) 2404 xstylesi,ystyle=), xtitlestita{D),ytitlestits{l), titleavtitsi2)
23136 1€t chellipse eg ‘y’ then begin 2405 plote, [xmin,xmax],[0.01 & plots,{0,0), {xminp,xmaxp]}

230 plot_ellipse, xplane,ellipse & oplot,ellipsel0,*),ellipseil,*} & end 2406 plot_ellipse,yplane,ellipse

2138 | . 2407 plot,el)ipsei0,*}, el lipae(d,*),$

2339 |: y-yp phase apace 2408 xrangas={ymin,ymax},yrange={yminp, ymaxp).$

2340 planex'y’ 2409 xstylesl,ystylest xtitlestits {0}, ytitde=tita{l}, ciclestits(2)
2341 as{0,0)=ymin & ax(1,01x0 & 2312,0)20 & a3{),0)=0 & as{4,0}20 & as(S,0)=ymax 2410 plots, {ymin,ymax], {0.0) ¢ plots, {0,0], {yminp,ymaxp}

2342 as{0,1)20 & an(),1)=0 & as(2.1}eymaxp & 23{3, Y)zyminp & as(d,1)=0 & as(5,1)=0 2411 cc=' * L read,’'Plot ellipse on “data phase space* <y.n> *',cc
2343 plot.as(*,0},as({*. 1), xranges{ymin, ymax}, yrange={yminp, ymaxpl, $ 412 i1f strlen{cc) gt 0 thea begin

234 xstylesl, ystylexl, xtitlestits(3d) ytitlestits{4),citle=cits(5), /nodata 241) {f cc eq 'y’ then chellipser’y” else chelllpse='n’ ¢ end

2335 [; write_scales,0.60 FI3Y] guto,myexlt

2346 for k=l.nbeam do § 2418 end §

2347 1t tiphasetk,0} gt xacepl) and (phasetk,0) 1t xacep2}) and § 2418 else {f 33! ug ‘a* then begin

2348 tplot_lets(k,1) eq 1) then begin 2417 read, ‘Enter phase space scalea rmaxicm),rpmax(mr} LFiautoscale) ==> ', 83
2349 xxaxxfyylik),yy2ik)l & yyax={p*phasai{k.4),p*phase(k,5}] 2418 if strlen(ss} eq 0 then begin & chelsclis’ * & goto,myexlt & end
2350 plots, xxax,yyax & oplot, xxax, yyax,psym=§ 2419 numefltarri2) & decode,ss, num,.n & x=1.0%num{0) & xpsl_O*numil)
2351 1t (flag eq 1) and (label eq.2} then § 2420 mamaxdata-2

2352 xyouts,yy)(kjtdylab,p’phase(k, 4),steing(k, formats* {13) ") 2421 phaxe(m,2)=-x & phaszeim, 3}=x k phaseim,d)=-xp & phaseim, S}=xp
215} end 2422 . chelsclis's"

2354 plots, 10.0), {yminp,ymaxp} &t plots, [ymin,ymax]),{0,0] 2423 goto, fixacale

2355 if ntime eq 1 then begin 2624 end §

2356 ssestamid{comdatalB}, 10,8)+* mu-mr* 2425 else if g5! e&q ‘n’ then begin

23187 {; =youtx,0.65,0,90,8s, /nogm 2426 labal«0 & plot_lets{nbeamel, l}elabel & end §
258 end 2427 olse If ssi eq 1’ then begin

2159 1f tlabel eq 2) and (flag eq 0} then § 2428 isbels2 & plot_lets(nbeams+l, ))nlabel L goto,twoplots
2380 tor k=1,nbeam do i€ (plot_lets{k.it eq t} then $ 2429 end
2161 xyouts,yyl (k) ¢dylab,p*phase(k,4), string (k. format='{i3}*} 2430 }:
2162 Lt chelllpse eq *y* then begin 243) it strpos(’abcdefghljklmnopgrstuvwxyz’,ssi} ge O then goto,myexit
2163 plot_ellipse,yplane,ellipse ¢ oplot,ellipzetD,*), elllpse(i,*} & end 2432 nxsavzpos{ssi,* °,0) & sx=stemidissl,0,nx) & xsfloat(sx}
2364 |: 2403 nysstrlen{ssl)-nx & sy=stemidissl,oxel, ny) &« y=€loat{sy)
2165 §: plot labels FI31] flag=l & deltax=xcmpixtxwindow & deltaysycmpix*ywindow
2366 §; -e-nm-en .- 24035 xaceplex-deltax & xacep2=x+deltax & yaceplsy-deltay & yacep2=y+deltay
2367 1t ntime eq O thea § 2418 saxa’Yx'satringly, formata" {£8.3)')+* cm*
2188 begin & yy=0.96 & dy=0,021 ¢t end else begin & yy=-0.05 & dy=0.030 & end 2437 ssy»*K='satring (o, formav="{{B.3)" )¢’ cm*
2169 sa='rms edge x emlittance ‘estring{l. feé*emitx, format=*1€8.2}"}¢’ won-mr* 438 goto, twoplots
2370 YY*yy-dy & xyouts,0.12,yy.ss,/norm 2439 |:
2111 ss='rms edge y emlttance *sstringl). Oebemity, formats’ {f8.2)°}¢* man-mr’ 2440 {myexit: tp.multie«0
372 xyouts,0.62,yy,ss, /norm 2441 lreturn
13173 ssa'nosm. X emittance *+string{l.0e6’betagamma‘emitx, formats’{£8.3) )" awm-mr 2442 {end
+ 284) |
1IN yy*yy-dy &k xyoutsg,0.11,yy,s3, /norm 2444 Jp-emmaeacnmen e s o————— B e - P et T Y R cemcavuanaan .m——
2375 ss='notm. y emittance 'tstring(l. 0e6*betagammatemity, format="'{£8.3)"}¢+’ m 2445 |
amemp’ 2446 |pra plot_all _beam ntiale

2316 ryouts,0.62,yy, sa, /norm 2487 §;

2317 {; ssxx,rl2.xp='+xkring {100 sqrt ix11), format=’ {£7,.3)*)¢$ 2448 jcommon comd, fllename, dumpname, printname,dataname,title

2378 |; string{rl2, formaew’ (£7.4)1*}entring{1000*sqreis22), formata’(£7.)}") 2449 [comman com?,xdim, ydim, imswch, lmage, lobject

2319 3 yyayy-dy bk xyouts,0.12,yy,.xs, /norm 5 x beanm 2450 [common com3, ssin,pview,ch2

2380 |: sax'y, t34,ypatontring(1004sqrt (s33), format="{£7.3) }+§ 2451 ]common comé.data,nspci,phase, maxdata,wask, nmask, typemask

2381 |: stringirld, formata’ {£7,4) ) entring(1000%agert(244), format=’(£7.3)*) 2452 |common com5.plot_lets,centar,maxb, nbeam

2182 |: xyouts,0.62,yy.ss. /notm i Yy beam 2451 [comman com8,window, xwindow, ywindow, chwin?, level

238} ssecomhead(10} ecomdata{10)4* at *+sloc 2454 ]common coml5,version, comhesd, comdata, moments

2304 yyeyy-dy & xyouts,0.12,yy,sx,/norm 3 level 2455 Jcommon coml?,chbsv, have_done,maxptype,ptype,chellipse,cheléd, chelsel

2185 n2+sstrien{comdatatiyy 2456 |3
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1457
2458
2459
2460
2461
2452
246)
2464
2465
2466
2467
2468
2469
2470
2471
2472
2473
2474
35
2476
2477
2478
2473
2400
2484
2482
2483
2484
2485
2486
2481
2488
2489
2450
2431
2452
214913
294
2435
2496
297
24980
24598
2500
2501
2502
2503
501
2505
2506
2507
2508
1509
25190
2518
2512
51)
2514
2515
2516
2517
518
2519
2520
2521
1511
252}
2524
2525
2526
2527
1528

2529

xx=fltarr{d} & yy=xx
x{0}»0.07 & xx{}}%0.32 k xx{2)=0.55 L xx{3!=0,82
yy(03=0.96 & yytl)}w0.70 & yy{2)=0.46 & yy(1}=0.20
lp.multl=({0, 4,4}
ip=0
for k=1,nbeam do begin
nxlscenter{k,2) & nx2=centar(k,1) & nyl=centerik,4) & ny2=center(k,$)
iyscenter ik, 1}
plot, imageinxi:nx2,iy).yrange=[0,256), xstyle=} yatylexl
for j=nyl.nyl do oplot,image(nxl:nx2,j)
xyouts xx(ip mad &),yy{ip/4), 0 estringik, format=“{13}*), /norm

if ip eq 0 then xyouts,0.1,0.98, {ilename, /nom
ip=ipel
if X mod 156 eq 0 then begin

ip=Q

if ntime ¢q O then begin
cca’ ¢ L read,'Continue <y,n,ajbort> *,ce

if cc eq *n* then goto,byebye
if cc e#q ‘a’ then abort
end
end
end
byebye:
fp.aulris0
teturn

end

pro plot_beamlat, ntime

H
common coml, f{)ename, dumpname, printname, dataname, title

common com?, xdim,ydim, imswch, image, iobject

common com),ssin,pview, ch2

cammon comd,data,nspci, phase.maxdata,mask, pmask, typemask

common com5,plot _lets,center,manh, nbeam

compon comB, window, xwindow, ywindow, chwin2, level

common comlS,version, comhead, comdata, moment s

common comi?,chhsy, have_done, maxptype, ptype,chellipse,chaléd, chelscl
i

nbn=0 &k s3='" & s3_windows’ Window=’scomdata(s)
numsintarc (nbeam)
if ntime &g O then $
begin
Jf ch2 eq *‘n’ then $§
begln & decode,ssin,num,.n & nbanum{0) & goto,nextb & end
read, ‘Khich beamlet, <1.,.’evstringinbeam, format="{13)*)+3
‘> Dielete Pjurge Riestore Hjultiple <LF next ons > °,sa
i€ strieniss) eq 0 then nbrplot_letsimaxb,0}+1 else §
if (s2 eq *d’) then begin
read, ‘Enter beamlets to be *ignored' A}ll »=> *, a8
if (s3 eq 'a’) then begin & plot_latst*,1)+0 & goto,myexit & end
decoda, ss, num,n
tor ks=0,n-1 do begin & kbenum{k}
if (kb gt 0} and (kb le nheam) then plot_tets{kh, 1}i=0
end
goto, myexit
end else §
it {sx eq ‘p’) then begin
print, 'Enter beamlets to be PERMAMENTLY OESTROYED'
read, ‘ue> ‘.58
decode, s3,nun, n
for k=0,n-1 do begin & kb=numik)
if (kb gt 0} and (kb lt nbeam} then begin
data(kb:nbeam-1, *)adata{kh¢l:nbean,*}
magklkbinbeam-1, *) sanask (kbe1:nbeam, *|
center {xbinbeam-1, ‘) scenter (kbelinbean, ¢}
plot_letsikbinbeam-1,*)splot_lets{kbel;nbean,*)
nmask=nmask-1 & nbeam=nbeam-1
end else If kb ge nbeam then begin
nbheamznbeam-1 k& nmasksnmask-1 & end
end

2510
2533
2512
51
50
2515
2516
2517

for k=nbeamtl.nbeant2 do begin
for j=0.8 do data{k,j)«0
for 320,11 do centertk,j)s0
ead
goto,myexit
end elss §
{f i{ss #q *‘r*) then begin
read, ‘Enter beamlets to be *restored® Ajll wx> *, s
Af (ss eg ’a‘} thea begin & plot_lets{*,1)=1 & goto,myexit & end
decode, ss . num.n
for k=0.n-1 da begln & kb=num{kj
If (kb gt 0) and (kb le nbeam| then plot_latasikb,1)x=1
and
gato,myexit
end else §
It {ss eq 'm') then begin
read, "Enter list of beamlet =wu> * a3
dacoda, ss,ploc_lets, nbm
if nbm gt 2 then Ip.multi«]0,2,nbm/2}
no=1 & goto,next
end §
alse nbafixiss)
nextb:
if (nb 1t 1} or (nb gt nbeam) then begin
print,’Sorry, not that many beamletts’ & goto,myexlt & end
have=0Q & for kel,maxb do if nb eq plot lets(k,0} then §
begin & havesl & npek L end
if have eq 0 then §
begin & maxbsmaxbs} & plot_lets(maxb,0}snb & npemaxb & end
end sisa begln & np=l & nbe0 & end

nbhsplot_lets(np,0)
1f ntlme eg | then princg,’ beamliet ‘satringinb, formats‘({))*)
Af (58 eq *m‘) and (np mod 2 eq 0} then read,’Continue <y,n> *,ch
Lf ch eq ‘n’ then return
nxlxcenter(nh,0)-xwindow & 1f nxl Jt 0 then nxi=0
nx2anx} ¢ xwindowsxwindaw & 1f nx2 ge xdlm then nx2=xdim-1
nyl=centerinb,1}-ywindow & if nyl 1t 0 then nyl=0
ny2=nyl+ywindowtywindow & if py? ga ydim then nyl=ydim-1
surface, imageinxl:nx2, nyl:ny2)
xyouts,0.2,0,87,title, /norm
xyouts.0.2,0.84, 'Besmter *satring(nh, formata’ {13)°)s° [“4§
stringlcentex(nh, 0}, format=*{13) }s", 45
atringl{center{nb, 1), format="{t3}*}+"} " +u3_windows* ‘8
stringinxl, formats"{13) )+ =-*eatringinx2, €ormat=’{id) )+, 48
stringinyl, formate* (13)*)+*-*eatring(ny?, format=’{i3}’}, /nom
xyouts.0.2,0.81, ‘Peak ='igtring{datainb,0), formata’(§3]“)+$
* Sumacistring{datainb, ), tormats’{e)0.3)*)¢$
' *+filename, /noim
n2=strlen{comdata(l))-10
if n2 gt ) then xyouts,0.2,0,78, strmid{comdata(t},10,n2), /norm
i€ ntise vq } then begin
np=np¢l & L€ np le maxb then goto,next & maxbs0 & end
if nba gt 0 then begln & nbm=nbm-1 & np*np+l & goto,next & end

i

tp . multi=0

seturn

myexits ptypeid)=0 & lp.multi=0
return

and

B

pro plot_mask,ss
:
cormon coml, i) ename, dumpname, printname, dataname, title
coxmon coml,sain,pview,ch2

common comd,data, nspc),phase, maxdats, mask, nmask, typemask
cormon comd, plot_lets, center,maxb, nbéam

common canl,xerpix,yemplhx,drift, chole, separation, thickness

copemon comi5, verslan, comhead, comdata, moments

Nars -

Mt 34 16Q0 1L, A4




Nov 24 1997 16:01:30 © v pepperpot.pro ¢ ‘Page 37 Nov 24 1997 16:04:30 i pepperpot.pro = - Page 38
2603 §: 2676 |

2604 }; pviewsw)indow, clontour, s)urface, pirofile, elmit, bleamlet, Biyightnesxs 26M 1f typemask ¢q 1 then begin

2605 [: 19, lgxy, igr generate mask 2678 print, ‘typemask cartesian.’

2606 |, 26719 chs' * & read,’ Do you want to generate a round mask <y,n,qluits>’,ch
2607 i1f nbeam eq 0 then return 2680 {f ch ne *y* then return

2608 At strpos{'gsrc',ch?) ge 0 then § 2681 end

2609 begin L chach2 2682 |

2610 1f{ stxient{ss) ge ) then ch=strmid(ss,2,1) 268) typemask=2

2611 gen_mask,ch | get_emivcance,” ! 1684 xC*0 &k yc=0 & rra0

2612 end 2688 nask»l & maskllstinask,0)=xc &L maskilat(nask,1)syc

261) 2686 paxcs$ & dehe{ltarri{maxr+1) & ntheintarrimaxr+l) & nrsumenth

2614 if tnmask gt nbeam) or {nmask eq 0) then begin 2687 pi=4.0%atan(l.0) & dee0,25pi

2615 print, ‘Hust generate mask’ & return L end 2668 dth{0)=l.0

2616 | 1689 dthil)=dt & dth{2}=0.5%dt & dth{3)=0.5dc & drh{d}=0.5°dr & dth{5)=0.25%dt
2617 1f ch? eq ‘w' then begin 2690 nth{6}=0 & nth{l)=8 & nth{2)=16 & nth{d)»16 & nthidl=16 & nth{5)232
2618 ch2s*c* & chw=" * & ntimes=0 2691 nraum{0y=t & for kral,maxr do nrsum{kr}snraumikr-1)enthikel

2619 plot_window, chw, nt ime 2692 for krel maxr do begin

2620 oplot,maskil:nmask, 0), mask{f:nmask, 1), psyms=d 269) rrexrréseparation & theta=8 & dt=dthikr) & tmaxsnthikr}

2621 end else begin & s=2¢separation 2691 for kt=1,tmax do begin & nasksnaskel

2622 plot.mask{l:nmask, 0}, mask{isnmask, 1), paymad, xstylex), ystyle=l,$ 2635 mask)list(nask,2)src

262) xranges[min(mask(l:nmask,0})-5, max{mask{}:nmask,0))+s],$ 2696 maskiistinask,O)srrécos(theta) & masklistinask tiarr*ain{thera}
1624 yrangesi{minimask{l:nmask, 1)) -o, max{mask{l:nmask,1))as},$ 26317 thatasthetardt

2628 xtitles'xicm)’,ytitle='y{cm}’, titlaa'MASK '+ far ‘¢fllename 2698 end

2626 end 2699 end

2617 dx=B'xcmpix & dys2*yomplx 2700 plot,masklist{):nask, 0}, maskiist{]:nask, 1), paymad, $

2628 for k»),nmask do xyouts,mask{k,0}-dx.mask{k,1}+dy,stringik, formats-{13}*} 2101 xtitles x{cm) ', yritles'y(cm)’, titles’ROUND HASK®
2829 1f mask{0,1) ne 0 then xyouts,0.20,0.90, 'Mask rotation 'scomdata{l9),/norm 2702 dx=0,4*separation

26130 |: 2701 for kel ,nask do xyouts,masklisvik,0)-dx,masklisti{k, 1}),stcingfk, formate’({2)"}
2611 lreturn 270¢ xxnfltarri{2} & yyexx & ki=i

2612 [end 2705 for kr=1,maxr do begin

2633 |; 2706 k1aklénth(ke-1)

264 21017 for j=i,nthikr)-1 do begin

2635 | . 2708 xx{0jemasklinst{k143,0) & xx(1)wmaskiistiklejel, 0}

2636 jfunction pdd,n i na5 x25.00 xhs2 x-2nhe} [/ n=z§ x=6.00 xhx} x-2xhad 2709 yy{Ol=maskilat(kisd, 3} & yy(i}=masklisc(kis+jel, 1)

26)7 %xl.0'n 2710 oplot, xx,yy

2638 xheflxix/2} m and

2619 il abs(x-2.0*xh) gt ¢.5 then oddsl else odds0 2112 xx{D)axx{l) & yy{O)=yy(1) & xx{l)=masklist(klel,0} & yy(i)wmamk}isciklet, 1}
28640 jreturn,odd FR2%! oplot, xx, yy

