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Measurements of partial  235U(n,2ny) y-ray cross  sections  have been carried out as a function 
of incident  neutron energy  using the GEANIE spectrometer at  LANSCE/WNR+ The yields of 
y rays resulting from the  population of discrete levels in the residual  nucleus 234U 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 23gPu(n,2n)  measurement [l]. 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 
235U(n.  2ny) and  23gPu(n.  2ny) 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 239Pu(n. 2n) 
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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,Zn) 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(~,J)) and  neutron multiplicity ( V )  
conspire to reduce the reliability of the neutron-counting  methods for the  23gPu(n,2n) case. The 235U(n,Zn) cross 
section measurement is, in many  respects, an easier experiment.  Both C T ( ~ , J )  and V have lower values in the  235U(n,2n) 
experiment  compared to  the  239Pu(n,2n) case, and 235U samples are less radioactive and easier to  obtain in enriched 
form than  239Pu 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  235U(n,2ny) reaction, for which the 
channel (n,2n) cross section has previously been measured [3 ] ,  have been performed in parallel with the 23gPu(n,2n) 
experiment. The 235U measurements, and  the deduced 235U(n,2n)  reaction cross section can be used to develop the 
necessary analysis  techniques and  to validate the method  as a whole. 



4 

IO+ - 

a+ - 

6' - 

4+ - 

24 - 

O+ - 
234u 



5 

The 23gPu(n;2n)  and  235U(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 crn 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 ps macropulse 
trains of micropulses 1.8 ps  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 rn upstream from the GEANIE  spectrometer,  and  containing  both 235U and 238U 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 y 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 
y-ray spectra were fitted using the code XGAM[6] over the full y-ray  energy  range. A background y r a y  spectrum 
was also  constructed from a TOF gate on  arrival  times  shorter than  the y  flash  reference  time (Le. a cut  containing 
decays  from long-lived states  and events  caused by  slow neutrons  “wrapped”  from  the  previous  beam  pulse). 

The 235U(n,2ny) 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 235U(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  y-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 235U(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 235U 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) natFe foils  were placed on  either side of the 235U sample to provide 
in-beam  calibration to a known partial cross section  in the 56Fe(n,n‘y)  channel. 

B Organization of the Report 

This  report  summarizes the analysis of both 1998 and 1999 GEANIE  data  sets  to  extract 235U(n,2n)  partial  y- 
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; ”+ 2:, 6:: ”+ 4?, 8; -+ 6?, and 10: + €4; transitions.  The 1998 thin-sample data 
(98Thin) is presented  first, and in  greatest  detail, in section 11, with specific discussions of the  neutron flux deduced 
from the fission chamber and  y-ray energy  calibration.  Absolute partial y-ray  cross  sections are  extracted for the 
lowest observed  members of the  yrast band in 234U from the raw data (Le. with no y-ray  background subtraction). 
In section 111, 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 235U and 238U 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 
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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 235U 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 235U 
and  natFe 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; + 8; 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; 4 0; 846.8-keV transition in "Fe are inferred in section VI1 B, along with systematic 
uncertainties, from natFe foils placed on either side of the 235U sample. In section IX  the measured 235U(n,2n)  partial 
cross sections are checked against raw and  subtracted data, normalized with  either 235U or 238U fission foil. In 
section X, the  total uncertainties are validated  against the known 56Fe partial  y-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, 
235U-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  angulardistribution correction factors  are 
deduced  for all (n,2n) and (n,3n) lines of interest. 

In section X I 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 235U(n,2n) 
channel cross section from measured y-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 235U(n,2n) channel cross-section will be treated in a separate 
report. 

11. 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 235U. In  order to account for target-thickness effects more accurately, the  data were acquired  with samples 
of two different thicknesses €or 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 . 0 2 ~  10' 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 (mostIy 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, 51.1  keV peak). The remaining 7.8% of photo-peak 
counts  are likely due to y rays from neutron-induced reactions on the 235U sample (e.g. (n,fr),  (n,xny),  etc- - -). Only 
0.22% of the full-energy-peak counts in this  neutron energy range could be assigned to  the 235U(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 anaiysis  tools  had to  be developed and used. 
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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) 

rnicropulse  spacing: 1.8 ps 

beam gate length: 625 ps 

I 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 235U enrichment: 0.524 f 0.037 g/cm2 

sample  thickness: M 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 

I sample  orientation: 251” on dial (19” with  respect to beam) 

sample mask: 0.03O1’-thick Ta foil (one on each  side) 2-25’’ x 2.25” with  1”-diameter hole 

planar-detector  absorbers: none 

deadtimes: 

pIanar-data sum: 45.32 f 1.36 % 
coaxial-data sum: 45.57 f 1.37 % 
2 3 5 ~  fission foil: 39.99 f 1.20 % 
238U fission foil: 40.84 f 1.22 % 

average  in-beam  array  rate: 1178 Hz (beam-gated y-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: 
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e continuum-background polynomial coefficients 
a peak  heights 

The fits were carried  out using the XGAM peak-fitting  program 161 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. 
Darameter  value 
fitted range 690-7950 (ch) , 86-994 (keV) 
background  polynomial order 2 1 

peak width (ch) 5.18 + 6.543& + 3.448 (&)' 
x-ray width parameter  (chj r = -6.951 x 10-1 + 1.354 x 10-32 
low-energy tail (ch) R = 5.761 x 10W3x,p = 2.032 
high-energy tail  (chj Rh = 3.343 X 10-3x,ph = 9.711 
Gaussian asymmetry (ch) p3 = -3.017 X + 5.635 X 10-6z 

Cornpton step (ch) S = 2.228 X loW2 
x-ray peaks 19 
y-ray peaks 395 

p4 = 5.024 x + 2.317 X 10-lox 

neutron  bumps 2 
x2/v for E,=5-20 MeV 2.66 

1 Gamma-Ray Energy Calibration 

A precise in-beam y-ray  energy  calibration was obtained by identifying lines in the E, = 5-20  MeV total-projection 
spectrum  with precisely known [IO] energies. In all, 76 lines were  used and  are listed in the  table in  appendix A. 
The calibration was obtained by first fitting the  true energies E, as a function of the channel centroid of the 
corresponding peak in the  spectrum with a line, producing a first-order approximation The residuals E, - 

Eti") 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 [SI and is depicted  in figure 2. The differences di 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 Od 111 eV. More specifically, the linear calibration  and residual non-linearity are given 
by: 

(true) 

( t rue)  

E('in) = -2.8826 X 10-1 + 1.2514 X 1 0 - l ~  
7 (1) 

E('4 q u e )  - q 4  
Y 

= -5.8128 x 10-1 + 1.0030 x 1 0 - 3 ~  - 5.3032 x 10-7s2 + 1.0159 x 10-1023 - 6.6916 X 10-15E4 (2) 

where z is the digitization  channel (at M 0.125 keV per channel) corresponding to the  fitted centroid of the detected 
y-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) 
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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 a s  an  additional, 
systematic,  uncertainty.  Therefore, the  y-ray,energies  quoted  in  this  paper  carry an additional Ill-eV uncertainty. 
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8 Fission Chamber Rata Analysis 

The fission chamber  contains  two  thin (e 400 pg/cm2) foils of isotopically  enriched 235U and 238U material respec- 
tively. Fission fragments  produced by neutron-induced  reactions on either foil can be counted. Using the knowi[ll] 
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 Nfc(.r) 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 wraparound. 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, 
NfC(7) is then  the difference between the  total  and baseline counts in that channel. 

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

where €d is the fission chamber  intrinsic  detection efficiency, ffc is the deadtime  fraction for the fission chamber, SE 
is the energy  width of the one-channel TOF bin, o:: ,~)  is the known value of the neutron-induced  totaf fission cross 

section for the i th constituent in the foil, and  the  areal density of the ith constituent. Numerical values  have 

been assigned to ~d and u& in the manuscript by McNabb [9]. The  deadtime fraction for the fission chamber was 
measured at ffc = 0.3999 & 0.0120 for the 235U foiI and 0.4084 f 0.0122 for the 238U foil,  where we have  adopted  the 
3% uncertainty  recommended by McNabb [9]. The fission cross sections ai:,r, were obtained from the ENDF/B-VI 
evaluation [ 1 11 . 

Finally,  a flux normalization  parameter N4 is calculated  from the neutron  count  in  each  TOF  channel using the 
formula: 

where asample is the 235U sample  areal  density  (i.e.  corrected for isotopic  enrichment  listed  in the experimental  details 
box in section 11). For a TOF bin [ T ~ ,  7 b ]  spanning  several  0.5-ns  channels, the appropriate151 normalization  parameter 
is given  by: 

where o, is the detection  timing  uncertainty,  deduced  in  our  experiment to be 15 ns FWHM (+ aT = 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]: 



12 

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 [SI, 
with special emphasis  on the formalism €or converting partial  into  reaction cross sections. 

Calculated values of N f c ,  Nnc and N4 for the 1998 thin-target data  are listed in tables I1 for the 235U fission  foil 
and 111 for the 238U fission  foil. The flux normalization  factors Nq, deduced from  either fission  foil are compared in 
figure 4. The agreement in the normalization  parameter N4 between the two fission chambers is generally better  than 
5% and always better than lo%, although  the normalization  factors  extracted using the 235U foil are systematically 
higher than  those obtained from the 238U 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 235U fission  foil data  but, 
due to higher fission threshold, have little  or no  effect on the 238U 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 238U fission foil data for flux normalization. However, the lower (n,f) cross section 
for 238U, compared to 235U, translates  into FZ 87% more counts  (after baseline subtraction) in the 235U fission  foil 
data for E, = 5-20 MeV. Furthermore,  the evaluated  238U(n,f) cross sections are  quoted without  uncertainties in the 
ENDF/B-VI database [ll]. Finally, the 235U fission  foil thickness is known[9] with considerably higher accuracy than 
the 238U  foil thickness (0.66% relative  uncertainty for the 235U 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 235U fission foil data for flux normalization. 

We also compare  in figure 5 the shape of the  neutron count (ATnc) deduced from the 235U fission  foil, to a calculation 
of the expected 60R WNR flux with l / Z ”  of lead and 1” of polyethylene absorbers, 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,r)  and  (n,n’r) channels, as well as 
from the y 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. 

< 
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TABLE 11: 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 235U fission-foil data with a baseline subtraction. 
Bin Emin (MeV) E,,, (MeV) E,  (MeV) (TE (MeV) Nf, Nnc (n/MeV) % (Y/b) 

3267 f 63  (7.905f0.157)  x 10'l (6.738f0.097) x 10' 1 4.000  4.169  4.090  0.093 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

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 

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 

4.264 
4.453 
4.647 
4.861 
5.090 
5.333 
5.597 
5.875 
6.181 
6.517 
6.862 
7.237 
7.661 
8.126 
8.618 
9.160 
9.757 
10.414 
11.143 
11.960 
12.860 
13.876 
15.016 
16.297 
17.759 
19.416 

0.099 
0.105 
0.113 
0.122 
0.129 
0.140 
0.149 
0.160 
0.175 
0.187 
0.201 
0.218 
0.242 
0.263 
0.284 
0.313 
0.346 
0.377 
0.425 
0.467 
0.525 
0.589 
0.660 
0.750 
0.857 
0.971 

3441 f 64 (7.891f0.152) x 10" (6.924f0.099) x lo6 
3464 f 64 (7.511f0.144) xlO1l (7.257f0.101) x lo6 
3485 f 64 (7.143f0.137)  x 1011 (7.421f0.103) x lo6 
3365 f 64 (6.563f0.128) x 10" (7.383f0.103) x lo6 
3595 f 66 (6.655f0.126) x  10l1 (7.579f0.106) x lo6 
3444 f 64  (5.996rt0.116) x lo1' (7.701f0.107)~ lo6 
3570 f 65 (5.832f0.110) x lo1' (7.957f0.109)~ lo6 
3844 f 67 (5.718f0.104)~ lo1' (8.103f0.109)~ 106 
4068 f 69 (5.062f0.089)~ 10l1 (8.070f0.102)~ 106 
4976 k 75 (4.994f0.079)  x 10" (8.597f0.099) x lo6 
5796 f 80 (4.870f0.071)~ 10" (9.051f0.096) x lo6 
6310 f 84 (4.493f0.063)~ lo1' (8.704410.091)  x lo6 
5998 f 82 (3.688~0.053) x 10'' (8.129f0.085) x lo6 
6127 f 82 (3.364f0.048)  x 10" (8.164f0.084)  x106 
6468 f 84 (3.231f0.045)  x lo1' (8.373f0.085) x lo6 
6463 f 85 (2.959f0.041)  x 10" (8.229f0-084) x lo6 
5937 f 81  (2.495f0.036) x 10" (7.939f0.083)  x lo6 
5790 f 80 (2.227f0.032) x 10" (7.667f0.081)  x lo6 
5316 f 77 (1.863fO.028)~ lo1' (7.209f0.079)  x106 
5498 f 79 (1.709f0.025)  x 10" (6.993~t0.077) x lo6 
5436 f 78 (1.410f0.021)  x lo1' (6.789f0.072)  x lo6 
5729 f 80 (1.228f0.018)~ lo1' (6.659f0.069) x lo6 
6017 f 82 (1.113f0.016)~10~' (6.6664~0.069)xlO~ 
6115 f 83  (1.004fO.Ol4)  x lo1' (6,676&0+071) x lo6 
5768 f 80 (8.629f0.131)  x 10" (6.718f0.074)  x lo6 
5765 f 80 (7.845f0.162)  x lo1' (6.847f0.101) x lo6 
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FIG. 3: TOF spectra for a) 235W 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 111: 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 238U fission-foil data without baseline subtraction. 
Bin Enin (MeV) E,,, (MeV) F,  (MeV) c r ~  (MeV) Nf, N,, (n/MeV) % (T/b) 
1 4.000  4.169  4.088  0.094  1550 f 39 (7.786f0.212) x 10l1  (6.637f0.131) x LO4 
2 4.169 
3 4.349 
4 4.541 
5 4.746 
6 4.965 
7 5.200 
8 5.452 
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 

