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A High Bandwidth Gamma Monochrnmator*

Manuel Garcia

Universityof Cafifomia
LawrenceLivcrmoreNmiomdLaboratory

P. O. Box 808, L41
Llvermore,CA 94551-9900

1. INTRODUCTION

% purpcoeof tlds instrumentistod~tinguishthetempnmlvariationsontheorderof nanosecondsof a hint
gamma emitter in the energy rangeof 10 to ’20MeVdespite a coincidentgamma Ixwkgmundof Iowa photon
energy yel orders of magnitudegreaterpower. ‘fireinstrumentitself is a combmtion of a Compton ekarmr
monucbrmnmurcumprisedof two dipole magnets,a dual lms tutaf internal reflectionCberenkovopticaf system, and
micrduuurel plate @otomultiplicr detecturs. Two units were ldt, cafledH1 and H2, differing mrlyin magnet
strength and viewing the following energybins

H1 gamma energy bin: 15.7 to 17.7MeV,
H2 gamma energy bin: 13.7 to 15.7MeV.

The HI design aims at a large signal-to-noisethrutrgh-putand fast temporal response, and thii limits the energy
rcatdution. Tbe HI unit hasa671 MHz kmdwidtb (FWHM. 463 ps) for the energy bin shown above.

2. ELECTRON OPTICS

Figure 1 is a scaleddrawing of the H1 unit. A 30-cmlong Pb collimatorwith a l-cm diameter ke. defines an
“object spot on a 5-mm thick beryllium plate which acts as the Comptoncrnrverter. A baff-inchthick steal collimator

detinea a Compton spray of about 7.6” that expands to almut4 cm in diameterby the time it reaches the fmt dipole
magnet. A mean elecrrcmkinetic energyof 15.5MeV with a spread oft 1 MeV is expectedwitldn this tune fmm
the interactionof gammas of 16.7 i 1 MeV with the bayllium.

The dipole magnetsof the HI unit have a mean field of 5.33 kG (.533 T) and a 4-cm gap. The elecmonoptics
of the H1 unit were calculatedby Prof. HaraldEnge (Dcutcmn, Inc., of Wmcb@er, MA.), and the dual-dipole
magnet system was built to his specificationsby Field Effects, Inc., of Actnn, MA. Figure 1 shows the envelopeof
elecuun orbhs at the midplaneof the magnets when the total elec&onenergy is 16MeV, and the momentum spread
is negligible (O%). The envelope in the verdcrddimension @xpmrdicularto the pole faces) increases from 1 cm (-.5
cm to +.5 cm) at the object spot to 4 cm (-2 cm to +2 cm) at the magrrctentrance,where it bends inwarddue to jxB
furccs induced by the rotated fringingfield. Thereafterit remains within the 4 cm gap untif it eximthe second
magnet and convergesdown m a 1-cmdiameter image spx. Prof. Enge has cafcufatcdthese optics for momenta
spreadas large as +6%. This mirror image optical systemwas selectedbecause aberrationsinduced in the Ma rays
by the first magnetic “lens” are cancelfedby the seconddiple MSgIRLresulting in a nearly isodrronous system.
This ensures both high bandwidth and an image that is similar to the object in small size, roundness and divergence
(or cmrvergence)of electron majectnries.Figure 2 shows an engineeringdrawing of the H1 unit magnets, vacuum
chamber and optics can. Directly behind the primary H1 unit lies a second one that is in every respect identical,
except that the magnetic field is reduced so that the electronenergy band of the irrstmmentis 13.5+1 MeV.

* Work performedunder the auspicesof the U. S. Departmentof Energy by the LawrenceL1vermorcNational
LaburarnryunderContract W-7405-Eng-48.
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3. LIGHT OPTICS

Ufmntransiting the image plane of the HI unit the 15.5-MeVelectmmsburrow into a lucite leas which focuses
the Chemrkov fight they emit ontrrmicmchannelpk. photomultipliertubes. This system was chosen because of its
speed and gain (l@ to lf#). Famday cups are faster detectors,but 10 to 100volt signals were desired fkom1 ma
electron currents. The light optics was designedby Mike Gmser (of EG&G at Amador Valley Operations in
Pleassmon, CA.), and the lenses were machinedon the diamond turning lathe at LLNL.