2641 jend 2714 end
2642 }; 2715 |3
26¢) |: 2716 1; find order of beam Ilmages to mask layout
P L B R R e e T P e L —————— R R R e R
2845 |, 2718 it ctype 2q ‘s then goto,doshow
2646 pfunction atand,xc,ye i angs=atanix.y} where tan{ang}sy/x 2719 che® *
2647 1y 1110 read, *Alutogen, Nlumaricallist, S)haw, <glult> ‘,ch
2648 abx=abg (xc) 27n it ch eq ‘0" or ch eq 'q’ then begin &L ctypes'q’ L return & end
649 1f abx 1t }.e-10 then begin 27122 tf ch eq *A’ or ch ¢q 'a’' then goto, autogen
2650 if yec eq 0 then return,0 17121 $f ch #q 'H* or ch eq *n’ then goto,pumlist
2651 it ye It 0 then return,).5%ipi § 2124 if ch eq 'S’ or ch &g *s* then goto,doshow
2652 else return,0.5*1pi 2225 return
2653 end 2726 |;
2654 val=atan(abs(yc)/abx) 272Y }i svesecccmcmannnes s “mmmemaan
2655 1€ xe Jt O then begin 2728 Inumltisc:
26586 It yc eq 0 then return, !pi 2729 priat, ' Input for each beamlet tha *mask® number printed.’
2657 if yc It 0 then return,valeipl § 210 print, ‘The beamlet number is shown tor the wiindow or tlvx dats,’
2658 else return, !pi-val ami print, ' If you make an error, enter 1?77HELP and the new value,®
2659 end else begin 2132 print,’ Good Luck*
2660 if yc eq 0 then return, 0 3 print, t=c-- m———— B T T aammmae e R
2561 1f yco It 0 then return,2%tpl-val § 27134 nmaskal; cssn’
2662 else return,val 2735 xxsfitarr({5) & yy=xx & dx=0.3*separation & dyxdx
2661 end 2136 xx{0)»-dx & xx{l)adx & xx{2)2dx & xx{3)e-dx L xx(4}=-dx
2664 |end 2717 yyl0)= dy & yyilledy & yy{2)la-dy & yy{3=-dy & yy(d}=dy
2665 |3 1138 tor k=1,nbeam do begin
2666 19 read, ‘beamler *estringt(k, formats®{13,8)°}4* ~-> * cax
2667 1 2210 kiefix{cas)
2668 lpro gen_tound, ctype 271 nmagk=nmaxktl
2669 I 2742 mask {nmask, 0)=maskifat(kl, 0}
2670 jcommon coml, filename, dumpname,printname, dataname,tlcla 114 mask{nmask, 1) =manklfat (ki 1)
2671 |common comd, data,nspcj,phase,maxdata,mask,nmask, typemask 2744 oplot, xxsmasklist ki, 0}, yyemasklist(ki, i}
2672 Jcomman com$,plot_lets,center,maxb, nbeam 2148 end
2613 }common com?,xcoplx,yempix,drife, rhole, separation, thickness 2M6 return
2674 {comman comis,verslon, comhead, condats,moments 2747 |:
2675 |common com2t,nmax,masklist M4 ji meeameee-a B e L el -
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2749 |doshow: 2822 nx=masgklist (0,0} & ny=masklist{0,1}
2750 xx=fltarri5) & yysxx & dx=G.)*separatlon & dy=dx 2813 and alse begin
2751 xx{0)=-cx &k xx(1}= dx & xx{2}= dx L xx{3}e-dx & xx{d}=-dx 2824 1€ wmaskilati0,0) eq O then begln
2152 yyi0)e dy & yy(ll=s dy & yyl2)=-dy & yy(3)a-dy & yy(d)e dy 2825 nums=fltarc{4)
2181 for k=1, nbeam do beglin 1826 ss=* * & read, 'Enter nx,ny f{or rectangular mask glults ==> *, g3
2754 oplot, xx¢mask{k,0),yyimaskik, 1} 2827 if stelentsn) eq O or 32 ¢q ‘q’ then return
2255 xyouts, maskik,0)-0.9*dx, mask{k, 1} -0,9+dy, stringlk, format="(13}’} 2428 decode, sy, num, n
2756 end 2829 nxsfixninun{0)) & ny=Eixinumil})
2151 xyouts,0.1,0.98, filenames’ (’+¢datanames+’)‘,/norm 2810 mask) st (0,0)+nx & wmasklist{0,))any
2758 1f maski{0.1} ne © Lhen xyouts,0.70,0.98, ‘Hask rotation ‘+comdataildl,/nomm 280 end elne begin & nx=maxklistid,d) & nysmasklistid,1) & end
2759 ctypes'q’ 2812 and
2760 return 2831 {;
216Y )2 284 nask=0
2762 Jautogen: 28315 yel=-tixiny/2) *separation & yc=ycl
276) [i —meemmvmamanaaa —ae B L e 2836 xcla-Flxinx/2) *separation k xcxxcl
2764 mdexxintarr{nbeam) 2817 far ky=1.ny do begin
1165 ordestltarrinbeam+l) & ordxxordr & ordy=ordr & ordtsoxdyr 2838 tor kxs1,nx do hegin
2766 icke’ ' & read,‘Which beamlet {s the center beamlet {(qluits}) --> *,ick 2839 nasksnasktl & maskiistinask,Glaxc & masklistinask,l}ayc
27671 if fck eq ‘q‘ then xeturn 1840 xcaxceseparation
2768 fckafix{iek) & icxscenteclick,0) & {cy=centerilck,}) 2841 end
2769 for k=1.nbeam do beglin 2842 xcaxel & yesyceseparation
2770 xnxcmplx®lcenterik,0)-icx) & ysycmplx*{centerik,1f-lcy) 841 end
2711 ordxtkl»x & ordyi{kiay & ordrik)sqrttx*x+y’y} & ocdtik)estandix,y! 2044 plot, masklist(1:nask, 0}, masklist{l:nask,11,peym=d, xatyto=l,ystyle=],$§
27172 end 2845 xrangex{xcl-separation,xcl+(nxél)*separatirn}.$
2773 ordr(0)=999.0 t Oth polnt is not used. make big 2946 yrange=lycl-separation,ycle(nysl) *separationl.$
27114 forvheretordr eq minfordr)) 3 10 1s center where ¢ approx 0 2847 xtitles'x{ecm)*,ytitla='y{cm)’, titles’RECTANGULAR HMASK'
2115 ardr(10)=99%.0 : make a hlg number 2848 dx=0,84separation & dy=0.18"separation
2776 drsminfordr) ;i smallest value is the f{lrst radlal step 1849 for ke),nask da §
2171 for k=1,nbeam do begin 2850 xyouts,maskliat ik, 0)-dx, maskliatik, 1}+dy,stringik, format="({3}"}
2178 iratixtordrik) /dr) 1 radlal Index counter 2851 {f ctype ¢q ‘s’ then goto,doshowx
2779 if ir gt maxr then begin & ig=0 &k ir=0 & end wlse fasic-t 2852 };
2780 fe=fixl0.5+ tordt {k}/dthiir)}) ; theta index counter 2B5) [y eemmemvc—cemenaea EREEEL B e m——-
2181 if Jr eq nthiir]) thea Lex0 1 360 degrees le¢ also Q 2854 che? ¢ -
2782 fisprsum{is)eltel : mask Index value . 2855 read, ‘Ajutogen, HjumerlicalLlst, Shhow, <qluie» *,ch
2781 mdexitk-2)y=3i 2856 1f ¢ch eq *'Q* or ch eq ‘g‘ then begin & ctypex'q’ & return & end
2784 end 2857 1f ch eq *A’ or ch eq ‘a’ then goto,autogenx
2785 mdex{i0-1)x) ; r=0 center Is {lrst mask point 1858 if ch eq ‘H° or ch eq ‘n’ then goto,numlistx '
2786 |; 2859 {f ch eq 'S5 or ch eq ’s* then goto,doshowx
2187 It typemask eq 2 then begin 2860 return
2788 nmaska20 2881 {;
2789 for k=0,nbeam-1 do begin 2BRY [ wmememavmmemen B L LT PP LY R
2790 nmask=nmask+! 2863 Jautogenx:
2791 ldxsmdex k) 2664 sg=' ' 4 read, ‘Which beamlet ls center <1,.‘sstringinbeam)+’> qluite ‘', ss
2192 maskinmask,0)=masklist{idx,0) 2865 if 82 ¢q °q' then returan
2793 mask{nmask, 1) =maskllst {idx, 1) 2866 center(nbeamil, 01«0 & center(nheamtl,1}=0
2194 maski{omask, 2} smaskiist{idx, 2} 2867 Icnafixiss) &t fcxacenter{len,0) & lcyscenter{lcn,l}
279% end 2868 fprint, ‘icx, ey, lex, lcy
2396 terrs0 2869 Ixtlnesfix{{nx/d) *separation/xempix) ; calc bilg number advance y
2751 end 2870 fdxsahs {centerilcnel,0)-centerf{icn-1,0})/2 ; approx harizontal spacing
2798 Jreturn 2871 idy=fdx s spprox vertical spacing
2799 Jend 2872 {pring, ‘idx, idy*, 1dx, ldy
2800 | 287 |:
2801 3 -ccemans ceemasna B B ] D bR smaman D Rttt e - 2874 [; generate llst of beamlets st xx0. Number of such beamlets is number of
2802 {; 2875 | R e E horizontal lines {n mask.
280) [pro gen_tectangular,ctype 1876 }; /
2604 |: ctypessishow) 2817 axlinesintarrinbeamsl) & ido=0
1809 jcommon coml, [i)ename,dumpname,printname,dataname,title 2878 [dododa:
2806 |common comd,data,nspc), phase,maxdata, wask, nmask, typemask 2079 anl=0
2807 {common com$,plot _lets, center,maxb, nbeam 2880 for k=1,nbeam do begln
2808 [common com?, xcmplx,ycrpix . drift,rhole, aeparation, thickness 28814 1§ abstcenteri{k,0)-icx} 1t {dx then begin
2809 jcommon conB,window, xwindow, ywindow,chwin2, level 2882 nalaaniel & nxlineinn)) =k
18310 Jcommon coml0, xcent, ycent, nxcent,nycent, lmin, imax,background 2883 end
2811 [common coml%,vexrsion, comhead.comdata, moments 28B¢ end
2812 |common com2l,nmax,masklist 2885 |; elliminate doublicate entries in nxline (tv {mage can be slightly rotated)
2811 |; 2886 k=1 .
2814 1t typemask eq 2 then begin 2887 while k 1t nnl da begln
2815 peint, “typemask is for round mask.’ 2888 Ianxline(k) & J=nxline{k+1}
2816 chs® ' & xead,’'Do you want to generate a rectangular <y,n,qlults>» ‘,ch 2889 1f ahs(center(i,l)-center{},1}) lt idy/2 then begin
2817 it c¢ch ne 'y’ then return 2890 1f abstcenter{j,0)-icx} lt abs{center{i,0)-1cx) then § ; savs k¢l in X
2818 end 2891 begin & {e=i & nxline{k)=nxline(k+i} & end else fe=j
2819 1, 2892 for n=k+1,nnl-1 do nxline{n)snxiine{n¢l) & nnl=nnl-1 ; elliminate
2820 typemssk=l 289 end elze keokel
2821 if ctype eq ‘2’ thea begin 2894 end

G0¢
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2895
2896
2897
2894
20899
2300
1501
2902
2901
2504
2305
2906
2907
2908
2909
2910
2911
2912

tdo=fdasl
i1f ido eq 2 then goto, from_dodo

nxclal & while nxline{nxcl) ne icn do nxclenxclel
print, ‘Central beamlet is in line ‘sstringinxcl, format=‘{12)*)
print, ‘Hask {llumipated by ‘+stringinn), format=*112)'}+§
* horizontal lines of besmlets, '
print, formats*{*Central line beamlets: *,12{4}1’ ,nxlinei{l;nnl}

Order beanmlets lefr to right

{dy=abs(center (nxlineinxclel}, V) -centerinxlinalnzel-11,111/4

bottom to top

Isline=intarcinni+l) & nsline=isline ; line start and ) of beamlets per ilne

for k=l,nnl do begin
f¥snxiinetk}) & if i1 eq 1 then {1=2
lr=nalinetk)-1 & 1€ Ir eq 0 then frsl
whila absi{center{il,0}-center{il-1,0)) Jt ixline and §
absi{center{i},t)-centeriil-1,1)) Jt idy
while abs(center{ic+1,0)-centeriir,0)) It {xline and $
abs{center{irsl,l}-centariir, 1)) 1t idy
nbasfl-ir-1
it 1} 1t fr then {bssil-1 elae fbs=iysy

do Li={1+}
do Lr=ir-t

1f x eq 1 and nxlipe(l) eq | and il eq 2 then begin & lbss«) & nbsal & end

{aiine(k)wibs & nsline(k)=nbs
print, ‘Line* sstring ik, formate’ {{2)*)+$
‘ starty with beamlet ‘estring(ibs, format="(12)‘}+$
‘ and has ‘sstringinbs, format=*(i2} ‘)¢ beamlets.’, {l.4ir

print,’Tot benmletl- .llx(totnl(nllinn))
print, ‘Mow re-ordering beamletl P
for ki=i,nnl do begin ; for each line of mask
farialineikl) & nb-nsllne(kl) & nm=jgsnb-~1
tor j=is,om do ¢
for kaf+l,om do §
1f centertk.0! lt center{},0} then beyln i swap j.k
Ixsscenter{k, 8} & f{yszcenterik,})
center(k,0)scenter(},0) & ceatex{3, 0)=ixs
centerik,1)scenter{], 1) & center(],li=iys
end
and

goto,dodado (lnd new beamlet numbers for horizontally central beanmlets

Irom_dodo:

iensnxline (nxel)

print, ‘Central beamlet new index:’, fcn

print, formats’ {*Line centers:*,1614)’ , nxlinellinnl

for k=1,nbeam do begin
center(k,2¥=centerik,0) -xwindow & center(k,3)s=centec(k,0)+xwindow
center (k,{)=center{k, 1} -ywindow L center(k,5)scenter(k,1)sywindow

end

ssins‘t2x° & plot_tv _irame,0 ¢ wset,0

look for missing beamlets
nobesm=intarsinbeams}) L nobe0d L Ixxsfix{1.6*1ldx)

prine, *1xx’, ixx

for kl=1,nnl do §
for ksislina(kl}, isiinetk))enstinelkl)-2 do §
1€ centeri{k+1,0}-centestk,0} gt ixx then begln

Ausemmyscenter{k+l,0}-center(k.0) & print,’dunewy’,dummny,® k’,k

nobsnobtl & nabeam(k)=l & end
4f neb gt 0 then begln
peint, formats"{"Beamlets preceeding missing beamlets:®,20141,5
wherei{nobean gt 0}
end

print,’vescmmerc-uaa ik L hmmemsasmmeramo—n P}

.=== calc the mask index for the center hole
tmask=nx*fix{ny/2)sfix(nx/2) ¢}
maak{0,0)»0 L mask{0,1)=0 & mask{o, 2)-0 { zera out rotation angls

2960
2969
2970
297
2972
1313
2974
2975
2916
2917
2378
2279
2900
2984
2982
198)
2904
2985
2986
2487
1988
29589
930
2931t
2992
2593
299
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s
i for center of wask upward, advance y
: layout the mask [d numbers for the beamlets, Start at central beamlet
H
for kl=nxcl,.nnl da begin i from center of beanm upward.
kapxiine(kl} &k nmasksimask { +=»=--~ fyom center of }lnes to left
while abs{center{ksl, 0)- ccnter(k 01) 1t ixline and §
absicenteriksi, 1)-centarik, 1)) It fidy do begin
nAsk(k.o)nna:kl!-t]nna:k,0] & maskik,l)smasklist{nmask,l}
kek-1 & noaskenpmask-1
if nobeamikl gt @ then nmagkenmask-}
end
ksnxlfna(kl)+! & nmasgk=imagkel § .<~~---- from center of lines to right
while absicenter(k-1,0)-center{k,0)] it ixline and §
abtlcenter{k-1,1)-centeri{k 11} 1t idy do begin
{f nobeamik-1) gt 0 then nmaskanmasksl
nask{k,0)amasklistinmask, 0) & maskik,))=maskliist{nmask, 1}
kak+l & nmasksnmasks)
end
Imasksimaskenx
and
for center of maszk downward, decrementing y
.-==- mask index for llne bhelow center line
tmaske{nx~3)sfixtiny/2)
for kl=nxcl-i,1,-1 do begin
ksaxline(kl) & nmask=imask
----- fFrom center of lines to left
while abs(center(k+l, 0)-center(k, 0)) It ixline and §
abg{center{k+l, 1l-center{k,1}) it idy do begin
1t nobeamik) gt O then nmasksnmask-t
maskik,0)=maskiist{nmask,0) & mask(k,l)=maski{st{nmask, 1)
kak-§ & nmasksnmask-1i
end
kenxline(kli+l & nmasksimankel
t e=--~ from center of lines to right
while abs{centerik-1.0)-centeri{k,0)) It ixline and §
abs{centertk-1,1)-center{k,t}} 3t idy do begin
1f nobeam(k-1} gt O then nmask=nmasksl
maskik,0) smaskdist fnmask,0) & maskik,1)rmasklist {nmask,1)
kekel & nmaskenmask+l
end
Imasksimask-nx
end
1
nmask=nbeam
far k=l,nmask do maskik,2}ssqrtimask(k,0}*2¢maskik,1)~2)
get_beamlets, 0 & get_emittance, 'x’
goto, doshowx
i
] meem—maa e USSR
numllsex:
print, *input for each beamlet the *mask® number printed.’
print, 'The beamler number ls shown for the w)indow or tivx data.*
prine, " If you make an error, entec ???HELP and the new value.'
print,* Good Luck*
print,  =eeccanoanna cemcman cemmme - B L e L L
nmasks=0; cssatat )
xxsfltare(5) & yysxx & dx=0.)*separation & dy=dx
xx{0)ma-dx & xx{l}adx & xx{2)=dx b xx[}}=-dx & xx{}u-dx
Yy(0)= dy & yy{ll=dy & yy{2}s-dy & yy{3)e-dy & yy{4)ady
for k=1,nbean do begin
read, ‘beamlet *eatring(k, formate’ {13,$)*3¢* ~-> *,cs98
kintixices)
nmasksnmask+l
wask (tumask, 0) smask)ist tki, 0)
mask{nmask, 1) smaskiist(ki.1)
mask (nmagk, 2) sxgrt {mask{nmask, 0) *2+mask{nmask, 1) *2)
oplot, xxsmasklist ki, 0l,yy+nasklistiki, 1)
end
return
H
PR, POV S YRy O

90¢
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3041 jdoshowx: 31 kmax<slzeixyn} & jkmaxekmax(l}-1

1842 xx=fltarr{5) & yyxxx & dx=0,4*separation L dys:dx g k=l & while xyn(k,ibig) gt xyn{k.i1it) and k 1t Ikmax do k=kel
1043 xx{0y=-dx ok xxll)= dx & xx{2)= dx & xx(1}e-dx & xx{é)s-dx s t€ k 1t ikmax then begin ; emitx and emity crosaed

3044 yy(0}= dy & yyll)= dy & yy{2}=s-dy & yy{dla-dy & yy(d)s dy 116 print, ‘xy-tranafere index: *,k.xynik,iblg).xynik,iliey

1045 for ksi,nbeam do begin ma? g

1046 oplot,xxemask(k, 0}, yyrmaskik,1) e |; Linear intarpalation

1047 xyouts, mask(k,0}-08.9%dx, mask(k,1)-0.9*dy,string(k, format="{13}"} 119 Ansxynik~1,0}¢ (xyn(k-1,1}-xynik~-1,2)) *ixyn{k,0)-xyn(k-1,0)}/§
Jode end 3120 (xynik, 2) xynik-1,2) )~ {xynik. 1) ~xynik-1.11}
1049 xyouta,0,1,0.98, fitename+’ {(‘rdatanames+*)}*, /norm 3121 exysxynik-1, 1) ¢ ixyntk, 1) -xyni¢k-1,1}}* tam~xyntk~1,0) )7 {xynik, 0} -xynik-1,0})
3050 1t maski0,1) ne 0 then xyouts,0.70,0.98, ‘Nask rotation ’+comdata(19}, /norm 2 n

1054 ctypes‘q’ 12y s tiow uss three polnt Lagrangian interpolation

1052 return RRPL] axaxynik-1,11~2%xynik, 1} exynikel, 1)

3053 & 3125 aysxynik-1,2)-2¢xyntk, 2) sxyn{ksl,2}

3054 |end 1126 bxsxyn(ksl, Lh-xynik-1,1}

3055 | i by=xynikel, 2} -xynik-1,12) .

3056 [imacmmromacnaa s R R R N came-e casnn B LR e T 3128 as{ay-ax}/2 & baiby-bx}/2 & c=xynik,2)-xyntk, 1}

1057 [ 3139 r=agrt{b*2-4*a‘c) & anug-b-ri/(2%a} & apsi-beg)/i2%a)

1058 |pro vary_mask,ntime 3130 smsxynik,0)1an*da & exysxynik.})+bx*an/2sax*an“2/2

3049 |; 1nit s3w Emxasxtringlexy, formate’ (8,3} )} e

1060 jcommon coml, Eilename, dumpname, printname, dataname, title 1132 . AnglelEmx=Emy):*¢stringiam, format=’ (£8.3) '}

1061 [common comd,data,nspci, phase, maxdata, mask, nmask, typemask 313 xyouts,0.18.0.92, ¢, /norm

3062 lcomman comS,plot_lets,center,maxb, nbeam 1134

106) [comman com?,current,energy,betagamma, restm,brightness.emitx, emity, emitn, nenit 1138 |; have three points, ylwemitiir-1), y2=emit(lr}, yleemit{lcel)
J064 [common coml$,version, comhead, comdata, moments 1116 |; use Lagrangian intexpolation vo find locatlon of minimum and the value.
3065 |common com2i,nmax,masklist 317 1y

066 | 318§ i %-x2}{ x-x3) t{ x-x1) i x-x3) { x-x1){ x-x2)
Jos? 1t nmask 1t 1 then begin & print, 'First generate the mask® & return & end 3138 |y yix} = - --- LSk 2 AR T -~ voe- .-- .-
3068 it ntime eq 0 then begin 3140 Ix1-x2)ixi-x3) {x2-x1}{x2-x3} tx)-x1) (x3-x2)
3069 1ead, *Enter minlmum, maximum, and step (mask rotation angle deg) *,amn,amx,da 3141

30720 narmaxinmax & masklist{n, 0}szamn & masklist(n,l)=amx & maskllst(n, 2)=da a2 xsxl+d a=d/h  hax2-x} ~1.0«<a 4 «<«1.0

ot end else begin 114 {; yix} = y2 ¢ Y/21yd-yl)ta ¢+ 1/2{yl-2y2+¢yd)*a*2

1072 nsnmaxinmax &k amnsmasklistin,0) & amxsmaskllistin.l) & dazmasklistin.2) g minimum {3 Socated at: dy/dx=0

3073 end 3145 1 x & x2 ¢ Y/2{yt-y)){x2-x1)71y)-2p24y]}

3074 | : . 146 | y = y2 - L/8yl-y3)} 2/ {yl-2y2+y3)

3075 xynafltaer{tefix{{amx-amn}/da), 4} : array to save emittance vs angle nir 1,

3076 msavesmask i usave=mazk 3Nie ir=whereixyn{*.3} eq minixyn{*,3)))

3017 aasmaski(f0, 1) s inital mask rotation angle 3149 sysxyn{ir-1,3)-2*xynifr, J}exyn{irsl, 3}

3078 it aa ne 0 then begin ; remove inital maak rotation 1150 arexynltir,0}+0.5%das{xynifr-1. ) -xyn{les1,31})/ay

1079 aas-2a*!pl/180.0 &« sn=sin{aa) & csxcos{aa} 1151 tmsaxyntir,31-0,125%(xynlic-1, 3 -xyniicel, 3} 270y

1080 for k=),nmask do begin 1152 sx=ANS="estringlrma, formate’ (8.3} )48

Jost xsmsaveik,0) & ysmsave{k,kl) 3183 ’ Angle{fRnS=min) :*¢stxingiar, format=* {£8.31")

3082 usave(k,0}=x*cs-y*sn & uzave(k,l)=x‘sniy‘ca s xyouts,.18,0.89,38, /noxrm

3083 end 3155 end

Jesd end Jis6 |
Jods ang=amn . 3157 masksmsave
JoBé plot, famn-da, amx+dal, (2*1e§ *hetsgammatemitx, 216 *betagamma‘emity), /nodata, $ 3158 get_emittance,* ¢

1087 titles'Normalized Emittance vs Mask Rotation Angle’,$ 3159 Jreturn
3088 xtitlex*anglef{deg)’, ytitles'N. Emit{rm-mr)* 3160 f{end
1089 xyouta,0,12,0.98, filename, /norm 168 |2
3080 | 3162 fjrmammmmremeannanaa e amaoa e men Smeweaaa mmmen B e e L TR T o
Jog1 fan=0 1163 4
3092 while ang le amx do begin 3164 lpro gen_maszk,ctype
3091 aazang*fplis190.0 & snxsiniaa) & cs=<cos(aa) 1165 |;
1094 for k«=1,nmask da begin 3166 [; ctypes‘a’ automatic, ‘g’=genesate, 's‘ashift. ‘c’scenter about zero
3095 x=usavelk,0) & ysusavelk,1) & maskik,0)=x*cs-y*sn & mask(k, {}xx*sney‘cs 387 )3 ctypes'r‘ generate round mask. ctypes'g’ generate cartasian mask.
3096 end 3168 |
3097 get_enittance,* * & xynilan,0)=ang & xyn{lan,1}=leé*betagammatenitx & xynti 1169 jcommon comd,asln,pview,ch?
1an,2)s1¢b*betagamma’emity 1170 jcomeon comd.data,napci,phase, maxdata, mazk,.nmask, typemask