4.349 
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 

4.263 
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 

0.098 
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 
0.472 
0.525 
0.589 
0.660 
0.755 
0.873 
0.921 

1643 f 41 (7.727f0.206) X loii  (6.733fo.133)~ lo6 
1559 & 39  (6.876f0.187)  x lo1' (6.856*0.133) x lo6 
1710 f 41 (7.110f0.186)  x lo1' (7.258f0.139)~ lo6 
1796 f 42  (7.031rrfi.0.180) x lo1' (7 .537f0.142)~ lo6 
1727 f 42 (6.350d~0.166) x 10l1  (7.536f0.142) x lo6 
1734 f 42 (5.905t0.154) x 10l1  (7.553f0.142) x lo6 
1895 f 44 (5.889k0.147)~ 10" (7.816f0.143)  x106 
1971 f- 44 (5.375f0.133) x 10'l (7 .903f0.141)~ lo6 
2264 f 48 (4.976f0.116) x 10" (7.9221t0.133) x lo6 
2847 f 53 (4.776f0.102) x 10l1 (8.191f0.126) x lo6 
3343 f 58 (4.634f0.092) x 10" (8.404f0.123) x lo6 
3422 f 58  (4.158h0.082)  x 1011 (8.250k0.120)  x lo6 
3091 f 56  (3.371fO.U69) x lo1' (7.557f0.111) x IO6 
3157 f 56 (3.129f0.064) x lo1' (7.497&0+110) x lo6 
3421 f 58 (3.085f0.061) x 10l1  (7.771k0.113)  x lo6 
3235 57 (2.668f0.054) x lo1' (7.690f0.112)  x lo6 
3218 f 57  (2.432f0.049) x 10'' (7.599+0.112)x lo6 
3189 f 56  (2.193f0.044) x 10l1  (7.298f0.108) x lo6 
2880 f 54 (1.791f0.038) x 10'' (6.993&0.106) x lo6 
2728 f 52 (1.526*0.033) x 1011 (6.552f0.101) x 106 
2689 f 52 (1.320f0.028)  x lo1' (6.356f0.098)~ lo6 
3026 f 55  (1.206f0.025)  x 10" (6.245f0.093)~ lo6 
3101 f 56  (1.017f0.021)  x10l1  (6.157~t0.091)  x106 
3254 f 57 (8.930h0.181)  x lolo (6.157f0.090)  x106 
3525 f 59  (8.518f0.172) x 10" (6.438f0.103) x lo6 
3618 f 60 (8.494f0.520) x 10'' (7.226f0.332) x lo6 
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FIG. 4: Comparison between the flux normalizations N d  deduced from the 235U foil with baseIine subtraction (denoted 
by “FC1 sub”) and from the 238U without baseline subtraction (denoted by “FC2”). 



FIG. 5: Comparison between the  shapes of the experimentally-deduced neutron flux and  its  theoretical  prediction. 
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3 Partial Cross-Section  Evaluation 

with a the  total  internal conversion coefficient for the y ray of interest, E, the detection efficiency for that y ray, fge 
(= 0.4532 410-0136) the  deadtime fraction for the germanium detectors (in this case the sum of planar  detectors),  and 
N4 the flux  normalization  parameter for the same-energy bin. Values  for cr and ey can be found in reference 191 and 
are reproduced  in table IV. The internal conversion coefficients carry  an uncertainty of 6% but  the uncertainty  on 
the conversion correction  factor 1 + a is smaller and becomes negligible for a << 1. The efficiency correction, which 
includes the intrinsic  detector efficiency and  y-ray attenuation, carries an  uncertainty of 5-7%, depending on y-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 y-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 y ray of interest as a function of neutron energy. Though  the y-ray  spectrum for each neutron-energy 
bin is fitted as a whole, the energy range  around each y-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 

The 

The 

The 

4 4 2 transition: an energy of E, = 99.993 z t  2.418 keV  was extracted from the fit, which despite  a  large 
uncertainty is in good agreement with the accepted value 1101 of 99.853 f 0.003 keV. The fit for this line in 
particular  presents  the  greatest challenge. Due to y-ray  absorption in the 235U 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 231Pa. The higher-E, contaminant at E, = 100.6 keV 
is unidentified, but Iikely due  to a fission-fragment de-excitation, based on the  shape of its  excitation function. 

6 -+ 4 transition: the  extracted energy of E, = 152.660 f 0.111 keV agrees well with the accepted value [lo] 
of 152.720 f 0.002 keV. The fit for this peak is undoubtedly the most reliable of the four discussed here. Strong 
well-known peaks  from 231Th AE, = 8.9 keV  below and 10.7 keV above the 6 3 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 lo2Zr which is easily resolved from the line of 
interest. 

8 -+ 6 transition: here  also, the measured energy of E, = 200.961 f 0.111 keV  is  well within  error of the 
accepted value [lo] of 200.97 f 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 231Th.  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 231Th. 

10 + 8 transition: the measured energy E, = 244.405 * 2.626 keV and accepted value[lO] of 244.2 f 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 VI1 A 2), which was acquired with superior channel dispersion in the ADC modules. 

These qualitative  descriptions suggest a hierarchy in the reliabiIity 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. 
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TABLE IV: Internal conversion coefficients (cy) and efficiencies ( E ? )  used in the analysis of the 98Thin data. 
Transition a €7 

4 + 2 13.7(8) 0.0237( 13) 
6 --f 4 2.192(132) 0.0154(10) 
8 4 6 0.7508(450) 0.0151(8) 
10 + 8 0.3754(225) 0.0132(6) 
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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 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 zs 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% €or the 
6 + 4 transition. For  weak transitions such as the 10 + 8 y-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 235U 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 y-ray cross sections for the 
4 4 2, 6 + 4, 8 ”+ 6 ,  and 10 + 8 transitions.  Quoted  uncertainties represent random  fluctuations only. The counts 
were normalized using 235U fission  foil data  with baseline subtraction. 
Bin A(4: +2:) 0 4 f A 2 + ( b )  A(6:  +4:) ( b )  A(8: -4:) c8+-,+ (b )  A(10:  -8;’) c10+,8+ (b)  
1 O f 0  0.000 f 0.000 223 f 73  0.013 f 0.004 177 f 71  0.006 f 0.002 121 f 78  0.003 f 0.002 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 - - 

56 f 198  0.009 f 0.032 212 f 73  0.012 f 0.004  58 f 70  0.002 f 0.002  43 4 77 
3 + 70 0.000 f 0.011  237 f 74  0.012 f 0.004  266 f 73 0.008 f 0.002  200 f 79 
4 f 75  0.001 f 0.011  146 f 73  0.007 f 0.004 1 20 0.000 f 0.001 0 f 0 
0 f 22 0.000 f 0.003 214 & 74  0.011 f 0.004  207 f 73 0.006 f 0.002 0 f 0 
469 f 210  0.070 f 0.031 318 f 76  0.016 f 0.004  40 f 74 0.001 f 0.002 26 f 80 
590 f 212 0.087 f 0.031 231 f 75  0.011 f 0.004  144 f 74 0.004 f 0.002  135 41 82 
572 f 211 0.082 f 0.030 343 f 78  0.016 f 0.004  27 f 69  0.001 f 0.002 0 f 1 
377 f 213  0.053 f 0.030  820 f 83 0.038 f 0.004  117 f 75  0.003 f 0.002 0 f 0 
1495 f 219  0.210 f 0.031 2015 f 93  0.095 f 0-005 677 f 80  0.018 f 0.002 0 f 0 
2035 f 226  0.269 f 0.030  3350 f 104  0.148 f 0.005 1775 f 90 0.044 f 0.002  106 f 87 
1838 f 227  0.231 f 0.029  4162 f 110  0.174 f 0.005 2342 f 96  0.055 f 0.002  213 f 91 
2327 f 230 0.304 & 0.030  4970 f 114 0.216 f 0.005 3043 f 100  0.074 f 0.003  456 f 94 
2233 f 227  0.312 f 0.032  5076 f 115  0.237 f 0.006  3292 f 101  0.086 f 0.003  504 f 95 
2502 f 231  0.348 f 0.032  5653 f 118  0.263 f 0.006  3949 f 106 0.102 f 0.003 700 f 100 
2619 f 234  0.355 f 0.032  6751 f 124 0.306 f 0.006  5316 f 114  0.134 f 0.003  929 f 102 
2686 f 233  0.371 f 0.032  7114 f 126  0.328 f 0.007  5765 f 116 0.148 f 0.003  1380 f 108 
3211 f 233  0.460 f 0.034  7726 f 129  0.369 f 0.007  6491 f 120  0.173 f 0.004  1434 zk 109 
2835 f 233  0.420 f 0.035  7833 f 129  0.387 f 0.008  7088 f 122 0.196 f 0.004  1788 f 112 
2557 f 230  0.403 f 0.037  8267 -f 131  0.435 f 0.008  7661 f 124 0.225 f 0.004  2011 f 114 
2836 f 231 0.461 f 0.038  8238 f 131 0.447 f 0.009  7940 f 125 0.240 f 0.005  2065 f 114 
2625 f 226  0.439 f 0.038  7022 f 125  0.392 f 0.008 7136 f 122 0.222 f 0.004 2054 f 114 
1589 f 222 0.271 f 0.038 4929 f 115  0.281 f 0.007  5404 f 113  0.172 f 0.004  1833 f 112 
1161 f 217  0.198 f 0.037  3414 f 106  0.194 f 0.006 3626 f 104  0..115 f 0.004  1185 i 105 
693 f 216  0.118 f 0.037  2361 f 99  0.134 f 0.006  2467 f 97  0.078 f 0.003 732 f 101 
373 f 215  0.063 f 0.036  1905 f 96  0.107 f 0.006  2076 f 94  0.065 f 0.003  472 f 98 
8 f 210 0.001 f 0.035  1708 f 95  0.095 f 0.005 1694 f 92  0.052 f 0.003 429 f 99 

0.001 f 0.002 
0.005 f 0.002 
0.000 rt: 0.000 
0.000 f 0.000 
0.001 f 0.002 
0.003 f 0.002 
0.000 f 0.000 
0.000 f 0.000 
0.000 f 0.000 
0.002 f 0.002 
0.004 f 0.002 
0.010 f 0.002 
0.012 f 0.002 
0.016 f 0.002 
0.021 f 0.002 
0.032 f 0.003 
0.035 f 0.003 
0.045 f 0.003 
0.053 f 0.003 
0.056 f 0.003 
0.058 z t  0.003 
0.053 f 0.003 
0.034 f 0.003 
0.021 f 0.003 
0.013 f 0.003 
0.012 f 0.003 
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FIG. 10: Excitation  functions for the 234U a) 4; + 2?, b) 6; + 4r, c )  8; + 6; and d) 10: + 8: transitions, 
constructed from the GEANIE 1998 thin-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. 



