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Measurements of partial 2*°U(n,2nv) ~v-ray cross sections have been carried out as a function
of incident neutron energy using the GEANIE spectrometer at LANSCE/WNR. The yields of
+ rays resulting from the population of discrete levels in the residual nucleus 2*#U have been
measured at incident neutron energies in the 1-20-MeV range. These data provide, with the aid
of nuclear reaction modeling, a measurement of the 235U(n,2n) reaction cross section and serve
as a proof of principle of the y-ray technique for the parallel 2*°Pu{n,2n) measurement (1]. This
paper presents the analysis of the y-ray data and the extraction of partial y-ray cross sections as
a function of incident neutron energy. Uncertainties associated with the spectroscopic analysis
of the data and validation of the results are discussed in detail.
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I. INTRODUCTION
A Background

A series of experiments has been carried out to measure accurately partial gamma-ray cross sections in the
235J(n,2ny) and 23°Pu(n,2nvy) channels as a function of incident neutron energy. The goal is to deduce the cor-
responding (n,2n) channel cross sections, using robust model predictions of the partial-to-channel cross section ratio.
This work was motivated primarily by the wide disagreement between previous measurements of the 2*Pu(n,2n)



cross section [2] and the resulting large uncertainties in model predictions and evaluations of this cross section. The
lack of reliability of prior measurements can be traced to the inherent difficulties of the neutron-counting methods
used. In previous experiments, the (n,2n) cross section was typically obtained as the difference between the observed
neutron count and background neutron counts from scattered beam and fission events. The low value of the (n,2n)
cross section and the high values of the neutron-induced fission cross section (o(,,s)) and neutron multiplicity (7)
conspire to reduce the reliability of the neutron-counting methods for the 23°Pu(n,2n) case. The 23>U(n,2n) cross
section measurement is, in many respects, an easier experiment. Both o, sy and 7 have lower values in the 2*U(n,2n)
experiment compared to the 23°Pu(n,2n) case, and 235U samples are less radioactive and easier to obtain in enriched
form than 23°Pu samples.

In order to avoid many of the complications encountered in the neutron-counting techniques, the current set of
experiments rely on the measurement of characteristic y rays, produced in the de-excitation of the (n,2n) product
nucleus (see figure 1). This technique has clear advantages over neutron-counting because the characteristic gamma
rays have well-defined energies and these energies can be measured with sufficient efficiency and resolutions of better
than one part in ten thousand by current-generation germanium detectors. However, the channel cross section is
obtained indirectly by this method and must rely on model predictions to deduce the {n,2n) cross section from
measured partial y-ray yields. Therefore, measurements of ~y-ray yields from the 2*>U(n,2n+) reaction, for which the
channel (n,2n) cross section has previously been measured [3], have been performed in parallel with the 2*Pu(n,2n)
experiment. The 23°U measurements, and the deduced ?*U(n,2n) reaction cross section can be used to develop the
necessary analysis techniques and to validate the method as a whole.
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FIG. 1: Levels in the ground-state band of 224U up to spin 10. Each level is labeled by its spin and parity on the left
and by its excitation energy in keV on the right. Transitions between levels are shown as arrows and labeled by the
transition energy in keV.



)

The 23*Pu(n,2n) and #*>U(n,2n) experiments were performed from 1997 to 1999, using the GEANIE (GErmanium
Array for Neutron-Induced Excitations) spectrometer situated at the LANSCE/WNR facility. Detailed descriptions
of the spectrometer and the LANSCE/WNR facility can be found in reference [4], and in the report on the analysis
of the 1997 235U(n,2n) data (5). The GEANIE spectrometer, in its current configuration, consists of 11 Compton-
suppressed planar germanium detectors, 9 Compton-suppressed and 6 unsuppressed coaxial detectors situated at a
distance of =~ 14 cm from the focal point where the scattering sample is located. The planar detectors are grouped
at mostly forward and backward angles, while the coaxial detectors are distributed about 90°. The efficiency of the
array has been calibrated through a series of measurements with a calibrated radioactive source, supplemented by
detailed modeling (9] using the transport code MCNP [12].

A “white” neutron source is produced at the LANSCE/WNR facility by spallation reactions from an 800 MeV
proton beam incident on a natural tungsten target. The proton beam is typically bunched into 625 us macropulse
trains of micropulses 1.8 us apart. The macropulses are typically generated at a frequency of 100 Hz, giving a 6% duty
cycle. The spallation neutrons travel along shielded neutron flight paths of different lengths, and at various angles,
to the different experimental areas. The GEANIE spectrometer is located at the end of the flight path 60 degrees to
the right (60R) of the proton beam direction, 20.34 m downstream from the spallation target. A fission chamber {13],
placed in the beam 1.86 m upstream from the GEANIE spectrometer, and containing both 23U and 233U fission foils,
serves as a neutron flux monitor. Neutron energies are determined by the time-of-flight (TOF) technique, using the
detection time of the flash of v rays caused by the spallation reaction as a reference time. In general, the y-ray data
were sorted into separate E.,-TOF matrices for summed planar and summed coaxial data. Equal-time TOF cuts were
made on the planar-data E,-TOF matrix corresponding to neutron energies in the 5-20-MeV range. The resulting
~-ray spectra were fitted using the code XGAM]6] over the full v-ray energy range. A background ~-ray spectrum
was also constructed from a TOF gate on arrival times shorter than the  flash reference time (i.e. a cut containing
decays from long-lived states and events caused by slow neutrons “wrapped” from the previous beam pulse).

The 25U(n,2nv) data acquired using GEANIE can be grouped into four sets. The first data set was acquired
between April and July 1997 and was analyzed to extract the shape of the 2*U(n,2n) cross section as a function
of incident neutron energy. A discussion of the analysis and results can be found in [5]. Because the emphasis of
this report is on the extraction of absolute partial vy-ray cross sections, and because the 1997 data were acquired
without a precise measurement of array efficiency and sample thickness, these data are not discussed any further
here. The remaining three data sets, which were acquired with the express purpose of extracting the 23°U(n,2n) cross
section both in shape and in magnitude, are presented in this paper. Experiments were performed in October and
December 1998, using both thin (12-mil) and thick (24-mil) highly-enriched 23°U samples. These two data sets have
been analyzed separately and will be referred to as “98Thin” and “98Thick” throughout this paper. The final data
set discussed here was acquired in November and December 1999. This data set will be referred to as “99Thin”.
The array was kept in the same configuration as in the 1998 runs, with some improvements in the electronics. From
the point of view of the analysis, the only relevant change in the electronics is the upgrade from 8k to 16k ADC
(Analog-to-Digital Conversion) modules used to digitize the processed energy signals. This doubling in the number
of digital channels available can be helpful in fitting complex spectra. There were also differences in the samples
used in 1998 and 1999. The 99Thin sample was 12-mil thick and encased in the same holder used for the 239Pu
measurements. In addition, thin (2-mil each) "®!Fe foils were placed on either side of the 23*U sample to provide
in-beam calibration to a known partial cross section in the 6Fe(n,n’y) channel.

B Organization of the Report

This report summarizes the analysis of both 1998 and 1999 GEANIE data sets to extract 23*U(n,2n) partial -
ray cross sections. The work presented in this report is based on experimental information available as of 2/24/00
and GNASH calculations obtained on 5/13/99. The bulk of the discussion concerns the yrast (i.e. in this case,
ground-state band members) 4} — 27, 67 — 4}, 87 — 67, and 10f — 87 transitions. The 1998 thin-sample data
(98Thin) is presented first, and in greatest detail, in section II, with specific discussions of the neutron flux deduced
from the fission chamber and y-ray energy calibration. Absolute partial -ray cross sections are extracted for the
lowest observed members of the yrast band in 23U from the raw data (i.e. with no y-ray background subtraction).
In section III, a neutron-energy-dependent systematic uncertainty, in addition to random statistical variations in the
data, is inferred from a comparison i) between raw and background-subtracted data and ii) between the neutron flux
extracted from the ?3°U and 28U fission—foil data. The partial cross sections obtained by using either fission chamber
foils and the raw and subtracted data, are compared in section IV as a check of the deduced neutron-energy-dependent
systematic uncertainty.

The analysis of the 1998 thick-sample data (98Thick) is discussed next in section V. Partial cross sections are



deduced and compared in section VI to the thin-sample data to validate the total uncertainty, consisting of random,
neutron-energy-dependent systematic, and energy-independent systematic uncertainties. With this validation, the
absolute partial cross sections extracted from the thin-sample raw data, normalized to the neutron flux measured
with the 23%U fission foil, are taken as the optimal values for the 1998 GEANIE experiment, along with the deduced
random and systematic errors.

The next section (VII) discusses the analysis of the 1999 GEANIE data (99Thin) for which an assembly of 23°U
and "*tFe foils was used as a target. The same set of yrast partial cross sections is extracted from the raw data. The
fits for the 10 — 8F transition in particular are revisited and the assertion that the peak consists of a doublet of
lines is carefully examined. As in the 1998 data, neutron-energy-dependent systematic uncertainties are calculated.
Partial cross sections for the 2" — 0} 846.8-keV transition in %6Fe are inferred in section VII B, along with systematic
uncertainties, from "**Fe foils placed on either side of the °U sample. In section IX the measured ?3U(n,2n) partial
cross sections are checked against raw and subtracted data, normalized with either 23°U or 238U fission foil. In
section X, the total uncertainties are validated against the known 6Fe partial v-ray cross section standard at E,, =
14.5 MeV. The optimal partial cross sections extracted from the 1999 GEANIE experiment are taken from the raw,
2351 _fission-foil-normalized data.

Angular—distribution effects on the observed y-ray yields are discussed in section XI. A statistical-model code
is used to estimate the angular distribution of individual transitions. The model predictions are adjusted based on
comparison with angular distributions observed in the GEANIE data, and angular—distribution correction factors are
deduced for all (n,2n) and {(n,3n) lines of interest.

In section XII A the best 1998 and 1999 data are compared and combined by two different methods. First the data
are averaged by weighted mean to produce a recommended absolute partial cross section for the lowest observed yrast
transitions in the 235U(n,2n) channel. In a second approach, linear corrections are applied to both 1998 and 1999 data
to account for systematic discrepancies between the data sets, and the resulting yields are then combined by weighted
mean. Throughout the report, the partial cross sections obtained are compared to predictions from GNASH[7], a
Hauser-Feshbach reaction code. The calculations shown here represent the best currently available predictions by the
code, but are subject to revision as the reaction model is improved, especially in light of the present GEANIE results.

Finally, in the summary section XIII, all observed (n,2n), (n,n’) and (n,3n) transitions are presented. The reader
interested primarily in the results of the analysis, may consult this section directly, and refer to the remainder of the
report for further details.

A natural division can be drawn between the experimental and theoretical steps involved in obtaining the 23°U(n,2n)
channel cross section from measured vy-ray yields. The intent of this report is to present the experimental aspects
of this process. The marriage of the partial y-ray cross sections discussed here with theoretical predictions of the
partial-to-channel cross-section ratios to deduce the 23°U(n,2n) channel cross-section will be treated in a separate
report.

II. GEANIE 1998 THIN-SAMPLE DATA ANALYSIS

In October and December 1998 the GEANIE spectrometer was used to measure -y rays following neutron-induced
reactions on 22°U. In order to account for target-thickness effects more accurately, the data were acquired with samples
of two different thicknesses for approximately equal run durations. The experimental details for the thin-target (12-
mil) data are summarized in the box below. The values quoted in the box were obtained from the experiment log book,
data counted by scaler modules during the experiment, and reference [9]. For the purposes of this paper, the data from
the 11 planar detectors have been summed and analyzed. In the E, = 1-20 MeV range for the planar-detector sum,
1.02x 108 single and higher-fold full-energy-peak counts were acquired. These raw counts in the measured spectrum
break down into 45.4% from x rays (mostly from target activity), 43.1% from ~y rays due to target activity, and 3.7%
from an assortment of common contaminants (e.g. neutron bumps, 511 keV peak). The remaining 7.8% of photo-peak
counts are likely due to 7y rays from neutron-induced reactions on the 23U sample (e.g. (n,fy), (n,xnv), etc---). Only
0.22% of the full-energy-peak counts in this neutron energy range could be assigned to the ?3U(n,2n) channel, and
are distributed among 16 distinct peaks.

The relative weakness of the (n,2ny) component of the spectrum has two practical effects on the data analysis: i)
the analysis is exacting and time-consuming and ii) specialized analysis tools had to be developed and used.



run label: 98Thin

log book pages: #3 pp. 220-229,277-278

run dates: 10/16/98-10/23/98 and 12/12/98-12/14/98

total run time recorded to tape: 701385 s (from 55 Hz pulser)

beam structure:

rep rate: 100 Hz (10/16/98-10/20/98 and 12/12/98-12/14/98),
116 Hz (10/20/98-10/23,/98)

micropulse spacing: 1.8 us

beam gate length: 625 us
typical proton current: 2.5 pA
beam absorbers:

10/16/98-10/19/98: 3" Pb + 1” polyethylene + 1” borated polyethylene
10/19/98-10/20/98: 1” Pb + 2" polyethylene

10/20/98-10/23/98: 1/2” Pb + 1” borated polyethylene
12/12/98-12/14/98: 1/2” Pb + 1" borated polyethylene

sample areal density corrected for ***U enrichment: 0.524 + 0.037 g/cm?

sample thickness: =~ 12 mil (2 laminated packages of two 3-mil foils each)

sample atomic assay: 93.2324% 22°U + 5.3729% 238U + 1.1339% 234U + 0.2581% 236U
sample orientation: 251° on dial (19° with respect to beam)

sample mask: 0.030"-thick Ta foil (one on each side) 2.25"” x 2.25"” with 1”-diameter hole
planar-detector absorbers: none

deadtimes:

planar-data sum: 45.32 4+ 1.36 %
coaxial-data sum: 45.57 &+ 1.37 %
235U fission foil: 39.99 &+ 1.20 %
238 fission foil: 40.84 + 1.22 %

average in-beam array rate: 1178 Hz (beam-gated «-or rate)

average array rate: 1778 Hz (total y-or rate)

A Analysis of Raw Data

The 98Thin data set was first analyzed for the sum of the planars and in the energy range E,, = 5-20 MeV without
any background subtraction. These data were sorted into a two-dimensional matrix with y-ray energy along one
axis, and time-of-flight (TOF) along the other. A gate placed on the TOF axis then produces a y-ray spectrum
corresponding to neutron energies included in the TOF gate. Thus a single TOF gate corresponding to the 5-20-MeV
neutron energy range was used to generate a “total projection” y-ray spectrum. The basic procedure used to extract
excitation functions for each -y-ray line of interest can be broken down into the following steps:

1. obtain the best fit to the total E,, = 5-20 MeV total projection spectrum (i.e. a -y-ray spectrum)

2. fix all parameters in the best fit, except for:




e continuum-background polynomial coefficients

o peak heights

3. fit individual TOF cuts in the range E,, = 5-20 MeV using the fit settings obtained in step 2

The fits were carried out using the XGAM peak-fitting program [6] with the settings listed in table I. Step 3 in this
procedure is fully automated, so that the fit parameters are essentially determined in step 2 with the better statistics
of the total neutron-energy projection, and only individual peak heights and rough background shape were expected
to vary as a function of neutron energy. Two precautions were adopted to avoid erroneous fits due to the low statistics
in individual TOF cuts. First, the background parameters and peak heights were scaled down from their values in
the fit to the total projection by the ratio of the number of TOF channels in the individual cut to that number in the
total projection. In this way, the initial settings of the fit parameters are close to what might be expected for each
individual fit in step 3. Second, the peak height was parameterized and varied as a squared value, in order to avoid
the unphysical situation of a negative-height peak, compensating for a poor background fit, a problem which often
arises in fitting programs.

TABLE I: Fit parameters used in XGAM for the 1998 GEANIE data [6]. The variable z refers to the y-ray spectrum
channel number, where each channel corresponds to 0.125 keV.

parameter value

fitted range 690-7950 (ch), 86-994 (keV)

background polynomial order 21

peak width (ch) W= \/45.18 +6.543 155 + 3.448 (1&5)”
x-ray width parameter (ch) I' = —6.951 x 107! 4 1.354 x 1073z
low-energy tail (ch) R =5.761 x 1073z, 8 = 2.032
high-energy tail (ch) Rp = 3.343 x 1073z, 8, = 9.711

Gaussian asymmetry (ch) ps = —3.017 x 1073 4+ 5.635 x 10~ %
ps = 5.024 x 1077 4 2.317 x 107z

Compton step (ch) S =12228 x 1072
x-ray peaks 19

y-ray peaks 395

neutron bumps 2

x2/v for E,=5-20 MeV 2.66

1 Gamma-Ray Energy Calibration

A precise in-beam ~v-ray energy calibration was obtained by identifying lines in the E, = 5-20 MeV total-projection
spectrum with precisely known [10] energies. In all, 76 lines were used and are listed in the table in appendix A.

E{™ as a function of the channel centroid of the

E’(Ytrue)_

The calibration was obtained by first fitting the true energies
corresponding peak in the spectrum with a line, producing a first-order approximation EE,"“). The residuals

Egl ") were then fitted with a fourth-order polynomial to correct for non-linearities in the electronics. This calibration
process was performed using the program XGAMCAL [6] and is depicted in figure 2. The differences d; between true
and calibrated energies (i.e. linear + residual non-linearity) are distributed about a mean value of d = -3.5 eV and
with a standard deviation o4 = 111 eV. More specifically, the linear calibration and residual non-linearity are given
by:

Bl = —2.8826 x 107! + 1.2514 x 107!z (1)
r — tr li
ES; es) = E’(r ue) E,(y in)
= —5.8128 x 107! + 1.0030 x 10™%z — 5.3032 x 10~ "z2 + 1.0159 x 107 1%2% — 6.6916 x 10~z  (2)
where z is the digitization channel (at = 0.125 keV per channel) corresponding to the fitted centroid of the detected

v-ray energy signal. The uncertainties on the calibrated energies listed in the table in appendix A are obtained by
a careful propagation of errors which takes into account: i) uncertainties in the channel centroid of the peak, ii)




uncertainties in the true energies, iii) uncertainties in the calibration polynomial terms and iv) covariance between
the terms of the calibration polynomial.

Because y-ray energy uncertainties obtained in this manner are typically under-predicted, it is customary to augment
them by the standard deviation obtained in the non-linearity fitting process. This quantity then serves as an additional,
systematic, uncertainty. Therefore, the v-ray energies quoted in this paper carry an additional 111-eV uncertainty.
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2 Fission Chamber Data Analysis

The fission chamber contains two thin (= 400 ug/cm?) foils of isotopically enriched 233U and ?*®*U material respec-
tively. Fission fragments produced by neutron-induced reactions on either foil can be counted. Using the known|[11]
neutron-induced fission cross section, the incident neutron flux can be deduced. For each fission foil separately, the
fission chamber data were sorted into a two-dimensional matrix of counts, with pulse height (i.e. energy) along the
x-axis and TOF along the y-axis. The steps required to generate the fission counts Ny.(7) for each 0.5-ns-wide TOF
channel are summarized in figure 3. In each panel, the inset shows the projection of the matrix onto the pulse-height
axis for all TOF. The range of the spectrum corresponding to fission counts is shaded in red. The projection onto the
TOF axis of the matrix counts from a gate on the fission pulse-height range is displayed in the main panel. The
flash (from the spallation reaction used to generate the neutrons) and a flat baseline background are labeled in each
panel. The baseline represents counts primarily due to beam wrap-around. These TOF spectra are histogrammed
in steps of 0.5 ns, corresponding to the digitization-channel size of the TDC modules used. In each TOF channel,
Nyc(7) is then the difference between the total and baseline counts in that channel.

The number of neutrons-per-energy (N,.) can then be calculated for each 0.5-ns TOF channel according to:

— 1 Nye(T)
Noelr) = =7, @ 0 (3)
f SEY ., O (. 1)@ f il

where ¢4 is the fission chamber intrinsic detection efficiency, f¢. is the deadtime fraction for the fission chamber, §E
is the energy width of the one-channel TOF bin, ogzn)’ 5 s the known value of the neutron-induced total fission cross

section for the it" constituent in the foil, and agfgil the areal density of the i** constituent. Numerical values have

been assigned to €4 and a(f'zi[ in the manuscript by McNabb [9]. The deadtime fraction for the fission chamber was
measured at ff. = 0.3999 £ 0.0120 for the 235U foil and 0.4084 £ 0.0122 for the 238U foil, where we have adopted the
3% uncertainty recommended by McNabb [9]. The fission cross sections a&), ) were obtained from the ENDF/B-VI

evaluation [11].
Finally, a flux normalization parameter Ny is calculated from the neutron count in each TOF channel using the

formula:

Ng(7) = Npe(T) X Gsampte X OE (4)

where asqmple is the 2351 sample areal density (i.e. corrected for isotopic enrichment listed in the experimental details
box in section II). For a TOF bin [7,, 75 spanning several 0.5-ns channels, the appropriate[5] normalization parameter
is given by:

N (ra,ml) = - o) | " \/_10 s (5)

where o, is the detection timing uncertainty, deduced in our experiment to be 15 ns FWHM (= o, = 6.37 ns).
Equation 5 provides a correction to the neutron flux which takes into account the expected distribution of neutrons
at all energies that might be detected in a given TOF bin. Within the same formalism, a mean and variance may be
calculated for that distribution of incident neutrons [5}:

!-rv-TI!2
Z:?—'O ETL fTb dT 72-;-';:6 207
ey (6)

5720 No(T) f:: dr' e
(=12

Z:O:O [En(’r) - E:([Ta77—b])] N¢(T fTb dr’ 21ra Fano. © o

r—75)2
N T
3o o Ns(T) A —-Zir—ar—e 207

En ([7a, 7))

I

i
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o, ([7ar ™))
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The partial cross sections calculated in this paper have been corrected in this way, and are furthermore quoted with
uncertainties in both neutron energy and yield. The uncertainties in neutron energy about a centroid position are
meant to represent the underlying neutron distribution associated with the deduced yield. Some care in interpreting
these uncertainties is warranted however, because that distribution is not Gaussian and, in fact, not symmetrical.
For those data points where the TOF bin size is small compared to the timing uncertainty, the neutron distribution
will approach a Gaussian form. Wherever the bin size is comparable to or larger than the timing uncertainty, the
neutron distribution will assume a more complex shape. The proper interpretation and manipulation of GEANIE
data with regard to the underlying neutron distribution will be discussed in greater detail in an upcoming report [8],
with special emphasis on the formalism for converting partial into reaction cross sections.

Calculated values of Ny, Np. and Ny for the 1998 thin-target data are listed in tables II for the 235U fission foil
and IIT for the 238U fission foil. The flux normalization factors Ny deduced from either fission foil are compared in
figure 4. The agreement in the normalization parameter Ny between the two fission chambers is generally better than
5% and always better than 10%, although the normalization factors extracted using the 23°U foil are systematically
higher than those obtained from the 233U foil. One possible explanation for the observed discrepancies might be the
effect of “wrap-around” neutrons from a prior beam pulse, which cause a background in the 233U fission foil data but,
due to higher fission threshold, have little or no effect on the 233U fission foil. An approximate correction for this effect
is achieved by the constant-baseline subtraction discussed above. Uncertainty in the true shape of the “wrap-around”
background would favor using the #**U fission foil data for flux normalization. However, the lower (n,f) cross section
for 238U, compared to ?°°U, translates into =~ 87% more counts (after baseline subtraction) in the ***U fission foil
data for E, = 5-20 MeV. Furthermore, the evaluated 23U(n,f) cross sections are quoted without uncertainties in the
ENDF/B-VI database [11]. Finally, the **U fission foil thickness is known[9] with considerably higher accuracy than
the 238U foil thickness (0.66% relative uncertainty for the 23°U foil thickness compared to 4.76% for the 238U foil
thickness). Because of these limitations, in the final evaluation of recommended cross sections in this paper, we prefer
the 23°U fission foil data for flux normalization.

We also compare in figure 5 the shape of the neutron count (NV,,.) deduced from the 23°U fission foil, to a calculation
of the expected 60R. WNR flux with 1/2" of lead and 1” of polyethylene abscrbers, by fitting with an overall scale

factor. The absorbers were placed in the beam to reduce the flux of low-energy (E, <5 MeV) neutrons, which do not
contribute to the (n,2n) cross section but cause additional background from the (n,y) and (n,n’y) channels, as well as
from the v flash. The agreement between theory and data is excellent, with the possible exception of the last three
points near 20 MeV. However, since this comparison is only intended as a rough verification of the overall shape, this
minor discrepancy is not a cause for concern.



TABLE II: Energy and neutron flux statistics calculated using equations 3-7 for 15-ns-wide TOF bins from E,, =
to 20 MeV, and applied to the ?*°U fission-foil data with a baseline subtraction.

Bin Emin (MeV) Epaz (MeV) E, (MeV) op (MeV) Ny, Nac (n/MeV) Ny (v/b)

1 4.000 4.169 4.090 0.093 3267 + 63 (7.9053-0.157)x 10™ (6.738+0.097)x10°
2 4169 4.349 4.264 0.099 3441 + 64 (7.8911+0.152) x10*! (6.92440.099) % 10°
3 4.349 4.541 4.453 0.105 3464 + 64 (7.51140.144)x 10! (7.25740.101)x 10°
4 4541 4.746 4.647 0.113 3485 + 64 (7.143+0.137)x 10" (7.421£0.103)x 10°
5 4.746 4.965 4.861 0.122 3365 + 64 (6.5634+0.128)x 10! (7.38340.103) x 10°
6 4.965 5.200 5.090 0.129 3595 + 66 (6.65510.126)x10*! (7.579::0.106) x 10°
7 5.200 5.452 5.333 0.140 3444 + 64 (5.99640.116) x 10! (7.70140.107) x 10°
8 5.452 5.723 5.597 0.149 3570 + 65 (5.832:0.110)x 10" (7.957+0.109) x 10°
9 5723 6.014 5.875 0.160 3844 + 67 (5.71840.104) x 10! (8.103+0.109)x 10°
10 6.014 6.328 6.181 0.175 4068 + 69 (5.0621+0.089)x 10! (8.070+0.102)x 10°
11 6.328 6.668 6.517 0.187 4976 + 75 (4.99440.079)x 10! (8.59740.099) x 10°
12 6.668 7.036 6.862 0.201 5796 + 80 (4.8704+0.071)x 10" (9.05140.096)x 10°
13 7.036 7.436 7.237 0.218 6310 + 84 (4.49340.063) x 10! (8.7044-0.091)x 10°
14 7.436 7.870 7.661 0.242 5998 + 82 (3.68840.053) x 10! (8.12940.085)x 10°
15 7.870 8.344 8.126 0.263 6127 + 82 (3.364+0.048)x 10! (8.164+0.084)x10°
16 8.344 8.863 8.618 0.284 6468 £ 84 (3.23140.045)x 10! (8.37340.085)x 10°
17 8.863 9.431 9.160 0.313 6463 £ 85 (2.959+0.041)x 101! (8.2294-0.084)x 10°
18 9.431 10.057 9.757 0.346 5937 + 81 (2.495+0.036)x 10! (7.939+0.083)x 10°
19 10.057 10.747 10.414 0.377 5790 + 80 (2.22740.032)x 10" (7.667+0.081)x 10°
20 10.747 11.511 11.143 0.425 5316 + 77 (1.86340.028)x 10! (7.20940.079)x 10°
21 11.511 12.360 11.960 0.467 5498 + 79 (1.70940.025)x 10! (6.99340.077)x 10°
22 12.360 13.307 12.860 0.525 5436 + 78 (1.41020.021)x 10! (6.789+0.072)x 10°
23 13.307 14.369 13.876 0.589 5729 + 80 (1.228+0.018)x10'! (6.6594:0.069)x 10°
24 14.369 15.564 15.016 0.660 6017 + 82 (1.1134+0.016)x 10! (6.666+0.069) x 10°
25 15.564 16.916 16.297 0.750 6115 + 83 (1.00440.014)x 10! (6.67640.071)x10°
26 16.916 18.453 - 17.759 0.857 5768 + 80 (8.62940.131)x10° (6.718+0.074)x 10°

27 18.453 20.213 19.416  0.971 5765 + 80 (7.845:40.162)x 10 (6.84740.101)x 10°
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FIG. 3: TOF spectra for a) 23U and b) 238U fission foils from 1998 thin-target data. The baseline background,
deduced from the “random” TOF region (before the gamma flash) is drawn and labeled in each case. The baseline is
negligible in the case of the 238U foil. The inset shows the pulse-height spectra for the fission foils and the range used
to generate the corresponding TOF spectrum is shaded in red.
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TABLE III: Energy and neutron flux statistics calculated using equations 3-7 for 15-ns-wide TOF bins from E, =4
to 20 MeV, and applied to the 23®U fission-foil data without baseline subtraction.

Bin Emin (MeV) Enaz (MeV) E, (MeV) og (MeV) Ny

Nopc (n/MeV)

Ny (v/b)

1 4.000
2 4.169
3 4.349
4 4541
5 4.746
6 4.965
7 5.200
8 5452
9 5.723
10 6.014
11 6.328
12 6.668
13 7.036
14 7.436
15 7.870
16 8.344
17 8.863
18 9.431
19 10.057
20 10.747
21 11.511
22 12.360
23 13.307
24 14.369
25 15.564
26 16.916
27 18.453

4.169
4.349
4.541
4.746
4.965
5.200
5.452
5.723
6.014
6.328
6.668
7.036
7.436
7.870
8.344
8.863
9.431
10.057
10.747
11.511
12.360
13.307
14.369
15.564
16.916
18.453
20.213

4.088
4.263
4.453
4.650
4.863
5.086
5.335
5.596
5.875
6.180
6.512
6.863
7.239
7.657
8.127
8.621
9.161
9.760
10.415
11.141
11.951
12.867
13.869
15.012
16.303
17.794
19.433

0.094
0.093
0.107
0.113
0.120
0.129
0.139
0.149
0.161
0.174
0.187
0.202
0.216
0.244
0.263
0.284
0.315
0.342
0.382
0.418
0472
0.525
0.589
0.660
0.755
0.873
0.921

1550 & 39 (7.786+0.212) x 10™]
1643 + 41 (7.72740.206) x 10!
1559 + 39 (6.876+0.187)x 10!
1710 + 41 (7.11040.186)x 10
1796 4 42 (7.0314£0.180)x 10
1727 4 42 (6.350+0.166) x 10"
1734 £ 42 (5.905-£0.154) x 10"
1895 & 44 (5.889+0.147)x 10"
1971 + 44 (5.375+0.133)x 10!
2264 + 48 (4.97640.116)x 10"
2847 + 53 (4.776+0.102) x 10!?
3343 £ 58 (4.634£0.092) x 10!
3422 + 58 (4.1584:0.082) x 101!
3001 £ 56 (3.371+0.069) x 10"
3157 + 56 (3.12940.064) x 10!
3421 £ 58 (3.085+0.061) x 10*!
3235 £ 57 (2.668+0.054) x 10
3218 + 57 (2.43240.049) x 10"
3189 + 56 (2.19340.044) x 10!
2880 + 54 (1.79140.038)x 10"
2728 £ 52 (1.52640.033)x 10
2689 + 52 (1.32040.028) x10*
3026 + 55 (1.206+0.025)x 101!
3101 + 56 (1.0174£0.021)x1¢M
3254 + 57 (8.93040.181) %10
3525 £ 59 (8.518+0.172)x 10"
)

(6.637+0.131) x 10°
(6.733+0.133) x 10°
(6.8560.133) x 10°
(7.25840.139) x 10°
(7.53740.142) x 10°
(7.53640.142) x 10°
(7.55340.142) x 10°
(7.8164+0.143) x 10°
(7.903+£0.141) x 10°
(7.92240.133) x 10°
(8.19140.126) x 10°
(8.40440.123) x 10°
(8.250+£0.120) x 10°
(7.55740.111) x 10°
(7.497+0.110) x 10°
(7.77140.113) x 10°
(7.690+0.112) x 10°
(7.599+0.112) x 10°
(7.29840.108) x 10°
(6.993+0.106) x 10°
(6.55240.101) x 108
(6.356+0.098) x 10°
(6.24540.093) x 10°
(6.15740.091) x 10°
(6.157-£0.090) x 10°
(6.43840.103) x 10°
(7.226+0.332) x 10°

3618 + 60 (8.494+0.520) x10%°
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FIG. 4: Comparison between the flux normalizations N, deduced from the 23°U foil with baseline subtraction (denoted
by “FC1 sub”) and from the 233U without baseline subtraction (denoted by “FC2”).
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8 Partial C’ross-Sec.tz'on FEvaluation

Partial y-ray cross sections were deduced from fitted full-energy peak areas A in a given neutron-energy bin according
to the formula:

1+ A
E)=—12% 2
0‘(":2‘"7]( ) 67(1 _ fge) X N¢ (8)

with o the total internal conversion coefficient for the « ray of interest, e, the detection efficiency for that v ray, fg.
(= 0.4532+0.0136) the deadtime fraction for the germanium detectors (in this case the sum of planar detectors), and
N, the flux normalization parameter for the same-energy bin. Values for a and ¢, can be found in reference [9] and
are reproduced in table IV. The internal conversion coeflicients carry an uncertainty of 6% but the uncertainty on
the conversion correction factor 1 + « is smaller and becomes negligible for o < 1. The efficiency correction, which
includes the intrinsic detector efficiency and ~y-ray attenuation, carries an uncertainty of 5-7%, depending on ~-ray
energy. Areas and deduced partial cross sections for the observed yrast lines over a sequence of neutron energy bins
from E, = 4 MeV to E, = 20 MeV are listed in table V.

A sample of v-ray fits at selected neutron energies is shown in figures 6-9 for each line of interest. Note the change in
peak area for the 7y ray of interest as a function of neutron energy. Though the «-ray spectrum for each neutron-energy
bin is fitted as a whole, the energy range around each ~-ray line presents its own difficulties in the fit and deserves
special scrutiny. A brief discussion of the fit for each of the yrast lines follows.

The 4 — 2 transition: an energy of E, = 99.993 + 2.418 keV was extracted from the fit, which despite a large
uncertainty is in good agreement with the accepted value [10] of 99.853 + 0.003 keV. The fit for this line in
particular presents the greatest challenge. Due to y-ray absorption in the 2**U sample and internal conversion,
this is the weakest of the four fitted yrast lines. The fit is also complicated by the proximity (AE.,, = 1.5 keV) of
the 4 — 2 line to the U K, x ray, the second strongest line in the entire spectrum. In addition, this transition
is flanked on either side by satellite peaks, within detector resolution. The lower-E, contaminant at E, = 99.3
keV is a known transition in the decay daughter nucleus 2*'Pa. The higher-E, contaminant at E, = 100.6 keV
is unidentified, but likely due to a fission-fragment de-excitation, based on the shape of its excitation function.

The 6 — 4 transition: the extracted energy of E, = 152.660 + 0.111 keV agrees well with the accepted value [10]
of 152.720 =+ 0.002 keV. The fit for this peak is undoubtedly the most reliable of the four discussed here. Strong
well-known peaks from ?3!Th AE.,, = 8.9 keV below and 10.7 keV above the 6 — 4 transition energy provide an
excellent calibration of the peak-shape parameters. The background in this region is linear and well-behaved.
The only possible contaminant is an E, = 151.7 keV transition in °2Zr which is easily resolved from the line of
interest.

The 8 — 6 transition: here also, the measured energy of E, = 200.961 + 0.111 keV is well within error of the
accepted value [10] of 200.97 + 0.03. While in general quite good, this fit is complicated by two independent
factors. First, the 8 — 6 transition is located AE, = 15.3 keV higher in y-ray energy than the strongest peak
in the entire spectrum, an E, = 185.7 keV transition in ?*!Th. Though these two peaks are sufficiently far
apart to be resolved, the 185.7-keV line possesses a long high-energy tail which affects the background fit in the
vicinity of the 8 — 6 peak. If that tail is not properly modeled, the fitted 8 — 6 peak area could be slightly
affected. A second difficulty in fitting this line comes from its close proximity (AE, = 1.1 keV) to an E, =
202.1 keV transition in 231 Th.

The 10 — 8 transition: the measured energy E, = 244.405 £ 2.626 keV and accepted value[10] of 244.2 & 0.5 keV
both carry large uncertainties, but agree nonetheless. The principal difficulty encountered in this fit is due
to the fact that it is most consistent with two closely-spaced peaks (AE, = 0.5 keV) at the location of the
10 — 8 transition. The reliability of this assignment will be revisited in the discussion of the analysis of the
1999 GEANIE data (section VII A 2), which was acquired with superior channel dispersion in the ADC modules.

These qualitative descriptions suggest a hierarchy in the reliability of the individual fits, with the 6 — 4 peak
modeled best, followed by the 8 — 6 peak fit, and with the 4 — 2 and 10 — 8 peak fits being the most problematic.



TABLE IV: Internal conversion coeflicients (o) and efficiencies (e} used in the analysis of the 98Thin data.
Transition o

€y

4 — 2
6—4
8 -6
10— 38

13.7(8) 0.0237(13)
2.192(132) 0.0154(10)
0.7508(450) 0.0151(8)
0.3754(225) 0.0132(6)

19
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FIG. 6: Fits for the 234U 4] — 27 transition in selected neutron-energy cuts of the GEANIE 1998 thin-target data.
The 4] — 2] peak is shaded in red. The relative fit residual is plotted on an arbitrary scale.
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FIG. 7: Fits for the 234U 6] — 47} transition in selected neutron-energy cuts of the GEANIE 1998 thin-target data.
The 6] — 47 peak is shaded in red. The relative fit residual is plotted on an arbitrary scale.
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FIG. 8: Fits for the 234U 8} — 6 transition in selected neutron-energy cuts of the GEANIE 1998 thin-target data.
The 87 — 67 peak is shaded in red. The relative fit residual is plotted on an arbitrary scale.
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FIG. 9: Fits for the 224U 107 -+ 87 transition in selected neutron-energy cuts of the GEANIE 1998 thin-target data.
The 107 — 8] peak is shaded in red. The relative fit residual is plotted on an arbitrary scale.
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The partial cross sections listed in table V are plotted and compared to GNASH predictions in figure 10. The
agreement with GNASH seems best for the 6 — 4 transition, followed in order by the 8 — 6, 4 — 2, and 10 — 8
excitation functions. Though there is clear disagreement in magnitude, the shape of the 6 — 4 and 8 — 6 measured and
predicted excitation functions agree from threshold to peak cross section. For the 4 — 2 transition, the experimental
cross section shows a rapid rise immediately after threshold, in agreement with the GNASH calculation, but appears
flatter near peak cross section than predicted. The 10 — 8 excitation function displays the most striking deviation
from GNASH calculations, in both shape and overall magnitude. The measured overall magnitude is roughly 3 times
lower than GNASH predictions and the peak cross section occurs ~ 2 MeV lower in neutron energy. It is not clear
from these data alone whether the discrepancies are due to difficulties in the data analysis, such as the ones discussed
above, or to a failing of the model. However it should be pointed out that the 10 — 8 transition is weakly populated
in both the GNASH calculation and in the GEANIE data. For example, at E,, = 14 MeV, GNASH predicts that
the 10 — 8 partial cross section represents 33.7% of the (n,2n) reaction cross section, compared to 72.3% for the
6 — 4 transition. For weak transitions such as the 10 — 8 ~-ray, small effects in the cross-section calculation become
important, and it is therefore not surprising that the agreement between theory and experiment is not as good as in
the case of the stronger lines.

The fits presented in this section, normalized using a flux deduced from the baseline-subtracted 23°U fission-foil
counts are taken as the best estimate of the partial cross sections from the 1998 GEANIE data. The remainder of this
paper is concerned with quantifying the best values and degree of reliability of the partial cross sections measured
using this technique.

TABLE V: Fitted raw (i.e. without random-TOF subtraction) areas and deduced partial v-ray cross sections for the
4 52,6 —4,8 — 6, and 10 — 8 transitions. Quoted uncertainties represent random fluctuations only. The counts
were normalized using 2%°U fission foil data with baseline subtraction.

Bin A(4T _’21") 0'4‘;4.21‘ (b) A(GT _’4;—) 0'6‘1"_.4Ir (b) A(ST "6_1‘-) 0'8”1*—»6‘1*‘ (b) A(101+ *}8:—) 0-10;*—»81‘ (b)

1 00 0.000 £ 0.000 223 £ 73 0.013 £ 0.004 177 &£ 71  0.006 + 0.002 121 £ 78 0.003 + 0.002
2 56+198 0.009 +£0.032 212 £73 0.012 £ 0.004 58 £ 70 0.002 £ 0.002 43 £ 77 0.001 + 0.002
3 3x£70 0.000 £ 0.011 237 £ 74 0.012 £+ 0.004 266 +£ 73  0.008 & 0.002 200 £ 79 0.005 £+ 0.002
4 4=x75 0.001 + 0.011 146 £ 73  0.007 £ 0.004 1 + 20 0.000 £ 0.001 0 = O 0.000 £ 0.000
5 0=X22 0.000 + 0.003 214 £ 74 0.011 £ 0.004 207 £ 73  0.006 + 0.002 0 £+ © 0.000 & 0.000
6 469 + 210 0.070 £ 0.031 318 £ 76  0.016 & 0.004 40 £ 74 0.001 £ 0.002 26 £ 80 0.001 + 0.002
7 590 £ 212 0.087 £ 0.031 231 £ 75 0.011 £ 0.004 144 + 74  0.004 + 0.002 135 + 82 0.003 £ 0.002
8 572+211 0.082 4 0.030 343 £ 78 0.016 & 0.004 27 & 69 0.001 = 0.002 0+ 1 0.000 + 0.000
9 377+ 213 0.053 £0.030 820 83 0.038 £0.004 11775 0.003 + 0.002 0 = G 0.000 £ 0.000
10 1495 + 219 0.210 &£ 0.031 2015 £ 93 0.095 &£ 0.005 677 £ 80 0.018 £ 0.002 0 £ O 0.000 =+ 0.000
11 2035 = 226 0.269 4 0.030 3350 + 104 0.148 &+ 0.005 1775 + 90 0.044 4 0.002 106 + 87 0.002 + 0.002
12 1838 + 227 0.231 £+ 0.029 4162 + 110 0.174 + 0.005 2342 &+ 96 0.055 -+ 0.002 213 + 91 0.004 + 0.002
13 2327 + 230 0.304 £ 0.030 4970 £ 114 0.216 £ 0.005 3043 & 100 0.074 & 0.003 456 X 94 0.010 £+ 0.002
14 2233 + 227 0.312 £ 0.032 5076 + 115 0.237 + 0.006 3292 + 101 0.086 + 0.003 504 + 95 0.012 £ 0.002
15 2502 + 231 0.348 &£ 0.032 5653 + 118 0.263 + 0.006 3949 -+ 106 0.102 & 0.003 700 &+ 100  0.016 = 0.002
16 2619 + 234 0.355 + 0.032 6751 + 124 0.306 &+ 0.006 5316 4+ 114 0.134 & 0.003 929 + 102  0.021 &+ 0.002
17 2686 x 233 0.371 4+ 0.032 7114 + 126 0.328 £ 0.007 5765 £ 116 0.148 4 0.003 1380 + 108 0.032 £ 0.003
18 3211 + 233 0.460 + 0.034 7726 &+ 129 0.369 £ 0.007 6491 & 120 0.173 £+ 0.004 1434 £ 109 0.035 & 0.003
19 2835 + 233 0.420 + 0.035 7833 + 129 0.387 &+ 0.008 7088 + 122 0.196 + 0.004 1788 + 112 0.045 + 0.003
20 2557 + 230 0.403 £+ 0.037 8267 + 131 0.435 £ 0.008 7661 + 124 0.225 £+ 0.004 2011 + 114 0.053 £ 0.003
21 2836 £ 231 0.461 + 0.038 8238 £ 131 0.447 £+ 0.009 7940 + 125 0.240 4+ 0.005 2065 + 114 0.056 & 0.003
22 2625 + 226 0.439 + 0.038 7022 £ 125 0.392 + 0.008 7136 £ 122 0.222 + 0.004 2054 + 114 0.058 = 0.003
23 1589 + 222 0.271 £ 0.038 4929 + 115 0.281 + 0.007 5404 & 113 0.172 £ 0.004 1833 + 112 0.053 % 0.003
24 1161 &+ 217 0.198 + 0.037 3414 £+ 106 0.194 &+ 0.006 3626 + 104 0.115 + 0.004 1185 & 105 0.034 + 0.003
25 693 £ 216 0.118 + 0.037 2361 4+ 99 0.134 + 0.006 2467 + 97 0.078 & 0.003 732 + 101  0.021 + 0.003
26 373 + 215 0.063 = 0.036 1905 £ 96 0.107 & 0.006 2076 £+ 94 0.065 £+ 0.003 472 * 98 0.013 + 0.003
27 8+ 210 0.001 £ 0.035 1708 £+ 95 0.095 £ 0.005 1694 + 92 0.052 = 0.003 429 + 99 0.012 £ 0.003
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in each case.
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B Analysis of Background-Subtracted Data

A background for the fitted y-ray spectra can be generated from a gate on the random-TOF region of the TOF
axis (i.e. before the arrival time of the y flash). Contaminant peaks are greatly reduced in the resulting background-
subtracted y-ray spectra, and the lines of interest are more easily extracted. However this procedure necessarily lowers
the overall statistics in the spectrum and increases statistical fluctuations in peak counts. As a result, fitted peak areas
from a background-subtracted spectrum are not always more reliable than those extracted from an unsubtracted spec-
trum. Nonetheless, comparison of fits to subtracted and unsubtracted spectra can accentuate the effect of contaminant
peaks and inadequate modeling of the continuum background. A comparison between fits to raw and random-TQF-
subtracted spectra in the region of the 6 — 4 peak is shown in figure 11. The background subtraction virtually
eliminates the strong contaminant peaks at E, = 143.8 and 163.4 keV produced by the decay daughter 23! Th. With
the elimination of the contaminant peaks, the 6 — 4 peak is more prominent in the background-subtracted spectrum,
however individual channels in this spectrum show a good deal of statistical fluctuation.

The individual background-subtracted TOF cuts were fitted using XGAM with the same parameters used for
unsubtracted spectra (see table I). Fitted background-subtracted areas for the yrast transitions of interest and their
corresponding partial cross sections are listed in table VI and plotted in figure 16, with their GNASH predictions.
The 2%U-foil flux normalization quoted in table II was used. The corresponding fits are shown in figures 12-15.
Background-subtracted and unsubtracted excitation functions are compared in figure 17. Only the 4 — 2 and 8 — 6
transitions appear to be affected by the background subtraction. For the 4 — 2 transition, the partial yields are
systematically increased by the background subtraction, which might indicate a reduction in contamination, while
the partial yields for the 8 — 6 are reduced by the procedure, indicating perhaps that the overall background is
underestimated in the unsubtracted fits. In either case, the error bars from subtracted and unsubtracted data overlap
and the effect of the background subtraction is small.



8000 |

6000 |

Counts

2000

1200t

1000

Counts

ZOO

4000 |

800 |
600 |
4ool

I \
'h ( WK “u!,‘ \.....‘, afdy A“ ’A uﬂ' *“‘ "A

b

140

MMWW

¥

100 160 170

£, (kev)

27

FIG. 11: Comparison of fits to a) the raw (unsubtracted) spectrum and b) the random-TOF-subtracted spectrum
corresponding to E, = 12.0 MeV in the region of the 6 — 4 peak (shaded in red).
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TABLE VI: Fitted random-TOF-subtracted areas and deduced partial y-ray cross sections for the 4 — 2, 6 — 4,
8 — 6, and 10 — 8 transitions. Quoted uncertainties represent random fluctuations only. The counts were normalized
using 23°U fission foil data with baseline subtraction.
Bin A(4'1+ —+2f) 0'41+”2T () A(ﬁf— —->4T) 0-6'1'"—44'1" (b)

ABI —61) oyt or (8 ANOS —81) 035 5 (B)

1 571206 0.010+0035 197 £ 74 0.011 £+ 0.004 63 + 72 0.002 £ 0.002 142 £ 78 0.004 + 0.002
2 394+ 209 0.065-+0034 168+ 74 0.009 + 0.004 0 + 0 6.000 £ 0.000 59 = 78 0.002 £ 0.002
3 2034211 0.046 £ 0.033 182+ 75 0.010 £0.004 113 £ 73  0.003 & 0.002 217 + 71 0.006 + 0.002
4 286211 0044 +:0.032 91 £ 73 0.005 £0004 00 0.000 £0.0000£0 0.000 £ 0.000
5 301 +£213 0.046 £0.033 16276 0.008 + 0.004 69 + 74 0.002 £00020=x1 0.000 £ 0.000
6 779+215 0117+ 0.032 25778 0.013 0004 0£0 0.000 =+ 0.000 43 £ 81 0.001 £ 0.002
7 928 4£217 0.137 £0.032 174 £ 76  0.009 & 0.004 15 £ 68 0.000 £ 0.002 152 £ 83 0.004 + 0.002
8 907 £216 0.130 £0.031 296 £ 79 0.014 - 0.004 0+ 0 0.000 £+ 0.000 0 £ 0O 0.000 =+ 0.000
9 694 +£218 (.097 £ 0.031 763 £ 8  0.036 £ 0.004 C £ 0 0.000 £ 0.000 0 £ © 0.000 <+ 0.000
10 1836 + 224 0.259 £+ 0.032 1958 £ 94 0.092 £ 0.005 505 £ 81 0.013 £0.002 0+ 1 0.000 =+ 0.000
11 2400 4 231 0.317 + 0.031 3298 £ 105 0.145 £ 0.005 1615 £ 91 0.040 4= 0.002 133 + 87 0.003 £ 0.002
12 2189 + 232 0.275 £ 0.029 4105 £ 110 0.172 £ 0.005 2169 + 96 0.051 & 0.002 240 + 92 0.005 + 0.002
13 2671 + 235 0.349 £ 0.031 4920 £ 115 0.214 £ 0.005 2831 £ 100 0.069 + 0.003 480 + 95 0.011 + 0.002
14 2569 £ 232 0.359 £ 0.033 5026 + 116 0.234 £ 0.006 3069 £ 101 0.080 £ 0.003 511 + 95 0.012 + 0.002
15 2863 = 236 0.398 £ 0.033 5601 £ 119 0.260 & 0.006 3719 £+ 106 0.096 = 0.003 712 4+ 100  0.017 £ 0.002
16 2980 + 239 0.404 = 0.033 6703 £ 125 0.303 £ 0.006 5046 + 114 0.128 £ 0.003 940 + 103  0.021 % 0.002
17 3063 £ 238 0.423 &+ 0.033 7068 & 127 0.326 + 0.007 5526 £ 116 0.142 + 0.003 1395 + 108 0.032 & 0.003
18 3559 + 238 0.509 £ 0.034 7683 + 130 0.367 + 0.007 6261 & 120 0.167 + 0.004 1448 + 109 0.035 + 0.003
19 3214 £+ 237 0476 £ 0.035 7785 £ 129 0.385 + 0.008 6850 &+ 122 0.189 £ 0.004 1810 £ 113 0.045 £ 0.003
20 2898 + 235 0.457 £ 0.037 8227 £ 132 0.433 £ 0.008 7400 £+ 124 (.217 4+ 0.004 2017 £+ 114 0.053 + 0.003
21 3196 £ 236 0.519 £ 0.039 8199 = 132 0.445 £+ 0.009 7711 £ 126 0.233 £ 0.005 2084 + 115 0.057 £ 0.003
22 2973 £ 231 0.497 £ 0.039 6980 X 126 0.390 & 0.008 6860 = 123 0.214 £ 0.004 2066 X+ 114 0.058 £ 0.003
23 1968 £ 227 0.336 £ 0.039 4887 X+ 116 0.278 & 0.007 5152 = 114 0.164 £ 0.004 1852 £ 113 0.053 4 0.003
24 1518 £ 223 0.259 £ 0.038 3366 £+ 107 0.192 £ 0.006 3389 £ 104 0.107 £ 0.003 1202 + 106 0.034 £ 0.003
25 1054 £ 221 0.179 £ 0.038 2323 £+ 100 0.132 £ 0.006 2233 £ 97 0.071 + 0.003 754 + 102  0.022 £ 0.003
26 748 + 220 0.127 £ 0.037 1856 £ 97 0.105 & 0.006 1816 = 94 0.057 + 0.003 488 + 98 0.014 £ 0.003
27 364 £ 220 0.060 £ 0.037 1673 £ 96 0.093 £ 0.005 1460 £+ 92 0.045 £ 0.003 435 & 99 0.012 £ 0.003
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FIG. 12: Fits for the 234U 4] — 2{ transition in selected neutron-energy cuts of the GEANIE 1998 background-
subtracted thin-target data. The 4} — 27 peak is shaded in red. The relative fit residual is plotted on an arbitrary

scale.
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III. ESTIMATION OF ENERGY-DEPENDENT SYSTEMATIC UNCERTAINTIES

In addition to random errors due to statistical fluctuations in the data, two sources of systematic errors have been
identified in the 23U analysis. One of these, designated as (neutron-) energy-independent uncertainty throughout this
report, can be attributed to imprecise knowledge of quantities which only affect the overall magnitude of the partial
cross sections (e.g. sample thickness, deadtimes, conversion coefficients, etc...). This class of systematic uncertainty
has been carefully quantified by McNabb in reference [9]. The other source of systematic errors, designated as
(neutron—) energy—dependent, is more difficult to define and quantify. It can be attributed in part to such factors as
beam wrap-around background in the fission chamber counts, and inadequacy of the fitting model used to extract
v-tay peak areas and will in general be different from one neutron—energy bin to the next (hence the name). Because
the wrap-around background spectrum could not be measured in this experiment, and because the choice of a fitting
model (involving details such as the number of peaks and the continuum-background shape) is ultimately subjective,
there is no direct way of assigning a value to the corresponding uncertainties.

We extract an an approximate uncertainty for the neutron flux normalization due to unaccounted for wrap-around
background by comparing the results from the 23°U (with baseline subtraction) and 238U foil data listed in tables II
and III. A standard deviation og between the two sets of values for Ny can be calculated using the formulas:

d; = Néi) (ZSSU) _ Nq(si) (235U) (9)
- 1<
d=— ; d; (10)

adgnilz[di_ﬂz ‘ (11)

If both fission foils were in perfect agreement, o4 would be zero. In this case it represents an average residual
difference between flux normalizations obtained from either the 23°U or 238U fission foil data, which we attribute to
improperly subtracted beam-wrap—around background.

The same formulas can be used to extract a systematic uncertainty for the reliability of the fit by comparing peak
areas obtained with and without random-TOF-background subtraction, as listed in tables V and VI, respectively.
The additional systematic uncertainties calculated with this procedure are summarized in table VIL.