1058 xyouts,ang, le6*betagamma‘enitx, *x* 3171 lcowmaen comS,plot_lets,center,maxb, nbeam
1099 xyouts,ang,leé'betagammatenity, 'y’ 3172 [commwon com?,xemplx,ycrpix,drift.rhole, separation, thickness
3100 fansians1l & angs=ang+da 317) |common comd,window, xwindow, ywindow, chwin2, level
01 end 3174 |common comlQ.xceat,ycent,nacent,nycent, imln, imax, background
3102 oplot,xyn{®,0),xyn{*,1} & oplot,xyni*,0},xyn{*,2) 3175 Jeommon coml$,version,comhead,comdata, moments
1103 |: 3176
1104 |: locate where emitxzemity and where RMS emittance is minimum 3173 It nbeam eq 0 then return
3109 for k=+0,ian-1 do begin 3178 if strpos{‘cygr’,ctype) ge 0 then begin
1106 rmsesqrrixynik, 1} *24xynik, 2)*21 /sqrt (21 & xynik,d¥)srms 1178 asin=*t2x" & plot_tv_frame,0 & waet,0 & end
e end 3le0
jlon aplot,xyni*, 0}, xynt*, 1) 3tat L€ ctypa eq ‘c’ then goto, finishup else §
3109 xyauts, xynilan-1,0),xyntlan-1,3), 'RHS* 31182 Jf ctype eq 'g’ then begin ; generata nx by ny rectangular mask
e |: 318} gen_ractangulas, ciype

3 it xyn(0.11 gt xyn{0,2) then begin & ibigsl & illt=2 & end § 3le4 it ctype eq 'q’ then rsturn

2 else begin L ibig=2 & 11it»l & end 3185 ctypes=' *
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3186
1187
Jiee
1189
J1s0
3191
192
3193

222

goto, finishup
end else §

If ctype eq '’ then begin ;| generate round mask of nbeams holes
gen_round,ctype
print, ‘Humber of beamlets =’ nheam,’ number of mask holes =*,pmask
if ctype eq 'g' then return
goto, tinlshup

end

1t ctype eq ‘s’ then begin ; shift mask
read, 'Enter mask x_shifttcm) and y_shift(cm) <x.y» ==> ', ,x¢,yc
for ks1,nmask do §
begin & mask(k,O0i=maskik,0)exc & mask(k,1)=maskik,l)+yc & end
goto, finishup
end

tinlshup: cha’ *

comdata{19)='0"

1f nmask eq 0 then return

wmask({0,0}+0 & maskiD,1)=0 ; (0,0) not used, (0,1)}smask rotation angle

if ctype eq ‘c’ then che'y’ else {f ctype ne ‘r’ then $
read, ‘Center mask about zero <y,n> s> *,ch

It ch eq ‘y’' then begin R
xewtotatimaskil:nmask,0))/nmask & yoxtotalimask{l:nmask,1)}/nmask
for j=1,nmask do maskl},2)=sqrt{imask{j.0)-xc)*2+(maskij, L)-yc} 2}
for j=1,nmask do §
4 begin & mask(j,0)=mask{}, 0}-xc & mask{j,tiemaski{j, 1}-yc & end

en;

read, ‘Has Image been through a cross over
nesstrpos{comdatalé), '} )2
1f ne gt strlen{comdata(6)) then cross='H’ else §
crosssstrmbdicomdata{6},strpos(comdata(é), 1" )+2,1) ; =N ¢c C
if cross &3 * * then crosss‘'n*
it {{ch eq *y'} and (cross eg 'H’'}}) then cross=‘C*
If {ich eq 'n') and (cross eq *C'}) then begin & ch*'y’ & cross='N’' ¢ end
il ch eg *y* then for jsl,nmask do §
begla L mask{j.0)s-maskii, 0} & mask{j,))=-maskij,1} ¢t end
if cross eq 'C’ then mesgx’rossover' else mesgs’o_Crfossover*
comdata{f}estrmidicomdata{6),0,strpoaf{comdatait}, }*)1r11de* ‘icrossemesg
Teturn
end

<y.n> a=> *,ch

pro adjust_centers
common com?, xdim, ydim, imsweh, Image, fobject
common com5.plot_lets,center,maxh, nbeam
common con8, window, xwindow, ywindaw, chwinZ, level
3 che'y’
; read, 'Adjust beamlet centers <ajuto,m)anule,qluit> *.ch ; TEST
: i ch eq 'a' then gota,dodoa
t If ch eq "m’ then goto,dodom
; retusn
dodoa:
for ksl,nbeam do begin
nx=center(k,0) & nxlsnx-xwindow & nx2snx¢xwindow
nyscentertk,1) & nyleny-ywindow & nylenyiywlndow
jmax=max (imagei{nxl:nx2,nyl:iny2})
fccewhere (imageinxl:nx2, nyliny2) sq jmax)
tesfccio)
fyafc/12*xwindowel)
ixejo-{y* {24 xwindows )
Jdxeix-xwindow
1dy=ly-ywindow
centertk,Dj=center(k,0)+1dx
centexrik,lizcenterik, 1) eidy
end
return

3259
31260
326)
1262
3261

Ando-:

levels=30+12*indgeni20})

agaln:

agxct
read, ‘Enter beamlet nusher <1..nbeam,a)bort,qjults> *, xs
1f s9 eq ‘a’ then abort

it s3 eq *g* then return

k=int{ss)

if k 1t L ar % gt nbean then goto,agaln

nxscenter(k,0) & nxl=nx-xwindow & nx2anxs+xwindow
ny=centarik.1l) & nyl=ny~ywindow & ny2=ny+ywindow
islnsaln{image{nxl :nx2, nyl:ny2)}
Imaxsmax{image{nxlinx2,nyliny2i)

contour, imageinxl:nx2,nyliny2), leveisatevels
plots, {xwindow-5, xwindows 5], {ywindow, ywindow)
plota, {xwindow, xwindow}, {ywindow-5, ywindowt 5|

Iccawhera{image(nxl:nx2,nyliny?) eq imaxi
fcricc(d}

fy=lc/{2*xuwindows )

Ix=ic-iy* (2*xwindawel}

fzastizetice)

print, ‘slze, dc. tx, fy=", izl1}, lc, ix, iy
{dx={x-xwindow

tdy=ly-ywindow

xcaxwindows bdx & yc=ywindowsidy
plots, {xe-2,xce2), [yc,yc)

plats, {xc,xe), {yc-2,yci2)

goto,sgain

PIo get _canters,cerror
H

common com?, xdim, ydim, imswch, image, fobject

common comd,ssin,pview, ch2

common comd,data,nspcj,phase, maxdata,mask, nmask, typemask
common comS,plot_lets, center,maxh, nbeam

common comg,windaw, xwindow, ywindow, chwin2, level

common com9,current, energy.betagamma, restm, brightness, emitx, emity, emitn, nemit
common comld, xcent, ycent, nxcent, nycent, {min, imax, background
common comll, lpass, bradius, xave, yave, ibeamn, jradius.bij
common comiS,version, comhead, comdata, moments

common coml6, xweent, ywcent, xpix0,ypix0.pixsize

comman coml9, smoothing

common com22, flag, numpix

wset,2 L tv,image & wset, 0
lobjecteimags

nancent=0 k& nycents«0
nsssizelimagea} & xsizemnafl) &k yalzesns(2) & maxslzesmaxins{l:2))

imin=min(image) & imaxsmaxiimage)
backx=total{lmage(+,01)/xdimttotal {image(*, ydim-111/xdim
backystotal{imagelD, *})/ydimetotal limage(xdim-1, *)}/ydim
background=fix({{backxibacky)/4.0)

svasimax/4

it cervor eq "R* then begin
zero out beamlat reglons in iobject from restart valuss of center()
tor k=l,nbeam do {object{center(k,2):center(k,3),centerik,4):centerik,5))n0
goto, tinish

end

chat

80¢
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332

331N

3334

115

31136

nn

3338

1139
1340
1341

1142
1343
13464
I35
1146
1347
pRY1
1349
3350
1341
13152
3383
1354
3355
33586
1157
1158
1159
1160
1161

tead, ‘Find centerw <a)uto, ploint_and_cilck, qluit> *'.ch
if ch eq 'qQ’ then return
it ch eq '‘p* then goto,do_manulely

print, ' Threshold: ‘s+string{ave, formats’ (£5.0)"})

read, ‘Enter adjustment to threshold, LF for none -«> ’,dax
avesaverdax

print, ‘Adjusted threshold: ‘+string(ave, format=*1£5,0)")

cerror=‘t*

nbeams0

checkawhere{{image gt ave)

ipntatsizelicheck) )it}

print, ‘Number of locationz above :hruhnld. ‘ssxringiipne, (omt-'us) )
print, te-cecarria e B e T R mmemeanaoa

peint,’ Beamlet points x-range y-vange intenslty’

akipl:
checkawhere({lobject gt ave)
1€ (size({check)} (1) 1t 64 then goto, finished
ly=xcheck {0} /xdim
ix=check{0}-ty*xdim
bean=search2dlimagae, ix, ly, bytetave) , byte(255), /dlagonal}

1F {sizetbeam)) (1) gt 16 then begin
nbeam=nbeamt }
ihe}
Indyrbeams xdim
indxsbeam-indy*xdlm
banin=min(indx)-1b & fxmaxsmax{indx)s+ib
lymin*min(indy)-ib & fymax=max{indyl«ib
it fonin It 0 then Ixmin=0
{t fymin It 0 then iymin=0
tf Iwxmax ge xdim then lxmax=xdim-1
if Jymax ge ydim then lymaxaydim-1
jminsmin{image{ixmin: {xmax, lymin: lymax})
jmax=max({image{ixmin;ixmax, lymin:iymax))

lee=vhere(imagatixmin: bxmax, lymin: {ymax) eq jmax)
icelecio)

nx={xmax-1xmins1

lyesfec/nx

ixcafe-lyctnx

lycafyminsiyc

Ixcejxninet ixe

center{nbeam,0)=ixc k center(nbeanm,l}elye

fxizixc-xwindow & Ix2sixcexwindow & iylalyc-ywindow & ly2=iyc+ywindow

if ix3 1t O then Ix)l=)l & {f ix2 ge xdim then Ix2exdim-2

{1f 1yl 1t 0 then §yt=} & If iy2 ge ydis then lyZeydim-2

center (nbeam, 2)»ixl & centerinbeam, 3)aix2

center [nbeam, 4} =iyl & centerinbeam, S}=jy2

print, formats’ {dx, §2, 4%, 04, 3%, 03, " ¢" 43, 4%, 43,2283, 40,03, *:%, 13}, §
nbeam, {siza(beam)) (1), ixmin, txmax, {ymin, iymax, jmin, jwax

numpissintary (100)

nurpix(nbeamiz{sftefbeam)) {1}

print, *nbeam. numpix’,nbeam, numpixtnbeam)

end

H

: 1etro out this beamlat from icbject array

{object (beam} a0

goto, sakipl

H

dg_manulely:

nheam=0

neasksO
numsintace{d)
set_contour,num, *d’
ch='1"

fix_beam,ch

goto, fintsh

i
(inished:

nmask=0

3
finlsh;

xCent~centerl{*,0}

ycentecenter{*, 1}

nxcentsnbeam

nycentsnbeam

print, ‘Humber of beamletx ‘+ntringi{nbeam, format=‘([3)"}

plot_lets{l:nbeams2,1}=1

condactailj=’{*+string(xdim, formata’ {§3) )¢, *entringlydim, formate’{§3}*)s ]’

* *sstring{nbeam, format«’{13)*}¢‘ besmlete’+§

* Smoothing*+string{smoothing, format=’'{i3} ‘)
comdata{2)e’{*satringtimin, formatm’{§3)")e’, 4§

string{imax, {ormata*{43)*}+’') ‘sstringibackground, formata’ (1)}

locswhern{image eq Imax} & ntocesize(loc)
ymsloc {0} /xdim & xm=loc{0}-ym'ydim
print, *Background =*,background
priaz, ‘min,max Intensity of Image =~‘¢comdata{2)
print, ‘Humber af x and y beamlets =’, nxcent,nycent
xplxOsxm & ypixOsym
set_surface

return
end

pro zero_image, Image,ch
cha' ' & 5s=**
nsfzexsize{image) & nxapsizefl)-1 & nysnsize(2)-1
ss=strtrim{strconpressistringinx}+stringiny}.2)
print, ‘gEnter sub reglon indexies of Image to be ~"zero_ed* *
print,’ {index range IMAGE({‘+szi*)"*
WOT&:
s8x’* & read,’ nx1,nyl,nx2,ny? for diagonally oppasite corners me>, 53
1f stelenies) ag @ then return
se=ga’
nbl=strposiss,’ *.0) & elegtrmid{ns,0,nbl)
nb2=strpos{as,’ *,nblel) & 32sgtrmid(ss,nbis*},nb2-nbls1)
nhlsstrposisg,* ‘,nb2+1} & sdngtrmid(ss, nb2+1,nbl-nb2+1)
abdastrposfsn.® *,nbl+l) & sd=strmid{sa,nbd+}, nbd-ablell
nxlefix(al) & oyt=fixisd) & nx2=Fixi{sd) & ny2sfix(sd)
i€ (nx1 It 0} or {nxl gt nx) ar {nx2 it O) or (nx2 gt nx} or §
tnyl 1t 0) or {nyl gt ny) or (ny2 1t 0) or {ay2 gt ny) then goto,error
if ¢h =g * * then begln
tead, ‘Enter value for *zero® l.e. 0 etc. ==> * 24
LE srtrlen{sz) gt O then zero={ix{ss} else zerox0 & end
read,’ Are you sure you want to zero Imagel‘+ss+’) <y,n»> °',ch
i1t ch ne 'y then goto,qult
for kxs=nx1,nx2 do for ky=nyl,ny2 do lImagelkx.kyl=zero
gota, quit
error: priat,'Error in index range *
quit:
read, 'Zero another sub_reglon <y,n> *,ch
1f ch eq 'y’ then goto,more
read, ‘Regenerate beanlets <y.n> *,ch
i
return
end
H

remmnnn F L T T T P b b PPN O Ty P

3

pro dump_lmage‘. imagn

common comi, filename, dumpname, printnama,dataname, title
common comS,plot_lets.center,maxb, nbeam

commnon com8, window, xwindow, ywindow, chwin2, evel

coremon comll, xcent, ycent,nxcent,nycent, imin, imax,background
! ch=’ * & ggu’?

read, ‘Enter Bleamlet, Clorner <b,c> *,ch

£ strpos{’ bc',ch) 1t 1 then return

60¢
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M1
370
39
jig0
3481
482
18
SLE:LS
485
J486
3487
3488
ELLE)
J490
345
3492
1491
kXET]
3495
3496
3497
1498
3493
1500
3501
1502

31503
1504
508

H
o]

n

H

pr

Co
col

if ch eg 'b’ then begin
cvead, ‘Enter beamlet number <I.,'+atringinbeam, farmat="{{31")¢*> * s
nbrfix({se)
Lf (nb 1t 1} or {(uh gt nbeam) then begin
print, *Sorry, out of range <i,,'sstringinbeam, format=‘(13)*)
return b end
nxacenterinb,0) & nyscenter(nb, i)
axlanx-xwindow & nylszny-ywindow & nx2snxixwindow & ny2sny+ywindow
end else if ch eq ‘c’ then begin
read, ‘Enter (x,y)1,ix.y)2 for diagonal corners ==» ' 58
if strlentss) gt 0 then begin L ssssss’ *
nbisatyposiss,’ ',0) & sl=strmidias,0,nbl}
nb2=strpos{ss,‘ ‘,nbl+1) & s2sstemid{ss,nblel, nb2-nbis1}
nhisserpos{ss,* ‘,nh2+1} & sd¥sstrmidiss,nb2+1,nbl-nb2+1)
nbdsstrposias,’ ’.,nb3+l) & sd=stymid{ss,nbY+l nbi-nbisl}
axi=fix{s)) & nylsfix(s2) & nx2+fix{s}) & uy2s{ixisd)
end else begin & nxl=40 & nyl=60 & nx2=57 & ny2*80 & end
nx=tnxlenx2372 & nysinyleny2}/2
: whlle xcent,ycent find nb ??
nbs}
end
stanges’ imaga reglon around beamlet ‘sstringtinbj

) nxendsnx? & {f nx2-nxl gt 18 then nx2=nxlel?

penw, 1, dumpname, /varlable
print{, ), strcompressitilename} s’ =2> *esgurcompresa(dumpname)
printf, 1, srange
extpages
gs»* kx=’ & llnes- ' & for kx=nxl,nx2 do llneslinge®-a--
for kx=nxl,nx2 do ssssststringikx, format='{{d}*) & printf, 1,8
printf, 1, line
for ky=nyl,ny2 do begln & ss»‘ |’ .
for kxs=axl,nx2 do sszszestringf{imagelkx, ky}, format="{{d}"} -
printf, ), seringtky, formats’ {f3) ) estrtrimins,2)

end
if nx2 1t nxend then begin
nxl=nxi+18 & nx2=nx2+18 & £f nx2 gt nxend then nx2=nxend
goto,nextpage & end
close,l & print,‘File *'+duvpname+* ™ written *

openr, 1, dumpname
while eofil) eq 0 do begin & readf, 1,3z & print,ss ¢ end
close.t

return
and

o plot_window, chw,ntime

common coml, £1lename, dumpname, printname, dataname, title
common com2, xdim, ydim, Imsweh, image, tobject

common comd, ssin,pview,ch2

common comS,plot_lets, center, maxh, nbeam

common com?, xcmpix, ycmplx,drife, rhole, separation, thickness
common comB, window, xwindow, ywindow, chwin2, levet

mmort coml0, xcent, ycent, nxcent,nycent, imla, tmax,bsckground
mmon comll, ipass,bradius, xave,yave, fbeamn, jradlus,bif

common coml6,xweent,yweent,xpix0,ypix0. pixslze

1f ntime eq 0 then chwin2ech? ejse §

begin Lf chw eq * * then return & chws’ ' & chi=chwin? & end
smtities‘Center of ‘4§

string(nbesnm, formats*{13)')+* Beamlets, ’e¢strtrim{filenams, 21

i1t ch? eq ‘c*® then §

begin & cmefltarr{nbeam+1,2}
%220, 5 xempix xdinm & at=-x2 & y220.Stycmpixtydim & yle-y2
tor k=1l,nheem do cmik,0)sxcepix*center (k,0)-x2
tor k=),nbeam do caik,\)sycmpix*centerik, 1)-y2

plot,cmtlinbeam, 0}, cm{l :nbaam, 1},$
xeanges|x1,x2), yranges(yl, y2] xstylavl, ystylesy,$§
payms2, xtitles x{cm) ‘', ytitles‘y{cm)’, titlesmmtitle
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31550 for k=1.nheam do L{ plot_letsik,1) eq 1 then §

3581 xyouts, xcmplx® (centec{k,2)-5)-x1,§

1552 yemplxt {center{k, 4l +centerik,5))/2-y2, string ik, lormats" {13) ")
1553 end elsa 1f ch2 #q ‘o' and pview eq ‘c’ then begin

31554 peint, "TEST:plot_window pvlewsc and ch2=o’

3555 prink, *TEST ~--- 5709797 ACP doesnt work ?7?? remove purge aborst cid ,.....