The Chemnkov emission is at 45.2° with respect to the electron Imjectmy. As elecrmrs range tbmugh the
plastic their trajectoriesam defleetedby multiple scatteringso that an initially parallel electronbeam expands with
depth. As a result of this the Cherenkovemission will b increasinglyspread out in angle about 45” with increasing
deptfr. Figure 3 shows two models of e-beamand Cherenkov angle spread in hrciteas weffas a dative fight
intensity vet’ausdepth. The model theta, shown in Figure 3 with a solid fine, uses a depth-dependentelectron energy
based en a linear range equation in the texttmokformula of multiple scatteringangle. The relative pmpmtions of the
elements comprising Iuciteam accounted for in this model. A fit to this model curve is given by theta. 3.67(x)1~,
where tbels is in degreesand x is tbe depth in mm. For 15.5-MeVelectrons in hrcite the mnge is near 88 mm. Thii
model pdicrs a net bets ray deflectionof *1 1.6°after 1cm of penetration. Conse.qucndy,the Chemnkovemission
observed from the l-cm depth plane is estimated to be spread between 33.6”and 56.8°. Judy Kammcmad(of
LLNL) studied thk phenomena in a series of EGS4 calculations (a Monte Carlo code of electron-gammashowerx
developedat SLAC). I have plotted her resufts for theta with a dotted fine in Figure 3. The similarities between
these two theta models as to the magnitude of the depth effects was sufficient to pmnit the design of the Iucite
opticsf system.

Figure 4 shows rays in a meridionalplane of the Iuciteoptics fmm sourcepoints 1,5 and 9 mm of depth and
0.5,2.5 and 4.5 mm off-axis. Three rays am drawn fmm each site, onc at 45” and one each at phrs and minus
deflections tkom45° appropriate to that depth. A cross sectionof the resulting lenses is seen in Figure 1.

The Cbermdcovemission is totafly internally refleqtedfrom conicafsides, projected in a psmffel mannerby
toroidaflenses, and focuseddown to the detectorphotecatlwde by a convergingconicafintcmaI reflector and an
sxicon refractorjust in front of the detector. Three dimensionalray-tmcecslcufadons for the axisymmetriclens
system wem afse performed,and the effecrsof the detectorerm’antewindowand the ~sitimr of the phorncathede
wer?.accounted for. The astwd lens system was bench tested (by M. Gmserat AVO) where the net O’arrsmission
along the Chemnkov path length at 4tXlmm was determined to be 0.3. This light is observed by an ITT 4126, single
micmchamrelplate photomultipliertube in an EG&G (Las Vegas Operations)designed50-ohm mount.

A second, low bandwidthchannel is also coupled to thk opticaf system. After a depth of 24.5 mm of lucite, a
2.5-cm dmetcr by 5-cm long suprasil (quartz-liie) md is embedded in the forward lucite lens. ThMrod has an
MCP-PM mounted on its tack end where Urisdetector fits within the inner radks of the toroidal lens. Tbe hrcite
side of the lucite-supmsilboundary is painted black, while the red itself has a reflectingcoating everywhereexcept
on tbs end face by the detector. Thus, the flit 28% of the electron mnge is in Iuciteand accessedby the high
bandwidth channel, while the remaining72% of the elecuon energy is mnged out in rbe supmsil w that its light is
collected into the low bandwidth channel.