TABLE VII: Residual systematic uncertainties for the flux normalization and fitted areas calculated using equation
11. These uncertainties are added in quadrature to the uncertainties in the flux in and individual peak areas at each
neutron energy.

Quantity od

N, (7/b)  240366.1

A4 —2h) 598

A(67 —4F) 7.8

A(8] —6}) 78.3

A(10] —81) 8.3

Several remarks are in order before proceeding further. The first concerns the terminology used. We refer in this
section to energy—dependent systematic uncertainties but quote constant (with respect to neutron—energy bins) values
in table VII for these. It is important to remember that in this case, the designation “energy—dependent systematic
uncertainty” does not refer to an underlying functional energy dependence. Rather it is meant to encompass variations
from one neutron—energy bin to the next which cannot be precisely accounted for using the available data. The values
listed in table VII approximate these variations with a single number in each case, determined from the fluctuations in
all the bins. The second remark concerns some imperfections in the procedure summarized by equations 9-11. Namely,
the procedure does not differentiate between discrepancies in the residuals d; due to the effect we are attempting to
quantify (e.g. wrap—around background for the flux normalization and inadequate fit model for the peak areas),
from simple random fluctuations due to counting statistics. As a result, the deduced systematic uncertainties are
likely slightly over-estimated. This weakness in the procedure could be only be avoided if, in the case of the flux
normalization for example, the true Ny values were known and used in equation 9. Then random and systematic
deviations from the true exact values could be separated. Finally, we clarify the necessity of dividing uncertainties
into random, systematic energy—independent and energy—dependent contributions. This decomposition is of practical
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importance, depending on how the GEANIE data are used. Whenever these data are used to extract a shape of
the partial cross sections, all neutron—energy-independent factors can be ignored, and only the energy—dependent
uncertainties need be considered, along with random fluctuations in the data. Conversely, if both magnitude and
shape of the partial y-ray cross sections are of interest, all three contributions to the uncertainty must be included.

IV. VALIDATION OF THE 1998 RESULTS WITH RESPECT TO ENERGY-DEPENDENT
UNCERTAINTIES

At this point in the report the 98Thin data set has been analyzed by four slightly different means: either raw
or random-TOF-subtracted ~-ray data, normalized to a neutron flux extracted from either 233U or 28U fission foil.
Because it carries the smallest statistical uncertainties, the raw (unsubtracted) y-ray data normalized using the 235U
foil data with baseline subtraction has been chosen as the optimal combination to extract partial y-ray cross sections
from the 98Thin measurement. In section III we extracted a systematic uncertainty for these optimal partial cross
sections, based on fluctuations in their shapes. However, as discussed in section III, these energy-dependent systematic
uncertainties can only be determined approximately. Therefore, in order to check their validity, we compare the optimal
partial cross sections to those generated from the remaining three variations on the analysis method, namely using:
i) the raw (i.e. unsubtracted) -ray data normalized to the 23U fission foil counts and the background-subtracted
data normalized to ii) the 235U fission-foil counts with baseline subtraction and iii) the 23U fission foil counts. The
differences between these four different treatments of the data are precisely those which led us to extract an additional
energy-dependent systematic uncertainty (see section IIT). The comparison between the optimal results and the other
three variations in the analysis is plotted in figure 18 for each <y ray of interest. Each panel in this figure shows the
optimal cross section for a single transition of interest, obtained from the raw y-ray data normalized to 2*°U fission-foil
counts with baseline subtraction and with both random and energy-dependent uncertainties summed in quadrature,
as a one-sigma confidence band (dotted line). Overlayed on the same panel are the partial cross sections for that
same transition obtained from the other three analysis variants (solid points). Despite fluctuations due to statistics,
changes in the spectrum due to background-subtraction, and differences in the normalization obtained from the two
fission foils, the plotted one-sigma band gives a good guideline for the variability in the data and its analysis.

In section VI, we consider the total uncertainty for the 1998 data, which must be quoted when both shape and
magnitude of the partial cross sections are of interest.
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FIG. 18: Validation of the one-sigma confidence band (dotted lines) for the combined random and energy—de'f)endent
systematic uncertainties deduced from the unsubtracted 1998 data normalized to 233U fission-foil counts with baseline
subtraction. In the legend, raw data are labeled by the symbol “dat”, subtracted data by “dat sub”, 235U-foil
normalization with baseline subtraction is denoted by “FC1 sub” and 238U-foil normalization is denoted by “FC2”.
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V. GEANIE 1998 THICK-SAMPLE DATA ANALYSIS

Additional data were acquired in 1998 using a thick (24-mil) 235U sample. The experimental details are summarized
in the box below.

run label: 98thick

log book pages: #3 pp. 229-232,275-277

run dates: 10/23/98-10/26/98 and 12/6/98-12/12/98

total run time recorded to tape: 718378 s (from 55 Hz pulser)

beam structure:

rep rate: 116 Hz (10/23/98-10/26/98), 100 Hz (12/6/98-12/12/98)
micropulse spacing: 1.8 us
beam gate length: 625 us

typical proton current: 2.5 pA

beam absorbers: 1/2” Pb + 1” borated polyethylene

sample areal density corrected for »3°U enrichment: 1.002 4 0.050 g/cm?

sample thickness: ~ 24 mil (4 laminated packages of two 3-mil foils each)

sample atomic assay: 93.2324% 23U + 5.3729% 238U + 1.1339% 234U + 0.2581% 236U
sample orientation: 251° on dial (19° with respect to beam)

sample mask: 0.030”-thick Ta foill {one on each side) 2.25" x 2.25" with 1”-diameter hole
planar-detector absorbers: none

deadtimes:

planar-data sum: 64.62 4+ 1.94 %
coaxial-data sum: 63.43 £ 1.90 %
23577 fission foil: 57.95 & 1.74 %
23877 fission foil: 59.73 + 1.79 %

average in-beam array rate: 1300 Hz (beam-gated v-or rate)

average array rate: 1845 Hz (total «y-or rate)

The same fitting model (see table I) was used for these data as for the thin-sample data analysis and was found
to produce equally good fits (see e.g. figures 19-22). Only peak heights and background polynomial coefficients were
allowed to vary. The thick-sample data have lower statistics in the (n,2n) channel for comparable thin-sample run
time for two primary reasons: i) the increased amount of material results in greater array deadtime ii) the attenuation
for those low-energy y-rays produced throughout the sample is greater. As a result, the partial cross sections deduced
from these data are less reliable than those obtained from the thin-sample data. The 4 — 2 transition is especially
difficult to fit in these data and the peak becomes too weak to observe above E,, = 14 MeV. However, a comparison
of the thin- and thick-sample data sets serves as a validation of the total experimental uncertainty, which includes
a sizeable contribution from target-related variability. Therefore, we present the analysis of unsubtracted thick-
sample GEANIE data acquired in 1998 (figures 19-22). Next, we extract partial cross sections for the observed yrast
transitions using the ***U fission foil normalizations listed in VIII. Note that the normalization parameters Ny listed
here are approximately twice those of the same-run-time thin-sample data (table II). This is due to the definition of
Ny in equation 4, which includes the sample thickness. The partial cross sections themselves can be found in table
IX and are plotted in figure 23.
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FIG. 19: Fits for the 24U 4} — 27} transition in selected neutron-energy cuts of the GEANIE 1998 thick-target data.
The 4] — 27 peak is shaded in red. The relative fit residual is plotted on an arbitrary scale.
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FIG. 20: Fits for the 234U 6] — 4] transition in selected neutron-energy cuts of the GEANIE 1998 thick-target data.
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FIG. 21: Fits for the 234U 8] — 67 transition in selected neutron-energy cuts of the GEANIE 1998 thick-target data.
The 8; — 67 peak is shaded in red. The relative fit residual is plotted on an arbitrary scale.
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TABLE VIII: Energy and neutron flux statistics calculated using equations 3-7 for 15-ns-wide TOF bins from E,, =
4 to 20 MeV, applied to the 23°U fission-foil data with a baseline subtraction.

Bin Epin (MeV) Emaz (MeV) E,, (MeV) o (MeV) Ny, Nne (n/MeV) Ny (v/b)

1 4.000 4.169 4.088 0.092 2644 £ 57 (9.132+0.201) x 10" (1.465+0.024) x 107
2 4.169 4.349 4.263 0.100 2593 + 56 (8.49040.189)x 10" (1.450-:0.024)x 107
3 4349 4.541 4.454 0.106 2664 % 57 (8.247+0.180)x 10 (1.517+0.024)x 107
4 4541 4.746 4.651 0.113 2763 + 58 (8.079+0.173)x 10 (1.6080.025)x 107
5 4.746 4.965 4.860 0.120 2805 + 58 (7.809+0.166)x 10 (1.650+0.025)x 107
6 4.965 5.200 5.090 0.129 2874 =+ 59 (7.59420.160)x 10! (1.665+0.026)x 107
7 5.200 5.452 5.334 0.141 2749 + 58 (6.8314:0.147)x 10! (1.687+0.026)x107
8 5.452 5.723 5.596 0.146 2962 + 59 (6.903%0.142)x10* (1.767+0.027)x 107
9 5723 6.014 5.871 0.161 2961 =+ 60 (6.28040.130)x 10! (1.72640.026)x 107
10 6.014 6.328 6.179 0.174 3088 + 60 (5.48540.111)x 10! (1.681%0.024)x 10"
11 6.328 6.668 6.515 0.189 3608 + 65 (5.17620.096) x 10'! (1.73240.023) x 107
12 6.668 7.036 6.864 0.199 4378 + 70 (5.252+0.088)x10** (1.85340.023)x 107
13 7.036 7.436 7.241 0.219 4831 + 74 (4.90240.078)x 10" (1.82240.021)x107
14 7.436 7.870 7.656 0.240 4632 + 72 (4.07020.066)x 10" (1.721+0.020)x 107
15 7.870 8.344 8.123 0.265 4555 + 72 (3.573£0.059)x10'! (1.662+0.020)x 107
16 8.344 8.863 8.623 0.284 4857 £+ 74 (3.460+0.055)x 10'? (1.71640.020)x 10’
17 8.863 9.431 9.158 0.312 4950 + 74 (3.23640.051)x 10" (1.711£0.020)x 107
18 9.431 10.057 9.756 0.343 4567 =+ 72 (2.73740.045)x 10! (1.64840.020)x 107
19 10.057 10.747 10.410 0.381 4240 + 69 (2.32740.039)x 10" (1.55740.019)x 10’
20 10.747 11.511 11.144 0.423 3941 4 67 (1.970+0.034)x 10 (1.465+0.018)x 107
21 11.511 12.360 11.959 0.470 4001 + 68 (1.77640.031)x 10! (1.411+0.018)x 107
22 12.360 13.307 12.859 0.523 4022 + 68 (1.48940.026)x 10" (1.37240.017)x107
23 13.307 14.369 13.871 0.591 4193 + 69 (1.28240.021)x 10" (1.328+0.016)x107
24 14.369 15.564 15.020 0.662 4340 % 70 (1.145+0.019)x 10*! (1.32840.016)x 107
25 15.564 16.916 16.302 0.748 4595 + 72 (1.07620.018)x 10" (1.35240.016)x 107
26 16.916 18.453 17.764 0.860 4283 + 70 (9.141+0.158)x10*° (1.37140.017)x 107
27 18.453 20.213 19.422 0.967 4381 + 70 (8.507+0.193)x10'° (1.41840.023)x 10"
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TABLE IX: Fitted raw areas and deduced partial y-ray cross sections for the 4 — 2,6 — 4, 8 — 6, and 10 — 8
transitions. Quoted uncertainties represent random fluctuations only. The counts were normalized using 235_U fission

foil data with baseline subtractioqr. . . v s
Bin A(4;r HQT} Gat oot (b) A(6] —4) Tot —at (®) A8y —67) Tgt 6t (b) A(107 —87) 910} -8} (b)

1 0£0 0.000 £ 0.000 85 + 73 0.005 + 0.005 65 + 77 0002+ 00020x£0 0.000 + 0.000
2 0x0 0.000 £+ 0.000 274 £ 75  0.018 £ 0.005 92 &+ 77 0.003 + 0.002 38 = 89 0.001 =+ 0.002
3 0x2 0.000 £ 0.000 125 £ 74 0.008 =0.005 17 £ 71 0.000 £ 0.002 53 + 90 0.001 £ 0.002
4 0%0 0.000 & 0.000 39 £ 74 0.002 4+ 0.004 111 £ 78  0.003 &+ 0.002 46 = 90 0.001 £ 0.002
5 24+£191 0.004 £0.030 137 £ 76 0.008 +0.004 78 £ 79 0.002 £ 0.002 6 £ 0 0.000 £ 0.000
6 00 0.000 £ 0.000 164 £ 77  0.009 + 0.004 191 =80 0.005 £ 0.002 0 £ 0 0.000 £ 0.000
7 182 + 228 0.028 £ 0.035 76 = 76 0.004 £ 0.004 94 + 80 0.002 £ 0.002 15 £+ 92 0.000 + 0.002
8 0£1 0.000 £ 0.000 263 £ 79  0.014 * 0.004 85 £ 80 0.002 &+ 0.002 85 £ 95 0.002 £ 0.002
3 0%0 0.000 £ 0.000 661 + 84  0.036 + 0.005 94 + 81 0.002 - 6.002 0 = 0O 0.000 + 0.000
10 870 £ 236 0.133 4 0.036 1508 & 92 0.083 + 0.005 664 £ 86  0.017 & 0.002 62 + 94 0.001 + 0.002
11 1011 + 242 0.150 + 0.036 2750 £ 101 0.148 + 0.006 1695 = 95 0.043 + 0.002 248 + 100  0.005 + 0.002
12 1252 + 245 0.174 + 0.034 3354 & 106 0.168 £ 0.006 2416 + 101 0.057 £ 0.002 348 &+ 102  0.007 + 0.002
13 852 &+ 244 0.120 £ 0.034 3714 &= 109 0.190 £ 0.006 2771 £ 103 0.067 £ 0.003 447 = 106  0.009 X 0.002
14 1072 £ 242 0.160 £ 0.036 3954 £ 110 0.214 4 0.006 3205 + 105 0.082 + 0.003 694 £ 107  0.015 &+ 0.002
15 1148 + 245 0.177 &£ 0.038 4425 + 113 0.248 £ 0.007 3678 =+ 109 0.097 £ 0.003 655 & 109  0.014 + 0.002
16 1711 + 249 0.256 £ 0.037 5228 £ 117 0.283 £ 0.007 4693 £+ 115 0.120 £ 0.003 1127 £ 115 0.024 £ 0.002
17 1132 + 246 0.170 £ 0.037 5620 £ 119 0.305 £ 0.007 5113 &+ 117 0.131 £ 0.003 1059 + 115 0.022 £ 0.002
18 1730 &+ 247 0.270 £ 0.039 5672 £+ 120 0.320 + 0.008 5878 £ 120 0.157 £ 0.004 1582 + 120 0.035 £ 0.003
19 1765 £+ 244 0.291 + 0.040 6103 X+ 121 0.365 + 0.008 6283 £ 122 0.178 £ 0.004 1773 &+ 122 0.041 + 0.003
20 1999 + 246 0.351 = 0.043 6071 £ 121 0.386 = 0.009 6498 + 123 0.195 £ 0.004 2136 + 124 0.053 £ 0.003
21 1725 + 243 0.314 £ 0.044 6078 £ 121 0.401 & 0.609 6845 + 124 0.213 + 0.005 2068 + 123 0.053 £ 0.003
22 1552 + 241 0.291 +£ 0.045 5278 £+ 117 0.358 £ 0.009 6245 & 121 0.200 £ 0.005 2288 + 125 0.060 + 0.003
23 515+ 238 0.100 £ 0.046 3721 £ 108 0.261 £ 0.008 4805 & 115 0.159 + 0.004 1584 + 120 0.043 £ 0.003
24 10 4+ 223  0.002 £ 0.043 2652 £+ 101 0.186 £ 0.007 3238 &+ 107 0.107 £ 0.004 1213 + 115 0.033 + 0.003
25 1£19 0.000 £ 0.004 1769 £ 96 0.122 &£ 0.007 2048 + 100 0.067 £ 0.003 823 + 112 0.022 £ 0.003
26 02 0.000 £ 0.000 1526 = 94 0.103 £ 0.007 1587 + 96 0.051 + 0.003 462 + 109  0.012 £ 0.003
27 00 0.000 £+ 0.000 1234 £+ 92 0.081 & 0.006 1450 + 96 0.045 + 0.003 368 + 109  0.009 + 0.003
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FIG. 23: Excitation functions for the 24U a) 47 — 2{, b) 6] — 4}, ¢) 87 — 6] and d) 10 — 8 transitions,

constructed from the GEANIE 1998 thick-target data. Only statistical errors are included. Fission-chamber data
from the 235U foil with a flat baseline subtraction were used to generate these yields. The detector efficiency used is

quoted in each case.
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VI. VALIDATION OF THE 1998 RESULTS WITH RESPECT TO TOTAL UNCERTAINTIES

Deviations between thin- and thick-sample-deduced partial cross sections can be used as a check of the total
experimental uncertainty (i.e. arising from random, energy-dependent systematic and energy-independent systematic
variability). The random uncertainties are obtained in the usual manner [15] from the error matrix in the fits,
the energy-dependent systematic uncertainties discussed in section III of this report, and the energy-independent
systematic uncertainties quantified in reference [9]. We plot in figure 24 the thick-sample-deduced partial cross
sections (solid points) against the total-uncertainty one-sigma confidence band (dotted lines) constructed from the
unsubtracted thin-sample data normalized to the 2*>U fission-foil counts, with the mentioned uncertainty contributions
summed in quadrature. In general, the data points fall within the band, with the exception of the 4 — 2 yields. As was
noted noted above, the 4 — 2 peak in the thick-sample data is below the threshold of what can be reliably extracted
by spectroscopic analysis. This can be clearly seen in the lack of smooth behavior in the excitation function, compared
to the other three plots in figure 23. It should alsc be noted that the thick-sample data in figure 24 are consistently
low within the one-sigma band. This systematic effect can be attributed to several causes. First there is sizeable
uncertainty in the 23°U samples used in the 1998 experiments (about 7.1% for the thin sample and 5.0% for the
thick sample). An under—estimation of the thin-sample thickness or over—estimation of the thick—sample thickness
can account for some of the discrepancy. Second, a comparison of the fitted regions between the thin—sample data
(figures 6-9) and thick—sample data (figures 19-22) suggests that the background height in the 98 Thick data analysis
may be slightly over-estimated. However, only the 98Thin and 99Thin data sets are used in the final determination
of partial cross sections. The backgrounds used for the XGAM fits of the 98Thin and 99Thin data are discussed in
greater detail in appendix F, and are believed to be more accurate than those used in the 98Thick data fits.

The inclusion of uncertainty from neutron-energy-independent factors increases the total uncertainty of partial
cross sections extracted from the 1998 data by =~ 10% in quadrature (see [9]). However, this additional contribution
is necessary when both magnitude and shape of the excitation functions are of concern.
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the symbol “FC1 sub” refers to normalization using the 233U fission foil with baseline subtraction.
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VIIL. GEANIE 1999 DATA ANALYSIS

run label: 99thin

log book pages: #4 pp. 112-121, 128-130

run dates: 11/15/99-11/22/99 and 12/4/99-12/5/99

total run time recored to tape: 641737 s (from 455 Hz pulser)
beam structure:

rep rate: 115-119 Hz
micropulse spacing: 1.8 us

beam gate length: 725 us
typical proton current: 5.4 pA
beam absorbers: 1/2" Pb + 1” borated polyethylene
sample areal density corrected for ?**U enrichment: 0.4494 + 0.0025 g/cm?
sample thickness: =~ 12 mil (2 laminated packages of two 3-mil foils each)
sample atomic assay: 93.2324% 235U + 5.3729% 238U + 1.1339% 234U + 0.2581% 236U
sample orientation: 251° on dial (19° with respect to beam)
sample mask: none
planar-detector absorbers: 20-mil Mo
deadtimes:

planar-data sum: 71.18 - 2.13 %
coaxial-data sum: 73.75 &+ 2.21 %
2385 fission foil: 65.68 + 1.97 %
2387 fission foil: 63.31 + 1.90 %

A B5U(n,2n) Analysis
1 Partial Cross Section Fuvaluation

The analysis of 1999 n+235U GEANIE data is discussed in this section. Due to a combination of factors including
higher deadtime and shorter run time, statistics in the (n,2n) yrast - rays are lower in this case than in the 1998
thin-sample data. The 6 — 4 transition in the E,, = 5-20 MeV range, for example, only has =~ 75% of the statistics of
the 1998 data. The 1999 data were acquired using 16k ADC modules. In order to take full advantage of the improved
dispersion, the y-ray fits have been carried out using XGAM with the uncompressed 16k spectra. As with the 1998
analysis, data from all the planar detectors has been summed to obtain adequate statistics, and analyzed using the
algorithm described in section II A. The pertinent fitting parameters are listed in table X. The corresponding 7y-ray
fits at select neutron energies are shown in figures 25-28. Neutron fluxes extracted using the 235U (with baseline
subtraction) and #*®U (without baseline subtraction) fission foils, are listed in tables XI and XII respectively, and the
deduced partial y-ray cross sections obtained using the 23%U fission foil for normalization are quoted in table XIII
and plotted in figure 29. Note that the neutron flux (N,) listed in table XI is approximately twice that listed in
table II for the “98thin” data. The higher value is due primarily to the roughly twofold increase in beam current.
That advantage is canceled out however by increased deadtime. The increased dispersion in fitting 16k rather than 8k
spectra is helpful in resolving closely-spaced peaks. This improvement however comes at the price of reduced statistics
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in individual spectrum channels for the same total counts in a peak. As a result, weak peaks, such as the 4 — 2
line, will suffer from greater fluctuations, and residual counts may be observed for a line, even below its cross-section
threshold. These effects can be seen in the 4 — 2 excitation function over its entire range and in the 8§ — 6 excn:atlon
function below threshold.

TABLE X: Fit Parameters used in XGAM for the 1999 GEANIE data [6]. The variable z refers to the y-ray spectrum
channel number, where each channel corresponds to 0.125 keV.

parameter value

fitted range 1380-15900 (ch), 86-994 (keV)
background polynomial order 18

peak width (ch) = \/ 92.33 + 34.92:&; + 2.258 (ﬁ)2
x-ray width parameter (ch) I = —3.707 4 2.777 x 107%z
high-energy tail (ch) R), = 5.964, 8r, = 24.459

Gaussian asymmetry (ch) p3 =6.145 x 107% +2.131 x 10~ %z
pa=4.749 x 1077 +4.921 x 10—10

Compton step (ch) S =1.068x10"2 7276 x 107"
x-ray peaks 18

~-ray peaks 410

neutron bumps 3

x2/v for E,=5-20 MeV 1.29
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FIG. 25: Fits for the 234U 47 — 27} transition in selected neutron-energy cuts of the GEANIE 1999 data. The
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FIG. 26: Fits for the 234U 6 — 47 transition in selected neutron-energy cuts of the GEANIE 1999 data. The
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TABLE XI: Energy and neutron flux statistics calculated using equations 3-7 for 15-ns-wide TOF bins from E, = 4
to 20 MeV, applied to the 235U fission-foil data with a baseline subtraction.

Bin Emin (MeV) Emaz (MeV) E, (MeV) op (MeV) Ny, Nye (n/MeV) Ny (v/b)

1 4.000 4.169 4.089 0.092 4271 + 71 (1.807£0.031) x10™ (1.31240.017)x 10"
2 4.169 4.349 4.264 0.100 4342 + 72 (1.7410.030) x10'2 (1.328+0.017)x 10"
3 4349 4.541 4.452 0.105 4424 + 72 (1.678+0.029)x10'? (1.39740.017)x 107
4 4541 4.746 4.648 0.113 4537 % 73 (1.626+0.027)x10'? (1.432+0.018)x 107
5  4.746 4.965 4.862 0.121 4471 + 72 (1.52440.026)x10'? (1.459:0.018) x 107
6 4.965 5.200 5.089 0.129 4723 £ 74 (1.52940.025)x 10" (1.491+0.018)x 107
7 5200 5.452 5.332 0.140 4411 + 72 (1.34340.023) x 10*? (1.493+0.018) x 107
8 5.452 5.723 5.504 0.149 4486 % 73 (1.283+0.022)x 10'? (1.507+0.018) x 107
9 5723 6.014 5.879 0.160 4894 + 76 (1.27040.021)x10*? (1.542+0.018)x107
10 6.014 6.328 6.181 0.175 5235 + 78 (1.13940.018)x 10'* (1.570+0.018)x 107
11 6.328 6.668 6.513 0.186 6380 £ 85 (1.122+0.016)x10'* (1.64640.017)x 107
12 6.668 7.036 6.859 0.200 7184 + 89 (1.05740.014)x 10 (1.684:0.016)x 107
13 7.036 7.436 7.236 0.220 7654 £ 92 (9.530£0.123)x 10" (1.586+0.015)x 107
14 7.436 7.870 7.662 0.243 7208 £+ 89 (7.75240.103) x 10" (1.48540.014)x 107
15 7.870 8.344 8.126 0.262 7635 + 92 (7.33440.095)x 10" (1.50040.014)x 107
16 8.344 8.863 8.619 0.284 7837 + 93 (6.84140.087)x 10" (1.5344-0.014) % 107
17 8.863 9.431 9.159 0.312 7929 + 93 (6.348+0.080)x 10" (1.5074:0.014)x 107
18 9.431 10.057 9.756 0.346 7208 + 89 (5.295+0.070)x 10! (1.4454+0.014)x107
19 10.057 10.747 10.414 0.379 6929 + 88 (4.65740.062)x 10" (1.388+0.013)x 107
20 10.747 11.511 11.143 0.424 6421 + 85 (3.93140.054) x 10! (1.312+0.013)x 107
21 11.511 12.360 11.959 0.471 6497 + 85 (3.53640.048)x 10! (1.26340.013)x 107
22 12.360 13.307 12.862 0.522 6678 + 86 (3.028:0.040)x10*" (1.239:£0.012) x 107
23 13.307 14.369 13.874 0.589 6993 + 88 (2.62040.034)x 10" (1.209+0.011)x 107
24 14.369 15.564 15.017 0.664 7101 £ 89 {2.29840.030)x 10! (1.205:£0.011) x 107
25 15.564 16.916 16.208 0.749 7556 + 91 (2.17040.028)x 10'* (1.21740.012)x 107
26 16.916 18.453 17.766 0.857 7066 + 89 (1.847+0.026)x 10" (1.23440.012)x107

27 18.453 20.213 19.413  0.967 7062 + 89 (1.684-0.034)x 10! (1.266+0.018) x 107




95

TABLE XII: Energy and neutron flux statistics calculated using equations 3-7 for 15-ns-wide TOF bins from E,, = 4

to 20 MeV, applied to the 233U fission-foil data.

Bin Emin (MeV) Eper (MeV) E, (MeV) og (MeV) Ny,

Ny (n/MeV) Ny (7/b)

1 4.000 4.169 4.088 0.092
2 4169 4.349 4.263 0.100
3 4349 4.541 4.451 0.106
4 4541 4.746 4.649 0.112
5 4.746 4.965 4.861 0.122
6 4.965 5.200 5.091 0.128
7 5.200 5.452 5.330 0.139
8 5.452 5.723 5.596 0.150
9 5.723 6.014 5.875 0.160
10 6.014 6.328 6.181 0.175
11 6.328 6.668 6.509 0.187
12 6.668 7.036 6.861 0.201
13 7.036 7.436 7.239 0.220
14 7.436 7.870 7.661 0.242
15 T7.870 8.344 8.125 0.262
16 8.344 8.863 8.618 0.284
17 8.863 9.431 9.155 0.312
18 9.431 10.057 9.759 0.347
19 10.067 10.747 10.418 0.379
20 10.747 11.511 11.141 0.421
21 11.511 12.360 11.961 0.470
22 12.360 13.307 12.863 0.524
23 13.307 14.369 13.882 0.590
24 14.369 15.564 15.012 0.657
25 15.564 16.916 16.291 0.756
26 16.916 18.453 17.797 0.877
27 18.453 20.213 10.424 0.913

2360 + 49 (1.910+0.044)x 102 (1.3311:0.023)x10" .

2213 + 47 (1.678:£0.039)x10'? (1.323+0.022)x107
2276 + 48 (1.621+0.038)x 10'2 (1.3562:0.023)x 107
2346 + 48 (1.572+0.036)x 102 (1.392+0.023)x 107
2410 + 49 (1.52240.034)x10'? (1.410+0.023)x 107
2427 + 49 (1.43840.033)x10'2 (1.464+0.024) x 107
2478 + 50 (1.361+0.031)x10'? (1.474+0.024)x 10"
2524 + 50 (1.26440.028)x10'? (1.469+0.024) x 107
2688 + 52 (1.18340.026)x10%? (1.49340.024)x 107
3085 + 56 (1.093+0.023) x10™% (1.495+0.022) x 107
3862 + 62 (1.04840.020)x10'? (1.538+0.021)x 107
4590 + 68 (1.026+0.018) x 10" (1.56140.021)x 107
4419 + 66 (8.65840.156)x 10! (1.504+0.020)x 107
4272 + 65 (7.504£0.137)x 10" (1.42440.019)x 107
4322 + 66 (6.904+0.125)x10** (1.423+0.019)x 107
4587 + 68 (6.67040.118)x 10! (1.44340.019)x107
4296 + 66 (5.715+0.104) x10** (1.397+0.018)x 107
3993 + 63 (4.862+0.090)x 10! (1.334+0.018) %107
4012 + 63 (4.45040.082)x 10" (1.3044-0.018) x107

3787 4 62 (3.8010.072)x 10 (1.24940.017) x107

3614 + 60 (3.256+£0.062)x 10! (1.196::0.017) %107
3628 + 60 (2.87440.055)x 10" (1.17540.016)x 107
4052 + 64 (2.598+0.047)x 10" (1.16540.015)x 107
4297 + 66 (2.272+0.041)x10*! (1.17540.015)x 107
4423 + 67 (1.95920.036)x10*! (1.15440.015)x 107
4652 & 68 (1.8150.033) x 10! (1.188+0.018)x 107
4840 + 70 (1.848+0.115)x10* (1.340+0.063)x 10"
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TABLE XIII: Fitted raw areas and deduced partial y-ray cross sections for the 4 — 2, 6 — 4, 8 — 6, and 10 — 8
transitions. Quoted uncertainties represent random fluctuations only. The counts were normalized using **U fission

foil data with baseline subtraction.

Bin A(4;l+ _'2;.) 0'4:r_.2‘1* (b) A(GIL _’4;-) 0'51”%4‘1"(6) A(ST _'6-1‘-) Ugf'_,sf (b) A(IOT _’8-1'-) 0—101‘*'_,32' (b)

1 583 +143 0.157 £0.039 166 =78 0.011 +0.005 639 £ 87 0.021 £ 0.003 0% 0 0.000 £ 0.000
2 540 £ 147 0.144 £ 0.039 62 £ 78 0.004 + 0.005 813 £ 89  0.027 £+ 0.003 29 + 87 0.001 £ 0.003
3 6324151 0.160 +0.038 172 £79 0.010 = 0.005 712 + 89  0.022 X+ 0.003 21 + 86 0.001 + 0.002
4 557 £ 152 0.138 £0.038 213 £ 81  0.012 £ 0.005 787 £ 90  0.024 + 0.003 156 + 90 0.004 + 0.002
5 469 +£ 152 0.114 + 0.037 36 = 74 0.002 £ 0.004 913 £ 92  0.027 £+ 0.003 172 £ 90 0.005 + 0.002
6 394 £ 152 0.093 £ 0.036 0 £ 9 0.000 £ 0.001 856 & 92  0.025 + 0.003 192 + 93 0.005 + 0.002
7 645+ 151 0.153 £0.036 0% 1 0.000 £ 0.000 708 + 92  0.021 £ 0.003 138 + 93 0.004 £ 0.002
8 492 £150 0.115 £ 0.035 23 £ 83 0.001 £ 0.005 654 =92  0.019 £+ 0.003 13 + 92 0.000 £ 0.002
9 832+153 0.191 +0.035 439 £ 89 0.024 £ 0.005 804 &= 94  0.023 &+ 0.003 27 + 93 0.001 £ 0.002
10 1319 + 154 0.297 &+ 0.035 1467 £ 98 0.078 £ 0.005 1308 = 97 0.036 £+ 0.003 3 + 53 0.000 £ 0.001
11 1841 + 158 0.395 & 0.034 2572 £ 106 0.130 & 0.006 1941 + 103 0.052 £+ 0.003 155 & 97 0.004 + 0.002
12 1892 + 160 0.397 £ 0.034 3414 + 112 0.169 £ 0.006 2711 £ 109 0.070 + 0.003 331 + 100  0.008 4 0.002
13 1552 + 158 0.346 £ 0.035 3735 + 113 0.196 + 0.006 3023 + 111 0.083 £ 0.003 298 4 99 6.007 £ 0.002
14 1741 £+ 157 0.414 £ 0.038 3779 £ 112 0.212 + 0.007 3367 £+ 112 0.099 + 0.003 704 + 102  0.018 + 0.003
15 1890 + 159 0.445 + 0.038 4633 & 118 0.257 & 0.007 3906 + 116 0.114 + 0.004 971 £ 105  0.025 + 0.003
16 2067 £ 160 0.476 £ 0.037 5057 + 121 0.274 + 0.007 4735 £ 121 0.135 4 0.004 1198 + 108 0.030 + 0.003
17 2314 + 161 0.543 + 0.038 5597 £+ 122 0.309 + 0.007 5336 + 124 0.155 + 0.004 1597 4+ 111 0.041 + 0.003
18 2175 £ 159 0.532 £ 0.039 5845 + 123 0.336 £ 0.008 5784 £ 126 0.175 £ 0.004 1594 + 112 0.043 =+ 0.003
19 2163 £ 159 0.551 £ 0.041 6227 = 124 0.373 X 0.008 6337 £ 127 0.200 + 0.004 2160 % 114 0.060 + 0.003
20 2097 £ 157 0.565 £ 0.043 6353 & 125 0.403 % 0.009 6645 = 128 0.221 £ 0.005 2621 + 117 0.077 + 0.004
21 2278 + 159 0.638 & 0.045 6191 £ 125 0.408 £ 0.009 7059 £+ 129 0.244 + 0.005 2575 + 117 0.079 =+ 0.004
22 2133 £ 158 0.609 £ 0.045 5350 4 122 0.359 £ 0.009 6566 + 127 0.232 £+ 0.005 2421 + 115 0.076 + 0.004
23 1285 + 152 0.376 + 0.045 4080 £ 116 0.281 & 0.008 5073 £ 120 0.183 4 0.005 1943 £ 111 0.062 + 0.004
24 940 + 149 0.276 £ 0.044 2824 £+ 109 0.195 £ 0.008 3560 + 113 0.129 + 0.004 1395 + 107 0.045 * 0.003
25 992 + 148 0.288 + 0.043 2087 £+ 104 0.143 £ 0.007 2471 £ 107 0.089 + 0.004 943 + 104  0.030 £ 0.003
26 529 + 144 0.151 £ 0.041 1431 £+ 100 0.096 £ 0.007 2153 + 105 0.076 4+ 0.004 695 £ 102  0.022 &+ 0.003
27 812 + 147 0.227 £ 0.041 1150 £ 99 0.076 & 0.007 1834 &+ 104 0.063 £+ 0.004 610 + 103  0.019 £ 0.003
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FIG. 29: a)-d): Excitation functions for the 234U 41 — 27, 67 — 4}, 87 — 6] and 10} — 8] transitions, constructed
from the GEANIE 1999 data. Only statistical errors are included. Fission-chamber data from the ?3°U foil with a
flat baseline subtraction was used to generate these yields. The detector efficiency used is quoted in each case.
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2 The Case of the 10 - 8 Transition

A special concern arises for the 10 — 8 transition. In both 1998 and 1999 GEANIE data sets, the 10 — 8 line has
been fitted as a member of a pair of lines separated by less than the detector resolution FWHM. Centroid ~y-ray energies
of 243.9 and 244 .4 keV were obtained in the 1998 fits for the two members of the doublet, with large uncertainties of 2.8
and 2.6 keV, respectively. Both these energies agree with the accepted [10] energy of 244.2 + 0.5 keV for this transition.
We have identified the higher-energy member of the doublet as the 10 — 8 transition, in part because its centroid
energy is slightly closer to the accepted energy, but mostly because its excitation function shows the expected behavior
near threshold (the excitation function for the 243.9-keV line remains well above zero below threshold, whereas the
244.4 keV line’s yield vanishes below threshold). However it must be pointed out that the excitation functions for
both lines in the doublet have generally similar shapes, which might indicate cross-contamination between the two
peaks in the fitting.

In this section, we present the evidence in support of a two-peak fit for the feature near 244 keV, and extract an
upper bound for the 10 —» 8 partial cross section. In order to investigate the nature of this peak, we show in figure
30 the fits in the region of the peak in the 1999 GEANIE data assuming i) that the peak is a doublet (panel a), ii)
that the peak is a single line with its width calculated from the fit to the entire spectrum- an listed in table X (panel
b), and iii) that the peak is a singlet whose width must be fit separately and independently of the remainder of the
spectrum (panel ¢). A comparison of residuals in figure 30 a) and b) shows that if the peak width obtained from
fitting peaks across the entire range of the spectrum with a well- known ~-ray energy dependence is accurate, then
the two-peak model is the correct one. However, the proximity of these two peaks means that some contamination
of the partial cross section plotted for the 244.4-keV line is to be expected. An upper bound for this cross section is
obtained by allowing the peak width in the one-peak fit to vary freely (figure 30c), and extracting yields at individual
neutron energies using this new fitting model as a template. It was necessary to allow the peak width to increase from
16.2 channels (or 1.014 keV) to 20.3 channels (1.269 keV) in order to fit the 244-keV peak as a single line, an increase
of ~ 25%. Furthermore, the strongest y ray in the spectrum, a transition in the a-decay daughter 2*'Th, can be
found nearby at E., = 185.7 keV, and is expected to be a single line with no significant contamination. Therefore, the
width extracted from that line should be very accurate. The 10 — 8 transition energy is only =~ 58 keV higher and,
according to the width function in table X, an increase of only 10.4% in peak width is expected from E,, = 185.7 keV
to E, = 244.2 keV. Instead, a 38.1% increase was needed for a one-peak fit. In light of this excessive requirement, we
favor the two-peak model fit for the 10 — 8 transition.

The excitation functions corresponding to the fits in figure 30 a) and ¢) are compared in figure 31. The upper limit
cross section given by the one-peak-fit is only modestly higher (= 25% at peak cross section) than the two-peak-fit
cross section. Yet even this upper limit is over-estimated by GNASH by a factor of =~ 1.7. We quote in this report the
cross section obtained from the two-peak fit as the best estimate of the 10 — 8 partial cross section, with the caveats
discussed here.
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FIG. 30: Fits of the 244-keV peak assuming: a) a pair of lines, b) a single line with peak width determined from the
global spectrum fit, and c) a single line with locally-fit peak width. The relative residual spectrum is plotted on an

arbitrary scale.
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FIG. 31: Partial cross sections constructed from the one-peak and two-peak fits, compared with the GNASH prediction.
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B 5®Fe(n,n’) Analysis
1 Partial Cross Section Evaluation

The 1999 GEANIE data provide an independent verification of the procedure used to extract partial cross sections
from the y-ray data. The experiment was carried out with four 2-mil "**Fe foils, two on either side of the 235U sample,
with a total areal density of 0.164 g/cm?, and with an enrichment in the %6Fe isotope of 91.8%. Therefore a partial
cross section could be extracted for the 846.8-keV 2 — 0 transition in 56Fe, and compared to an accepted experimental
standard [18] of 785 + 48 mb at E, = 14.5 MeV.

The 846.8-keV line is located on top of the 847-keV neutron bump, caused by the de-excitation of recoiling "®Ge
nuclei inside the detectors. The functional form provided in XGAM [6] to model neutron bumps was used to obtain’
an accurate fit to the *6Fe 2 — 0 peak, otherwise the fit parameters are those listed in table X. A sample of fits at
select neutron energies is displayed in figure 32. The residual spectrum for each fit attests to the quality of that fit.
In fact, the fit of the 846.8-keV line shows a smaller residual than the surrounding region; this is due to the large
peak—to—background-height ratio for this peak: at E, = 6.2 MeV, this ratio is = 21.4 and is still as high as = 6.5 at
E, = 16.3 MeV.

Angular—distribution effects were examined for the 846.8-keV transition using the code AVALANCHE (see section
XI) and found to produce a less than 1% correction to the observed excitation function. Therefore, no correction for
angular—distribution effects was necessary for this line in the E,, = 4-20 MeV range.

The deduced partial cross section can be found in table XIV which lists results using both fission-foil normalizations.
The corresponding cross-section plots are displayed in figures 33 and 34 for 225U and 238U fission-foil normalizations
respectively. The standard cross section for the *°Fe 2 — 0 transition at E, = 14.5 MeV is also shown, and the
agreement between the GEANIE data and the standard value is clearly excellent.
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FIG. 32: Fits for the %Fe 2} — 0 transition in selected neutron-energy cuts of the GEANIE 1999 data. The
2} — 07 peak is shaded in red. The relative fit residual is plotted on an arbitrary scale.
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TABLE XIV: Fitted raw areas and deduced partial 4-ray cross sections for the 2 — 0 transition in *6Fe using both
235U (denoted by “FC1 sub”) and ?**U (denoted by “FC2”) fission-foil normalizations. Quoted uncertainties represent

random fluctuations only.
Bin A(?T —’0-1‘-) ngﬁ‘of (b)
(from FC1 sub) (from FC2)

5t ot (b)

GO~ O UL W

24840 + 190
24310 £+ 185
24500 + 189
27040 £ 197
28180 £ 200
29580 £ 201
29540 £ 201
30140 £ 203
30790 £ 205
29820 + 206
30900 £ 208
31050 £ 209
29840 + 205
26970 £+ 196
27070 £ 196
27350 £ 197
25870 £ 192
25030 £+ 189
24150 + 185
22860 £ 181
20700 £ 173
17770 + 163
13740 + 146
9985 £ 131

7475 £ 117

5963 + 110

5107 £+ 105

1.526 & 0.023
1.475 + 0.022
1.412 + 0.021
1.521 + 0.022
1.556 + 0.022
1.598 + 0.022
1.594 + 0.022
1.611 + 0.023
1.609 + 0.022
1.531 + 0.020
1.512 + 0.019
1.486 4 0.017
1.516 + 0.018
1.464 + 0.018
1.454 £ 0.017
1.436 + 0.017
1.383 £ 0.017
1.395 + 0.017
1.402 + 0.017
1.403 + 0.018
1.321 + 0.017
1.156 + 0.015
0.915 + 0.013
0.668 + 0.011
0.495 + 0.009
0.389 + 0.008
0.325 + 0.008

1.504 £ 0.028
1.481 + 0.027
1.455 £ 0.027
1.566 £ 0.028
1.610 £ 0.029
1.628 + 0.029
1.615 £ 0.029
1.652 £ 0.029
1.662 + 0.028
1.607 £ 0.026
1.618 £ 0.025
1.603 + 0.024
1.599 + 0.024
1.526 £ 0.023
1.532 £ 0.023
1.527 + 0.023
1.492 £ 0.023
1.511 =+ 0.023
1.492 4 0.023
1.474 + 0.023
1.395 £ 0.023
1.219 £ 0.020
0.950 £ 0.016
0.685 = 0.013
0.522 £ 0.011
0.404 £ 0.010
0.307 + 0.016
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FIG. 33: Comparison of the 36Fe(n,n’) 2§ — 0] partial cross section extracted from the GEANIE 1999 data without
background subtraction to the evaluated standard at E,, = 14.5 MeV. Data are flux-normalized using the 23°U fission
foil with full baseline subtraction. The detector efficiency used is quoted in the legend.
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FIG. 34: Comparison of the 56Fe(n,n’) 2} — 0} partial cross section extracted from the GEANIE 1999 data without
background subtraction to the evaluated standard at E, = 14.5 MeV. Data are flux-normalized using the 238U fission

foil without baseline subtraction. The detector efficiency used is quoted in the legend.
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VIII. ESTIMATION OF ENERGY-DEPENDENT SYSTEMATIC UNCERTAINTIES

The procedure described in section III to calculate energy-dependent systematic uncertainties is applied to the
1999 GEANIE data. As in the 98Thin analysis, these systematic uncertainties are attributed to unaccounted—for
beam—wrap-around background in the flux normalization data, and inadequacies in the y-ray fitting model used to
extract peak areas (e.g. incorrect treatment of the continuum background around the peak, missing or spurious peaks,
etc ...). Here as well, these uncertainties are approximated by comparing 2**U- and 23¥U-fission—foil data, and by
comparing random—TOF-background subtracted and unsubtracted v-ray data. A residual standard deviation oy is
calculated for each quantity using equations 9-11. The results are shown in table XV which shows o4 for the flux
normalization Ny, for the measured peak areas in the >3>U(n,2n)?*4U channel, and for the measured 27 — 0] peak
area for the *6Fe foil.

TABLE XV: Residual systematic uncertainties for the flux normalization and fitted areas calculated using equation
11. These uncertainties are added in quadrature to the uncertainties in the flux in and individual peak areas at each
neutron energy.

Quantity od

N, (7/b) 4129143

24y A(4f —2t) 257

Py A6 —4) 118

24 A(8T —6F) 9.9

24U A(10f —81) 3.0

5Fe A(2F —0F) 111

As with the 98Thin data, we take the raw (i.e. not random~TOF subtracted) data, normalized to the 23>U-fission-
foil flux with baseline subtraction as the best 1999 data, and the sum in quadrature of random and energy-dependent
systematic uncertainties determined here as the corresponding uncertainties on the excitation function shape. These
“shape” uncertainties are tested in section IX and the corresponding total uncertainties, which include additional

systematic uncertainties on neutron—energy—independent factors (e.g. target thickness, etc ...) are discussed in section
X.

IX. VALIDATION OF THE 1999 RESULTS WITH RESPECT TO ENERGY-DEPENDENT
UNCERTAINTIES

We verify the deduced energy-dependent uncertainties in the same way as for the 1998 data. Though they are
not discussed in detail here, random-TOF-subtracted spectra were created for the “99thin” data and fitted using the
parameters in table X. The raw and subtracted data, normalized with either fission foil are plotted in figure 35 against
the one-sigma band about the raw data normalized with the 233U foil, which we take as the best values for the partial
cross sections. The data, analyzed by various means are seen to lie generally within the uncertainty band. From this,
we gain greater confidence in the assigned uncertainties. ‘
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FIG. 35: Validation of the one-sigma confidence band for the combined random and energy-dependent systematic
uncertainties deduced from the unsubtracted 1999 data normalized to 23U fission-foil counts with baseline subtraction.
In the legend, raw data are labeled by the symbol “dat”, subtracted data by “dat sub”, 23°U-foil normalization with
baseline subtraction is denoted by “FC1 sub” and ?*®U-foil normalization is denoted by “FC2”.
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X. VALIDATION OF THE 1999 RESULTS WITH RESPECT TO TOTAL UNCERTAINTIES

As a verification of the total uncertainty (see section VI for a definition), the standard 5°Fe 2 — 0 partial yield
at B, 14.5 MeV is plotted in figure 36 against the total-uncertainty one-sigma band about the partial cross section
deduced from raw 1999 data, normalized using counts from the 23°U fission foil. The agreement is clearly excellent.

Unlike the validation of the “98thin” total uncertainties in section VI, the agreement in figure 36 provides more than
an internal consistency check. Because the *®Fe standard has been measured by independent means, this agreement
builds confidence in the entire procedure used to extract a partial cross section from measured y-ray counts.
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FIG. 36: Comparison of the standard partial 3*Fe 2 — 0 cross section to the one-sigma total-uncertainty band for the

1999 GEANIE data.
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XI. ANGULAR DISTRIBUTION EFFECTS
A Formalism

The partial y-ray cross sections discussed so far have assumed that photons are emitted by the decaying nucleus
isotropically. This is not an accurate assumption as the incident neutron beam will partially align the nuclear spins in
a plane orthogonal to the beam direction. In mathematical terms, this means that for a given state with spin J, and
if we take the z-axis along the direction of the incident beam, the corresponding magnetic substates (with quantum
number m = —J ... J) will not be occupied with a uniform probability distribution. A formulation often used in such
cases is to assume a Gaussian distribution among magnetic substates given by [19}:

Pm)= ——Fn—— (12)

7 _(m:)z
Zm’:—Je 2o

where the standard deviation ¢ is a measure of the degree of alignment of the nuclear spin (i.e. & — 0 for a fully
aligned state and ¢ — oo for no alignment). The angular distribution of emitted photons can be described as a
function of the angle of observation with respect to the beam direction as an expansion in Legendre polynomials Pj:

= Z AgPy(cosb) (13)
k

where k is even, and for most practical applications, does not exceed 4 (ie. k = 0,2,4). The transition between
two nuclear states can be characterized by four quantum numbers which determine the A; coefficients: the spins J;
and Jy of the initial and final states respectively and the multipoles L; and L, of the two most important competing
decay modes (e.g. dipole versus quadrupole, etc...). Then:

Ax(Ji, L1, Lo, Jf) = (JI) ) [FelJg, L1, L1, Ji) + 26 Fy(Jg, Ly, Lo, J;) + 82 Fy(Jy, Ly, L2, Ji)] (14)

where 6 is the mixing ratio between the competing L;—pole and Lo—pole decay modes, given by the ratio of the
reduced transition matrix elements:

JIHLzHJ)

NATARA (15)

6= ————= {
(
The F coefficients in equation 14 have explicit forms which involve only the quantum numbers on which they
depend. These forms are complicated and do not add to the present discussion, the interested reader can find explicit
expressions for the Fy, coefficients in reference [19], along with tabulated values for all relevant instances of the quantum
numbers.
The statistical tensor px incorporates the magnetic—substate distribution from equation 12:

=v2J +1 Z m(Jm J —ml|k 0) P(m) (16)

In addition, it is possible to correct for the variation of the «-ray intensity across the face of a detector, when
its angular distribution is not isotropic. This typically results in a “damping” of the observed angular distribution
and can be modeled by introducing the factors @2 and Q4 which multiply the theoretical A; and A4 coefficients in
equation 13. These coefficients have been both calculated and measured in the literature [20] for a variety of detector
types and geometries. For the GEANIE spectrometer in particular, those coefficients have been calculated [21] to be:

Q2 =0.978 (17)
Q4 =0.928 (18)

and are applicable in the E, = 150-200-keV energy range.
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TABLE XVI: GEANIE detector angles with respect to the beam direction.
Detector Type Angle

1 planar 141.07°

2 planar 141.82°
3 planar 143.62°
4 planar 144.13°
5 coaxial 129.50°
6
7
8

coaxial 100.48°
coaxial 100.91°
coaxial 78.50°

9 planar 58.24°
10 planar 58.65°
11 planar 26.50°
12 planar 29.02°
13 planar 29.02°
14 planar 25.20°
15 coaxial 56.69°
16 coaxial 56.60°
17 coaxial 76.90°
18 coaxial 100.22°
19 coaxial 100.48°
20 planar 128.00°

B Geometry of the GEANIE spectrometer

Most planar detectors in the GEANIE spectrometers are located near forward and backward angles with respect to
the beam direction, while most coaxial detectors are distributed about 90° with respect to the beam direction. More
specifically the precise angle with respect to beam for each detector can be found in table XVL

The biased distribution of detectors in the array means, for example, that stretched (i.e. |J;—J;| = L where L is the
multipole of the J; — Jy transition) quadrupole transitions which produce photons at mostly forward and backward
angles with respect to beam, will be over—counted in most planar detectors if an isotropic angular distribution is
assumed for the vy rays. Conversely, stretched dipole transitions, which peak near 90’, will be under—counted in most
planar detectors. These trends will be reversed in the coaxial detectors.

C Estimate of the Angular—Distribution Correction

In general, a fully aligned transition can show intensity variations as a function of angle of up to ~ 30%. However,
the decay of the nucleus through "unstretched” transitions—transitions for which the multipole order exceeds the
difference in spins between initial and final states— destroys the alignment of the nucleus [19]. At higher incident
neutron energies above the reaction threshold, the number of decay paths through "unstretched” transitions increases
and we expect the angular distribution effects to become less important.

If the true angular distribution W(#) of a particular -y ray is known, then the correction to the assumption that it
is emitted isotropically (i.e. that W{#) = 1) is given by the multiplicative factor:

Sl - for)
Sieill - f3d)W(6:)
where the index i extends over the detectors of a particular type (i.e. i = 1,2,3,4,9,10,11,12,13, 14,20 for the

planar-sum data and ¢ = 5,6,7,8,15,16,17,18,19 for the coaxial-sum data), ¢; is the efficiency for the ray of
ith

(19)

'Y:

interest in the i*" detector, 8; is the angle of the i'* detector with respect to beam (given in table XVI, and f e is
the deadtime for the i** detector. Thus for example, for a quadrupole transition observed in the planar—detector—sum
data, W(8;) > 1 for most planar detectors and the correction factor C,, < 1, compensating for the over-counting of
the isotropic assumption. It can be shown using equation 19 for the GEANIE spectrometer that even a fully aligned,
stretched transition will produce a correction of less than =~ 15%.
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Ideally, the angular distribution for each - ray of interest should be measured as a function of incident neutron en-
ergy, so that an experimentally—determined correction can be applied to the data. This cannot be done systematically
and accurately for the present data for four main reasons: i) the geometry of the GEANIE spectrometer provides
only six independent angles with respect to beam (=2 27°, 57°, 77°, 100°, 129°, and 143°), as a close inspection of
table XVI will reveal, whereas precise angular—distribution measurements often involve 10 or more angles, ii) two of
those six angles, namely near 77° and 100° are only realized in the coaxial detectors, for which no reliable efficiency
correction could be extracted below E, =~ 300 keV [9], iii) the detectors were positioned only =~ 14 cm on average
from the focal point of the spectrometer and therefore subtend large angles than is normally desirable for an angular
distribution measurement, and iv) the statistics are largely inadequate for all but a few lines to observe angular—
distribution effects. Only the 67 — 47 and 8} — 67 transitions have sufficient statistics in the (n,2ny) channel so
that a four—angle distribution may be extracted from the data as a function of incident neutron energy. Even then,
some allowances must be made to maximize the counts at each angle. First, planar detectors at approximately the
same angle with respect to beam are grouped, and their counts combined. Thus detectors 1 through 4 in table XVI
are combined as a single detector with averaged angle 142.66°, detectors 1 and 9 are grouped at an averaged angle of
58.44°, detectors 11 through 14 are grouped at 27.44°, and detector 20 is alone among the planar detectors at 128.00°.
Second, wide neutron—energy bins are used to obtain sufficient counts in individual detector groups. Specifically we
divide the neutron—energy range of interest into three regions: E, = 6-8, 8~12, and 12-20 MeV.