0

3554 oplot,center{):nbeam, 0}, center(Llinheam, 1), psymsé i psymssgquare
1553 tocr ksl,nbeam do if plot_lets{k,1} eq 1 thea §

1554 xyouts,centarik,0),centerik,il,stringik, formar=*{131*}

3559 end else begin

1560 plot.canter{i:nbaam, 0}, ,center{i:nbeanm, 1),$

3561 xranges[0, xdim],yranges(0,ydim},xetyle=), ystyle=1,5§

1561 psyms2 xtitle=‘x(pixel)’, yritlex'yipixel}' titlesmmtitle

31561 tor kxi,nbeam do if plot_Jers{k,1) eq 1 then §

1564 xyouts,centerik,2)-5, tcenterik,4) tcentertk,5)1/2,stringtk, formats’{{3}°)
1565 end

3566 {1

31567 If ch?2 eq ‘c’ or rh2 eq ‘n’ thea return

568 33

1569 wxalotsce{5) b wy=wx & xsxwindow & y=ywindow

1570 wxi0)ax & wxil)a-x & we{2le-x &k wx{d)=x & wxid)=x

1571 wy{O)sy & wyllley & wy(2)=-y & wy(dle-y & wy{t)uy

3572 for k=).nbeam do {f plot_letstk,1) eq 1 then §

1513 oplot,wxicenter{k, 0),wyecenterik, 1)

57¢ |;

3575 |return

J576 |end

35171

1578 Ji-m-mmecmmomesmonaaann R R L L R e mesmesaoooon ammc.
1518 |:

31580 lpro next_file

1581 {;

3582 jcommon coml, filename, dumpname, printoname,dataname, title

3583 jcomman coml5,version, comhead, comdata,moments

1584 |3

3585 poole0121456789abedefght fkimnopgretuvwxyz*

1586 heada’* & suff=" *

587 nn=strpos(filename,’ . yan'}

3588 headsstrmid{{ilename,0,nn-2)

1589 suffsatrmid{fllenama,nn-2,2}

3590 nelagtrposipool,atamidisufi, 0,1)) & ne2sstrposipool.strmidisuff,1,1}))
1591 ne2snc2¢l & 1f nc? ge strlen{poocl) then begin & nc2=0 & ncl=sncl+] & end
1592 ss=stemidipocl,ncl, 1} iatrmid{poc), nc2, 1}
359) fllenamesheadsast’ . ras’
359 comdatalfl=filenames’ {-+datanames’) ‘eversion
3595 1 5712797 comdataiD)=tllenames’ ‘4versjon

3596 |;
3597 {return
3550 fend
1599 ¢
3600 Jgewcmaancan PRI PR ——————— PP R hemmeamaa v RO .
6o §;
1602 Jpro readdata,cerror
3503 jcommon coml, ({lensme, dumpname, printname, dataname, title
3604 lcoreon comd,aslin,pview,ch2
31605 Jcommon con?,xcmpix,yemplx,dritt,rhale, separation, thickness

3606 common com8,window, xwindow,ywindow,chwin2, level
3607 |common comd,current,energy. betagamma,xestn, brightness,enltx, emity, emitn, nemit
3609 [common comll,version, comhead, comdata,maments
31609
3610 numsiptarr{¢} & sa=** & root='’
3611 |again:

3612 if comdatall3) eq ’'~gbi/' then §

361) begin

1614 ch2=* * & set_path_nane

)61: ‘t’( strlan{comdatatl)) gt 0 then begln &k ch2='s’ & set_path_name & end
36} en

3617 it cerror eq *R* then return

3618

1619

1520 |

i
print, ‘Florce raw mode, Hjext_file, Q)ult, Rleturn, Xjrestors from saved flltJ
.

read,* Enter *.RAS flla <LF ‘sfilename+’> f,n,q.1,xjrestore an> *, g3

012
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1621 1€ (53 eq 'q*) or (ss eq 'quit‘}) then § 3694 It fchbsv eq ‘r*) or {chbsv &q *b’'} or (chbsv eq ’8') then begin

1622 beglno L cerror=‘'q’ L return & end 1635 plot_lo, jradlus,bjj{*.nspc), xrange=10,rm), yrange={yl.y21.$

362) i1f (ss eq ‘x’) then § 3696 xstylesgutype,ystylesswtypa, $

62 begin & cerror='R* ¢ return & end 369 xtitles*sadlusicm}’ ,yeitlea'Brightness {A/{im-vadi“2)",$

162% it {ss eg ‘return’) or iss eq *r’) then § 31698 titleefllaname, /nodata

3626 begin 3699 for k=0,nheam-1 do 1€ plot_letsik+1,1) eq 1 then §

1827 {f {(cerror eq '&‘}) then goto,again § 3700 oplot, jradfus{k:k).bjj{k:k,nspcj), paymessyml

1628 eise begin & cerrors'r’ & return L end & end 3101 {f chhaxv eq *B’ then for kaf,nbeam-1 do if plot_letsik+1l.1) eg 1 then §
3629 it (s9 eq ‘raw']l or {ss eq 'f'} then 3702 oplot, jradiuatk:kl.biiik:k,apci),paymessym2

31630 begin & cerror=‘t‘ & print,’tmags RAW mode’ k goto,agaln & end 3103 xyouts,rm, §x, ‘<x>* &k xyouts,rm. jy,’<y>’ & xyouts,cm, brightness, <>’
1631 i€ (2% eg ‘n*) then $ 1704 xyouts,1m, Ixy, ‘<xy>* k xyoubs,rm, Jav,’<A>’ .
31632 begin & cerror=® 31705 end

3633 next_file & print,‘Processing flle ‘+fllename 31708 if (chbsv eq 'n*}) or {chbsv eg 'b’) or (chbsv eq 'B‘} thea begin

1634 end $§ 3107 ansindgeninbeant )

31635 else begin . 1708 plot_lo, jradius,bjjl{* . nepci) . xranges {0, nbean), yrange=iyl,y2}.$

3636 cergor=' * 3709 xstylesswtype,ystylesswiype,xtitlan’Beanlet Number’.$

3637 1€ strlen{ss} gt O then filename=ss 37110 ytitlez Brightness (A/im-rad)*2)’,titlesfilenane, /nodata

3638 comdata(0)«filenames’ {*+datanamee’} taversion 3 tor k20,nbeam-1 do if jradius(k} gt 0 then §

3639 i 5712791 2227 comdata{0)efilenames’ ‘eversion 32 1t plot_letstkel, 1) eq 1 then oplot.nn(kel:ks1) . bjiik:k, napci), psym=ssyni
3640 read, "Enter output files *root* name, <LF uses *temp"> a2» ‘, root R R} L€t chbsv eq ‘B’ then for k=O0.nbeam-1 do if jradlusik) gt 0 then 5

364l 1f strlentroot) gt 0 then rootastrtrimircot,2) ¢lse roors=‘vemp’ I 1t plot_letaikel, 1) eq 1 then oplot,nai{ke+d:ke+1) . bidlk:k, spc)),psym=ssym2
1642 dumpnamesroot+‘.dump’ & printhamesroot+’, lpr’ 1718 xyouts,nbeam-2, Jx, '<x>’ & xyouts,nbeam-2, jy, <y>"’

1643 cherd’ 1716 xyouts,nbesm-2, brightness, "<J>*

1644 data_fnput,ch 1147 xyouts,nbeam-1, }xy, *¢xy>’ & xyouts,nbaam-2,jav,*errt

1645 end 37118 end

3646 |: 319 if ntime eq @ then ypossD.%0 else ypes=-0.03

3647 [return 3720 xyouts,0.15,ypos, 'Emjttance ’scomdata{8)+¢’ sea-mr ‘scomdatat{0}, /norm
1648 {end nn xyouts,0.15,ypos-0.03, *Anps,Brightneas ‘¢comdatai9i+’ A/{nm-rad)i~2°, /norm
3649 | 3122 xyout$,0.15,ypos-0.06,°3{x),Ilyd,dixy) J{Av)='scomdata{ll}, /norm

1650 Jie-cemmanrann revmnae e weaa—anao [EEE LR TR T “emmme P wessmsseaacna .- 1723 if nspcj eq 1 then sa=‘'Corrected’ else ss="Uncorracted’

1651 1 3124 xyouts,0.15, ypos-0.09,comhead(10) +comdata(10)+’ Space charge °+s5, /norm
1652 |pro plot _brightness,ntlme 3128 if ntime eq 1 then ssrcomheadiid)ecomdatalid)s’ * glae 582"’

31653 ); 3726 ssxps+'Hask rotatjon '+comdata{l9)+’ deg’ & xyouts,0.15,ypos-0.12,35,/nom
1854 lcommon coml, filename, dumpname, printname, dataname, title 1727 tp.multied )

3655 |common com2,xdim,ydim, imswch, image, iobject 3728 |return

31656 [common conmd,data,nspci,phase, maxdata,mask,nmask, typemask 3729 Jend

3657 {common comS,plot_lets,center,maxb, nbean 3130 };

1658 |common com?,xcmpix,yemplix,delft,rhole, separation, thickness Bk I P el m—————— mememnen e B R P L L LT B LT e
3659 Jcommon com9,current, energy.betagamma, restm, brightnesa, enitx, emity, emitn, nemic M2

31660 |common cowil, ipass,bradius,xave,yave, ibeamn, jradius,bij 3133 jpro data_lnput,redo

3661 |common comls,version, comhead, comdatsa, moments 3134 [common coml, filename, dumpname, printname, dataname, titie

3662 jcommon coml?,chbsv, have_done, maxptype,ptype.cheliipse,cheléd,chelscl 31735 Jcommon com2,xdim, ydim, imswch, image, iobject

1661 lcowmon comi0,scalea 1136 lcusmon comb,data,nspc),phase, maxdata, mask,nmask, typemask

3664 |; 1737 |common com?.xcmplx,ycmplx,drify,thote, separation,thickness

1665 if (nbeam ¢q 0) then begin & print, "RAW HODE’ & return & end 3718 |common comB,window, xwindow, ywindow, chwin?, level

3666 1€ nmask oq 0 then begin & print, ‘Hust generats mask.’ & return & end 17313 [common com9,currant,energy,betagamma,restm, brightness, emitx, emity,emita,nemit
1667 if brightness eq ¢ then begin & print, Brightnass=0' & return & end 3740 fcommon coml, xcent,ycent,nxcent,nycent, imin, imax, background

1668 it ntime ¢q 0 then § 3741 Jeommon comll, ipass,bradius, xave,yave, ibeamn, jradius,bij

3669 tead, 'Plot v3 ryadius, n)beamiat, bloth <r,n, b, B_spe_nospc> *,chhsv 1742 lcommon comi5, version, comhead, comdata, moments

1670 {f strienichbsv) eq 0 then chbsvs*‘B’ 3743 |

1671 1£ tchbsv eq *B*) or (chbav eq ‘b*) then !p.multis{0,.2} 3744 jche’ * h swxz’' L gee’’ & num=fltarrid}

1612 if (chhsv eq *B') then begin 3745 {if vedo g ‘i then begin & cha’a’ & goto,dos & end

181 1t nspcj eq D then spcjcl else spci=0 & end 346 |;

3674 tf nspcj eq O then begin & ssymlsd & ssym2=2 & end § 3247 |redos* *

31675 else begln & ssymis2 & saym2=4 & end 3742 lprint,title

3676 Ix22.0¢current/(3.14153}e-6*emitx*hetagarmal 2 3743 |a=‘CHANGE: A)!l, Clurrnt. Dirft, Ejnrgy, Lyevl, Myask, P)ixel, R, W)indow,'
38717 jy+2.0%current/(3.1415%1e-6%emity *betagamma) “2 Y150 jprint,ae¢’t, limga’

1678 ixyssqre{ix*jyl & javsfloat{strmidtcomdata(l3),b35,101} 3151 okchags’A,C, B, E, 1, L M, PR, W, J'

3679 swtypesQ 31752 raad,’ <*spkchar+'> ax» *,ch
1680 1, 375) If strlen{ch) eq O then return

1681 {; get plot scales 3154 akchar=strlowcasalokxchar) & if strposiokchar,ch) 1t 0 then return
1682 1t scales(d) gt O then begin 1158 1€ ch eq ‘1* then goto,dof else 1€ ch eq *4" ihen goro.doi else §

1683 mmrscalesis) & ylaacales(6) & y2=scales{?) & yls10"y1 & y2210*y2 3156 1f ch eq *a’ then goto.doa else If ¢h eq 'c* then goto,doc else §

1684 end else begin 37157 Lf ch eg *A* then goto,dod elsa 3f ch eq ‘e’ then goto,doe else $

1685 1f mask{0,2) gt O then rm=maaski0,2) eclse rm=max{ixadius) 1158 if ch eq '}’ then goto,dal else Lf ch eq 'm’ then goto,dom else §

1686 yismin{wherailbjji*,nspcj) gt 0)) 3759 1f ch eqg ‘p* then goto,dop else If ch egq "%’ then goto.dow elze §

16817 y2Z=max{bjit*,nspcil) & Lf {yl eq 0} then yl=20.1'y2 3760 it ch eq ‘r’ then goto,dor

1688 1€ (jx 1t y1) then ylsix & If {jy It yl) thea yl=jy 3261 |

1689 1€ ¥yl dv y2/1000 then ylay2/1000 3762 jdoe: sg=* ' & smet

31690 swtypes0 & end 1763 read, ‘Enter beam Energy | MeV) *esstymidicomdata{d),0,8}+" =x> ¢, g4
1691 |4 1764 read, *Enter rest mass { MaV] LF usesa;‘istring(restm)s' w=e> * g;
1692 }; oxder in accending radlus Y165 it strlenism) gt 0 then rastmstloatism)

1693 31746 If atrlen{ss) gt 0 then bepin & redos’)’

112



Nov 24 1997 16:01:30

pepperpot.pro ' Page 53

Nov 24 1997 16:01:30 pepperpot.pro Page 54

1767
1764
3769
1110
nmm
mm
BRAR]
314
15
31176
3117
377e
1778
1780
1784
31782
3183
3184
1785
3786
3187
3188
1789
1750
31791
31192
173)
1784
3185
3196
3197
3798
3799
3800
3801
1802
3803
3804
3805
1806
1807
3goe
1809
1810
381
1812
gl
Jomd
Jets
181&
SIS
Jgie
g9
1820
1821
3822
1831
n2d
1825
1818
3s?
1a2¢
1829
Jaio
3831
3812
BLRE]
3634
3638
3ede
3el?
Jele
1819

energystloat{ss) & rxenergy/restm
if r gt 0.1 then begin & gammazler*2 &

it ch ne *a* thea return

background=f {x{ {yumx+sumy) 74,0}
print,comhead(2)scomdata{2) & end
if ch ne 'a’ then return
Lf strieniss) gt 0 then begin

if ch ne ‘a’ then return

end
1t ch ne *a’ then return

£€ strleniss) gt 0 then begin & redos'y’
decode.ss,num,n & if n gt O then begln

windows=fix{{xwindowsywindow}/2}
end & end
tf ¢h ne ‘a’ then return

if ch ne *a’ then return

{f ch ne *a‘ then return

1f strleni(ss) gt 0 then begin & tedos'§’
decode,s3,num,n & §f n gt 0 then begin

{f ch ne ‘a' then return

dop: read, 'Enter x,y cm/pixel ‘+comdaral)l)s:

At strlentss) gt 0 then begin & redos'y’
decode,ss,num,n & {f n gt 0 then begin

return
dor; tead,’Enter beam slze on mask Ricm)
{f strlenlss) gt O then begln & reda=’j*

if mask(0,2) gt O then begin
comdata{i3)=* *

end
end

betagammaxgqrt (gamma“2-1) & end §

else begin & b2224r L becagammassqrt(b2/{1-b2}}) & end
comdatatd}a’ ' estringlenergy, format=" (8.4} )¢, *+$
styingibetaganma, format="{£8.4)*)+*) ‘48
string{restm, Coxmac="{£13.4)*) & end

doi: {{ redo ne ‘L’ then begin & imin-min{imsge} & Imax=max(image]
sunxstotal (image(*,0})/xdimetotal {image(*, ydim-1})/xdim
sumystotal {image{0,*}/ydimitotal {imagei{xdim-1,*)}/ydin

condatai2y= [ istringiimin, formata’ (§3)°)47, " 4§
stringlimax, format=* (13} 1} 'estring{background, formata’ (i)}

doj: read,‘Apply space charge correction to brightness <y,n> *,ss
if 53 eq 'y’ then nspcjzl else nspcji=0 & end

doe: read, ‘Enter beam Curxent (Amps) ‘tstrmidicomdata{9),0,8)+° x> *, ag
if strlen{ss) gt 0 then begin & eld=current & currentslloatiss) & redos'j’
tf old gt 0 then brightness=zcurrent*brightness/old else brightness=0
rend, 'Enter Mask {(Passed Amps) ‘estamid(comdata(9),10,8)¢ 2> * g3
I strleni{ss) gt O then ipassiO)=float{as}
read, ‘Through how many holes ‘astymid{comdataiy), 19, 4)¢!  =u> * gy
1t strlen{sx} gt 0 then {pass(ii=floatiss)
ss=*{‘eatringtcurrent, format="{£8.2)"
steing(lpass{0), formate F6,3) )+’
string(ipass{l}, formats"{f4.0} }4+*)," %
stringtbrightness, formats='(el0.2)*}
comdatafd)=xsestrmidicomdata(9),34,14)

yer(tes
/74§

dow: read,’'Enter window x,y(plxels } ‘icomdata($)e’ =s> * 23

comdata{S) =’ [*estring(oum(O), formate’ {§3) e, “4$
steingf{num{l}), formata*
swindowsfintnumi0}/2} & ywindows={ix{numil}s2)

3y

dol: read, ‘Enter "leval* e.i. 10V ‘ecomdatafl0}+* ®u> ‘.58
ff strlen(ss) gt 0 then begin & levelsfixliss) & redo='y
comdata{10)=atring(level, format="{i4)*’) & end

dod: read,’Enter drift Lim) to image ‘i¢comdata(?)s’ «=> * &g
if strien{ss) gt 0 then begin & drifrafloatiss) &t redos'j'
comdata{T}=stringtdrifc, format="{f8.4)') & ead

dom: read, "Enter mask rhole,spacing and thicknessi{cm) ‘icomdata()e‘s=> *, 29

shole=numi®) & separation=num(l) & thickness=num(2}

comdata{§)=’t agtringithole, format="(fB.4)*)2°, 4§
stringi{separation, foxmate’ {£8.4) 4", "¢}
string(thickness, formats'{f8.41°1¢'} ®* & end &k end

wa> ‘.58

& xcmplx2numiO) & yoopixsnumit)

comdata{d)a’ | estringixcmpix, formar=* (£7.5) )+, "¢§
stringlycmplix, format="{£7.5}*)¢"]* & end & end

LF{auto calel sx> *, 35

decode, 88, num,n & LE n gt O then maski0,2) =num{0)

comdatalld)a“{'estring{num(0}, format="{fB.3)*)+$
stemid{comdata(14),9, strien{comdata{18}1-10}

IBd0
LI
a2
lgdd
1844
38435
1846
1847
1848
1849
jaso
1851
3852
3es)
jasq
IBSS
3856
1857
k131
1859
Jgso
86l
1862
3861
ELIY)
1865
3B6E
1667

Jase
1869
1870
a1}
312
3873
FERT]
38715
1876
3877
lale
3819
3880
3881
ieg2
188}
Jasd
3885
3gps
3887
pLELE]
1883
3890
1891

return
ead

pro move_cursex
H
common com2,xdim,ydim, tmawch, image, iobject
common com3, ssin.pview,ch?
common com?,xcampix,ycopix,drifr,rhole, separation, thickness
common com8, window, xwindow, ywindow, chwin?, level
common ¢oml2,nb, type _slica,xslice,yslice, prange,.chsavel,chsavel, chiaved
comeon comid, sub_range
common coml5,version, camhead, comdata, moment s
common comlé, xwcent, ywocent, xpixd,ypix0,pixclze
H
cca* * & 2erox0.0 & xwin=11% & ywlnel2S
xsxplx0-pixsize & y=ypixO-pixalze & xiex & yl=y
print, 'TESTimove curser xpix0,ypix0=‘ xpix0,ypix0
print, *TEST:move_curser pixstzes=',pixsize
print,* Click left button tlower left} right button (upper right) of window’
print,* Use buttons Lieft reads, Clentexr of lmage, R)ight returns’
print, “TEST:move_curser xwcent,ywcents',xwcent,ywcent ; ACP 4/30/97 ?77?

tvcrs. xwin, ywin

lwindo=strpos('w’, pview)
L{f istrposi‘cw’,pvliew) ge 0) and [xwcent gt 0) then docent=’t’ else docents’f

print, pvlewatepvlews’ docents* vdocent$
‘ subconts’istring{sub_range.subcoat (0))+steingisub_range.subcont(2})

i
ix0=sub_range, subcont (0}
jyO=sub_range, subcont (2)
print,’ x{pix) yipix) x{cm) yicml intensity’
x1=0 & yi=0
while (terc 1t 2} do §
begln cursor,x,y./data
if x ne xi and y ne yl then begin
xisx & ylay
i1f pvlew eq 'c' then begin
xelxOeElx{x/xcmpix) & y=iy0sfix{y/yempix}
Intenslty=Iimageix,y)
print,x, y.xl,yl,’ ‘intensity
end elsa begin
xcmsx*xemplx & yoemxylyemplx
print, fix{x), fix{y),xcm, ycm
end
end

end
tvcrs,200,-350
return
end

31894
38395
3896
3837
1438
3899
3300
3901
3302
3903
3904
3905
1906
1907
35308
31509
3910
st

:
pro listdata,cmd

common coml, filename, dumpname, printname. dataname,title

common com?, xdim, ydim, imswch, image, fobject

common com}, sxin.pview, ch2

common comd, data, nspc].phase . maxdats, mask, nmask, typemask

common comS,plot_lets,center,maxb, nbeam

common com?, xempix, yempix, delft,rhole, separation, thickness

common com8, window, xwindow, ywindow, chwin2, level

comman comd, current, enecgy, betagamma, restm, brightness, emltx, emity, emitn, nenit
common coml0, xcent,ycent, nxcant,nycent, imin, imax,background

comman comll, {pass,bradius, xave,yave, fbeamn, jradius, bjj

common coml5, varsion, comhead, condata, moments

H
che® * & gg=’?
1f cnd ne ¢ ¢ then checmd alee §
vead,'List A)11,Bleam{}.Clen{},D}ata,E)mit]}, N)a:kll Pihzl),Windo ‘+3
‘<a,b.e.d,e,m,p,w> ‘.ch

o
|3V
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1912 §f ch eq ‘b’ then goto,listh else If ch eq *c’ then goto,llstc else § 1985 4 cm Anps A/{m-rad)~2 A im-rad)"2*

1913 if ch eq *d’ then goto,lletd else if ch eq '«° then goto,lixte else § 3986 end

394 if ch eq ‘m* then goto,listm else L€ ch eq ‘p* then goto,listp else § REL Y i€ plot_Yetntk,)) eq 1} then kswek else kswe-k & fauns=isum+ibearnik-1}
1915 if ch eq 'w' then goto, listw 398k 382’ & ssastring{ksw, format=*jid)")

3916 |: 31989 sesasistringfemitnik, 0}, format='{e)1.3})°)

3917 {1iscd: 3950 ssessestring(emitn(k, 1), format=’{ell.3)")

3318 print, comdata(17}) 1991 ss*aseatringijradivs(k-1}, tormac="{f8.4) ")

3919 print, fe-mcmcacaan e ameoma B B T P TP TR T PP, * 1592 as=gasstring{ibeamntk-1), tormac="[£0.4)"'}

3920 for X=0,34 do print,string(k, fnrmut-'(l!) 14 ‘«comend‘k)ocon\dntalkl 1993 assssestring(bifik-1,0), formatw’ {e1d4.3)")

9N k«19 & print.stringtk, format=’(i2}*}+* ‘scomhead{k)+comdataikl 19394 ssrssestringibijik-1,1), formatu’ {ald.3})")

1922 if ch eq ‘d' then return 3995 print,ss

31%82) read, ‘Continue <,n> *,ch & {f ch eq *n’ then return 199¢ iinessitneas

1924 |3 3997 if lines eq 25 then begin &k read,‘Continue <,n> ‘,ch & linex»0
3925 {liste: 1398 1f ch aq ‘n* then return & end

1526 [ 8 G R e e L L T PP L et B 3999 end

319217 i1t strmidissin,2,1) eq °L* lhen begin 4000 print, *Sum of currents is ‘eatring{isum, formats’ (£10.4)°}¢’ Amperes’
528 print, '‘Beamlet centers and X.y range {pixels}* 40031 1f ch aq 'e’ then return

1929 prine, X xcen ycen xmin xmax ymin ymax®+$ 4002 read, ‘Continue <,n> ',ch & {f ch eg ‘n' then return

3%30 . k xcen ycen xmla xmax ymin ymax’ 003 |

1931 nbhenbeam/2 4004 flistp: print, ‘Phase(*}’ & lines=0

31932 for k=1.nbh do begin 4005 for k=1,nbean do begin

1913 tE ploc_lets(k,1} eq ! then kgwak else kawz-k 1006 if Jlnes eq 0 then begin

1934 if plot_letsixinbh, 1) eq 1 then jswrkinbh else jsws-k-nhh 4007 pring,* k X_ABS xpadn Xpmax Y_ARS ypmin  ypmax’
1938 print, formats’ {44,130, 302%, 204}, 2x, ¢, 1x,3{2x,2i4})°,§ 4008 print,* {cm) {rad} {rad) {cm) trad) irad)’
1916 ksw,center(k,0),center{k,i},$ 4009 end

i center(k,2),centerik, 3}, centertk, 4}, centerik,5),3 4010 i€ plot_letsik,1) eq ) then kswsk else kgwa-k

193e jsw,center (kenbh, 0}, centerikinbh,1),$ 4011 s8='' & ssastringikew, format="{i8}*)

3919 centar {kenbh, 2), center{kinbh, 3}, center(kenbh, 4}, center {kenbh,5) 4012 for }=0.5 do ss=sse+string(phase{k,3), formata=’'{f3.5)")

3540 end 4033 print,ss

3341 if ch eq "¢’ then return 4014 tinesalines+l

3942 end else begin 4015 1f llnes eq 25 then begkn & read, ‘Contlnue <.n> *,ch &k lines=0
3942 print,’Beamlet centers {plxels}’ 4016 1f ch eq ‘n’ then return & end

1944 prine.’ k xpx ypx Xk xpx ypx k xpx ypx'+$ 017 end :

1945 . k xpx ypx k xpx ypx k xpx ypx* 4018 Print, ., i, .