26 

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-TOF- 
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  231Th* 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 235U-foil  flux normalization  quoted  in  table 11 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. 
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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 235U fission  foil data with baseline subtraction. 
Bin A(4:  +2:) o * + - ~ +  (b )  A(6:  -+4:) ~ , + - + ~ + ( b )  A(8:  -46;) o ~ + - ~ +  (b )  A(10: "4;) ~ ~ , , + + , + ( b )  
1 57 f 206 0.010 f 0.035 197 f 74 9.011 f 0.004 63 f 72  0.002 f 0.002  142 f 78  0.004 z t  0.002 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
- 

394 f 209 0.065 f 0.034  168 f 74 0.009 f 0.004 0 f 0 0.000 f 0.000  59 f 78  0.002 f 0.002 
293 zk 211  0.046 f 0.033  182 f 75 0.010 f 0.004 113 f 73 0.003 & 0.002  217 f 71  0.006 f 0.002 
286 f 211  0.044 f 0.032 91 f 73 0.005 f 0.004 0 f 0 0.000 f 0.000 0 f 0 0.000 k 0.000 
301 f 213 0.046 f 0.033 162 f 76 0.008 & 0.004 69 f 74  0.002 f 0.002 0 f 1 0.000 f 0.000 
779 f 215 0.117 f 0.032 257 f 78 0.013 f 0.004 0 f 0 0.000 f 0.000 43 f 81 0.001 f 0.002 
928 f 217 0.137 f 0.032  174 f 76 0.009 f 0.004 15 f 68 0.000 f 0.002  152 f 83 0.004 f 0.002 
907 f 216  0.130 f 0.031 296 f 79 0.014 xk 0.004 0 & 0 0.000 f 0.000 0 f 0 0.000 f 0.000 
694 f 218 0.097 f 0.031 763 f 85 0.036 f 0.004 0 f 0 0.000 f 0.000 0 f 0 0.000 * 0.000 
1836  224  0.259 f 0.032 1958 3t 94 0+092 f 0.005 505 f 81 0.013 f 0.002 0 f 1 0.000 4 0.000 
2400 j, 231 0.317 f 0.031 3298 f 105  0.145 f 0.005  1615 f 91 0.040 f 0.002  133 f 87 0.003 f 0.002 
2189 f 232 0.275 f 0.029 4105 f 110 0.172 f 0.005 2169 z t  96 0.051 f 0.002 240 f 92 0.005 f 0.002 
2671 f 235 0.349 f 0.031 4920 f 115  0.214 f 0.005 2831 zk 100 0.069 =k 0.003 480 f 95  0.011 f 0.002 
2569 f 232  0.359 f 0.033 5026 f 116  0.234 f 0.006 3069 & 101 0.080 f 0.003 511 f 95 0.012 f 0.002 
2863 f. 236  0.398 & 0.033 5601 f 119  0.260 f 0.006 3719 f 106  0.096 f 0.003 712 f 100  0.017 f 0.002 
2980 f 239 0-404 dz 0.033 6703 f 125  0.303 f 0.006 5046 f 114  0.128 f 0.003 940 f 103 0.021 f 0.002 
3063 f 238 0.423 f 0.033 7068 f 127 0.326 f 0.007  5526 f 116  0.142 f 0.003 1395 f 108 0+032 f 0.003 
3559 f 238 0.509 f 0.034 7683 f 130  0.367 f 0.007  6261 & 120 0.167 rk 0.004 1448 f 109  0.035 f 0.003 
3214 f 237  0.476 f 0.035 7785 f 129  0.385 f 0.008 6850 f 122 0.189 f 0.004  1810 f 113 0.045 f 0.003 
2898 f 235 0.457 f 0.037 8227 f 132 0.433 f 0.008 7400 f 124 0.217 f 0.004 2017 f 114 0.053 It 0.003 
3196 f 236  0.519 f 0.039 8199 k 132 0.445 41 0.009  7711 k 126 0.233 f 0.005 2084 f 115  0.057 f 0.003 
2973 f 231 0.497 f 0.039 6980 f 126  0.390 f 0.008 6860 & 123  0.214 f 0.004 2066 4~ 114 0.058 f 0.003 
1968 & 227  0.336 f 0.039 4887 f 116  0.278 zk 0.007 5152 f 114  0.164 f 0.004  1852 f 113 0.053 rf: 0.003 
1518 f 223  0.259 f 0.038 3366 f 107 0.192 f 0.006  3389 f 104 0.107 f 0.003 1202 f 106  0.034 f 0.003 
1054 f 221  0.179 f 0.038 2323 f 100 0.132 * 0.006 2233 9 97 0.071 rt: 0.003 754 & 102 0.022 & 0.003 
748 f 220 0.127 f 0.037 1856 f 97  0.105 f 0.006  1816 f 94 0.057 f 0.003 488 41 98 0.014 f 0.003 
364 f 220  0.060 f 0.037 1673 f 96  0.093 f 0.005 1460 iz 92 0.045 f 0.003 435 f 99  0.012 f 0.003 
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111. 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 235U 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 
y-ray 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 235U (with baseline subtraction)  and 238U 
and 111. A standard deviation a d  between the two sets of values  for N+ can be calculated 

" 

i=l 

foil data listed in tables I1 
using the formulas: 

a= 1 

If both fission  foils  were in perfect agreement, ~d would be zero. In  this case it represents an average residual 
difference between flux normalizations obtained  from  either the 235U 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 VII. 

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 ud 

A(4: +2:) 59.8 
A(6: 44;) 7.8 
A(8; 3 6 ; )  78.3 
A(10: 48;) 8.3 

N+ (y/b) 240366.1 

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 VI1 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 VI1 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 di 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 AT+ 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  energydependent 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-nergy-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 T O  ENERGY-DEPENDFJW 
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  y-ray  data, normalized to a neutron flux extracted from either 235U or 238U 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 I11 we extracted a systematic  uncertainty for these  optimal  partial cross 
sections, based on fluctuations in their  shapes. However, as discussed in section 111, 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) y-ray data normalized to  the 238U fission  foil counts  and the background-subtracted 
data normalized to ii) the 235U fission-foil counts  with baseline subtraction  and iii) the 238U 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 111). 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 €or a single transition of interest,  obtained from the raw y-ray data normalized to 235U 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-dependent 
systematic uncertainties deduced from the unsubtracted 1998 data normalized to 235U fission-foil counts with baseline 
subtraction. In the legend, raw data are labeled by the symbol “dat”, subtracted data by “dat sub’7, 235U-foil 
normalization with baseline subtraction is denoted by “FC1 sub”  and 238U-foil normalization is denoted by “FC2”. 



38 

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 

to ta l  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 ps 

beam gate length: 625 ps 

typical  proton  current: 2.5 FA 

beam  absorbers: l/2" P b  + 1" borated polyethylene 

sample  areal density corrected for 235U enrichment: 1.002 5 0.050 g/cm2 

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

sample atomic assay: 93.2324% 235U + 5.3729% 238W + 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 l"-diameter hole 

planar-detector  absorbers: none 

deadt  imes : 

planar-data sum: 64.62 f 1.94 % 
coaxial-data sum: 63.43 f 1.90 % 
235U fission  foil: 57.95 zk 1.74 % 
238U fission foil: 59.73 f 1.79 % 

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

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

The same  fitting model (see table I) was used €or 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 materia1 results  in  greater  array  deadtime ii) the  attenuation 
€or 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 vahdation 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 235U fission foil normalizations listed in VIII. Note that  the normalization parameters N,#, listed 
here are approximately twice those of the same-run-time  thin-sample data (table 11). This is due to the definition of 
N+ 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 234W 4; -3 2; transition in selected neutron-energy cuts of the GEANIE 1998 thick-target data. 
The 4 r  -+ 2; 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 1993 thick-target data. 
The 6; "+ 4: peak is shaded in red. The relative fit residual is plotted on an arbitrary scale. 
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FIG. 21: Fits for the 234U 8: 3 6: transition in selected neutron-energy cuts of the GEANIE 1998 thick-target data. 
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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 23sU fission-foil data with a baseline subtraction. 
Bin Emin (MeV) E,,, (MeV) En (MeV) CTE (MeV) Nf, Nnc @/MeV) N4 (y/b) 
1 4.000  4.169  4.088  0.092  2644 f 57 (9.132f0.201) x 10" (1.465f0.024) x lo7 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

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 

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 

4.263 
4.454 
4.651 
4.860 
5.090 
5.334 
5.596 
5.871 
6.179 
6.515 
6.864 
7.241 
7.656 
8.123 
8.623 
9.158 
9.756 
10.410 
11.144 
11.959 
12.859 
13.871 
15.020 
16.302 
17.764 
19.422 

0.100 
0.106 
0.113 
0.120 
0.129 
0.141 
0.146 
0.161 
0.174 
0.189 
0.199 
0.219 
0.240 
0.265 
0.284 
0.312 
0.343 
0.381 
0.423 
0.470 
0.523 
0.591 
0.662 
0.748 
0.860 
0.967 

2593 f 56 (8.490f0.189) x lo1' (1.450f0.024) x lo7 
2664 f 57 (8.247f0.180) x lo1' (1.517f0.024) x lo7 
2763 f 58 (8.079f0.173) x lo1' (1.6081t0.025) x lo7 
2805 5 58 (7.809f0.166) x 10l1 (1.650f0.025)~ lo7 
2874 4 59 (7.594h0.160) x lo1' (1.665f0.026)~ lo7 
2749 f 58 (6.831f0.147) x 10l1 (1.687f0.026) x lo7 
2962 f 59 (6.903f0.142) x 1011 (1.767f0.027) x lo7 
2961 f 60 (6.280~k0.130) x 10l1 (1.726~OO026)~lO7 
3088 f 60 (5.485f0.111) x 1011 (1.681f0.024) X 107 
3608 + 65 (5.176f0.096) x 10'' (1.73220.023) x lo7 
4378 f 70 (5.252f0.088) x 10" (1.85350.023) x lo7 
4831 f 74 (4.902f0.078) x 1O'I (1.822f0.021) x107 
4632 & 72 (4.070f0.066) x 10'l (1.721f0.020) x lo7 
4555 f 72 (3.573f0.059) ~ 1 0 ' ~  (1.662&0.020) x lo7 
4857 f 74 (3.460f0.055) x 10'' (1.716f0.020) x lo7 
4950 f 74 (3.236f0.051) x lo1' (1.711f0.020) x lo7 
4567 rt 72 (2.737f0.045) x lo1' (1.648f0.020) x lo7 
4240 f 69 (2.327f0.039) x lo1' (1.557f0.019) x lo7 
3941 & 67 (1.970f0.034) x 1011 (1.465f0.018)~ lo7 
4001 f 68 (1.776f0.031) x 10l1 (1.411f0.018) x lo7 
4022 f 68 (1.489f0.026) x 10l1 (1.372f0.017) x lo7 
4193 f 69 (1.282f0+021) x 10l1 (1.328f0.016) x lo7 
4340 f 70 (1.145f0.019) x 1011 (1.328f0.016) X IO7 
4595 & 72 (1.076k0.018) x 10l1 (1.352&0+016) x lo7 
4283 & 70 (9.141f0.158) x 10" (1.371f0.017)~ lo7 
4381 f 70 (8.507k0.193) x lo1' f 1.418f0.023)x IO7 
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TABLE ZX: Fitted raw areas  and deduced partial y-ray cross sections €or the 4 + 2, 6 -+ 4, 8 -+ 6, and 10 ”+ 8 
transitions.  Quoted  uncertainties  represent  random  Auduations only. The counts were normalized using 235.U fission 
foil data with baseline subtraction. 
Bin A(4: -2;) ~ ,+ ,~+(b)  A(6: +4:) gG+,*+(b) A(8: 4 ; )  a8+,,+(b) A(10: -+8;’> ~ ~ ~ + - , ~ + ( b )  
1 O f 0  0.000 f 0.000 85 r f l  73  0.005 f 0.005 65 f 77 0.002 f 0.002 0 f 0 0.000 f 0.000 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 - - 