It is also possible to model the expected angular distribution of observed « rays in the (n,2n) reaction channel by
a careful accounting of incoming and outgoing partial waves in the reaction process as well as de-alignment effects
from the subsequent statistical decay of the nucleus to the levels of interest. This calculation has been made using
the code AVALANCHE [22]{23]. In this program, the Gaussian hypothesis of equation 12 is relaxed so that separate
standard deviations o2 and o4 can be obtained for the A; and A4 coefficients in equation 13, respectively.

In order to compare the AVALANCHE predictions to the measured angular distributions of the 67 — 4} and
87 — 67 transitions, we must compensate for the wide neutron—energy bins used in the angular—distribution data
analysis. For this, the 02(E,)/J and 04/J values listed in tables XX and XXI must be weighted by the partial y—
ray cross section and the neutron flux before being integrated over the neutron—energy bin of interest (overall scale
factors are not important in the extraction of angular distributions). In order to mimic the experimental situation,
we generate a neutron—energy-bin dependent angular distribution from the predicted o2(E,)/J and 04(E,)/J values
in the AVALANCHE program:

EYT\«OI
Jore® dEp 04 (En)Ng(En)W (6, En)
Emes 4B 0 (En)Ns(En)

Emin

WI (97 [Emz'n: Emaz]) (20)

It

where [Emin, Emaz| specifies the neutron—energy bin range, o(Fy) is the partial cross section, Ng(E,) the neutron
flux and the neutron-energy dependence in the angular distribution W (@, E,,) is completely determined by o2(E,)/J
and 04(E,)/J. The lowest neutron—energy bin extends from E, = 6 to 8 MeV. This range includes the E, = 6 MeV
point for which the AVALANCHE code cannot calculate an angular distribution for either the 6; — 47 or 8§ — 671
transition. Though we have stated that, in general, the behavior of 03(E,)/J and 04(E,,)/J is difficult to extrapolate,
we must do so in this case in order to compare prediction and experiment. We note that for the 6] — 47} and 8] — 671
transitions in particular, the trends of g2{E,)/J and 04(E,)/J are well reproduced by low—order polynomial fits, as
can be seen in figure 37. For the remainder of the terms in equation 20, we use the partial cross sections predicted
by GNASH and the experimentally-deduced neutron flux from the 98Thin 23°U-fission—foil data. The comparison
between experimental and predicted angular distributions is shown in figure 38 for the 6] — 4] transition and figure
39 for the 87 — 67 transition. We plot the experimental angular distributions extracted both with the Gaussian
assumption for the m-substate distribution {labeled as “constrained” in the figures) and without that assumption, but
taking A5 = 0 (labeled as “free” in the figures). The corresponding observed and predicted A; and A4 coefficients are
listed in tables XVII and XVIII. In general, the experimental angular distributions and AVALANCHE calculations
are in good agreement. The agreement with the “free” fit (i.e. without Gaussian assumption) can be significantly
improved if the As and A4 coefficients are multiplied by a uniform factor of 0.8351 for the 67 — 47 distribution
and 0.7938 for the 8] — 67 distribution. We can combine these two factors by weighted average to obtain a single
factor of 0.8068 which we apply systematically to all the AVALANCHE calculations for the (n,2n) channel. In other
words, based on the observed angular distributions for the 6 — 4} and 8] — 67 transitions, we conclude that
AVALANCHE systematically over-predicts the alignment of all transitions by ~ 23.9% (which we compensate for
with the 0.8068 “damping” factor). In addition, we use the size of this damping factor as an estimate of uncertainty
in the AVALANCHE prediction. Thus, if we vary this factor by + 0.1932 (this amount is chosen such that at one
extreme, 0.80684-0.1932 = 1, and the calculations are not damped), the deduced planar-detector correction factor
(using equation 19) at E,, = 6 MeV, where the angular—distribution effect is largest, is less than 2.0% for the 67 — 4]
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transition and less than 2.5% for the 8} — 67 transition. Based on this, we adopt a systematic uncertainty of 2.5%
on all angular—distribution correction factor predicted using the AVALANCHE code.
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FIG. 37: Values of a) 03(E,)/J and b) 04(E,,)/J for the 67 — 4} transition and c) o2(E,)/J and b) 04(Ey)/J for the
8 — ﬁf transition predicted by the AVALANCHE program. The solid line represents a polynomial fit to the points,
the order N of the polynomial is quoted in each panel.
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FIG. 38: Angular distributions extracted from the 98Thin data set for the 67 — 4] transition and compared to
AVALANCHE calculations in the a) E, = 6-8 MeV, b) E,, = 8-12 MeV, and c) E,, = 12-20 MeV energy ranges. In

each panel, the parameters resulting from the constrained fit to the GEANIE data are quoted.
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FIG. 39: Angular distributions extracted from the 98Thin data set for the 87 — 6] transition and compared to
AVALANCHE calculations in the a) E, = 6-8 MeV, b) E, = 8-12 MeV, and ¢) E, = 12-20 MeV energy ranges. In
each panel, the parameters resulting from the constrained fit to the GEANIE data are quoted.
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TABLE XVII: Comparison of predicted and fitted angular~distribution parameters for the 6; — 47 transition. The
AVALANCHE prediction has been weighted according to equation 20 to account for the finite neutron—energy bin
size. ‘

EMI)_g{Ma%) vy Quantity Predicted Constrained fit Unconstrained fit

6.0-8.0 Ao 0.2136 0.2141 4+ 0.1524 0.1956 =+ 0.0895
Ay -0.0000 -0.0300 £ 0.0891 0.0000 + 0.0000
8.0-12.0 Ay 0.2081 0.2195 + 0.1253 0.2034 £ 0.0795
Ay -0.0068 -0.0317 £ 0.0676 0.0000 £+ 0.0000
12.0-20.0 Az 0.1783 0.0980 4 0.1080 0.0909 + 0.0849
Ay -0.0116  -0.0055 &£ 0.0219 0.0000 £ 0.0000

TABLE XVIII: Comparison of predicted and fitted angular—distribution parameters for the 8 — 6] transition. The
AVALANCHE prediction has been weighted according to equation 20 to account for the finite neutron—energy bin
size.

E&““n)—E,(lmax) (MeV) Quantity Predicted Constrained fit Unconstrained fit

6.0-8.0 Ao 0.3086 0.4382 I 0.1865 0.3102 £ 0.1031
Ay -0.0304 -0.2131 £ 0.1710 0.0000 # 0.0000
8.0-12.0 Az 0.2848 0.2410 + 0.1447 0.2106 + 0.0689
Ay -0.0370  -0.0379 £ 0.1009 0.0000 + 0.0000
12.0-20.0 Az 0.2498 0.1983 + 0.1229 0.1765 £ 0.0751

Ay -0.0329  -0.0240 £ 0.0553 0.0000 =+ 0.0000
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The angular—distribution correction factors, calculated using AVALANCHE and equation 19 and assuming a 0.8068
damping factor can be found in tables XIX-XXII for the four yrast transitions of interest. For the first few neutron—
energy points, the AVALANCHE code could not predict a significant population of the parent levels for the transitions
of interest. In these cases, the correction factors were obtained by quadratic—polynomial extrapolation from the
higher-neutron—energy points, which were found to follow the quadratic form rather closely in general. We choose to
extrapolate the correction factors themselves, rather than the o/J values because, in general, the former vary more
slowly and predictably (see for example figure 37).

We also show in figure 40 the angular distribution for extracted from GEANIE data for the E, = 131.3-keV in
the E, = 5-20-MeV range. In this case, the observed angular distribution is consistent with that of a dipole, which
agrees with the E1 multipolarity assignment made for this line in the literature [10].

TABLE XIX: Angular distribution correction factors calculated for the 4] — 2] transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher—E,, values in the table.

En (MeV) 02/ 02/ 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9628" N/A, 0.9605* N/A
6.0 0.7847 7.4997 0.9620 N/A 0.9596 N/A
7.0 0.7915 7.4997 0.9626 N/A 0.9602 N/A
8.0 0.7710 7.4997 0.9609 N/A 0.9584 N/A
9.0 0.7575 7.4997 0.9597 N/A 0.9572 N/A
10.0 0.7468 7.4997 0.9587 N/A 0.9561 N/A
11.0 0.7438 1.5922 0.9584 N/A 0.9558 N/A
12.0 0.7625 1.1340 0.9599 N/A 0.9575 N/A
13.0 0.7825 1.0530 0.9615 N/A 0.9592 N/A
14.0 0.8007 1.0130 0.9630 N/A 0.9608 N/A
15.0 0.8150 0.9842 0.9640 N/A 0.9619 N/A
16.0 0.8353 0.9915 0.9655 N/A 0.9635 N/A
17.0 0.8492 0.9752 0.9665 N/A 0.9645 N/A
18.0 0.8790 0.9925 0.9685 N/A 0.9666 N/A
19.0 0.9093 1.0172 0.9703 N/A 0.9685 N/A

20.0 0.9357 1.0393 0.9718 N/A 0.9701 N/A
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TABLE XX: Angular distribution correction factors calculated for the 6 — 4] transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) 02/ o2/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9282~ N/A 0.9236" N/A
6.0 0.4333 4.9998 0.9231 N/A 0.9184 N/A
7.0 0.5010 4.9998 0.9353 N/A 0.9312 N/A
8.0 0.5028 4.9998 0.9356 N/A 0.9316 N/A
9.0 0.5020 0.8683 0.9351 N/A 0.9311 N/A
10.0 0.5037 0.7338 0.9351 N/A 0.9312 N/A
11.0 0.5065 0.6817 0.9353 N/A 0.9315 N/A
12.0 0.5225 0.6567 0.9378 N/A 0.9341 N/A
13.0 0.5387 0.6490 0.9402 N/A 0.9368 N/A
14.0 0.5523 0.6442 0.9422 N/A 0.9389 N/A
15.0 0.5625 0.6382 0.9436 N/A 0.9404 N/A
16.0 0.5767 0.6485 0.9457 N/A 0.9425 N/A
17.0 0.5870 0.6477 0.9470 N/A 0.9440 N/A
18.0 0.6073 0.6645 0.9497 N/A 0.9468 N/A
19.0 0.6275 0.6832 0.9522 N/A 0.9494 N/A

20.0 0.6448 0.6990 0.9542 N/A 0.9515 N/A
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TABLE XXI: Angular distribution correction factors calculated for the 87 — 67 transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E, (MeV) 02/] o2/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9046* N/A 0.8998* N/A
6.0 0.2961 0.4293 0.9004 N/A 0.8956 N/A
7.0 0.3563 0.4961 0.9126 N/A 0.9081 N/A
8.0 0.3749 0.4823 0.9159 N/A 0.9117 N/A
9.0 0.3807 0.4703 0.9169 N/A 0.9127 N/A
10.0 0.3851 0.4562 0.9175 N/A 0.9134 N/A
11.0 0.3900 0.4506 0.9183 N/A 0.9143 N/A
12.0 0.4051 0.4586 0.9213 N/A 0.9174 N/A
13.0 0.4195 0.4657 0.9241 N/A 0.9203 N/A
14.0 0.4306 0.4699 0.9262 N/A 0.9225 N/A
15.0 (0.4389 0.4711 0.9277 N/A 0.9241 N/A
16.0 0.4499 0.4818 0.9298 N/A 0.9262 N/A
17.0 0.4586 0.4866 0.9314 N/A 0.9279 N/A
18.0 0.4745 0.5024 0.9342 N/A 04.9309 N/A
19.0 0.4894 0.5184 0.9369 N/A 0.9336 N/A

200 ~ 0.5025 0.5314 0.9391 N/A 0.9359. N/A
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TABLE XXII: Angular distribution correction factors calculated for the 10;r — 8?" transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) 02/ o2/]J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.8931* N/A 0.8891* N/A
6.0 0.2509 0.2441 0.8912 N/A 0.8872 N/A
7.0 0.2864 0.3040 0.8991 N/A 0.8949 N/A
8.0 0.3165 0.3328 0.9042 N/A 0.9001 N/A
9.0 0.3200 0.3398 0.9061 N/A 0.9020 N/A
10.0 0.3254 0.3397 0.9071 N/A 0.9030 N/A
11.0 0.3308 0.3434 0.9082 N/A 0.9042 N/A
12.0 0.3437 0.3579 0.9110 N/A 0.9070 N/A
13.0 (.3563 0.3690 0.9136 N/A 0.9097 N/A
14.0 0.3653 0.3754 0.9155 N/A 0.9116 N/A
15.0 0.3720 0.3791 0.9168 N/A 0.9130 N/A
16.0 0.3810 0.3892 0.9188 N/A 0.9150 N/A
17.0 0.3887 0.3962 0.9203 N/A 0.9166 N/A
18.0 0.4017 0.4106 0.9231 N/A 0.9194 N/A
19.0 0.4137 0.4247 0.9255 N/A 0.9219 N/A

20.0 0.4242 (.4359 0.9276 N/A 0.9241 N/A
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FIG. 40: Angular distributions extracted from the 98 Thin data set for the 5 — 6% E, = 131.6-keV transition in
the E, = 5-20 MeV range. The parameters resulting from the constrained fit to the GEANIE data are quoted.
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XII. ADOPTED PARTIAL y-RAY CROSS SECTIONS

In this section we pool the 98Thin and 99Thin data sets and arrive at a recommended set of partial -ray cross
sections for the yrast transitions in the 22°U(n,2n) channel. We present two procedures for combining the data sets.
In the first method, a weighted average is used, relying on the uncertainties established for each yield as weights. In
the second approach, we use a priori knowledge about the relative qualities of the 1998 and 1999 data sets and derive
linear corrections to these data which account for systematic differences between the partial cross sections. After
applying these corrections, the data are combined by weighted average. In statistical terms, the first method can be
qualified as a “classical” approach, while the second is “Bayesian” in nature.

A  Weighted Average

The partial cross sections deduced from 1998 and 1999 unsubtracted data, and normalized using counts from the
235(J fission foil with baseline subtraction, are combined to produce recommended values for the 47 — 2}, 617 — 47,
8 — 67 and 107 — 8] yields. The cross sections are combined point-by-point using a weighted average[16]:

- o(1998) 1z )/ [uglggs) ( E")r o199 5y [ugggg) (En)]z .
oy (Bp) =
1/ [ ()| 17 o999 (]

1
1/ [ug1998) ( En)] 2 / [ugggg) ( E")]Z

u?y (En) =

where the symbol u., (E,) has been used to designate the total uncertainty for a partial cross section at neutron
energy E,, in order to avoid confusion with the usual cross-section symbol. The total uncertainty discussed in sections
IX and IX must be used in the averaging process, since even neutron-energy-independent factors, which do not affect
the shape of the partial cross section in an individual data set, will affect the shape of the weighted mean value in
equation 21.

The best partial cross sections calculated in this manner, and their associated uncertainties (from equation 22),
are listed in tables XXIII-XXVI and plotted in figures 41-44. In each figure, the top panel shows the 1998 and 1999
partial cross sections plotted individually along with their weighted average and uncertainty, drawn as solid and dotted
curves respectively. As expected, the averaged partial cross sections show greater stability against fluctuations and
carry smaller uncertainties than either 1998 or 1999 excitation functions taken individually. For the 10] — 87 partial
cross section, we have used the two-peak fits discussed in section VII A2 from both 1998 and 1999 data sets. The
reader is referred to that section for the pertinent caveats. The bottom panel in each figure shows the recommended
cross section, plotted as individual points with both x- and y-error bars, and compared to the best current GNASH
partial cross-section predictions. While the agreement is good overall, GNASH over-predicts the experimental cross
sections by =~ 15% for the 6} -+ 47 and 8} — 67 transitions and ~ 40% for the 4] — 2 transition (near peak
cross section). The disagreement in both shape and overall magnitude for the 107 — 87 is such that quantitative
comparisons between experiment and current GNASH calculations are not recommended.
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TABLE XXIII: Best partial cross sections deduced from the weighted mean of 1998 and 1999 GEANIE measurements
for the 47 — 27 transition.

E. (MeV) A (1998) 5(1998) A(1999) (1999) o (wei) o(wei,corr)
4090 0093 00 0.0002 £+ 0.0101 583 + 143 0.1568 + 0.0438 0.0080 + 0.0098 0.0080 + 0.0098
4264 + 0.099 56 + 198  0.0092 & 0.0340 540 £+ 147 0.1435 + 0.0436 0.0599 + 0.0268 0.0599 + 0.0268
4453 £ 0105 3£ 70 0.0005 & 0.0144 632 X 151 0.1597 % 0.0436 0.0161 + 0.0137 0.0161 + 0.0137
4.647 £ 0.113 4+ 75 0.0006 X 0.0147 557 & 152 0.1372 + 0.0417 0.0157 £ 0.0139 0.0157 + 0.0139
4861 £ 0.122 0+ 22 0.0002 £ 0.0098 469 £+ 152 0.1135 £ 0.0399 0.0066 + 0.0095 0.0066 + 0.0095
5.090 £ 0.129 469 £ 210 0.0703 £ 0.0338 394 + 152 0.0932 + 0.0383 0.0803 & 0.0253 0.0803 + 0.0253
5.333 + 0.140 590 + 212 0.0870 £ 0.0341 645 + 151 0.1525 + 0.0410 0.1139 =+ 0.0262 0.1095 + 0.0253
5507 £ 0.149 572 £ 211 0.0817 £ 0.0328 492 4+ 150 0.1152 + 0.0385 0.0958 + 0.0250 0.0921 + 0.0241
5.875 £ 0.160 377 £ 213 0.0529 &+ 0.0317 832 * 153 0.1905 £ 0.0428 0.1015 =+ 0.0255 0.0973 + 0.0245
6.181 + 0.175 1495 4+ 219 0.2105 & 0.0407 1319 £ 154 0.2966 + 0.0511 0.2439 + 0.0318 0.2343 + 0.0309
6.517 + 0.187 2035 £ 226 (.2689 £ 0.0445 1841 -+ 158 (0.3947 + 0.0601 0.3134 &+ 0.0357 0.3013 + (.0348
6.862 + 0.201 1838 £ 227 0.2307 £ 0.0402 1892 £ 160 0.3965 + 0.0600 0.2820 + 0.0334 0.2711 £+ 0.0325
7.237 £ 0.218 2327 £+ 230 0.3037 & 0.0476 1552 =+ 158 0.3453 + 0.0560 0.3211 + 0.0363 0.3088 + 0.0353
7.661 + 0.242 2233 4+ 227 0.3121 4 0.0496 1741 £ 157 0.4138 + 0.0642 0.3501 + 0.0393 0.3364 + 0.0382
8.126 + 0.263 2502 + 231 0.3482 + 0.0531 1890 £ 159 0.4446 + 0.0674 0.3851 =+ 0.0417 0.3697 + 0.0406
8.618 + 0.284 2619 = 234 0.3554 £ 0.0535 2067 £ 160 0.4754 + 0.0703 0.3994 + 0.0426 0.3832 + 0.0414
9.160 + 0.313 2686 4+ 233 0.3708 £ 0.0553 2314 + 161 0.5418 £ 0.0779 0.4280 + 0.0451 0.4103 £ 0.0438
9.757 + 0.346 3211 + 233 0.4595 + 0.0648 2175 + 159 0.5312 + 0.0775 0.4890 + 0.0497 0.4685 + 0.0483
10.414 £+ 0.377 2835 + 233 0.4201 + 0.0616 2163 + 159 0.5501 + 0.0805 0.4681 + 0.0489 0.4483 + 0.0475
11.143 £ 0.425 2557 £ 230 0.4029 + 0.0612 2097 + 157 0.5640 + 0.0832 0.4595 =+ 0.0493 0.4401 + 0.0479
11.960 + 0.467 2836 £ 231 0.4607 £ 0.0677 2278 = 159 0.6365 £ 0.0924 0.5222 + 0.0546 0.5008 + 0.0531
12.860 £ 0.525 2625 + 226 0.4393 £ 0.0659 2133 £ 158 0.6077 X 0.0896 0.4985 + 0.0531 0.4788 + 0.0517
13.876 £ 0.589 1589 + 222 (0.2711 + 0.0511 1285 + 152 0.3751 + 0.0655 0.3104 + 0.0403 0.2986 + 0.0391
15.016 + 0.660 1161 + 217 0.1979 £ 0.0452 940 + 149 0.2754 £ 0.0565 0.2282 =+ 0.0353 0.2198 + 0.0342
16.297 £ 0.750 693 £ 216 0.1179 % 0.0407 992 + 148 0.2877 4 0.0569 0.1755 X+ 0.0331 0.1690 + 0.0321
17.759 + 0.857 373 + 215 (0.0631 & 0.0385 529 + 144 0.1513 £ 0.0460 0.0994 =+ 0.0295 0.0961 + 0.0286
19.416 £+ 0.971 8 £ 210 0.0013 £ 0.0362 812 £ 147 0.2264 £+ 0.0506 0.0776 + 0.0295 0.0748 4 0.0286




TABLE XXIV: Best partial cross sections deduced from the weighted mean of 1998 and 1999 GEANIE measurements

for the 67 — 47 transition.

E, (MeV)

A(1998) (1998) A(1999) &11999) o (wei) o wei,corr)

4.090 + 0.093
4.264 + 0.099
4.453 + 0.105
4.647 + 0.113
4.861 £ 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 + 0.149
5.875 + 0.160
6.181 = 0.175
6.517 £ 0.187
6.862 £ 0.201
7.237 £ 0.218
7.661 £ 0.242
8.126 + 0.263
8.618 + 0.284
9.160 + 0.313
9.757 £ 0.346
10.414 £+ 0.377
11.143 £ 0.425

0.0126 + 0.0044 166 L+ 78
0.0116 + 0.0042 62 £ 78
0.0124 +£ 0.0042 172 £ 79
0.0075 + 0.0039 213 £ 81
0.0110 & 0.0040 36 L 74
0.0159 + 0.0043 0+ 9
0.0114 = 0.0039 0+ 1

223 £ 73
212+ 73
237+ 74
146 £ 73
214 + 74
318 £ 76
231+ 75
343 £ 78

0.0105 + 0.0051 0.0117 + 0.0033 0.0117 + 0.0033
0.0039 4= 0.0050 0.0083 + 0.0032 0.0083 + 0.0032
0.0102 +£ 0.0049 0.0115 + 0.0032 0.0115 =+ 0.0032
0.0123 =4 0.0050 0.0093 - 0.0030 0.0093 £ 0.0030
0.0020 + 0.0043 0.0068 + 0.0029 0.0068 + 0.0029
0.0001 =+ 0.0008 0.0006 =+ 0.0008 0.0006 + 0.0008
0.0001 =+ 0.0007 0.0004 £ 0.0006 0.0003 =+ 0.0006
0.0163 + 0.0042 23 £ 83 0.0013 =+ 0.0046 0.0095 + 0.0031 0.0088 + 0.0029
820 £ 83 0.0384 & 0.0059 439 £ 8% 0.0236 X 0.0056 0.0305 + 0.0041 0.0281 + 0.0038
2015 & 93 0.0947 £ 0.0119 1467 £ 98 0.0776 & 0.0105 0.0851 + 0.0079 0.0783 £ 0.0074
3350 + 104 0.1477 £ 0.0177 2572 £+ 106 0.1297 £ 0.0161 0.1378 £ 0.0119 0.1275 £ 0.0113
4162 + 110 0.1743 & 0.0207 3414 £ 112 0.1683 £ 0.0205 0.1713 + 0.0145 0.1595 + 0.0138
4970 & 114 0.2165 £ 0.0256 3735 £+ 113 0.1955 £ 0.0237 0.2052 £ 0.0174 (.1918 + 0.0166
5076 £ 115 0.2368 & 0.0281 3779 £ 112 0.2113 £ 0.0257 0.2229 + 0.0189 0.2083 + 0.0181
5653 4 118 0.2625 + 0.0310 4633 + 118 0.2564 + 0.0309 0.2594 4 0.0219 0.2421 + 0.0209
6751 + 124 0.3057 £ 0.0359 5057 + 121 0.2736 £ 0.0328 0.2882 £ 0.0242 0.2688 + 0.0231
7114 = 126 0.3278 £ 0.0385 5597 X+ 122 0.3083 + 0.0369 0.3176 + 0.0266 0.2963 + 0.0254
7726 = 129 0.3690 & 0.0434 5845 £ 123 0.3358 & 0.0402 0.3511 + 0.0295 0.3276 + 0.0281
7833 £+ 129 0.3874 % 0.0457 6227 + 124 0.3726 + 0.0447 0.3798 + 0.0319 0.3544 <+ 0.0305
8267 + 131 0.4348 £ 0.0515 6353 + 125 0.4020 + 0.0484 0.4174 + 0.0353 0.3896 + 0.0336

11.960 + 0.467 8238 £ 131 0.4466 £ 0.0530 6191 £ 125 0.4070 £ 0.0491 0.4253 + 0.0360 0.3979 + 0.0345

12.860 + 0.525

7022 £+ 125 0.3921 £+ 0.0468 5350 + 122 0.3586 =+ 0.0435 0.3741 + 0.0319 0.3509 + 0.0305

13.876 & 0.589 4929 + 115 0.2806 + 0.0338 4080 X 116 0.2802 + 0.0344 0.2804 + 0.0241 0.2637 + 0.0231
15.016 £ 0.660 3414 3 106 0.1942 & 0.0237 2824 + 109 0.1946 =+ 0.0244 0.1944 -+ 0.0170 0.1831 + 0.0164
16.297 + 0.750 2361 + 99 0.1341 £ 0.0168 2087 + 104 0.1424 + 0.0184 0.1379 =+ 0.0124 0.1302 + 0.0120

17.759 + 0.857
19.416 + 0.971

1905 + 96 0.1075 % 0.0138 1431 £ 100 0.0963 =+ 0.0133 0.1017 =+ 0.0096 0.0963 + 0.0092
1708 £ 95 0.0946 X+ 0.0124 1150 = 99 0.0754 £ 0.0111 0.0840 + 0.0083 0.0799 + 0.0080
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TABLE XXV: Best partial cross sections deduced from the weighted mean of 1998 and 1999 GEANIE measurements
for the 87 — 67 transition.

En (MeV) A(1998) o (1998) A(1999) 5(1999) o(wei) o(Weicorr)
4.090 £ 0.093 177 £ 71 0.0056 4 0.0034 639 +£ 87 0.0213 & 0.0038 0.0125 £ 0.0025 0.0125 = 0.0025
4.264 £ 0.099 58 = 70 0.0018 £ 0.0032 813 + 83 0.0267 + 0.0042 0.0109 + 0.0026 0.0109 + 0.0026
4.453 £ 0.105 266 £ 73 0.0078 &+ 0.0032 712 £ 89  0.0222 £ 0.0038 0.0139 + 0.0024 0.0139 + 0.0024
4.647 £ 0.113 1+ 20 0.0000 £ 0.0023 787 + 90  0.0240 % 0.0039 0.0063 + 0.0020 0.0063 =+ 0.0020
4861 + 0.122 207+ 73 0.0059 & 0.0031 913 £ 92  0.0273 £ 0.0041 0.0137 £ 0.0025 0.0137 % 0.0025
5.090 &+ 0.129 40+ 74 0.0011 + 0.0030 856 + 92  0.0250 % 0.0039 0.0100 + 0.0024 0.0100 + 0.0024
5.333 £ 0.140 144 £ 74 0.0040 £ 0.0030 708 =92  0.0207 £ 0.0036 0.0109 £ 0.0623 0.0098 + 0.0021
5.597 £ 0.149 27 + 69 0.0007 + 0.0028 654 + 92  (.0189 + 0.0034 0.0080 + 0.0022 0.0071 £ 0.0019
5875 £ 0.160 117+ 75 0.0031 £ 0.0028 804 + 94  0.0227 £+ 0.0037 0.0104 £ 0.0023 0.0093 =+ 0.0020
6.181 £ 0.175 677 £80 0.0177 &+ 0.0035 1308 £ 97 0.0364 % 0.0049 0.0240 + 0.0028 0.0216 + 0.0026
6.517 £ 0.187 1775 £ 90 0.0437 &+ 0.0055 1941 + 103 0.0515 + 0.0064 0.0470 + 0.0041 0.0424 + 0.0038
6.862 + 0.201 2342 £ 96 0.0547 + 0.0064 2711 & 109 0.0702 + 0.0083 0.0605 =+ 0.0051 0.0550 + 0.0047
7.237 £ 0.218 3043 £ 100 0.0740 £ 0.0084 3023 + 111 0.0832 £+ 0.0098 0.0779 + 0.0064 0.0711 % 0.0059
7.661 4 0.242 3292 £ 101 0.0857 & 0.0096 3367 X 112 0.0989 == 0.0116 0.0911 + 0.0074 0.0833 + 0.0069
8.126 + 0.263 3949 + 106 0.1023 + 0.0113 3906 + 116 0.1136 & 0.0132 0.1071 £ 0.0086 0.0979 =+ 0.0080
8.618 & 0.284 5316 * 114 0.1343 £ 0.0146 4735 + 121 0.1346 + 0.0154 0.1344 + 0.0106 0.1229 + 0.0099
9.160 + 0.313 5765 £ 116 0.1482 &+ 0.0161 5336 + 124 0.1545 + 0.0176 0.1511 £ 0.0119 0.1383 + 0.0111
9.757 + 0.346 6491 £ 120 0.1729 £ 0.0187 5784 + 126 0.1746 £+ 0.0199 0.1737 £ 0.0136 0.1590 + 0.0128
10.414 £ 0.377 7088 £+ 122 0.1955 £ 0.0212 6337 £ 127 0.1992 + 0.0228 0.1972 + 0.0155 0.1806 % 0.0145
11.143 4+ 0.425 7661 + 124 0.2248 + 0.0244 6645 & 128 0.2209 + 0.0253 0.2229 + 0.0176 0.2043 + 0.0165
11.960 £ 0.467 7940 £ 125 0.2401 £ 0.0261 7059 + 129 0.2438 + 0.0280 0.2418 + 0.0191 0.2223 + 0.0180
12.860 &+ 0.525 7136 £ 122 0.2223 £ 0.0243 6566 £ 127 0.2313 + 0.0266 0.2264 + 0.0180 0.2088 + 0.0170
13.876 + 0.589 5404 4 113 0.1716 £ 0.0190 5073 £ 120 0.1831 + 0.0213 0.1767 = 0.0142 0.1634 + 0.0134
15.016 £ 0.660 3626 + 104 0.1151 + (0.0131 3560 + 113 0.1289 + 0.0152 0.1210 £+ 0.0099 0.1121 + 0.0094
16.297 £+ 0.750 2467 £ 97 0.0782 £ 0.0093 2471 £+ 107 0.0886 + 0.0108 0.0826 + 0.0070 0.0767 £ 0.0067
17.759 £+ 0.857 2076 + 94 0.0654 £ 0.0080 2153 4 105 0.0761 £ 0.0094 0.0699 + 0.0061 0.0652 + 0.0058
19.416 £ 0.971 1694 + 92 0.0523 + 0.0068 1834 + 104 0.0632 £ 0.0080 0.0568 & 0.0052 0.0533 £ 0.0049
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TABLE XXVI: Best partial cross sections deduced from the weighted mean of 1998 and 1999 GEANIE measurements
for the 10} — 8 transition.

En (MeV) A(1998) 5(1998) A(1999) 5(1999) o(wei) o (wei,corr)

4.090 +£0.093 121 + 78 0.0034 £ 0.0023 0 £ 0 0.0000 £ 0.0001 0.0000 % 0.0001 0.0000 + 0.0001
4264 £0.099 43 £+ 77 0.0012 + 0.0021 29 + 87 0.0008 + 0.0025 0.0010 + 0.0016 0.0010 + 0.0016
4.453 £ 0.105 200 + 79 0.0053 £ 0.0022 21 + 86 0.0006 £ 0.0024 0.0032 4 0.0016 0.0032 + 0.0016
4647 £0113 00 0.0000 £+ 0.0002 156 = 90 0.0042 £ 0.0025 0.0001 £ 0.0002 0.0001 + 0.0002
4861 £0122 00 0.0000 £ 6.0002 172 £ 90  0.0046 + 0.0024 0.0001 £ 0.0002 0.0001 + (.0002
5.090 + 0.129 26 + 80 0.0007 4+ 0.0020 192 = 93 0.0050 % 0.0025 0.0024 % 0.0016 0.0024 + 0.0016
5.333 1 0.140 135+ 82 0.0034 £+ 0.0021 138 £ 93  0.0036 & 0.0024 0.0034 + 0.0016 0.0031 =% 0.0014
5597 + 0.149 0% 1 0.0000 £+ 0.0002 13 92  0.0003 £ 0.0024 0.0000 %+ 0.0002 0.0000 + 0.0002
5875 £0.160 0+ 0 0.0000 + 0.0002 27 + 93 0.0007 £ 0.0023 0.0000 + 0.0002 0.0000 £ 0.0002
6.181 +:0.175 0+ 0 0.0000 £ 0.0002 3 £+ 53 0.0001 £ 0.0013 0.0000 £ 0.0002 0.0000 + 0.0002
6.517 + 0.187 106 £ 87 0.0024 £ 0.0020 155 £ 97  0.0036 £ 0.0023 0.0029 £ 0.0015 0.0026 + 0.0013
6.862 + 0.201 213 £ 91 (.0045 &+ 0.0020 331 & 100 0.0076 + 0.0024 0.0057 * 0.0015 0.0051 + 0.0014
7.237 £ 0.218 456 +£ 94 0.0100 £ 0.0023 298 £ 99  0.0073 £ 0.0025 0.0088 =+ 0.0017 0.0079 % 0.0015
7.661 £ 0.242 504 £ 95 0.0118 &+ 0.0025 704 &+ 102 0.0184 + 0.0033 0.0142 + 0.0020 0.0128 + 0.0018
8.126 + 0.263 700 £+ 100 0.0164 £ 0.0029 971 + 105 0.0250 £ 0.0039 0.0195 4 0.0023 0.0176 £ 0.0021
8.618 + 0.284 929 + 102 0.0212 £+ 0.0032 1198 &+ 108 0.0302 + 0.0043 0.0244 + 0.0026 0.0221 + 0.0023
9.160 + 0.313 1380 + 108 0.0321 £ 0.0041 1597 £ 111 0.0410 % 0.0053 0.0354 + 0.0033 0.0320 =+ 0.0030
9.757 & 0.346 1434 + 109 0.0345 & 0.0044 1594 + 112 0.0427 4 0.0056 0.0377 & 0.0035 0.0341 + 0.0032

10.414 + 0.377
11.143 + 0.425
11.960 = 0.467
12.860 £ 0.525

17.759 + 0.857
19.416 + 0.971

1788 + 112 0.0446 + 0.0054
2011 + 114 0.0533 + 0.0063
2065 + 114 0.0565 + 0.0066
2054 + 114 0.0578 =+ 0.0068
13.876 + 0.589 1833 & 112 0.0526 + 0.0064
15.016 £ 0.660 1185 - 105 0.0340 & 0.0047
16.297 &+ 0.750 732 + 101 0.0210 £ 0.0036

472 £ 98
429 £+ 99

0.0134 £ 0.0031
0.0120 + 0.0030

2160 + 114 0.0602 £ 0.0074 0.0500 % 0.0043 0.0453 + 0.0040
2621 &+ 117 0.0773 £ 0.0093 0.0609 + 0.0052 0.0553 + 0.0048
2575 + 117 0.0789 £ 0.0095 0.0638 + 0.0054 0.0581 + 0.0051
2421 + 115 0.0756 £ 0.0092 0.0642 + 0.0055 0.0585 =+ 0.0051
1943 + 111 0.0622 + 0.0078 0.0564 4= 0.0049 0.0516 + 0.0046
1395 + 107 0.0448 £ 0.0061 0.0380 -+ 0.0037 0.0348 + 0.0034
943 + 104 0.0300 & 0.0047 0.0243 &+ 0.0029 0.0223 + 0.0027
695 + 102 0.0218 £ 0.0040 0.0166 + 0.0025 0.0153 + 0.0023
610 + 103 0.0186 £ 0.0038 0.0146 + 0.0024 0.0135 £ 0.0022
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FIG. 41: Best 4'14' - 2T partial cross section obtained by weighted mean of the best 1998 and 1999 results. The top
panel shows the 1998 and 1999 partial cross sections and the weighted mean, plotted as a solid line with a one-sigma
confidence band. The bottom panel shows the same weighted-mean partial cross section compared to GNASH.
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FIG. 42: Best 6] — 4] partial cross section obtained by weighted mean of the best 1998 and 1999 results. The top
panel shows the 1998 and 1999 partial cross sections and the weighted mean, plotted as a solid line with a one-sigma
confidence band. The bottom panel shows the same weighted-mean partial cross section compared to GNASH.
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FIG. 43: Best 87 — 6] partial cross section obtained by weighted mean of the best 1998 and 1999 resuits. The top
panel shows the 1998 and 1999 partial cross sections and the weighted mean, plotted as a solid line with a one-sigma
confidence band. The bottom panel shows the same weighted-mean partial cross section compared to GNASH.
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FIG. 44: Best 107 — 87 partial cross section obtained by weighted mean of the best 1998 and 1999 results. The top
panel shows the 1998 and 1999 partial cross sections and the weighted mean, plotted as a solid line with a one-sigma
confidence band. The bottom panel shows the same weighted-mean partial cross section compared to GNASH.
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B Optimized Average (Adopted Partial Cross Sections)

Figures 41-44 show systematic discrepancies between the 1998 and 1999 data. For the 4 — 2 and 10 — 8 transitions,
the 99Thin data are systematically higher than the 98Thin data, whereas for the 6 — 4 and 8 - 6 transitions that
trend is reversed. The differences between data sets are due in part to neutron-energy-independent factors, such as
the poorly known sample thickness for the 98Thin data. However, because the same trend is not observed for each
of the four yrast transitions, target thickness alone cannot account for the observed systematic deviations. This point
can be made clearer if we plot ratios of measured yields, as in figures 45-47. These ratios of 0—4/04-2, 08—6/06_4,
and 019-.8/08—¢ respectively depend only on fitted areas, conversion coefficients, and relative y-ray efficiencies. All
other factors in equation 8 are cancelled out. Furthermore, the internal conversion coefficients used are the same
for the 1998 and 1999 data. Therefore, any observed discrepancies between the same ratio extracted from 1998 and
1999 data is likely due to either inadequacies in the fitting model or in the relative y-ray efficiencies. Since the ratios
involve transition that are close in «y-ray energy, it is most likely that, in spite of the fastidiousness applied to the
fitting procedure, some systematic deviations remain. These effects can be observed in figures 45-47.

Because of these systematic differences between the 98Thin and 99Thin data sets, it may not be appropriate
to combine them by a simple weighted average. Instead, we attempt to remove the systematic discrepancy before
combining the data sets by making the following subjective assumptions:

1. The 98 Thin data probably give the correct shape for the partial y-ray cross sections, but with the wrong overall
magnitude.

2. The 99Thin data are likely to have the correct overall magnitude (because such quantities as sample thickness
were measured more precisely), but, because of poor statistics, the excitation function shapes are not as reliable.

These assumptions are based on observations regarding the quality of the 1998 and 1999 data fits in general and
for the four 234U yrast transitions in particular. In particular, the 1999 data show residual counts for the 4 — 2 and
8 — 6 excitation functions below the (n,2n) reaction threshold, while the 10 — 8 peak is fitted as a nearly unresolvable
pair of lines. Only the 6 — 4 transition is sufficiently strong and in a sufficiently sparse region of the y-ray spectrum
to be fitted reliably in both 98 Thin and 99Thin data sets. Therefore we expect that the observed discrepancy in
the 6 — 4 partial cross sections between 1998 and 1999 is primarily due to an incorrect value for the 1998 sample
thickness. In this case, the data indicate that the 1998 sample thickness may have been under-estimated by = 10%.
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FI1G. 45: Ratio of partial y-ray cross sections g¢_.4/c4—.2 plotted for the 98Thin and 99Thin GEANIE data sets

and compared to the GNASH prediction. Angular—distribution corrections

are not included.
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FIG. 46: Ratio of partial y-ray cross sections os_¢/0¢-.4 plotted for the 98Thin and 99Thin GEANIE data sets
and compared to the GNASH prediction. Angular—distribution corrections are not included.
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and compared to the GNASH prediction. Angular—distribution corrections are not included.
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Based on these observations and the assumptions made above, we can correct the 1998 data by applying an overall
scale factor, to adjust target thickness and other global factors, and we adjust the 1999 data by subtracting a systematic
background, which we approximate as a constant baseline at all neutron energies. Mathematically, this is summarized
by the equation:

o199N(E,) — ag & ar x o(1998) (E,,) (23)

¥

In practice, we obtain the correction coefficients ay and a; by minimizing the expression:

n 1 C 2
=3 o? [Uf(ngg) (Bn) — ap — ay x o{1999) (E")] 24

i=1 1

with respect to ag and a;. In this expression, the summation extends over all the points in the excitation functions,

and o; is taken as the uncertainty ug1998) (Fr) in the 1998 yields. After these coefficients are extracted, they are

applied to the original data according to equation 23 and their uncertainties o4, and 0,, are propagated according
to the expressions:

o [ @)
[09998)(&}]2 Z? (25)

(41999 (B,)] " — [w1999 (5,)]" + o7, (26)

[uglggs) ( E,,)] 2 2 x [09998) ( En)]

These “optimized” partial y-ray cross sections can then be combined by weighted average, in the same manner as in
section XII A. This optimization, followed by the weighted mean procedure is summarized for each transition in figures
48-51. In each figure the correction parameters ay and a; are listed in the top panel, along with their uncertainties
and the x?/v of the linear fit. It is interesting to note that for the 4 — 2, 6 — 4, and 8 — 6 transitions, the scaling
corrections a; extracted from the fits all lie close to each other and are consistent with a 10-15% under-estimation of
the 1998 sample thickness. The 10 — 8 transition must be treated separately. The scaling factor obtained in that case
is larger than 1 and could be interpreted as arising from contamination by the nearby peak. Because the contaminant

peak is so close in y-ray energy, the effect will be seen in the scaling factor rather than as an overall baseline, and in

keeping with the assumptions made above, contributes a background proportional to 0511998) (E.) to the 1998 data

which does not therefore affect its shape.

These optimized-and-averaged partial -y-ray cross sections are also listed in table XXVII. In figure 52 we compare
the recommended results obtained by either averaging approach. Both methods produce nearly identical excitation
functions for the 6 — 4 transition, which reinforces the observation that, apart from an overall scale factor, the 1998
and 1999 measurements of this partial y-ray cross section are highly consistent. For the 4 -— 2 and 8 — 6 transitions,
the simple weighting approach yields systematically higher excitation functions, but in both cases, the yield does not
vanish below the (n,2n) reaction threshold. For the 10 — 8 transition, the simple weighting methods produces a
overall lower yields than the more involved treatment described in this section.

In the end, a single set of partial cross sections must be selected as the recommended set. Because we have taken full
advantage of all information in both 98Thin and 99Thin with the correction method described in this section, we
feel that this set of four excitation functions represents our most reliable estimate partial y-ray cross sections. More
specifically, we place the greatest confidence in the results for the 6 — 4 transition, which seem robust regardless of
how the 1998 and 1999 data are analyzed and combined.
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FIG. 48: Best 41+ —» 27 partial cross section obtained by weighted mean of the best 1998 and 1999 results optimized
according to equation 23. The top panel shows the adjusted 1998 and 1999 partial cross sections and the weighted
mean, plotted as a solid line with a one-sigma confidence band. The bottom panel shows the same weighted-mean

partial cross section compared to GNASH.




98 0.50F I T T T T T T T . — T T T T T T =
E — weighted mean E

- one-sigma limit ]

0.40 5 ® 1998 best =

- N m 1999 best ]

- )7 .

- - ¥3/v = 1.00 .
0.30 ~ 1 <\ - 0o = —0.0067(15) 7]
I o, = 0.948(32) ]
s F L - .
= - . ]
b?‘ L . " ]
0.20 4% =
010 -

C e

OOO - L L 1 ! 1 1 L L L { L 1 1 1 .

5 10 15 20

GNASH (1998)

® weighted mean
0.50 E

0.40

o, (barns)
o
W
]

0.20

lllf]\lllll‘lllIIIIltllll!IIIEIlll\lfllll'llllllll

Mﬁ

[II!Illilll|WIIll[llllHlTllIIIH—IIIIITTﬂlH'I TTTTTTTT

I 1 ! 1 Il | L 1 1

10 15
£, (MeV)

FIG. 49: Best 67 — 4] partial cross section obtained by weighted mean of the best 1998 and 1999 results optimized

according to equation 23. The top panel shows the adjusted 1998 and 1999 partial cross sections and the weighted

mean, plotted as a solid line with a one-sigma confidence band. The bottom panel shows the same weighted-mean

partla] cross section compared to GNASH.

o
8

U1 ';
.

0




025 — weighted mean

one—sigma limit -
e 1998 best 7]
0.20 — B 1999 best
x}/v = 0.83 I
0.0194(9)
0.874(31)

o]
=]
I

o, (barns)

5 10 15 20
E, (MeV)
0.35 | I T T T T | T 7 T T T T T T T ]
B GNASH (1998) .
0.30— ® weighted mean —|
0251 —
& 020+ —
c = K ~
2 - ]
© 015}~ , —
0.10 — + | -
B e ]
L s — 4
0.05— ‘e —— .
L -+ 1
B - i
0.00 00%a%aa o : L : | . . . . I . ' ) s
5 10 15 20
E, (MeV)

FIG. 50: Best 81" — 61F partial cross section obtained by weighted mean of the best 1998 and 1999 results optimized
according to equation 23. The top panel shows the adjusted 1998 and 1999 partial cross sections and the weighted
mean, plotted as a solid line with a one-sigma confidence band. The bottom panel shows the same weighted-mean
partial cross section compared to GNASH.
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TABLE XXVII: Best partial cross sections deduced from the optimized weighted mean of 1998 and 1999 GEANIE

measurements.
Bin Tyt ot (b)

e —at ®) et g ()

T10t 8t (b)

1

W -1 O Gl W

el

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

0.001 £ 0.009
0.009 £ 0.025
0.003 £+ 0.013
0.001 £ 0.013
-0.001 + 0.009
0.023 £+ 0.024
0.053 £+ 0.024
0.036 £+ 0.023
0.047 + 0.023
0.172 £ 0.030
0.238 £ 0.034
0.214 £ 0.031
0.238 + 0.034
0.269 + 0.037
0.299 + 0.039
0.313 £ 0.040
0.342 £ 0.043
0.389 = 0.047
0.374 + 0.046
0.368 £ 0.046
0.425 £ 0.062
0.404 £ 0.050
0.233 + 0.038
0.158 + 0.033
0.115 + 0.030
0.040 £ 0.027
0.026 + 0.027

0.014 + 0.003 0.004 + 0.002
0.011 + 0.003 0.003 £ 0.002
0.014 £+ 0.003 0.005 £ 0.002
0.011 +£ 0.003 0.001 £ 0.002
0.010 £ 0.003 0.006 £+ 0.002
0.008 + 0.002 0.002 £ 0.002
0.007 £ 0.002 0.002 & 0.002
0.012 £ 0.003 -0.000 =+ 0.002
0.031 £ 0.004 0.002 £ 0.002
0.080 £ 0.007 0.014 £ 0.002
0.128 £ 0.011 0.032 £ 0.004
0.159 + 0.014 0.044 =+ 0.004
0.191 £ 0.017 0.058 &= 0.006
0.207 + 0.018 0.069 + 0.007
0.239 £+ 0.021 0.083 =+ 0.008
0.266 £ 0.023 0.106 £+ 0.009
0.292 + 0.025 6.120 £+ 0.011
0.323 £ 0.028 0.139 £ 0.012
0.349 +£ 0.030 0.159 + 0.014
0.383 £ 0.033 0.181 £ 0.016
0.392 + 0.034 0.198 £+ 0.017
0.346 = 0.030 0.185 * 0.016
0.260 £ 0.023 0.143 + 0.013
0.181 & 0.016 0.096 £ 0.009
0.130 + 0.012 0.063 £ 0.006
0.097 £+ 0.009 0.053 £+ 0.005
0.082 + 0.008 0.042 £ 0.005

-0.002 + 0.000
0.000 + 0.002
0.002 £ 0.002
0.000 £+ 0.000
0.000 £ 0.000
0.002 £ 0.002
0.003 £ 0.002
0.600 £ 0.000
0.000 £ 0.000
-0.000 %= 0.000
0.002 £ 0.002
0.005 £ 0.002
0.008-+ 0.002
0.014 + 0.002
0.020 £ 0.002
0.025 £ 0.003
0.036 & 0.004
0.038 x 0.004
0.052 + 0.005
0.064 + 0.006
0.067 £+ 0.006
0.067 £ 0.006
0.058 £ 0.005
0.039 + 0.004
0.025 + 0.003
0.017 £ 0.003
0.015 £+ 0.003
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FIG. 52: Comparison of recommmended partial v-ray cross sections obtained from either the weighted 98Thin and
99Thin, as discussed in section XII A or from the optimized data, as discussed in section XII B. The data shown are

for the a} 4 — 2, b) 6 — 4, ¢) 8 — 6, and d) 10 — 8 transitions
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XIII. SUMMARY OF OBSERVED LINES

In this section, the reader will find a summary of the analysis and recommended partial cross sections for all
observed 235U(n,n’y) and 2**U(n,2nv) transitions. The results are tabulated and plotted for easy reference while
specific concerns for individual lines are briefly discussed in the text. Wherever possible, planar—detector data from
both 98Thin and 99Thin sets have been combined using the optimization technique described in section XII B which
subtracts a (small) baseline from the 99Thin data to account for unresolved background and scales the 98 Thin data
to compensate for a large uncertainty in target thickness. After these corrections, the two data sets are combined by
weighted average according to equations 21 and 22. This procedure was adopted because systematic deviations were
found between the 98Thin and 99Thin data sets which could be removed in this manner. For strong, well-resolved
lines, this procedure should yield a small baseline for the 99Thin and a consistent scale for the 98 Thin, representing
to lowest order a correction to the poorly-known target thickness for the 1998 data. This is precisely what is observed
for the relatively strong E, = 152.7-keV and 201.0-keV transitions in 34U and the E, = 129.3-keV transition in
2357, In fact, from the *4U 4] — 27, 67 — 47, and 8 — 67 transitions in 34U and the 5/2t — 7/27 transition
in 235U, we extract consistent scale factors for the 98 Thin data of 0.906 + 0.045, 0.948 + 0.052, 0.875 % 0.051, and
0.918 + 0.054 respectively, which we combine by weighted average to yield a correction factor of 0.911 + 0.025. For
other, weaker lines in the (n,2n), (n,n’) and (1,3n) channels we expect a small positive baseline, which is indeed the
case for most observed y-—rays. The scale factor however, can deviate somewhat from the average value of 0.911 &
0.025. This can occur, as was discussed in the case of the 10] — 8] transition in section VII A 2, when the peak shape
is not accurately modeled, usually because of nearby contaminant peaks, whether real or generated as an artifact of
the fit. By allowing for some variation in the scale factor between 98Thin and 99Thin data sets to provide the
best match, we can at least partially compensate for the effect of contaminants before combining the data sets. In
the end, by this procedure we still rely on the 98Thin data to provide the shape of the excitation functions and on
the 99Thin to provide the overall magnitude. In cases where a transition could only be observed in the 98Thin
data, the partial cross section extracted from these data was scaled by the target—thickness correction of 0.911 +
0.025. For some higher—energy transitions, the statistics in planar—detector data were found to be insufficient, and
the coaxial-detector data from the 98 Thin experiment were used instead to extract a partial cross section.

For most lines discussed in this section, there are several v rays depopulating the parent level in the nucleus. For
each observed ~y ray, we have commented on all other transitions issued from the same level with at least 50% of the
intensity of the strongest branch from that level. Because of poor statistics, branches weaker than this 50% threshold
are not likely to be observed in the GEANIE data.

Where available, GNASH predictions for the lines have been included in the partial cross—section plots. These
calculations were obtained on 5/13/99, and were performed based on available information at that time, which does
not include the finalized values of the partial cross sections quoted in this report. Therefore, agreement or discrepancy
between calculations and experimental data for individual lines should not be taken as an indicator of success or failure
of the model as a whole. Deviations are expected, especially for weak lines, and occasional agreements between theory
and experiment can be coincidental, especially when they do not follow a systematic pattern (e.g. agreement for all
the decays cut of a given band). We describe the matching between experiment and theory for individual lines for
the sake of completeness, but not as a value judgment on the performance of the model as a whole.

In addition, we note that some of the GNASH partial cross sections plotted here show a discontinuity near E,, =
9.5 MeV (see e.g. figures 63, 71, and 72). This discontinuity is present in the GNASH calculations themselves, and is
not an artifact of the plotting process.

A Angular—Distribution Correction Factors

A detailed discussion of corrections for angular—distribution effects can be found in section XI. In this section,
we present the correction factors calculated for all (n,2n) and (n,3n) lines of interest. We do not include angular
distribution correction for (n,n’) transitions because in the E, = 4-20-MeV range shown and discussed throughout
this report, the alignment is negligible and no correction is necessary.

1 Angular-Distribution Correction Factor for Transitions in 24U

Table XXVIII lists the properties of 221U ~ rays observed in the GEANIE data that are used in the calculation of
angular distribution factors C., given by equation 19. As discussed in section XI, a “damping” factor of 0.8068 was
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applied to the AVALANCHE calculation of alignments. The correction factors for each (n,2n) line of interest can be
found in tables XXIX-LIV.

TABLE XXVIIL: Properties used in the calculation of angular distribution correction factors for 2°U(n,2n) =y rays.
E, (keV) E; (keV) J; Jf Ly Ly 6 Identification of Multipolarity

99.8 143.4 4 2 2 0 known E2

131.3 15526 5 0 known E1

152.7 296.1 6 0 known E2

201.0 497.0 8 0 known E2

2442 741.2 0 0 known E2 -
282.6 1023.8 2 10 0 known E2

666.5 962.6 0 assume E1 (AJ =1, mimy = —1)
7804 12775 0 assume E1 (AJ = 1,mmy = —1)
786.3 786.3 0 known E1

805.8 849.3 0 assume E1 (AJ = 1, w75 = —1)
819.2 962.6 0 assume E1 (AJ =1, mymp = —1)

829.3 1125.3
831.5 1127.6
876.0 1172.1
880.5 1023.7
880.5 1023.8

0 assume E1 (AJ = 1,m;mp = —1)

0 assume E1 (AJ = 1, mmp = ~1)

0 known E2

0 assume E2 (2-phonon — 1-phonon band)
0 assume E1 (AJ = 1, mmy = —1)

883.2 926.7 0 known E2

898.7 1194.7 0 assume E1 (AJ =0, mimy = —1)

925.0 968.6 0 assume E2 (2-phonon — 1-phonon band)
925.9 1069.3 0 assume El1 (AJ =0, mimy = —1)

926.7 926.7 0 known E2

946.0 989.4 0 known E1

947.7 1090.9
965.8 1261.8
981.6 1277.5
984.2 1127.6

0 assume E2 (2-phonon — 1-phonon band)
0 assume E2 (2-phonon — 1-phonon band)
0 assume BE1 (AJ =1, mmy = —1)
0 assume E1 (AJ =1, w7y = —1)
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TABLE XXIX: Angular distribution correction factors calculated for the E, = 99.8-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E, values in the table.