31946 for k=},nbeam do begin 4019 LY LR n-:ulnqlmxdau -3, format=* (14} )

1547 if plor_lets(k,1) eq ! then kswsk clse kaws-k 4020 for 0.1 do n:uutrlnq|phuulmxdntn ~2,}) . format="{£9.5}")
1948 #sssxesteingikaw, format=({15)")¢$ 4021 for {-2.5 do sasassatrlagiphase{maxdata-1,}}, format=*{£9.5}"}
1949 stringlcenterik,0), formate' {1d) " dostringl{center(k, 1), formate’ ({4)*} 4022 print.ss

3350 1f strleniss} gt 65 then begin & print,ss & ss=*‘ & end 4021 s8+’* & asestringimaxdata-1, format=*{jd)’})

31954 end & print,ss & 1f ch eq ‘c' then return 402¢ for §»0.5 do ssxssestringlphasa{maxdata-1,]), format="{£9.5)"})
1952 end 4028 print,as

39%) read, 'Continue <,n* *,ch & {f ch eq ’n* then retusn 4028 It ch eq *p’ then return
1954 | 4017 xead, ‘Contlnua <,n> *,ch ¢t if ch &q ‘n’ then return
3955 Jlistb: ; beam ls data array 4028 |:
1956 print, ‘Total_intipixels) ‘¢§ 4029 [listm: print, ‘Mask{*}*
1951 ‘fs value {n beamlet above background for that beamiet.' 400 nbhxnmask/2
31958 print,’ * & pring, ‘Beamletts DATAL*)’ L linea=0 4011 print,’ k x(cm) ylem}  {radiusi ‘.8
3359 i{f nbeam ¢q 0 then return 4012 . k x{cm) yicm} {radlius)’
3360 for k=l,nbeam do begin 4013 Ix=0 & Lly=0
1941 if Sines &q 0 then begin X 4034 {or k=1,nbh do §
31362 print,” n peak xmin xmax x{abs) ymin ymax  ylabg) ‘1§ 4035 princ, format="(2{15,£9.¢,£9.4, 2, th(,€7.3, h},4x)1",$
3963 3 ‘Total_int backg* 401§ k,maskik,0).maskik, 1), maskik,2),$
21964 print,* pixels fcm) {cm) (cm) {om) {cm) {cm) 4§ 4037 k4nbh, maskikenbh, 0), maskik¢nbh, 1}, mask{kenbh, 2)
31985 ‘plaels plxels’ (131 ] 1f 2*nbh It amask then §
1966 end 4019 print, formata’ {38x, 45, £9.4,€9.4,2x,3h(,£7.3.0h)) ", %
3967 if plot_letsik,1} eq 1 then kswsk else ksws-k 4010 nmask, mask {nmask, 0) ,mask{nmask, 1] ,masgk{nmask, 2}
3568 sssstringtdatatk,0), formatsa’ {{4)'} 04t 1€ ch ¢q ‘m* then raturn
3369 for j=1,6 do ss=sxestringtdataik, ), formats’ {£8. 44"} $042 read, *Continue <,n> ‘,ch & 1t ch eq ‘n’ then return
1970 ss=aseatringidatalk, 7)), formats=’ (210,31} jestringtdacatk, 8y, format=* {£7.2}*) 4043 |,
1971 print, stringikew, Eormabs" {4} ')+’ *iss 4044 ]listw: print, ‘Window(*)*
3372 lines=linesst 4045 nbhsnbeam/2
3973 it lines eq 25 then begin & read, ‘Continue <,n> *,ch & liness0 4046 print,” k xcen ycen xmin xmax ymin ymax L
1974 if ch #9 'n’ then return & end 1047 L 3 xgen ycen xmin xmax ymin ymax'‘
29715 end & L€ ch eq ‘d’ then return 1048 tor kal,nbh do $
1976 read, ‘Continue <,n> ’,ch ¢ 4f ch eq "n* then return 4049 print, formate$
1977 1t ch eq ‘d‘ then return 4050 ‘43,3, 10,43, 1h, . §3,1h), 415, 6x,13,3x, 0h(, 43, th, . 13, th}, 4158,
3978 |; $051 k,center(k,0),centerik, 1), centertk, 0} -xwindow, center {k, 0) +xwindow,
3979 [lixte: print, *BEAHLETS' & liness=0 & {sums0 4052 center{k, 1} -ywindow, centex ik, 1) +ywindow, §
3980 for k=i,pbeam do begin 4053 kinbh, center{ktnbh,0),center{ksnbh,1},$
3981 it lines eq 0 then begln 4054 center {kxinbh, 0} -xwindow, center (k+nbh, 0) +xwindow, §

3982 print, k Emitx Emity’+$ 4055 center {kinbh, 1) -ywindow, center (kenbh, 1) ¢ywindow

1981 . Radius  Current Brightness  SPC_corrected’ 4056 if 2*nbh 1t nbeam then %

3584 print,* m-rad m-rad’es 4057 print, format=(d1x, 83, 3%, 0ht, 43, 1h, , 3, Lh), 4083, 5

£1e



Nov 24 1997 16.01:30

pepperpot.pro - Page 57

Nav 24 1997 16:01:30

pepperpot.pro Page 56

4058
4059
1060
4061
4062
4063
4064
4065
4068
4067
4068
4069
4070
1071
4072
407

4074
4075
4076
4077
4078
4073
{080
4081
4082
4108)
408¢
4085
4088
4087
082
4089
4080
4091
4092
4093
4094
4095
4036
4037
098
1039
4160
4101
4102
410}
{04
4105
4106
1107
4108
410%
4110
(338}
(39 %]
411
[IY}
4115
411¢
117
[331)
4118
120
121
az2
[3V3)
au
4125
4128
1127
4128
4129

(881

nbeam-1, center inbeam-1,0), center{nbeam~1,1),$
center inbeam-1, 0) -xwindow, center {nheam-1,0) +xwindow, §
center {nbeam-1, 1} -ywindow, center {nbean~-1, 1} ¢ywindow

pro sumnaryr,ntime

common coml, £{lename, dumpname, printname,dataname,titls
common com2, xdim, ydim, imswch, Image, fobject

cosmon comd, ssln.pview, ch2

cormon comd,data,nspcj, phase, maxdata, mask, nmagk, typemask
common comS,plot_lets, centexr,maxb, nbeam

common conl,xcempix, yempix,deife.rhole, separation, thlckness
common com8,windaw, xwindow, ywindow, chwin?, level

common comd, current, energy,bataganma, restm, brightness, emitx, emity, emitn, nenit
common coml0,xcent,ycent ,axcent.nycent, imin, imax,background
common comll, ipass,bradius, xave,yave, ibeann, jradius,bjj
common coml,verslion,comhead, comdata, moment s

ip.mulri=10,2,0,0,0)

s plot 1, TOTAL INTENSITY «<-ecvrocmonnoconanccancan
yy=data{linheam,?)
plot, jradins, yy,psym=2,$§
xtitles"Radiusicem) ', ytitle='Pixals",$
title='Total Intensity‘sstringtdavaltd, 7}, format="(£10.0)})
Es=‘Ave; sstring(total{data(l:nbeam,?)) /nheam, lormata’(£8.1)")
xyouts,0.15,0.25,85, /norm
xyouts,8.15,0.93, "Above each beamlets 8G.’, /norm
xyouts,0.15,-0.09, f1lename, /notm
xyouts,0.15,-0.12,citle, /norm

H
delz0,2¢separation
nringss€ix{{max{jradius)+del)/separation}
nnsintarcinringss1) ¢ xxafltarrinringsel) & aasxx & aalsxx & aalsxx
for ka0,nrings da aal{k)=399399.0
for k+0,nbeam-1 do begin
lesfixt(delefradiuaik})/aeparation)
aalir)=aatir)+datatkel, 7} L nnfir)ysaniicded
1t datatks),7) Lt aal(fr) then aal{ir)=davaik:1, 7}
i dataik+l.7) gt aa2(ir) then aa2{ir)zdataikey, 7
end
Tl
for k=0.nrings do begin
xx{k}=r & rsr¢separation & If an{k) gt 0 then aa(k)=aa(k)/nn(k}
end
oplat, xx, aa
for ka0,nrings do plota, [xxik},xx{k}}, {zallk], aa2ik}]
; plot 2. PEAK INTENSITY AND BACKGROUND «- ERER b hld
yy:datatl:nbeam, 0)
plot, jradius, yy, psyme2,§
xtities*Radiusicm) ', ytitles'Fixels’, titfen'pPeak Int & Background*
nnsfntarc{nsings+3) & xxstltarrinrings+1) & as:xx & aalexx & sa2axx
for ka0,arings do aaltk}=9999%9.0
for k=0, nbeam~-1 do begin
lrstix{(delejradius(k}isfseparation)
aatirfepatiriedatatkel @) ¢ nafirisnnt{icysd
1t datatke2, 0} 1t aalilr) then asal{ir}>daxatksl,0)
1f datalk+1,0) gt aa2{ir) then aaZiig}xdara{k+1, 0}

end
a0
for k=0,.nrings do begin
xx(kj=r & rarsseparation & 1f nn{k) gt 0 then satklsaatk)/nntk}
end
oplot, xx, aa
for k=0,nrings do plota, {xx{k}.xxtk}}, faadik),aa2ik)]

:
i now the background
oplot, jradius,data(l:nbean. 8),psym=4

4131
4112
4113
4131
€135
4136
4137
48
4139
4140
4141
14
a4
114
4145
4146
@
1148
4149
4150
4151
4162
4151
4154
4155
4156
1157
4158
4159
41460
4161
4162
4163
4164
4165
4166
1167
4168
4169
1170
4171
4172
4“1
4a1an
4175
4176
an
1178
1713
4180
4181
4182
418)
4184
418%
4186
4187
4188
4189
41%0
(333
4193
4133
494
€195
4196
4137
4198
1353
4200
4201
4202
4201

nnsintarrinrings+l) & xx=fltarrinrings+i} & aa=xx
for k=0,nbeanm-1 do begin

frsfixttdalejradiueik)) /neparation)

safiri=aaiirjedata(ks},B8) & nafiri=nn(ir)+l

end
£=0
for k=0,.nrings do begin

xxlk)lzr & rareseparstion & 3l nnlk) gt 0 then aatkl=aa{kj/nntk)
end
oplok,xx,aa

plota, 10, xxinrings) ], [background, background}
sss'Ave:vatringitotal {data{l;nbesa,0})/cheam, formats* {£B.2)")
xyouts,0.69,0.20,82, /norm
ss=’Ava:istringitotal idata{i:nbeam, 8))/nbeam, fosmats’{€8,2}")
xyouts,0.65,0.26,3%, /norm

tp.multi=0 & ss=""
return
end
i
i . P emmmaceema—an mmmamacana. emmmerecma—————
H
pro summary,ntime
comman coml, {1)ename, dumpname, printname, dataname, title
common com?, xdis, ydin, imswch, image, iobject
common com), ssln.pview, ch2
cormman comd,dats.nspci,phase, maxdata, mask, nmask, typemask
cosmon comS,plot_lets, center,maxb, nbeam
common com?, xemplx, yempéx,dedft, rthole, separation, thickness
common comB, window, xwindow, ywindow, thwin2, fevel
common comd, current, energy.betagamea, resim, brightness, emitx, emity, emitn nemit
common coml0, xcent, ycent, nxcent . aycent, imin, imax, background
common comil, lpass, bradius, xave, yave, [beamn, fradius,bj)
common comi$, verslon, comhead, comdata, momenta

'
if {nheaa »q 0} then begln & print, ‘RAW HODE’ & return & end

ip.multi=f0,2,2,0,0}
H
; plot 3, TOTAL INTENSITY -- R ik
beamne«findgen(nbeams 2}
histozdata{O:nbeamed, 7} & hlsto(0)=0 & histotinbeamsl) =0
histx=histo & histy=histo
plot,beamn, histo, pasym=10,$
xtitieaBeamlet’ yoitle='Plxeals’,$

titla<'Total Intensity‘+atringidata(0,7), formats="{£10.0)"}
sss’Aver satring(total{datail:nbeam, 7)) /nheam, format~’{£fd,1}")
xyouts,0,15,0.65,8s, /norm
Lif ntime eq 0 then iy=0.94 else §y=D.50
xyouts, 0,15, iy, ‘Above each beamlets BG*,/notm

i

: plot 2, PEAK INTENSITY AND BACKGROUHD ~-w=---o emmomen

histo{l:nbeam)sdatail:inbeam, 0}

plot,beamn, histo, psym=10,§
xtitisas'Beantet®,ytitle='pPixals’ titlex'Peak Int & Background®

oplat.beamn,dataiOinbeam, B) , psym=10

yy=Intarr(2) & xx=yy

x%{0) 20 & xx{lj=nbeam & yyi0)s«background & yy{1)sbackground

oplot.xx,yy

<satringltotal {datatl:nbeam, 0)) /nbean, format=* {{8.2)")

0.65,0.68,8s,/n0rm

ss=‘Ave;s‘satring(total (data{linbeam, 8)}) /nbeam, formats’{£8.2}*}

xyouts,0,.65,0.66,88. /norm

$

; plot 1, BEAMLET RADIUS avcr-varccameccmmnuncanan
histx{l:abean}«0.5¢(data|l:nbeam, 2} -data{l:nbeam, 11}
histy{l:nbeam}#0.5*{data{lnbeam,5)-dataii:inheam,d))
mcmemax (bradius) & {f wmaxi{histx) gt mcm then mcmemaxthlstx)

1f wax{histy) gt mcm thea wmemsmaxihisty)

histo{l:nbeamsi)erhole
piot,beamn,histo, yrange= {0, mcm], . ystyle=1,$

ntitlaes Beamlet’ , ytitle«‘cm’, titlie«’Beamlet Radius’

¥1¢



Nov 24 1997 16:01:30 © - pepperpolpro - -t .vE Page kg

Nov 24 1997 16:01:30 "*~ # "/ " pepperpot.pro

Page 60

4204
4208
4206
4207
4208
4209
{210
4211
412
421)
4244
1215
4216
Q@
4218

oplot,beamn . hiztx, linestyles), psyma10
oplot,beamn, histy, Hinestyle=2,psym«i0
xy=0,25%otal {dats{linbeam, 2} -data{l:nbean, 1)} /nbeams$
0.25*total [datallinbeam, 5) -datatl:nbeam, 4}) /nbeam
g='Ave:'estringixy, formar="*(f8.4}")
xyouts,0,15,0.15, a8, /narm
3 plot §, BEANLET ANGULAR DIVERGENCE ~---eee--rasasnonucanancs
: phasel, *}=XABS, xpmln, xpmax, YABS, ypmin, ypmax
; phase{maxdate-1,¢)=011,812,822,53),830,58d ; phaseimaxdata-2,%}=rl2,v24
histx{l:nbeam}=1000¢{phasel}nbeam, 2} -phaze{]l:nbeam, 1}}
histy{i:nbeam)=1000*{phase(l;nheam,5}~phase{l :nbeam, §})
*pmin=min(histx{i:nbeam}) & xpmaxsmax({histx{l:abeam}}
yorln=minihistytl:nbeam)} & ypmaxsmax{histy{l:nbeam})
if ypmia Lt xpmin then pminzypmin else pminsxpmin
it ypmax gt xpmax then pmax=ypmax elae pmaxsxpmax
paln=0
plot, besnmn, phase{linbean, 11, yranges (pain. pmaxt,§
wtitle~'Beamlet®,ytitlea'mrad’,titlea’X, ¥ Angular Spread (max-min}', /nodata
oplot,beamn, histx, Minestyles), psym=10
oplot,beamn, histy, linestyle=2, psymsi0
xys500%total (phase{}l:nbeam,2)-phase{l:nheam, 1}}/nbeams$
590*toraliphase{l:nbeam,5) -phase(l:nbeam, 4)}/nhean
saa’Avar’satringixy, formatw* (£8.3)")
xyouts,0.65,0.15,85, /norm
:
tp.oulti=0 L sy’
as=filenames’ *astrmldfcomdata(9),2,20)+* (Amp), ‘+%
string(enexgy, format="{17.3)°) ¢+  (Hev), ‘+$
strina(level, formate’ (43} )4° 3 level’
xyouts,0.10,0.50,5s, /norm
1t ntime eq 1 then begin & yyx=-0.10
xyouta,D.10,-0.10," D b B D B Rl 2111 4.
for k=0,14 do begin bk yyxayyx-0.01
xyouts,0.10,yyx, stringtk, format="{12)“}+' ‘+comhead{k)+comdata(k),/norm
end
k=19 & yyxsyyx-0.0}
xyouts,D.10,yyx.string ik, format="{12)*} ¢’ ‘+comhead{k)scomdatatk), /norm
end
return
end
i
¢
pro {it_gauss

goto, skipit
comman comi, filename, dumppame, printname, datanams, titie
common coml, xdim, ydim, Imswch, image, {object

common
common
common
common
common
common
common
common
Common
coreman
common
common

H

coml, sasin,pview,ch2

com$, data,nsped, phase, maxdata, mask, nmask, typemask
con§,plot_lets,center, maxb, nheam

com?, xempix, yempixn, deift, rhola, separation, thickness

com8, window, xwindow, ywindow, chwin2, level

cam?,current, energy, betagamma, restm, brightness, emiex, emity, emitn, nenit
coml0, xcent . ycent ,nxcent, nycent, imin, imax, background
comld,nb,type_slice,xslice,ysiice, prange, chsavel,chsave2, chsaveld
coml), sub_range

com}S, veralon, comhead, comdata, moment s

comll, kmavie,nalice,stices

com22, flag, numpix

width=2+xwindows1 & widthsfix(wldth)

1f flag ne @ then goto, skipover

for j=1,2 do begin
For j«1,nbeam do begin
flagal .
grsfltary{width} & asfltarc{6) & gx=0.0 & a=0.0
gysfltarr{widtht ¢ befltarci6) & gy»0,0 & b=0.0
nxscenter{],0) & nyscenterti,t}
axle=nx-xwindow & if nxi Jt 1 then nxisi
nx2vnxyxwindow & 1f nx2 gt xdim then nxisxdim-\

nyl=ny-ywindow & {f nyl 1t 1 then nylsl; nyZ=nytywindow & 1f ny2 gt yd

921
4278
4279
4280
4181
4202
4283
4284
4285
4286
4287
{288
4289
4290
4291
4292
4291

+im then nyleydim-1
axdefixinxll & nx2=fix(nx2} & nyl=fix{nyl} & ny2=fix{ny2)
xplx={ntacs (width} & ypixsintarciwidthi
for {=0,width-1 do § wpix{{i=naiti
far §=0,width-1 do § ypix{i)=nylei

pelat, *beanmlat 8*, 4

peaksmaxt{imageinel :nx2, nyl:ay2)}
cutoff=,01%leve]l"peak

centerx=where{imageinxl:nx2,ny) eq pesk)
centerxscenterxiaxi
centerx»fix{centarx)
canteryevhere{imagainx, nyliny2) eq peakl
centerysfixicentery)
centery=centerysnyl
lowflaged & kel
for k=centerxi0),nx}l,-1 da begin
it {lowflag eq 1) then begin
image ik, ny)=background
endlf alse begin
it fimagetk.ny) 2t cutoff} then begin
imwage(k, ny) sbackground
lowtlag=1
endif
endelsa
end
lowflag=0
for kzcenterx{0},nx2 do begin
if {lowflag #q 1) then begin
image(k, nytebackground
endif else begin
{€ {image{k,ny) 1t cuteff) then begin
imagelk, ny)=background
lowflag=t
end{{
endalase
end

towflag=0
for kscentery(0},nyl do begin
i€ tlowflag eq 1} thea hegin
{mageinx, k) =background
endif elsa begin
i1f {imagatnx,k) 1t cutoff) thea begin
tmage tnx, k) sbackground
lowflagel
endit
endelse
end

lowl])laga0
Ior kxcentery{0},nyl,~1 do begin
i1f {lowflag eq 1) then begin
imags {nx, k) sbackground
endif alse begin
J€ (imageinx,k) 1t cutaff) then begin
Image{nx, k) sbackground
towilags1l
endi €
tndelse
end
xpix=where{inagelnxl:nx2,ny) ge 0}
xpixexplixtnx)
xpix=Eix{xpix)
ypixawhara{lmage{nx, nyliay2} ge 0}
yelx=ypixinyl
ypix=tixiyplix)

gxegaussfitixplx, Image{nxt:inx2, ny),n}
gy=gausafitiypix, imageinx,nyliny2}.b}
gxwlixigx} & gy=fixigy) '

G1¢e
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4349 [image(nxl:nx2, ny)=gx 22 |y yback={1s(12-81}* {indgeniny2-ny}))/iny2-nyl)

43%0 fimage(nx,nyl:ny2}=gy 142) {;

4351 endfor 424§ .+~-==- subtract tilted local background
4152 |skipit: 4425 | f

1353 |skipover: 4426 {f strposi(chsavel,'m') ge 0 then begin

4154 jreturn 2 pekx=max|imageinxlinx2, ny))

1355 |end 4420 pekysmax(image{nx. nyliny2i}

4356 |jee-v--n aeaman B ettt wammvana P R LT T T B Ll E T P smmmane (Y ¥i) ixaxwhere{imageinxl:inx2,ny) eq pekx)

4357 {: 4430 {ysewhere{imagrinx,nyliny2} eq pekyl

4358 |pro analyze, ntime 4431 ix=ixal0) & Ly=iya{0)

4359 jcommon coml, filename, dumpname, printname, dataname, title 1432 |

4160 jcommon com2,xdim,ydim, imswch, image, iobject 4413 {ix={loat imin{imageinxlinxleix, ny)))