O f 0  0.000 + 0.000 274 I: 75  0.018 f 0.005 92 f 77 0.003 f 0.002 38 f 89 
O f 2  0.000 f 0.000 125 f 74 0.008 f 0.005 17 f 71 0.000 f 0.002 53 f 90 
O f 0  0.000 f 0.000 39 f 74  0.002 It 0.004 111 f 78 0.003 f 0.002 46 f 90 
24 191  0.004 f 0.030  137 f 76 0.008 f 0.004 78 f 79 0.002 zk 0.002 0 f 0 
O f 0  0.000 + 0.000 164 f 77  0.009 f 0.004  191 f 80 0.005 f 0.002 0 f 0 
182 f 228 0.028 & 0.035 76 f 76 0.004 f 0.004  94 f 80 0.002 f 0.002 15 f 92 
O i l  0.000 f 0.000 263 f 79  0.014 f 0.004 85 f 80 0.002 f 0.002 85 f 95 
O L t O  0.000 f 0.000 661 rt: 84  0.036 f 0.005 94 f 81 0.002 f 0.002 0 f 0 
870 f 236 0.133 z t  0.036 1508 f 92 0.083 f 0.005 664 f 86  0.017 + 0.002 62 + 94 
1011 f 242 0.150 k 0.036 2750 f 101  0.148 f 0.006  1695 f 95 0.043 f 0.002 248 f 100 
1252 f 245 0.174 f 0.034 3354 f 106 0.168 f 0.006 2416 f 101  0.057 f 0.002  348 f 102 
852 f 244 0.120 k 0.034  3714 f 109  0.190 f 0.006 2771 zk 103  0.067 f 0.003  447 f 106 
1072 f 242 0.160 f 0.036  3954 f 110  0.214 f 0.006 3205 f 105 0.082 f 0.003  694 f 107 
1148 f 245 0.177 f 0.038 4425 f 113  0.248 f 0.007 3678 f 109 0.097 f 0.003 655 f 109 
1711 * 249  0.256 zk 0.037 5228 f 117  0.283 f 0.007  4693 f 115 0.120 k 0.003  1127 f 115 
1132 f 246 0.170 f 0.037 5620 k 119 0.305 z t  0.007 5113 f 117  0.131 f 0.003 1059 f 115 
1730 f 247 0.270 f 0.039  5672 f 120  0.320 f 0+008 5878 & 120  0.157 f 0.004 1582 f 120 
1765 f 244 0.291 f 0.040  6103 f 121 0.365 f 0.008 6283 f 122 0.178 * 0.004 1773 f 122 
1999 f 246 .0.351 f 0.043  6071 f 121 0.386 f 0.009  6498 f 123  0.195 f 0.004  2136 f 124 
1725 f 243  0.314 & 0.044  6078 f 121 0.401 f 0.009 6845 f 124 0.213 z t  0.005 2068 31 123 
1552 f 241 0.291 f 0.045 5278 f 117 0.358 f 0.009  6245 f 121 0.200 f 0.005 2288 f 125 
515 f 238 0.100 f 0.046  3721 i 108 0.261 f 0.008 4805 f 115  0.159 f 0.004  1584 f 120 
10 f 223 0.002 f 0.043 2652 f 101  0.186 z!z 0.007  3238 f 107  0.107 f 0.004 1213 f 115 
1 f 19 0.000 zk 0.004  1769 f 96 0.122 f 0.007 2048 f 100  0.067 f 0.003  823 f 112 
0 * 2  0.000 f 0.000 1526 f 94 0.103 f 0.007 1587 f 96  0.051 f 0.003 462 f 109 
O f 0  0.000 f 0.000 1234 f 92 0.081 f 0.006 1450 3z 96 0.045 f 0.003  368 f 109 

0.001 f 0.002 
0.001 f 0.002 
0.001 f 0.002 
0.000 f 0.000 
0.000 + 0.000 
0.000 f 0.002 
0.002 f 0.002 
0.000 f o.uo0 
0.001 f 0.002 
0.005 f 0.002 
0.007 f 0.002 
0.009 Z t  0.002 
0.015 f 0.002 
0.014 f 0.002 
0.024 f 0.002 
0.022 f 0.002 
0.035 f 0.003 
0.041 f 0.003 
0.053 f 0.003 
0.053 f 0.003 
0.060 f 0.003 
0.043 f 0.003 
0.033 f 0.003 
0.022 f 0.003 
0.012 f 0.003 
0.009 f 0.003 
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FIG. 23: Excitation functions for the 234U a> 4 r  -+ 21, b) 6 r  -+ 4:, c) 8; + 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 (Le. 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 111 of this  report,  and  the energy-independent 
systematic  uncertainties quantified in reference 191. 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 235U fission-foiI counts,  with the mentioned  uncertainty  contributions 
summed in quadrature.  In general, the  data points fall within the  band,  with  the exception of the 4 4 2 yields. As was 
noted  noted  above, the 4 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 also 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 235U 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-stimation 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 98Thick 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 zs 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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FIG. 24: Validation of the one-sigma confidence band (dotted lines) for the combined random, energy-dependent 
systematic  and energy-independent systematic  uncertainties deduced from the unsubtracted 1998 thin-sample data 
normalized to 235U fission-foil counts with baseline subtraction. In the legend, the raw data is labeled as "thick" and 
the symbol "FCl sub'' refers to normalization using the 235U fission  foil with baseline subtraction. 
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VII. 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 

to ta l  run t i m e  recored to  tape: 641737 s (from 455 Hz pulser) 

beam structure: 

rep rate: 115-119 Hz 
micropulse spacing: 1.8 ps  
beam gate length: 725 p s  

typical proton current: 5.4 pA 

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

sample areal  density corrected for 235U enrichment: 0.4494 f 0.0025 g/cm2 

sample  thickness: zs 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 k 2.13 % 
coaxial-data sum: 73.75 f 2.21 % 
235U fission foil: 65.68 f 1.97 % 
238U fission foil: 63.31 f 1.90 % 

A 235U(n,2n) Analysis 

1 Partial Cross Section  Evaluation 

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 (.,an) yrast y 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 M 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 I1 A. The pertinent fitting parameters are listed in  table X. The corresponding y-ray 
fits at select neutron energies are shown in figures 25-28. Neutron fluxes extracted using the 235U (with baseline 
subtraction)  and 238U (without baseline subtraction) fission  foils, are listed in tables XI and XI1 respectively, and  the 
deduced partial  y-ray cross sections  obtained using the 235U fission foil  for normalization are  quoted in table XI11 
and plotted in figure 29. Note that  the neutron flux (N4) listed in table XI is approximately twice that listed in 
table I1 for the “98thin” data. The higher value is due primarily to  the roughly twofold increase in beam  current. 
That advantage is canceIed 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 --f 6 excitation 
function below threshold. 

TABLE X: Fit  Parameters used in XGAM for the 1999 GEANIE data [GI. The variable x 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) w = J92.33 + 34.92& + 2.258 ( & ) 2  

x-ray width parameter (ch) I’ = -3.707 + 2.777 x 10-3rr: 
high-energy tail (ch) R h  = 5.964,ph = 24.459 
Gaussian asymmetry (ch) p3 = 6.145 x + 2.131 x 

Compton step (ch) S = 1.068 X - 7.276 X 10-7s 
x-ray peaks 18 
y-ray peaks 410 
neutron bumps 3 
x2/v for E,=5-20 MeV 1.29 

p4 = 4.749 X 10” + 4.921 x 1 0 - ~ ~ ~  
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FIG. 26: Fits for the 234U 6; -3 4; transition in selected neutron-energy cuts of the GEANIE 1999 data.  The 
6: --$ 4; peak is shaded in red. The relative residual is plotted on an  arbitrary scale. 
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8; + 6f peak  is shaded in red. The relative residual is plotted on an arbitrary scale. 
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FIG. 28: Fits for the 234U 10; + 8; transition in selected neutron-energy cuts of the GEANIE 1999 data. The 
10; 4 8; peak is shaded in red. The relative residual is plotted on an  arbitrary scale. 



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) E,,, (MeV) E, (MeV) CTE (MeV) Nf, Nnc (n/MeV) b (r/b) 
1 4.000 4.169 4.089 0.092 4271 f 71  (1.807f0.031) x 1Ol2 [ 1.312f0 .017)~  lo7 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

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 

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 

4.264 
4.452 
4.648 
4.862 
5.089 
5.332 
5.594 
5.879 
6.181 
6.513 
6.859 
7.236 
7.662 
8.126 
8.619 
9.159 
9.756 
10.414 
11.143 
11.959 
12.862 
13.874 
15.017 
16.298 
17.766 
19.413 

0.100 
0.105 
0.113 
0.121 
0.129 
0.140 
0.149 
0.160 
0.175 
0.186 
0.200 
0.220 
0.243 
0.262 
0.284 
0.312 
0.346 
0.379 
0.424 
0.471 
0.522 
0.589 
0.664 
0.749 
0.857 
0.967 

4342 f 72 (1.741fo.030) x 1o12 (1.328f0.017j X 107 
4424 f. 72 (l.678f0.029) x 10I2 (1.397f0.017)  x lo7 
4537 f 73 (l.626f0.027) x 10l2 (1.432f0.018)~ lo7 
4471 f 72 (1.524f0.026) x 10l2  (1.459k0.018) x lo7 
4723 f 74 (1.529f0.025) x 10l2  (1.491f0.018) x lo7 
4411 f 72 (1.343f0.023) x 10I2 (1.493f0.018) x lo7 
4486 f 73 (1.283f0.022) x 1Ol2 (1.507&0.018) x lo7 
4894 f 76 (1.270f0.021) x 10l2  (1.542f0.018) x lo7 
5235 f 78 (1.139f0.018) x lo1' (1.570f0.018) x lo7 
6380 f 85 (1.122f0.016)~  10l2 (1.646fO.Ul7) x IO7 
7184 * 89 (1.057f0.014) x 10l2  (1.684f0.016) x lo7 
7654 f 92 (9.530f0.123) x lo1' (1.5861t0.015) x lo7 
7208 f 89  (7.752f0.103) x 10l1 (1.485f0.014) x 10' 
7635 f 92 (7.334f0.095) x 10l1 (1.500f0.014) x lo7 
7837 f 93  (6.841f0.087) x 10" (1.534f0.014) x lo7 
7929 f 93  (6.348t0.080) x 10l1  (1.507f0.014) x lo7 
7208 f 89  (5.295f0.070) x 10l1 (1.445f0.014) x lo7 
6929 f 88 (4.65750.062) x 10l1 (1.388f0.013) x lo7 
6421 f 85 (3.931f0.054) x 1011 (1.312f0.013) x lo7 
6497 f 85  (3.536f0.048) x 1011 (1.263k0.013) x lo7 
6678 f 86 (3.028f0.040) x 1011 (1.239*0.012) x lo7 
6993 f 88 (2.620f0.034) x 1011 (1.209f0.011) x lo7 
7101 f 89 (2.298f0.030) x 10" (1.205f0.011)  x107 
7556 f 91  (2.170f0.028) x lo1' (1.217f0.012) x107 
7066 4 89 (1.847f0.026) x lo1' (1.234f0.012)  x lo7 
7062 f 89 (1.684f0.034) x l0l1 (1.26630.018) x lo7 
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TABLE XII: Energy and neutron flux statistics  calculated using  equations 3-7 for 15-ns-wide TOF bins from E, = 4 
to 20 MeV, aDplied to the 238U fission-foil data. 
Bin Emin (MeV) E,,, (MeV) E, (MeV) UE (MeV) Nf, N,, (n/MeV) N+ (rb) 
1 4.000  4.169  4.088  0.092  2360 & 49 (1.910f0.044) x 10" (1.331f0.023) x lo7 . 

, " 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12  
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

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 

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 

4.263 
4.451 
4.649 
4.861 
5.091 
5.330 
5.596 
5.875 
6.181 
6.509 
6.861 
7.239 
7.661 
8.125 
8.618 
9.155 
9.759 
10.418 
11.141 
11.961 
12.863 
13.882 
15.012 
16.291 
17.797 
19.424 

o* 100 
0-106 
0.112 
0.122 
0.128 
0.139 
0.150 
0.160 
0.175 
0.187 
0.201 
0.220 
0.242 
0.262 
0.284 
0.312 
0.347 
0.379 
0.42 1 
0.470 
0.524 
0.590 
0.657 
0.756 
0.877 
0.913 

2213 f 47 (1.678f0.039) x 10l2 (1.323f0.022) x lo7 
2276. f 48 (1.621f0.038) x lo1' (1.356f0.023) x lo7 
2346 f 48 (1.572f0.036) x lo1' (1.392f0.023) x lo7 
2410 f 49 (1.522f0.034) x 10'' (1.410f0.023) X lo7 
2427 f 49 (1.438f0.033) x 10l2 (1.464f0.024) x107 
2478 f 50 (l.361f0.031) x 1 O I 2  (1.474f0.024) x lo7 
2524 f 50 (1.264f0.028) x lo1' (1.469f0.024) x lo7 
2688 f 52 (1.183f0.026) x 10" (1.493f0.024) x lo7 
3085 f 56 (1.093f0.023) x 1OI2 (1.495f0.022) x lo7 
3862 f 62 (1.048k0.020) x 1 0 I 2  (1.538f0.021)~ lo' 
4590 f 68 (1.026f0.018) x 10l2 (1.561f0.021) x lo7 
4419 f 66 (8.658f0.156) x 1011 (1.504rt0.020) x lo7 
4272 f 65 (7.504f0.137) x lo1' (1.424f0.019) x lo7 
4322 f 66 (6.904f0.125) x 10l1 (1.423f0.019)x107 
4587 f 68  (6.670f0.118) x lo1' (1.443f0.019) x lo7 
4296 f 66 (5.715f0.104) ~ 1 0 ~ '  (1.397f0.018) x107 
3993 rt 63 (4.862f0.090) x 10l1 (1.334f0.018) x lo7 
4012 f 63 (4.450f0.082) x 10l1 (1.304f0.018) x lo7 
3787 f 62 (3.801f0.072) x 10l1 (1.249f0.017) x lo7 
3614 k 60 (3.256fO.062)~lO~~ (1.196f0.017)x307 
3628 f 60 (2.874f0.055) x 10l1 (1.175f0.016) x lo7 
4052 f 64 (2.598f0.047) x 10l1 (1.165f0.015) x 107 
4297 f 66 (2.272f0.041) x 1011 (1.175f0.015) x lo7 
4423 f 67 (1.959f0.036) x 1011 (1.154f0.015) x lo7 
4652 f 68 (1.815f0.033) x 1011 (1.188f0.018) x lo7 
4840 f 70 (1.848k0.115) ~ 1 0 ' '  (1.340f0.063) x lo7 
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TABLE XIII: Fitted raw areas  and deduced partial ?-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 235U fission 
foil data with baseline subtraction. 
Bin A(4: -+2:) (b )  A(6: +4?) ~ ~ t - - . ~ +  (b )  A(8T 43;) os++s+ (b )  A( 10; -43;’) u ~ ~ + + ~ +  (b )  
1 583 f 143 0.157 f 0.039  166 f 78 0.011 f 0.005 639 f 87  0.021 f 0.003 0 f 0 0.000 f 0.000 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 - - 