En (MeV) o2/ o2/ 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9628* N/A 0.9605" N/A
6.0 0.7847 7.4997 0.9620 N/A 0.9596 N/A
7.0 0.7915 7.4997 0.9626 N/A 0.9602 N/A
8.0 0.7710 7.4997 0.9609 N/A 0.9584 N/A
9.0 0.7575 7.4997 0.9597 N/A 0.9572 N/A
10.0 0.7468 7.4997 0.9587 N/A 0.9561 N/A
11.0 0.7438 1.5922 0.9584 N/A 0.9558 N/A
12.0 0.7625 1.1340 0.9599 N/A 0.9575 N/A
13.0 0.7825 1.0530 0.9615 N/A 0.9592 N/A
14.0 0.8007 1.0130 0.9630 N/A 0.9608 N/A
15.0 0.8150 0.9842 0.9640 N/A 0.9619 N/A
16.0 0.8353 0.9915 0.9655 N/A 0.9635 N/A
17.0 0.8492 0.9752 0.9665 N/A 0.9645 N/A
18.0 0.8790 0.9925 0.9685 N/A 0.9666 N/A
19.0 0.9093 1.0172 0.9703 N/A 0.9685 N/A

20.0 0.9357 1.0393 0.9718 N/A 0.9701 N/A
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TABLE XXX: Angular distribution correction factors calculated for the E, = 131.3-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*”’ symbol were obtained by quadratic extrapolation from higher—E,, values in the table.

E, (MeV) 02/] o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

53 0.0000 0.0000 1.0283" N/A 1.0302° N/A
6.0 0.0000 0.0000 1.0276* N/A 1.0295* N/A
7.0 0.5200 5.9998 1.0291 N/A 1.0310 N/A
8.0 0.5866 5.9998 1.0242 N/A 1.0258 N/A
9.0 0.6140 5.9998 1.0224 N/A 1.0239 N/A
10.0 0.5956 5.9998 1.0236 N/A 1.0252 N/A -
11.0 0.5942 1.0898 1.0237 N/A 1.0253 N/A
12.0 0.6148 0.8890 1.0224 N/A 1.0239 N/A
13.0 0.6342 0.8394 1.0213 N/A 1.0227 N/A
14.0 0.6512 0.8126 1.0204 N/A 1.0217 N/A
15.0 0.6644 0.7932 1.0197 N/A 1.0210 N/A
16.0 0.6822 0.8010 1.0188 N/A 1.0200 N/A
17.0 0.6956 0.7914 1.0182 N/A 1.0194 N/A
18.0 0.7210 0.8080 1.0171 N/A 1.0182 N/A
19.0 0.7468 0.8294 1.0160 N/A 1.0171 N/A

20.0 0.7692 0.8486 1.0152 N/A 1.0162 N/A




107

TABLE XXXI: Angular distribution correction factors calculated for the E, = 152.7-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” gymbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E, (MeV) 02/1 o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9282° N/A 0.9236° N/A
6.0 0.4333 4.9998 0.9231 N/A 0.9184 N/A
7.0 0.5010 4.9998 0.9353 N/A 0.9312 N/A
8.0 0.5028 4.9998 0.9356 N/A 0.9316 N/A
9.0 0.5020 0.8683 0.9351 N/A 0.9311 N/A
10.0 0.5037 0.7338 0.9351 N/A 0.9312 N/A -
11.0 0.5065 0.6817 0.9353 N/A 0.9315 N/A
12.0 0.5225 0.6567 0.9378 N/A 0.9341 N/A
13.0 0.5387 0.6490 0.9402 N/A 0.9368 N/A
14.0 0.5523 0.6442 0.9422 N/A 0.9389 N/A
15.0 0.5625 0.6382 0.9436 N/A 0.9404 N/A
16.0 0.5767 0.6485 0.9457 N/A 0.9425 N/A
17.0 0.5870 0.6477 0.9470 N/A 0.9440 N/A
18.0 0.6073 0.6645 0.9497 N/A 0.9468 N/A
19.0 0.6275 0.6832 0.9522 N/A 0.9494 N/A

20.0 0.6448 0.6990 0.9542 N/A 0.9515 N/A
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TABLE XXXII: Angular distribution correction factors calculated for the E, = 201.0-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections

marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.
E. (MeV) 02/] o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9046* N/A 0.8998" N/A
6.0 0.2961 0.4293 0.9004 N/A 0.8956 N/A
7.0 0.3563 0.4961 0.9126 N/A 0.9081 N/A
8.0 0.3749 0.4823 0.9159 N/A 0.9117 N/A
9.0 0.3807 0.4703 0.9169 N/A 0.9127 N/A
10.0 0.3851 0.4562 0.9175 N/A 0.9134 N/A -
11.0 0.3900 0.4506 0.9183 N/A 0.9143 N/A
12.0 0.4051 0.4586 0.9213 N/A 0.9174 N/A
13.0 0.4195 0.4657 0.9241 N/A 0.9203 N/A
14.0 0.4306 0.4699 0.9262 N/A 0.9225 N/A
15.0 0.4389 0.4711 0.9277 N/A 0.9241 N/A
16.0 0.4499 0.4818 0.9298 N/A 0.9262 N/A
17.0 0.4586 0.4866 0.9314 N/A 0.9279 N/A
18.0 0.4745 0.5024 0.9342 N/A 0.9309 N/A
19.0 0.4894 0.5184 0.9369 N/A 0.9336 N/A

20.0 0.5025 0.5314 0.9391 N/A 0.9359 N/A
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TABLE XXXIII: Angular distribution correction factors calculated for the E, = 244.2-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

En. (MeV) 02/J @2/ 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.8931* N/A 0.8891* N/A
6.0 0.2509 0.2441 0.8912 N/A 0.8872 N/A
7.0 0.2864 0.3040 0.8991 N/A 0.8949 N/A
8.0 0.3105 0.3328 0.9042 N/A 0.9001 N/A
9.0 0.3200 0.3398 0.9061 N/A 0.9020 N/A
10.0 0.3254 0.3397 0.9071 N/A 0.9030 N/A -
11.0 0.3308 0.3434 0.9082 N/A 0.9042 N/A
12.0 0.3437 0.3579 0.9110 N/A 0.9070 N/A
13.0 0.3563 0.3690 0.9136 N/A 0.9097 N/A
14.0 0.3653 0.3754 0.9155 N/A 0.9116 N/A
15.0 0.3720 0.3791 0.9168 N/A 0.9130 N/A
16.0 0.3810 0.3892 0.9188 N/A 0.9150 N/A
17.0 0.3887 0.3962 0.9203 N/A 0.9166 N/A
18.0 0.4017 0.4106 0.9231 N/A 0.9194 N/A
19.0 0.4137 0.4247 0.9255 N/A 0.9219 N/A

20.0 0.4242 0.4359 0.9276 N/A 0.9241 N/A
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TABLE XXXIV: Angular distribution correction factors calculated for the E., = 282.6-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E,. (MeV) 02/] o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.8919" N/A 0.8880" N/A
6.0 0.0000 0.0000 0.8934" N/A 0.8895" N/A
7.0 0.2513 0.2173 0.8934 N/A 0.8895 N/A
8.0 0.2759 0.2569 0.8987 N/A 0.8947 N/A
9.0 0.2872 0.2721 0.9011 N/A 0.8970 N/A
10.0 0.2923 0.2756 0.9020 N/A 0.8981 N/A -
11.0 0.2969 0.2817 0.9030 N/A 0.8990 N/A
12.0 0.3076 0.2970 0.9054 - N/A 6.9014 N/A
13.0 0.3184 0.3092 0.9077 N/A 0.9037 N/A
14.0 0.3255 0.3162 0.9092 N/A 0.9053 N/A
15.0 0.3306 0.3203 0.9103 N/A 0.9063 N/A
16.0 0.3382 0.3297 0.9119 N/A 0.9080 N/A
17.0 0.3450 0.3373 0.9134 N/A 0.9095 N/A
18.0 0.3558 0.3503 0.9158 N/A 0.9119 N/A
19.0 0.3658 0.3627 0.9179 N/A . 0.9141 N/A

20.0 0.3742 0.3725 0.9197 N/A 0.9159 N/A
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TABLE XXXV: Angular distribution correction factors calculated for the E., = 666.5-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

En (MeV) 02/] o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 1.0268~ 0.9808" 1.0286* 0.9812*
6.0 0.0000 0.0000 1.0264" 0.9811* 1.0282* 0.9815*
7.0 0.5546 5.9998 1.0270 0.9806 1.0289 0.9810
8.0 0.5978 5.9998 1.0240 0.9827 1.0257 0.9831
9.0 0.6028 5.9998 1.0237 0.9829 1.0253 0.9833
10.0 0.5984 1.2002 1.0240 0.9827 1.0256 0.9831 -
11.0 0.6002 0.9282 1.0239 0.9828 1.0255 0.9832
12.0 0.6176 0.8244 1.0228 0.9835 1.0243 0.9839
13.0 0.6344 0.7976 1.0218 0.9842 1.0233 0.9846
14.0 0.6496 0.7844 1.0209 0.9848 1.0224 0.9852
15.0 0.6614 0.7722 1.0203 0.9853 1.0217 0.9856
16.0 0.6782 0.7828 1.0195 0.9859 1.0208 0.9862
17.0 0.6900 0.7764 1.0189 0.9863 1.0202 0.9866
18.0 0.7142 0.7936 1.0178 0.9870 1.0190 0.9873
19.0 0.7382 0.8148 1.0168 0.9878 1.0179 0.9880

20.0 0.7592 0.8332 1.0160 0.9883 1.0170 0.9886
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TABLE XXXVI: Angular distribution correction factors calculated for the E, = 780.4-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) 02/ ©2/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 1.0491* 0.9660* 1.0526" 0.9666"
6.0 0.0000 0.0000 1.0477* 0.9669" 1.0511* 0.9675*
7.0 0.3516 0.6496 1.0489 0.9661 1.0524 0.9668
8.0 (.4106 0.6100 1.0418 0.9707 1.0448 0.9712
9.0 0.4277 0.5854 1.0399 0.9720 1.0427 0.9725
10.0 0.4293 0.5546 1.0397 0.9721 1.0425 0.9726 -
11.0 0.4346 0.5363 1.0391 0.9725 1.0418 0.9730
12.0 0.4506 0.5327 1.0373 0.9736 1.0400 0.9741
13.0 0.4657 0.5354 1.0358 0.9747 1.0383 0.9752
14.0 0.4779 0.5379 1.0345 0.9755 1.0370 0.9760
15.0 0.4873 0.5376 1.0336 0.9761 1.0360 0.9766
16.0 0.4999 0.5489 1.0324 0.9769 1.0347 0.9774
17.0 0.5097 0.5519 1.0315 06.9775 1.0337 0.9780
18.0 0.5276 0.5683 1.0300 0.9786 1.0321 0.9790
19.0 . 0.5449 0.5857 1.0285 0.9796 1.0305 0.9800

20.0 0.5599 0.6000 1.0273 0.9804 1.0293 0.9807
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TABLE XXXVII: Angular distribution correction factors calculated for the E, = 786.3-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Th1n and 99Thin data sets. Correctlons
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) 02/ 02/ 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 1.0012* 0.9991* 1.0013* 0.9991*
6.0 26.1800 0.0000 1.0001 0.9999 1.0001 0.9999
7.0 3.8620 0.0000 1.0037 0.9972 1.0040 0.9973
8.0 3.2340 0.0000 1.0053 0.9960 1.0057 0.9961
9.0 3.0840 0.0000 1.0059 0.9956 1.6063 0.9957
10.0 2.9390 0.0000 1.0065 0.9952 1.0069 0.9953
11.0 2.8720 0.0000 1.0068 0.9949 1.0072 0.9950
12.0 2.8860 0.0000 1.0067 0.9950 1.0072 0.9951
13.0 2.9300 0.0000 1.0065 0.9951 1.0070 0.9952
14.0 2.9850 0.0000 1.0063 0.9953 1.0067 0.9954
15.0 3.0320 0.0000 1.0061 0.9954 1.0065 0.9955
16.0 3.1060 0.0000 1.0058 0.9957 1.0062 0.9958
17.0 3.1550 0.0000 1.0056 0.9958 1.0060 0.9959
18.0 3.2690 0.0000 1.0052 0.9961 1.0056 0.9962
19.0 3.3880 0.0000 1.0049 0.9964 1.0052 0.9964

20.0 3.4930 0.0000 1.0046 0.9966 1.0049 0.9966
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TABLE XXXVIII: Angular distribution correction factors calculated for the E, = 805.8-keV transition using the
code AVALANCHE for the sum of planar and coaxial data, and for both 98 Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E, (MeV) 02/ 02/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0

0.0000 0.0000
0.0000 0.0000
1.0927 9.9997
1.0347 9.9997
1.0127 9.9997
0.9833 9.9997
0.9743 9.9997
0.9927 1.6670
1.0143 1.4457
1.0360 1.3650
1.0537 1.3123
1.0800 1.3173
1.0980 1.2843
1.1370 1.3020
1.1770 1.3323
1.2123 1.3603

1.0178*
1.0186"
1.0185
1.0205
1.0214
1.0226
1.0230
1.0222
1.0213
1.0205
1.0198
1.0189
1.0183
1.0171
1.0160
1.0151

0.9873*
0.9868"
0.9869
0.9855
0.9849
0.9841
0.9838
0.9843
0.9850
0.9855
0.9860
0.9866
0.9870
0.9879
0.9886
0.9892

1.0189"
1.0198*
1.0196
1.0218
1.0227
1.0240
1.0245
1.0236
1.0226
1.0217
1.0210
1.0201
1.0194
1.0181
1.0170
1.0160

0.9876"
0.9871*
0.9872
0.9858
0.9852
0.9844
0.9841
0.9847
0.9853
0.9858
0.9863
0.9869
0.9873
0.9881
0.9889
0.9895
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TABLE XXXIX: Angular distribution correction factors calculated for the E, = 819.2-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E,. (MeV) 02/J o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 1.0471" 0.9673* 1.0503* 0.9680"
6.0 0.0000 0.0000 1.0464" 0.9678" 1.0496* 0.9684*
7.0 0.5546 5.9998 1.0476 0.9670 1.0508 0.9677
8.0 0.5978 5.9998 1.0422 0.9705 1.0450 0.9711
9.0 0.6028 5.9998 1.0416 0.9709 1.0444 0.9714
10.0 0.5984 1.2002 1.0421 0.9705 1.0449 0.9711
11.0 0.6002 0.9282 1.0419 0.9707 1.0447 0.9713
12.0 0.6176 0.8244 1.0400 0.9719 1.0426 0.9725
13.0 0.6344 0.7976 1.0382 0.9731 1.0408 0.9736
14.0 0.6496 0.7844 1.0367 0.9741 1.0391 0.9746
15.0 0.6614 0.7722 1.0356 0.9748 1.0379 0.9754
16.0 0.6782 0.7828 1.0340 0.9759 1.0363 0.9763
17.0 0.6900 0.7764 1.0330 0.9765 1.0352 0.9770
18.0 0.7142 0.7936 1.0311 0.9778 1.0332 0.9783
19.0 0.7382 0.8148 1.0293 0.9791 1.0313 0.9795

20.0 0.7592 0.8332 1.0279 0.9800 1.0297 0.9804
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TABLE XL: Angular distribution correction factors calculated for the E, = 829.3-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

En. (MeV) 02/ ©¢2/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0

0.0000 0.0000
0.0000 6.0000
0.3513 0.6274
0.4041 0.5907
0.4246 0.5734
0.4280 0.5464
0.4334 0.5301
0.4497 0.5284
0.4649 0.5317
0.4769 0.5346
0.4861 0.5343
0.4984 0.5456
0.5080 0.5487
0.5256 0.5651
0.5426 0.5821
0.5574 0.5963

1.0765*
1.0742*
1.0755
1.0655
1.0618
1.0612
1.0602
1.0574
1.0549
1.0531
1.0516
1.0498
1.0484
1.0460
1.0438
1.0420

0.9497°
0.9510
0.9502
0.9562
0.9584
0.9588
0.9594
0.9611
0.9626
0.9638
0.9647
0.9658
0.9667
0.9682
0.9696
0.9708

1.0819"
1.0794*
1.0808
1.0700
1.0660
1.0654
1.0644
1.0614
1.0587
1.0567
1.0552
1.0532
1.0517
1.0492
1.0468
1.0449

0.9507*
0.9521*
0.9513
0.9571
0.9593
0.9597
0.9603
0.9619
0.9634
0.9646
(.9655
0.9666
0.9674
0.9689
0.9703
0.9715
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TABLE XLI: Angular distribution correction factors calculated for the E, = 831.5-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E, (MeV) a2/] o2/} 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0

0.0000 0.0000 1.0278*
0.0000 0.0000 1.0272*

0.5404 5.9998
0.5910 5.9998
0.6034 5.9998
0.5980 1.3238
0.6002 0.9536
0.6184 0.8342
0.6358 0.8046
0.6510 0.7902
0.6632 0.7774
0.6802 0.7878
0.6924 0.7808
0.7168 0.7980
0.7412 0.8192
0.7626 0.8378

1.0280
1.0244
1.0236
1.0239
1.0238
1.0227
1.0216
1.0208
1.0202
1.0193
1.0187
1.0176
1.0166
1.0158

0.9803"
0.9807"
0.9801
0.9826
0.9831
0.9829
0.9830
0.9838
0.9845
0.9851
0.9855
0.9861
0.9865
0.9873
0.9880
0.9886

1.0296"
1.0201"
1.0299
1.0260
1.0252
1.0255
1.0254
1.0242
1.0231
1.0222
1.0215
1.0206
1.0200
1.0188
1.0177
1.0168

0.9807"
0.9811*
0.9805
0.9830
0.9835
0.9833
0.9834
0.9841
0.9848
0.9854
0.9858
0.9864
0.9868
0.9876
0.9883
0.9888
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TABLE XLII: Angular distribution correction factors calculated for the E, = 876.0~keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 88Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) a2/}

o2/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0

0.0000 0.0000 1.0699"
0.0000 0.0000 1.0673"

0.4193 4.9998
0.4888 4.9998
0.5020 1.0168
0.4960 0.7793
0.4998 0.7060
0.5195 0.6727
0.5375 0.6615
0.5522 0.6540
0.5633 0.6465
0.5780 0.6563
0.5893 0.6547
0.6105 0.6717
0.6313 0.6908
0.6495 0.7072

1.0688
1.0562
1.0535
1.0534
1.0521
1.0487
1.0459
1.0438
1.0422
1.0405
1.0392
1.0371
1.0351
1.0336

0.9540”
0.9554"
0.9543
0.9619
0.9634
0.9632
0.9639
0.9660
0.9677
0.9690
0.9700
0.9711
0.9720
0.9734
0.9748
0.9758

1.0746"
1.0720*
1.0740
1.0605
1.0577
1.0580
1.0568
1.0532
1.0503
1.0480
1.0464
1.0445
1.0430
1.0407
1.0385
1.0368

0.9551*
0.9565"
0.9552
0.9626
0.9641
0.9638
0.9644
0.9664
0.9681
0.9694
0.9703
0.9714
0.9723
0.9737
0.9750
0.9761
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TABLE XLIII: Angular distribution correction factors calculated for the E, = 880.5-keV (E,; = 1023.7-keV, J™ = 4*)
transition using the code AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin
data sets. Corrections marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in

the table.

E, (MeV) o2/ 02/ 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial
53 0.0000 0.0000 1.0270* 0.9809" 1.0289" 0.9814"
6.0 0.0000 0.0000 1.0270" 0.9809" 1.0289" 0.9813"
7.0 0.7290 7.4997 1.0281 0.9801 1.0301 0.9805
8.0 0.7788 7.4997 1.0249 0.9823 1.0267 0.9826
9.0 0.7685 7.4997 1.0255 0.9818 1.0274 0.9822
10.0 0.7445 7.4997 1.0270 0.9808 1.0290 0.9812
11.0 0.7400 7.4997 1.0273 0.9806 1.0293 0.9810
12.0 0.7608 1.2070 1.0257 0.9816 1.0277 0.9820
13.0 0.7820 1.0885 1.0243 0.9826 1.0262 0.9829
14.0 0.8013 1.0350 1.0232 0.9833 1.0250 0.9836
15.0 0.8163 0.9995 1.0223 0.9839 1.0241 0.9842
16.0 0.8375 1.0050 1.0212 0.9846 1.0230 0.9849
17.0 0.8525 0.9852 1.0205 0.9852 1.0222 0.9854
18.0 0.8832 1.0017 1.0192 0.9861 1.0208 0.9863
19.0 0.9145 1.0265 1.0180 0.9869 1.0195 0.9871

20.0 0.9420 1.0490 1.0170 0.9876 1.0184 0.9878
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TABLE XLIV: Angular distribution correction factors calculated for the E, = 880.5-keV (E; = 1023.8-keV,J™ = 3™)
transition using the code AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin
data sets. Corrections marked by a “*” symbol were obtained by quadratic extrapolation from higher-E, values in

the table.

E. (MeV) 02/] o02/]J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial
5.3 0.0000 0.0000 1.0070* 0.9949* 1.0075* 0.9950*
6.0 0.0000 0.0000 1.0074* 0.9946"* 1.0079* 0.9947*
7.0 1.1027 9.9997 1.0074 0.9946 1.0080 0.9947
8.0 1.0550 9.9997 1.0081 0.9941 1.0087 0.9942
9.0 1.0273 9.9997 1.0085 0.9938 1.0091 0.9939
10.0 0.9930 9.9997 1.0091 0.9934 1.0097 0.9935
11.0 0.9820 9.9997 1.0093 0.9932 1.0099 0.9934
12.0 0.9983 1.7253 1.0090 0.9934 1.0096 0.9936
13.0 1.0193 1.4703 1.0086 0.9937 1.0092 0.9938
14.0 1.0410 1.3813 1.0083 0.9939 1.0089 0.9941
15.0 1.0590 1.3250 1.0080 0.9941 1.0086 0.9942
16.0 1.0853 1.3290 1.0077 0.9944 1.0082 0.9945
17.0 1.1040 1.2937 1.0074 0.9946 1.0079 0.9947
18.0 1.1437 1.3113 1.0069 0.9949 1.0074 0.9950
19.0 1.1840 1.3413 1.0065 0.9952 1.0069 0.9953

20.0 1.2197 1.3697 1.0061 0.9955 1.0065 0.9956
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TABLE XLV: Angular distribution correction factors calculated for the E, = 883.2-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*¥” symbol were obtained by quadratic extrapolation from higher—E,, values in the table.

En (MeV) 02/] 02/J

98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0

0.0000 0.0000
0.0000 0.0000
1.6970 14.9995
1.6345 14.9995
1.5770 14.9995
1.4810 14.9995
1.4485 14.9995
1.4720 14.9995
1.5050 2.5260
1.5385 2.1960
1.5655 2.0435
1.6050 2.0285
1.6320 1.9490
1.6920 1.9645
1.7545 2.0070
1.8090 2.0485

1.0027"
1.0029"
1.0031
1.0033
1.0036
1.0041
1.0042
1.0041
1.0039
1.0037
1.0036
1.0034
1.0033
1.0031
1.0029
1.0027

0.9980*
0.9978*
0.9977
0.9975
0.9974
0.9970
0.9969
0.9970
0.9971
0.9972
0.9973
0.9975
0.9975
0.9977
0.9979
0.9980

1.0029*
1.0031*
1.0033
1.0036
1.0038
1.0043
1.0045
1.0044
1.0042
1.0040
1.0039
1.0037
1.0036
1.0033
1.0031
1.0029

0.9980*
0.9979*
0.9978
0.9976
0.9974
0.9971
0.9969
0.9970
0.9972
0.9973
0.9974
0.9975
0.9976
0.9978
0.9979
0.9980
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TABLE XLVI: Angular distribution correction factors calculated for the E, = 898.7-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98 Thin and 99Thin data sets. Corrections
marked by a ‘*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

En (MeV) (Tz/J

c2/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0

0.0000 0.0000 0.9124*
0.0000 0.0000 0.9145”
0.4247 4.9998 0.9121
0.4842 2.0377 0.9243
0.5005 0.8625 0.9274
0.4997 0.7442 0.9272
0.5038 0.6843 0.9280
0.5212 0.6533 0.9311
0.5370 0.6458 0.9338
0.5507 0.6427 0.9361
0.5612 0.6378 0.9378
0.5758 0.6488 0.9400
0.5865 0.6482 0.9416
0.6070 0.6650 0.9446
0.6275 0.6840 0.9473

0.6450 0.7000 0.9495

1.0765
1.0743*
1.0768
1.0645
1.0615
1.0617
1.0609
1.0579
1.0553
1.0532
1.0516
1.0495
1.0480
1.0454
1.0429
1.0409

0.9069"
0.9092"
0.9066
0.9195
0.9228
0.9226
0.9234
0.9267
0.9296
0.9320
0.9338
0.9362
0.9379
0.9410
0.9439
0.9462

1.0750"
1.0729"
1.0752
1.0633
1.0603
1.0605
1.0597
1.0568
1.0542
1.0522
1.0506
1.0486
1.0471
1.0445
1.0421
1.0402
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TABLE XLVII: Angular distribution correction factors calculated for the E, = 925.0-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98 Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E, values in the table.

E,. (MeV) 02/] a2/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9935* 1.0049* 0.9930" 1.0048*
6.0 (.0000 0.0000 0.9932" 1.0051" 0.9928* 1.0050*
7.0 1.0447 9.9997 0.9930 1.0053 0.9926 1.0052
8.0 1.0573 9.9997 0.9932 1.0051 0.9927 1.0050
9.0 1.0310 9.9997 0.9929 1.0054 0.9924 1.00563
10.0 0.9840 9.9997 0.9922 1.0059 0.9917 1.0058
11.0 0.9710 9.9997 0.9920 1.0060 0.9915 1.0059
12.0 0.9927 1.9643 0.9924 1.0058 0.9919 1.0057
13.0 1.0186G 1.5377 0.9928 1.0055 0.9923 1.0054
14.0 1.0420 1.4110 0.9932 1.0052 0.9927 1.0051
15.0 1.0610 1.3400 0.9935 1.0050 0.9929 1.0049
16.0 1.0880 1.3393 0.9938 1.0047 0.9933 1.0047
17.0 1.1067 1.3000 0.9940 1.0046 0.9935 1.0045
18.0 1.1473 1.3160 0.9944 1.0043 0.9940 1.0042
19.0 1.1883 1.3463 0.9948 1.0040 0.9943 1.0039

20.0 1.2250 1.3750 0.9951 1.0038 0.9947 1.0037
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TABLE XLVIII: Angular distribution correction factors calculated for the E, = 925.9-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) 02/] o2/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9597" 1.0324* 0.9571* 1.0317*
6.0 0.0000 0.0000 0.9594" 1.0326* 0.9567" 1.0320*
7.0 0.7462 7.4997 0.9582 1.0336 0.9555 1.0329
8.0 0.7742 7.4997 0.9608 1.0314 0.9582 1.0308
9.0 0.7648 7.4997 0.9599 1.0321 0.9573 1.0315
10.0 0.7492 7.4997 0.9585 1.0333 0.9558 1.0327
11.0 0.7465 1.8747 0.9583 1.0336 0.9555 1.0329
12.0 0.7632 1.1338 0.9598 1.0322 0.9572 1.0316
13.0 0.7817 1.0495 0.9614 1.0309 0.9589 1.0303
14.0 0.7993 1.0123 0.9628 1.0296 0.9604 1.0290
15.0 0.8135 0.9845 0.9640 1.0287 0.9616 1.0281
16.0 0.8343 0.9930 0.9655 1.0274 0.9632 1.0268
17.0 0.8485 0.9758 0.9665 1.0265 0.9643 1.0260
18.0 0.8788 (.9932 0.9685 1.0248 0.9664 1.0244
19.0 0.9093 1.0177 0.9704 1.0233 0.9684 1.0228

20.0 0.9360 1.0397 0.9719 1.0221 0.9700 1.0216
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TABLE XLIX: Angular distribution correction factors calculated for the E, = 926.7-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) 02/J 02/ 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9876" 1.0095* 0.9867* 1.0093*
6.0 0.0000 0.0000 0.9865" 1.0103* 0.9856" 1.0101*
7.0 1.6970 14.9995 0.9857 1.0109 0.9848 1.0107
8.0 1.6345 14.9995 0.9846 1.0118 0.9836 1.0115
9.0 1.5770 14.9995 0.9835 1.0126 0.9824 1.0124
10.0 1.4810 14.9995 0.9814 "1.0143 0.9802 1.0140
11.0 1.4485 14.9995 0.9806 1.0150 0.9793 1.0147
12.0 1.4720 14.9995 0.9812 1.0145 0.9799 1.0142
13.0 1.5050 2.5260 0.9820 1.0139 0.9808 1.0136
14.0 1.5385 2.1960 0.9827 1.0133 0.9815 1.0130
15.0 1.5655 2.0435 0.9833 1.0128 0.9821 1.0126
16.0 1.6050 2.0285 0.9840 1.0122 0.9830 1.0120
17.0 1.6320 1.9490 0.9845 1.0118 0.9835 1.0116
18.0 1.6920 1.9645 0.9856 1.0110 0.9846 1.0108
19.0 1.7545 2.0070 0.9866 1.0102 0.9857 1.0100

20.0 1.8090 2.0485 0.9873 1.0096 0.9865 1.0094
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TABLE L: Angular distribution correction factors calculated for the E., = 946.0-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98 Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

En (MeV) o2/] o2/J  98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 0.9927* 1.0054* 0.9923* 1.0053"
6.0 0.0000 0.0000 0.9918" 1.0061" 0.9912* 1.0060"
7.0 1.8995 14.9995 0.9920 1.0060 0.9914 1.0059
8.0 1.6270 14.9995 0.9891 1.0082 0.9884 1.0080
9.0 1.5610 14.9995 0.9882 1.0089 : 0.9874 1.0087
10.0 1.4840 14.9995 0.9870 1.0098 0.9861 1.0096
11.9 1.4550 14.9995 0.9865 1.0162 0.9855 1.0100
12.0 1.4695 3.5475 0.9867 1.0100 0.9858 1.0098
13.0 1.4955 2.3340 0.9872 1.0097 0.9863 1.0095
14.0 1.5255 2.1135 0.9876 1.0093 0.9868 1.0091
15.0 1.5505 1.9940 0.9880 1.0090 0.9872 1.0088
16.0 1.5890 1.9885 0.9886 1.0086 0.9878 1.0084
17.0 1.6150 1.9170 0.9889 1.0083 0.9882 1.0081
18.0 1.6735 1.9350 0.9897 1.0078 0.9890 1.0076
19.0 1.7335 1.9770 0.9904 1.0072 0.9897 1.0071

20.0 1.7875 2.0175 0.9909 1.0068 0.9903 1.0066
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TABLE LI: Angular distribution correction factors calculated for the E, = 947.7-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections

marked by a

“¥7 symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) 02/] o02/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3
6.0
7.0
8.0
9.0
10.0
11.0
12.0
13.0
14.0
15.0
16.0
17.0
18.0
19.0
20.0

0.0000 0.0000 0.9990"
0.0000 0.0000 0.9993"

0.5314 5.9998
0.5948 5.9998
0.6040 5.9998
0.5922 2.0714
0.5940 1.0120
(.6158 0.8656
0.6354 0.8258
0.6520 0.8038
0.6646 0.7866
0.6820 0.7950
0.6946 0.7868
0.7196 0.8036
0.7446 0.8250
0.7666 0.8438

1.0000
1.0000
1.0000
1.0000
1.0006
1.0010
1.0012
1.0014
1.0015
1.0014
1.0015
1.0014
1.0012
1.0011

1.0005*

-1.0004"

1.0000
1.0000
1.0000
1.0000
0.9997
0.9995
0.9994
0.9993
0.9993
0.9993
0.9993
0.9993
0.9994
0.9995

0.9993*
0.9995"
1.0000
1.0000
1.0000
1.0000
1.0004
1.0008
1.0009
1.0010
1.0011
1.0011
1.0011
1.0010
1.0009
1.0008

1.0004*
1.0003"
1.0000
1.0000
1.0000
1.0000
0.9998
0.9996
0.9996
0.9995
0.9995
0.9995
0.9995
0.9995
0.9996
0.9996
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TABLE LII: Angular distribution correction factors calculated for the E, = 965.8-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher—E,, values in the table ‘

E. (MeV) 02/]J o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 1.0115* 0.9914" 1.0128* 0.9914"
6.0 0.0000 0.0000 1.0121* 0.9912* 1.0131* 0.9913"
7.0 0.3480 4.2856 1.0129 0.9907 1.0138 0.9908
8.0 0.4163 0.7143 1.0127 0.9913 1.0130 ' 0.9916
9.0 0.4316 0.6239 1.0135 0.9910 1.0134 0.9915
10.0 0.4284 0.5711 1.0146 0.9905 1.0143 0.9910
11.0 0.4330 0.5500 1.0151 0.9903 1.0146 0.9909
12.0 0.4511 0.5473 1.0146 0.9906 1.0141 0.9913
13.0 0.4677 0.5486 1.0142 0.9910 1.0136 0.9916
14.0 0.4807 0.5484 1.0138 0.9912 1.0132 0.9918
15.0 0.4907 0.5464 1.0136 0.9914 1.0130 0.9920
16.0 0.5036 0.5569 1.0130 0.9917 1.0124 0.9923
17.0 0.5137 0.5593 1.0127 0.9919 1.0121 0.9925
18.0 0.5321 0.5759 1.0119 0.9924 1.0114 0.9929
19.0 0.5501 0.5936 1.0111 0.9929 1.0107 0.9933

20.0 0.5656 0.6081 1.0105 0.9932 1.0101 0.9937
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TABLE LIII: Angular distribution correction factors calculated for the E, = 981.6-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*”’ symbol were obtained by quadratic exirapolation from higher-E,, values in the table.

E. (MeV) 02/] 02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 1.0767" 0.9500" 1.0824" 0.9511"
6.0 0.0000 0.0000 1.0744" 0.9513* 1.0800* 0.9524"*
7.0 0.3516 0.6496 1.0764 0.9501 1.0820 0.9512
8.0 0.4106 0.6100 1.0650 0.9568 1.0698 0.9577
9.0 0.4277 0.5854 1.0619 0.9587 1.0665 0.9596
10.0 0.4293 0.5546 1.0617 0.9588 1.0662 0.9597
11.0 0.4346 0.5363 1.0607 0.9594 1.0652 0.9603
12.0 0.4506 0.5327 1.0580 0.9611 1.0622 0.9619
13.0 0.4657 0.5354 1.0555 0.9626 1.0595 0.9634
14.0 0.4779 0.5379 1.0535 0.9638 1.0574 0.9646
15.0 0.4873 0.5376 1.0521 0.9647 1.0558 0.9655
16.0 0.4999 0.5489 1.0502 0.9659 1.0538 0.9666
17.0 0.5097 0.5519 1.0488 0.9668 1.0523 0.9675
18.0 0.5276 0.5683 1.0463 0.9683 1.0496 0.9690
19.0 0.5449 0.5857 1.0441 0.9697 1.0472 0.9704

20.0 0.5599 0.6000 1.0422 0.9709 1.0452 0.9716
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TABLE LIV: Angular distribution correction factors calculated for the E, = 984.2-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98 Thin and 99Thin data sets. Corrections

marked by a “*” symbol were obtained by quadratic extrapolation from higher—E,, values in the table.
E, (MeV) 02/J o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

5.3 0.0000 0.0000 1.0497" 0.9663" 1.0533* 0.9670*
6.0 0.0000 0.0000 1.0487* 0.9669" 1.0522* 0.9676"
7.0 0.5404 5.9998 1.0502 0.9659 1.0538 0.9666
8.0 0.5910 5.9998 1.0435 0.9701 1.0467 0.9708
9.0 0.6034 5.9998 1.0421 0.9711 1.0451 0.9717
10.0 0.5980 1.3238 1.0427 0.9706 1.0458 0.9713
11.0 0.6002 0.9536 1.0425 0.9708 1.0455 0.9714
12.0 0.6184 0.8342 1.0404 0.9721 1.0433 0.9727
13.9 0.6358 0.8046 1.0386 0.9733 1.0413 0.9739
14.0 0.6510 0.7902 1.0370 0.9743 1.0397 0.9749
15.0 0.6632 0.7774 1.0359 0.9751 1.0384 0.9756
16.0 0.6802 0.7878 1.0343 0.9761 1.0368 0.9766
17.0 0.6924 0.7808 1.0333 0.9768 1.0356 0.9773
18.0 0.7168 0.7980 1.0313 0.9781 1.0335 0.9786
19.0 0.7412 0.8192 1.0295 0.9793 1.0316 0.9797

20.0 0.7626 0.8378 1.0280 0.9803 1.0300 0.9807
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2  Angular-Distribution Correction Factor for Transitions in 253U

Table LV lists the properties of 233U + rays observed in the GEANIE data that are used in the calculation of angular
distribution factors C, given by equation 19. No “damping” factor was applied to the AVALANCHE calculation of
alignments in this case. The correction factors for each (n,3n) line of interest can be found in tables LVI-LXII.

TABLE LV: Properties used in the calculation of angular distribution correction factors for 235U(n,3n) v rays.
I, Le 6 Identification of Multipolarity

E, (keV) E; (keV) J; s

137.2
159.4
298.9
300.3
305.4
312.2
340.8

2294
314.7
298.8
340.7
397.6
3122
340.7

13/2 9/2
15/2 11/2
5/2 5/2
5/2 7/2
11/2 9/2
3/2 5/2
25 5/2

2

2
1
1
1
1
1

3
3

R BN N NN

0 known E2

0 known E2

0 assume E1 (AJ =0, miny = —1)
-0.08 known M1/E2

0 El (AJ =1,%img = —1)

-0.10 known M1/E2

-0.23 known M1/E2
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TABLE LVI: Angular distribution correction factors calculated for the E, = 137.6-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E, values in the table.

E. (MeV) 02/J 02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

12.2 0.0000 0.0000 0.9173" N/A 0.9128" N/A
13.0 0.5106 0.6002 0.9226 N/A 0.9183 N/A
14.0 0.4718 0.5962 0.9147 N/A 0.9100 N/A
15.0 0.5297 0.5923 0.9261 N/A 0.9221 N/A
16.0 0.5406 0.6012 0.9282 N/A 0.9242 N/A
17.0 0.5480 0.5991 0.9295 N/A 0.9256 N/A
18.0 0.5662 0.6143 0.9327 N/A 0.9290 N/A
19.0 0.5849 0.6320 0.9359 N/A 0.9323 N/A

20.0 0.6005 0.6458 0.9383 N/A 0.9349 N/A




133

TABLE LVII: Angular distribution correction factors calculated for the E, = 159.4-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections

marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.
E. (MeV) 02/] o2/]J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

12.2 0.0000 0.0000 0.9079* . N/A 0.9030* N/A

13.0 0.4515 0.5097 0.9125 N/A 0.9079 N/A

14.0 0.4221 0.5027 0.9060 N/A 0.9010 N/A

15.0 0.467% 0.5088 0.9160 N/A 0.9115 N/A

16.0 0.4777 0.5176 0.9181 N/A 0.9137 N/A

17.0 0.4847 0.5189 0.9195 N/A 0.9152 N/A

18.0 0.5005 0.5339 0.9229 N/A 0.9187. N/A

19.0 0.5167 0.5501 0.9261 N/A 0.9221 N/A

20.0 0.5301 0.5628 0.9287 N/A 0.9247 N/A
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TABLE LVIIIL: Angular distribution correction factors calculated for the E, = 298.9-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections

marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.
E., (MeV) 02/ o02/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

12.2 0.0000 0.0000 0.9679* N/A 0.9659* N/A

13.0 1.2524 1.0740 0.9789 N/A 0.9776 N/A

14.0 0.8712 0.6552 0.9590 N/A 0.9564 N/A

15.0 1.3756 1.4520 0.9824 N/A 0.9813 N/A

16.0 1.4132 1.5864 0.9833 N/A (.9822 N/A

17.0 1.4324 1.5920 0.9837 N/A 0.9827 N/A

18.0 1.4832 1.6204 0.9847 N/A 0.9838 N/A

19.0 1.5364 1.6504 0.9857 N/A 0.9848 N/A

20.0 1.5804 1.6660 0.9865 N/A 0.9857 N/A
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TABLE LIX: Angular distribution correction factors calculated for the E, = 300.3-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E,. (MeV) 02/J 02/ 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

12.2 0.0000 0.0000 1.00127 0.9991° 1.0012* 0.9991"
13.0 1.3116 2.0772 1.0011 0.9991 1.0012 0.9991
14.0 1.2828 11.9996 1.0012 0.9991 1.0013 0.9991
15.0 1.3444 1.7332 1.0011 0.9991 1.0011 0.9992
16.0 1.3688 1.7212 1.0010 0.9992 1.0011 0.9992
17.0 1.3836 1.6464 1.0010 0.9992 1.0011 0.9992
18.0 1.4324 1.6512 1.0009 0.9992 1.0010 0.9993
19.0 1.4848 1.6844 1.0009 0.9993 1.0009 0.9993

20.0 1.5296 1.7148 1.0008 0.9993 1.0009 0.9993
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TABLE LX: Angular distribution correction factors calculated for the E, = 305.4-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98 Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher—-E,, values in the table. '

E, (MeV) 02/] 02/ 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

12.2 0.0000 0.0000 1.0552" 0.9593" 1.0591* 0.9602"
13.0 0.5822 0.7024 1.0520 0.9614 1.0556 0.9623
14.0 0.5540 0.7593 1.0564 0.9585 1.0603 0.9595
15.0 0.6005 0.6840 1.0494 0.9632 1.0528 0.9641
16.0 0.6124 0.6924 1.0479 0.9643 1.0511 0.9651
17.0 0.6198 0.6864 1.0469 0.9649 1.0501 0.9658
18.0 0.6402 0.7016 1.0444 0.9667 1.0474 0.9675
19.0 0.6613 0.7202 1.0420 0.9684 1.0448 0.9691

20.0 0.6787 0.7351 1.0401 0.9697 1.0428 0.9704
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TABLE LXI: Angular distribution correction factors calculated for the E, = 312.2-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98 Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher—E,, values in the table.

E. (MeV) 02/] 02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

12.2 0.0000 0.0000 0.9997" 1.0002* 0.9997* 1.0002"
13.0 2.2273 0.0000 0.9997 1.0002 0.9997 1.0002
14.0 2.2260 0.0000 0.9997 1.0002 0.9997 1.0002
15.0 2.2807 0.0000 0.9997 1.0002 0.9997 1.0002
16.0 2.3227 0.0000 0.9998 © 1.0002 0.9997 1.0002
17.0 2.3480 0.0000 0.9998 1.0002 0.9997 1.0002
18.0 2.4327 0.0000 0.9998 1.0002 0.9998 1.0002
19.0 2.5247 0.0000 0.9998 1.0002 0.9998 1.0002

20.0 2.6020 0.0000 0.9998 1.0002 0.9998 1.0002




138

TABLE LXII: Angular distribution correction factors calculated for the E, = 340.8-keV transition using the code
AVALANCHE for the sum of planar and coaxial data, and for both 98Thin and 99Thin data sets. Corrections
marked by a “*” symbol were obtained by quadratic extrapolation from higher-E,, values in the table.

E. (MeV) a2/} o02/] 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial

12.2 0.0000 0.0000 0.9916" 1.0067" 0.9911* 1.0065"
13.0 1.3116 2.0772 0.9919 1.0064 0.9914 1.0063
14.0 1.2828 11.9996 0.9916 1.0067 0.9911 1.0066
15.0 1.3444 1.7332 0.9923 1.0061 0.9918 1.0060
16.0 1.3688 1.7212 0.9926 1.0059 0.9921 1.0058
17.0 1.3836 1.6464 0.9927 1.0058 0.9923 1.0057
18.0 1.4324 1.6512 0.9932 1.0054 0.9928 1.0053
19.0 1.4848 1.6844 0.9937 1.0051 0.9933 1.0049

20.0 1.5296 1.7148 0.9940 1.0048 0.9936 1.0047
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B Observed Lines in 2*'U

In all, 26 lines in the (n,2n) channel have been accounted for and are presented here. Figure 53 shows these lines
and their placement in the 234U level scheme. The transitions are also listed in table LXIIL, along with the method
by which the data were analyzed. Note that in the case of the E, = 880.6 keV, 925.3 keV, and 946.1 keV lines
observed in the GEANIE data, there are several known corresponding transitions in the {n,2n) channel which cannot
be resolved in our data. Therefore the partial cross sections quoted here for these three lines likely represent the
sum of the unresolved yields. It should also be mentioned that although the measured «y-ray energies quoted in the
table in general agree well with the accepted values, there are a few deviations, typically at the higher y-ray energies
where the planar—detector energy calibration is less reliable. The coaxial-detector energy calibration is also prone
to deviations on the order of 0.5 keV, based on individual calibration lines. Nevertheless, large deviations in +y-ray
energies are rare and will be discussed on a case-by-case basis for individual transitions.

In what follows we present a short discussion of the analysis for each transition. We do not repeat here the discussion
for the yrast 47 — 27, 67 — 47, 8F — 6} transitions, and 10} — 87, which can be found in section II A 3. The
results of the analysis for these four lines can be found in tables LXIV, LXVI, LXVII and LXVIII and figures 54, 56,
57 and b8, respectively.

All (n,2n) lines observed in the GEANIE data peak at above 10 mb of cross section. Therefore, we do expect to be
able to extract yields for transitions below a 10 mb threshold. Using the GNASH predictions as a guide, 19 transitions
are expected to reach or exceed 10 mb at maximum cross section. Of these 19 transitions, the following 4 could not
be extracted from the GEANIE data:

E~v = 187.4 keV, E, = 1150 keV, GNASH a(m“) = 15 mb: This transition does not exist in the current
ENSDF evaluation [10]. Its parent level has been placed in the evaluated level scheme, but no transitions
depopulating it have been assigned. Furthermore

Ev = 255.4 keV, E; = 1218 keV, GNASH o{™* = 12 mb: As with the 187.4-keV line, this transition also
does not exist in the current ENSDF evaluatlon Its parent level has been placed in the evaluated level scheme,
but no transitions depopulating it have been assigned.

Evy = 705.9 keV, E, = 849.3 keV, GNASH ¢{"*® = 13 mb: This line connects a 3~ level to the 4+ member
of the ground—state band. Another, slightly stronger branch out of the same level has been observed with E,
= 805.8 keV, and is discussed below. The Ey = 705.9-keV transition should be only slightly weaker, according
to known branching ratios, however, it could not be observed in the GEANIE data because its proximity to the
energy of the 2] — 0F transition (Ey = 707.0) in the high-yield fission fragment %°Kr.

Evy = 795.7 keV, E, = 1292.6 keV, GNASH aﬁ,’““’ = 18 mb: A hint of this line was observed in the 98 Thin
data at Evy = 795.585 £ 0.215 keV, reaching a maximum cross section of 13.8 + 3.6 mb at E, = 13.9 MeV.
However, the statistics are so poor that the observed yields are relatively significant only in the E,, = 9.8-13.9
MeV range, where they are essentially constant (within error). Furthermore, this 8+ — 8'1" transition is known
to proceed by both EO and E2 mode, but the mixing ratio between the two is unknown. To lowest order EO
transitions proceed entirely by internal electron conversion, and therefore cannot be observed using GEANIE.
Because of low statistics and an unknown E0/E2 mixing ratio, we do not include this line in the discussion of
observed 234U lines below.



140

m+

1552.6 AN

131

1421.3

1261.8

12+

o 968

+ )
4970 2 ° 2283

806 927

786

296.1

163

4+
143.4
100
M+
435

FIG. 53: Gamma rays in 234U observed in the GEANIE data.
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TABLE LXIIL: Transitions identified in the 2**U(n,2ny) channel and the method by which the data were analyzed.

E{™®2) (10v)  Analysis method E(®*) (keV) E, (keV) transition
99.993 + 2.418 unsubtracted planars, 98Thin and 99Thin optimized 99.853 + 0.003 1434 47 — 27
131.609 + 0.115 unsubtracted planars, 98 Thin and 99Thin averaged 131.30 & 0.01 15526 5% — 6~
152.660 % 0.111 unsubtracted planars, 98Thin and 99Thin optimized 152.720 + 0.002 296.1 6+ — 47
200.961 + 0.111 unsubtracted planars, 98Thin and 99Thin optimized 200.97 & 0.03 4970  8' — 6
244.405 + 2.626 unsubtracted planars, 98 Thin and 99Thin optimized 244.2 + 0.5 741.2 10+ — 8f
282.166 + 0.120 unsubtracted planars, 98Thin and 99Thin optimized 282.6 4 0.5 1023.8 127 — 10}

666.745 = 0.171 unsubtracted planars, 98Thin only 666.5 + 0.1 962.6 5 — 6'1F
780.820 £ 0.131 unsubtracted planars, 98 Thin only 780.4 + 0.2 1277.5 7T — 8f
786.784 + 0.261 unsubtracted coaxials, 98Thin only 786.27 &+ 0.03  786.3 17 — 0;’
806.088 + 0.143 unsubtracted planars, 98Thin only 805.80 £ 0.05 849.3 3 — 2;’
819.212 £ 0.261 unsubtracted coaxials, 98Thin only 819.2 + 0.2 962.6 5 — 4;’
829.505 + 0.254 unsubtracted planars, 98Thin only 829.3 + 0.2 1125.3 77 = 6}'
831.613 4 0.158 unsubtracted planars, 98Thin only 8315 £ 0.1 11276 57 — 6‘1"
875.518 + 0.128 unsubtracted planars, 98Thin only 876.0 + 0.1 1172.1 G;L — 6’1*

880.604 £ 0.122 subtracted planars, 98 Thin and 99Thin optimized 880.5 £ 0.1 1023.7 41‘,“ — 4?
880.5 £ 0.1 1023.8 3~ —4f
883.405 + 0.164 unsubtracted planars, 98 Thin and 99Thin optimized 883.24 +0.04 926.7 2t —2f
883.24 + 0.04 1809.0 (17} — 27
898.276 X 0.144 subtracted planars, 98Thin only 898.67 £ 0.05 11947 6~ — 6%
925.338 & 0.135 unsubtracted planars, 98 Thin and 99Thin optimized 925.0 £+ 0.1 968.6 3% —2f
925.9 + 0.2 1069.3 47 — 4}
926.72 + 0.10 926.7 2+ —0f
046.129 + 0.144 unsubtracted planars, 98Thin and 99Thin optimized 946.00 + 0.03  989.4 27 — 2'1*'
947.7 + 0.2 1090.9 5% — 4f
966.266 + 0.261 unsubtracted coaxials, 98Thin only 965.8 + 0.1 1261.8 7;" — Gf
981.410 + 0.261 unsubtracted coaxials, 98Thin only 981.6 £ 0.3 12775 7 = Bf
980.3 £ 0.1 1023.8 3~ —2f
980.3 £ 0.1 1023.7 4t — 2}
984.814 + 0.261 unsubtracted coaxials, 98Thin only 984.2 £ 0.1 1127.6 57 — 43"

The Ey = 131.6 keV transition (table LXV /figure 55): This v-ray corresponds to the transition between
band-head levels at E, = 1552.6 keV (J* = 5%) and E, = 1421.3 keV (J™ = 67). For this line, the opti-
mization correction described above was found to produce unreliable results because of low statistics. Instead
the 98Thin and 99Thin were directly combined by weighted average. The deduced «-ray energy also differs
from the accepted value by a sizeable amount (= 2.7¢). This deviation might be due in part to the proximity
of this line to the strong (n,n’) peak at E., = 129.3 keV. Furthermore, the shape of excitation function is clearly
indicative of an (n,2n) line and an analysis of coincident data reveals no significant contamination. The level
populated by the 131.6-keV transition decays primarily by a 226.5-keV transition, however because this level
is long-lived (T;/, = 33.5 us), its decay is not observed in the prompt—y-ray analysis presented here.

The Ey = 282.2 keV transition (table LXIX/figure 59): This line is the highest observed transition in the

ground-state band. The measured <y-ray energy differs somewhat from the accepted value which, however,
carries a large uncertainty. As with the 10‘{ — 87 transition discussed in particular in section VII A2, the
measured partial cross section for the 127 — IO% deviates from the GNASH prediction in both shape an
magnitude. However since this is such a weak transition (less that 20 mb at maximum yield), it is neither

surprising nor significant that the model does reproduce this transition well.

The Ey = 666.7 keV transition (table LXX /figure 60): This is one of two transitions observed depopulating
the 5~ member at E; = 962.6 keV of the lowest-lying octupole band. Because it is very weak, this line could not
be observed in the 99Thin data. The measured partial cross section matches the GNASH prediction, within
(albeit large) errors, however it should be noted that the other transition depopulating the same level (E, =
819.2 keV) does not. This contradicts the experimentally measured branching ratio for these two y-rays and
suggests that this 666.7—keV transition, which is expected to be the weaker member of the branch, is probably
contaminated by another, unresolved transition. This conclusion is further supported by the behavior of the
measured 666.7-keV excitation function, which does not appear to decrease significantly above peak cross section
near B, = 12 MeV.



142

The Evy = 780.8 keV transition (table LXXI/figure 61): The y-ray energy measured for this line is slightly

higher than the accepted value, however both numbers carry sizeable uncertainties. Both this transition and
an E, = 981.4 keV line depopulate a 7~ level at E, = 1277.5 keV and have been observed in our data. Unlike
the 666.7-keV/819.2-keV y-ray pair, however, the measured partial cross sections for these transitions are
consistent with the known branching ratio of the « rays.