4361 |common com),asin.pview,ch2 4N jax=float (mintimage{nxl+ix:nx2,nyll}

4362 jcommon comi,data,nspc),phase, maxdata,mask, nmask, typemask (Y31 Yxlaswherelimageinxl:nxleix,ny) eq ilx)

4163 |common comS,.plot_lets,center, maxb, nbeam 4416 fx2aswhers{ivagat{nxleixn:inx2, ny) eq 12x)

4364 [corwon com?, xempix,yomplix,drife, rhole, separatlon, thickness 4437 {xl=float(ix1a{0)) & ix2xfloat{ix+ix2a(0})

4365 jcosmon comB,wlipdow, xwindow, ywindow, chwin2, level (131 ] xasnii2x-1Ix}2{ix2-ix1}

1366 |common com9,current,energy. betagamma, restm, brightness, emitx, emity, emitn, nemlt 4419 xback={lxexas® {indgen{nx2-nx1)})

4167 |comman coml0, xcent,ycent,nxcent,nycent, imin, imax,background 420 [;

4158 jcommon comi2,nb,type_slice,xslice.yslice, prange,chsavel,chsave?, chsave) LY YRY tiy=floatimln{image(nx, nyl:nyleiy})}

4369 {common coml), sub_range 442 i2y=float {min{lmageinx, nyltiy:ny2})}

4370 |cosmon coml$,version, comhead, comdata, moments 4441 lylaswheretimage{nx.nylinyls iy} eq i1y}

4111 |[common coml8,kmovie,nslice,slices 444 iy2aswhere(imageinx.nyleiy:iny2l eq {2y}

4312 |: s Iyl<float{lyla{0)) & iyZafloatilytly2ai0})

4313 |:loadct, 11 4446 yasa{12y-11y)/(ly2-iyl)

4171 foxaf{ltaxr{22) & asfitarr(6) & gx=0.0 & a=0.0 41447 ybackallysyas® (Indgen(ny2-nyl))

€175 {gysfltarr(22}) & bafltarvi{€} & gys0.0 & b2D.0 4448 end

4376 [xg=fltarr(201) & xg(0:200)20.0 4449 ¢

4377 fexg~fltarr(201) & pxgl0:200}:0.0 4450 |:px=gaussflitixradius, imageinxlinx2.ny},al

4178 [ygsfltagr{201) & ygi0:200)«0,0 4451 |i;gy=gaussfit{yradius, imageinx,nyl:ny2),b)

4179 lpygafltars{20)) & pygi0:200)=0.0 452 1;

4180 {f {nbean eq 0} then begin & print, 'RAW HODE’ & return & end 4453 [;1f nb eq & then prine,*d *,a.b

4384 it ptime eq 0 then begin 445¢ :print, *imageinxl;snx2,ny} *,imageinx):nx2.ny)

4182 chsavels’ °* 4455 Jiresultatranspose{image(nx,nyl:ny2}}

4181 read, 'Enter beamlet number <1..°sstringinbeam, format=*{{1)’}s¢'> *, 88 4456 | print. 'imageinx,nyliny2) ’.result

4318¢ nbhefix{ss} 4457 plot, xradius, l{nex,xstyle=} xrange={-half hatf}, $

485 if npb 1t | or nb gt nbeam then begin 4458 xtitlex'site{cm)’, ytitle="Amplitude(pixale)’ titieafilename
4186 print, ‘Entry outslde allowed range' & return & end 4459 oplot, yradius, liney

4187 ssa'Calculate widthe based on'+atringichsavel, formatx‘{al,$)'} 4460 plots, (-half,half}, iback,back}

4188 print,ss 4468 s

4189 read, ' HM)iinusBack, S)moothed, H5, R)aw data <m,s,ms,r> *, chsavel 4462 |: tfor k=0,200 do begin

4130 halfwidthga* ' sl {; xglkl= (I‘Ml('klzﬁﬁ\ ~half & thﬂ-xg(kl

4191 end elsze halfwidthsscomdara{lg} 4464 }; zeixglk)-all}b/al2) &k 22-0.5%z

4192 |+ 4465 | pxgiX)=al0) *axplz)eald)sald)* xq(klolli) xgik}*2
419) nxscenter({nb,0) & fyscenter{nb,1} 4466 }; 2a{yg(kl-b{1}1/b(3} & 2=-0,5%z2"
I nxlanx-xwindow & Lf nx1l 1t § then nxix} 4467 |, pygik)sb{C) *expiz)+b(I}+b{d)* ya(knh(Sl ygiky~2
4195 ax2s=pxexwindow & LI nx2 gt xdim then nxlsxdim-1 4468 |; endfor
4398 nyl=ny-ywindow & If nyl 1t } then nyl=} 4463 |: oplot,xg.pxg.linestyles? thicks2
4357 ny2enytywindow &k i€ ny2 gt ydim then nyleydim-1 4470 §: oplot,yg.pyg, lipestylea=2,thick=2
4198 nxl=sfixinx}) & nx2siixinx2} & nyt=fix{nyl} & ny2stixiny?) “un b
43199 [;resultssfitiimagainx]l:nx2,nyliny2},4} aun if chaavel eq ‘s’ then begin
4400 Ji;surface, Tesult HN xyouts, 0.8,0,90, *Smoothing=5’, /norm
4401 |igota, akip “un 1inex=smoothi{linex, 5} & “neyumoo(hl“ney 51
1402 nxmanx2-nx1+¢1 & nym=ny2-nyl+i 4475 oplot,xradius, linex, linestylasl & oplot,yradius, liney, linestyles?
1403 halix»0.5*nxm*xcmpix k xradiussxcmpix*indgen(nxm}-halfx 476 end else §
o hally«0.S5*nym*yempix k yradlussycmpix®indgeninym)-halfy “an 1f chsavel =q ‘m* then begin
4405 if halfx ge halfy then half=halfx else halfxhalfy 4478 linex=back+linex-xback & lineyshacksliney-yback
4406 linexslmageinxl:nx2,ny) &k liney=image(nx,nyl:ny?) [Ty} oplot, xradius, 1 inex, linestylesd & oplot,yradius, liney, linestylest
4407 }; §480 end elss §
de08 |2 4481 Lf chsavel eq ‘mz’ then begin
4409 peak=data{nb, 0} & ftotal=sdata(nb,?) 4482 xyouts,0.8,0.90, ‘Smoothing=5*, /norm
4410 backatatal {isnage{nxl, nyd:ny2))/iny2-nylel)+$ 4483 linex=backssmoothilinex,S)-xback & lineysbackesmoothiliney, 5)-yback
441t total(image(nx2,nyl;ny2)}/{ny2-nylel} e} 4484 oplot,xradius, linex, linestyle=d & oplot,yradius, liney, linestylesd
4412 total {{mage(nxl:inx2,nyl)) /{nx2-nxlesl) e} 4485 end
4413 total{{mage{nxlinx2, ny2}}/inx2-nxlel} 4486 |4
4414 back»=0.25*back 4487 xpeak=max{1{inex)
4415 | 4488 ypeakamax(1insy) + TEST
4416 | === search {rom peak to min 4489 Lf xpeaak gt ypeak then peakexpeak else pask=ypeak
4417 |; .~~~ sesarch from peak to min in othar directlon, 4490 .

(I3 R T) 1 / 4721797 TEST ACP 4491 xyouts,0.2,0.87, ‘Beamlet ‘estringinb, formata’ ({3} )48

412 | Liefloat{tnageinxl,ny)t & 13=flostiimagainx?, ny}) 4492 * { satringinx, format=" (1)) ) 2*, "estringiny, tormat="{13)")4" ) 45
420 |s xback=f1e(12-41) *{indgen{inx2-nx1}}/ (nx2-nx1} 449) ¢ peak’tatring(peak, formats=’{id4)'§+$

W2l | i1afloattimage(nx.nyi}) & i2=float{imagelnx,ny2)} 4494 * i_tot‘sstring{itotal, formats*{f10.0}")¢* above BG',/norm

91¢
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4495
14986
19
498
"y
1500
4501
4502
4501
4504
4509
4506
4507
4508
1509
[E311)
4511
4512
151)
45te
4515
4516
1517
4518
4519
1520
[1Y3]
4522
452)
4524
4525
4526

527
4528
4529
4510
€511
4532
1532
4534
4535
4536
4537
4538
4533
4540
4541
4542
154)
4544
4545
4546
4547
4548
4549
4550
4551
4552
4553
4554
4555
AS56
4557
4558
4559
560
4561
4562
458)
4564
4565
4566
4567

yy=0.84
xyouts,0.2,yy, halfwidths, /norm
xyouts, xradius(nxm/4}1, Hinex{nm/4), ‘X-cut*
xyouts,yradius(3*nym/4), Yineylid nym/ 4}, *Y-cut
if ntime eq 1 then begin
it nslice gt 0 then begin
yy:~0.0%
for k=0,nalice do §
begin & yysyy-0.03 & xyouts,0D.1l,yy,slices(k),/norm & end
end
goto,conlt
end

tvcrs, 150,150 ; place cursar at pixel loeation 50,50
nslicex0
ferrs0
saves0
while {terr ne 4) do begin
cursor, %, y, /wait
ipeak=100.0*{y-back)/ [peak-back)
11 ipeak ne save then begin
saveslpeak
for ksxwindow,1,-1 do If linex(k} lt y then goto,havexi
havex] : xminatk-xwindows (y-1inextk)}/{llnextkil)-linexik}) ) xemplx
for kaxwindow,2*xwindow-2 do if linexik) It y then goto, havexl
bavex2 : xmaxs{kexwindow-iy-dinexikx}}/{1lpextk-1}-1inextk))}*‘xcmplx
tor ksywindow,1,-1 do if lineytk] lt y then goto, havey)
haveyl : ymin=(k-ywindowsiy-1iney{k}}/(llneyikel)-lineyik)}) *ycmpix
for keywindow, 2*ywindow-2 do §f liney(k} It y then goto, havey2
havey2 : ymaxa{k-ywindow-{y-1ineytk})/{1iney(k-1)-tiney(k))} ycmplx
xcm=0.5" {xmax-xmin) & yem=0.5% {ymax-ynin}
haliwldthse’x,y half widths ‘+§
steing{xem, formata* (£8.3)°}4*, 4§
stringlycm, foemats’ {{B.3)")¢* cm at ‘4§
string{ipeak, format='{18.3}°})¢’ A\ ampiitude*
print,halfwidths
Yy*yy+-0.02 & xyouts,0.2,yy.haltfwidths, /norm
comdata{18)«halfwidths
slices(nsiice)shalfwidths & {f nslice It 20 then nslice=nslicatl
end
end

terrs0
tvces, 100,-50
chsavel=" ' & read, ‘Contour this beamlet «<y,n,albort> *,chsavel
{€ chaavel eq 'a‘ then abort
i
conlt:
i1f chsave2 ne 'y’ then return

nums:iptarr{d)

num{0)=nxl ¢ num{t}=nx2 & numi2)snyl & num(3d}=ny2

set_conhtour,num, pview

levels=intarr{20} & ax0 & das0.05%data{nb,0}

for k=0,1% do begin & a=asda & fevels(k)=a & end
contour, image{nxl:nx2,ny):ny2), levelsslevels, xstylesl, ystyle«l,§
xtitles‘x{pixett* ytitier'yipixel)’. $
titles‘Besmlet ‘estringinb, formate’ {13)°)+* ‘efllename

nn=strienicomdatail})-1o
Ltf nn gt 3 then xyouts,0.1%5,0.90, strmid{comdata{l},10,nn), /norn
ssximagel’sstringinxt)s’:estringinx2) e, “extringinyl)s’ s estringlny2)e’]"
skxss+c  Peake'istringi{datainb, 0}, format="(13)*)e* divided 20 steps”
xyouts,0.15,0.87. strerimistrcompressiss) 2}, /norm
pviswz'c’
3
sskip:
return
end

pro do_proflles ntime
comman coml, filename, dumpname, printname, dataname, title

common com?, xdim, ydim, {mswch, {mage, tobject

4568
4569
4570
451
4512
4573
51
4575
45176
5N
4570
4573
4580
4581
4582
4583
458¢
LET:H
4586
4587
4588
4569

4590
591
4592

4593
45514
4595
4596
4591
598
4599
4600

i

comman com3, asin,pview, ch2

common comd,data,nspcl, phase, maxdata, mask, nmask, typemask

comman comS,plot_lets,center.maxh,nbean

common coml0, xcent, ycent,nxcent,nycent, imin, fmax,background

common com\l.nh.lypn_lllcl.xl)lcely-llcn,prang-.chtavcl.chsnvel,chsav:}
common coml5,varslon,comhead, comdata, moments

g8+’ & nums’* & xlable=0.)5 & alfas’abcdefghijkinnopgratuvwxyz,, /;]1)«-"*
headingsfllename
nlestrposicondatail), ‘S*) & n2e«strlenicomdata{l}}-nls) ; get smoothing factar
1f ntl gt O then heading=headings’ {‘+¢strmidicomdata{l),nl,n2)¢ )"
1f ntime eq 0 then begin
imswche® + -
agaln:
if ch? eq ‘e’ then begln
If typa_slice eq 'x’ then §
read, 'Enter slice y=<1..‘+stringiydim, formata’ ({34434°> °,num else §
read, "Enter slice xa<l,. ’estringixdim, formate*{i3) }s’'> ‘,num
it strpos{alfa,num} it 0 then numsflxlnum) else num=-1
if (type_slice eq ‘x'} then begin
{f (num 1t 1) or {num ge ydim) then begin
print, 'Exrror, y must be smaller then *,ydim & goto.again & end & en

it (type_slice eq 'y’) then begin
Af tpum Jt 1} ar inum ge xdim) then bhegin
print, *Error, x must be smaller then ‘ xdim & gota,again & end k en

nzprangeidj+1l
1f n eq 5 then begin
1f type_sltice eq 'x' then prangeln)=xsl)ice else pranges{n}syslice
nens) & end
prange(d)=n & prangein}=num & x}lable=0.35¢0.05*(n-5}
if type_slice eq °'x* then xslicesnum else yslice=num
goto,oplotskip
end else §
if ¢h2 eq 'r' then begin
read, *Enter kmin, kmax kstep <1..> *,.kmin,kmax, kstep
nsi & prangeld}=Sefixi{kmax-kmin)/katepl
for kskmin,kmax,kstep do begin & n=nsl & prange(nisk & end
end else
If ch? eq *i*' then begln
imswch=1" )
ch2xstrmidissln,2,1)
gota,agaln
end
read, ‘Enter xy_pixel e¢.g. x120 or y67 «l.. sstringtydim, format=*{{3) }+'> ' 5

1€ strien{ss) gt 0 then begin & sssstrtcim{ss, 2)
1f atrmid(ss.0.1) eq *x' then begin
type_slices’x* & xsilcesfix{strmid{ss.}, strleniss))-1)
end else begln & type_slice='y’
if strmldiss,0.1) eg 'y then js~) elae ju«0
yalicesfix{strmidias, Js,strieniss}}-js)
end & end
It {type_sxiice eq ‘x') then begin
if ixslica 1t 1) or {xslice ga ydim) then begin
print, *Error, y must be smaller then ‘,ydim & goto,again & end
ar=stringtxdim-1, format=’¢(i3)’) & end
if {type_slice eq 'y’) then begin
3¢ fyslice 1t 1) or (yslice ge xdim) then begin
peint, *Error, X must be smaller then *,xdim & goto,again & end
srastringlydim-1, format=*{i3}'} & end

ss='* & read, ‘Enter min,wax pixel rangea <1..’+ar+'s LFedafault> *, 3%
it strlen{ss} eq O then begin
1f (type_slice eq 'x'} then begin & prange(0)=1 & prange{1}sxdim-1 & end
1t (type_slice eq 'y’) then begin & prangai{2)=1l L prange{l)=ydim-1 & end
end alxe begin & numslatarr{2) & decode,sws,oum,n
{f {type_sllice eq 'x') then begin
if (oum{0) gt 0} and {num(D) lt xdim} then prange({0}=num{0)
if (num(1}) gt num{0}} and {num{l} 1t xdim) then prangel(l)=num{l) & end
1f {type_slice eq ‘y') then begin
it thnum{0) gt 0) and (num{0} it ydim) then prangel2}xpnum{d}

L1c
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4518
4639
4640
4641
1642
4643
4644
1645
4646
4647
1648
4649
1850
4651
4852
4651
4654
4655
4656
4657
4650
4659
1660
4661
1662
466)
4664
4665
4666
4667
1668
466%
41€7¢0
4671
4672
4613
4674
1675
4676
44677
1578
4679
4680
4881
4602
4683
4684
4685
4686
1687
dcqe
4689
6350
4691
4492
4691
4694
4695
4696
1697
{698
4699
4700
4701
4102
1410}
4704
4108
4706
410
4708
4709
o

{f (num(l) gt num{0)) and {num{l} it ydim) then prange({3)x*num({i) & end
and
end ; ntime=o0

oplotskip:
if imswch eq “i’ then iworkxiobject else iwork=lmage
{f type_slice eg 'x’ then begln
If ch2 eq ‘o' then oplot,lwork{®,xslice] else §
plot, iworkt*.xslice), xrangesiprange(0),prangafi}], xstylasl,$
yranges[0, imax],ystyle=1,$
xtitles'x(pixel}’ . ytitles'Intensity’, titie=heading
xyouts,0.2,0.87, X _slice at y=', /onatm
xyouts,xlable,0.87,’, “+stringixalice, format=’{{3}*), /norm
end else §
if type_sallce eg ‘y’ then begln
1f ch2 eq ’o’ then oplot,ivorkiyslice,*) else §
plot, iworkiyslice, *), xvanges{pranget),prange(d}l, xstyle=}1,§
yranges{0, imax],ystylest,$
xtittes'yipixel) ', ytitles'Intensity’, tittesheading
xyouts,0,2,0.87, Y _siice at x=',/nom
xyouts,xlable,0.87, ¢, *sstringlyslice, format=* (i3} '), /norm
end

if lch2 eq *r'} and (ntime eq 0! then begin & nop=prange{d) & yyx=0.87
for k=5,nop do begin & sliceszprange(k)
1€ type_slice eq 'y’ then §
oplot, Iwotk{stice,*} else oploy, fworki®, stice)
if tk eq 14} or {k eq 23} or {k eq 32) or {k eq 41) then $
begln ¢ xlable=0.35 & yyx*yyx-0.03 & end
xyouts,xlable,yyx, ", *¢stringislice), /nom
x1pbleaxiable10.05
end; for
end

it Intime eq 1) then begin & nop=prangeid) & prangeld)=d & yyx=0.87
if nop gt ¢ then begin ; do overplots prenge(5..nop)
€or k+5,nop do begin & slicezprange(k)
1f type_slice eq 'y’ then %
oplot, iwark(slice,*) elae oplot,iwork{*,stice}
1f (x eq 141 or (% eq 23) or ik eq 32} or ik eq 41) then $
begin & xlable=0.35 & yyxsyyx-0.03 &k end
xyouts,xlable,yyx,*,sstringislice), /norm
xlablexxlable0.05
end; for
end; if nop
end; 4 f ntime
;
return
end
i
femesanna-
1
pro set_contour, subcont, sw
common com2, xdim.ydim, imswch, image, lobject
common comld, sub_range
common comlé, xwcent, ywcent, xpix0, ypix0,pixsize
H

if sw eq 'd* then begin
subcont {0)=1 & subcont(l)=xdlm-1 & subcont(2lsl & subcont{1}sydim-1 & end
il subcont{0) 1t 1 then subcant {0}«t
if subcont (1) gt xdim-1 then subcont{1)sxdim-1
tf subcont (2} 1t 1 then subcont{ly=l
it subcont(3d) gt ydim-1 then subcont{3)=ydim-1

sub_range.scloc=’ {‘satring(aubcont {0), format="{§31°) ¢ ;' 4§
stringisubcontil}, tormatm’ (13} )e’, "8
atring(subcont{2), format=*{§3) )¢’ 1’ ¢§
stringisubcont (3}, format='{13)*}s*)’

sub_range.subcont«subcont

H

return

end

47113
4112
41
114
4115
ané
117
4718
4718
4720
(3}
42122
4723
24
4725
4726
4111
4729
4729
110
4731

4132

1733
41U
4738
4716
17
4738
4719
4740
4741
4142
7140
474 ¢
4745
4746
4147
a1e
43
4750
47151
4752
4753
4754

4755
42586
4757
4158
41538
4760
4361
4762
478)
476¢
4765
§766
1167
4769
4763
4119
LR35
4172
477
14
415
4776
49Mm
4778
4175
1780
4791
4782

pro set_surface

corman com2, xdim, ydim, ingwch, image, lobject
commen comll, sub_tangs

common comlé, xwcent,ywcent,xpix0,ypix0,pixslze

subsur(=intarr{d)
subsurf (0} sxplnl-pixsize
1f subsurf{0} 1t 1 then begin & subsurf(0)=1 & subsurf(l)=2'pixsize & end $§
alse subturéii)sxpixOipinalize
1f subsurf{l) gt xdim-1 then begin
subsurf{1}»xdim-1 & subsurf{0)ssubsurf(l)-2*pixsize
{f subsurf{0) 1t O then subsurf(0)«0 & end
subsuxf {2} ayplx0-plxsize
1f subsurf{2) It 1 then begin & subsurf{21e1 & subsurf{3)=2*pixsize &k end §
elsa subsurl(3)=ypixDipixaize
1€ subsucf{)) gt ydim-1 then begin
subsurf{l)=ydim-1 & subsurf{2)=subsurf{l)}-2*pixsize
1£ subsurt(2) lc 0 then subsurf{2}=0 k end
sub_ranga.xsloce’{*estring{subsurf{0), format='{i3)")s':74§
stelongtavheur£41}, formate® {13) )47, %45
string({subsurf{2), formate (13} )s’:" 4§
stxingisubsur ({3}, format="{13) )+’ )"
sub_rangs.subsurf=subgurf
i
return
end

pro smooth_data.ch

common cam2, xdim,ydim, imswch, image, fobject
common com5,plot_lets,center,maxb, nbeam
comman coml$, version, comhead, comdata, moments
comman coml$. smcothing

3
agailn: cce*"
print, ‘Smoothing = 0 will allow regeneration of window centers*’
read, "Enter width of s)iding box car smoothing, LF exits <3..> *,cc

1t stxlenfcc) It © then return

ciastemid(cc.0,1) :