F1gum5 shows a schematicof the suprasiloptics. A psmllel, l-cm diametere-beam is shown expanding
through Iuciteand sample meridiond light rays are shown in the suprssif. Using the analytical theta model de-
scribed above, the lateral extent of a bets ray, y in mm, is estimated to vary with depth, x in mm, by y = .0427x3f2.
This is deducedby intcgmting dy/dx = ran(thets) for the model theta(x). Figure 5 shows the resulting expansion.
TypicafCherenkov rays at 24.5-mm depth in Iucireare shown propagatingtbmugh the supmsil, and their path
lengths and propagation times are nored. By 27 mm in the suprssil, the electrons am mnged out, and Udsis denoted
by the verdcafdotted line. It is clear fmm WISdiagmm that an impulse of electrons would smear out into a light
pufsehundreds of picosecond wide at the output end of the supmsil
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4. H-UNIT BANDWIDTH

‘he two “H units” built have 4x4-cm ekeo’orraperturesbetween the dipole magnets and exhibit a net impubw
~Ponae out of * high b~dwidth ctinek of At= 463 PSFW-fM, or equivalently a -3 db bandwidth of 671 hmh.
‘firelow bandwidth channels have an impulse width of 735 ps, or equivalently a -3 db bandwidth of 423 MHs.
Figure 6 shows the measuredimpulse reapenae.of both the fast and slow channels. Note that the ITT 4126 photo-
multiplier alone bas an impulse t’espmraaof318ps (in the EG&G/LVOmount). These systems wereextensively
teateden the LINAC linearelectronaccelerator(at EG&G at Sante Barbara,CA.). Prof. Enge’s calculationsof the
magnet system impulse respmraaand energy d@rersionat the apexmre“mimerplane” were duplicatedquita accu-
rately. F@’e 7 shows measureddispersioncharacteristicsand electronenergy bins of the magnets sets.

5. H-UNITGAIN

Tfregain of the fast and slow datectoschannelswas measuredon the LINAC dmtly. The 15.5 MeVLINAC e-
lwatrrpulses were ahm thrmrgba l-cm diameter collimate imn an assembled Iucite-supraaillensdetecter system at
vasiouscttsrentleveLs.Here the gain is defined as the mdo of coulcmbs out of tbs MCP-PM for a given &team
ceidombs into the htcite. The fast chamrelgain is 1.22x Id while the slow channel gain is 1.29x l@. Thii grtie
was found m be srable for pulses which are long in comparisonm the MCP-PM impulse width (i.e.,>300 ps), and
these derecters were able to deliver a maximumof 15nC of teral charge whfle undera negative high voltageof over
3 kV. Generally, the detectorgain is independentof pulse width fm total ouput under 1 nC (verified with 50 ps
pukes).

6. H-UNIT SUMMARY

For this particular experiment, the numberof electsonsexpasted threugh the ~-unit magnets and into the hrcira-
pes-incidetrtgamma-ray is .MM. As a result, thii system can delivw 50 elec?mmsout of the delector for each
incident high energy gamma and with an impuk?traaprse of 463 ps. In en experimentalsituation rheaaunits were
able to discern a high energy gamma amrrceamidst a 0.5- to 2-MeV gamma “background”which was over 105x
more intense and with a resulting signal-to-noiseratio of 2.%1.



-4-

e-

Y

‘II;
j; e-

4!?%
.’ . .. \

?’ ‘\\ ,

{’ {,
4 .,— L“w

,1 hv ; bandwidth
1, 1:

u

‘. \, ~ i’,/’%,. f

‘\
,~ 1

\
. . . /:. .

.\

hv — High
bandwidth

Figure 1. The High Bandwidth Gamma Monochromator,
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Figure 2 Engineering drawing of the HBGM.
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Figure 3. E-beam spread in Iucite. E-beam spread 9 and Cherenkov intensity.
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Figure 4. Total internal reflection Cherenkov optics.
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Figure5. Suprasiloptics.



.9:

2.!

2.(

(

Y
I “-–~

High bendwldth Impulen

-\
\

\
\

kIf “\
\/’ \\

/’ \
\

1’ \~ Low bandwidth Impulee

II \\
\

11
/

‘w
-+ -----

-0.4 4.2 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Time (ns)

Figure 6. Fast and slow channel impulse responses.
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Figure 7. HBGM instrument functions measured at EG&G/SBO.