The Ey = 786.8 keV transition (table LXXII/figure 62): This transition could barely be seen in the planar—

detector data, therefore we have analyzed it using the 98Thin coaxial-detector data. As a result, the y-ray
energy calibration is somewhat less reliable, although the measured energy for this line is still within two sigma
of its accepted value. This transition connects the band head of the lowest-lying octupole band in 234U to the
ground state. An E, = 742.8-keV transition from the same level should be observed more strongly, according
to measured branching ratios, however it cannot be resolved from a nearby fission-fragment line at E., ~ 744
keV. Despite large uncertainties and an apparent residual baseline background of = 4 mb, the measured partial
cross section for this transition is significantly under-predicted by GNASH.

The Ey = 806.1 keV transition (table LXXIII/figure 63): This y-ray connects the 3~ member of the lowest—

lying octupole band to the 2T member of the ground-state band. The 806.1-keV line was too weak to be seen
in the 99Thin data, therefore the partial cross section has been calculated using the 98Thin data only, scaled
by the target—thickness correction factor. Despite large uncertainties, the measured yields are only moderately
higher than the GNASH prediction.

The Evy = 819.2 keV transition (table LXXIV /figure 64): Because it is inherently weak, this high-energy y—

ray was more easily extracted from the 98Thin coaxial-detector data. Though hampered by poor statistics, the
partial cross section deduced from planar-detector data agrees with the coaxial-detector data presented here.
Along with the 666.7-keV line, this transition is one of two depopulating the 5~ member of the lowest-lying
octupole band and its measured partial cross-section is largely over-predicted by GNASH.

The Ey = 829.5 keV transition (table LXXV /figure 65): Both the 829.5-keV and 831.6-keV lines are difficult

to extract from our data because of their proximity to the “neutron bump” registered by the germanium detectors
near E, = 834 keV. The 829.5-keV transition depopulates the 7= member of the low-lying octupole band.
Another transition from the same level with E, = 628.1 + 0.1 keV and 66% of the intensity of the 829.5-keV
transition (according to known branching ratios) could not be observed, in part due to its proximity to an E,
= 628.6-keV transition in 127I. The mono-isotopic nucleus 271 is a component of the Nal nose-cone placed on
each detector, used to suppress back-scattered « rays.

The Ey = 831.6 keV transition (table LXXVI/figure 66): The 831.6-keV and 984.8-keV ~ rays de-excite the

5~ member of the second octupole band. The measured partial cross sections for these two lines are consistent
with their experimentally—known branching ratio, and both lines are under-predicted by GNASH.

The Ey = 875.5 keV transition (table LXXVII/figure 67): The measured y-ray energy for this line differs

from the accepted value by about three standard deviations. Furthermore, the measured excitation function
suggests an unresolved baseline background. It is likely, therefore that this transition is contaminated in the
GEANIE data. If we were to subtract a flat baseline of 10 mb from the measured partial cross section plotted
in figure 67, a satisfactory match with the GNASH prediction would result.

The Ey = 880.6 keV transition (table LXXVIII/figure 68): Two transitions in the known 234U level scheme

have been assigned a y-ray energy of 880.5 keV, within an uncertainty of 100 €V; one from the de-excitation of the
4% member of the y—phonon band, and the other from the decay of the 3~ member of the second octupole band.
Since we cannot resolve these two energies, the measured partial cross section for the 880.6-keV line represents
the sum of both. Because the two unresolved lines are predicted by GNASH to have comparable yields, we use
the average of the angular distribution factors calculated for each one. In the unsubtracted planar—detector (and
coaxial-detector) data, the partial cross section extracted for this line suffers from a sizeable baseline background
(about 20 mb in the 98Thin data and 40 mb in the 99Thin data). This problem is greatly alleviated when we
use the random-TOF-subtracted data. Despite this subtraction, a =~ 10—~mb baseline remains for this otherwise
well-behaved partial cross section. The GNASH curve plotted in figure 68, which represents the sum of yields
for the two degenerate 7 rays, significantly under-predicts the GEANIE values, even if an additional 10-mb
baseline were to be subtracted from the data.

The Evy = 883.4 keV transition (table LXXIX/figure 69): This y-ray represents the decay of the y—phonon—

band head the the ground-state-band 2% level. At this y-ray energy, the planar—detector—sum resolution is ~
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2.0 keV. Because of this, the 883.4-keV and 880.6-keV lines, though clearly resolvable in the planar—data fits,
largely overlap. This may in part explain why the measured partial cross section for the 883.4-keV transition
does not fall rapidly above ~ 12 MeV, unlike many other observed (n,2n) lines. There is another 883.24-keV
transition in the known 234U level scheme. However this line is a weak branch from a much higher-lying level and
should not therefore contribute significantly to the observed yields. As seen in figure 69, GNASH significantly
under-predicts the magnitude of this excitation function.

The Ev = 898.3 keV transition (table LXXX /figure 70): As in the case of the 880.6-keV transition, a strong
baseline background was observed for this line which could be greatly reduced by using random-TOF-subtracted
data. This is nevertheless a very weak line and the deduced partial cross section plotted in figure 70 still shows
a residual baseline. Furthermore the measured y-ray energy deviates from the accepted value by nearly three
standard deviations. Therefore the measured yields may be contaminated and should be taken as an upper
bound on the true partial cross section.

The Ev = 925.3 keV transition (table LXXXI/figure 71): This transition is three—fold degenerate (within
GEANIE detector resolution) in the known 234U level scheme. It represents transitions from the 2+ and 3+
members of the y—phonon band as well as a decay from the 3~ member of the second octupole band. The
GNASH calculations predict that the E, = 925.9-keV 4= — 41" member of this multiplet should have the
largest cross section, therefore we use the angular distribution factor calculated for the E, = 925.9-keV line in
this case. In figure 71, the partial cross section extracted for this line from the GEANIE data is compared to
the sum of GNASH predictions for the three degenerate lines. The agreement between our measured partial
cross section and the GNASH calculation is excellent.

The Ey = 946.1 keV transition (table LXXXII/figure 72): This line is two—fold degenerate (within GEANIE
detector resolution) in the known 234U level scheme. It corresponds to decays from both the 5+ member of
the y-phonon band and the 2~ band head of the second octupole band. As with the E, = 880.6 keV line,
GNASH predicts comparable yields for the two members of the multiplet, therefore we use the average of the
angular—distribution correction factor calculated for each, in this case. The deduced partial cross section is
under-predicted by the sum of GNASH yields for the two degenerate lines by almost a factor of two.

The Ey = 966.3 keV transition (table LXXXITII/figure 73): This transition represents the decay from the
highest—observed member of the y-phonon band (J™ = 7%) to the ground-state-band 6% level. It was nec-
essary to use the coaxial-detector data to analyze this line. As can be seen in figure 73, the GNASH calculation
slightly under-predicts the measured partial cross section for this line.

The Ey = 981.4 keV transition (table LXXXIV /figure 74): Both this transition and the 780.8-keV «y ray de-
populate the 7~ member of the second octupole band and have been observed in GEANIE data. However,
though the 780.8-keV transition was included in the GNASH calculation, this line was not. This line may be
contaminated by two other transitions in the known 234U level scheme. The first is an E,, = 980.3-keV transition
from the E, = 1023.8 keV level, which is depopulated primarily by the 880.5-keV transition discussed above.
The partial cross section for this transition is predicted by GNASH to reach only &~ 3 mb, at maximum cross
section. The second contaminant is from another transition in 234U also assigned an E, = 980.3-keV energy.
The GNASH prediction for this line does not exceed &~ 4 mb, at maximum cross section. For comparison, the
maximum partial cross section predicted by GNASH, deduced from the calculated yields for the E, = 780.8-keV
transition, is =~ 10 mb.

The Ey = 984.8 keV transition (table LXXXV /figure 75): The 984.8-keV transition depopulates the 5~
member of the second octupole band, along with the 831.6-keV y-ray. As, was mentioned in the discus-
sion of the 831.6-keV line, the branching ratio between these two y-ray is consistent with the accepted value.
The GNASH calculations under-predict this partial cross section by approximately a factor of two.
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TABLE LXIV: Adopted partial y-ray cross section for the E, = 100.0-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98 Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XII B. The recontmended partial cross section in the last column includes
a correction for angular—distribution effects.

En (MeV)

A(1998)

(1998) A(1999)

(1999) -(opt) o{opt,corr)

4.090 £ 0.093
4.264 + 0.099
4.453 + 0.105
4.647 + 0.113
4.861 & 0.122
5.090 + 0.129
5.333 + 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 & 0.175
6.517 + 0.187
6.862 + 0.201
7.237 + 0.218
7.661 £ 0.242
8.126 + 0.263
8.618 & 0.284
9.160 + 0.313
9.757 + 0.346

0x0

56 + 198
3+70
4+ 75
0+£22
469 + 210
590 + 212
572 £ 211
377 £ 213

0.0002 £ 0.0101 583 + 143
0.0092 = 0.0340 540 £ 147
0.0005 + 0.0144 632 £ 151
0.0006 + 0.0147 557 £ 152
0.0002 £ 0.0098 469 + 152
0.0703 £ 0.0338 394 £ 152
0.0870 &+ 0.0341 645 £ 151
0.0817 + 0.0328 492 + 150
0.0529 + 0.0317 832 & 153

0.1568 + 0.0438 0.0011 £ 0.0091 0.0011 =& 0.0089
0.1435 £ 0.0436 0.0088 X 0.0256 0.0088 + 0.0252
0.1597 + 0.0436 0.0025 &+ 0.0128 0.0025 £ 0.0125
0.1372 £ 0.0417 0.0008 + 0.0129 0.0008 + 0.0127
0.1135 % 0.0399 -0.0009 =+ 0.0089 -0.0008 £ 0.0087
0.0932 £ 0.0383 0.0229 + 0.0244 0.0233 £ 0.0241
0.1525 £ 0.0410 0.0574 £ 0:0252 0.0530 + 0.0240
0.1152 + 0.0385 0.0394 + 0.0240 0.0360 =+ 0.0229
0.1905 £ 0.0428 0.0513 = 0.0243 0.0470 £ 0.0231

1495 £ 219 0.2105 £ 0.0407 1319 =+ 154 0.2966 + 0.0511 0.1831 4 0.0310 0.1719 4= 0.0296
2035 £ 226 0.2689 =+ 0.0445 1841 £ 158 0.3947 £ 0.0601 0.2529 + 0.0350 0.2378 + 0.0336
1838 & 227 0.2307 £ 0.0402 1892 = 160 0.3965 £ 0.0600 0.2278 + 0.0325 0.2141 + 0.0312
2327 £ 230 0.3037 £ 0.0476 1552 £ 158 0.3453 £ 0.0560 0.2531 &£ 0.0356 0.2384 + 0.0343
2233 £ 227 0.3121 + 0.0496 1741 & 157 0.4138 X 0.0642 0.2857 £ (.0385 0.2688 £ 0.0370
2502 4 231 0.3482 £ 0.0531 1890 % 159 0.4446 + 0.0674 0.3181 + 0.0410 0.2991 + 0.0394
2619 + 234 0.3554 £ 0.0535 2067 4+ 160 0.4754 &+ 0.0703 0.3334 £ 0.0418 0.3133 £ 0.0402
2686 + 233 0.3708 £ 0.0553 2314 & 161 0.5418 + 0.0779 0.3641 4 0.0443 0.3418 £ 0.0425
3211 & 233 0.4595 + 0.0648 2175 £ 159 0.5312 £ 0.0775 0.4142 + 0.0491 0.3893 =+ 0.0472
10.414 & 0.377 2835 + 233 0.4201 £ 0.0616 2163 £ 159 0.5501 £ 0.0805 0.3987 + 0.0482 0.3742 £ 0.0462
11.143 + 0.425 2557 £ 230 0.4029 + 0.0612 2097 £ 157 0.5640 £ 0.0832 0.3923 + 0.0484 0.3681 + 0.0464
11.960 £ 0.467 2836 + 231 0.4607 + 0.0677 2278 £ 159 0.6365 £ 0.0924 0.4522 + 0.0537 0.4252 + 0.0516
12.860 + 0.525 2625 1 226 0.4393 X 0.0659 2133 £ 158 0.6077 + 0.0896 0.4294 + 0.0522 0.4044 + 0.0501
13.876 + 0.589 1589 + 222 (0.2711 £ 0.0511 1285 + 152 0.3751 £ 0.0655 0.2475 + 0.0392 0.2330 £ 0.0376
15.016 & 0.660 1161 + 217 0.1979 & 0.0452 940 + 149 0.2754 + 0.0565 0.1680 + 0.0342 0.1581 + 0.0327
16.297 &+ 0.750 693 £+ 216 0.1179 + 0.0407 992 + 148 0.2877 £ 0.0569 0.1228 + 0.0317 0.1151 + 0.0303
17.759 + 0.857 373 £ 215 0.0631 + G.0385 529 4+ 144 0.1513 £ 0.0460 0.0430 + 0.0283 0.0397 + 0.0271
19.416 £+ 0.971 8 &+ 210

0.0013 + 0.0362 812 + 147

0.2264 £ 0.0506 0.0288 + 0.0280 0.0258 =+ 0.0268
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FIG. 54: Adopted E. = 100.0-keV partial cross section corresponding to the data in table LXIV. The top panel
shows the 1998 and 1999 partial cross sections (corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band {dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE LXV: Adopted partial 4-ray cross section for the E, = 131.6-keV transition. The measured peak areas
and deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin
data sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data
sets using a weighted average. The recommended partial cross section in the last column includes a correction for

angular—distribution effects.
E. (MeV) A(1998)  (1998)

wei)

A(1999) 0_(1999)

ot

- (wei,corr)

4.090 + 0.093
4.264 + 0.099
4.453 + 0.105
4.647 £ 0.113
4.861 & 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 = 0.149
5.875 + 0.160
6.181 £ 0.175
6.517 £ 0.187
6.862 £+ 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 + 0.263
8.618 + 0.284

60 4= 67 0.0014 + 0.0027
216 + 68 0.0049 £ 0.0026
65 £ 67 0.0014 X 0.0025
250 + 71 0.0056 £ 0.0026
0+0 0.0000 % 0.0019
55 £ 71 0.0012 £ 0.0023
292 £+ 73 0.0061 £ 0.0025
1+72 0.0000 & 0.0023
59 £ 72 0.0012 £ 0.0024
116 & 73 0.0022 £ 0.0022
289 = 76 0.0053 £ 0.0022
237 £ 75 0.0045 + 0.0023
249 £+ 75 0.0051 + 0.0024
423 + 77 0.0086 + 0.0026
528 + 78 0.0104 £ 0.0026
9.160 + 0.313 611 £ 78 0.0123 £+ 0.0028
9.757 + 0.346 596 £ 78 0.0124 £ 0.0028
10.414 + 0.377 638 £+ 78 (.0138 £ 0.0030
11.143 £ 0.425 612 £ 78 0.0140 % 0.0032
11.960 + 0.467 466 + 77 0.0110 % 0.0031
12.860 &+ 0.525 674 £ 80 0.0164 £ 0.0035
13.876 + 0.589 435 + 78 0.0108 + 0.0032
15.016 £ 0.660 335 + 78 0.0083 + 0.0031
16297 £ 0.750 0 £ O 0.0000 = 0.0022
17.759 £ 0.857 386 £ 78 0.0095 X 0.0031
19416 £ 0971 0+ 0 0.0000 £ 0.0022

240 £ 79 0.0070 £ 0.0025 0.0044 £ 0.0018
186 4+ 79 0.0052 £ 0.0023
70 + 80 0.0019 £ 0.0022
11+ 79 0.0003 £+ 0.0021
12 &+ 84 0.0003 X 0.0022
82 £ 87 0.0021 £ 0.0023
20 £ 89 0.0005 % 0.0023
99 4- 90 0.0025 + 0.0023 0.0013 £ 0.0016
173 £+ 90 0.0043 =+ 0.0023 0.0028 4 0.0016
28 £ 89 0.0007 + 0.0021 0.0014 & 0.0015
119 + 90 0.0027 £ 0.0021 0.0040 £ 0.0015
39 £+ 88 0.0010 £ 0.0022 0.0027 £ 0.0016
286 4 90 0.0075 + 0.0025 0.0062 + 0.0018
280 £+ 90 0.0072 =+ 0.0025 0.0079 + 0.0018
168 4 90 0.0042 & 0.0024 0.0070 + 0.0018
267 £ 90 0.0069 £ 0.0025 0.0093 + 0.0018
306 &+ 90 0.0082 £ 0.0026 0.0101 + 0.0019
464 + 91 0.0130 £ 0.0030 0.0134 + 0.0021
428 £ 91 0.0126 £ 0.0031 0.0133 + 0.0022
449 + 93 0.0138 + 0.0033 0.0123 + 0.0022
358 &+ 93 0.0112 £ 0.0032 0.0136 + 0.0024
231 £+ 92 0.0074 £ 0.0031 0.0091 + 0.0022
201 £ 89 0.0065 =+ 0.0030 0.0074 £ 0.0022
222 +: 89 0.0071 & 0.0030 0.0025 £ 0.0018
193 =+ 88 0.0061 % 0.0029 0.0077 £ 0.0021
280 + 88 0.0086 & 0.0029 0.0031 + 0.0017

0.0017 £ 0.0017
0.0024 + 0.0017
0.0001 £ 0.0015

68 &= 66 0.0017 £ 0.0027 179 I 78 0.0053 £ 0.0024 0.0037 &£ 0.0018 0.0037 £ 0.0018

0.0044 £ 0.6018

0.0051 £ 0.0017 0.0051 =+ 0.0017

0.6017 + 0.0017
0.0024 = 0.0017
0.0001 £ 0.0015

0.0017 £+ 0.0017 0.0017 &£ 0.0017
0.0031 £ 0.0017 0.0032 + 0.0018

0.0013 + 0.0017
0.0028 =+ 0.0017
0.0014 £ 0.0016
0.0041 =+ 0.0016
0.0027 £ 0.0016
0.0064 £ 0.0018
0.0081 & 0.0018
0.0072 £ 0.0018
0.0095 £ 0.0019
0.0104 £ 0.0020
0.0137 £ 0.0022
0.0136 £ 0.0023
0.0126 £ 0.0023
0.0139 £ 0.0024
0.0092 £+ 0.0023
0.0075 & 0.0022
0.0026 + 0.0018
0.0078 + 0.0022
0.0031 & 0.0018
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FIG. 55: Adopted E, = 131.6-keV partial cross section corresponding to the data in table LXV. The top panel shows
the 1998 and 1999 partial cross sections (corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE LXVI: Adopted partial y-ray cross section for the E, = 152.7-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XII B. The recommended partial cross section in the last column includes
a correction for angular—distribution effects.

En (MeV) A(1998) o (1998) A (1999) (1999) o{opt} - (opt,corr)

4.090 £ 0.093 223 £ 73 0.0126 + 0.0044 166 = 78  0.0105 £ 0.0051 0.0139 + 0.0033 0.0139 4 0.0033

4.264 £ 0.099 212+ 73 0.0116 £ 0.0042 62 £ 78 0.0039 & 0.0050 0.0109 £ 0.0032 0.0108 + 0.0032

4.453 + 0.105 237+ 74 0.0124 + 0.0042 172 £ 79 0.0102 &+ 0.0049 0.0137 £ 0.0031 0.0137 + 0.0031

4.647 £ 0.113 146 £ 73  0.0075 £ 0.0039 213 £ 81 0.0123 + 0.0050 0.0111 + 0.0030 0.0110 -+ 0.0030

4.861 +£ 0.122 2144+ 74 0.0110 &+ 0.0040 36 + 74 0.0020 £ 0.0043 0.0098 + 0.0029 0.0097 £ 0.0029

5.000 £ 0.129 318 £ 76 0.0159 + 0.0043 0 + 9 0.0001 £ 0.0008 0.0081 #4 0.0016 0.0080 £ 0.0016

5333 £ 0140 231 +£75 0.0114 £0.0039 01 0.0001 £+ 0.0007 0.0075 + 0.0015 0.0073 + 0.0015

5.597 £ 0.149 343 £ 78 0.0163 £+ 0.0042 23 £ 83 0.0013 + 0.0046 0.0125 &+ 0.0031 0.0117 & 0.0029

5.875 £ 0.160 820 + 83 0.0384 + 0.0059 439 + 89 0.0236 £ 0.0056 0.0334 4 0.0041 0.0310 + 0.0038

6.181 4= 0.175 2015 + 93 0.0947 £+ 0.0119 1467 £ 98 0.0776 + 0.0105 0.0869 + 0.0079 0.0802 % 0.0074

6.517 £+ 0.187 3350 £ 104 0.1477 £ 0.0177 2572 + 106 0.1297 % 0.0161 0.1382 4+ 0.0119 0.1281 + 0.0112

6.862 £ 0.201 4162 £ 110 0.1743 & 0.0207 3414 £ 112 0.1683 £ 0.0205 0.1702 + 0.0145 0.1587 + 0.02137

7.237 £ 0.218 4970 £+ 114 0.2165 £ 0.0256 3735 £ 113 0.1955 £ 0.0237 0.2038 + 0.0173 0.1906 + 0.0165

7.661 + 0.242 5076 + 115 0.2368 4 0.0281 3779 & 112 0.2113 + 0.0257 0.2212 + 0.0188 0.2068 + 0.0180

8.126 £ 0.263 5653 £ 118 0.2625 + 0.0310 4633 £ 118 0.2564 + 0.0309 0.2561 + 0.0217 0.2391 =+ 0.0207

8.618 + 0.284 6751 + 124 0.3057 % 0.0359 5057 £ 121 0.2736 £ 0.0328 0.2849 + 0.0241 0.2658 + 0.0229

9.160 4 0.313 7114 £ 126 0.3278 X+ 0.0385 5597 £+ 122 0.3083 + 0.0369 0.3132 4+ 0.0265 0.2923 + 0.0252

9.757 + 0.346 7726 + 129 0.3690 + 0.0434 5845 + 123 0.3358 £ 0.0402 (.3462 + 0.0293 0.3231 + 0.0279

10.414 -+ 0.377 7833 £ 129 0.3874 + 0.0457 6227 £+ 124 0.3726 £ 0.0447 0.3736 £+ 0.0317 0.3486 + 0.0302

11.143 =+ 0.425 8267 £ 131 0.4348 + 0.0515 6353 + 125 0.4020 £ 0.0484 0.4107 4 0.0350 0.3834 &+ 0.0334

11.960 £ 0.467 8238 £ 131 0.4466 £ 0.0530 6191 1 125 0.4070 £ 0.0491 0.4186 + 0.0358 0.3916 + 0.0342

12.860 + 0.525 7022 £+ 125 0.3921 + 0.0468 5350 + 122 0.3586 + 0.0435 0.3686 + 0.0316 0.3458 + 0.0303

13.876 + 0.589 4929 + 115 0.2806 + 0.0338 4080 X 116 0.2802 % 0.0344 0.2763 £ 0.0239 0.2599 £ 0.0230

15.016 £ 0.660 3414 £ 106 0.1942 + 0.0237 2824 4 109 0.1946 &+ 0.0244 0.1925 + 0.0169 0.1814 + 0.0162

16.297 4+ 0.750 2361 £ 99 0.1341 + 0.0168 2087 = 104 0.1424 4 0.0184 0.1370 £ 0.0123 0.1295 4 0.0118

17.759 4+ 0.857 1905 + 96 0.1075 £ 0.0138 1431 =+ 100 0.0963 + 0.0133 0.1026 + 0.0095 0.0973 + 0.0092

19.416 + 0.971 1708 4 95 0.0946 + 0.0124 1150 £+ 99 0.0754 £ 0.0111 0.0857 + 0.0082 0.0817 + 0.0080
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FIG. 56: Adopted E, = 152.7-keV partial cross section corresponding to the data in table LXVI. The top panel
shows the 1998 and 1999 partial cross sections {corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE LXVII: Adopted partial y-ray cross section for the E., = 201.0-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98 Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XIIB. The recommended partial cross section in the last column includes
a correction for angular—distribution effects.

En (MeV) A (1998) o(1998) A(1999) &(1999) &(opt) o(opt,corr)

4.090 £ 0.093 177 £ 71 0.0056 + 0.0034 639 £ 87 (.0213 £ 0.0038 0.0034 + 0.0024 0.0038 £ 0.0024
4.264 = 0.099 58 £ 70 0.0018 4 0.0032 813 &£ 89 0.0267 £ 0.0042 0.0030 &+ 0.0024 0.0033 + 0.0024
4.453 £ 0.105 266 &+ 73  0.0078 £ 0.0032 712 £ 89  0.0222 + 0.0038 0.0051 + 0.0023 0.0054 + 0.0023
4647 £ 0113 1£20 0.0000 & 0.0023 787 & 90  0.0240 +£ 0.0039 0.0008 + 0.0018 0.0010 + 0.0018
4.861 + 0.122 207 £ 73 0.0059 + 0.0031 913 + 92  0.0273 £ 0.0041 0.0058 + 0.0023 0.06060 £ 0.0023
5.090 £ 0.129 40+ 74 0.0011 4 0.0030 856 £+ 92  0.0250 £ 0.0039 0.0021 + 0.0022 0.0024 % 0.0022
5.333 £ 0.140 144 £74 0.0040 £ 0.0030 708 = 92  0.0207 £ 0.0036 0.0024 + 0.0022 0.0018 + 0.0019
5.597 £ 0.149 27 £ 69 0.0007 & 0.0028 654 £ 92  0.0189 % 0.0034 -0.0000 + 0.0020 -0.0004 + 0.0018
5.875 + 0.160 117 £ 75 0.0031 &+ 0.0028 804 + 94  0.0227 + 0.0037 0.0026 & 0.0021 ©.0020 £+ 0.0019
6.181 £ 0.175 677 =80 0.0177 + 0.0035 1308 + 97 0.0364 £ 0.0049 0.0158 + 0.0027 0.0138 + 0.0024
6.517 £ 0.187 1775 £ 90 0.0437 £ 0.0055 1941 + 103 0.0515 + 0.0064 0.0358 + 0.0040 0.0317 & 0.0036
6.862 + 0.201 2342 + 96 0.0547 4 0.0064 2711 4 109 0.0702 £ 0.0083 0.0490 £ 0.0048 0.0438 4 0.0045
7.237 £ 0.218 3043 + 100 0.0740 + 0.0084 3023 + 111 0.0832 £ 0.0098 0.0645 + 0.0061 0.0581 £+ 0.0056
7.661 +0.242 3292 + 101 0.0857 + 0.0096 3367 + 112 0.0989 + 0.0116 0.0769 £ 0.0071 0.0694 + 0.0066
8.126 + 0.263 3949 £ 106 0.1023 £+ 0.0113 3906 + 116 0.1136 % 0.0132 0.0917 + 0.0082 0.0828 =+ 0.0076
8.618 £ 0.284 5316 & 114 0.1343 + 0.0146 4735 X 121 0.1346 =+ 0.0154 0.1170 + 0.0102 0.1058 =+ 0.0095
9.160 = 0.313 5765 + 116 0.1482 + 0.0161 5336 £ 124 0.1545 + 0.0176 0.1325 + 0.0114 0.1200 * 0.0106
9.757 £ 0.346 6491 £ 120 0.1729 £ 0.0187 5784 % 126 0.1746 + 0.0199 0.1537 & 0.0131 0.1393 + 0.0122

10.414 + 0.377
11.143 4+ 0.425
11.960 + 0.467
12.860 + 0.525
13.876 X 0.589
15.016 £ 0.660
16.297 + 0.750
17.759 + 0.857
19.416 % 0.971

7088 + 122 0.1955 £ 0.0212 6337 &+ 127 0.1992 £ 0.0228 0.1757 £ 0.0149
7661 1 124 0.2248 £ 0.0244 6645 £ 128 0.2209 £ 0.0253 0.1999 + 0.0169
7940 £+ 125 0.2401 & 0.0261 7059 % 129 0.2438 & 0.0280 0.2174 + 0.0183
7136 + 122 0.2223 £ 0.0243 6566 + 127 0.2313 + 0.0266 0.2029 % 0.0172
5404 + 113 0.1716 £ 0.0190 5073 & 120 0.1831 + 0.0213 0.1565 + 0.0136
3626 + 104 0.1151 £ 0.0131 3560 &+ 113 0.1289 £ 0.0152 0.1046 + 0.0095
2467 £ 97 0.0782 £ 0.0093 2471 & 107 0.0886 £ 0.0108 0.0689 =+ 0.0067
2076 & 94 0.0654 £ 0.0080 2153 £ 105 0.0761 + 0.0094 0.0571 + 0.0058
1694 £+ 92 0.0523 + 0.0068 1834 £ 104 0.0632 -+ 0.0080 0.0451 - 0.0049

0.1593 £ 0.0139
0.1815 £ 0.0158
0.1980 £ 0.0172
0.1853 £ 0.0162
0.1432 £ 0.0127
0.0958 £ 0.0089
0.0632 £ 0.0063
0.0526 + 0.0055
0.0418 == 0.0047




0.251—

0.20

0.05

— weighted mean

one-sigma limit
® 1998 best
m 1999 best

/v = 0.83
0.0194(9)
0.874(31)

Jp

9,

5 10 15 20
£, (MeV)
0.35 i I T T i T T T T T . . - .
r GNASH (1998) -
0.30— ® weighted mean —
0.251 —]
o 0.20— + —
< - } ) _
o - - + T
2 B ]
8 0.15 l -
0.10 [ + ¢ -
i . ]
- e —— §
0.05— o ——¢——"—¢:_
L » ]
_ * ]
0.00 Py . . . 1 s L s 1 ' " 1
5 10 15 20

E, (MeV)

151

FIG. 57: Adopted E, = 201.0-keV partial cross section corresponding to the data in table LXVII. The top panel
shows the 1998 and 1999 partial cross sections (corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended

partial cross section {solid circles) compared to GNASH.



152

TABLE LXVIII: Adopted partial y-ray cross section for the E., = 244.4-keV transition. The measured peak areas
and deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin
data sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using
the optimization procedure described in section XIIB. The recommended partial cross section in the last column
includes a correction for angular—distribution effects.

E. (MeV) A (1998) (1998) A(1999) o(1999) oopt) o{opt,corr)

4.090 +£0.093 121 +78 0.0034 £+ 0.0023 0 £ 0 0.0000 £ 0.0001 -0.0017 £ 0.0001 -0.0015 £ 0.0001
4.264 £0.099 43 £ 77 0.0012 £ 0.0021 29 £ 87 0.0008 + 0.0025 0.0002 + 0.0019 0.0003 + 0.0019
4.453 £ 0.105 200 £ 79 0.0053 + 0.0022 21 % 86 0.0006 £ 0.0024 0.0022 £+ 0.0018 0.0023 + 0.0018
4647 £ 0113 6+ 0 0.0000 =+ 0.0002 156 £+ 90  0.0042 % 0.0025 0.0001 £ 0.0003 0.0001 % 0.0003
4861 £ 0122 00 0.0000 & 0.0002 172 £ 90  0.0046 £ 0.0024 0.0001 £ 0.0003 0.0001 + 0.0003
5.090 £ 0.129 26 £+ 80 0.0007 &+ 0.0020 192 £ 93  0.0050 £ 0.0025 0.0021 + 0.0018 0.0022 %+ 0.0018
5.333 £ 0.140 135 + 82 0.0034 & 0.0021 138 &= 93  0.0036 + 0.0024 0.0029 + 0.0018 0.0026 + 0.0016
5597 £ 0149 0L1 0.0000 £ 0.0002 13 + 92 0.0003 = 0.0024 0.0000 + 0.0003 ©.0000 + 0.0002
5.875 +£0.160 0=+ 0 0.0000 £ 0.0002 27 + 93 0.0007 & 0.0023 0.0000 % 0.0002 0.0000 %+ 0.0002
6.181 £ 0175 0% 0 (.0000 £ 0.0002 3 £ 53 0.0001 £ 0.0013 -0.0000 + 0.0002 -0.06000 + 0.0002
6.517 + 0.187 106 + 87 0.0024 + 0.0020 155 + 97 0.0036 + 0.0023 0.0024 £ 0.0017 0.0022 4 0.0015
6.862 £ 0.201 213 £ 91  0.0045 :: 0.0020 331 + 100 0.0076 % 0.0024 0.0058 =4 0.0018 0.0052 + 0.0016
7.237 £ 0.218 456 £ 94 0.0100 £ 0.0023 298 £ 99 0.0073 £+ 0.0025 0.0086 =+ 0.0019 0.0077 + 0.0017
7.661 = 0.242 504 £ 95 0.0118 &+ 0.0025 704 £+ 102 0.0184 :+ 0.0033 0.0158 + 0.0023 0.0142 + 0.0021
8.126 = 0.263 700 £ 100 0.0164 & 0.0029 971 & 105 0.0250 %+ 0.0039 0.0219 + 0.0027 0.0198 + 0.0024
8.618 = 0.284 929 £+ 102 0.0212 £ 0.0032 1198 + 108 0.0302 £ 0.0043 0.0276 + 0.0030 0.0249 + 0.0027
9.160 + 0.313 1380 £ 108 0.0321 £ 0.0041 1597 = 111 0.0410 + 0.0053 0.0399 + (0.0038 €.0360 & 0.0035
9.757 = 0.346 1434 £ 109 0.0345 £ 0.0044 1594 + 112 0.0427 4 0.0056 0.0423 £ 0.0040 0.0382 4 0.0037
10.414 + 0.377 1788 &+ 112 0.0446 £+ 0.0054 2160 -+ 114 0.0602 + 0.0074 0.0574 + 0.0051 0.0519 + 0.0047
11.143 + 0.425 2011 £ 114 0.0533 * 0.0063 2621 £ 117 0.0773 £ 0.0093 0.0710 + 0.0061 0.0643 + 0.0057
11.960 & 0.467 2065 £ 114 0.0565 £ 0.0066 2575 £ 117 0.0789 * 0.0095 0.0740 + 0.0064 0.0672 + 0.0059
12.860 £ 0.525 2054 £+ 114 0.0578 £ 0.0068 2421 £ 115 0.0756 £ 0.0092 0.0735 + 0.0064 0.0669 + 0.0059
13.876 + 0.589 1833 4 112 0.0526 &+ 0.0064 1943 + 111 0.0622 + 0.0078 0.0633 + 0.0057 0.0578 + 0.0053
15.016 £ 0.660 1185 £ 105 0.0340 £ 0.0047 1395 £ 107 0.0448 + 0.0061 0.0430 £ 0.0043 0.0393 + 0.0040
16.297 £ 0.750 732 £+ 101 0.0210 =+ 0.0036 943 + 104 0.0300 £ 0.0047 0.0274 + 0.0033 0.0251 + 0.0031
17.759 £ 0.857 472 £ 98  0.0134 + 0.0031 695 & 102 0.0218 =+ 0.0040 0.0185 + 0.0028 0.0170 + 0.0026
19.416 + 0.971 429 + 99 610 & 103 0.0186 £ 0.0038 0.0160 £ 0.0027 0.0149 + 0.0025

0.0120 £ 0.0030
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FIG. 58: Adopted E, = 244.4-keV partial cross section corresponding to the data in table LXVIII. The top panel
shows the 1998 and 1999 partial cross sections (corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE LXIX: Adopted partial y—ray cross section for the E., = 282.2-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XII B. The recommended partial cross section in the last column includes
a correction for angular—distribution effects.

E. (MeV) A(1998)  (1998) A(1998)  (1999) o(opt) o(opt.corr)

4.090 £+ 0.093 325 £ 59 0.0095 £ 0.0020 215 &+ 77 0.0065 4= 0.0025 0.0080 % 0.0018 0.0079 + 0.0018

4.264 £+ 0.099 332 4+ 60 0.0095 + 0.0020 351 &+ 79 0.0105 £ 0.0026 0.0100 -+ 0.0018 0.0098 + 0.0018

4453 £ 0.105 201 £ 59 0.0055 & 0.0017 376 £ 81 0.0107 + 0.0026 0.0072 + 0.0016 0.0071 = 0.0016

4.647 4 0.113 279 £ 60 0.0074 + 0.0018 222 + 80 0.0061 + 0.0023 0.0067 + 0.0016 0.0066 =+ 0.0016

4861 + 0.122 254 + 60 0.0068 + 0.0017 324 £ 82 0.0088 + 0.0024 0.0075 4+ 0.0017 0.0074 + 0.0016

5.090 £+ 0.129 254 £ 61 0.0066 £ 0.0017 435 + 84 0.0115 £ 0.0026 0.0084 + 0.0017 0.0083 + 0.0016

5.333 £ 0.140 210 £ 60 0.0054 £ 0.0016 459 -+ 83 0.0122 £ 0.0026 0.0076 + 0.0016 0.0066 + 0.0014

5.597 £ 0.149 125 £+ 60 0.0031 £+ 0.0015 286 & 84 0.0075 £ 0.0024 0.0043 £ 0.0015 0.0037 =+ 0.0013

5.875 £ 0.160 215 £+ 61 0.0052 £ 0.0016 134 + 83 0.0034 £ 0.0022 0.0043 + 0.0015 0.0037 + 0.0013

6.181 & 0.175 140 + 62 0.0034 £ 0.0016 258 + 85 0.0065 + 0.0023 0.0042 £ 0.0015 0.0036 £ 0.0013

6.517 + 0.187 283 L 65 0.0065 L+ 0.0016 290 + 86 0.0070 £ 0.0022 0.0065 + 0.0015 0.0057 + 0.0014

6.862 + (.201 361 £ 67 0.0079 £ 0.0016 326 &+ 88 0.0077 + 0.0022 0.0077 £ 0.0016 0.0067 + 0.0014

7.237 & 0.218 306 £ 67 0.0069 X+ 0.0017 579 + 91 0.0145 % 0.0028 0.0096 + 0.0017 0.0083 £ 0.0015

7.661 + 0.242 402 + 67 0.0098 + 0.0019 566 + 89 0.0151 + 0.0029 0.0121 4+ 0.0019 0.0106 £ 0.0017

8.126 4 0.263 347 £ 68 0.0084 + 0.0018 504 £ 89 0.0133 £ 0.0028 0.0104 £ 0.0018 0.0091 + 0.0016

8.618 + 0.284 430 L 70 0.0101 £ 0.0019 556 £ 91 0.0143 £ 0.0028 0.0121 + 0.0019 0.0106 + 0.0017

9.160 £+ 0.313 608 + 70 0.0146 £ 0.0022 465 + 89 0.0122 + 0.0027 0.0136 =+ 0.0020 0.0120 4+ 0.0018

9.757 4+ 0.346 586 L 71 0.0146 £ 0.0023 656 £+ 90 0.0180 + 0.0032 0.0166 + 0.0022 0.0147 + 0.0020

10.414 + 0.377 522 + 69 0.0135 + 0.0022 735 &+ 90 0.0210 + 0.0035 0.0170 £ 0.0022 0.0150 £ 0.0020

11.143 £ 0.425 602 £ 70 0.0165 4 0.0025 738 &+ 89 0.0223 £ 0.0037 0.0198 + 0.0025 0.0175 + 0.0022

11.960 =+ 0.467 627 £+ 70 0.0177 4 0.0026 975 &£ 91 0.0306 £ 0.0044 0.0237 £ 0.0028 0.0210 + 0.0025

12.860 &£ 0.525 637 + 70 0.0185 £ 0.0027 791 £ 90 0.0253 £ 0.0040 0.0224 + 0.0027 0.0200 £ 0.0025

13.876 = 0.589 652 + 71 0.0193 £ 0.0028 765 + 90 0.0251 + 0.0041 0.0229 + 0.0028 0.0204 & 0.0025

15.016 & 0.660 510 &+ 70 0.0151 &4 0.0026 617 + 88 0.0203 + 0.0037 0.0180 + 0.0025 0.0160 + 0.0023

16.297 £ 0.750 326 £ 68 0.0096 + 0.0022 560 £ 88 0.0182 £ 0.0035 0.0131 & 0.0022 0.0117 &+ 0.0020

17.759 + 0.857 360 + 68 0.0106 £ 0.0023 378 + 87 0.0121 + 0.0031 0.0114 + 0.0021 0.0102 =+ 0.0019

19.416 £ 0.971 255 + 68 0.0074 £ 0.0021 516 £ 87 0.0162 £ 0.0033 0.0106 £ 0.0020 0.0095 - 0.0019
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FIG. 59: Adopted E, = 282.2-keV partial cross section corresponding to the data in table LXIX. The top panel
shows the 1998 and 1999 partial cross sections (corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE LXX: Adopted partial y-ray cross section for the E, = 666.7-keV transition. The measured peak areas and
deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target-thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

E,. (MeV)

sca) o (scacorr)

A(1998)  (1998) cr(

4.090 £ 0.093
4.264 £ 0.099
4.453 £ 0.105
4.647 = 0.113
4.861 1+ 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 £ 0.149
5.875 £ 0.160
6.181 + 0.175
6.517 & 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 £+ 0.242
8.126 4: 0.263
8.618 & 0.284
9.160 £ 0.313
9.757 £ 0.346
10.414 + 0.377
11.143 + 0.425
11.960 + 0.467
12.860 + 0.525
13.876 + 0.589
15.016 + 0.660
16.297 * 0.750
17.759 + 0.857
19.416 4+ 0.971

00 0.0001 & 0.0007 0.0001 £ 0.0007 0.0001 + 0.0007
25 £ 57 0.0016 £ 0.0038 0.0015 + 0.0034 0.0015 £ 0.0034
130 £ 60 0:0080 £ 0.0039 0.0073 £ 0.0035 0.0073 + 0.0035
128 4 60 0.0077 £ 0.0038 0.0071 & 0.0034 0.0071 + 0.0034
161 + 47 0.0098 + (.0031 0.0089 £ 0.0028 ©.0089 + 0.0028
32 £59 0.0019 £ 0.0036 0.0017 £ 0.0032 0.0017 + 0.0032
113 £ 61 0.0066 = 0.0037 0.0060 & 0.0034 0.0062 + 0.0034
65 £ 62 0.0037 £ 0.0036 -0.0033 £ 0.0033 0.0034 + 0.0033
75 £ 46 0.0042 £+ 0.0027 0.0038 £+ 0.0024 0.0039 + 0.0025
34 + 60 0.0019 £ 0.0034 0.0017 £ 0.0031 0.0018 + 0.0032
127 4+ 63 0.0066 X 0.0034 0.0060 X 0.0031 0.0062 + 0.0032
308 £ 66 0.0153 £ 0.0036 0.0139 + 0.0033 0.0143 + 0.0034
176 £+ 64 0.0091 + 0.0035 0.0083 -+ 0.0032 0.0085 =+ 0.0033
224 £+ 64 0.0124 £ 0.0038 0.0113 % 0.0035 0.0116 + 0.0036
278 & 66 0.0153 £ 0.0040 0.0139 + 0.0036 0.0143 £ 0.0037
278 £+ 68 0.0149 £ 0.0040 0.0136 £ 0.0036 0.0139 =+ 0.0037
215 £+ 66 0.0117 £ 0.0038 0.0107 £+ 0.0035 0.0109 £ 0.0036
334 £+ 67 0.0189 £ 0.0043 0.0172 £ 0.0039 0.0176 + 0.0040
368 + 67 0.0216 £ 0.0045 0.0196 + 0.0041 0.0201 =+ 0.0043
257 £ 65 0.0160 £+ 0.0044 0.0146 = 0.0040 0.0149 =+ 0.0041
317 £ 64 0.0204 £ 0.0046 0.0185 * 0.0042 0.0190 + 0.0044
242 £+ 64 0.0160 £ 0.0046 0.0146 = 0.0042 0.0149 + 0.0043
287 £ 65 0.0194 £ 0.0048 0.0176 = 0.0044 0.0180 + 0.0046
237 £+ 64 0.0160 £ 0.0047 0.0145 £ 0.0043 0.0148 + 0.0044
237 £+ 64 0.0159 + 0.0046 0.0145 £ 0.0043 0.0148 £ 0.0044
152 + 65 0.0102 + 0.0045 0.0093 + 0.0041 0.0094 £ 0.0042
171 4 65 0.0112 £ 0.0045 0.0102 £ 0.0041 0.0104 + 0.0042
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FIG. 60: Adopted E., = 666.7-keV partial cross section corresponding to the data in table LXX, and corrected for
angular—distribution effects. The target—thickness correction factor is shown, and the recommended partial cross

section (solid circles) is compared to GNASH.
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TABLE LXXI: Adopted partial y-ray cross section for the E, = 780.8-keV transition. The measured peak areas and
deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target—thickness correction factor. The recommended partial cross section in the last column includes a
correction for angular—distribution effects.

E. (MeV) A(1998)  (1998) o(sca) o (8ca,corr)

4.090 4 0.093 111 £ 42 0.0088 X 0.0040 0.0080 £ 0.0036 0.0080 + 0.0036

4.264 = 0.099 21 £+ 43 0.0016 £ 0.0038 0.0015 £ 0.0035 0.0015 + 0.0035

4.453 + 0.105 19 + 42 0.0014 + 0.0036 0.0013 + 0.0033 0.0013 + 0.0033

4.647 + 0.113 121 + 44 0.0087 &£ 0.0037 0.0080 # 0.0034 0.0080 X+ 0.0034

4.861 + 0.122 49 £ 43 0.0036 % 0.0036 0.0032 £ 0.0033 0.0032 £ 0.0033

5.090 £+ 0.129 65 £ 44 0.0046 £ 0.0036 0.0042 £ (0.0033 0.0042 4+ 0.0033

5.333 + 0.140 37 £ 45 0.0026 4 0.0036 0.0023 + 0.0032 0.0025 + 0.0034

5.597 + 0.149 142 + 44 0.0096 + 0.0035 0.0087 & 0.0032 0.0091 + 0.0034

5.875 £ 0.160 96 L+ 45 0.0064 £ 0.0034 0.0058 + 0.0031 0.0061 £ 0.0033

6.181 + 0.175 84 + 45 0.0056 £ 0.0034 0.0051 £ 0.0031 0.0053 = 0.0033

6.517 + 0.187 94 1+ 47 0.0059 £ 0.0033 0.0053 £ 0.0030 0.0056 + 0.0032

6.862 4+ 0.201 45 + 47 0.0027 £ 0.0031 0.0024 + 0.0029 6.0025 + 0.0030

7.237 £ 0.218 59 £+ 47 0.0036 £ 0.0033 0.0033 & 0.0030 0.0035 + 0.0031

7.661 £ 0.242 110 £ 46 0.0073 + 0.0035 0.0066 + 0.0032 0.0069 £ 0.0033

8.126 = 0.263 103 £ 47 0.0068 £ 0.0035 0.0062 £ 0.0032 0.0064 + 0.0034

8.618 + 0.284 247 + 50 0.0158 + (.0039 0.0144 + 0.0036 0.0150 &+ 0.0037

9.160 + 0.313 257 £ 49 0.0168 £ 0.0039 0.0153 £ 0.0036 0.0159 + 0.0038

9.757 + 0.346 319 + 49 0.0216 = 0.0043 0.0196 £ 0.0039 0.0204 =+ 0.0041

10.414 £ 0.377 234 £ 48 0.0164 £+ 0.0041 0.0149 £ 0.0038 0.0155 + 0.0039

11.143 £ 0.425 228 + 47 0.0170 + 0.0043 0.0155 £+ 0.0039 0.0161 £ 0.0041

11.960 + 0.467 226 + 47 0.0173 £+ 0.0044 0.0158 & 0.0040 0.0164 + 0.0042

12.860 + 0.525 220 £ 47 0.0174 £+ 0.0045 0.0158 = 0.0041 0.0164 £ 0.0043

13.876 + 0.589 154 + 46 0.0124 =+ 0.0044 0.0113 £ 0.0040 0.0117 + 0.0041

15.016 £ 0.660 217 £ 47 0.0175 4+ 0.0046 0.0159 + 0.0042 0.0164 + 0.0044

16.297 + 0.750 167 + 45 0.0134 + 0.0043 0.0122 £ 0.0039 0.0126 4 0.0041

17.759 &+ 0.857 151 =+ 46 0.0121 + 0.0043 0.0110 £ 0.0039 6.0113 + 0.0041

19.416 + 0.971 65 + 46 0.0051 £+ 0.0041 0.0046 + 0.0037 0.0048 + 0.0038
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FIG. 61: Adopted E, = 780.8-keV partial cross section corresponding to the data in table LXXI, and corrected
for angular—distribution effects. The target—thickness correction factor is shown, and the recommended partial cross
section (solid circles) is compared to GNASH.
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TABLE LXXII: Adopted partial y-ray cross section for the E., = 786.8-keV transition. The measured peak areas and
deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target-thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular-distribution effects.

E,. (MeV)

sca) »{sca,corr)

A(1998)  (1998) 0(

4.090 £ 0.093
4.264 + 0.099
4.453 = 0.105
4.647 £ 0.113
4.861 + 0.122
5.090 £+ 0.129
5.333 £ 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 =+ 0.175
6.517 + 0.187
6.862 £+ 0.201
7.237 + 0.218
7.661 + 0.242
8.126 + 0.263
8.618 £ 0.284
9.160 + 0.313
9.757 £ 0.346
10.414 £+ 0.377
11.143 £+ 0.425
11.960 4= 0.467
12.860 + 0.525
13.876 + 0.589
15.016 + 0.660
16.297 £+ 0.750
17.759 £ 0.857
19.416 + 0.971

54 £ 45 0.0024 £ 0.0020 0.0021 £ 0.0018 0.0021 =+ 0.0018
180 £ 46 0.0077 £ 0.0022 0.0070 £ 0.0020 0.0070 + 0.0020
124 £ 46 0.0050 £ 0.0020 0.0046 -+ 0.0018 0.0046 + 0.0018
119 + 47-0.0047 £+ 0.0019 0.0043 £ 0.0018 0.0043 £ 0.0018
33 £ 46 0.0013 £ 0.0018 0.0012 £ 0.0017 0.0012 + 0.0017
122 £ 48 0.0047 £ 0.0019 0.0043 £ 0.0018 0.0043 + 0.0018
132 £+ 49 0.0050 £ 0.0020 0.0046 + 0.0018 0.0046 £ 0.0018
167 £ 50 0.0062 + 0.0020 0.0056 + 0.0018 0.0056 + 0.0018
34 £ 49 0.0012 £ 0.0018 0.0011 £ 0.0016 0.0011 + 0.0016
105 £ 49 0.0038 £ 0.0018 0.0035 + 0.0017 0.0035 + 0.0017
156 & 50 0.0053 £ 0.0018 0.0049 £ 0.0017 0.0049 + 0.0017
195 £ 52 6.0063 = 0.0018 0.0058 % 0.0017 0.0058 £+ 0.0017
258 + 53 0.0087 + 0.0021 0.0079 £ 0.0019 0.0079 x 0.0019
186 & 51 0.0067 & 0.0020 0.0061 £ 0.0018 0.0061 + 0.0018
220 &+ 52 0.0079 £ 0.0021 0.0072 =+ 0.0019 0.0072 £ 0.0019
293 £ 54 0.0103 £ 0.0022 0.0094 + 0.0021 06.0093 + 0.0021
153 £ 53 0.0055 £ 0.0020 0.0050 £ 0.0018 0.0050 £ 0.0018
296 X+ 54 0.0110 £+ 0.0024 0.0100 £ 0.0022 0.0100 + 0.0022
356 £+ 54 0.0137 & 0.0026 0.0125 & 0.0024 0.0124 £ 0.0024
402 £ 54 0.0164 & 0.0029 0.0150 £ 0.0027 0.0149 + 0.0027
209 + 51 0.0088 + 0.0024 0.0080 £ 0.0022 0.0080 + 0.0022
248 £ 52 0.0108 £ 0.0026 0.0098 £ 0.0024 0.0098 + 0.0024
209 & 52 0.0092 % 0.0025 0.0084 =+ 0.0023 0.0084 + 0.0023
178 £ 52 0.0079 & 0.0025 0.0072 £+ 0.0023 0.0071 + 0.0023
150 £ 52 0.0066 + 0.0024 0.0060 % 0.0022 0.0060 + 0.0022
124 £ 52 0.0054 £ 0.0024 0.0050 £ 0.0022 0.0049 =+ 0.0022
107 £ 52 0.0046 £+ 0.0023 0.0042 £+ 0.0021 0.0042 + 0.0021
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FIG. 62: Adopted E, = 786.8-keV partial cross section corresponding to the data in table LXXII, and corrected
for angular—distribution effects. The target—thickness correction factor is shown, and the recommended partial cross

section (solid circles) is compared to GNASH.
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TABLE LXXIII: Adopted partial y-ray cross section for the E, = 806.1-keV transition. The measured peak areas
and deduced partial cross section (before correction for angular distribution effects) for the 98 Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target—thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

E. (MeV)

A(1998)  (1998) U(sca) U(sca,cou)

4.090 &+ 0.093
4.264 + 0.099
4.453 4= 0.105
4.647 = 0.113
4.861 + 0.122
5.090 £ 0.129
5.333 + 0.140
5.597 + 0.149
5.875 4 0.160
6.181 £ 0.175
6.517 + 0.187
6.862 £ 0.201
7.237 &+ 0.218
7.661 4 0.242
8.126 + 0.263
8.618 + 0.284
9.160 -+ 0.313
9.757 + 0.346

104 £ 42 0.0086 £ 0.0037 0.0078 + 0.0034 0.0078 + 0.0034
96 £ 44 0.0077 &£ 0.0037 0.0070 £ 0.0034 0.0070 4- 0.0034
93 & 45 0.0071 £+ 0.0036 0.0065 + 0.0033 0.0065 + 0.0033
141 + 47 0.0106 + 0.0038 0.0096 £ 0.0035 0.0096 + 0.0035
55 + 44 0.0041 % 0.0635 0.0038 £ 0.0031 0.0038 =+ 0.0031
109 £ 45 0.0080 £ 0.0035 0.0073 4= 0.0032 0.0073 £ 0.0032
45 £ 47 0.0032 £ 0.0035 0.0030 £+ 0.0032 0.0030 £ 0.0033
70 £ 46 0.0049 £ 0.0034 0.0045 + 0.0031 0.0045 + 0.0031
98 + 45 0.0067 £ 0.0033 0.0061 % 0.0030 0.0062 %+ 0.0030
162 + 46 0.0112 4 0.0035 0.0102 £ 0.0032 0.0104 + 0.0032
131 £ 47 0.0085 £ 0.0032 0.0077 £ 0.0030 0.0079 -+ 0.0030
150 + 50 0.0092 £ 0.0033 0.0084 & 0.0030 0.0085 + 0.0031
219 £+ 50 0.0140 + 0.0036 0.0127 £ 0.0033 0.0130 & 0.0033
222 £+ 50 0.0152 £ 0.0038 0.0138 £ 0.0035 0.0141 + 0.0036
202 £+ 49 0.0138 £ 0.0037 0.0125 £ 0.0034 0.0128 £ 0.0035
292 + 52 0.0194 £ 0.0040 0.0176 <+ 0.0037 0.0180 + 0.0038
253 £+ 51 0.0171 + 0.0039 0.0156 <+ 0.0036 0.0159 + 0.0037
351 + 51 0.0246 + 0.0044 0.0224 + 0.0041 0.0229 I 0.0042

10.414 £ 0.377 289 £ 51 0.0209 £ 0.0043 0.0191 £ 0.0040 0.0195 £ 0.0041
11.143 + 0.425 313 £ 51 0.0241 £ 0.0047 0.0220 &+ 0.0043 0.0225 + 0.0045
11.960 & 0.467 293 + 47 0.0233 £ 0.0045 0.0212 £ 0.0042 0.0217 + 0.0043
12.860 + 0.525 166 * 45 0.0136 £ 0.0041 0.0124 4 0.0037 0.0126 & 0.0038
13.876 + 0.589 286 £ 47 0.0239 = 0.0047 0.0217 4 0.0044 0.0222 + 0.0045
15.016 & 0.660 195 & 49 0.0163 + 0.0045 0.0148 + 0.0041 0.0151 + 0.0042
16.297 £ 0.750 88 £+ 45 0.0073 = 0.0039 0.0067 + 0.0036 0.0068 + 0.0037
17.759 + 0.857 190 4 49 0.0157 £ 0.0045 0.0143 X 0.0041 0.0146 £ 0.0042
19.416 + 0.971 68 £ 46 0.0055 + 0.0039 0.0050 % 0.0036 0.0051 + 0.0036
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FIG. 63: Adopted E, = 806.1-keV partial cross section corresponding to the data in table LXXIII, and corrected
for angular—distribution effects. The target—thickness correction factor is shown, and the recommended partial cross

section (solid circles) is compared to GNASH.
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TABLE LXXIV: Adopted partial y-ray cross section for the E., = 819.2-keV transition. The measured peak areas and
deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target—thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

E. (MeV)

5Ca,corT)

A(1998)  (1998) G{sca} a(

4.090 £ 0.093
4.264 £ 0.099
4.453 £+ 0.105
4.647 + 0.113
4.861 £ 0.122
5.090 + 0.129
5.333 £+ 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 + 0.175
6.517 £ 0.187
6.862 + 0.201
7.237 +£0.218
7.661 + 0.242
8.126 £ 0.263
8.618 + 0.284
9.160 + 0.313
9.757 £ 0.346

60 = 43 0.0027 £ 0.0019 0.0024 £ 0.0018 0.0024 + 0.0018
84 + 44 0.0036 £ 0.0019 0.0033 £ 0.0018 0.0033 + 0.0018
204 + 46 0.0084 £ 0.0021 0.0077 £ 0.0020 0.0077 £+ 0.0020
126 + 46 0.0051 + 0.0019 0.0046 + 0.0018 0.0046 + 0.0018
74 £ 46 0.0030 3 0.0019 0.0027 £ 0.0017 0.0027 £ 0.0017
133 £ 47 0.0053 &+ 0.0020 0.0048 £ 0.0018 0.0048 + 0.0018
130 £ 47 0.0051 4 0.0019 0.0046 + 0.0018 0.0045 + 0.0017
122 + 48 0.0046 + 0.0019 0.0042 % 0.0017 0.0040 + 0.0017
149 £ 49 0.0055 £ 0.0019 0.0050 £ 0.0018 0.0049 + 0.0017
95 4 48 0.0035 = 0.0018 0.0032 + 0.0017 (.0031 + 0.0016
119 + 49 0.0041 + 0.0018 0.0038 £ 0.0016 0.0037 £ 0.0016
227 £+ 51 0.0075 £ 0.0019 0.0068 + 0.0017 0.0066 + 0.0017
286 £ 52 0.0098 £ 0.0021 0.0090 + 0.0019 0.0087 & 0.0019
297 £+ 52 0.0109 £ 0.0023 0.0100 £ 0.0021 0.0097 + 0.0020
391 + 53 0.0143 +£ 0.0025 0.0131 + 0.0023 0.0127 4 0.0023
357 &+ 54 0.0128 £ 0.0024 0.0116 £ 0.0022 0.0113 £ 0.0022
330 + 53 0.0120 + 0.0024 0.¢109 + 0.0022 0.0106 + 0.0021
337 £ 53 0.0127 £ 0.0025 0.0116 = 0.0023 0.0112 =+ 0.0022

10.414 4 0.377 449 £ 54 0.01756 £ 0.0029 0.0160 £ 0.0027 0.0155 + 0.0026
11.143 + 0.425 358 £ 52 0.0149 £ 0.0028 0.0135 £ 0.0025 0.0131 + 0.0025
11.960 £ 0.467 315 £ 52 0.0135 & 0.0027 0.0123 = 0.0025 0.0119 + 0.0024
12.860 £ 0.525 348 £+ 52 0.0154 £+ 0.0029 0.0140 & 0.0027 0.0136 % 0.0026
13.876 £ 0.589 237 £+ 51 0.0107 = 0.0026 0.0097 & 0.0024 0.0095 £ 0.0023
15.016 + 0.660 187 & 51 0.0084 £ 0.0025 0.0077 £ 0.0023 0.0075 £ 0.0022
16.297 + 0.750 81 £ 50 0.0036 £ 0.0023 0.0033 £ 0.0021 0.0032 £ 0.0020
17.759 £ 0.857 4 £ 44  0.0002 £ 0.0020 0.0002 £ 0.0018 0.0002 =+ 0.0017
19.416 == 6.971 1 + 43  0.0000 & 0.0019 0.0000 £ 0.0017 0.0000 £ 0.0017
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FIG. 64: Adopted E, = 819.2-keV partial cross section corresponding to the data in table LXXIV, and corrected
for angular—distribution effects. The target—thickness correction factor is shown, and the recommended partial cross
section (solid circles) is compared to GNASH.
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TABLE LXXV: Adopted partial y—ray cross section for the E., = 829.5-keV transition. The measured peak areas and
deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target—thickness correction factor. The recommended partial cross section in the last column inciudes a

correction for angular—distribution effects.