540 f 147  0.144 f 0.039  62 f 78  0.004 f 0.005 813 Itr. 89 0.027 f 0.003 29 f 87 
632 f 151  0.160 f 0.038  172 f 79 0.010 f 0.005 712 f 89 0.022 f 0.003 21 f 86 
557 f 152  0.138 f 0.038  213 f 81 0.012 f 0.005 787 f 90  0.024 f 0.003  156 f 90 
469 & 152 0.114 f 0.037  36 f 74 0.002 f 0.004  913 f 92 0.027 f 0.003 172 f 90 
394 f 152 0.093 k 0.036 0 f 9 0.000 f 0.001 856 f 92 0.025 f 0.003 192 f 93 
645 f 151  0.153 f 0.036 0 f 1 0.000 f 0.000 708 f 92 0.021 f 0.003 138 f 93 
492 f 150  0.115 f 0.035 23 f 83 0.001 rfr 0.005 654 f 92 0.019 f 0.003 13 f 92 
832 153  0.191 f 0.035 439 f 89  0.024 f 0.005 804 f 94 0.023 f 0.003  27 f 93 
1319 f 154  0.297 f 0.035  1467 f 98  0.078 f 0.005 1308 f 97 0.036 f 0.003 3 f 53 
1841 f 158  0.395 f 0.034  2572 f 106  0.130 & 0.006 1941 f 103  0.052 f 0.003 155 f 97 
1892 f 160  0.397 f 0.034  3414 f 112 0.169 f 0.006 2711 f 109  0.070 f 0.003 331 rt 100 
1552 f 158  0.346 f 0.035 3735 f 113 0.196 f 0.006  3023 f 111 0.083 f 0.003  298 f 99 
1741 f 157  0.414 f 0.038 3779 f 112 0.212 f 0.007 3367 f 112 0.099 f 0.003 704 f 102 
1890 f 159  0.445 f 0.038 4633 f 118  0.257 f 0.007  3906 f 116  0.114 f 0.004  971 f 105 
2067 f 160  0.476 f 0.037 5057 f 121 0.274 f 0.007 4735 k 121 0.135 f 0.004 1198 f 108 
2314 f 161 0.543 f 0.038  5597 f 122 0.309 f 0.007 5336 f 124 0.155 f 0.004 1597 f 111 
2175 f 159 0.532 f 0.039  5845 f 123  0.336 f 0.008 5784 f 126  0.175 f 0.004 1594 f 112 
2163 f 159 0.551 f 0.041 6227 f 124 0.373 f 0.008 6337 zk 127  0.200 f 0.004 2160 f 114 
2097 & 157  0.565 f 0.043  6353 f 125 0.403 f 0.009 6645 f 128 0.221 f 0.005 2621 f 117 
2278 * 159  0.638 f 0.045  6191 f 125  0.408 f 0.009 7059 & 129  0.244 f 0.005 2575 f 117 
2133 5 158 0.609 f 0.045  5350 f 122 0.359 f 0.009 6566 f 127 0232 f 0.005 2421 f 115 
1285 f 152 0.376 f 0.045  4080 f 116  0.281 f 0.008 5073 f 120  0.183 f 0.005  1943 f 111 
940 f 149  0.276 f 0.044  2824 f 109  0.195 f 0.008  3560 f 113  0.129 f 0.004  1395 f 107 
992 f 148  0.288 f 0.043  2087 f 104 0.143 f 0.007 2471 f 107 0.089 f 0.004 943 f 104 
529 f 144 0.151  0.041  1431 f 100  0.096 f 0.007  2153 f 105  0.076 f 0.004 695 f 102 
812 f 147  0.227 f 0.041  1150 f 99  0.076 f 0.007  1834 f 104  0.063 f 0.004  610 f 103 

0.001 f 0.003 
0.001 f 0.002 
0.004 rfr 0.002 
0.005 f 0.002 
0.005 f 0.002 
0.004 f 0.002 
0.000 f 0.002 
0.001 f 0.002 
0.000 f 0.001 
0.004 f 0.002 
0.008 0.002 
0.007 f 0.002 
0.018 z t  0.003 
0.025 f 0.003 
0.030 f 0.003 
0.041 f 0.003 
0.043 -f 0.003 
0-060 f 0.003 
0.077 f 0.004 
0.079 f 0+004 
0.076 f 0.004 
0.062 f 0.004 
0.045 f 0.003 
0.030 f 0.003 
0.022 f 0.003 
0.019 rt  0.003 
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FIG. 29: a)-d): Excitation functions for the 234U 4' 1 --t 2:, 6: + 4:, 8: + 6; and 10: + 8; transitions, constructed 
from the GEANIE 1999 data. Only statistical  errors  are included. Fission-chamber data from the 235U 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; 4 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 [lo] energy of 244.2 f 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 3 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 c), 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 y-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 ~OC),  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 sz 25%. Furthermore, the strongest y ray in the  spectrum, a  transition in the a-decay  daughter 231Th, 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 M 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, = 18517 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 c) are compared  in figure 31. The upper limit 
cross section given by the onepeak-fit is only modestly higher (x 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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B 56Fe(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 natFe foils, two on  either side of the 235U sample, 
with  a total  areal density of 0.164 g/crn2,  and with an enrichment in the 56Fe isotope of 91.8%. Therefore  a  partial 
cross section could be extracted for the 846.8-keV 2 --t 0 transition in 56Fe, and compared to  an accepted  experimental 
standard [18] of 785 f 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 76Ge 
nuclei inside the detectors. The functional  form provided in XGAM [6] to mode1 neutron bumps was used to obtain 
an  accurate fit to  the 56Fe 2 --t 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 smalIer 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  resuIts using both fission-foil normalizations. 
The corresponding cross-section plots are displayed in figures 33 and 34 for 235U and 238U fission-foil normalizations 
respectively. The  standard cross section  for the 56Fe 2 + 0 transition at E, = 14.5 MeV  is also shown, and  the 
agreement between the GEANIE data  and  the  standard value is dearly 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; "t 0: 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 ?-ray cross sections for the 2 + 0 transition in 56Fe using both 
235U (denoted by “FCI sub”)  and 238U (denoted by “FC2”) fission-foil normalizations. Quoted uncertainties represent 
random fluctuations only. 
Bin A(2: -0;’) oz;tt0;: ( b )  0 2 ;  +cq ( b )  

(from FC1 sub) (from FC2) 
1 24840 f 190  1.526 f 0.023  1.504 f 0.028 
2 24310 f 185  1.475 f 0.022  1.481 f 0.027 
3 24500 f 189 1.412 f 0.021  1.455 f 0.027 
4 27040 k 197  1.521 & 0.022  1.566 f 0.028 
5 28180 f 200  1.556 f 0.022 1.610 f 0.029 
6 29580 f 201  1.598 f 0.022 1.628 f 0.029 
7 29540 f 201  1.594 f 0.022 1.615 f 0.029 
8 30140 f 203 1.611 f 0.023  1.652 f 0.029 
9 30790 f 205 1.609 f 0.022 1.662 f 0.028 
10  29820 f 206 1.531 f 0.020 1.607 f 0.026 
11 30900 f 208 1.512 f 0.019 1.618 f 0.025 
12 31050 f 209 1.486 f 0.017 1.603 f 0.024 
13 29840 f 205 1.516 f 0.018 3.599 f 0.024 
14 26970 f 196  1.464 f 0.018 1.526 f 0.023 
15 27070 f 196 1.454 f 0.017 1.532 f 0.023 
16 27350 f 197  1.436 f 0.017 1.527 f 0.023 
17 25870 f 192 1.383 f 0.017 1.492 f 0.023 
18 25030 f 189  1i395 f 0.017 1.511 f 0.023 
19  24150 f 185  1.402 f 0.017  1.492 f 0.023 
20  22860 f 181 1.403 & 0.018 1.474 f 0.023 
21 20700 f 173  1.321 f 0.017 1.395 f 0.023 
22 17770 f 163  1.156 f 0.015 1.219 f 0.020 
23  13740 f 146  0.915 f 0.013  0.950 It 0.016 
24  9985 & 131 0.668 Ifr. 0.011  0.685 f 0.013 
25  7475 f 117  0.495 f 0.009  0.522 f 0.011 
26  5963 f 110  0.389 f 0.008 0.404 f 0.010 
27 5107 f 105  0.325 f 0.008 0.307 f 0.016 
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FIG. 33: Comparison of the 56Fe(n,n') 2f --t 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 235U 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 I11 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 its well, these  uncertainties are approximated by comparing 235U- and 238U-fission-foil data, and by 
comparing random-TOF-background subtracted  and  unsubtracted y-ray data. A residual standard deviation ud is 
calculated for each quantity using equations 9-21. The  results are shown in table XV which  shows crd for the flux 
normalization N4, for the measured peak areas in the  235U(n,2n)234U  channel,  and €or the measured 2; + 0; peak 
area for the 56Fe 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 g d  

Nd Ir/b) 412914.3 
234U A(4:  +2:) 25.7 
234U A(6: 44;) 11.8 
234U A(8: -6;) 9.9 
234U A(10: 48:) 3.0 
“Fe A(2: -to:) 11.1 

\ r ,  I 

As with the 98Thin data, we take the raw (Le. not  random-TOF  subtracted) data, normalized to  the 235U-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 T O  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 235U 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 235U fission-foil counts with baseline subtraction. 
In the legend, raw data  are labeIed by the symbol “dat”, subtracted data by ‘(dat sub”, 235U-f0il normalization with 
baseline subtraction is denoted by “FC1 sub”  and 238U-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 56Fe 2 4 0 partial yield 
at E, 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 235U 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. 



69 

1.5 

n 
v) 

E 1.0 
0 
D 
W 

2- 
b 

0.5 

t 



70 

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]: 

where the  standard  deviation 0 is a measure of the degree of alignment of the nuclear  spin  (i.e. 0 + 0 for a fully 
aligned state  and u .--) 00 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 P k :  

W(0) = C A k P k ( c o s 0 )  
k 

where k is even, and for most  practical  applications,  does  not exceed 4 (i.e. k = 0,2,4). The transition between 
two nuclear states  can  be  characterized by four quantum numbers which determine  the AI, coefficients: the spins Ji 
and J f  of the initial and final states respectively and  the multipoles L1 and L2 of the two  most important competing 
decay modes (e.g. dipole  versus  quadrupole,  etc. . .). Then: 

where S is the mixing ratio between the competing L1-pole and Lz-poIe decay  modes, given by the  ratio of the 
reduced transition  matrix elements: 

The F k  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 F k  coefficients in reference [19], along with  tabulated values  for all relevant  instances of the  quantum 
numbers. 

The statistical  tensor pk incorporates  the magnetic-substate  distribution from  equation 12: 

In  addition,  it  is  possible t o  correct for the  variation of the y-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 Q z  and Q 4  which multiply the  theoretical A2 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: 

Qz = 0.978 
Q4 = 0.928 

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 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

planar 141.82" 
planar 143.62" 
planar 144.13" 
coaxial 129.50' 
coaxial 100.48" 
coaxial 100.91" 
coaxial 78.50" 
planar 58.24' 
planar 58.65" 
planar 26.50' 
planar 29-02" 
planar 29.02" 
planar 25.20" 
coaxial 56.69" 
coaxial 56.60" 
coaxial 76.90" 
coaxial 100.22" 
coaxial 100.48" 
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 XVI. 