1f strpos{’0123456789°,c1) 1t O then begin

print,’ ERROR, input must be numerlc, try agaln dummy’ & goto,again & en

width=ftx{cc)
it width ge ) then begin
imagessmoothiimage,widthy}
comdata{i)='{ +stringixdim, format=’[§3}°}+", ' 4§
string{ydim, formats* (§3)*)+"]'+" 'o§
string(nbeam, format=" {11} /1¢* beamlets’+$
', Smoothings’+string{wldch, formats"*{{2}")
smaothingswidth
end
wiet,2 L tv,image & wset,0
if ch ne 's* then begin & ce=* * & ch=' !
read, 'Regenerats beamlets <y.n>» ‘.ch
read, ‘Re_Calculate beamlet centers <y. > ',ce
read, *Subtyact global backgournd <y,n> ‘,ch
if cb eq 'y* then fix_image.'b’
i{f cc eg *y* then cha’C’
end
3
return
end;
H

1

pro default_data

comman comt, £ilename, dumpnama, printname,datanama,title
common com?,xdim, ydim, imswch, image, iocbject

corevon comd, ssin, pview, ch2

common ¢omd,data, nspcj, phase, maxdata,mask, nmask, typemask

81¢
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478)

4784

4785
4786

4787
4788
4789
4790
791
4752
4133
4291
4795
4796
4797
4798
4799
4800

4802
480)
4804
4805
4806
4807
41808

4809
4810
4811
4812
81}
4814
4815
4816
i817
4e1a
619
4820
4821
4822
4821
4824
4825
4826
a8an
4828
4829
te3o
4831
18)2
481)
[13]]
4815
4836
4637
48)8
4839
1840
4841
10842
1841
4844
4845
1846
4847
4648
4849
§850
4851
4852
4852
4854
4853

4801 °

common com?.xcmp]x.ycn\plx,drlrt,rhoh.upnutlon.thlckneu
common roma.wlndou.xwlnduu,ywlndow.chwan. level

conman com9.cutrcnt.enuqy.benqma.xut-,brlghtneu.anltx.enlly.'mltn.nenlt
common conll.lpats.brAdlu:,xnvo.ylvc,ibeanm.j:adlul.bjj

common comli3, gub_ranga

common comlS.verl(nn.comhe-d.cnmdntu.momentl

common cunlﬁ.xu:ent.yvcent.xpixo,yplxo,plnslxn

common ccnl7,chbtv,hav-_dune,maxptype.ptyp-,chelllpsn.chelsd.chtllcl
common coml9, smoothing

sub_range.subsurf(1y220 ¢ sub_range,subsurf{3)e20
lub_ranqu.:ubcont(l)-20 [ sub_rnnqe.subcontil)-lo
nspci=0 & xdim=384 & ydimx576

level=t0o

xempix=0.0107 & yempix=0.0107 ; 4/11/97 gai data
rhole=0,008 & separation=0.250 ¢ thickness=0.01524 ;cm
drifre0.150 i cm

resem=36262.2 ; Pottaslum

energys0.085 1 Mev

currents0.002 ; Amps

' xempix«0.6054 & yempixx0.0054 ; 7/22/97 cat data

thole=0,005 ¢ separationa0,250 g thickness=0.01524 ;cm
deift=0.150 i cm

restm=36262.2 ; pottasium

energy=0.080 ; HeV

Current=0.00216 ; Amps

typemasks0
xvlndow-l]x(2'separntlon/xcmp(xi [ yvlndcuz(lx(2'separatlun/ycmpixl
xwindews20 & ywindows20

vlndaurxwindowoywindnu

lpass=flrarr(2)

ipass(0)=0 g ipass{1)s0

brightness=0.0 & emltxs0 & emjty=0

gamma=ls(energy/restm) & be(agammaxsqxt(qammu“?-ll

xpix020 ¢ ypix020 & pixsizes512 & set_surface

maxdata=300

chelselsr ¢ ¢ chellipsea‘y’

smoothing=0

filenames‘temp.ras’

dumpnnmc-‘temp.dump'

printnames‘temp,lpr*

datanames’temp.dat *

verslon-‘VERSION|5/19/97I'

comhead( 0)«‘** RAS* File: =’
comhead{ 1)2* Image (nx,ny) =t
comhead|{ 2)-‘lmin.lmax.Backq =t
comhead( 3}='X,v tem/pixel) =t
comhead{ ¢}=* nergy (Hev) ,betag o
comhead( S)e'Hindowipixels) LN

comhead{ €)='R_Hole,Spacingfcm) e’
comhead{ 7)='Deift (meters) L
comhead( 8)="Emittance{mm-mr) a*
comhead{ 9)a'Current,Brightnesss"
comheldllol-’bevel(percenll =t
comhead{1l}='xr{cm),r12, rpimr) =-
comhud(ln-'yr(cm),le.rplmr) =
comhead{13)='J(x}, y}, (xy), lay)=
comhead(14)="R{cm),RPimc}, Ipasan"
comhead(15)=‘Flle path name =t

comhead(16)=*'Save path name =t
comhead{17}a’title =*

comhead {16} ='Hal twidthy <t
comhead {19} a'MHask Rotationideg)="
comdata=comhead

comdata{0}=fllenames* ‘eversion

comdn(.(ll-‘(o.ol‘

comdata{2)=*{0,0] o*

comdnta())-'l'oitllnv(xcmplx,(oxmatt‘((7‘5)')0'.'05
strlng(ycmplx,(olmutt'(17.5)‘10'1'

cnmdutn(l)-‘l‘~:trlng(enerqy.lormat-‘(lB.t)')o‘.‘os

4856
4857
4858
859
4860
4661
4862
486)
4864
4865
4B66
4887
4969
4869
41870
iam
4872
487)
4874
4875
1876
877
4878
4819
4880
41881
1882
4883
4884
488S
4886
4887
4888
4889
4890
4891
4892
4893
4891
4895
4896
4897
4898
4899
4900
490t
4902
4903
4304
4905
4906
4907
49508
4909
4910
431
4512
49311
1914
4915
491§
4917
€914
4919
4320
4921
4922
492)
324
4925
4926
4927
4928

l(rlnq(bethnnma.format-'(lﬂ.l)‘)0‘1 ‘45
-trlnqlresln.(ormat-'(fl!.))')
:amdatl(il-'l‘oxtring(xuinduw.fnxmat-'(ll)')o‘,'os
-trlnglyvlndau,lormat-'(l)l')6‘)'
xvlndaw-llxlxwlndovlll b ywindowsfix{ywindow/2} & windowsfix{window/2}
:Dmdall(ﬁ)-'("ltrlnq(lho]!,lolnltl'llﬂ.‘)')",'bs
:trlnglleparltlon,lormat-‘((8.4)‘)0',‘~$
l(rlnqlthicknesl.(ozmat-‘(lﬂ.ll‘)"l N
comdata(?)vatring(driie, format=’ (£8.4)")
aves0.5' {emftxiemity)
condatlla)a’l'ostrlnq(:nltx.lnrmata‘(la.!)‘lo‘."S
string{emity, formata- (£8.317 )4 ] 0g
. av '0:trlnq(avc.formnt-'(to.])‘los

. norm:‘ontrlng(lve‘bckaqanma,(ormat-'(f9“)‘)

comdntn(9)-'(‘ontrlnqlcurrent.(ormat-'(fﬂ.l)')"('oS
llrlnq(lplll(o),forma(-'I{G.Jl')a'l‘os
string(ipass(1) formata’' (£4.0) )4}, 45
string{brightne format=‘{el0.2)*)+* s+-*45
ltrlnqlbrlqhtn-:l,(ormnt-'lelO.Z)')o‘j'

comdﬂtallOl-:tt‘ng(lcva].lurmat-‘(lll')

comdata{tl)='|*++ o, 0, [} ety

comdata{12)='{r4* g, 0, [ )

comdatafld)a‘f , , }* ¢ comdata{id="( , , )-

comdata({l15)=*~ghl/

comdata(l6)a’"

comdata{if)a’"

comdata(19)=*0*

return

:
pro show_list
:

common cnms,plot*lctl,centex.maxb,nbeam
common coml1.:hbsv.hnveQdona,maxptypa.p(ype,challlple,chelsd,chellcl
]pnype-ntnrr(mnxptype)
lprtype{ 0}=* o) Surface plot’
lpreypel 1) ) Contour plot’
Iprtype( 2)=* 2) profile plot*
Iprtypetl 3)er 1) Phase plot at mask’
lprtype( d}=* 4) Beamlet plat’
Ipreype( S)a- 5) Brightness plot*
Ipreype{ 6)=* ¢) Sumnary plot*
Ipreype{ 7)=¢ 7y Analyze plot*
Iprtypel B)=* 8} Hask plot”
lprtypel 9)=- 9) Window plot*
lprtype(10)a* 10) TV image plot*
lprtype(il)=* 11} phase plot x-yp, y-xp, Xpeyp. x-y*
Iprtype(12)=* 332) Emittance vs Level®
lprtype(13)=* 13) Mask and Beam centers*
Iprtype{l4}a’ 14) phase plot at walst’
lprtype(15)=* 15} phase plot at image(ty)*
Ipytype(16)=* 16) phase plot at distance d.*
Iprtype{i?)e* 17} Summary plot vs radius,*
lprtype{18)=' (8} Hovie profite cuts.*
Iprtype(19)«’ 19) Get Beam Halo®
lprtype(20)s' 20} All beamlets plot*
lprtype(21)a 21}  Round Mask -- holes in use’
lpreypeta2)=r 22) Emittance vs maak rotation*
Iprtype{21)a: 23} Rectangular Mask holes fn use’
lprtypet24)«* ) L

print, ‘s wil} produce hard copy of:*
far k=0, maxptype do begin
it prypeik) ne 0 then print, Iprtypaik}
It (k eq 4) and {ptype(k) ne 0) then begin & nga’*
for kb=t,maxb do ll-IIOItrlnqlplot_letl(kb.0).(ormat-’l[ll’)
print,’ ‘ing

612



Nov 24 1997 16:01:30

pepperpot.pro =~ - " ¥ Page 69

Nov 24 1997 16:01:30

+- + pepperpot.pro Page 70

4929
49310
90
4912
4913
4914
4935
4935
1937
4338
49139
4340
4941
4942
1943
H9u
4345
4946
4547
4948
4949
4950
4951
4352
495)
1954

435%
4356
4957
4958
49539
4960
4961

4962

4963
4964
4965
49¢8
4567
1568
4963
4317¢
4971
4912
497
4574
4975
4976
“n
4378
4979
1980
1981
4982
438)
138¢
4585
4986
4587
1988
4389
9
4591
1992
4991
1499
4995
4996
4997
4958
4393
5000
5001

sa+*' & ch»' ' & vead,'Eliminate any of these plots ? <y.n> *,ch
it ch eq ‘y* then begin & numeintarr{i2}
read, "Enter 0..18 for plots ta be climinated, space delimited =«> *, 2
decode, 5§, num,. n
tor j=0.maxptype do for kz0,n-1 do If {} eq num{kl] then ptypel})s0
end

return
end

pra toggle windows,as
chastrmid(ss,1,1)
il strlen{ss} eq 2 then begin
$f t ch eq 0 or ch eq 2 ) then begin
wsek,ch & wshow,ch, ! & return
end
end

nws0 & ch=' ¢
i1f {strlentss) 1t 1) then begin
tead, "Shhow Hyide window 0, 2 or 4 (s0,h0,52,54,h2, hils> *, 33
if (strientss) ne 2) then return
2cartsf
end else starts]

chastrmidiss, start, 1)

i€ {strpos{’sh*,ch) lt 0) then return

awsfixtstemid{ss, startsl, 1))

If ch eq ‘s’ then kwsl rlse kw=D

il (hw eq 0) or (nw eq 2} or inw eg 4) then wshow,nw, kw

return
end

e eanmeesaancavncanaaacaaa . Mo amemecmemacccaan hmmmsemnn e
i

pro set_path_name

common com), ssin, pview, ch2

common coml3, version, comhead, comdata.moments

552 L gwnst
1f ch2 eq s’ then begin & swn=‘Save_File * &k nswsl6 & end $
else begin & swn='Image_File ' & nsws)5 & end
read, ‘Directory path name for ‘+¢swne’, ‘scomdatainsw)+’ LF none =» ', sg
$f strieniss) le 0 then comdatalnswix’’ else begin
it strmidisa,strlen{ss)-1,1) ne */* then §
comdatainsw)aass'/‘ else comdata{nsw)ass
end
return
end

pro read_titles

pocle’0123456789abedefghl fklmnopyratuvwryz’

dpathe’' & head='*' & suffx' * & namea’* & nfiles) Lk prsws’ *
read, "Enter directory °path® name aswx> ’,dpath

vead, "Enter starting *.RAS ({le nama  =aa> *, name

read, ‘How many sequentcial files x> ¢, nfile

read, ‘Hard copy <y, n> sws> °,prsw
nnsstrposiname,’ . ras’}

hesd<strmid(name,0,nn-2)

suffastrmidiname,nn-2,2

ncl=stypos{pool, strmidi{sulf,0,1)) & nc2sstrposipool,strmidisut{ i, 1})
fE nflls 1t 1 then nfilecl

if strposidpath,*/*) tt 0 then dpathadpathe’/?

Yerr=0

on_loerror, loerr

5002
500}
5004
5008
5006
5007
5008
5009
501¢
5011
5012
5013
5014
5015
5016
5012
5014
5019
5020
5024
50122
502)
502¢
5025
5026
5027
5018
5029
s010
5031
5012
5013
5034
5015
5036
5037
5018
5019
5040
5041
5042
5043
5044
5045
5046
5047
5048
5049
5050
5051
5052
5053
5054
$055
5056
5057
5058
5059
5060
5061
5062
506)
5064
5065
5066
5067
5068
5069
5070
5071
5072
5071
5074

it prsw eq 'y’ then openw,2,’'tenp.titlez’, fvariable
for kf»},nfile do begin
openr,vnit, dpathiname, /GET_LUN
hdreassac{unit, bytarri512}) & h=hdr(0)
close, 1l & free_lun,unit
titlea’"
kmax2256 & while hi{kmax} eq 12 do kmaxekmax-1
it kax-ll It 78 then for k«10,kmax do title=titlerstringihik)) else §
begin
for k=10,25% do titlestitletstringthik))
for kemax-50,kmax do title=titletstring(hik)])
end
print,names* | scitie
1t prsw eq 'y’ then printf,2,names | +title
nc=nc2sl & Jf nc2 ge strlen{pool) then begin & nc2«0 & nclsncl+l & end
sa=strpidipoo),ncl, ) satrmidipoct,ne2, 1)
if X€ 1t ntile then namesheadiss+’ . ras’
end
goto, {inish
loerr: print,terr_string
finish: 1t prew eq 'y’ then close,2
Lf praw eq 'y’ then print, ‘File temp.titles saved for printing’

return

pro get_scals,chb
H call by ‘cs* contour scale command.
common com?, xdim, ydim, imswch, image, fobject
common com3, ssln, pview,ch2
common comé,data,napcj.phase, maxdata,mask, nmask, typemask
common com$,plot_lets, center,maxb, nbeam
comman com?, xcmpix, yomplx, drlft, rhole, sepsration, thickness
common coml,window, xwindow, ywindow, chwin2, level
common comlld, sub_tange
H
¢ A strmid{ssin,2,1) eq *‘+’ then begin
H
ff chb #g *+* then begin

nxsxwindowt2*separation/xcmplx & nyrywindow+2'separation/yempix & end §
alse begin & nx=xwindow k ny=ywindow & end

numsintarcid)
numid}=minfcenter{l:nbeam, 2)}-nx/2
aum{1}=max{center{l:inbeam,3)) +nx/2
nuni2)smin{center{l:nbeam, 4)}-ny/2
pum{l) =max(center{l:nbeam,5)}¢tny/2
set_contous,num, ' *

¥
return
R

:

pro doplots,chw, ss,ntime
i
common coml, f1lename, dumpname, printname, dataname, title

common com2, xdim, ydim, Imswch, image, iobject

comman coml,ssin,pview,ch?

common comi,data,nspci, phase, maxdata, mask, nmask, typemask

common com5,plot_leta,center,maxb,nbeam

common com?,xcmplx, ycmplix,drlft, rhole, separation, thickness

common comB, window, xwindow, ywindow, chwin2, level

common comd,current, energy,betagamma, rastm, brightness. emltx, emity, amitn, nemit
conmmon comil, xcent,yrent,nxcent,nycent, Imin, imax, background

common comll, lpass,bradlus, xave,yave, $beamn, jradlus,bjj

common coml2,nb,type_slice.xslice,yslice,prange, chsavel,chsave?, chsave)
common com}),sub_range

common comlf, verslon, cophead, comdata, moments

comman comlé, xweent, yweent, xpix0, ypix0,pixsize

common coml7, chhav, have_done, maxptype, ptype,chellipsa,cheléd, chelscl
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5075 |conmmon coml0,scales 5149 pviews‘c*
5416 ), 5149 end
5077 num={ntarr(4) 5150 |1t
5078 ssloc=aub_range.ssloc L sclocasub_range.scloc 5151 [: p)PROFILE PLOT
5079 nnastrientcomdata(}))-10 5152 1t ptypai2) eq 1 then begin
5080 if nn gt 1 then smheads’ ‘esrrmidi{comdata{l),10,nn) else smheads’" 5153 if ntima eg 1 then print,’Patlence ,.., profile printing’
5081 fE (ptypel)} eq 1) and {ch2 eq *x‘) then begin ; set emittance plat scales 5154 do_profiles,ntime & pvliews’p’
5082 read, *Enter emittance scales {xmin,xmax,xpmin,xpmax) LF cancels ==> *, 5155 end
5083 1f strleni{xs} eq O then begin & for k=0,) do numik)=0 & end § 5156 §: a}PHASE SEACE
5084 e)lse decoda, sa,num, n 5157 1€ ptype(}) eq 1 then begin
5085 scales{0:))cnum & chelscl=*5" 5158 it {ntime €q 0) and (ch? eq *6') then ptype{ltis=l
5086 end 5159 $f {ntime eq 1) then print,*Patience ..., phase plot printing’
5087 If {ptype(5) eq 1) and (ch2 eq "2’} then begin ; wet brightness plot scalas 5160 get_enittance,’'n’
5088 print, 'Brightneas scales are Jmin=10“min, Jmaxs10*max’ 5161 1t ptype(1l) eq ! then begin
5089 read,'Enter brightness scales (0, rmax.min,max} LF cancels ==> *, as $162 plot_8d_space,.ntine
5090 if strleniss}) eq 0 then begin & for k20,3 do numik)=0 & end § 5163 if ntime eq 1 then plot _phass_space, ntime
%091 elge decode, ss,num,n ) 5164 end alse begin k ch2«’ ‘ & plot_phase_space,ntime & end
5092 num{fisl.0 & scalesid:?)=num L ptype{5)=0 & return 5165 pviewa‘a*
509) end 5166 end
50%4 ) 5167 |: b)BEAMLETT PLOT
5095 ce=0 ’ - s168 it ptype{d) eg 1 then begin
5096 {f ntime eq 0 then begin 5169 1f ntime eq 1 then print, *Patience ..., beamlet printing’
5697 If stypos{*024’,ch2) ge 0 then begin & ceafixich2) 5170 plot_beamlet,ntima & pviews’b’
5098 wget,cc b wshow, e, 5174 end
5099 ff stxlen(ss) eq ) then ch2sgtymid{ssx,2.1) 5172 |: J)}BRIGHTNESS pLOT
S100 end 5173 1f ptype(5) eq 1 then begln
5101 ead 5174 1f ntime #q 1 then print,*Patisnce ..., brightness printing’
s102 |: 5175 get_emicttance,'n’
$10) J; s) SURFACE fFLOT 5176 plot_brightness,ntima & pview='8*
510¢ it ptypei0) e2q I then begin 5177 end
5108 subsurfesub_range.subsucf 5178 [; v}SUMHARY PLOT
5108 if neime eq 0 then begin & s3=** & sn=*'’ L acs’* 5179 If ptype(é) eq 1 then begin
5107 sead, ‘Enter sub_surface range "+ssloce’ qluita we> *,s8 5180 if ntime eq 1 then print, ‘pPatfence ..., summary printing’
5108 it 33 eq “q’ then return T 5181 summary,ntime & pviews's’
5109 If strlen{ss) gt 0 then begin 5182 end
19314 decode,ss,num,n &k € p gt O then for k20,n-1 do subsurf(k}=num(k) 5181 §; aJAHALYZE
s111 sa="‘ & for k=0,) do syassestring{subsurfik}) 5184 it ptype{?) #q 1} then begin & pviewsz'a’
St12 sslocsstrcompress(atrtrim{1s,2}) & end & end 5185 {f ntime eq 1 then print, ‘Patience ..., analyze printing’
5113 {f ntime eq 1| then pring, ‘Patience ..., surface printing’ 5186 analyze,ntime
Stie 1€ {subsurf{l}-subsur{i0o) gt xdims2} or § 5187 end
$115 {subsurf{})-subsurf{2) gt ydim/2} then begin 5188 {1 1)mask and centers
L1136 get_rebin,c,cx,cy & surface,c & end § 5189 1f ptype(g) eq 1 then begin
5117 else surface, imagetsubsuct (0) 1subsurf{l), subsurfi2);subsucfil)}.color=0 5130 if ntime eq ) then print, ‘Patfencs ..., mask printing'
5118 xyouts,0.2,0.87, ‘Gridixl:x2,yliy2} *sssloce’ *+fllename, /norm 5191 plot _mask,28 & pulewn'm’
5119 xyouts,0.2,0.84, smhead, /norm 5192 end
5120 pview='s"’ 5193 }; w)indow
5121 end 5194 1f ptype(9! eq 1 then begin
5322 |: ¢) CONTOUR PLOT 5145 JE ntime eq 1 then print, ‘Patience ..., window printing’
512) if ptype{!} eq } then begin 5196 plot_window, chw,ntime & pviews'w’
S124 it ntime eq 0 and ch2 ne ‘s* then begin & s8+** & sn=‘" & sc=*' 5137 end
512% read, ‘Enter sub_contour range ‘s+scloc+’ d)efault, qlults ==> *, ss 5198 |; t}TV
124 Al s eg ‘q* then return 5199 tf ptype{10}) og 1 then begin
5127 if ss eq *d’ then sat_contour,num,'d’ else § 5200 1f ntime eq L then print, ‘Patience ..., TV printing’
‘5128 {f strleniss) gt 0 then begin $20%1 plot_tv,_frame, ntime & pview=‘t’
5129 decode, 58, num, n 5202 end
5130 set_contour,num,' * & end 5203 [; #) emlttance vs leve)
5111 end s204 Lt ptype(11) eg 1 then begin
5112 scloe=sub_range.scloc ) 5205 If ntime eq | then print,’'Patience ..., Plotting emittance vs Levels’
5131 steps£ix(0,05* {{max-background}) & levelssfixibackground)sstep*indgen(20} 5206 da_levels,ntime
S1M 1f ntime eq 1| then print, ‘Patience ..,, contour printing’ 5207 end
51135 33=°Gridixl:x2,yt:y2) ‘escloces $208 |; lwimask and beam centers
5136 ' Levelas*eptring{levels0), formate"{13)*)s*  *+8 $209 it ptypetl}) eq 1 then begin
5117 string{levelsil9}, format=’ ({3114 in steps of *+¢§ 5210 if ntime eq 1 then print,'Patleace ,,., mask printing*
5138 stringistep, format="¢13) ) 9211 ch2='w’ & plot_mask, ‘w’ & pviews'm'
5139 subcont=aub_range.subcont 5212 end
5140 x1=subi t{0) & x2=sub til) & ylssgub {2} & y2=subecontid) 5213 {; swiellipse transformed to waist
514t exexcmpix®indgenix2-x1¢1) & cysycmplx*indgen{y2-yl+1) 5214 It ptype(lt) eq 1 then begin
5142 contaur, fmage {subcont {0) ssubcont (1), subcont (2} tsubcont {3) ), ex, ey, § 5215 Lf ntime &g § then print,‘Patlence ..., Plotting ellipse at waist’
5143 xwargin={8,8},ymargin={4,4), levelaxlavels ustyles),ystyleal, calor=0,$ 5216 ch2='w’ & plot_phase_gpace,ntime
Siid subtitle=ss,xtitlea’xlem)’,ytitles'y(cm)* 3217 end
5145 axis,xaxissl, xrangeeix], x2) . xatyles), xtitles'x{pixels}*, ticklens-0,02 5218 |; el}ellipse transformed to tv image
5146 axis,yaxls=1,yranganm(yl, y2{,yatylesl, ytitlea’yipixels) ' ticklen=-0,02 5219 1f ptypeil5) eq 1 then begin
5147 xyouts,0.02,0.98, {1)enamesaphead, color=0. /norm $220 if ntime eq 1 then print,’'Patience ..., Plotting elllpse st tv Image*
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1211 ch2=*1’ & plot_phase_space,ntime 5291 |common coml2,nh,type_slice.xslice,yalice.prange,chsavel, chsavel, chsaved
5222 end 5291 {cowmon comild, sub_range