E, (MeV)

A(1998) (1908 a(sca) U(sca,corr)

4.090 « 0.093
4.264 £ 0.099
4.453 £ 0.105
4.647 £+ 0.113
4.861 + 0.122
5.090 & 0.129
5.333 £ 0.140
5.597 £+ 0.149
5.875 £ 0.160
6.181 £ 0.175
6.517 £ 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 + 0.263
8.618 X 0.284
9.160 + 0.313
9.757 4 0.346
10.414 £ 0.377
11.143 + 0.425
11.960 + 0.467
12.860 4 0.525
13.876 = 0.589
15.016 + 0.660
16.297 + 0.750
17.759 + 0.857
19.416 + 0.971

24 + 42
00
26 + 44
79 + 46
0x+0
0£0
24 + 48
10 £ 47
4+ 46

0.0020 £ 0.0036 0.0018 £ 0.0033 0.0018 + 0.0033
0.0001 £ 0.0007 0.0001 + 0.0006 0.0001 + 0.0006
0.0020 £ 0.0035 0.0018 £ 0.0032 0.0018 + 0.0032
0.0060 % 0.0036 0.0055 £ 0.0033 0.0055 + 0.0033
0.0001 =& 0.0006 0.0001 £ 0.0006 0.0001 * 0.0006
0.0001 £ 0.0006 0.0001 =+ 0.0006 0.0001 4 0.0006
0.0018 £ 0.0036 0.0016 & 0.0032 0.0017 + 0.0035
$.0007 + 0.0034 0.0006 + 0.0031 0.0007 + 0.0033
0.0003 £ 0.0032 0.0003 £ 0.0030 0.0003 + 0.0032
35 £ 46 0.0024 £ 0.0033 0.0022 = 0.0030 0.0024 + 0.0032
66 £ 47 0.0043 + 0.0632 0.0039 £ 0.06029 0.0042 + 0.0031
119 4 50 0.0074 + 0.0032 0.0067 % 0.0030 0.0072 + 0.0032
203 £ 51 0.0131 £ 0.0036 0.0119 = 0.0033 0.0128 = 0.0035
159 £ 51 0.0110 % 0.0037 0.0100 = 0.0034 0.0107 + 0.0037
177 £+ 51 0.0122 % 0.0038 0.0111 £ 0.0034 0.0118 + 0.0037
179 £ 52 0.0120 £+ 0.0037 0.0110 = 0.0034 0.0116 + 0.0036
114 £ 51 0.0078 £+ 0.0036 0.0071 = 06.0033 0.0075 =+ 0.0035
137 £ 51 0.0097 & 0.0038 0.0088 £ 0.0035 0.0094 + 0.0037
317 £ 53 0.0233 £ 0.0046 0.0212 = 0.0042 0.0225 = 0.0045
232 + 52 0.0181 £ 0.0045 0.0165 £ 0.0041 0.0175 + 0.0044
202 + 49 0.0163 £ 0.0043 0.0148 £+ 0.0040 0.0156 £ 0.0042
185 £ 49 0.0153 £ 0.0044 0.0140 & 0.0040 0.0147 + 0.0043
244 + 50 0.0206 £ 0.0048 0.0188 £ 0.0044 0.0198 +£ 0.0046
226 £+ 51 0.0191 + 0.0048 0.0174 4= 0.0044 0.0183 + 0.0046
142 + 48 0.0120 4+ 0.0043 0.0109 + 0.0039 0.0114 £+ 0.0041
116 =+ 49 0.0097 £+ 0.0043 0.0088 &+ 0.0039 0.0093 + 0.0041
222 + 49 0.0182 + 0.0045 0.0166 + 0.0041 0.0173 + 0.0043
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FIG. 65: Adopted E, = 829.5-keV partial cross section corresponding to the data in table LXXV, and corrected
for angular—distribution effects. No GNASH calculations are available for this line. The target—thickness correction

factor is shown.
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TABLE LXXVI: Adopted partial y—ray cross section for the E, = 831.6-keV transition. The measured peak areas and
deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98 Thin
data by a target-thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

E, (MeV)

A(1998)  (1998) U(sca)

o (sca,corr)

4.090 £ 0.093
4.264 £ 0.099
4.453 £ 0.105
4.647 £ 0.113
4.861 £ 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 £ 0.149
5.875 + 0.160
6.181 £ 0.175
6.517 = 0.187
6.862 = 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 £ 0.263
8.618 + (.284
9.160 &+ 0.313
9.757 £ 0.346
10.414 £+ 0.377
11.143 £+ 0.425

143 £ 47 0.0120 £ 0.0042 0.0109 £ 0.0038
93 &+ 47 0.0076 £ 0.0040 0.0069 £ 0.0036
136 + 48 0.0106 £ 0.0039 0.0096 + 0.0036
126 £ 48 0.0096 X 0.0038 0.0087 X 0.0035
138 £ 49 0.0105 + 0.0039 0.0096 + 0.0036
83 £ 47 0.0062 £ 0.0036 0.0056 £ 0.0033
90 £ 50 0.0066 + 0.0038 0.0060 + 0.0034
144 £ 50 0.0102 & 0.0037 0.0093 + 0.0034
82 4+ 48 0.0057 £ 0.0034 0.0052 + 0.0031
108 X+ 49 0.0075 £ 0.0036 0.0069 X 0.0032
118 + 50 0.0077 £ 0.0034 0.0071 + 0.0031
149 + 52 0.0093 + 0.0034 0.0085 + 0.0031
289 + 54 0.0187 £ 0.0040 0.0171 £ 0.0037
268 + 53 0.0186 + 0.0042 0.0169 + 0.0038
327 + 54 0.0226 + 0.0044 0.0206 £ 0.0040
432 + 56 0.0291 + 0.0048 0.0265 + 0.0044
420 £+ 56 0.0288 + 0.0048 0.0262 £ 0.0045

0.0109 + 0.0038
0.0069 £ 0.0036
0.0096 + 0.0036
0.0087 =+ 0.0035
0.0096 - 0.0036
0.0056 + 0.0033
0.0062 + 0.0035
0.0096 + 0.0035
0.0053 £ 0.0032
0.0071 + 0.0033
0.0072 =+ 0.0032
0.0087 £ 0.0032
0.0175 + 0.0038
0.0174 £ 0.0039
0.0211 + 0.0042
0.0271 + 0.0046
0.0268 £ 0.0046

496 £+ 56 0.0352 £+ 0.0054 0.0321 £ 0.0050 0.0329 + 0.0051

378 £ 65 0.0278 + 0.0050 0.0253 =+ 0.0046
470 £+ 55 0.0368 + 0.0057 0.0335 =+ 0.0053

0.0259 £ 0.0047
0.0343 + 0.0055

11.960 £ 0.467 365 £ 52 0.0294 £ 0.0052 0.0268 £ 0.0048 0.0274 + 0.0049
12.860 + 0.525 457 + 54 0.0380 £ 0.0060 0.0346 £ 0.0055 0.0353 £ 0.0057
13.876 £ 0.589 413 + 53 0.0350 £ 0.0058 0.0319 £ 0.0053 0.0325 £ 0.0055
15.016 £+ 0.660 216 + 52 0.0183 + 0.0048 0.0166 + 0.0044 0.0170 + 0.0045
16.297 £ 0.750 225 + 51 0.0190 £ 0.0048 0.0173 £ 0.0044 0.0176 £ 0.0045
17.759 4 0.857 304 & 53 0.0255 & 0.0052 0.0232 & 0.0048 0.0237 + 0.0049
19.416 £ 0.971 215 £ 51 0.0177 £ 0.0046 0.0161 £ 0.0042 0.0164 + 0.0043
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FIG. 66: Adopted E, = 831.6-keV partial cross section corresponding to the data in table LXXVI, and corrected
for angular—distribution effects. The target—thickness correction factor is shown, and the recommended partial cross
section (solid circles) is compared to GNASH.
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TABLE LXXVII: Adopted partial y-ray cross section for the E, = 875.5-keV transition. The measured peak areas
and deduced partial cross section (before correction for angular distribution effects) for the 98 Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the' 98Thin
data by a target-thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

E, (MeV)

5€a,c0rT)

A(1998) (1998) a(sca) a(

4.090 £ 0.093
4.264 £ 0.099
4.453 4+ 0.105
4.647 £ 0.113
4.861 + 0.122
5.090 £ 0.129
5.333 + 0.140
5.597 + 0.149
5.875 + 0.160
6.181 £ 0.175
6.5617 £ 0.187
6.862 £ 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 + 0.263
8.618 + 0.284
9.160 + 0.313
9.757 £ 0.346

214 £ 45 0.0195 £ 0.0046 0.0178 = 0.0042 0.0178 + 0.0042
153 £ 45 0.0136 &+ 0.0042 0.0124 £ 0.0039 0.0124 + 0.0039
119 + 45 0.0101 £ 0.0040 0.0092 £ 0.0036 0.0092 + 0.0036
165 + 45 0.0137 £+ 0.0040 0.0124 £ 0.0036 0.0124 + 0.0036
108 £ 45 0.0090 £ 0.0039 0.0082 £ 0.0035 0.0082 £ 0.0035
97 £ 45 0.0079 £ 0.0037 0.0072 £ 0.0034 0.0072 £ 0.0034
164 + 46 0.0131 £ 0.0039 0.0119 £ 0.0036 0.0127 + 0.0038
209 + 47 0.0161 £ 0.0040 0.0147 & 0.0036 0.0157 £ 0.0039
211 £+ 47 0.0160 £ 0.0039 0.0146 & 0.0036 0.0155 + 0.0038
171 £ 46 0.0130 +£ 0.0037 0.0118 + 0.0034 0.0126 + 0.0037
155 £ 47 0.0111 & 0.0035 0.0101 = 0.0032 0.0108 + 0.0035
195 + 47 0.0132 + 0.0035 0.0120 £ 0.0032 0.0129 + 0.0034
145 + 46 0.0102 + 0.0034 0.0093 £ 0.0031 0.0099 + 0.0033
324 £ 48 0.0245 £ 0.0044 0.0223 £+ 0.0040 0.0236 =+ 0.0043
352 + 48 0.0265 + 0.0045 0.0241 =+ 0.0041 0.0254 + 0.0044
446 £ 50 0.0327 £+ 0.0049 0.0298 £ 0.0045 0.0314 + 0.0049
317 £+ 48.0.0237 £ 0.0043 0.0215 £ 0.0040 0.0227 £ 0.0042
341 £ 48 0.0264 £ 0.0046 0.0240 & 0.0042 0.0253 + 0.0045

10.414 £ 0.377 424 £ 49 0.0340 £ 0.0052 0.0309 £ 0.0048 0.0326 4 0.0051
11.143 £ 0.425 310 £ 47 0.0264 £ 0.0048 0.024C X 0.0044 0.0253 + 0.0047
11.960 & 0.467 312 £ 47 0.0274 + 0.0050 0.025C + 0.0046 0.0262 £ 0.0049
12.86C & 0.525 337 £ 48 0.0305 £+ 0.0053 0.0278 % 0.0049 0.0290 -+ 0.0052
13.876 & 0.589 272 £ 46 0.0251 &+ 0.0050 0.0228 X 0.0046 0.0239 + 0.0048
15.016 &+ 0.660 274 £ 46 0.0252 £ 0.0050 0.0230 = 0.0046 0.0240 + 0.0048
16.297 + 0.750 203 £+ 44 0.0187 =+ 0.0045 0.0170 = 0.0041 0.0177 £ 0.0043
17.759 + 0.857 273 + 46 0.0250 £ 0.0049 0.0227 = 0.0045 0.0236 + 0.0047
19.416 = 0.971 149 =+ 45 0.0134 £ 0.0043 0.0122 4 0.0039 0.0126 £ 0.0040
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FIG. 67: Adopted E., = 875.5-keV partial cross section corresponding to the data in table LXXVII, and corrected
for angular—distribution effects. The target—thickness correction factor is shown, and the recommended partial cross
section (solid circles) is compared to GNASH.
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TABLE LXXVIIIL: Adopted partial y-ray cross section for the E, = 880.6-keV transition. The measured peak areas
and deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin
data sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using
the optimization procedure described in section XIIB. The recommended partial cross section in the last column

includes a correction for angular—distribution effects.

E, (MeV)

A(1998)  (1998) A(1999)  (1999) o(opt) ,(opt,corr)

4.0990 = 0.093
4.264 £ 0.099
4.453 £ 0.105
4.647 £ 0.113
4.861 + 0.122
5.090 £ 0.129
5.333 & 0.140
5.597 4 0.149
5.875 £ 0.160
6.181 £ 0.175
6.517 + 0.187
6.862 £ 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 £ 0.263
8.618 £ 0.284
9.160 £ 0.313
9.757 £ 0.346
10.414 £ 0.377
11.143 £+ 0.425
11.960 £ 0.467
12.860 £+ 0.525
13.876 + 0.589
15.016 £ 0.660
16.297 £ 0.750
17.759 + 0.857
19.416 £+ 0.971

99 £ 45 0.0091 £ 0.0042 293 £ 67 0.0269 X 0.0069 0.0092 + 0.0037 0.0092 + 0.0037
112 £ 45 0.0100 % 0.0041 287 + 68 0.0260 =+ 0.0068 0.0096 + 0.0036 0.0097 £ 0.0036
126 + 45 0.0107 £ 0.0040 493 £ 71 0.0425 £ 0.0078 0.0138 £ 0.0036 0.0138 + 0.0037
114 £ 45 0.0095 4 0.0039 367 + 69 0.0308 & 0.0068 0.0105 + 0.0034 0.0105 %= 0.0035
149 £ 46 0.0124 £ 0.0040 321 £ 70 0.0265 % 0.0065 0.0116 + 0.0035 0.0116 + 0.0036
149 £ 47 0.0121 £+ 0.0040 314 £ 70 0.0253 £ 0.0063 0.0110 =+ 0.0035 0.0110 4 0.0035
180 &+ 47 0.0144 £ 0.0040 478 £ 73 0.0385 £ 0.0073 0.0161 + 0.0037 0.0165 + 0.0038
203 £ 48 0.0157 £ 0.0040 276 £+ 71 0.0220 + 0.0062 0.0124 + 0.0035 0.0128 + 0.0036
190 £ 47 0.0145 4 0.0039 354 + 73 0.0276 % 0.0065 0.0134 + 0.0035 0.0138 + 0.0035
120 4= 46 0.0092 £ 0.0036 475 & 74 0.0364 % 0.0070 0.0113 £ 0.0033 0.0116 =+ 0.0034
151 + 48 0.0108 &£ 0.0036 416 = 72 0.0304 =+ 0.0063 0.0114 + 0.0032 0.0117 3 0.0033
360 £ 50 0.0245 X 0.0042 479 + 73 0.0342 + 0.0065 0.0222 + 0.0038 0.0228 =+ 0.0039
349 £ 50 0.0247 £ 0.0043 467 & 73 0.0354 & 0.0068 0.0228 £ 0.0039 0.0234 + 0.0040
571 £ 51 0.0433 4 0.0058 676 X 72 0.0548 £ 0.0085 0.0414 + 0.0052 0.0424 + 0.0054
539 &+ 51 0.0407 =+ 0.0056 843 £ 76 0.0676 + 0.0097 0.0438 + 0.0053 0.0447 + 0.0055
665 + 53 0.0490 £ 0.0062 839 £ 74 0.0658 & 0.0094 0.0491 =+ 0.0057 0.0502 + 0.0059
625 £+ 52 0.0468 £ 0.0061 901 + 76 0.0719 £ 0.0101 0.0496 =+ 0.0057 0.0507 4 0.0059
595 + 51 0.0462 + 0.0061 919 + 73 0.0765 £ 0.0105 0.0504 + 0.0058 0.0516 + 0.0060
526 X+ 51 0.0423 £ 0.0059 692 X 72 0.0600 % 0.0092 0.0427 + 0.0054 0.0437 4 0.0056
551 + 51 0.0471 £ 6.0065 754 + 69 0.0691 + 0.0101 0.0490 + 0.0059 0.0502 + 0.0061
511 + 50 0.0450 + 0.0063 688 + 70 0.0655 + 0.0100 0.0464 + 0.0058 0.0475 + 0.0060
469 £ 49 0.0426 £ 0.0062 702 £ 70 0.0682 £ 0.0103 0.0454 + 0.0058 0.0464 + 0.0059
398 £ 49 0.0369 £ 0.0059 457 £ 66 0.0455 £ 0.0084 0.0339 =+ 0.0052 0.0346 + 0.0053
382 £ 48 0.0353 £ 0.0057 563 £ 66 0.0562 + 0.0092 0.0367 + 0.0052 0.0374 + 0.0053
282 + 45 0.0261 + 0.0049 393 £ 66 0.0389 + 0.0079 0.0248 + 0.0044 0.0253 =+ 0.0045
229 =+ 46 0.0210 £ 0.0047 362 & 65 0.0353 % 0.0075 0.0202 + 0.0042 0.0206 =+ 0.0043
243 4 46 0.0219 £ .0.0047 368 + 65 0.0350 + 0.0074 0.0207 £ 0.0042 0.0211 + 0.0042
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FIG. 68: Adopted E. = 880.6-keV partial cross section corresponding to the data in table LXXVIII. The top panel
shows the 1998 and 1999 partial cross sections (corrected for angular-distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE LXXIX: Adopted partial y—ray cross section for the E, = 883.4-keV transition. The measured peak areas
and deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin
data sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using
the optimization procedure described in section XIIB. The recommended partial cross section in the last column
includes a correction for angular—distribution effects.

E, (MeV)

A(1098)  (1998)

A(1999)  (1099) o(opt)

o{opt,corr)

4.090 £ 0.093
4.264 + 0.099
4.453 = 0.105
4.647 + 0.113
4.861 £+ 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 £ 0.149
5.875 + 0.160
6.181 + 0.175
6.517 + 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 + 0.263
8.618 £ 0.284
9.160 + 0.313
9.757 £+ 0.346
10.414 £ 0.377
11.143 + 0.425
11.960 * 0.467
12.860 + 0.525
13.876 £ 0.589
15.016 + 0.660
16.297 + 0.750
17.759 £ 0.857
19.416 + 0.971

0.0073 £ 0.0044
0.0001 & 0.0015
0.0001 + 0.0014
0.0001 4= 0.0014
0.0018 =+ 0.0040
0.0124 + 0.0042
0.0040 £ 0.0039
42 + 45 0.0033 £ 0.0038
12 + 44 0.0009 £ 0.0036
156 £ 46 0.0121 & 0.0040
119 £+ 47 0.0087 & 0.0037
175 £ 47 0.0121 + 0.0037
174 + 48 0.0126 + 0.0039
125 + 46 0.0097 + 0.0039
221 £+ 47 0.0170 = 0.0042
262 4 49 0.0197 £ 0.0043
273 1 49 0.0209 £ 0.0045
137 + 45 0.0109 £ 0.0039
175 + 47 0.0143 £ 0.0043
243 + 48 0.0212 =% 0.0049
196 + 46 0.0176 =+ 0.0047
226 + 47 0.0209 £ 0.0051
188 + 46 0.0177 % 0.0049
122 + 43 0.0115 & 0.0045
168 + 43 0.0158 & 0.0046
148 + 45 0.0138 £ 0.0047
118 + 44 0.0108 & 0.0044

78 + 44
00
0+0
0+0
21 + 44
150 £ 46
49 + 45

79 £ 53
4+ 51
60 = 55
0+0
92 &£ 57 0.0077 £ 0.0051 0.0032 + 0.0033
116 + 57 0.0095 =+ 0.0050 0.0104 + 0.0034
145 4+ 58 0.0119 £ 0.0051 0.0063 £ 0.0033
134 & 58 0.0109 + 0.0051 0.0054 + 0.0032
99 £ 58 0.0079 £ 0.0049 0.0026 £ 0.0031
32 £ 57 0.0025 & 0.0047 0.0069 + 0.0032
121 4 58 0.0090 & 0.0046 0.0081 = 0.0031
286 + 60 0.0208 & 0.0051 0.0151 + 0.0032
204 + 59 0.0158 + 0.0051 0.0134 % 0.0033
334 + 59 0.0276 % 0.0059 0.0154 + 0.0035
237 + 59 0.0194 £ 0.0055 0.0177 = 0.0036
240 £ 59 0.0192 £ 0.0054 0.0191 =+ 0.0037
230 + 58 0.0187 % 0.0053 0.0195 + 0.0037
177 £ 56 0.0150 &+ 0.0052 0.0120 % 0.0034
246 + 56 0.0217 % 0.0057 0.0170 + 0.0037
231 £ 55 0.0216 £ 0.0059 0.0211 % 0.0041
271 £+ 54 0.0263 £ 0.0063 0.0210 =+ 0.0041
225 + 54 0.0223 £ 0.0062 0.0213 % 0.0042
261 + 53 0.0265 + 0.0064 0.0212 £ 0.0042
207 £ 52 0.0211 4 0.0061 0.0148 & 0.0039
290 £ 53 0.0292 + 0.0065 0.0208 3 0.0041
186 + 52 0.0185 4 0.0058 0.0154 =+ 0.0039
172 4 52 0.0167 + 0.0056 0.0127 + 0.0037

0.0074 £ 0.0053 0.0064 + 0.0036

0.0053 £ 0.0051 0.0003 =+ 0.0014

0.0064 £ 0.0036

0.0004 + 0.0050 -0.0001 = 0.0015 -0.0001 + 0.0015

0.0003 £ 0.0014

0.0001 + 0.0015 -0.0011 + 0.0011 -0.0011 = 0.0011

0.0032 - 0.0033
0.0104 + 0.0035
0.0063 £ 0.0033
0.0054 + 0.0032
0.0026 + 0.0031
0.0069 + 0.0033
0.0081 =+ 0.0031
0.0152 % 0.0032
0.0135 + 0.0033
0.0154 + 0.0035
0.0178 =+ 0.0036
0.0192 + 0.0037
0.0196 + 0.0038
0.0121 + 0.0034
0.0171 + 0.0037
0.0212 + 0.0041
0.0211 + 0.0041
0.0214 + 0.0043
0.0213 + 0.0043
0.0149 =+ 0.0039
0.0208 + 0.0041
0.0154 + 0.0039
0.0127 + 0.0037
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FIG. 69: Adopted E., = 883.4-keV partial cross section corresponding to the data in table LXXIX. The top panel
shows the 1998 and 1999 partial cross sections (corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH,
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TABLE LXXX: Adopted partial y-ray cross section for the E., = 898.3-keV transition. The measured peak areas and
deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target—thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

En (MeV)

A(1998)  (1998) o (sca) (sca,corr)

4.090 + 0.093
4.264 £ 0.099
4.453 £+ 0.165
4.647 £ 0.113
4.861 £ 0.122
5.090 + 0.129
5.333 £ 0.140
5.597 £ 0.149
5.875 + 0.160
6.181 £ 0.175
6.517 % 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 + 0.263
8.618 + 0.284
9.160 £+ 0.313
9.757 £ 0.346

258 + 48 0.0244 £ 0.0052 0.0222 £ 0.0047 0.0222 + 0.0047
215 £ 48 0.0198 £+ 0.0048 0.0180 + 0.0044 0.0180 + 0.0044
139 + 47 0.0122 4+ 0.0043 0.0111 = $4.0039 0.0111 + 0.0039
115 £ 46 0.0099 £ 0.0041 0.0090 & 6.0037 0.0090 + 0.0037
41 £ 45 0.0035 £ 0.0039 0.0032 & 0.0036 0.0032 + 0.0036
189 =+ 49 0.0159 £ 0.0044 0.0145 £ 0.0040 0.0145 + 0.0040
79 £ 47 0.0065 + 0.0039 0.006G + 0.0036 0.0054 + 0.0033
176 + 49 0.0141 + 0.0042 0.0128 £ 0.0038 0.0117 + 0.0035
114 + 47 0.0090 £ 0.0038 0.0082 % 0.0035 0.0075 £ 0.0032
108 £ 47 0.0085 £ 0.0038 0.0078 & 0.0035 0.0071 =+ 0.0032
124 + 48 0.0092 £ 0.0037 0.0084 + 0.0034 0.0076 £ 0.0031
100 £ 48 0.0070 £ 0.0035 0.0064 + 0.0031 0.0059 + 0.0029
182 £ 48 0.0133 £ 0.0038 0.0121 &+ 0.0034 0.0111 + 0.0031
138 + 47 0.0108 + 0.0038 0.0099 =+ 0.0035 0.0091 £ 0.0032
240 =+ 49 0.0188 £+ 0.0042 0.0171 & 0.0039 0.0158 + 0.0036
223 + 48 0.0170 £ 0.0040 0.0155 = 0.0037 0.0144 X 0.0034
306 + 49 0.0237 £ 0.0044 0.0216 + 0.0041 0.0200 + 0.0038
323 £ 49 0.0260 = 0.0047 0.0236 £ 0.0043 0.0219 + 0.0040

10.414 £ 0.377 345 £ 50 0.0287 & 0.0050 0.0261 & 0.0046 0.0242 + 0.0043
11.143 £ 0.425 245 + 48 0.0217 + 0.0048 0.0198 £ 0.0044 0.0183 -+ 0.0041
11.960 + 0.467 240 % 47 0.0219 % 0.0048 0.0199 =+ 0.0044 0.0186 * 0.0041
12.860 = 0.525 246 X+ 47 0.0231 % 0.0050 0.0211 %= 0.0046 0.0197 + 0.0043
13.876 = 0.589 308 + 47 0.0295 + 0.0054 0.0269 + 0.0050 0.0251 + 0.0047
15.016 + 0.660 247 &+ 46 0.0237 + 0.0050 0.0215 + 0.0046 0.0202 -+ 0.0043
16.297 £ 0.750 198 + 47 0.0189 =+ 0.0049 0.0172 + 0.0045 0.0162 £ 0.0042
17.759 £ 0.857 205 £ 47 0.0195 £ 0.0049 0.0177 + 0.0045 0.0167 £ 0.0042
19.416 + 0.971 221 £ 47 0.0206 £ 0.0048 0.0188 £ 0.0044 0.0178 + 0.0042
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for angular—distribution effects. The target—thickness correction factor is shown, and the recommended partial cross
section (solid circles) is compared to GNASH.
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TABLE LXXXI: Adopted partial y-ray cross section for the E, = 925.3-keV transition. The measured peak areas
and deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin
data sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using
the optimization procedure described in section XIIB. The recommended partial cross section in the last column
includes a correction for angular—distribution effects.

En (MeV) A(1998)  (1998) A(1999)  (1999) o(opt) o (opt,corr)

4.090 + 0.093 5+ 38 0.0005 + 0.0039 70 £+ 46 0.0069 + 0.0046 0.0013 + 0.0024 0.0013 + 0.0023

4.264 + 0.099 122 4+ 42 0.0116 + 0.0043 166 + 48 0.0161 &+ 0.0050 0.0095 + 0.0027 0.0095 + 0.0026

4.453 £ 0.105 133 £ 41 0.0121 & 0.0041 1 £ 19  0.0001 &+ 0.0018 0.0013 # 0.0018 0.0013 % 0.0017

4.647 + 0.113 95 £ 42 0.0085 + 0.0040 85 £+ 49 0.0076 % 0.0045 0.0056 + 0.0024 0.0056 + 0.0024

4.861 + 0.122 118 + 44 0.0106 &+ 0.0042 22 + 49 (.0019 £ 0.0043 0.0049 + 0.0025 0.0048 + 0.0025

5.090 & 0.129 65 £+ 43 0.0057 £ 0.0039 120 £ 50 0.0103 £ 0.0045 0.0049 + 0.0024 0.0049 =+ 0.0024

5.333 £ 0.140 72 £ 42 0.0062 4 0.0038 17 £ 51 0.0015 £ 0.0044 0.0029 =+ 0.0023 0.0027 + 0.0022

5.507 -+ 0.149 87 + 44 0.0072 £ 0.0038 24 = 50 0.0020 £ 0.0043 0.0035 4 0.0023 0.0033 £ 0.0022

5.875 4 0.160 22 + 42 0.0018 4+ 0.0035 86 £ 51 0.0072 £ 0.0043 0.0020 £+ 0.0022 0.0019 + 0.0021

6.181 £+ 0.175 55 + 43 0.0045 4+ 0.0037 88 + 52 0.0072 £ 0.0043 0.0035 & 0.0022 0.0033 £ 0.0021

6.517 + 0.187 83 £ 44 0.0064 £ 0.0035 34 £+ 52 0.0027 £ 0.0041 0.0033 + 0.0022 0.0031 + 0.0021

6.862 - 0.201 100 % 46 0.0073 + 0.0035 135 + 53 0.0103 +£ 0.0042 0.0057 % 0.0022 0.0054 + 0.0021

7.237 £ 0.218 170 X 46 0.0129 £ 0.0038 209 £ 54 0.0169 £ 0.0048 0.0103 =+ 0.0024 0.0098 + 0.0023

7.661 + 0.242 399 + 49 0.0324 + 0.0052 271 + 53 0.0235 + (.0053 0.0219 3- 0.0033 0.0209 &+ 0.0032

8.126 X+ 0.263 448 X 50 0.0363 X 0.0055 273 £ 53 0.0234 £+ 0.0052 0.0234 L 0.0035 0.0223 £ 0.0033

8.618 £ 0.284 451 + 48 0.0356 £ 0.0052 332 £ 54 0.0278 £ 0.0055 0.0249 -+ 0.0034 0.0238 + 0.0033

9.160 4 0.313 476 + 51 0.0382 £ 0.0056 292 % 53 0.0249 £ 0.0053 0.0247 & 0.0035 0.0236 + 0.0034

9.757 + 0.346 474 + 50 0.0394 £ 0.0058 289 4 52 0.0257 + 0.0054 0.0256 + 0.0036 0.0244 + 0.0035

10.414 £ 0.377 504 £ 50 0.0434 + 0.0061 491 £ 54 (.0455 + 0.0071 0.0345 + 0.0042 0.0329 =+ 0.0041

11.143 £ 0.425 451 + 48 0.0413 4 0.0061 440 £ 52 0.0431 £ 0.0070 0.0327 + 0.0041 0.0312 =+ 0.0040

11.960 =+ 0.467 526 + 49 0.0497 + 0.0068 211 £+ 49 0.0215 £ 0.0055 0.0265 + 0.0041 0.0252 =+ 0.0039

12.860 + 0.525 245 + 46 0.0238 £ 0.0052 322 + 50 0.0334 4 0.0064 0.0204 + 0.0034 0.0195 + 0.0033

13.876 £ 0.589 298 £ 44 0.0296 + 0.0054 260 £ 50 0.0276 + 0.0062 0.0220 &+ 0.0035 0.0210 + 0.0034

15.016 & 0.660 191 + 43 0.0189 + 0.0048 174 + 49 0.0186 %+ 0.0056 0.0139 =+ 0.0030 0.0133 = 0.0029

16.297 + 0.750 93 £+ 43 0.0092 £+ 0.0045 202 £ 48 0.0213 £ 0.0056 0.0093 + 0.0028 0.0089 + 0.0027

17.759 4+ 0.857 149 + 45 0.0146 + 0.0048 61 &+ 47 (.0064 £ 0.0050 0.0081 + 0.0029 0.0078 + 0.0028

19.416 £ 0.971 116 & 44 0.0112 £ 0.0045 59 &+ 47 (.0060 £ 0.0048 0.0065 X 0.0027 0.0062 & 0.0026
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TABLE LXXXII: Adopted partial y-ray cross section for the E, = 946.1-keV transition. The measured peak areas
and deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin
data sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using
the optimization procedure described in section XIIB. The recommended partial cross section in the last column

includes a correction for angular—distribution effects.

A(1999)  (1999)

o(opt)

o (opt,corr)

En (Mev) A(IQQS] 0(1998)

4.090 £ 0093 00 0.0001 + 0.0009
4.264 0099 0+£0 0.0001 £+ 0.0009
4453 +£0.105 0% 0 0.0001 £ 0.0009
4647 £ 0113 01 0.0001 £ 0.0008
4.861 + 0.122 29 + 41 0.0027 £ 0.0039
5090 £ 0129 0+£0 0.0001 + 0.0008
5333 £0140 00 0.0001 £ 0.0008
5.597 £ 0.149 0L 2 (.0001 £ 0.0008
5875+ 0.160 0£0 0.0001 +£ 0.0008
6.181 £ 0.175 0+ 0 0.0001 + 0.0008
6.517 £ 0.187 0+ 3 0.0001 £ 0.0008
6.862 = 0.201 64 + 45 0.0048 + 0.0035
7.237 £ 0.218 149 £ 46 0.0117 £ 0.0038
7.661 £+ 0.242 159 + 45 0.0133 £ 0.0041
8.126 + 0.263 343 + 47 0.0286 4= 0.0049
8.618 4 0.284 357 X 48 0.0290 £ 0.0049
9.160 &+ 0.313 415 £ 49 0.0344 £ 0.0053
9.757 + 0.346 518 £+ 50 0.0445 + 0.0062

10.414 £ 0.377
11.143 4= 0.425
11.960 + 0.467
12.860 = 0.525

522 + 48 0.0464 £ 0.0063
381 + 46 0.0360 = 0.0057
450 =+ 47 0.0439 =+ 0.0064
306 + 45 0.0307 £ 0.0055
13.876 + 0.589 220 + 43 0.0225 £ 0.0050
15.016 &+ 0.660 165 + 42 0.0169 + 0.0047
16.297 + 0.750 43 & 40 0.0044 =+ 0.0042
17.759 &+ 0.857 57 + 42 0.0058 % 0.0044
19.416 £ 0971 0 £ 0 0.0001 + 0.0009

0+0
73 £+ 46
72 49
60 = 50
71 £ 51

0.0001 £ 0.0007 -0.0026 =+ 0.0005
0.0073 £ 0.0047 0.0001 =+ 0.0006
0.0068 + 0.0047 0.0001 % 0.0006
0.0055 £ 0.0047 0.0001 + 0.0006
0.0064 £ 0.0047 0.0014 £ 0.0023
80 4 52 0.0071 £ 0.0047 0.0001 = 0.0006
93 £ 53 0.0082 + 0.0048 0.0001 + 0.0005
115 + 53 0.0101 & 0.0048 0.0001 + 0.0005
58 4 54 0.6050 £ 0.0047 0.0000 £ 0.0005
58 + 53 0.0049 £ 0.0045 0.0000 + 0.0005
56 & 54 0.0045 £ 0.0044 0.0000 = 0.0005
162 £+ 55 0.0127 £ 0.0046 0.0040 + 0.0021
109 =+ 54 0.0091 X 0.0046 0.0067 + 0.0023
252 + 53 0.0225 + 0.0054 0.0108 £ 0.0025
289 + 56 0.0255 + 0.0057 0.0196 =+ 0.0031
261 £ 55 0.0225 £ 0.0054 0.0188 £ 0.0030
520 £ 58 0.0457 £ 0.0072 0.0275 + 0.0035
471 £ 57 0.0431 + 0.0071 0.0326 £ 0.0040
366 £ 54 0.0349 £ 0.0065 0.0307 £ 0.0039
285 £ 52 0.0287 + 0.0062 0.0240 £ 0.0036
311 + 53 0.0326 £ 0.0067 0.0288 £ 0.0040
269 £ 50 0.0287 £ 0.0063 0.0216 + 0.0035
230 + 49 0.0252 £+ 0.0061 0.0164 £ 0.0031
28 + 47 0.0031 & 0.0052 0.0073 £ 0.0028
17 4+ 47 0.0018 £ 0.0052 0.0012 =+ 0.0025
0+5 0.0001 £ 0.0009 -0.0053 + 0.0009
111 + 48 0.0116 4= 0.0052 0.0001 + 0.0006

-0.0026 £ 0.0005
0.0001 % 0.0006
0.0001 £ 0.0006
0.0001 4 0.0006
0.0014 =+ 0.0023
0.0001 £ 0.0006
0.0001 £ 0.0005
0.0001 % 0.0005
0.0000 £ 0.0005
0.0000 £ 0.0005
0.0000 = 0.0005
0.0040 + 0.0021
0.0067 £ 0.0023
0.0107 £ 0.0025
0.0194 £ 0.0031
0.0187 £ 0.0030
0.0273 £ 0.0035
0.0324 £ 0.0040
0.0305 £ 0.0039
0.0238 £ 0.0035
0.0286 £ 0.0040
0.0214 + 0.0034
0.0163 £ 0.0031
0.0072 £ 0.0028

0.0012 £ 0.0025

-0.0053 £ 0.0009
0.0001 £ 0.0006
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FIG. 72: Adopted E, = 946.1-keV partial cross section corresponding to the data in table LXXXII. The top panel
shows the 1998 and 1999 partial cross sections (corrected for angular-distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section {solid circles) compared to GNASH.
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TABLE LXXXIII: Adopted partial y-ray cross section for the E, = 966.3-keV transition. The measured peak areas
and deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98 Thin
data by a target-thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

E. (MeV)

o (sca,corr)

A(1998)  (1998) a(sca)

4.090 £ 0.093
4.264 + 0.099
4.453 £ 0.105
4.647 £ 0.113
4.861 + 0.122
5.090 = 0.129
5.333 £ 0.140
5.597 + 0.149
5.875 £+ 0.160
6.181 £ 0.175
6.517 + 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 + 0.263
8.618 + 0.284
9.160 + 0.313
9.757 £ 0.346

6+ 40 0.0003 £ 0.0020 0.0003 £ 0.0019 0.0003 + 0.0019
121 + 42 0.0060 + 0.0022 0.0055 & 0.0020 0.0055 + 0.0020
42 + 41 0.0020 £ 0.0019 0.0018 + 0.0018 0.0018 £ 0.0018
69 + 43 0.0032 £ 0.0020 0.0029 X 0.0018 0.0029 + 0.0018
50 £ 43 0.0023 £ 0.0020 0.0021 £ 0.0018 0.0021 + 0.0018
0+0 0.0000 =+ 0.0000 0.0000 &+ 0.0000 0.0000 + 0.0000
118 + 45 0.0052 £ 0.0021 0.0048 £ 0.0019 0.0047 + 0.0019
24 &= 44 0.0010 £ 0.0019 0.0009 £ 0.0017 0.0009 + 0.0017
55 +£ 45 0.0023 £ 0.0019 0.0021 £ 0.0017 0.0021 + 0.0017
110 £ 45 0.0047 £ 0.0020 0.0043 £ 0.0018 0.0042 = 0.0018
82 + 46 0.0033 £ 0.0019 0.0030 £ 0.0017 0.0029 + 0.0017
150 £ 48 0.0057 &= 0.0019 0.0052 £ 0.0018 0.0051 4 0.0017
193 + 48 0.0076 £ 0.0021 0.0069 £ 0.0019 0.0069 + 0.0019
285 £ 48 0.0120 + 0.0024 0.0109 £ 0.0022 0.0108 £ 0.0022
280 + 48 0.0117 + 0.0024 0.0107 + 0.0022 0.0106 + 0.0022
269 £ 49 0.0110 &£ 0.0023 0.0100 &+ 0.0022 0.0099 =+ 0.0021
319 + 49 0.0133 £ 0.0025 0.0121 &£ 0.0023 0.0120 + 0.0023
364 £ 50 0.0157 £ 0.0028 0.0143 + 0.0026 0.0142 £ 0.0026

10.414 + 0.377 319 + 48 0.0143 + 0.0027 0.0130 =+ 0.0025 0.0129 + 0.0025
11.143 &+ 0.425 427 + 50 0.0203 £ 0.0033 0.0185 =+ 0.0030 0.0183 + 0.0030
11.960 &+ 0.467 336 + 48 0.0164 4 0.0030 0.0150 + 0.0028 0.0148 + 0¢.0028
12.860 + 0.525 237 % 47 0.0120 £ 0.0027 0.0109 & 0.0025 0.0108 + 0.0025
13.876 + 0.589 182 + 47 0.0094 £ 0.0026 0.0085 £ 0.0024 0.0084 + 0.0024
15.016 & 0.660 182 £ 47 0.0094 £ 0.0026 0.0085 + 0.0024 0.0084 + 0.0024
16.297 &+ 0.750 151 + 46 0.0077 4 0.0025 0.0071 4= 0.0023 0.0070 £ 0.0023
17.759 &+ 0.857 81 &+ 46 0.0041 + 0.0024 0.0038 &+ 0.0022 0.0037 £ 0.0022
19.416 + 0.971 66 + 46 0.0033 £ 0.0023 0.003G & 0.0021 0.0030 + 0.0021
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TABLE LXXXIV: Adopted partial y—ray cross section for the E, = 981.4-keV transition. The measured peak areas
and deduced partial cross section (before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target-thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

E. (MeV)

A(1998) [ (1998) o(sca) o (scacorr)

4.090 £ 0.093
4.264 £ 0.099
4.453 x 0.105
4.647 + 0.113
4.861 £ 0.122
5.090 4 0.129
5.333 £ 0.140
5.597 £ 0.149
5.875 £ 0.160
6.181 £ 0.175
6.517 £ 0.187
6.862 + 0.201
7.237 & 0.218
7.661 + 0.242
8.126 + 0.263
8.618 £ 0.284
9.160 + 0.313
9.757 £ 0.346

8 +£39 0.0004 £ 0.0020 0.0004 + 0.0018 0.0004 £ 0.0018
0+ 14 0.0000 £ 0.0007 0.0000 £+ 0.0006 0.0000 £ 0.0006
107 £ 42 0.0051 £ 0.0021 0.0046 £ 0.0019 0.0046 + 0.0019
62 4+ 42 0.0029 = 0.0020 0.0026 £ 0.0018 0.0026 £ 0.0018
181 4 44 0.0085 4= 0.0023 0.0077 £ 0.0021 0.0077 £ 0.0021
79 £ 44 0.0036 + 0.0026 G.0033 £ 0.0019 0.0033 + 0.0019
104 £ 45 0.0047 £ 0.0021 0.0043 £ 0.0019 0.0040 + 0.0018
51 £ 45 0.0022 4+ 0.0020 0.0020 =+ 0.0018 0.0019 + 0.0017
101 £ 46 0.0043 £ 0.6020 0.0039 £ 0.0018 0.0037 4 0.0018
57 £ 45 0.0024 £ 0.0019 0.0022 4= 0.0018 0.0021 + 0.0017
86 £ 46 0.0035 £ 0.0019 0.0031 4= 0.0017 0.0030 £ 0.0016
135 £ 48 0.0052 = 0.0019 0.0047 £ 0.0018 0.0045 £ 0.0017
158 + 48 0.0063 £ 0.0020 0.0057 £ 0.0019 0.0054 £ 0.0018
215 + 48 0.0091 £ 0.0023 0.0083 £+ 0.0021 0.0079 £ 0.0020
217 £ 47 0.0092 £ 0.0022 0.0084 + 0.0020 0.0080 = 0.0020
280 + 49 0.0116 + 0.0024 0.0105 + 0.0022 0.0101 + 0.0021
211 + 49 0.0089 = 0.0023 0.0081 & 0.0021 0.0077 + 0.0020
317 4 50 0.0138 & 0.0027 0.0126 =+ 0.0024 0.0121 + 0.0024

10.414 + 0.377 278 + 48 0.0125 + 0.0026 0.0114 =+ 0.0024 0.0110 £ 0.0023
11.143 4= 0.425 257 £ 48 0.0123 £ 0.0027 0.0112 =+ 0.0025 0.0108 + 0.0024
11.960 =+ 0.467 236 + 47 0.0117 £ 0.0027 0.0106 & 0.0024 0.0102 £ 0.0024
12.860 £ 0.525 265 + 48 0.0135 & 0.0029 0.0123 £ 0.0026 0.0118 + 0.0026
13.876 + 0.589 137 + 46 0.0071 @ 0.0025 0.0065 £ 0.0023 0.0062 £ 0.0022

15.016 + 0.660 89 + 45
16.297 £ 0.750 15 + 44
17.759 £+ 0.857 59 + 45
19.416 + 0.971 25 + 45

0.0046 £ 0.0024 0.0042 + 0.0022 0.0041 + 0.0021
0.0008 + 0.0023 0.0007 £ 0.0021 0.0007 £+ 0.0020
0.0030 £ 0.0023 0.0028 £ 0.0021 0.0027 £ 0.0021
0.0013 4= 0.0023 0.0011 & 0.0021 0.0011 +£ 0.0020
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FIG. 74: Adopted E, = 981.4-keV partial cross section corresponding to the data in table LXXXIV, and corrected
for angular—distribution effects. No GNASH calculations are available for this line. The target—thickness correction
factor is shown.
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TABLE LXXXV: Adopted partial y-ray cross section for the E, = 984.8-keV transition. The measured peak areas
and deduced partial cross section {before correction for angular distribution effects) for the 98Thin data set are shown
in columns 2 and 3, respectively. The partial cross section, listed in column 4, is obtained by scaling the 98Thin
data by a target—thickness correction factor. The recommended partial cross section in the last column includes a

correction for angular—distribution effects.