The biased distribution of detectors in the  array means, for example, that stretched (Le. IJf - Jil = L where L is the 
multipole of the Ji -+ J f  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 y rays. Conversely, stretched dipole transitions, which peak near go', 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  aIigned transition  can show intensity variations as a function of angle of up to M 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(0)  of a particular y ray is  known, then the correction to the assumption that it 
is emitted isotropically (i.e. that W(0)  z 1) is given by the multiplicative factor: 

where the index i extends over the detectors of a particular  type (Le. i = 1,2,3,4,9,10,11,12,13,14,20 for the 
planar-sum data  and i = 5,6,7,8,15,16,17,18,19 for the coaxial-sum data), ~i is the efficiency  €or the y ray of 
interest in the ith detector, 8i is the angle of the i th detector with respect to beam (given  in table XVI, and j'$ is 
the deadtime for the ith detector.  Thus for example, for a quadrupole transition observed in the planar-detector-sum 
data, W(0i) > 1 for most planar  detectors  and the correction factor Cr < 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 M 15%. 
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Ideally, the angular distribution for  each y 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 (% 27”, 57”, 77”, loo”, 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 6; -+ 4; and 8: ”+ 6; 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 pIanar detectors at 128.00”. 
Second, wide  neutron-nergy  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 angulsar distribution of observed y 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 0 2  and 04 can be obtained for the A2 and A4 coefficients in equation 13,  respectively. 

In order to compare the AVALANCHE predictions to the measured angular  distributions of the 6; -+ 4; and 
8; ”+ 6; transitions, we must compensate for the wide  neutron-nergy bins used in the angular-distribution data 
analysis. For this,  the az(E,)/J and a4/J values listed in tables XX and X X I  must be weighted  by the  partial y- 
ray cross section and  the  neutron flux before being integrated over the neutron-nergy  bin of interest (overall scale 
factors are not important in the extraction of angular distributions).  In order to mimic the experimental situation, 
we generate it neutron-energy-bin dependent angular distribution from the predicted az(E,)/J and a4(E,)/J values 
in the AVALANCHE program: 

where [Emin, E,,,] specifies the neutron-energy bin range, a,(E,) is the  partial cross section, N$(E,) the  neutron 
flux and  the neutron-energy dependence in the angular distribution W(0,  E,) is completely determined by uz(En)/J 
and 0 4  (En)/ J. The lowest  neutron-nergy  bin extends from E, = 6 to 8 MeV. This  range includes the E, = 6 MeV 
point for  which the AVALANCHE code cannot calculate an angular distribution for either  the 6: + 4; or 8: + 6: 
transition.  Though we have stated  that, in general, the behavior of aa(E,)/J and g4(En)/J is  difficult to extrapolate, 
we must do so in  this case in order to compare prediction and experiment. We note that for the 6; + 4; and 8; + 6: 
transitions in particular,  the  trends of az(E,)/J and 04(En)/J are well reproduced by  low-order  polynomial fits, as 
can be seen  in figure 37.  For the remainder of the terms in equation 20, we use the partial cross sections predicted 
by GNASH and  the experimentally-deduced neutron flux  from the 98Thin 235U-fission-foil data.  The comparison 
between experimental and predicted angular distributions is  shown  in figure 38 for the 6: + 4: transition  and figure 
39 for the 8; -+ 6: transition. We plot the experimental angular distributions  extracted  both with the Gaussian 
assumption for the  m-substate  distribution (labeled as “constrained” in the figures) and without that assumption, but 
taking A4 = 0 (labeled as “free” in the figures). The corresponding observed and predicted A2 and A4 coefficients are 
listed in tables XVII and XVIII. In general, the experimental angular distributions  and AVALANCHE calculations 
are in good agreement. The agreement with the “free” fit (i.e. without Gaussian assumption) can be significantly 
improved if the A2 and A4 coefficients are multiplied by a uniform factor of 0.8351  for the 6r + 4: distribution 
and 0.7938  for the 8; ”-$ 6; 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,Zn) channel. In other 
words,  based on the observed angular distributions for the 6; + 4; and 8; + 6: transitions, we conclude that 
AVALANCHE systematically over-predicts the alignment of all transitions by M 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 f 0.1932 (this  amount is  chosen such that at one 
extreme, 0.8068+0.1932 = 1, and the calculations are not damped), the deduced planar-detector correction factor 
(using equation 19) at E, = 6,MeV, where the  angulardistribution effect  is largest, is less than 2.0% for the 6: 4 4: 
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transition  and less than 2.5% for the 8; ”+ 6: 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) a%(E,)/J and b) a4(E,)/J for the 6: -+ 4; transition  and c )  az(E,)/J and b) a4(E,)/J for the 
8; -, 6; 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 6: ”+ 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 8; + 6; 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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TABLE XVII: Comparison of predicted and fitted angular-distribution parameters €or the 6;  ”-$ 4; transition. The 
AVALANCHE prediction has been weighted according to equation 20 to account for the finite neutron-energy bin 
size. 
E, (min)-ELmax) (MeV) Quantity Predicted Constrained fit Unconstrained fit 
6.0-8.0 A2 0.2136 0.2141 f 0.1524 0.1956 f 0.0895 

A4 -0.0000 -0.0300 f 0.0891 0.0000 f 0.0000 
8.Cb12.0 A2 0.2081 0.2195 f 0.1253  0.2034 f 0.0795 

A4 -0.0068 -0.0317 f 0.0676 0.0000 41 0.0000 
12.0-20.0 A2 0.1783 0.0980 4. 0.1080 0.0909 f 0.0849 

A4 -0.0116 -0.0055 f 0.0219 0.0000 f 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-nergy  bin 
size. 
Ell (min)-ELmax) (MeV) Quantity  Predicted Constrained fit Unconstrained fit 
6.Ck8.0 A2 0.3086 0.4382 0.1865  0.3102 k 0.1031 

A4 -0.0304 -0.2131 f 0.1710 0.0000 * 0.0000 
8.0-12.0 A2 0.2848 0.2410 f 0.1447 0.2106 f 0.0689 

A4 -0.0370 -0.0379 f 0.1009 0.0000 f 0.0000 
12.0-20.0 A2 0.2498 0.1983 f 0.1229 0.1765 f 0.0751 

-44 -0.0329 -0.0240 f 0.0553 0.0000 f 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 a/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 E l  multipolarity  assignment  made for this line in the  literature [lo]. 

TABLE XIX: Angular  distribution  correction  factors  calculated for the 4; -3 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. 
E, (MeV) az/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 0.9628' N/A 0.9605* 
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 

0.7847 7.4997 0.9620 
0.7915 7.4997 0.9626 
0.7710 7.4997 0.9609 
0.7575 7.4997 0.9597 
0.7468 7.4997 0.9587 
0.7438 1.5922 0.9584 
0.7625 1.1340 0.9599 
0.7825 1.0530 0.9615 
0.8007 1.0130 0.9630 
0.8150 0.9842 0.9640 
0.8353 0.9915 0.9655 
0.8492 0.9752 0.9665 
0.8790 0.9925 0.9685 
0.9093 1.0172 0.9703 
0.9357 1.0393 0.9718 

0.9596 
0.9602 
0.9584 
0.9572 
0.9561 
0.9558 
0.9575 
0.9592 
0.9608 
0.9619 
0.9635 
0.9645 
0.9666 
0.9685 
0.9701 
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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&  values in the table. 
E, (MeV) a2/J aa/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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 

5.3 0.0000 0.0000 0.9282' N/A 0.9236* N/A 

9.0 0.5020 0.8683 0.9351 N/A 0.93 11 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 W 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 8: + 6; 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) rn/J m / J  98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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 

5.3 0.0000 0.0000 0.9046* N/A 0.8998' 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 XXII: Angular distribution correction factors  calculated for the 10: ”+ 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) az/J aa/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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  

5.3 0.0000 0.0000 0.8931’ N/A 0.8891* 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 W 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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FIG. 40: Angular  distributions  extracted from the 98Thin 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 y-ray cross 
sections for the yrast  transitions in the 235W(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 a s  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 
235U fission foil with baseline subtraction,  are combined to produce recommended values  for the 4f -+ 2:, 6; + 4:, 
8; -+ 6;  and 10: + 8: yields. The cross sections are combined point-by-point using a weighted average[l6]: 

t 

where the symbol uy (En) 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 
Tx 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; --+ 8; partial 
cross section, we have  used the two-peak fits discussed in section VI1 A 2  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 M 15% for the 6; -+ 4T and 8: -+ 6: transitions  and M 40%  for the 4: -+ 2; transition (near peak 
cross section). The disagreement in both shape  and overall magnitude for the 10; ”+ 8; 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 4: + 2; transition. 
E, (MeV) A(1998) 0(f998) A( 1999) 0( 1999) 0 ( w 4  ~ (wei ,corr ) 
4.090 f 0.093 0 f 0 0.0002 f 0.0101 583 f 143  0.1568 f 0.0438 0.0080 f 0.0098 0.0080 + 0.0098 
4.264 f 0.099 56 f 198  0.0092 f 0.0340  540 f 147 0.1435 zk 0.0436  0.0599 f 0.0268 0.0599 f 0.0268 
4.453 f 0.105  3 f 70  0.0005 k 0.0144  632 f 151 0.1597 f 0.0436 0.0161 z t  0.0137 0.0161 f 0.0137 
4.647 f 0.113 4 & 75  0.0006 f 0.014’7 557 f 152  0.1372 f 0.0417  0.0157 f 0.0139 0.0157 f 0.0139 
4.861 f 0.122 0 31 22  0.0002 f 0.0098  469 f 152  0.1135 f 0.0399  0.0066 f 0.0095  0.0066 f 0.0095 
5.090 f 0.129  469 f 210  0.0703 SI 0.0338  394 f 152  0.0932 f 0.0383  0.0803 f 0.0253  0.0803 f 0.0253 
5.333 f 0.140 590 f 212 0.0870 f 0.0341 645 f 151 0.1525 f 0.0410  0.1139 f 0.0262  0.1095 f 0.0253 
5.597 f 0.149  572 f 211 0.0817 f 0.0328  492 f 150  0.1152 f 0.0385 0.0958 f 0.0250 0.0921 It 0.0241 
5.875 f 0.160 377 zk 213  0.0529 -I: 0.0317  832 f 153 0.1905 f 0.0428  0.1015 f 0.0255  0.0973 f 0.0245 
6.181 f 0.175  1495 f 219  0.2105 f 0.0407  1319 f 154 0.2966 f 0.0511 0.2439  0.0318  0.2343 f 0.0309 
6.517 f 0.187 2035 f 226  0.2689 f 0.0445 1841 f 158 0.3947 f 0.0601 0.3134 f 0.0357  0.3013 f 0.0348 
6.862 f 0.201 1838 f 227 0.2307 f 0.0402  1892 f 160 0.3965 f 0.0600  0.2820 f 0.0334  0.2711 f 0.0325 
7.237 f 0.218  2327 f 230 0.3037 f 0.0476  1552 f 158 0.3453 f 0.0560 0.3211 f 0.0363  0.3088 f 0.0353 
7.661 f 0.242  2233 f 227 0.3121 f 0.0496 1741 f 157 0.4138 f 0.0642 0.3501 zk 0.0393 0.3364 f 0.0382 
8.126 f 0.263  2502 f 231 0.3482 f 0.0531 1890 f 159  0.4446 f 0.0674 0.3851 & 0.0417  0.3697 f 0.0406 
8.618 f 0.284  2619 f 234  0.3554 k 0.0535 2067 f 160 0.4754 f 0.0703 0.3994 f 0.0426  0.3832 f 0.0414 
9.160 f 0.313  2686 f 233  0.3708 ir 0.0553  2314 f 161 0.5418 f 0.0779 0.4280 f 0.0451 0.4103 f 0.0438 
9.757 f 0.346 3211 f 233  0.4595 f 0.0648  2175 rt 159 0.5312 f 0.0775  0.4890 f 0.0497  0.4685 f 0.0483 
10.414 f 0.377 2835 f 233 0.4201 f 0.0616  2163 f 159  0.5501 f 0.0805 0.4681 f 0.0489  0.4483 f 0.0475 
11,143 f 0+425 2557 f 230  0.4029 f 0.0612  2097 f 157 0.5640 f 0.0832  0.4595 f 0.0493 0.4401 f 0.0479 
11.960 f 0.467  2836 f 231 0.4607 f 0.0677  2278 f 159  0.6365 f 0.0924  0.5222 & 0.0546 0.5008 & 0.0531 
12.860 f 0.525  2625 f 226  0.4393 f 0.0659  2133 f 158 0.6077 f 0.0896 0.4985 f 0.0531 0.4788 f 0.0517 
13.876 f 0.589  1589 f 222 0.2711 f 0.0511  1285 f 152 0.3751 f 0.0655  0.3104 f 0.0403  0.2986 f 0.0391 
15.016 f 0.660 1161 f 217  0.1979 f 0.0452 940 f 149 0.2754 f 0.0565 0.2282 f 0.0353  0.2198 f 0.0342 
16.297 f 0.750 693 f 216  0.1179 f 0.0407  992 f 148 0.2877 f 0.0569 OJ755 f 0.0331  0.1690 f 0.0321 
17.759 f 0.857 373 f 215 0.0631 f 0.0385 529 f 144 0.1513 f 0.0460  0.0994 IfI 0.0295  0.0961 f 0.0286 
19.416 f 0.971  8 f 210  0.0013 f 0.0362  812 f 147 0.2264 Lt 0.0506 0.0776 f 0.0295  0.0748 ZIZ 0.0286 
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TABLE XXIV: Best partial cross sections deduced from the weighted mean of 1998 and 1999 GEANIE measurements 
for the 6 t  -+. 4; transition. 