5223 [: edyellipse transformed to distance d 5294 |common comid,sil,sl2,822,83),x34,8488,xcn,yon, xpen, ypen, r12, 4, 1x, 1y, 14, 1dx, 1dy
S22 if ptypei{lé) egq 1 then begin 5295 jcoumon coml$, version.comhesd, comdata, moments

§225 tf ntime eq 1 then print, Patience ..., Plotting ellipse at distance d.* $296 |common comif, xwcent,ywcent, xpix0,ypix0,pixsize

5226 ch2='d’ & plot_phase_space,ntime 5291 }common coml?,chbav,have_dane, maxptype,ptype.chelllipse,cheléd, chelscl

5211 end 5252 lcomeon comif,kmovie, nsllice,slices

5228 |; vr)Sunmary vs radlus 5299 Jcowmon conld, smaothing

5229 it ptypeil?) eq ) then begin 5100 jcommon com20,scales

5230 1f ntime eq 1 then print,*Patlence ..., Sumpary vs radius printing* $30) |Jcommon com2i,nmax,masklist

5234 ch2a’y’ &k gummaryr,ntime & pviewsz's’ 5382 Jcommon com22, flag,numpix

8232 end 5101 |,

5231 {: Mirovie $3Gé sub_range«(subrange,sskoc:**,scloc: ‘', subsurftintarr(4), subcont:intarr{41}
52134 {€ prype{18) eq 1 then begin 5305

5235 i ntims eq 1 then print, ‘Patience ..,, Running the *Hovje® to printer’ 5308 TR

52)6 movie,ntime 5101 tivles=® *

5231 end 5308 tp.colorsd & tp.backgrounds1£777215 ; 256%*3-1

5218 5309 comhead=gstrarx {20}

5219 it ptype{i3} e2g 1} then begin 5310 scalesxfltarr(d)

5240 if ntime eq L then print,‘Patience ..., Printing halo of beam’ Sinl slices=strarr{2l)

5241 get_halo,ntime 5112 nmasks0

5242 end 511 flag=Q

s241 L2210 )

S04 if prypel{20) eq 1 then begin 5315 default_data

5245 1f ntime eq 1 then prxint,'ratience ..., Printing all beamlers’ 5318 nbeamz] & xdim=384 & ydims576 & Imagezbytarri{xdim, ydim)

5246 plot_all_beam, ntime 5117 {; nbeam=1 k xdlm=S12 & ydim=490 & image:bytarr(xdim,ydim}

5247 end 5318 chbavs’ * & chwe'W' & ccx’ ¢ & ch="&’ &k ch2s’ ' & cerror=’&’

248 |; 5319 window, 0, title=’IHAGE MIALYSIS - HIF GBI (WINDOW 0}’ ,xaizes590, ysizre=520
52¢9 1€ ptypet21} eq t then begin $320 greetings,cerror

6250 1l ntima eq § then pring,’Patience ..., Printing Round MasX ~- holes in use N window,2,title«'TV IHAGE (WINDOW 2)’,%

[ 5322 xsizesxdim, ysjzesydin, xpos=60,ypos=520

5251 gen_round, ‘s* 5323 wshow,2.0 ; hid thin window for future use

252 and 53124 window, 4, titla='PEPPERPOT {WINHDOW 4)°',$

5253 [ 5325 xsizesxdim, ysize=ydim, xposs60, ypoa=100
5254 1f ptypel22) eq } then begla 5126 wihow, 4,0 ; hid this window for future use

5255 i1t ntime eq 1 then print, 'Patience ..., Printing emittance vs mask rotation 5321 {1

4 * 5328 terr=0 & xalice«20 & yslice=20 & type_slices’y’ & maxb=0

5256 vary _wmask,ntime 5329 imgwcha’ * & nemits0 & ntimes<d

5257 end $330 prangesintarr(50) & prangeld)=d

5258 |: 5338 maxptype=25 & ptype=bytarrimaxptypesl}

5259 1f prype(23) eq t then begin 5312 nxcents0 & nycent=0 & ytits0.9

5260 if ntime eq ) then § 533 |; 1 H [ 7 8

5261 print,‘'patlence ..., Printing Rectangular Mask holes in vae’ 5334 }; dataf,*}=pixel,xmin, xmax, xave, ymin, ymax, yave, sum, backg

5262 ch2='8*' & gen_tactangular,ch? 5335

5263 end 5116 datasfitarci{maxdata, 9!

5264 }: 5337 {: L--== xcent,ycent,xmin, xmax,ymin, ymax for object
5265 1{ ptypet24) eq I then begin 5118 center=intars{maxdatn, 6}
5266 end 5339 ), sem~eae xCm, Yom, radius
5267 |: 5340 mask=fltarr{maxdsta.1}
5259 |:; always wmake last plot boggus -- fDL desnt end with show page 341 plot_letssintarr(maxdata,2)
5269 1f ntime eq 1 then begin 5342 emitn=fltars{maxdata,ld)
5270 print, ‘Pattent .... ending plot file* 5343 bradiussfltarr{maxdata}
§271 ch2a® *; & plot_mask,’' ' 5344 xeentsintary {maxdata} & yrentameent
212 end 5345 nmax=150 & masklist=fltarc{2'amax¢l,3} | maskliac(0,0)=nx, maskliat({0,1}=ny
$273 |} 6146 moments=fitarcilo)
5214 if ec gt 0 then wset,0 5347 |;
$275 jreturn 5348 |newfile:
5276 fend 5345 chaléds*
5291 |; §350 | pulewst ®
5278 jiev---- s macmemeaoae e it i B et amemane 5351 xucent=l & ywcents0
£218 | 5352 kmoviesintarz (S} ; kmin, kmax,kstep, kamooth, junk
5280 [pro pv) 5353 1f comdatafl5) ne *-gbi/* then begin
5281 |{: 5354 tead, ‘Save restore file, rlegenerstw fxom RAS flila <y.n,r> =x> *,88
5282 Jcommon coml, filename, dumpname,printname, dataname, title 5155 it 55 eq 'y* then beain
$28) Jcommon com?, xdim, ydim, imawch, image, iobject 5356 1f dataname ne ‘temp.dat’ then §
5284 fcommon cond, ssin, pview, ch? 53157 print, ‘This data was *restored* from file ‘sdataname
5285 {common comd,data,nspci, phase, maxdata,mask, nmask, typemask 53158 read, ‘Enter *dump* filename, LF uses ‘temp.dat*® ==> ’,as
§286 |common comS,plot_lets,center, maxh, nbeam 53159 {f strleniss) gt O then dataname«ss ealse datanames’temp.dat’
3287 jcomman com?,xcmpix,ycmpix, drift,thole, separation, thicknass 5160 dumptile,dataname, ‘s’
5288 Jcommon com8,window, xwindow, ywindow, chwin?, level 5361 end alse if a5 aq *tr’ then begin
5189 {common comd, current, energy, betagamma, restm, brightness emitx, enity, enltn, neaft 53162 cen’ ' &k get_centsrs,cc &k goto,mext
5230 |common coml0,xcent,ycent,nxcent,nycent, imin, imax, background 5161 |, ec=’ ' 4 get_centexs,cc k goto,naxt
5291 |common comll, ipass,bradius,xave,yave, tbeamn, jradius,bjj 5364 end
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i 5165 janss*' ¢ 5417 west, 2 & wshow,2,1
! 5366 (time=0.0 S41a tv,image & xyouts,0.2,0.90, (}lename, /norm
; 5367 read, ‘Do you wish to write emittance and moment results to file?{y.n) ‘.ans 5439 xyouts,0.2,-0,07, fllename, /narm & xyouts,0.2,-0,10,title, /norm
A 5368 if ans eg 'y’ then begin 5440 wyer, O
) 5369 read, ‘enter time (e.g. 100}, time 5441 tvacl, lobject
; 9170 spotrad=flvarr {200} S442 14
53N beamavexd S$44) lploticy
i 53712 for ka1,nheam da begin S44¢ |; 1f (nbeam eq 0) then print,‘RAW MODE®
53171 beamave=beamavetdata(k,?) /nheam S44% |print, ‘RAW MODE’
514 end 5446 |;
5315 xemitava0 & yemitaya0 S447 fnext:
53¢ tor ks=l,nbeanm do begin S4de if ntize eq 0 then begin
5317 xenitav=xemitaveiemitntk, 0) 5449 for k=0,maxptype da if ptype{k) «q ) then ptypa{k}a-1
§3178 yemitavayemitaveenitnik, 1} $¢50 raad, "Enter: Hielp (A,B.C,0,E,H,1,3,L M N,0,P, QRS T VKXY, 2,%1--> " 58
; $379 spotrad(k) =sqrt(maskik, 0) “2+4mask{k,})*2) 5451 1t ch eq ‘b’ or ch &g "H' then wshow,0.1 ; help cosmand hid window
| 5380 end 5452 sainess
] 5381 xenltavales*xemitav/nbean 5453 chestrmidies,0, 1)
5382 yemitav~leéyemitav/nbeam 545¢ ss*strlowcase(ss)
538) primt, * ¢ 5455 Lf strleniss) gt 1 then ch2sstrmid{ss,1,1} alse ch2=' '
53084 openu, 5, ‘emitall dat’, /append 5456 {f ch eq ‘0’ then begin & ch="0’ & have_ don.s'[' & end
5385 openw, 8, ‘moment .dat"*, /append 5457 1,
5186 print,*Writlng to emittance summary files *emitall.dat*and “emitspot.dat*. 5458 if ¢ch ge *0° and ch le *9' then begin & ch2s'n’ & ptypeldlel & end else §
[ . 5459 ¢t ch #g ‘A' then autoview elsa §
5187 emjtxaleb‘betagarmatemitx k emityslef'betagammatenity 5460 $1f ch eq 'B’ thea tix_image,’'b’ slse §
5388 printt,5, fllename, time, emitx, emity 5461 if ch eq 'E* then fix_{mage,’'E’ else §
5389 print, (llename, time, emitx, emlty,’ to emital) . dat}’ 5462 if ch eq 'H’ then begin & wshow,0,0 & readme t gato,next & end eilse §
53190 prine,8, filenane, time, moments(*},’ to moment.dat}’ 5461 1f ch eq ‘M’ then ptypsiis)=1 slae §
‘ 5391 princf,8, [1)ename, time, momenta{*) 5464 if ch eq P’ then sat_path_nam
| §192 close,5 & close,d 5465 tf ch eq 'R* then dumpfile,'’,"’
! 539} endif else begin 5466 1f ch eq *S’ then begin
. 5154 priot, * * 5467 1f (ch? e«q *a'} then adjust_centers else begin
| 5195 print, ‘No emlttance data written’ & § S468 ce=* * & smooth_data,cc
] 5396 endelae X 5469 i{ {cc &g *C’) then get_centers,cerror
. £§197 end . S470 {¢ {certor eq ‘r‘) then goto,next
sise |: 5171 1f (cc eq 'y’) or (cc vqg 'C’} then goto,gen_again
i 5389 readdata,cersor s411 end
; 5400 if cerror eq ‘r’ then goto,next ; return to malp program 547) end siza §
! 5401 if cerror eq 'R* then begin : restore from *wave’ file S5414 1f ch eq ‘T’ then read_titlea elue §
5402 tead, ‘Enter ‘saved® fllename, LF uses temp.dat, qluits =s> ‘ g8 5478 It ch eg ‘W' then toggle_windows.ss alse §
5402 if 55 eq ‘g’ then goto,printit 5476 Lt ch eq ‘s’ then ptypei?)=] else §
5404 if scrlen(ss) gt 0 then § 5417 if ch eq 'b’ then begin
5405 dumpfile.ss,’r’ else dumpfile, "temp.dat*,‘r’ 54718 If ch2 eq '"a' then ptypel20)=1 else ptypeid)=}
5406 set_asuxfeace 5479 end else §
5407 set_contour,prange{d6:49),'d’ S480 1f ch eq ‘c’ then begin
! S408 have_done=‘f' &k chwx'W 5181 Lf {ch2 eq ‘s’ | than get_scale, strmidiss, 2,1}
5409 for k=0,maxptype do ptype{k)»0 5482 ptypa{l)=l
: 5410 wiet, 0 & end 549) end alse §
5411 it cerror ¢q ‘q’ then gota,princit 5484 1f ch eq *‘d* then begin & data_fnput,cc
i 5412 loetroge* * s485 1f cc eq 'y’ then guto,gen_agaln
i 5813 |3 5406 it cc eq ')’ then get_emittance,cc
H 5414 |rasflie: 5487 end elsa § -
5415 seadflide, joerror, cerror . 5488 it ch eq 'e’ then begin
: 5416 it loerror ¢q ’'t* then goto,newfile 5489 {f atrpos(’024°,ch2) ge O then §
| 5417 |2 s430 chemstrmidias,2,1) elsa chcach?
5418 prangei{di=1 & pranqlzll):xdlm & prangell)=1 & prange{l)sydim 5491 . if che eq *1* then ptype(12)sl elae §
5419 set_contour,prange{46:49), 5492 1t chc eq *w’ then ptypel{id)=1 else §
: 5420 have_dones' ' 549 1€ che eq "4 then ptype(15)al elae §
$621 1E itcerrar eq *R’) or {ioerror eq 'R’} then begin 54894 it chc eq 'd* then begin
5422 {3 fit_gauss & 5498 print, ‘Enter distance (meters) *
5421 get_beanlets, 0 5496 ld=get_wordissin,2)
! 5424 |iprint,'gaussed Let ¢ s497 ptype{l€)sl & end else §
| 5425 get_emittance,* * 5498 , ptypa(l)=l
i 5426 goto, next 5499 end else §
i 5427 end 5500 1f ch eq ‘¢* then fix_data elea $
| - 5428 [ 5501 it ch eq *g’ then ptype(19)=1 else § ; get beam halo
| 5429 [gen_again: 5502 1f ch eq 'h’ then begin & wshow,0,0 & helpma & goto,next & and else §
5410 1f ch ne *&’ then print, ‘Hold on, generating image f{rom file *s+lllaname 5503 it ch eq *§* then begin
5431 if icerror ne¢ ‘t*} and ({nxcent gt 0) and {nycent gt 0)) then hegln 5504 It ch2 #q *k* then rotate_mark,ch2 alsa §
5432 |: it _gauas 5508 it ch? eq ‘r’ then begin
it 4 5413 geat_beamlets, 0 5506 ptypei2ll«) & gen_mask,ch2
\ 5434 gen_mask, ‘A’ 5507 {f chl oq 'q’' then goto,naxt
! 54315 get_enmittance,* * 5508 chla* *
5416 end 5509 end eine §
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1f ch2 eq ‘v’ then ptypa(22)«1 else §
{f ch2 eq *w' then ptype{llisl else $
if ch2 eq ‘¢’ then begin
1€ strmidiasin, 2,1} eq 's* then ptypei2)) =1
gen_masgk, ch?
end else ptype(f)=l
end else §
1t ch eq ‘]’ then ptype(5)=] else $§
if ch eq *1* then begin & listdata,ch? & goto,next & end elaa §
if ch eq ‘m‘ then move_curser else §
i ch eq ‘n’ then goto,newflle elze §
L€ ch eq ‘o’ then begin &k output,have_done,ch & goto,next & end else §
if ch eq ‘p*' then ptypel2)=l else §
1t ch &g ‘2’ then ptypel0)=]1 elsa §
Lt ch eq ‘t* then ptype{10)=1 else §
Jf ch eq ‘u’ then begin
read, ‘Abort on what beamlet 1..nbeam ', labort
if labort gt 0 and labort le nbeam then §
get_beamlet, fabort
end else §
1f ch eq ‘v’ then begin
1t ch? eq *r* then ptype{17}s1 slse ptypeif}s«i
end slse §
if ch eq ‘w’ then ptype(9)s]l elsa §
€ ch eq *x* then begin & get_beamlets, 0 & get_enittance,*x* & end alze §
it ¢ch eq *y* then begin & dump_image, image &L goto,next & end else §
If ch eq 'z* then begin & rero_image, image,ch
1t ch eq 'y’ then goto,gen_again else goto,next
end else §
{f (ch eq '*') or ich eq ‘g') then begin
1f ch2 eq *1* then begin & show_list & goto,next & end
i1f ch2 ne *** then goto,printic
for ksl,maxb do plot_letsik,0)«0 & maxb=0
for k»0,maxptype do ptype(k)so
end else goto,next
end
i
1 according to non zero values of ptypel) doplots does the plotting
doplots, chw, 28, ntime
1t ntime oq @ then goto,next
joeemamoremmane PRI commmmmnavmaan wammameemm—an PO
printit:
if ntime aq 0 then begin
1t ch eq *** thean goto,nowprint
ccs’ ¢ & read, 'Hard copy <y.n,t)aturn,s)ave,b)ypass> “,ce
ff cc eq 'b* then goto,bypass
if cc eq *s* then begin
print,‘This dats was ‘restored® from file ‘itdataname
resd, ‘Enter ‘save* filename, LF uses °temp. dat® me> ‘,g
it atrlen(ss) gt O then dumplile,ss,'s’ else dumplllo.‘lzmp dat’,

gota,bypass
end

§f cc eq *r’ then goto,plotit

1f cec ne ‘y’ then goto,myexit
nowprint: ytit=-0.15
pinames”’ *
read, *Output ({lename?’,psname

for ke0,maxptype do {f ptypeik} ne 0 then ptypeiki«l; & psname=’image.ps’
£11

ntimesl & aer_plot,’ps’ & device,/ | pana & goto,ploti
3
H ntime=1 & set_plot,‘ps‘ & device,fllenamespsnams & goto,plotit
end else begln
idevice,/close
H 1pawn, *lpr ‘+psnane & set_plot,‘x*

tp.colore0 & ip.background=1677721% & end
;i if ch eq *** then begin & for k«<l,maxb do plot_lets{k,0)1=0 & maxhsd
Af ch eq *** then begin &k for k=1,1 do plot_letsalk,0}=0 & maxh=0
ytit=0.9 & ntimes0 & for ks0,maxptype do ptype(k}=0 & goto,next & and

H
eyexit:

print, ‘Hold on, writing *dump* files'

5581
5502
5583
5584
5585
5586
5587
5588
5589
5590
5591
5592
5593
5534

5629

che'E* & output,have_dons.ch
print,'Flla : ‘¢printname+’, ’sdumpname+’ written®
bypass:
angx’ !
time=0.0
read, ‘Do you wiah to write emlitance and moment results to f[ile?{y,n} ', ans
if ans eq 'y’ then begin
read, "enter time (e.g. 100)°,time
spotrad=fltarr{200)
beamaves0
(or kal,nbeam do begin
beamavesbeamave+dataik, 7} /nbeasm
end
xemltavs0d & yemitaved
for k=1,nbeam do hegin
xemitavexemitaveemitnik, 0}
yemitaveyemitaviesitnik,1)
spatradik)=sqrt{mask{k,0)*2+maskik,11~2)
end
xemltavele6xemitav/nbeam
yenitav=le6'yemitav/nbesm
pring, *
openu, 5, ‘emitall,dat’, /append
cpenw, 8, ‘monent . dat’, /append
print, ‘Writing to emittance summary files *emitall.dat’and *emitspot.dat®,..”
emitxzleb’betagammatenitx & smity=lef'betagamma‘tenity
printf,S, filename, time, enitx, emity
print,filename, time, emitx. emity, *
print, 8, fllenane, tine, momentaft),*
printt, 8, filename, time, moments(*)
close,5 & close, 8
endif else begin
print, *
print, ‘Ho emlttance dl{l written® & §
endelse
read, ‘Do you wish to wrlte beamlet peak data to file?(y.n} ‘,ans
Al ans eq 'y’ then begin
openw, 3, ‘peak.dat’
printf,9,nbean
print, ‘nbeans’, nbeam
for k=1,nbeam do begin
print,maskik,0),maskik,1),data(k.?)
print, 9, maskik,0),maskik,1),dataik,?}
*nd
close.$
endlt
print, ¢ *
print,*

to emitall.dat!’
to momenkt.datl’

end

44
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