E. (MeV)

A(1998)  (1998) U(sca) U(sca,corr)

4.090 + 0.093
4.264 + 0.099
4.453 £ 0.105
4.647 £ 0.113
4.861 £ 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 £ 0.149
5.875 + 0.160
6.181 4+ 0.175
6.517 + 0.187
6.862 3= 0.201
7.237 £ 0.218
7.661 = 0.242
8.126 + 0.263
8.618 + 0.284
9.160 & 0.313
9.757 + 0.346

0.0001 £ 0.0000 0.0000 £ 0.0000 0.0000 + 0.0000
0.0000 £ 0.0000 0.0000 = 0.0000 0.0000 % 0.0000
0.0000 + 0.0000 0.C0G0 £ 6.0000 0.0000 + 0.0000
0.0000 % 0.000C 0.0000 £ 0.0000 0.0000 + 0.0000
0.0000 =+ 0.000C 0.0000 + 0.0000 0.0000 + 0.0000
81 + 51 0.0037 £ 0.0024 0.0034 + 0.0021 0.0034 + 0.0021
63 £ 52 0.0028 & 0.0024 0.0026 + 0.0021 0.0025 + 0.0021
129 £ 53 0.0056 + 0.0024 0.0051 + 0.0022 0.0049 + 0.0021
50 = 52 0.0021 £ 0.0022 0.0019 £ 0.0020 0.0019 + 0.0020
112 £ 52 0.0048 £ 0.0023 0.0044 + 0.0021 0.0042 £ 0.0020
149 + 54 0.0060 £ 0.0023 0.0054 4 0.0021 0.0053 + 0.0020
94 £ 55 0.0036 £ 0.0021 0.0033 £ 0.0019 0.0032 =+ 0.0019
167 £ 55 0.0066 £ 0.0023 0.0060 + 0.0021 0.0058 + 0.0020
245 £ 56 0.0104 £ 0.0026 0.0095 £ 0.0024 0.0092 + 0.0024
248 £ 56 0.0105 + 0.0026 0.0095 + 0.0024 0.0093 + 0.0024
236 £ 57 0.0097 £+ 0.0026 0.0089 £ 0.0024 0.0086 + 0.0023
383 £ 59 0.0160 X 0.0030 0.0146 £ 0.0028 0.0142 4 0.0027
405 % 58 0.0176 £ 0.0032 0.0160 £ 0.0029 0.0156 + 0.0029

0+0
0x0
00
00
00

10.414 4 0.377 412 £ 58 0.0185 £ 0.0033 0.0169 £ 0.0031 0.0164 + 0.0030
11.143 4+ 0.425 289 £ 56 0.0138 + 0.0031 0.0126 + 0.0028 0.0122 £ 0.0028
11.960 & 0.467 356 &+ 56 0.0176 £ 0.0034 0.0160 £ 0.0031 0.0155 £ (.0031
12.860 % 0.525 157 £+ 54 0.0080 £ 0.0029 0.0073 £ 0.0026 0.0071 =+ 0.0026
13.876 £ 0.589 199 £ 55 (.0103 = 0.0031 0.0094 + 0.0028 0.0091 + 0.0027
15.016 + 0.660 115 £ 53 0.0060 % 0.0028 0.0054 + 0.0026 0.0053 % 0.0025
16.297 £ 0.750 98 £ 53 0.0051 & 0.0028 0.0046 + 0.0025 0.0045 + 0.0025
17.759 £ 0.857 117 % 54 0.0060 £+ 0.0029 0.0055 £ 0.0026 0.0053 £ 0.0025
19.416 4 0.971 104 £+ 55 0.0052 £ 0.0028 0.0048 + 0.0026 0.0047 + 0.0025
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FIG. 75: Adopted E., = 984.8-keV partial cross section corresponding to the data in table LXXXV, and corrected

for angular—distribution effects. The target-thickness correction factor is shown, and the recommended partial cross

section (solid circles) is compared to GNASH.
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The partial y-ray cross section extracted for the 47 — 2 transition carries large uncertainties because of the
difficulties involved in resolving the y-ray peak (see e.g. the discussion in section II A 3). Quantitative information
was obtained from this line in spite of considerable spectroscopic difficulties and that the transition could be observed
at all should be taken as a testament to the advantages of the y-ray technique over neutron—counting experiments for
measuring reaction cross sections. Because this low-lying transition represents a large fraction of the de-excitation
of 234U (up to 85% of the (n,2n) cross section at e.g. E, = 12 MeV according to GNASH), it is useful to assess the
reliability of the yields measured for this transition using the GEANIE data. To this end, and given the plethora of
transitions analyzed in 2*4U and discussed in this section, it is instructive to compare the measured 47 — 27 partial
cross section to the sum of all measured yields for transitions feeding the 4;L state, namely the 152.7, 819.2, 880.6,
925.3, 946.1, and 984.8-keV ~y rays. A difficulty arises for those transitions feeding the 47 level which are known to be
degenerate within the GEANIE data resolution. This is the case for the 925.3-keV and 946.1-keV lines discussed in
this section. The 880.6-keV ~-ray is also twofold degenerate, however both transitions decay into the 4f state. Since
the specific contribution to the 47 level from those degenerate lines cannot be extracted, we compare the measured
4F — 27 partial cross section to the sum with (“high sum”) and without (“low sum”) the 925.3-keV and 946.1-keV
~—ray contributions. There are of course other, unobserved transitions which populate the 47 level, but the ones used
in the sums account for at least 93% of the population of the 4] state by discrete 7y rays in the GNASH calculations.
The measured 4]L — 27 yields and both summed partial cross sections are plotted in figure 76a. Panels b) and c) of
that same figure show the difference between the “low sum” and “high sum” yields respectively, normalized to the
uncertainty in the measured 4 — 27 partial cross section. In general, the agreement between the measured 4] — 27
yields and either sum seems to deteriorate gradually with increasing neutron energy. For those points above threshold,
the majority of 47 — 27 yields are within one standard deviation of the “low sum” and all but the last two points
are within two standard deviations. The E, = 17.8 MeV and E, = 19.4 MeV 47 — 2{ yields fall below the “low
sum” yields by 2.7 and 2.5 standard deviations respectively. Compared to the “high sum”-yields, most measured
4 — 27 yields are within two standard deviations and all yields are within three. In light of this comparison, the
quoted 41" — 2‘1F partial v-ray yields appear reliable, within error, below the peak cross section at E, = 12 MeV.
Above E, = 12 MeV the 4] - 2] partial cross section may be under-estimated by up to three standard deviations.
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FIG. 76: Consistency check for the 4} — 27 partial cross section. Panel a) shows the measured 47 — 2] excitation
function (solid circles, and the sum of measured yields feeding the 47 level with (solid squares) and without (empty
squares) the 925.3-keV and 946.1-keV ~-ray contributions. The difference between the sums and the 4} — 2] yields,
normalized to the uncertainty (u4_2) in the 47 — 27 yields is shown in b) for the sum without the 925.3-keV and
946.1-keV vy-ray contributions, and in ¢) for the sum with those contributions.
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C Observed Lines in 2°U

Partial y-ray cross sections have also been extracted for a total of 13 lines in the 2*3U(n,n’y) channel. These lines
are placed in the 23%U level scheme in figure 77. Each line is also listed in table LXXXVI along with the method
by which it was analyzed. Two complications arise when extracting partial cross section from (n,n’) lines. The first
difficulty is due to the odd neutron number which results in a larger number of low-lying levels than the 234U case
due to the coupling of the additional neutron. As a consequence, the (n,n’) reaction cross section strength is fragment
among many decay paths and it is more difficult to find a small set of “representative” -y rays, as in the case of the
47 — 2§ or 67 — 47 transitions in 2*U. In fact, a single y-ray, with E;, = 129.3 keV, was found to have the largest
cross section, exceeding all other observed (n,n’y) partial cross sections by at least a factor of five. Yet even this
line represents less than 10% of the full (n,n’) reaction cross section [11]. The second complication encountered in
the analysis of (n,n’y) partial cross sections is of an experimental nature. Because neutrons at WNR are produced
by spallation from a pulsed proton beam, it is possible for neutrons associated with a given pulse to reach the 235U
sample at the same time as slower neutrons from a previous pulse. In that case, the measured yield is the sum of
yields from all micropulses which contribute to the neutron flux. This effect is referred to as beam “wrap-around”.

The “wrapped” neutron energy Ey(::rap ) from the previous i** micropulse (i = 1 refers to the last micropulse, i = 2

to the one before last, etc...) can be related to the neutron energy E, for the current micropulse using relativistic
kinematics. In the report on the 1997 233U(n,2n) cross section measurement [5], we presented the formulas to convert
from time—of-flight to neutron energy:

ny
it

At (27)

£+ 1
§(€+2)—1} 28)

where ¢ is the speed of light (0.2998 m/ns), d is the flight path length (20.34 m), Eg is the rest—mass energy of the
neutron (939.56 MeV), At is the time of flight measured relative to the detection time of the « flash, and £ is a
dimensionless time—of-flight defined in terms of At. We invert this formula to calculate the dimensionless time—of-
flight corresponding to a measured neutron energy E, associated with the current micropulse:
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A neutron from the previous i** micropulse will travel for an additional time of i x &t, where 6t is the micropulse

spacing. In both 1998 and 1999 GEANIE experiments, successive proton micropulses (within a single macropulse)
were separated by 6t = 1.8 us. The corresponding increase in dimensionless time is:

ixéﬁzix%ét (30)

Using equation 28 we can then calculate the energy of this slower neutron (i.e. the “wrapped” neutron energy):

£ + 66 + 1 .
V(€ +18€) (€ +i6€ +2)

where £ in this equation is calculated using equation 29 for the energy E,, of the neutron in the current micropulse
(i.e. the “unwrapped” neutron energy). The relationship between “wrapped” and “unwrapped” neutron energies
given by equation 31 is plotted in figure 78 for wrap-around from the first— and second-wrapped micropulses (i.e. i =
1 and 2, respectively). The lowest-lying 23U level from which a partial y-ray cross section could be extracted is at
E,; = 129.3 keV. At this excitation energy, “wrap-around” neutrons from the i > 2 previous micropulse do not present
a concern for En < 20 MeV, as can be seen in figure 78. However, neutron energies in the 4.1-19.4-MeV range in the
current micropulse correspond to wrapped energies in the 294-402-keV range, well above the threshold for population
of the E, = 129.3 keV level. Several other lines presented here fall into this category. In cases where “wrap-around”
is a concern, we have used the random-TOF-subtracted data in our analysis. In those data, a constant number

(31)

E,Sf’frap) () = Eo
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of background counts is subtracted in each neutron—energy bin. Therefore, this approach will properly account for
“wrap-around” effects only if the “wrapped” neutron flux and population cross section for the level of interest at
the corresponding “wrapped” energies combine to produce a constant background (as a function of neutron energy).
Upcoming GEANIE measurements with a longer (3.6 ps) micropulse spacing will test this assumption. However,
in the interest of the present discussion, we can provide a rough test based on the available data for the high—yield
129.3-keV line.

In theory, the neutron—flux normalization Ny calculated using equation 5 should take on the same values as a
function of neutron energy regardless of which fission—foil data, the 23*U- or 238U-foil data, is used. If we attribute
the observed difference in N, values—which we attempt to compensate for with a flat baseline subtraction of 23°U-
foil counts—to “wrap around” neutrons, then this difference is a measure of the “wrap-around” neutron flux. This
difference (labeled ANy) is plotted in figure 79a) for the 98Thin data. The “wrapped” energies for this difference
were calculated using equation 31 taking care to use the appropriate path length for the fission foils (18.48 m). The
“wrap-around” neutron flux in this energy range is almost constant, except for the last point which drops by a
large amount, but carries a sizeable uncertainty. Next we calculate the y-—ray partial cross section for the 129.3-keV
line using the Hauser-Feshbach code CINDY [24] [25]. This partial cross section is plotted in panel b) of the same
figure over the “wrapped” energy range. The 129.3-keV partial cross section appears relatively constant over this
energy range, because i) the E, = 294-402-keV range is well beyond the population threshold for the line and ii)
this energy range is relatively narrow. Finally, we solve equation 8 for the peak areas due to “wrap-around” neutron
background, using the neutron flux normalization plotted in figure 79a) and the calculated yields in figure 79b). The
predicted background counts are plotted in panel ¢} as a one-sigma band, and compared to the actual background
counts subtracted from the 98 Thin y-ray data. the predicted and actual background are in excellent agreement. We
conclude that, at least in the case of the 129.3-keV transition, the constant—background assumption is reasonable.
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FIG. 77: Gamma rays in 235U observed in the GEANIE data.
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TABLE LXXXVI: Transitions identified in the ?**U(n,n"y) channel and the method by which the data were analyzed.

Egmeas) (keV) Analysis method E‘(Yacc) (keV) E. (keV) transition
129.335 + 0.111 subtracted planars, 98Thin and 99Thin optimized = 129.297 + 0.002 129.3 5/2% - 7727
316.519 + 0.116 subtracted planars, 98Thin and 99Thin optimized  316.440 + 0.006 445.7 7/2t - 5/2%
375.074 + 0.171 unsubtracted planars, 98Thin only 375.045 + 0.006 426.7 5/2t — 5/2%
380.118 * 0.189 unsubtracted planars, 98 Thin and 99Thin optimized 380.173 £ 0.002 393.2 3/2% — 3/2%
392.509 + 0.140 subtracted planars, 98Thin and 99Thin optimized  392.560 + 0.005 474.3 7/2% — 7/2%
393.136 £ 0.002 393.2 3727 —»1/2%

606.847 + 0.125 unsubtracted planars, 98 Thin and 99Thin optimized 606.9 + 0.2 777.6
617.582 + 0.267 subtracted planars, 98 Thin and 99Thin optimized = 617.10 + 0.10 720.2
624.937 4 0.300 unsubtracted planars, 98Thin and 99Thin optimized 624.78 £ 0.02 671.0

624.754 + 0.005 637.8
633.098 + 0.159 unsubtracted planars, 98Thin and 99Thin optimized 633.090 £ 0.006 633.1
637.712 £ 0.161 unsubtracted planars, 98 Thin and 99Thin optimized 637.795 + 0.005 637.8

637.717 £ 0.005 637.8
674.218 4 0.138 unsubtracted planars, 98Thin and 99Thin optimized 674.5 £+ 0.3 777.6

(11/2)” —13/27
(9/2) — 11/27
(7/2)" —9/27
3/27 — 3/2%
(5/2)~ — 7/27
3/27 — 7/27
3/27 —1/2F
(11/2)" — 11/27




194

0.50

0.40

0.30

E, ™) (MeV)

0.20

0.00 1 1 ! 1 l | i 1 i l | | | | | ] | !
0 5 10 15 20
£, (MeV)

FIG. 78: Wrap-around curves relating the energy of neutrons in the current micropulse to those from prior micropulses.
The curves are calculated using equation 31, and wrap-around curves from the last (“wrap = 1”) and before-last

(“wrap = 2”) micropulses are plotted.
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The Ey = 129.3 keV transition (table LXXXVII/figure 80): This high-yield « ray depopulates the band
head of the K* = 5/2% band at E, = 129.3 keV. Of all the (n,n’) transitions discussed in this section, the
129.3-keV line is the strongest and also the most susceptible to “wrap-around” background. Therefore, we have
used the random—TOF—-subtracted data in the analysis of this 4 ray. The validity of this approach is discussed
above. The extracted partial cross section for this line is in excellent agreement with the GNASH prediction.

The Ey = 316.5 keV transition (table LXXXVIII/figure 81): This transition connects the band head of a
K™ = 7/2% band to the K™ = 5/2% band head from which the 129.3-keV line is produced. In principle, the
excitation energy of the parent level for the 316.5-keV vy-ray is sufficiently high to ignore “wrap-around” effects,
however a strong 316.6-keV line can be seen in the “beam—off” spectrum (i.e. the spectrum from «y rays measured
between beam macropulses, when there are no incident neutrons). Therefore, we expect a baseline background
for this line from a slowly (i.e. > 1.8 us) decaying contaminant and adopt the partial cross section extracted
from random-TOF-subtracted data. By comparison, no such contaminant line was observed in the “beam—off”
spectrum for the 129.3—-keV transition. As can be seen in figure 81, the agreement with the GNASH calculation
is very good. A 445.740 % 0.006 keV transition, known to depopulate the same level with 67% of the intensity
of the 316.5-keV line could not be observed in the GEANIE data. The nearest peak in the spectrum, located
at B, = 444.944 + 0.120 keV is very weak and displays an essentially flat excitation function about ~ 7 mb.

The Ey = 375.1 keV transition (table LXXXIX /figure 82): Because this transition de-excites a level at E,
= 426.7 keV, there is no need to correct for “wrap-around” effects. An inspection of the “beam—off” spectrum
reveals the nearest possible contaminant is at E, = 373.9 keV, which is easily resolved within planar—detector
resolution. Therefore, we adopt the unsubtracted data in extracting «-ray yields. Because it is weak, this line
could not be observed in the 99Thin data, and only the 98Thin data, scaled by the target—thickness correction
have been used. Within relatively large error bars, this line also shows a “bump” in the excitation function
starting near E,, =~ 9 MeV. In general, the measured yields for this transition exceed the GNASH prediction
by slightly more than a factor of two. However, because of manifest contamination, the measured partial cross
section for this line should be interpreted with caution. Furthermore, a 413.7-keV transition issued from the
same level should be observed with 94% of the intensity of the 375.1-keV -y ray. No such line could be found
in the GEANIE data. Peaks were found on either side of this transition in the spectra at E, = 412.092 +
0.124 keV and 415.080 £ 0.113 keV respectively. Both satellite peaks display excitation functions that appear
essentially constant as a function of incident neutron energy.

The Ey = 380.1 keV transition (table XC/figure 83): This is one of two -y rays depopulating the J™ = 3/2%
level at E; = 393.2 keV. The “beam—off” spectrum shows the nearest possible contaminant at E, = 381.3
keV, and the excitation energy of the parent level for the 380.1-keV transition is sufficiently high to ignore
“wrap—around” eflects. Not surprisingly, it was found that a random—-TOF subtraction had little effect on
the measured partial cross section for this line. Therefore we use the unsubtracted data for this transition.
The yields extracted in this manner are in good agreement with GNASH. The branching ratio for the 380.1-
keV/393.1-keV pair of 4 rays cannot be checked using the GEANIE data because the 393.1-keV member of
the pair is two-fold degenerate (within detector resolution) in the (n,n’) channel. Nevertheless, the measured
partial cross section for the 380.1-keV line is lower than the one measured for the 392.5-keV line, as expected
from the known branching ratio, whether contamination is a concern or not.

The Ey = 392.5 keV transition (table XCI/figure 84): This line represents two degenerate transitions, both
from the K™ = 3/2% band with band head at E, = 393.2 keV. Though “wrap-around” effects are not a concern
for this line, a line at E, = 393.0 keV can be seen in the “beam—off” spectrum. The random-TOF subtraction
was found to have a sizeable effect on the measured partial cross section, reducing it overall by = 7 mb. It is not
clear whether a background subtraction should be applied to this line. However, because i) there is evidence from
the “beam—off” spectrum for a long—lived contaminant and ii) the subtraction improves the overall agreement
with the GNASH prediction for the combination of the two degenerate ~ rays, we adopt the random-TOF
subtraction in our analysis. Another line issued from the same level and with E, = 422.598 &+ 0.002 keV should
be observed with 58% of the intensity of the 392.5-keV transition. However, this line is contaminated by an
E, = 422494 + 0.123 keV peak in the GEANIE data with an apparent threshold near ~ 9 MeV. A likely
assignment for that contaminant is the E, = 312.90 4+ 0.10 keV transition, originating from the E; = 479.0-keV
level in 12T and produced via the (n,2n) reaction on ?”I. The mono-isotopic nucleus !?7I is a component of
the Nal nose-cone placed on each detector, used to suppress back-scattered v rays, and the threshold for the
1271(n,2n) reaction is E,, 9.2 MeV.

The Ey = 606.8 keV transition (table XCII/figure 85): This transition originates from a level at E, = 777.6
keV, well above the “wrap—around” threshold. There is no evidence for any long-lived contamination from the
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beam—off spectrum, therefore we adopt the unsubtracted GEANIE data in the analysis. A second transition
weaker branch from the same level with E., = 674.5 keV has also been observed. There is no GNASH prediction
for this partial cross section.

The Ey = 617.6 keV transition (table XCIII/figure 86): A sizeable contaminant is observed for this line at E,
= 617.8 keV in the “beam—off” spectrum. Therefore we use the subtracted GEANIE data in the analysis. This
results in only a =z 2 mb reduction in overall yield. The measured partial cross section is slightly under-predicted
by GNASH.

The Evy = 624.9 keV transition (table XCIV /figure 87): There is no evidence for contamination of this line
based on the “beam—offi” spectrum, and the parent level at E, = 671.0 keV is well above “wrap-around”
threshold. This transition is degenerate with a decay from the 3/2% level at E, = 637.8 keV, however this
potential contaminant is a weak branch from the parent level and is predicted by GNASH to be less than 2.2 mb
at maximum cross section. The unsubtracted GEANIE data have been used in the analysis, and the resulting
partial cross section is roughly a factor of two larger than the GNASH prediction.

The Ey = 633.1 keV transition (table XCV /figure 88): There is no evidence from the “beam-off” spectrum
that this line is contaminated by a long-lived component. The unsubtracted GEANIE data have been used
to extract the partial cross section. This line is close in energy to the E, = 631.1 67 — 47 transition in
the high-yield fission fragment 14?Ba. Though the two lines can be resolved for the most part in the y-ray
spectrum, there may be a small amount of contamination which could account for the apparent “flattening” of
the 633.1-keV partial cross section observed in figure 88 in the E, = 6-10-MeV range.

The Ey = 637.7 keV transition (table XCVI/figure 89): The parent level for this transition decays to both
the ground state and T/, =~ 25-min isomer level in 235U. Because the difference in energy between the two final
levels is small (AE., = 76.8 eV), the two -y rays cannot be resolved in the GEANIE data and the measured partial
cross section represent the sum of both. The sum of GNASH predictions for the yields of the two degenerate
lines slightly under-predicts our measured cross section.

The Evy = 674.5 keV transition (table XCVII/figure 90): This transition originates from a level at E, = 777.6
keV, as with the 606.8-keV line-the other observed transition from this level-we adopt the unsubtracted
GEANIE data in the analysis. There is no GNASH prediction for this partial cross section.
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TABLE LXXXVII: Adopted partial y-ray cross section for the E, = 129.3-keV transition. The measured peak areas
and deduced partial cross sections for the 98 Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described
in section XIIB.

En (MeV) A (1998) 5(1998) A(1999) (1999 ~(opt)

4.090 £ 0.093 4684 + 112 0.1217 + 0.0144 3808 £ 118 0.1194 + 0.0141 0.1143 + 0.0099
4.264 £ 0.099 4853 £ 113 0.1227 £ 0.0144 3910 + 119 0.1211 £ 0.0143 0.1156 & 0.0100
4.453 4 0.105 4988 £ 114 0.1203 + 0.0141 3998 + 121 0.1177 £ 0.0139 0.1128 + 0.0097
4.647 £ 0.113 5456 &+ 117 0.1287 £ 0.0150 4142 + 122 0.1190 + 0.0140 0.1174 4 0.0100
4.861 + 0.122 5663 £ 118 0.1342 £ 0.0156 4420 + 125 0.1247 £ 0.0146 0.1227 + 0.0105
5.090 + 0.129 5654 + 119 0.1306 £ 0.0152 4130 £ 126 0.1139 + 0.0134 0.1153 + 0.0099
5.333 + 0.140 5644 + 120 0.1283 + 0.0149 4330 + 128 0.1193 + 0.0140 0.1173 & 0.0100
5.597 + 0.149 5933 + 122 0.1305 4 0.0151 4460 4 129 0.1217 £ 0.0142 0.1195 + 0.0102
5.875 & 0.160 5109 4 118 0.1104 + 0.0128 4119 + 128 0.1099 + 0.0129 0.1043 + 0.0089
6.181 + 0.175 4096 + 113 0.0888 & 0.0104 3135 &+ 123 0.0822 £ 0.0098 0.0806 + 0.0070
6.517 £ 0.187 3581 £ 111 0.0729 % 0.0085 2305 + 119 0.0576 £ 0.0071 0.0603 + 0.0054
6.862 + 0.201 2661 + 106 0.0515 + 0.0061 2080 -+ 118 0.0508 + 0.0064 0.0478 + 0.0044
7.237 £ 0.218 1979 4 102 0.0398 + 0.0049 1567 + 115 (.0406 + 0.0055 0.0373 + 0.0036
7.661 + 0.242 1426 £ 99 0.0307 &+ 0.0041 1081 & 111 0.0300 + 0.0046 0.0279 + 0.0030
8.126 +£ 0.263 937 £ 96 0.0201 X 0.0031 813 £ 110 0.0223 + 0.0039 0.0189 + 0.0023
8.618 £ 0.284 704 = 94 0.0147 £ 0.0026 677 = 110 0.0181 £ 0.0036 0.0142 + 0.0020
9.160 + 0.313 681 94 0.0145 &+ 0.0026 601 £ 108 0.0164 £ 0.0035 0.0135 £ 0.0020
9.757 £ 0.346 544 + 93  0.0120 + 0.0025 395 = 108 0.0112 + 0.0033 0.0103 + 0.0019
10.414 + 0.377 314 £ 91  0.0072 £+ 0.0022 434 £+ 107 0.0129 + 0.0035 0.0075 + 0.0018
11.143 + 0.425 286 4+ 91  0.0069 + 0.0023 189 4+ 106 0.0059 £ 0.0034 0.0056 + 0.0018
11.960 £ 0.467 34 £+ 90 0.0009 &+ 0.0023 120 & 108 0.0039 &+ 0.0035 0.0010 + 0.0018
12.860 £ 0.525 162 + 91  0.0042 £ 0.0024 94 + 108 (.0031 £ 0.0036 0.0030 £ 0.0019
13.876 + 0.589 288 + 92  0.0076 % 0.0026 214 4= 108 0.0073 + 0.0038 0.0064 + 0.0020
15.016 + 0.660 19 £+ 91 0.0005 £ 0.0024 44 + 104 0.0015 £ 0.0036 0.0001 £ 0.0019
16.297 + 0.750 44 + 90 0.0012 £+ 0.0024 139 & 106 0.0047 X 0.0036 0.0014 =+ 0.0019
17.759 £ 0.857 80 & 91 0.0021 £+ 0.0024 123 £+ 105 0.0041 £ 0.0035 0.0018 + 0.0019
19.416 £ 0971 130 £ 91  0.0033 £ 0.0024 234 + 105 0.0076 X 0.0035 0.0036 + 0.0019
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FIG. 80: Adopted E, = 129.3-keV partial cross section corresponding to the data in table LXXXVII. The top
panel shows the 1998 and 1999 partial cross sections and the recommended value, plotted as a solid line with a one-
sigma confidence band (dotted lines). The bottom panel shows this recommended partial cross section (solid circles)

compared to GNASH.
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TABLE LXXXVIII: Adopted partial y—ray cross section for the E, = 316.5-keV transition. The measured peak areas
and deduced partial cross sections for the 98 Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described

in section XIIB.

En (MeV)

A(1998)

5(1998)

A(1999)  (1999)

&{opt)

4.090 + 0.093
4.264 + 0.099
4.453 £ 0.105
4.647 + 0.113
4.861 + 0.122
5.090 + 0.129
5.333 = 0.140
5.597 :+ 0.149
5.875 + 0.160
6.181 + 0.175
6.517 £ 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 £ 0.242
8.126 + 0.263
8.618 + 0.284
9.160 + 0.313
9.757 + 0.346
10.414 £ 0.377
11.143 £+ 0.425
11.960 £ 0.467
12.860 + 0.525
13.876 & 0.589
15.016 £ 0.660
16.297 £ 0.750
17.759 + 0.857
19.416 = 0.971

370 & 54 0.0191 £ 0.0034 356 + 71 0.0189 + 0.0043 0.0138 -+ 0.0025
318 + 54 0.0160 £ 0.0032 343 £ 71 0.0180 £ 0.0042 0.0119 + 0.0023
253 + 54 0.0121 + 0.0029 359 £ 73 0.0179 + 0.0042 0.0097 £ 0.0021
331 £ 55 0.0155 £ 0.0030 325 = 73 0.0158 £ 0.0040 0.0111 + 0.0022
381 £+ 57 0.0180 + 0.0033 410 £ 75 0.0195 £+ 0.0042 0.0135 + 0.0024
342 £ 56 0.0157 £ 0.0030 332 + 75 0.0155 £ 0.0039 0.0111 + 0.0022
230 £ 55 0.0104 £ 0.0027 372 & 76 0.0173 + 0.0040 0.0085 £ 0.0019
263 £ 57 0.0115 + 0.0028

257 £ 57 0.0111 £ 0.0027
282 £ 57 0.0122 + 0.0027

266 £+ 59 0.0108 + 0.0026
172 £ 58 0.0066 * 0.0023
272 £ 59 0.0109 + 0.0026
167 £ 58 0.0072 £ 0.0026

73 £ 58
77 £ 58
31+ 58

0.0031 £ 0.0025
0.0032 £+ 0.0024
0.0013 % 0.0025

141 + 66 0.0062 £ 0.0027

82 £ 57
77 £ 57
48 X 57
41 + 57
88 + 57
53 = 58
6 £+ 58
21 £ 59
57 £ 60

0.0037 £ 0.0026
0.0037 £+ 0.0028
0.0024 + 0.0029
0.0021 =+ 0.0029
0.0046 £ 0.0030
0.0028 £ 0.0030
0.0003 + 0.0030
0.0011 =+ 0.0031
0.0029 £ 0.0031

310 + 76 0.0143 £ 0.0039 0.0086 £ 0.0020
187 &£ 75 0.0084 & 0.0035 0.0068 £ 0.0019
265 £+ 77 0.0117 & 0.0037 0.0082 £ 0.0020
274 £ 77 0.0116 = 0.0035 0.0075 - 0.0019
352 + 79 0.0145 + 0.0036 0.0057 + 0.0016
82 + 77 0.0036 £ 0.0034 0.0054 £ 0.0018
16 £ 75 0.0007 £ 0.0035 0.0031 £+ 0.0017
200 £ 77 0.0093 £ 0.0037 0.0027 % 0.0016
121 4 77 0.0055 + 0.0035 0.0020 £ 0.0016
112 £ 77 0.0052 £ 0.0036 0.0009 £ 0.0016
121 £ 76 0.0058 £ 0.0037 0.0037 + 0.0018
165 & 76 0.0083 X 0.0039 0.0028 + 0.0017
266 + 75 0.0141 + 0.0043 0.0038 4 0.0018
186 + 75 0.0102 £ 0.0043 0.0024 £ 0.0018
188 £ 75 0.0106 X 0.0044 0.0023 £ 0.0019
00 0.0001 £ 0.0000 -0.0032 + 0.0009
110 £+ 75 0.0063 = 0.0044 0.0019 + 0.0020
54 £ 75 0.0031 £ 0.0043 -0.0001 £ 0.0019
101 £ 75 0.0057 & 0.0043 0.0009 + 0.0019
14 4+ 75 0.0008 % 0.0041 0.0008 & 0.0019
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FIG. 81: Adopted E, = 316.5-keV partial cross section corresponding to the data in table LXXXVIII. The top
panel shows the 1998 and 1999 partial cross sections and the recommended value, plotted as a solid line with a one-
sigma confidence band (dotted lines). The bottom panel shows this recommended partial cross section (solid circles)

compared to GNASH.
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TABLE LXXXIX: Adopted partial y-ray cross section for the E, = 375.1-keV transition. The measured peak
areas and deduced partial cross section for the 98 Thin data set are shown in columns 2 and 3, respectively. The
recommended partial cross section, listed in column 4, is obtained by scaling the 98Thin data by a target—thickness

correction factor.

E. (MeV)

A(1998)  (1998) d(sea)

4.090 & 0.093
4.264 + 0.099
4.453 £ 0.105
4.647 + 0.113
4.861 = 0.122
5.090 + 0.129
5.333 £ 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 + 0.175
6.517 & 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 £ 0.263
8.618 £ 0.284
9.160 £ 0.313
9.757 + 0.346
10.414 & 0.377
11.143 + 0.425
11.960 + 0.467
12.860 = 0.525
13.876 + 0.589
15.016 + 0.660
16.297 + 0.750
17.759 = 0.857
19.416 + 0.971

450 + 69 0.0233 4 0.0043 0.0212 £ 0.0039
426 = 69 0.0215 X 0.0041 0.0196 + 0.0038
507 £ 70 0.0244 £ 0.0042 0.0222 + 0.0038
520 = 71 0.0244 £ 0.0041 0.0223 + 0.0038
516 & 71 0.0244 £ 0.0042 0.0222 =+ 0.0038
453 £ 71 0.0209 £ 0.0039 0.0190 £ 0.0036
546 + 73 0.0247 £ 0.0041 0.0225 £ 0.0038
481 £ 71 0.0211 =+ 0.0038 0.0192 4= 0.0035
393 £ 72 0.0169 £ 0.0035 0.0154 + 0.0032
383 £ 71 0.0166 + 0.0035 0.0151 + 0.0032
367 £+ 74 0.0149 £ 0.0033 0.0136 + 0.0031
382 £ 75 0.0147 £ 0.0032 0.0134 & 0.0030
262 £ 74 0.0105 £ 0.0031 0.0096 = 0.0029
176 £ 72 0.0076 £ 0.0032 0.0069 £ 0.0029
247 £ 74 0.0106 =+ 0.0033 0.0096 * 0.0030
112 & 73 0.0047 & 0.0031 0.0043 4= 0.0028
208 + 73 0.0088 £ 0.0032 0.0080 % 0.0029
354 £+ 73 0.0156 + 0.0036 0.0142 X 0.0033
318 = 72 0.0145 £ 0.0036 0.0132 + 0.0033
260 & 70 0.0126 + 0.0036 0.0115 X 0.0033
231 £ 71 0.0115 + 0.0037 0.0105 & 0.0034
319 £ 71 0.0164 + 0.0040 0.0149 £ 0.0037
241 £ 71 0.0126 & 0.0039 0.0115 + 0.0036
178 & 71 0.0093 & 0.0038 0.0085 == 0.0035
154 + 71 0.0080 & 0.0038 0.0073 + 0.0035
73 &£ 72 0.0038 & 0.0038 0.0035 = 0.0034
373 £ 76 0.0190 X 0.0043 0.0173 £ 0.0040
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FIG. 82: Adopted E, = 375.1-keV partial cross section corresponding to the data in table LXXXIX. The target—
thickness correction factor is shown, and the recommended partial cross section (solid circles) is compared to GNASH.
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TABLE XC: Adopted partial y—ray cross section for the E., = 380.1-keV transition. The measured peak areas and
deduced partial cross sections for the 98Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described

in section XIIB.

E. (MeV)

A(1998)  (1998)

A(1999)  (1999) a(opt)

4.090 £ 0.093
4.264 £ 0.099
4.453 £ 0.105
4.647 £ 0.113
4.861 £ 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 £ 0.175
6.517 £ 0.187
6.862 + 0.201
7.237 £+ 0.218
7.661 & 0.242
8.126 £ 0.263
8.618 £ 0.284
9.160 £ 0.313
9.757 £ 0.346
10.414 £ 0.377
11.143 £+ 0.425
11.960 £ 0.467
12.860 £ 0.525
13.876 £ 0.589
15.016 £ 0.660
16.297 + 0.750
17.759 £ 0.857
19.416 + 0.971

175 + 57 0.0091 £ 0.0031
178 £ 57 0.0090 £ 0.0030
214 4+ 57 0.0103 £ 0.0029
242 + 58 0.0114 -+ 0.0030
225 £+ 59 0.0106 £ 0.0030
264 + 60 0.0121 + 0.0030
287 + 60 0.0130 £ 0.0030
241 + 61 0.0106 £ 0.0029
262 £ 60 0.0113 £ 0.0028
322 + 62 0.0139 £ 0.0030
119 £ 62 0.0048 + 0.0026
219 + 63 0.0084 £ 0.0026
80 = 62 0.0032 £ 0.0025
142 £ 62 0.0061 £ 0.0027
86 £ 61 0.0037 £ 0.0026
103 £ 63 0.0043 =+ 0.0027
90 £+ 62 0.0038 £ 0.0027
00 0.6000 £ 0.0001
181 £ 62 0.0082 X 0.0029
60 + 61 0.0029 & 0.0030
117 £ 61 0.0058 & 0.0031
45 £ 60 0.0023 £+ 0.0031
119 £ 61 0.0062 = 0.0033
100 & 62 0.0052 X 0.0033
67 + 63 0.0035 £ 0.0033
195 &+ 64 0.0101 & 0.0035
65 + 63 0.0033 & 0.0032

331 £ 74 0.0174 £ 0.0044 0.0057 + 0.0016
140 + 72 0.0073 £ 0.0039 0.0043 & 0.06015
191 & 75 0.0095 £ 0.0039 0.0052 + 0.0015
216 3 76 0.0104 £ 0.0039 0.0058 + 0.0015
241 + 77 0.0114 =+ 0.0039 0.0056 =+ 0.0015
258 + 78 0.0120 £ 0.6039 0.0064 + 0.0016
316 + 79 0.0146 + 0.0040 0.0072 + 0.0016
234 4+ 79 0.0107 4 0.0038 0.0055 + 0.0015
137 £ 78 0.0061 £ 0.0036 0.0050 + 0.0015
253 £ 79 0.0111 £ 0.0037 0.0070 £ 0.0016
137 £ 80 0.0058 & 0.0034 0.0023 + 0.0012
138 + 81 0.0057 £ 0.0034 0.0039 + 0.0013
151 £ 81 0.0066 =+ 0.0036 0.0017 + 0.0012
0+3 0.0000 £ 0.0004 -0.0032 £ 0.0004
164 + 80 0.0076 + 0.0038 0.0020 + 0.0013
268 =+ 81 0.0121 = 0.0039 0.0028 + 0.0013
88 4+ 79 0.0040 + 0.0037 0.0017 + 0.0013
79 &£ 78 0.0038 & 0.0038 0.0000 + 0.0001
122 = 77 0.0061 £ 0.0039 0.0038 % 0.0015
21 &+ 74 0.0011 & 0.0039 0.0009 + 0.0014
10 £ 71 0.0005 & 0.0039 0.0020 & 0.0015
149 £+ 76 0.0083 £+ 0.0044 0.0015 =+ 0.0015
30+ 75 0.0017 £ 0.0043 0.0024 + 0.0016
25 £ 75 0.0014 & 0.0043 0.0020 £ 0.0016
154 4 77 0.0088 £ 0.0045 0.0021 £ 0.0016
15+ 76 (0.0008 £ 0.0043 0.0037 £ 0.0017
135 4 78 0.0074 £ 0.0044 0.0019 = 0.0015
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FIG. 83: Adopted E., = 380.1-keV partial cross section corresponding to the data in table XC. The top panel shows the
1998 and 1999 partial cross sections and the recommended value, plotted as a solid line with a one-sigma confidence
band (dotted lines). The bottom panel shows this recommended partial cross section (solid circles) compared to

GNASH.
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TABLE XCI: Adopted partial y—ray cross section for the E, = 392.5-keV transition. The measured peak areas and
deduced partial cross sections for the 98Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described
in section XIIB.

En (MeV) A(1998) A(1999) U(opt)

4.090 & 0.093 346 + 57 0.0184 + 0.0036 343 £ 73 0.0186 + 0.0045 0.0145 + 0.0024

4264 + 0.099 261 £ 57 0.0135 £ 0.0032 470 £+ 75 0.0251 + 0.0049 0.0127 £ 0.0022

4.453 + 0.165 270 4+ 57 0.0133 £ 0.0031 247 + 73 0.0125 + 0.0040 0.0101 + 0.0021

o (1998) &(1999)

4.647 £ 6.113
4.861 + 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 £ 0.175
6.517 £ 0.187
6.862 £ 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 + 0.263
8.618 + 0.284
9.160 £ 0.313 41 £ 60
9.757 £ 0.346 T4 + 60
10.414 £ 0.377 53 £ 59
11.143 £+ 0.425 17 £ 56
11.960 + 0.467 81 £ 58
12.860 £ 0525 0 £ 0

13.876 = 0.589 0 £ 0

15.016 =+ 0.660- 18 & 59
16297 £ 0.750 0 £ 0

17.759 £ 0.857 12 £ 60
19416 £ 0971 0+ 0

35 + 60
9+ 52
80 + 60
91 + 61

329 £+ 59 0.0159 £ 0.0033 133 £ 75 0.0066 + 0.0038
255 + 58 0.0124 + 0.0031 369 + 75 0.0180 = 0.0042
223 + 58 0.0105 £ 0.0029 265 £ 77 0.0126 + 0.0039
260 £ 59 0.0121 £ 0.0030 362 £ 78 0.0172 % 0.0042
235 £ 59 0.0106 £ 0.0029 292 + 78 0.0137 £ 0.0040
183 £ 59 0.0081 £ 0.0027 246 £ 78 0.0113 & 0.0038
277 £ 60 0.0123 £ 0.0029 31 £ 76 0.0014 X 0.0034
147 + 61 0.0061 =+ 0.0026 2 & 78
102 £ 60 0.0040 + 0.0024 225 + 80 0.0095 £ 0.0035 0.0040 £ 0.0016

0.0014 £+ 0.0025 41 + 78
0.0004 + 0.0023 20 + 76

0.0095 £ 0.0022
0.0109 £ 0.0021
0.0086 £ 0.0019
0.0105 £ 0.0020
0.0088 £ 0.0019
0.0068 £ 0.0018
0.0063 £ 0.0019
0.0001 £ 0.0034 0.0031 £ 0.0017
0.0018 £ 0.0035 0.0010 + 0.0016
0.0010 + 0.0036 0.0002 £+ 0.0015

0.0035 =+ 0.0027 161 £ 78 0.0076 & 0.0038 0.0034 X 0.0017

0.0039 & 0.0026 0 = 0
0.0018 4+ 0.0026 24 £ 76
0.0033 + 0.0027 67 & 76
0.0025 + 0.0028 6 £ 0
0.0008 £ 0.0028 0 £ 0
0.0041 + 0.0030 0 £+ 4
0.0001 £ 0.0000 62 &= 73
0.0001 + 0.0000 0 £ 0
0.0010 = 0.0032 0 £ 0
0.0001 + 0.0000 4 + 74
0.0006 + 0.0032 75 £ 75
0.0001 + 0.0000 0 £ 0

0.0000 £ 0.0000 -0.0009 £ 0.0000
0.0011 £ 0.0036 0.0010 £ 0.0017
0.0033 & 0.0037 0.0024 + 0.0017
0.0001 £ 0.0000 -0.0009 + 0.0000
0.0001 £ 0.0000 -0.0009 + 0.0000
0.0001 & 0.0002 -0.0009 £ 0.0002
0.0036 & 0.0042 0.0000 % 0.0000
0.0001 £ 0.0000 -0.0003 £ 0.0000
0.0001 £ 0.0000 -0.0009 £ 0.0000
0.0002 + 0.0043 0.0000 + 0.00060
0.0043 £ 0.0043 0.0011 % 0.0020
0.0001 £ 0.0000 -0.0003 £ 0.0000




207

0.030 T T T T - T T T T T T T T T T T
i — weighted mean
I one—sigma limit
= |
0.025F ® 1998 best
T m 1999 best
0.020 /v = 12516.81
. BEA a0, = 0.0010(0)
0 » a, = 0.718(73)
3 0.015 '
~
o}

0.010

0.005

llllltJIllIlllllIl!l\JJllIIII

T\\I'IIII]!_.II

0.000

15 20

0.025— —
_ - GNASH (1998)

I o weighted mean

0.020— -

0.015 |

o, (barns)

0.010 |

T
——
[

0.005—

0.000 | 1

E, {(MeV)
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compared to GNASH.
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TABLE XCII: Adopted partial y-ray cross section for the E, = 606.8-keV transition. The measured peak areas and
deduced partial cross sections for the 98Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described

in section XIIB.

E. (MeV)

A(1998) 0,(1998)

A(1999)  (1999) o(opt)

4.090 % 0.093
4.264 + 0.099
4.453 £ 0.105
4.647 £ 0.113
4.861 + 0.122
5.090 £+ 0.129
5.333 £ 0.140
5.597 £+ 0.149
5.875 £ 0.160
6.181 + 0.175
6.517 £ 0.187
6.862 + 0.201.
7.237 4 0.218
7.661 £+ 0.242
8.126 + 0.263
8.618 + 0.284
9.160 £+ 0.313
9.757 £ 0.346
10.414 £+ 0.377
11.143 * 0.425
11.96G X 0.467
12.860 + 0.525

325 £ 70 0.0214 + 0.0056
296 £+ 70 0.0190 + 0.0053
432 £ 70 0.0264 + 0.0054
357 £ 79 0.0213 £ 0.0056
315 + 70 0.0189 £ 0.0050
330 & 80 0.0193 + 0.0054
339 £ 69 0.0195 + 0.0048
357 £+ 80 0.0199 + 0.0052
271 & 69 0.0148 + 0.0045
249 = 69 0.0137 & 0.0044
388 £+ 81 0.0200 + 0.0049
428 £ 83 0.0210 £ 0.0048
327 &+ 84 0.0167 + 0.0049
201 + 81 0.0159 £ 0.0050
284 £ 79 0.0154 % 0.0049
362 + 83 0.0192 + 0.0051
223 £ 81 0.0120 % 0.0049
187 4= 80 0.0104 = 0.0050
282 & 78 0.0163 & 0.0052
191 £ 77 0.0118 £ 6.0053
182 3 78 0.0115 & 0.0055
146 & 78 0.0095 = 0.0056

13.876 4+ 0.589 21 = 77 0.0014 X 0.0056
15.016 & 0.660 164 £+ 77 0.0109 % 0.0057
16.297 = 0.750 0 + 4 0.0001 £ 0.0023
17.759 + 0.857 150 % 80 0.0099 + 0.0058
19.416 % 0.971 64 £ 70 0.0041 £ 0.0051

461 £ 90 0.0306 = 0.0069 0.0153 =+ 0.0035
437 £+ 91 0.0286 X 0.0068 0.0135 £ 0.0033
310 £ 91 0.0193 &+ 6.0061 0.0147 £ 0.0036
315 £ 92 0.0191 &£ 0.0060 0.0126 £ 0.0034
208 + 88 0.0124 + 0.0054 0.0098 £ 0.0031
349 £ 91 0.0204 £ 0.0058 0.0122 -+ 0.0032
362 £+ 92 0.0211 £ 0.0059 0.0123 + 0.0031
215 = 91 0.0124 £ 0.0054 0.0101 £ 0.0031
160 = 89 0.0090 =+ 0.0051 0.0073 £ 0.0027
246 + 90 0.0136 £ 0.0052 0.0079 + 0.0026
100 = 90 0.0053 £ 0.0048 0.0077 + 0.0030
383 £ 92 0.0198 £ 0.0052 0.0128 +£ 0.0031
127 £+ 89 0.0070 £ 0.0050 0.0073 £+ 0.0028
109 + 87 0.0064 + 0.0052 0.0069 =+ 0.0029
114 + 88 0.0066 + 0.0052 0.0069 + 0.0028
190 + 88 0.0108 4= 0.0051 0.0093 &+ 0.0030
127 £+ 86 0.0073 £ 0.0050 0.0057 + 0.0027
129 + 84 0.0078 £ 0.0051 0.0052 * 0.0026
180 £ 84 0.0113 X 0.0054 0.0084 + 0.0030
36 £ 80 0.0024 £ 0.0053 0.0044 + 0.0028
237 £ 80 0.0163 & 0.0058 0.0077 £ 0.0029
164 £+ 79 0.0115 = 0.0057 0.0057 + 0.0029
139 & 78 0.0100 & 0.0057 0.0018 + 0.0027
63 £ 78 0.0046 + 0.0057 0.0046 + 0.0030
68 + 78 0.0049 £ 0.0056 0.0001 + 0.0012
121 & 78 0.0085 = 0.0056 0.0051 =+ 0.0030
173 £ 80 0.0119 + 0.0057 0.0033 + 0.0026
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FIG. 85: Adopted E, = 606.8-keV partial cross section corresponding to the data in table XCII. The top panel
shows the 1998 and 1999 partial cross sections and the recommended value, plotted as a solid line with a one-sigma
confidence band (dotted lines). The bottom panel shows this recommended partial cross section (solid circles) by

itself.
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TABLE XCIII: Adopted partial y-ray cross section for the E, = 617.6-keV transition. The measured peak areas and
deduced partial cross sections for the 98Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described

in section XIIB.

E. (MeV)

A(1998)  (1998) A(1999)  (1999) o(opt)

4.090 £ 0.093
4.264 £ 0.099
4.453 + 0.105
4.647 = 0.113
4.861 £ 0.122
5.090 + 0.129
5.333 £ 0.140
5.597 = 0.149
5.875 £+ 0.160
6.181 £+ 0.175
6.517 + 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 £ 0.242
8.126 £ 0.263
8.618 + 0.284
9.160 £ 0.313
9.757 £ 0.346
10.414 £ 0.377
11.143 £ 0.425
11.960 = 0.467
12.860 + 0.525
13.876 £ 0.589

399 £ 75 0.0279 £ 0.0059 602 £ 93 0.0424 + 0.0081 0.0237 + 0.0047
475 £ 76 0.0323 £ 0.0061 578 £ 93 0.0402 + 0.0079 0.0253 + 0.0049
394 £ 75 0.0256 £ 0.0055 491 + 93 0.0325 =+ 0.0071 0.0192 + 0.0043
319 £ 73 0.0202 £ 0.0050 488 £+ 93 0.0315 £ 0.0069 0.0161 + 0.0039
350 £ 74 0.0223 £ 0.0052 525 4 94 0.0332 & 0.0070 0.0178 + 0.0041
373 £ 74 0.0232 £ 0.0051 567 + 95 0.0351 % 0.0070 0.0188 + 0.0041
307 £ 73 0.0188 £ 0.0048 533 £+ 94 0.0330 £ 0.0069 0.0157 + 0.0038
224 £ 74 0.0133 £ 0.0046 598 & 96 0.0366 + 0.0071 0.0129 £ 0.0035
285 £+ 75 0.0166 £+ 0.0046 583 + 96 0.0349 £ 0.0069 0.0148 + 0.0036
134 &+ 72 0.0078 & 0.0043 583 + 94 0.0343 £ 0.0067 0.0088 + 0.0031
188 £ 74 0.0103 £ 0.0042 529 + 96 0.0297 £ 0.0063 0.0096 + 0.0031
134 £ 75 0.0070 £ 0.0040 534 + 94 0.0293 % 0.0061 0.0073 + 0.0029
248 + 75 0.0134 + 0.0043 268 + 91 0.0156 £ 0.0056 0.0077 £ 0.0031
141 + 74 0.0082 £ 0.0044 304 £ 89 0.0189 + 0.0059 0.0058 + 0.0031
131 & 74 0.0076 + 0.0043 195 &+ 89 0.0120 =+ 0.0056 0.0036 & 0.0030
61 £ 73 0.0034 £ 0.0041 332 = 90 0.0200 =+ 0.0058 0.0032 4 0.0029
205 £ 75 0.0117 £ 0.0044 328 £ 87 0.0201 + 0.0058 0.0081 4 0.0032
101 £+ 72 0.0060 =+ 0.0043 236 + 86 0.0151 + 0.0057 0.0036 & 0.0030
54 £ 71 0.0033 £ 0.0044 322 £ 85 0.0214 % 0.0061 0.0035 + 0.0030
59 £ 71 0.0039 £ 0.0047 243 + 83 0.0171 £ 0.0061 0.0028 + 0.0032
207 + 72 0.0139 # 0.0050 119 £ 81 0.0087 £ 0.0060 0.0054 =+ 0.0035
113 & 71 0.0078 + 0.0050 64 + 79 (.0048 + 0.0059 0.0013 =+ 0.0034
57 £ 71 0.0040 £ 0.0050 220 & 79 0.0168 £ 0.0063 0.0028 + 0.0034

15.016 £+ 0.660 102 £ 73 0.0072 + 0.0052
16.297 £ 0.750 49 £ 71 0.0035 + 0.0050
17.759 £ 0.857 177 = 75 0.0124 + 0.0054
19.416 + 0.971 187 £+ 75 0.0129 * 0.0053

387 £ 79 0.0297 £ 0.0069 0.0080 + 0.0036
224 + 78 0.0170 + 0.0062 0.0026 + 0.0034
216 £ 79 0.0162 X 0.0062 0.0070 + 0.0037
183 + 80 0.0134 & 0.0060 0.0062 + 0.0036
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FIG. 86: Adopted E, = 617.6-keV partial cross section corresponding to the data in table XCIII. The top panel
shows the 1998 and 1999 partial cross sections and the recommended value, plotted as a solid line with a one-
sigma confidence band (dotted lines). The bottom panel shows this recommended partial cross section (solid circles)
compared to GNASH.
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TABLE XCIV: Adopted partial y-ray cross section for the E,, = 624.9-keV transition. The measured peak areas and
deduced partial cross sections for the 98Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described

in section XIIB.

E. (MeV)

A(1998)  (1998) A(1999)  _(1999) U(opt)

4.090 £ 0.093
4.264 + 0.099
4.453 & 0.105
4.647 + 0.113
4.861 £ 0.122
5.090 £ 0.129
5.333 £ 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 £+ 0.175
6.517 £ 0.187
6.862 £+ 0.201
7.237 + 0.218
7.661 £ 0.242
8.126 + 0.263
8.618 + 0.284
9.160 £ 0.313
9.757 £ 0.346
10.414 £+ 0.377
11.143 + 0.425
11.960 + 0.467
12.860 + 0.525
13.876 4 0.589
15.016 + 0.660
16.297 £ 0.750
17.759 + 0.857
19.416 + 0.971

379 £ 72 0.0266 % 0.0061 507 X 87 0.0358 %+ 0.0073 0.0244 X 0.0045
357 £ 71 0.0244 £ 0.0058 502 + 88 0.0350 £ 0.0073 0.0227 + 0.0043
268 £ 69 0.0175 £ 0.0052 473 £ 88 0.0314 + 0.0068 0.0174 + 0.0038
388 + 70 0.0247 £ 0.0055 473 £+ 89 0.0306 £ 0.0067 0.0214 + 0.0041
341 £ 71 0.0218 £ 0.0054 448 + 89 0.0284 £ 0.0065 0.0191 £ 0.0039
407 & 73 0.0254 £ 0.0055 497 £ 90 0.0309 & 0.0066 0.0219 + 0.0041
270 & 71 0.0166 £ 0.0050 419 £ 89 0.0260 X 0.0062 0.0153 + 0.0036
379 £ 71 0.0225 £ 0.0051 334 £+ 90 0.0205 + 0.0060 0.0166 + 0.0037
371 £ 71 0.0216 £ 0.0050 326 + 89 0.0196 + 0.0058 0.0157 + 0.0036
210 &= 71 0.0123 + 0.0047 420 £ 89 0.0248 + 0.0059 0.0124 + 0.0034
272 3= 70 0.0149 = 0.0045 254 £ 89 0.0143 £ 0.0053 0.0105 -+ 0.0032
270 &+ 72-0.0141 =+ 0.0043 331 & 90 0.0182 £ 0.0053 0.0114 + 0.0031
217 £ 73 0.0118 =+ 0.0045 229 £ 87 0.0134 + 0.0053 0.0085 + 0.0031
149 £ 71 0.0087 X 0.0046 65 + 85 0.0041 * 0.0053 0.0037 % 0.0032
154 4 70 0.0089 =+ 0.0045 329 + 87 0.0203 £ 0.0058 0.0090 + 0.0032
137 £ 72 0.0077 £ 0.0045 299 £+ 87 0.0181 £ 0.0056 0.0077 + 0.0032
16 &= 68 0.0009 + 0.0043 252 + 84 0.0155 £ 0.0054 0.0029 + 0.0030
14 £ 69 0.0008 £ 0.0045 148 £ 82 0.0095 + 0.0054 0.0011 + 0.0031
178 + 70 0.0110 £ 0.0048 40 & 79 0.0027 £ 0.0053 0.0040 + 0.0033
47 £ 67 0.0031 £ 0.0049 97 £ 79 0.0068 £ 0.0056 0.0015 £ 0.0033
117 £ 67 0.0079 X 0.0051 132 = 78 0.0097 £ 0.0058 0.0051 + 0.0035
11 = 59 0.0008 & 0.0046 115 + 76 0.0086 X 0.0058 0.0008 = 0.0032
17 = 68 0.0012 &+ 0.0053 164 £ 76 0.0126 £ 0.0060 0.0024 + 0.0036
93 £ 68 0.0066 & 0.0053 0 £ 3 0.0001 4 0.0006 -0.0063 £ 0.0012
108 £ 68 0.0076 % 0.0053 35 £ 73 0.0027 & 0.0056 0.0021 + 0.0035
0%2 0.0001 £+ 0.0022 201 £+ 74 0.0151 =+ 0.0058 0.0007 + 0.0017
00 0.0001 & 0.0021 30 &= 73 0.0022 £ 0.0054 -0.0004 + 0.0017
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compared to GNASH.
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TABLE XCV: Adopted partial y—ray cross section for the E, = 633.1-keV transition. The measured peak areas and
deduced partial cross sections for the 98Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described

in section XIIB.