4.090 f 0.093  223 f 73 0.0126 f 0.0044  166 f 78  0.0105 f 0.0051  0.0117 z t  0.0033  0.0117 f 0.0033 
4.264 f 0.099 212 f 73  0.0116 f 0.0042  62 f 78  0.0039 f 0.0050 0.0083 & 0.0032  0.0083 f 0.0032 
4.453 f 0.105  237 f 74  0.0124 f 0.0042  172 & 79  0.0102 f 0.0049  0.0115 f 0.0032  0.0115 f 0.0032 
4.647 f 0.113  146 f 73  0.0075 + 0,0039  213 f 81 0.0123 f 0.0050 0.0093 f 0.0030  0.0093 1 0.0030 
4.861 f 0.122  214 f 74 0.0110 f 0.0040 36 f 74 0.0020 f 0.0043  0.0068 f 0-0029 0.0068 f 0.0029 
5.090 f 0.129  318 f 76 0.0159 f 0.0043 0 f 9  0.0001 z t  0.0008 0.0006 =t 0.0008 0.0006 f 0.0008 
5.333 f 0.140  231 f 75 0.0114 f 0.0039 0 f 1 0.0001 f 0.0007  0.0004 5 0.0006 0.0003 f 0.0006 
5.597 zk 0.149  343 f 78 0.0163 f 0,0042 23 f 83 0.0013 zk 0.0046  0.0095 f 0.0031  0.0088 f 0.0029 
5.875 f 0.160  820 f 83  0.0384 + 0.0059  439 f 89  0.0236 i 0.0056  0.0305 f 0.0041  0.0281 f 0.0038 
6.181 f 0.175  2015 f 93 0.0947 f 0.0119  1467 f 98  0.0776 5 0.0105  0.0851 f 0.0079 0.0783 f 0.0074 
6.517 zk 0.187  3350 f 104 0.1477 f 0.0177  2572 f 106  0.1297 f 0.0161  0+1378 5 0,0119  0.1275 f 0.0113 
6.862 f 0.201  4162 f 110  0.1743 f 0.0207  3414 f 112 0.1683 f 0.0205  0.1713 zk 0.0145  0.1595 f 0.0138 
7.237 f 0.218  4970 + 114 0.2165 f 0.0256  3735 f 113  0.1955 f 0.0237 0.2052 f 0.0174  0.1918 2~ 0.0166 
7.661 zk 0.242 5076 zt 115  0.2368 f 0.0281 3779 f 112 0.2113 rt 0.0257  0.2229 f 0.0189  0.2083 f 0.0181 
8.126 & 0.263  5653 f 118  0.2625 f 0.0310  4633 f 118  0.2564 f 0.0309  0.2594 f 0.0219  0.2421 f 0.0209 
8.618 f 0.284  6751 f 124  0.3057 f 0.0359  5057 f 121 0.2736 f 0.0328  0.2882 f 0.0242  0.2688 zk 0.0231 
9.160 f 0.313  7114 3z 126  0.3278 f 0.0385  5597 f 122 0.3083 zk 0.0369  0.3176 f 0.0266 0.2963 f 0.0254 
9.757 f 0.346  7726 f 129  0.3690 f 0.0434  5845 f 123  0.3358 f 0.0402  0.3511 f 0.0295  0.3276 f 0.0281 
10.414 f 0.377 7833 f 129  0.3874 f 0.0457  6227 f 124 0.3726 f 0.0447  0.3798 f 0.0319  0.3544 f 0.0305 
11.143  0.425  8267 f 131 0.4348 f 0.0515 6353 f 125  0.4020 A 0.0484  0.4174 f 0.0353 0.3896 f 0.0336 
11.960 k 0.467  8238 f 131  0.4466 f 0.0530 6191 f 125 0.4070 f 0.0491  0.4253 f 0.0360  0.3979 f 0.0345 
12.860 f 0.525  7022 f 125  0.3921 f 0.0468 5350 f 122 0.3586 f 0.0435  0.3741 ZIZ 0.0319  0.3509 f 0.0305 
13.876 f 0.589  4929 =t 115 0.2806 & 0.0338  4080 & 116  0.2802 f 0.0344  0.2804 f 0.0241  0.2637 f 0.0231 
15.016 f 0.660  3414 zk 106  0.1942 f 0.0237  2824 f 109  0.1946 4 0.0244  0.1944 f 0.0170  0.1831 f 0.0164 
16.297 f 0.750  2361 f 99 0.1341 f 0.0168  2087 zk 104  0.1424 & 0.0184  0.1379 f 0.0124  0.1302 f 0.0120 
17.759 f 0.857  1905 f 96 0.1075 f 0+0138  1431 f 100 0.0963 f 0.0133  0.1017 & 0.0096 0.0963 f 0.0092 
19.416 f 0.971  1708 f 95 0.0946 f 0.0124  1150 f 99  0.0754 f 0.0111  0.0840 f 0.0083  0.0799  0.0080 

E, (MeV) A('998) 0(~998) A( 1999)  a(1999) 0 ( w 4  ,(wei,corr) 



TABLE XXV: Best partial cross sections deduced from the weighted mean of 1998 and 1999 GEANIE measurements 
for the 8 r  -+ 6f transition. 
E, (MeV) A(1998) 0(1998) A( 1999) a( 1999) ,(we9 ,(wei,corr) 
4.090 f 0.093  177 f 71  0.0056 f 0.0034  639 f 87 0.0213 f 0.0038  0.0125 f 0.0025  0.0125 f 0.0025 
4.264 f 0.099  58 f 70 0.0018 f 0.0032  813 f 89  0.0267 f 0.0042 0,0109 f 0.0026  0.0109 f 0.0026 
4.453 f 0.105 266 f 73  0.0078 f 0.0032  712 f 89  0.0222 f 0.0038  0.0139 f 0.0024  0.0139 f 0.0024 
4.647 f 0.113 1 f 20 0.0000 f 0.0023 787 & 90  0.0240 f 0.0039  0.0063 f 0.0020  0.0063 f 0.0020 
4,861 k 0.122  207 f 73  0.0059 f 0.0031  913 f 92 0-0273 f 0.0041  0.0137 f 0.0025  0.0137 5 0.0025 
5.090 f 0.129 40 rt 74 0.0011 f 0.0030 856 z t  92  0.0250 f 0.0039 0.0100 f 0.0024  0.0100 f 0.0024 
5.333 f 0.140 144 f 74  0.0040 f 0.0030  708 f 92 0.0207 f 0.0036  0.0109 f 0.0023  0.0098 f 0.0021 
5.597 f 0.149 27 f 69 0.0007 f 0.0028 654 f 92  0.0189 f 0.0034 0.0080 f 0.0022  0.0071 f 0.0019 
5.875 f 0.160  117 f 75 0.0031 f 0.0028 804  94  0.0227 f 0.0037  0.0104 f 0.0023  0.0093 f 0.0020 
6.181 f 0.175  677 f 80  0.0177 f 0.0035  1308 f 97  0.0364 z t  0.0049  0.0240 f 0.0028  0.0216 f 0.0026 
6.517 f 0.187  1775 f 90  0.0437 f 0.0055 1941 f 103  0.0515 rt: 0.0064  0.0470 f 0.0041  0.0424 f 0.0038 
6.862 f 0.201 2342 f 96 0.0547 f 0.0064  2711 f 109 0.0702 f 0.0083  0.0605 f 0.0051  0.0550 f 0.0047 
7.237 f 0.218  3043 f 100 0.0740 41 0.0084 3023 f 111 0.0832 f 0.0098  0.0779 f 0.0064 0.0711 f 0.0059 
7.661 f 0.242  3292 f 101 0.0857 f 0:0096  3367 f 112 0.0989 f 0.0116 0.0911 AZ 0.0074  0+0833 f 0.0069 
8.126 f 0.263  3949 f 106  0.1023 f 0.0113  3906 f 116  0.1136 f 0.0132  0.1071 f 0.0086  0.0979 f 0.0080 
8.618 f 0.284  5316 f 114  0.1343 f 0.0146  4735 f 121 0.1346 f 0.0154  0.1344 f 0.0106 0.1229 f 0.0099 
9.160 f 0.313  5765 f 116 0.1482 f 0.0161  5336 f 124 0.1545 f 0.0176  0.1511 f 0+0119 0.1383 f 0.0111 
9.757 zfi 0.346  6491 f 120  0.1729 zk 0.0187  5784 f 126  0.1746 f 0.0199 0.1737 f 0.0136  0.1590 f 0.0128 
10.414 f 0.377 7088 f 122 0.1955 f 0.0212  6337 f 127  0.1992 f 0.0228 0.1972 f 0.0155  0.1806 f 0.0145 
11.143 f 0.425  7661 iz 124  0.2248 f 0.0244  6645 f 128 0.2209 f 0.0253  0.2229 f 0.0176  0.2043 f 0.0165 
11.960 f 0.467  7940 f 125 0.2401 f 0.0261 7059 f 129 0.2438 f 0.0280  0.2418 f 0.0191  0.2223 f 0.0180 
12.860 f 0.525 7136 f 122 0.2223 f 0.0243  6566 f 127  0.2313 rt 0+0266 0.2264 f 0.0180  0.2088 f 0.0170 
13.876 f 0.589 5404 f 113  0.1716 & 0.0190  5073 f 120  0.1831 f 0.0213  0.1767 z t  0.0142  0.1634 f 0.0134 
15.016 f 0.660  3626 f 104 0.1151 f 0.0131 3560 f 113  0.1289 f 0.0152  0.1210 f 0.0099  0.1121 f 0.0094 
16.297 f 0.750  2467 f 97  0.0782 f 0.0093  2471 f 107 0.0886 f 0.0108  0.0826 f 0.0070  0.0767 f 0.0067 
17.759 f 0.857  2076 f 94  0.0654 f 0.0080  2153 f 105  0.0761 f 0.0094  0.0699 f 0.0061  0.0652 f 0.0058 
19.416 f 0.971  1694 f 92  0.0523 f 0.0068 1834 f 104  0.0632 f 0.0080 0.0568 f 0.0052  0.0533 f 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. 