E,. (MeV)

A(1998) 0,(1998)

A(1999] 0,(1999)

o(opt)

4.090 £ 0.093
4.264 + 0.099
4.453 = 0.105
4.647 £ 0.113
4.861 £ 0.122
5.090 & 0.129
5.333 & 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 + 0.175
6.517 £ 0.187
6.862 £ 0.201
7.237 £ 0.218
7.661 £ 0.242
8.126 + 0.263
8.618 £ 0.284
9.160 + 0.313
9.757 £ 0.346
10.414 £ 0.377
11.143 + 0.425
11.960 4= 0.467
12.860 X 0.525
13.876 + 0.589

15.016 £ 0.660 103 £+ 56 0.0072 - 0.0044 0 + 5
16.297 £ 0.750 167 £ 57 0.0117 £+ 0.0046 0 £ 0
17.759 + 0.857 65 £+ 56 0.0045 £ 0.0043 0 £ 0

19.416 + 0.971

283 £+ 57 0.0196 £ 0.0048
314 + 57 0.0211 =+ 0.0047
376 £ 58 0.0241 & 0.0048
511 + 60 0.0321 =+ 0.0052
381 3 58 0.0240 £ 0.0047
375 £ 59 0.0231 £ 0.0046
424 + 60 0.0257 X 0.0047
363 £ 58 0.0213 & 0.0043
195 £ 58 0.0112 + 0.0038
263 + 58 0.0152 £ 0.0040
280 £ 58 0.0152 £ 0.0038
272 £ 60 0.0140 & 0.0037
217 £ 59 0.0116 £ 0.0037
206 + 59 0.0118 = 0.0039
215 + 59 0.0123 + 0.003%
203 £ 59 0.0113 £ 0.0038
197 & 59 0.0112 £+ 0.0038
257 + 58 0.0151 £ 0.0040
192 + 57 0.0117 =+ 0.0040
119 £ 55 0.0077 + 0.0040
38 £ 55 0.0025 4 0.0041
114 £ 55 0.0078 + 0.0043
9+ 54 0.0006 + 0.0042

0+0 0.0001 + 0.0019

520 £ 79 0.0362 £ 0.0068 0.0262 £ 0.0042
396 £ 79 0.0272 £ 0.0062 0.0241 + 0.0041
403 £+ 80 0.0264 + 0.0060 0.0257 £ 0.0041
427 £ 81 0.0272 £ 0.0060 0.0303 % 0.0044

413 £+ 82 0.0259 + 0.0059

0.0254 £ 0.0040

397 £ 82 0.0243 % 0.0057 0.0241 + 0.0039

373 £ 82 0.0228 X 0.0056
336 X 82 0.0204 £ 0.0055
287 &£ 81 0.0170 =+ 0.0052
272 £ 80 0.0158 £ 0.0050
328 £ 82 0.0182 £ 0.0050
339 + 82 0.0184 £ 0.0049
199 & 80 0.0115 £ 0.0048
234 £ 78 0.0144 £ 0.0051
241 £ 79 0.0147 £ 0.0051
187 £ 79 0.0111 £ 0.0049
61 £ 76 0.0037 + 0.0046
146 = 75 0.0092 + 0.0049
180 4 74 0.0118 + 0.0051
150 £ 72 0.0104 £ 0.0052
26 £ 70 0.0019 & 0.0051
103 £ 69 0.0076 £ 0.0052
111 £+ 68 0.0084 £ 0.0052
0.0001 £ 0.0006
0.0001 £ 0.0005
0.0001 £ 0.0005

0£+0 0.0001 £ 0.0005

0.0249 = 0.0040
0.0214 £ 0.0037
0.0137 = 0.0033
0.0158 £ 0.0033
0.0168 £ 0.0032
0.0160 + 0.0031
0.0119 £ 0.0031
0.0131 + 0.0033
0.0135 + 0.0033
0.0115 + 0.0032
0.0083 + 0.0031
0.0129 + 0.0033
0.0120 + 0.0033
0.0090 + 0.0033
0.0023 & 0.0033
0.0079 + 0.0034
0.0038 £ 0.0034
0.0008 + 0.0014
0.0010 + 0.0013
0.0005 £ 0.0013
0.0001 £ 0.0011
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FIG. 88: Adopted E., = 633.1-keV partial cross section corresponding to the data in table XCV. The top panel
shows the 1998 and 1999 partial cross sections and the recommended value, plotted as a solid line with a one-
sigma confidence band (dotted lines). The bottom panel shows this recommended partial cross section (solid circles)
compared to GNASH.
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TABLE XCVI: Adopted partial y-ray cross section for the E, = 637.7-keV transition. The measured peak areas and
deduced partial cross sections for the 98Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described

in section XIIB.
En (Mev) A(IQQB) 0,(1998)

A(1999) [ (1999) o(opt)

4.090 £+ 0.093 265 % 51 0.0164 % 0.0037 400 = 70 0.0249 £ 0.0052 0.0191 + 0.0034

4.264 £ 0.099 289 & 51 0.0174 £ 0.0036
4.453 £ 0.105 175 £+ 50 0.0100 £ 0.0032
4.647 £ 0.113 231 £ 50 0.0130 % 0.0032
4.861 £ 0.122 239 + 51 0.0135 £ 0.0033
5.090 £ 0.129 304 £ 52 0.0167 + 0.0034
5.333 + 0.140 177 £ 51 0.0096 £ 0.0030
5.597 £ 0.149 254 £ 52 0.0133 £ 0.0031
5.875 £ 0.160 168 + 51 0.0086 + 0.0029
6.181 £ 0.175 180 = 50 0.0093 =+ 0.0028
6.517 £ 0.187 241 % 52 0.0117 £+ 0.0029
6.862 + 0.201 206 £ 52 0.0095 £ 0.0026
7.237 £ 0.218 48 £ 50 0.0023 £ 0.0025
7.661 £ 0.242 135 £ 51 0.0069 £ 0.0028
8.126 + 0.263 47 + 49 (.0024 + 0.0026
8.618 £ 0.284 45 £ 51 0.0022 £ 0.0026
9.160 £ 0.313 55+ 50 0.0028 £ 0.0027
9.757 & 0.346 92 + 49 0.0048 + 0.0027
10.414 £ 0.377 120 & 50 0.0065 £ 0.0029
11.143 & 0.425 98 £ 49 (.0057 £ 0.0030
11.960 £ 0.467 54 + 48 0.0032 £ 0.0030
12.860 £ 0.525 27 =49 0.0017  0.0031
13.876 + 0.589 80 + 49 0.0050 + 0.0032
15.016 =+ 0.660 46 = 49 0.0029 £ 0.0032
16.297 £ 0.750 106 X 48 0.0066 + 0.0032
17.759 £+ 0.857 2 £ 49 0.0001 £ 0.0032
19.416 £+ 0.971 57 + 49 0.0035 & 0.0031

289 £+ 70 0.0178 £+ 0.0048 0.0165 + 0.0033
468 + 72 0.0274 £ 0.0052 0.0149 + 0.0030
317 4+ 72 0.0181 3 0.0046 0.0141 + 0.0030
484 X 74 0.0271 £ 0.0051 0.0177 £ 0.0032
331 + 73 0.0181 + 0.0045 0.0163 =+ 0.0031
345 £ 74 0.0189 £ 0.0046 0.0120 + 0.0028
237 £ 74 0.0129 + 0.0043 0.0121 £ 0.0029
313 + 74 0.0166 + 0.0044 0.0105 £ 0.0027
403 £ 74 0.0210 £ 0.0045 0.0124 + 0.0027
217 + 73 0.0108 £ 0.0038 0.0101 + 0.0026
385 + 75 0.0187 £ 0.0042 0.0118 + 0.0025
213 £ 73 0.0110 £ 0.0040 0.0038 + 0.0023
221 £ 71 0.0122 £ 0.0042 0.0077 £ 0.0026
177 & 71 0.0096 X+ 0.0040 0.0035 + 0.0024
92 £ 70 0.0049 &+ 0.0038 0.0018 £ 0.0023
276 £+ 71 0.0150 + 0.0042 0.0055 X 0.0024
123 £ 68 0.0070 4= 0.0040 0.0044 + 0.0024
52 £ 66 0.0031 £ 0.0039 0.0039 + 0.0026
132 £ 65 0.0082 £ 0.0042 0.0054 + 0.0027
120 & 64 0.0078 £ 0.0043 0.0035 + 0.0026
66 £ 62 0.0044 + 0.0042 0.0012 + 0.0027
0x0 0.0001 + 0.0006 -0.0031 4 0.0012
0+4 0.0001 £+ 0.0007 -0.0033 + 0.0012
112 £ 61 0.0075 £ 0.0042 0.0057 £+ 0.0028
97 £ 60 0.0064 £ 0.0041 0.0010 + 0.0027
18 £ 60 0.0012 & 0.0039 0.0009 + 0.0026
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FIG. 89: Adopted E, = 637.7-keV partial cross section corresponding to the data in table XCVI. The top panel
shows the 1998 and 1999 partial cross sections and the recommended value, plotted as a solid line with a one-
sigma confidence band (dotted lines). The bottom panel shows this recommended partial cross section (solid circles)
compared to GNASH.
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TABLE XCVII: Adopted partial y-ray cross section for the E, = 674.2-keV transition. The measured peak areas and
deduced partial cross sections for the 98Thin and 99Thin data sets are shown in columns 2-5. The recommended
partial cross section, listed in column 6, is obtained from both data sets using the optimization procedure described

in section XIIB.

En (I\/IeV) A(1998) 0.(1998)

Al1989)  (1999) U(opt)

4.090 £ 0.093 231 £ 47 0.0178 X 0.0045
4.264 £ 0.099 238 £ 47 0.0178 £ 0.0044
4453 £+ 0.105 304 + 48 0.0217 + 0.0044
4.647 + 0.113 276 + 48 0.0193 + 0.0043
4.861 &£ 0.122 268 + 49 0.0188 + 0.0043
5.090 £ 0.129 363 £+ 50 0.0248 £ 0.0046
5.333 £+ 0.140 290 + 51 0.0195 £+ 0.0043
5.597 £ 0.149 244 £ 50 0.0159 £ 0.0040
5.875 + 0.160 242 + 49 0.0155 £+ 0.0038
6.181 £ 0.175 187 &+ 49 0.0120 £ 0.0037
6.517 £ 0.187 273 + 50 0.0164 £ 0.0037
6.862 £ 0.201 297 £ 51 0.0170 + 0.0037
7.237 +£ 0.218 147 £ 49 0.0087 % 0.0034
7.661 + 0.242 160 £ 49 0.0102 £ 0.0037
8.126 + 0.263 180 + 49 0.0114 + 0.0037
8.618 + 0.284 166 + 51 0.0103 £ 0.0037
9.160 &+ 0.313 152 £ 50 0.0096 X 0.0037
9.757 + 0.346 132 £ 49 0.0086 X 0.0037
10.414 £+ 0.377 158 -+ 49 0.0107 £ 0.0039
11.143 + 0.425 83 & 48 0.0060 + 0.0040
11.960 & 0.467 114 £ 47 0.0084 =+ 0.0041
12.860 X 0.525 66 @ 47 0.0050 + 0.0041
13.876 & 0.589 26 + 47 0.0020 =% 0.0042
15.016 + 0.660 8 +£ 46  0.0006 =+ 0.0041
16.297 &+ 0.750 110 & 48 0.0085 + 0.0043
17.759 4 0.857 84 + 48 0.0065 + 0.0043
19416 £ 0971 0 £ 0 0.0001 + 0.0020

89 =61 0.0069 % 0.0049 0.0072 £ 0.0024
162 4 62 0.0124 £ 0.0050 0.0084 £ 0.0024
213 + 63 0.0155 £ 0.0050 0.0106 + 0.0026
87 £ 63 0.0062 £ 0.0046 0.0074 + 0.0024
198 £ 65 0.0138 £+ 0.0048 0.0091 + 0.0024
178 £+ 65 0.0121 £ 0.0047 0.0107 £ 0.0028
108 & 65 0.0073 £ 0.0046 0.0077 + 0.0024
110 £ 66 0.0074 £ 0.0046 0.0067 £ 0.0022
156 + 65 0.0103 4 0.0045 0.0071 + 0.0021
243 £ 66 0.0157 £ 0.0047 0.0066 £ 0.0019
62 +£ 65 0.0038 % 0.0041 0.0059 + 0.0021
299 + 68 0.0180 + 0.0046 0.0093 & 0.0022
115 &+ 66 0.0074 £ 0.0044 0.0041 £ 0.0017
187 £+ 65 0.0128 + 0.0047 0.0054 £+ 0.0018
46 + 64 0.0031 + 0.0044 0.0044 + 0.0019
10 + 64 0.0007 =+ 0.0043 0.0036 + 0.0018
89 £ 64 0.0060 + 0.0044 0.0042 + 0.0018
73 £ 63 0.0051 -t 0.0045 0.0037 + G.0018
55 £+ 62 0.0040 =+ 0.0046 0.0043 £ 0.0019
40 £ 60 0.0031 £ 0.0047 0.0024 + 0.0018
138 + 60 0.0111 £ 0.0051 0.0044 £+ 0.0019
143 £ 59 0.0117 & 0.0051 0.0031 + 0.0018
32 £ 57 0.0027 &+ 0.0049 0.0008 X 0.0018
111 & 58 0.0093 + 0.0051 0.0010 + 0.0017
11 £ 57 0.0009 =+ 0.0049 0.0030 X 0.0020
73 £ 58 0.0060 = 0.0049 0.0030 + 0.0019
00 0.0001 £ 0.0010 -0.0005 % 0.0008
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FIG. 90: Adopted E, = 674.2-keV partial cross section corresponding to the data in table XCVII. The top panel
shows the 1998 and 1999 partial cross sections and the recommended value, plotted as a solid line with a one-
sigma confidence band (dotted lines). The bottom panel shows this recommended partial cross section (solid circles)
compared to GNASH. A
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D Observed Lines in 233U

Transitions in the 23°U(n,3n) are particularly difficult to observe, because like the (n,n’) 7 rays, they are produced
by the de-excitation of the product nucleus through highly fragmented decay paths. The overall reaction cross section
for the (n,3n) channel is, however, considerably weaker than the (n,n’) reaction cross section. As a result, only 7
transitions in 233U have been identified from GEANIE data, and almost all suffer from some degree of manifest
contamination. These v rays and their placement in the 232U level scheme are shown in figure 91, and listed in
table XCVIII. As can be seen from this figure, many expected transitions within and between bands could not be
observed. In particular, the 11/2 — 7/21 and 9/2} — 5/2} transitions in the ground-state band are obfuscated
by strong x-ray lines. The strongest-branch transition from the 9/2~ member of the K™ = 5/2~ band, an E, =
313.34(20)-keV transition, could not be resolved from the 6] — 4] ground-state transition in the high—yield fission
fragment 128Te. The next-strongest branch out of that level, an Ey = 261.66(20)-keV transition to the yrast 9/2}
state, was not observed; a nearby line with energy E, = 262.695(281) displays an excitation function characteristic of
the 23°U(n,3n) channel, but the disparity in y—ray energy where the calibration should be more reliable makes this a
tenuous candidate for the 9/2~ — 9/2] transition. For completeness, we note that the measured yield for this E, =
262.695(281) line rises to a maximum of 4.2 mb at E,, = 19.4 MeV, assuming it is a pure E1 transition. The expected
strong-branch E., = 280.40(20)-keV decay from the 7/2~ member of the K™ = 5/2~ band was also not observed.
The closest observed line at E., = 279.068(164) would peak at a yield of 6.1 mb, assuming a pure E1 assignment for
the corresponding 7/2~ — 7/2{ transition.

For many of the (n,3ny) transitions discussed here, a non-vanishing yield was measured below the population
threshold for the parent level. This problem is a consequence of the weakness of the lines analyzed. This residual
baseline was somewhat reduced in some cases by using the random-TOF-subtracted data.
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FIG. 91: Gamma rays in 2**U observed in the GEANIE data.
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TABLE XCVIIIL: Transitions identified in the 23*U(n,3nv) channel and the method by which the data were analyzed.
Eﬂ,meas) (keV) Analysis method B (keV) E, (keV) transition

137.607 % 0.131 subtracted planars, 98 Thin and 99Thin optimized 137.2 0.2 2294
159.952 =+ 0.114 subtracted planars, 98 Thin and 99Thin optimized 1594 £ 0.1  314.7
298.545 + (.113 unsubtracted planars, 98 Thin and 99Thin averaged 298.89 + 0.20 298.8
300.537 £ 0.118 subtracted planars, 98Thin and 99Thin optimized  300.34 & 0.02 340.7
305.242 £ 0.130 subtracted planars, 98 Thin and 99Thin optimized 3054 + 0.2 397.6
311.974 £ (0.115 unsubtracted planars, 98Thin and 99Thin optimized 312.17 + 0.02 312.2
340.628 £ 0.155 subtracted planars, 98 Thin and 99Thin optimized  340.81 £+ 0.03 340.7

13/2F —9/2F
15/2} — 11/2f
5/27 —5/2F
5/2% — 7/2f
11/27 — 9727+
3/2% = 5/2F
5/2% — 5/2F

The Ev = 137.6 keV transition (table XCIX /figure 92): This ground-state-band transition shows residual
counts below threshold , and its measured energy deviates from the accepted value by = 0.4 keV, both telltale
signs of either contamination or an improper fit. Nevertheless, the yields appear significantly over-estimated by

the GNASH calculation.

The Ey = 160.0 keV transition (table C/figure 93): Another ground-state-band transition, this line is clearly
contaminated by the E, = 160.19(5)-keV transition from the level at E; = 357.3 keV in 2*°U. Fortunately, the

(n,n") line’s yield has nearly vanished when the (n,3n) threshold is reached.

The Evy = 298.5 keV transition (table CI/figure 94): This transition, from the band head of a K™ = 5/2~

band is strongly contaminated, most likely by the E, = 297.0(1)-keV 4] — 27 transition in the very-high—
yield fission fragment !24Te. Extreme caution should be used in interpreting measured yield for this (n,3n)
line.

The Evy = 300.5 keV transition (table CII/figure 95): This 7 ray, one of two depopulating the 5/2% level at

E; = 340.7 keV also displays non-vanishing yields below threshold. The observed yields for this line and the
other member of the pair at E, = 340.6 keV are consistent with the known branching ratios for these lines,
provided no additional baselines are subtracted from either excitation function. The partial cross section for
this v ray is greatly under-predicted by GNASH.

The Ey = 305.2 keV transition (table CIII/figure 96): This 13/2~ — 9/2} transition also suffers from non-

vanishing yield below threshold. It is greatly over-predicted by the GNASH calculation.

The Evy = 312.0 keV transition (table CIV /figure 97): Residual counts below threshold are seen for this line

as well. Some caution is warranted in interpreting yields for this y-ray as it may be contaminated by an E, =
312.90 + 0.10 keV originating from the E, = 479.0-keV level in 126 produced via the (n,2n) reaction on *?7L
The mono-isotopic nucleus 271 is a component of the Nal nose-cone placed on each detector, used to suppress
back-scattered v rays. The strongest branch from the E, = 479.0-keV level in %61 is a 422.4-keV transition,
for which there is evidence in the GEANIE data.

The Evy = 340.6 keV transition (table CV /figure 98): This is the second member of the pair of -y rays seen

de-exciting the E, = 340.7-keV level in 233U. The measured partial cross section for this line is much greater
than the corresponding GNASH prediction.
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TABLE XCIX: Adopted partial y-ray cross section for the E., = 137.6-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98 Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XII B. The recommended partial cross section in the last column includes
a. correction for angular—distribution effects.

E. (MeV)

A(1998)

5 (1998) A(1999) 5(1999) o(opt)

o(opt,corr)

4.090 £ 0.093
4.264 % 0.099
4.453 + 0.105
4.647 + 0.113
4.861 + 0.122
5.090 % 0.129
5.333 % 0.140
5.597 & 0.149
5.875 % 0.160
6.181 + 0.175
6.517 % 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 + 0.263
8.618 + 0.284
9.160 + 0.313
9.757 £ 0.346

108 £ 75
219 £ 77
149 + 76
210 = 78
218 £ 79
131 £ 79
151 £ 80
186 £ 81
106 £ 82
298 + 83
205 + 85
374 £ 87
288 + 86
305 + 86
318 + 86
386 + 87
281 £ 87
340 + 87

10.414 + 0.377 282 £ 85
11.143 + 0.425 386 + 87
11.960 + 0.467 197 + 86
12.860 + 0.525 398 4 88
13.876 £ 0.589 300 + 87
15.016 £ 0.660 566 + 89
16.297 £+ 0.750 829 + 92
17.759 + 0.857 1036 + 94 0.0859 £ 0.0130 538 + 115 0.0556 + 0.0137 0.0522 + 0.0089
19.416 + 0.971 1124 =+ 94 0.0914 + 0.0135 615 = 115 0.0620 £ 0.0139 0.0568 + 0.0092

0.0089 + 0.0063 13 £ 96  0.0013 £ 0.0093 0.0041 + 0.0037
0.0176 + 0.0066 260 + 99 0.0250 + 0.0100 0.0123 + 0.0041
0.0114 £+ 0.0060 194 £+ 100 0.0177 + 0.0094 0.0079 £ 0.0036
0.0158 + 0.0062 192 + 101 0.0171 £ 0.0092 0.0101 + 0.0038
0.0164 & 0.0063 157 £ 102 0.0137 =+ 0.0091 0.0099 -+ 0.0039
0.0096 & 0.0059 63 £+ 103 0.0054 + 0.0088 0.0051 + 0.0035
0.0109 £+ 0.0059 13 £ 99 0.0011 % 0.0085 0.0050 + 0.0035

0.0130 & 0.0059 0 £ 0 0.0001 = 0.0000 -0.0018 + 0.0020 -0.0018 =+ 0.0020

0.0073 + 0.0057 288 £ 111 0.0238 £ 0.0096 0.0062 -+ 0.0034
0.0206 £ 0.0062 354 £ 112 0.0288 + 0.0097 0.0145 + 0.0040
0.0133 + 0.0057 279 £ 113 0.0216 £ 0.0091 0.0094 + 0.0035
0.0230 4 0.0060 280 = 114 0.0212 £ 0.0090 0.0146 + 0.0040
0.0184 + 0.0059 74 £ 111 0.0060 £+ 0.0090 0.0097 £ 0.0038
0.0209 £ 0.0064 46 & 111 0.0040 &+ 0.0096 0.0105 + 0.0041
0.0217 £+ 0.0064 366 + 112 0.0311 & 0.0102 0.0154 £ 0.0042
0.0257 + 0.0066 230 + 112 0.0191 + 0.0096 0.0156 =+ 0.0043
0.0190 + 0.0063 217 £ 112 0.0184 4 0.0097 0.0120 £ 0.0040
0.0238 & 0.0067 203 + 110 0.0179 + 0.0100 0.0144 + 0.0043
0.0205 % 0.0066 91 £ 111 0.0084 £ 0.0103 0.0112 & 0.0042
0.0298 + 0.0076 216 £+ 112 0.0210 4+ 0.0112 0.0180 + 0.0050
0.0157 4 0.0071 394 £ 114 0.0398 + 0.0125 0.0127 + 0.0044
0.0326 + 0.0082 130 £ 114 0.0134 4 0.0119 0.0179 + 0.0054
0.0251 & 0.0079 295 £ 115 0.0311 + 0.0127 0.0172 + 0.0051
0.0473 £ 0.0094 349 £ 115 0.0370 £ 0.0130 0.0300 + 0.0065
0.0692 + 0.0114 546 + 115 0.0573 £ 0.0140 0.0459 + 0.0080

0.0041 & 0.0037
0.0121 =+ 0.0040
0.0077 + 0.0036
0.0099 = 0.0038
0.0097 £ 0.0038
0.0050 £ 0.0035
0.0049 + 0.0035

0.0060 = 0.0034
0.0143 + 0.0040
0.0092 £ 0.0035
0.0144 £ 0.0039
0.0095 + 0.0037
0.0103 £ 0.0041
0.0152 £ 0.0041
0.0153 & 0.0043
0.0118 £ 0.0040
0.0142 £ 0.0043
0.0110 + 0.0042
0.0177 £ 0.0050
0.0125 X 0.0044
0.0161 + 0.0050
0.0154 =+ 0.0046
0.0272 =+ 0.0060
0.0419 £ 0.0075
0.0478 £ 0.0084
0.0524 + 0.0088
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FIG. 92: Adopted E, = 137.6-keV partial cross section corresponding to the data in table XCIX. The top panel
shows the 1998 and 1999 partial cross sections (corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE C: Adopted partial y—ray cross section for the E, = 160.0-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98 Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XIIB. The recommended partial cross section in the last column includes

a correction for angular-distribution effects.

E. (MeV) AU1998)

(1998) A(1999)

(1999 ~(opt) o (opt,corr}

4.090 £+ 0.093 935 £ 85
4.264 + 0.099
4.453 £ 0.105
4.647 £+ 0.113
4.861 + 0.122
5.090 + 0.129
5.333 + 0.140
5.597 £+ 0.149
5.875 *+ 0.160
6.181 + 0.175
6.517 + 0.187
6.862 + 0.201
7.237 + 0.218
7.661 £ 0.242
8.126 + 0.263
8.618 £ 0.284
9.160 £ 0.313
9.757 + 0.346
10.414 £ 0.377
11.143 £ 0.425
11.960 -+ 0.467 285 & 87
12.860 £ 0.525 206 + 88
13.876 + 0.589 351 & 89
15.016 £ 0.660 561 + 91
16.297 « 0.750 607 + 92
17.759 £ 0.857 964 £ 94

860 + 92
511 £ 90
372 + 89
380 + 90
383 £ 89
437 £+ 89
167 + 86
234 + 87

0.0464 + 0.0068 764 + 106

1098 + 86 0.0531 £ 0.0073 750 + 107
1126 + 87 0.0519 & 0.0071 989 + 108
1132 + 87 0.0511 &+ 0.0070 1073 + 109
1263 + 89 0.0573 + 0.0076 777 + 109
1271 £ 90 0.0561 & 0.0075 901 £+ 110
1379 &+ 90 0.0599 + 0.0078 1100 £ 112
1359 4= 91 0.0572 £ 0.0075 904 L 112
1498 + 94 0.0619 £ 0.0079 965 + 113
1222 £ 92 0.0507 + 0.0068 864 + 114
1240 4 94 0.0483 + 0.0065 867 + 116
1074 £+ 94 0.0397 + 0.0056 436 X+ 116

0.0331 £ 0.0051 323 £ 115
0.0210 £ 0.0044 431 £+ 114
0.0152 £ 0.0040 309 + 113
0.0152 £ 0.0040 118 £ 113
0.0156 £ 0.0040 315 £ 113
0.0184 = 0.0043 112 £ 111
0.0073 £ 0.0038 86 = 110
0.0109 £ 0.0042 0 & 0
0.0136 & 0.0044 49 =+ 111
0.0102 £ 0.0045 31 £ 112
0.0176 £ 0.0049 205 * 114
0.0282 £ 0.0056 276 £ 115
0.0304 + 0.0058 298 £+ 115
0.0480 £+ 0.0072 503 £ 116

19.416 £ 0.971 1064 £ 96 0.0520 & 0.0075 576 & 118

0.0421 £ 0.0077 0.0426 + 0.0050 0.0428 + 0.0050
0.0408 £ 0.0075 0.0456 X 0.0052 0.0457 £ 0.0052
0.0512 & 0.0082 0.0491 £ 0.0053 0.0492 * 0.06053
0.0542 4= 0.0084 0.0495 X 0.0053 0.0497 =+ 0.0053
0.0385 £ 0.0070 0.0462 + 0.0052 0.0463 + 0.0052
0.0437 + 0.0074 0.0483 £ 0.0052 0.0484 + 0.0052
0.0533 + 0.0082 0.0544 + 0.0056 0.0545 + 0.0056
0.0434 £+ 0.0074 0.0486 + 0.0053 0.0487 + 0.0053
0.0453 + 0.0075 0.0515 & 0.0055 0.0516 + 0.0055
0.0398 & 0.0070 0.0440 =+ 0.0049 0.0441 + 0.0049
0.0381 + 0.0067 0.0420 £ 0.0047 0.0421 + 0.0047
0.0187 4 0.0054 0.0292 + 0.0039 0.0292 =+ 0.0039
0.0147 = 0.0055 0.0248 + 0.0037 0.0248 + 0.0037
0.0210 =+ 0.0061 0.0202 £ 0.0034 0.0203 =+ 0.0034
0.0149 £ 0.0057 0.0148 + 0.0031 0.0148 =+ 0.0031
0.0056 + 0.0054 0.0123 £ 0.0030 0.0123 % 0.0030
0.0151 4= 0.0057 0.0151 + 0.0031 0.0151 & 0.0031
0.0056 =+ 0.0056 0.0142 + 0.0032 0.0142 + 0.0032
0.0045 X 0.0058 0.0069 + 0.0029 0.0070 + 0.0029
0.0001 =+ 0.0000 0.0058 + 0.0017 0.0058 % 0.0017
0.0028 + 0.0064 0.0106 + 0.0034 0.0107 * 0.0034
0.0018 & 0.0065 0.0082 £ 0.0034 0.0076 + 0.0031
0.0123 +£ 0.0070 0.0156 + 0.0037 0.0143 =+ 0.0034
0.0166 X 0.0072 0.0233 £+ 0.0042 0.0215 & (.0039
0.0177 + 0.0071 0.0249 £ 0.0043 0.0230 X 0.0040
0.0295 4 0.0076 0.0382 + 0.0051 0.0354 + 0.0048
0.0329 £+ 0.0078 0.0415 + 0.0053 0.0387 % 0.0050
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TABLE CI: Adopted partial y-ray cross section for the E, = 298.5-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98 Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using
a weighted average. The recommended partial cross section in the last column includes a correction for angular-
distribution effects.

E. (MeV) A(1998) 5(1998) A(1999)  (1999) U(wei) J(wei,corr)

4.090 + 0.093 188 £ 52 0.0048 &£ 0.0014 293 £ 68 0.0076 X 0.0020 0.0057 + 0.0011 0.0057 &+ 0.0011

4.264 + 0.099 230 £ 53 0.0057 + 0.0014 260 £ 68 ¢.0067 £ 0.0019 0.0060 £ 0.0011 0.0060 + 0.0011

4.453 + 0.105 208 £ 53 0.0049 #£ 0.0013 502 £ 72 0.0123 £ 0.0022 0.0069 £ 0.0012 0.0069 + 0.0012

4.647 4+ 0.113 237 £ 54 0.0055 £ 0.0014 458 + 72 04.0109 £ 0.0021 0.0071 £ 0.0011 0.0071 + 0.0011

4861 4+ 0.122 316 £ 56 0.0073 £ 0.0015 498 + 73 0.0117 + 0.0021 0.0087 + 0.0012 0.0087 + 0.0012

5.090 + 0.12¢ 276 + 55 0.0062 £+ 0.0014 518 £+ 75 0.0119 =+ 0.0022 0.0079 + 0.0012 0.0079 + 0.0012

5.333 & 0.140 311 £ 56 0.0069 + 0.0014 586 £ 75 0.0134 + 0.0023 0.0087 + 0.0012 0.0087 & 0.0012

5.597 4+ 0.149 400 £+ 58 0.0086 + 0.0015 741 £ 77 0.0168 = 0.0025 0.0107 % 0.0013 0.0107 =+ 0.0013

5.875 £ 0.160 427 + 58 0.0090 £ 0.0015 853 + 79 0.0189 + 0.0027 0.0114 + 0.0013 0.0114 + ¢.0013

6.181 £+ 0.175 390 + 58 0.0083 & 0.0015 658 £ 77 0.0143 + 0.0023 0.0100 £ 0.0012 0.0100 % 0.0012

6.517 & 0.187 448 £ 60 0.0089 + 0.0015 705 £ 79 0.0146 £+ 0.0023 0.0106 + 0.0012 0.0106 =+ 0.0012

6.862 £ 0.201 537 &+ 62 0.0101 £ 0.0015 659 + 80 0.0134 £+ 0.0022 0.0112 + 0.0013 0.0112 -+ 0.0013

7.237 + 0.218 585 £ 63 0.0115 £ 0.0017 964 + 82 0.0208 £ 0.0029 0.0138 + 0.0014 0.0138 + 0.0014

7.661 £ 0.242 515 + 62 0.0108 + 0.0017 809 &+ 80 0.0186 + 0.0027 0.0129 + 0.0014 0.0129 £ 0.0014
- 8.126 +0.263 493 £ 62 0.0103 + 0.0016 687 £ 80 0.0157 &+ 0.0025 0.0119 + 0.0014 0.0119 + 0.0014

8.618 = 0.284 370 4+ 61 0.0076 £ 0.0014 795 + 81 0.0177 + 0.0026 0.0099 + 0.0013 0.0099 + 0.0013

9.160 #+ 0.313 477 £ 62 0.0099 & 0.0016 695 &+ 79 0.0158 + 0.0025 0.0116 + 0.0014 0.0116 + 0.0014

9.757 £ 0.346 512 + 62 0.0110 £+ 0.0017 666 + 78 0.0158 + 0.0025 0.0125 + 0.0014 0.0125 4 0.0014

10.414 £ 0.377 416 £ 60 0.0093 £ 0.0016 669 £ 78 0.0165 &+ 0.0026 0.0112 * 0.0014 0.0112 + 0.0014

11.143 £ 0.425 762 £ 63 0.0181 + 0.0023 756 + 77 0.0197 £ 0.0030 0.0187 4 0.0018 0.0187 + 0.0018

11.960 £ 0.467 1495 £ 70 0.0365 £ 0.0040 880 X 78 0.0238 + 0.0034 0.0292 + 0.0026 0.0292 + 0.0026

12.860 + 0.525 834 + 64 0.0210 + 0.0026 653 + 76 0.0180 + 0.0029 0.0197 £ 0.0019 0.0192 + 0.0019

13.876 + 0.589 1027 £ 66 0.0264 £+ 0.0031 665 = 77 0.0188 &+ 0.0030 0.0225 + 0.0022 0.0215 + 0.0021

15.016 + 0.660 1016 & 67 0.0261 £ 0.0031 779 £ 78 0.0221 £ 0.0033 0.0242 + 0.0023 0.0238 + 0.0023

16.297 + 0.750 1083 =4 68 0.0277 £ 0.0033 877 + 80 0.0247 + 0.0035 0.0263 + 0.0024 0.0258 + 0.0024

17.759 4- 0.857 1163 + 69 0.0296 + 0.0034 894 £ 79 0.0248 £+ 0.0035 0.0273 + 0.0024 0.0268 =4 0.0025

19.416 £ 0.971 1051 & 68 0.0262 + 0.0031 974 + 80 0.0263 X 0.0036 0.0263 4 0.0024 0.0259 &+ 0.0024
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FIG. 94: Adopted E., = 298.5-keV partial cross section corresponding to the data in table CI. The top panel shows the
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TABLE CII: Adopted partial y-ray cross section for the E, = 300.5-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98 Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XIIB. The recommended partial cross section in the last column includes
a correction for angular—distribution effects.

E. (MeV) A(1998)  (1998) A(1999)  (1999) - (opt) o(opt,corr)

4.090 £ 0.093 40 £+ 51 0.0021 + 0.0027 222 + 73 0.0120 + 0.0042 0.0031 & 0.0020 0.0031 & 0.0019

4.264 4+ 0.099 149 £ 52 0.0076 £ 0.0028 80 £ 72 0.0043 £ 0.0039 0.0048 + 0.0022 0.0048 + 0.0022

4.453 + 0.105 137 £ 53 0.0067 £ 0.0027 66 £ 74 0.0033 = 0.0038 0.0041 + 0.0021 0.0041 + 0.0021

4.647 + .113 175 4+ 54 0.0083 £ 0.0027 0 £ 2 0.0006 £ 0.0001 -0.0002 + 0.0013 -0.0003 &+ 0.0013

4.861 +0.122 170 + 54 0.0081 + 0.0027 191 + 76 0.0093 + 0.0038 0.0065 + 0.0022 0.0065 + 0.0022

5.090 + 0.129 178 £ 55 0.0083 + 0.0027 0 £ O 0.0000 = 0.0000 -0.0002 £ 0.0013 -0.0003 =+ 0.0013

5.333 4+ 0.140 213 £ 55 0.0098 £ 0.0027 275 + 78 0.0130 £ 0.0040 0.0085 + 0.0023 0.0085 + 0.0023

5.597 + 0.149 116 + 55 0.0051 + 0.0025 173 + 78 0.0081 + (.0038 0.0044 + 0.0019 0.0044 £ 0.0019

5.875 +£ 0.160 122 4+ 56 0.0053 + 0.0025 170 £ 78 0.0078 + 0.0037 0.0044 + 0.0019 0.0044 =+ 0.0019

6.181 4+ 0.175 206 £ 57 0.0090 £ 0.0027 181 4+ 79 4.0081 + 0.0037 0.0067 + 0.0022 0.0067 £ 0.0022

6.517 &+ 0.187 205 £ 58 0.0084 £ 0.0025 132 &+ 79 0.0057 X 0.0035 0.0056 =+ 0.0021 0.0056 + 0.0021

6.862 + 0.201 204 £ 59 0.0080 + 0.0024 135 £ 80 0.0057 £ 0.0034 0.0054 + 0.0020 0.0054 + 0.0020

7.237 £ 0.218 276 + 60 0.0112 + 0.0027 242 + 81 0.0108 + 0.0038 0.0087 £ 0.0023 0.0086 + 0.0023

7.661 + 0.242 210 * 59 0.0091 £ 0.0027 186 £ 80 0.008% £ 0.0039 0.0070 + 0.0023 0.0070 + 0.0022

8.126 + 0.263 183 £ 59 0.0079 £+ 0.0027 358 & 82 0.0169 £ 0.0043 0.0082 £ 0.0022 0.0081 + 0.0022

8.618 + 0.284 283 £ 61 0.0119 £ 0.0028 224 £+ 82 0.0103 £ 0.0040 0.0089 =+ 0.0025 0.0089 + 0.0025

9.160 + 0.313 183 + 60 0.0079 + 0.0027 253 + 81 0.0119 + 0.0040 0.0070 & 0.0022 0.0070 £ 0.0022

9.757 &+ 0.346 234 £ 60 0.0104 X+ 0.0029 248 4 80 0.0121 £ 0.0041 0.0087 + 0.0024 0.0086 + 0.0024

10.414 £ 0.377 232 4 60 0.0107 &£ 0.0030 268 £ 80 0.0137 % 0.0044 0.0093 + 0.0025 0.0092 + 0.0025

11.143 4+ 0.425 132 £ 58 0.0065 £ 0.0029 204 £ 78 0.0110 4= 0.0044 0.0059 + 0.0023 0.0059 =+ 0.0022

11.960 &+ 0.467 161 & 59 0.0081 £ 0.0031 161 + 78 (.0090 + 0.0045 0.0065 + 0.0024 0.0064 £ 0.0024

12.860 £ 0.525 141 £ 58 0.0073 £ 0.0031 199 £ 79 0.0114 £ 0.0047 0.0065 + 0.0024 0.0065 =+ 0.0024

13.876 £ 0.589 101 £ 58 0.0054 + 0.0031 144 = 78 0.0084 £ 0.0047 0.0046 + 0.0023 0.0046 £ 0.0023

15.016 £ 0.660 147 £ 60 0.0078 + 0.0033 288 + 79 0.0169 £ 0.0050 0.0081 + 0.0026 0.0081 =+ 0.0026

16.297 £ 0.750 271 £ 61 0.0143 £ 0.0036 222 + 80 0.0129 =+ 0.0049 0.0110 £ 0.0030 0.0110 = 0.0030

17.759 £ 0.857 360 £+ 63 0.0189 + 0.0038 423 + 81 0.0242 4 0.0054 0.0176 £+ 0.0035 0.0176 =+ 0.0035

19.416 + 0.971 413 £ 63 0.0213 £ 0.0039 451 £ 81 0.0252 & 0.0054 0.0193 + 0.0036 0.0193 + 0.0036
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TABLE CIII: Adopted partial y-ray cross section for the E,, = 305.2-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XII B. The recommended partial cross section in the last column includes
a correction for angular—distribution effects.

En (MeV) A(1998) (1998 A(1999)  (1999) o_‘(0pt) G(opt,corr)

4.090 + 0.093 30 £ 48 0.0008 £+ 0.0012 145 £+ 68 0.0038 + 0.0019 0.0008 + 0.0008 0.0008 + 0.0008

4.264 £ 0.099 69 £ 49 0.0017 + 0.0012 113 + 68 0.0030 = 0.0018 0.0012 + 0.0008 0.0012 + 0.0008

4.453 £ 0.105 110 & 50 0.0026 + 0.0012 144 £ 70 0.0036 = 0.0018 0.0018 + 0.0008 0.0018 + 0.0008

4647 £ 0.113 63 £ 50 0.0015 % 0.0012 192 £ 70 4.0047 £ 0.0018 0.0014 + 0.0008 0.0014 + 0.0008

4.861 £ 0.122 106 + 51 0.0025 %+ 0.0012 104 + 71 06.0025 £ 0.0017 0.0015 + 0.0008 0.0015 + 0.0008

5.090 £ 0.129 179 £+ 52 0.0041 + 0.0013 82 £ 71 0.0019 + 0.0017 0.0022 4 0.0008 0.0022 = 0.0008

5.333 £ 0.140 149 + 52 0.0034 + 0.0012 199 + 73 0.0046 £ 0.0018 0.0025 + 0.0008 0.0025 + 0.0008

5.597 £ 0.149 42 + 52 0.0009 + 0.0011 169 £+ 73 0.0039 £ 0.0017 0.0009 £ 0.0007 0.0009 £ 0.0007

5875 £0.160 0+ 0 0.0000 £ 0.0000 90 = 73 0.0020 =% 0.0017 0.0000 £ 0.0000 0.0000 £ 0.0000

6.181 £ 0.175 139 4 54 0.0030 -+ 0.0012 36 &£ 73 0.0008 £ 0.0016 0.0014 + 0.0008 .0014 + (.0008

6.517 £ 0.187 108 =+ 54 0.0022 & 0.0011 154 £+ 75 0.0033 £ 0.0016 0.0015 = 0.0007 0.0015 £ 0.0007

6.862 = 0.201 150 £ 56 0.0029 £ 0.0011 87 £ 75 0.0018 =+ 0.0016 0.0016 = 0.0007 0.0016 * 0.0007

7.237 + 0.218 204 £ 57 0.0041 =+ 0.0012 242 £ 77 0.0053 £ 0.0018 0.0030 + 0.0008 0.0030 + 0.0008

7.661 £+ 0.242 178 £ 56 0.0038 + 0.0013 156 £+ 76 0.0037 £+ 0.0018 0.0025 -+ 0.0008 0.0025 + 0.0008

8.126 £+ 0.263 122 £ 56 0.0026 + 0.0012 196 + 76 0.0045 + 0.0018 0.0020 % 0.0008 0.0020 + 0.0008

8.618 £ 0.284 146 + 57 0.0030 £ 0.0012 216 + 76 0.0049 + 0.0018 0.0023 % 0.0008 0.0023 £ 0.0008

9.160 £+ 0.313 148 £ 57 0.0031 + 0.0012 230 £+ 76 0.0053 = 0.0018 0.0025 + 0.0008 0.0025 + 0.0008

9.757 4 0.346 201 + 57 0.0044 £ 0.0013 282 + 76 0.0068 + 0.0020 0.0035 & 0.0009 0.0035 =+ 0.0009

10.414 + 0.377 206 & 56 0.0047 £ 0.0014 411 £ 76 0.0103 £ 0.0022 0.0042 % 0.0009 0.0043 + 0.0009

11.143 + 0.425 77 £ 55 0.0019 £ 0.0013 259 £ 74 0.0069 + 0.0021 0.0020 + 0.0009 0.0020 + 0.0009

11.960 + 0.467 232 &+ 57 0.0058 + 0.0015 133 £ 73 0.0037 & 0.0021 0.0036 + 0.0010 0.0036 + 0.0010

12.860 + 0.525 275 £ 57 0.0070 + 0.0016 177 £ 74 0.0050 &+ 0.0021 0.0045 + 0.0011 0.0048 &+ 0.0011

13.876 + 0.589 216 £ 57 0.0056 + 0.0016 191 £ 73 0.0055 £ 0.0022 0.0039 + 0.0010 0.0042 + 0.0011

15.016 + 0.660 185 + 58 0.0048 + 0.0016 367 £+ 76 0.0106 £ 0.0025 0.0044 + 0.0011 0.0047 &+ 0.0011

16.297 + 0.750 435 + 60 0.0113 £ 0.0019 480 * 78 0.0137 & 0.0027 0.0090 £ 0.0013 0.0096 + 0.0014

17.759 + 0.857 568 + 62 0.0147 + 0.0022 371 £ 76 0.0105 % 0.0024 0.0098 + 0.0014 0.0104 + 0.0015

19.416 + 0.971 669 + 63 0.0170 £ 0.0023 477 £ 77 0.0131 £ 0.0026 0.0118 =+ 0.0015 0.0124 + 0.0016




232

T T T T T T T -
0.020— —
| — weighted mean N
L one—sigma lirmit N
L e 1998 best N
- B 1999 best ]
0.015+— —
- x*/v = 2.68 — i
- 0, = 0.0020(0) T
0 - a, = 0.726(58) ]
LIS =it
= 0.010— IR
br- — -
0.005 i~ -
i! ' ‘
0.0001 1| . . . | . . . i .
5 10 15 20
E, (MeV)
-~ [ r ; : : , . v I . . . , -
B GNASH (1998) ]
0.030 N @ weighted mean ]
0.025— j
—~ 0.020 —
L2 — . -
c -
o . & B
O » A “q
N2 4
& 0.015|— —
0.010— + ‘+—“ -
0.005 | + + -
0.000 #1 .. . : , | . A RURCAN | . . . L]

10

E, (Mev)

15

N
Q

FIG. 96: Adopted E, = 305.2-keV partial cross section corresponding to the data in table CIII. The top panel shows
the 1998 and 1999 partial cross sections (corrected for angular-distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE CIV: Adopted partial y-ray cross section for the E., = 312.0-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XIIB. The recommended partial cross section in the last column includes

a correction for angular—distribution effects.

E. (MeV)

A(1998) _(1998) A(1999)  (1999) »(opt) o(opt,corr)

4.090 & 0.093
4.264 + 0.099
4.453 £+ 0.105
4.647 = 0.113
4.861 + 0.122
5.090 & 0.129
5.333 £ 0.140
5.597 £ 0.149
5.875 £ 0.160
6.181 = 0.175
6.517 £ 0.187
6.862 + 0.201
7.237 £ 0.218
7.661 + 0.242
8.126 £ 0.263
8.618 + 0.284
9.160 £ 0.313
9.757 + 0.346
10.414 + 0.377
11.143 + 0.425
11.960 + 0.467
12.860 £ 0.525
13.876 £ 0.589
15.016 + 0.660
16.297 + 0.750
17.759 & 0.857
19.416 £ 0.971

128 + 49 0.0066 + 0.0026 47 £ 66 0.0025 £ 0.0035 0.0035 + 0.0019 0.0035 + 0.0019
110 £ 50 0.0055 £ 0.0026 141 + 68 0.0073 £ 0.0037 0.0041 + 0.0018 0.0041 £ 0.0018
187 £ 50 0.0089 £ 0.0026 157 & 69 0.0078 £ 0.0035 0.0062 + 0.0019 0.0062 £+ 0.0019
214 + 51 0.0100 + 0.0026 83 £ 68 0.0040 £ 0.0033 0.0056 £ 0.0019 0.0056 3 0.0019
144 + 51 0.0068 + 0.0025 130 X 71 0.0062 £ 0.0035 0.0046 + 0.0018 0.0046 + 0.0018
212 4 53 0.0097 + 0.0026 224 + 73 0.0104 £ 0.0036 0.0073 £ 0.0019 0.0073 =+ 0.0019
210 £ 53 0.0094 £ 0.0026 346 + 73 0.0160 X 0.0038 0.0086 + 0.0019 0.0085 + 0.0019
118 + 52 0.0051 4 0.0023 202 £ 73 0.0093 & 0.0035 0.0043 £ 0.0017 0.0043 £+ 0.0017
175 £ 53 0.0075 £ 0.0024 209 £ 74 0.0094 £ 0.0035 0.0058 = 0.0018 0.0058 + 0.0018
147 £+ 53 0.0063 + 0.0024 334 & 75 0.0147 £+ 0.0037 0.0062 + 0.0017 0.0062 £ 0.0017
259 £ 56 0.0104 £ 0.0025 288 & 76 0.0121 -+ 0.0035 0.0082 + 0.0019 0.0082 + 0.0019
235 £ 57 0.0090 £ 0.0024 207 £ 76 0.0085 + 0.0033 0.0065 + 0.0017 0.0064 £ 0.0017
420 £ 59 0.0167 £ 0.0029 217 = 77 0.0095 3= 0.0035 0.0106 + 0.0022 0.0105 % 0.0022
223 + 56 0.0095 + 0.0026 81 4+ 74 0.0038 = 0.0035 0.0055 + 0.0019 0.0055 % 0.0019
350 + 58 0.0149 + 0.0029 398 + 77 0.0184 £ 0.0041 0.0125 &£ 0.0022 0.0125 £ 0.0022
280 £ 59 0.0116 &£ 0.0027 285 £ 77 0.0129 = 0.0038 0.0091 + 0.0020 0.0091 =+ 0.0020
150 £ 57 0.0063 £+ 0.0025 325 £ 77 0.0149 £ 0.0039 0.0062 £ 0.0018 0.0062 + 0.0018
271 + 57 0.0118 + 0.0028 428 &+ 77 0.0205 £ 0.0044 0.0110 +£ 0.0021 0.0110 £ 0.0021
266 & 57 0.0120 £ 0.0029 293 £ 75 0.0146 £ 0.0041 0.0098 £ 0.0021 0.0098 + 0.0021
146 £ 55 0.0070 £ 0.0028 311 = 74 0.0164 £ 0.0043 0.0070 £ 0.0020 0.0069 £ 0.0020
177 £ 56 0.0088 + 0.0029 341 + 74 0.0187 £ 0.0046 0.0086 + 0.0022 0.0086 + 0.0022
334 + 58 0.0170 £ 0.0035 211 £+ 74 0.0118 = 0.0044 0.0117 £ 0.0025 0.0116 + 0.0026
325 + 58 0.0169 £+ 0.0035 272 £ 74 0.0156 £ 0.0046 0.0129 £ 0.0026 0.0128 + 0.0026
539 + 61 0.0280 £ 0.0043 589 £ 77 0.0338 £ 0.0059 0.0247 £ 0.0034 0.0246 + 0.0034
594 £ 62 0.0308 % 0.0045 510 £ 78 0.0290 £ 0.0055 0.0246 + 0.0035 0.0246 + 0.0035
762 £+ 64 0.0393 £ 0.0052 780 £ 79 0.0437 + 0.0067 0.0344 + 0.0042 0.0343 + 0.0042
949 + 66 0.0480 £ 0.0060 680 £ 79 0.0372 £ 0.0061 0.0356 + 0.0044 0.0355 + 0.0044
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FIG. 97: Adopted E, = 312.0-keV partial cross section corresponding to the data in table CIV. The top panel shows
the 1998 and 1999 partial cross sections (corrected for angular—distribution effects) and the recommended value,
plotted as a solid line with a one-sigma confidence band (dotted lines). The bottom panel shows this recommended
partial cross section (solid circles) compared to GNASH.
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TABLE CV: Adopted partial y-ray cross section for the E, = 340.6-keV transition. The measured peak areas and
deduced partial cross sections (before correction for angular distribution effects) for the 98Thin and 99Thin data
sets are shown in columns 2-5. The partial cross section, listed in column 6, is obtained from both data sets using the
optimization procedure described in section XII B. The recommended partial cross section in the last column includes

a correction for angular—distribution effects.

E. (MeV}

A(1998)  (1998) A(1999)  (1999) o(opt)

o (opt,corr)

4.090 £+ 0.093
4.264 + 0.099
4.453 £ 0.105
4.647 + 0.113
4.861 £+ 0.122
5.090 £+ 0.129
5.333 £+ 0.140
5.597 + 0.149
5.875 £ 0.160
6.181 + 0.175
6.517 + 0.187
6.862 & 0.201
7.237 £ 0.218
7.661 & 0.242
8.126 £ 0.263
8.618 + 0.284
9.160 £ 0.313
9.757 £ 0.346
10.414 £ 0.377
11.143 + 0.425
11.960 & 0.467
12.860 £ 0.525
13.876 + 0.589
15.016 £ 0.660
16.297 + 0.750
17.759 + 0.857
19.416 + 0.971

87 £ 56 0.0043 & 0.0028 97 + 84 0.0050 £ 0.0043 0.0031 + 0.0020
2+52 0.0001 £+ 0.0025 0 £ 0
73 £ 57 0.0034 * 0.0027 145 + 88 0.0070 £ 0.0043 0.0027 £ 0.0019
105 £ 58 0.0048 £ 0.0027 55 + 68 0.0026 + 0.0032 0.0028 + 0.0019
27 + 58 0.0012 £ 0.0026 69 & 89 0.0032 £ 0.0041 0.0008 £ 0.0018
135 4+ 60 0.0060 + 0.0027 13 £ 89 0.0006 & 0.0040 0.0033 + 0.0020
53 £ 58 0.0023 + 0.0025 152 £+ 91 0.0068 + 0.0042 0.0020 £ 0.0018
11 £ 60 0.0005 £ 0.0025 2 £+ 70
202 £ 62 0.0084 £ 0.0027 0 + 0 0.0000 £+ 0.0000 0.0022 + 0.0018
128 £ 61 0.0053 4 0.0026 79 £+ 91 0.0034 £ 0.0039 0.0034 + 0.0019
136 £ 63 0.0053 + 0.0025 58 + 93 0.0024 £ 0.0038 0.0032 + 0.0019
101 + 64 0.0038 £ 0.0024 165 £ 95 0.0066 £ 0.0039 0.0029 % 0.0017
0x0 0.0000 £ 0.0000 114 + 96 0.0048 + 0.0041 0.0000 £ 0.0000
112 + 63 0.0046 + 0.0027 58 £ 92 0.0026 &+ 0.0042 0.0029 + 0.0019
6+ 57 0.0002 4+ 0.0024 0+ 0
235 £ 67 0.0095 + 0.0029 152 4 95 0.0066 £+ 0.0042 0.0064 £ 0.0023
203 £ 66 0.0083 £ 0.0028 32 + 93 0.0014 &+ 0.6041 0.0047 + 0.0022
152 4= 66 0.0064 = 0.0029 278 + 94 0.0129 + 0.0046 0.0056 + 0.0021
138 + 65 0.0061 + 0.0029 96 £ 91 0.0046 =+ 0.0044 0.0040 £ 0.0021
191 &+ 64 0.0089 &+ 0.0031 197 £ 91 0.0101 == 0.0048 0.0067 + 0.0024
251 £ 65 0.0121 £ 0.0034 307 £ 92 0.0163 £ 0.0052 0.0099 + 0.0027
322 £ 66 0.0160 X 0.0037 348 = 92 0.0188 £ 0.0054 0.0129 £ 0.0031
297 £ 66 0.0150 & 0.0037 141 + 91 0.0078 £ 0.0051 0.0095 =+ 0.0030
421 = 68 0.0213 =+ 0.0041 403 £ 94 0.0224 £ 0.0058 0.0170 + 0.0036
490 + 70 0.0247 £ 0.0043 303 + 94 0.0167 £ 0.0055 0.0166 + 0.0038
661 £ 72 0.0331 £ 0.0049 445 £ 95 0.0242 £ 0.0058 0.0230 £ 0.0044
612 £ 73 0.0301 + 0.0047 521 + 96 0.0276 £ 0.0060 0.0234 + 0.0043

0.0031 + 0.0020

0.0001 £ 0.0000 -0.0009 £ 0.0015 -0.0009 + 0.0015

0.0027 + 0.0019
0.0028 £ 0.0019
0.0008 + 0.0018
0