4.090 f 0.093 121 f 78  0.0034 f 0.0023 0 f 0 0.0000 f 0.0001 0.0000 f 0.0001 0.0000 f 0.0001 
4.264 f 0.099  43 f 77 0.0012 f 0.0021 29 f 87  0.0008 z t  0.0025  0.0010 f 0.0016  0.0010 f 0.0016 
4.453 f 0.105 200 f 79 0.0053 f 0.0022 21 f 86 0+0006 f 0.0024  0.0032 f 0.0016  0.0032 f 0.0016 
4.647 dz 0.113 0 k 0 0.0000 f 0.0002  156 f 90  0.0042 f 0.0025 0.0001 f 0.0002 0.0001 f 0.0002 
4.861 f 0.122 0 f 0 0.0000 f 0.0002  172 f 90  0.0046 f 0.0024 0.0001 f 0.0002 0.0001 f 0.0002 
5.090 f 0.129  26 f 80 0.0007 f 0.0020  192 f 93  0.0050 f 0.0025 0.0024 & 0.0016  0.0024 f 0.0016 
5.333 f 0.140  135 f 82 0.0034 f 0.0021 138 f 93  0.0036 f 0.0024  0.0034 f 0.0016  0.0031 zk 0.0014 
5.597 f 0.149 0 f 1 0.0000 f 0.0002 13 f 92 0.0003 f 0.0024 0,0000 f 0.0002 0,0000 f 0.0002 
5.875 f 0.160 0 f 0 0.0000 f 0.0002  27 f 93 0.0007 f 0.0023 0.0000 f 0.0002 0.0000 f 0.0002 
6.181 f 0.175 0 f 0 0.0000 f 0.0002 3 f 53 0.0001 f 0.0013 0.0000 f 0.0002 0.0000 f 0.0002 
6.517 f 0.187  106 f 87 0.0024 f 0.0020 155 f 97  0.0036 f 0.0023  0.0029 f 0.0015  0.0026 f 0.0013 
6.862 + 0.201  213 & 91  0.0045 f 0.0020  331 f 100  0.0076 f 0.0024  0.0057 f 0.0015  0.0051 f 0.0014 
7.237 f 0.218 456 f 94 0.0100 Lt 0.0023 298 f 99 0.0073 f 0.0025  0.0088 k 0.0017 0.0079 f 0.0015 
7.661 f 0.242  504 f 95  0.0118 f 0.0025 704 f 102  0.0184 f 0.0033  0.0142 0.0020 0.0128 f 0.0018 
8.126 f 0.263 700.f 100 0.0164 f 0.0029  971 f 105 0.0250 & 0.0039  0.0195 f 0.0023  0.0176 f 0.0021 
8.618 f 0.284  929 f 102  0.0212 f 0.0032  1198 f 108  0.0302 f 0.0043 0.0244 f 0.0026  0.0221 f 0.0023 
9.160 f 0.313  1380 f 108  0.0321 f 0.0041  1597 f 111 0.0410 f 0.0053  0.0354 f 0.0033  0.0320 f 0.0030 
9.757 f 0.346  1434 & 109  0.0345 zk 0.0044  1594 f 112 0.0427 f 0.0056  0.0377 f 0.0035  0.0341 f 0.0032 
10.414 k 0.377  1788 f 112 0.0446 f 0.0054  2160 & 114  0.0602 f 0.0074  0.0500 f 0.0043  0.0453 f 0.0040 
11.143 k 0.425  2011 f 114  0.0533 f 0.0063 2621 f 117  0.0773 f 0.0093  0.0609 f 0.0052  0.0553 f 0.0048 
11.960 f 0.467 2065 f 114 0.0565 f 0.0066  2575 f 117  0.0789 f 0.0095  0.0638 f 0.0054  0.0581 f 0.0051 
12.860 f 0.525  2054 & 114 0.0578 f 0.0068 2421 f 115 0.0756 f 0.0092  0.0642 f 0.0055  0.0585 f 0.0051 
13.876 f 0.589  1833 f 112 0.0526 zk 0.0064  1943 f 111 0.0622 f 0.0078  0.0564 zk 0.0049  0.0516 f 0.0046 
15.016 f 0.660  1185 f 105  0.0340 f 0.0047  1395 f 107  0.0448 f 0.0061 0.0380 z t  0.0037 0.0348 rt 0.0034 
16.297 f 0.750  732 f 101  0.0210 f 0.0036  943 f 104  0.0300 f 0.0047 0.0243 z t  0.0029  0.0223 f 0.0027 
17.759 f 0.857 472 f 98  0.0134 f 0.0031 695 f 102  0.0218 f 0.0040 0.0166 f 0.0025 0.0153 f 0.0023 
19.416 f 0.971 429 f 99  0.0120 f 0.0030  610 f 103  0.0186 f 0.0038  0.0146 f 0.0024  0.0135 f 0.0022 

E, (MeV) A(1998) 0(1998) A( 1999) a( 1999) , (w4 ,(wei,corr) 
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FIG. 41: Best 4; -+ 2; 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 8: + 6; 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. 44: Best 10; 4 8; 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 4 and 8 --t 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 6 + 4 / 0 4 - + 2 ,   0 8 4 / 0 6 + 4 ,  

and 01&,8/ (784 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 98Thin 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 98Thin 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 M 10%. 
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FIG. 45: Ratio of partial y-ray cross sections ug-+4/u4+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  7-ray cross sections a8,6/06+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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FIG. 47: Ratio of partial  y-ray cross sections cr10+8/08+6 plotted for the 98Thin and 99Thin GEANIE data sets 
and compared to  the GNASH prediction. Angular-distribution corrections are not, included. 



96 

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: 

In  practice, we obtain  the correction coefficients a0 and a1 by minimizing the expression: 

i=l 

with respect to a0 and a l .  In this expression, the summation  extends over all the points in the excitation functions, 
and oi is taken as the  uncertainty u$1998) (E,) in the 1998 yields. After these coefficients are  extracted,  they  are 
applied to  the original data according to equation 23 and  their uncertainties oao and Gal are propagated according 
to  the expressions: 

These “optimized” partial  y-ray cross sections can then be combined by weighted average, in the same  manner as in 
section XI1 A. This  optimization, followed  by the weighted mean procedure is summarized for each transition in figures 
48-51. In each figure the correction parameters a0 and a1 are listed in the  top panel, along with  their  uncertainties 
and  the x 2 / v  of the linear fit. It is interesting to note that for the 4 + 2, 6 + 4, and 8 --+ 6 transitions,  the scaling 
corrections a1 extracted  from  the fits ail 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 proportiona1 to 0$1g98) (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 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 €or 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 4; + 2; 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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FIG. 49: Best 6; + 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 
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 oq+ 42+ ( b )  (b )  08: -6: ( b )  “10: -8: ( b )  
1 0.001 f 0.009 0.014 f 0.003  0.004 f 0.002  -0.002 f 0.000 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 - - 

0.009 f 0.025 0.011 f 0.003 0.003 f 0.002 0.000 f 0.002 
0.003 f 0.013 0.014 f 0.003 0.005 f 0.002 0.002 f 0.002 
0.001 f 0.013 0.011 f 0.003 0.001 f 0.002 0.000 f 0.000 

0.023 f 0.024 0.008 & 0.002 0.002 f 0.002 0.002 i 0.002 
0.053 f 0.024 0.007 f 0.002 0.002 f 0.002 0.003 f 0.002 

-0.001 f 0.009 0.010 f 0.003 0.006 f 0.002 0.000 f O+OOO 

0.036 41 0.023 0.012 f 0.003 -0.000 f 0.002 0.000 f 0.000 
0.047 f 0.023 0.031 f 0.004 0.002 f 0.002 0.000 f 0.000 
0.172 f 0.030 0.080 f 0.007 0.014 f 0.002 -0.000 f 0.000 
0.238 f 0.034 0.128 f 0.011  0.032 f 0.004  0.002 f 0.002 
0.214 f 0.031 0.159 f 0.014 0.044 rt 0.004 0.005 f 0.002 
0.238 f 0.034 0.191 f 0.017 0.058 f 0.006 0.008.f 0.002 
0.269 f 0.037,  0.207 f 0.018 0.069 f 0.007 0.014 f 0.002 
0.299 f 0.039  0.239 f 0.021 0.083 f 0.008 0.020 f 0.002 
0.313 f 0.040  0.266 f 0;023 0.106 f 0.009 0.025 f 0.003 
0.342 f 0.043  0.292 f 0.025 0.120 f 0.011 0.036 f 0.004 
0.389 k 0.047 0.323 f 0.028  0.139 f 0.012  0.038 * 0.004 
0.374 f 0.046  0.349 k 0.030 0.159 f 0.014  0.052 k 0.005 
0.368 f 0.046  0.383 f 0.033  0.181 f 0.016  0.064 f 0.006 
0.425 f 0.052  0.392 f 0.034 0.198 f 0.017  0.067 f 0.006 
0.404 f 0.050 0.346 f 0.030 0.185 f 0.016  0.067 f 0.006 
0.233 f 0.038  0.260 f 0.023 0.143 f 0.013 0.058 f 0.005 
0.158 f 0.033 0.181 f 0.016 0.096 f 0.009 0.039 f 0.004 
0.115 f 0.030 0.130 f 0.012 0.063 f 0.006  0.025 f 0.003 
0.040 f 0.027  0.097 f 0.009 0.053 f 0.005 0.017 f 0.003 
0.026 f 0.027 0.082 dz 0.008  0.042 f 0.005 0.015 f 0.003 
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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 235U(n,2ny)  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 XIIB which 
subtracts a (small) baseline from the 99Thin data  to account for unresolved background and scales the 98Thin 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 98Thin, 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 234U and the E, = 129.3-keV transition in 
235U, In fact, from the 234U 4; 4 2:, 6; 4 4f ,  and 8: - 6T transitions in 234U and  the 5/2+ + 7/2, transition 
in 235U, we extract consistent scale factors for the 98Thin data of 0.906 f 0.045, 0.948 f 0.052, 0.875 f 0.051, and 
0.918 f 0.054 respectively, which we combine by weighted average to yield a correction factor of 0.911 f 0.025. For 
other, weaker  lines in the  (n,2n),  (n,n7)  and  (n,3n) channels we expect a small positive baseline, which is  indeed the 
case for  most  observed  “(-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 VI1 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  €or 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 f 
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 98Thin experiment were  used instead to extract  a  partial cross section. 

For  most  lines  discussed in this section, there  are several y 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 €or 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 out 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 €or 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 234 U 

Table XXVIII lists the  properties of 234U y rays observed in the GEANIE data  that  are used in the calculation of 
angular  distribution  factors Cr given by equation 19. As discussed in section XI, a “damping” factor of 0.8068 was 



131.3 
152.7 
201.0 
244.2 
282.6 
666.5 
780.4 
786.3 
805.8 
819.2 
829.3 
831.5 
876.0 
880.5 
880.5 
883.2 
898.7 
925.0 
925.9 
926.7 
946 .O 
947.7 
965.8 
981.6 
984.2 

1552.6 
296.1 
497.0 
741.2 
1023.8 
962.6 
1277.5 
786.3 
849.3 
962.6 
11253 
1127.6 
1172.1 
1023.7 
1023.8 
926.7 
1194.7 
968.6 
1069.3 
926.7 
989.4 
1090.9 
1261.8 
1277.5 
1127.6 

5 6 1 2 0 known El 
6 4 2 3 0 known E2 
8 6 2 3 0 known E2 
10 8 2 3 0 known E2 
12 10 2 3 0 known  E2 
5 6 1 2 0 assume E l  ( A J  = 1,7ri7rf = -1) 
7 8 1 2 0 assume El (AJ = 1,7ri7rTTf = -1) 
1 0 1 2 0 known El 
3 2 1 2 0 assume E l  (AJ = 1,n-i7rf = -1) 
5 4 1 2 0 assume El  ( A J =  l,7ri7rf = -1) 
7 6 1 2 0 assume El (AJ = 1,7ri7r~~f = -1) 
5 6 1 2 0 assume El ( A J =  l,7ri7rf = -1) 
6 6 2 1 0 known E2 
4 4 2 1 0 assume E2 (2-phonon + 1-phonon band) 
3 4 1 2 0 assume El (AJ = 1,7ri7rf = -1) 
2 2 2 3 0 known E2 
6 6 1 2 0 assume El  (AJ = O,.rrirf = -1) 
3 2 2 1 0 assume E2 (2-phonon + 1-phonon band) 
4 4 1 2 0 assume El (AJ = 0,7ri7rf = -1) 
2 0 2 3 0 known E2 
2 2 1 2 0 known El  
5 4 2 3 0 assume E2 (2-phonon + 1-phonon band) 
7 6 2 3 0 assume E2 (2-phonon -+ 1-phonon band) 
7 6 1 2 0 assume El (AJ = 1,7rgr~~f = -1) 
5 4 1 2 0 assume El (AJ = 1.7ri7rf = -1) 
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TABLE XXTX: 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. 
E,, (MeV) aZ/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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  

5.3 0.0.000 0.0000 0.9628' N/A 0.9605' 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 LO130 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 W 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) az/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxid 

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 

5.3 0.0000 0.0000 1.0283* N/A 1.0302* 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 
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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 "*" symboi were obtained by quadratic  extrapolation from higher-E, values in the table. 
E, (MeV) aa/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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 

5.3 0.0000 0.0000 0.9282' N/A 0.9236' 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+9343.  N/A 
13.0 0.5387 0.6490 0.9402 N/A 0.9368 N/A 
14.0 0.5523 0.6442  0.9422 W 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) az/J aa/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxid 

6.0 0.2961  0.4293 0.9004 N/A 0.8956 N/A 
7.0 0.3563 0.4961 0.9126 N/A 0.908 1 N/A 
8.0 0.3749 0.4823 0.9159 N/A 0.9117 N/A 

5.3 0.0000 0;OOOO 0.9046* N/A 0.8998* 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. 
E, (MeV) 02 /J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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 

5.3 0.0000 0.0000 0.8931* N/A 0.8891* 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 W 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 

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 

15.0 0.3720  0.3791  0.9168 N/A 0.9130 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) az/J aa/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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 

5.3 0.0000 0.0000 0.8919' N/A 0.8880* 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 8.9014 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. 
E, (MeV) oz/J az/J 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* 0.98 11 * 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) a2/J a2/J 98Thin p h a r  98Tbin coaxial 99Thin planar 99Thin co&ial 
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  0.966 1 1.0524  0.9668 
8.0 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 0.9775  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 



113 

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 98Thin and 99Thin data sets. Corrections 
marked by a "*" symbol  were obtained by quadratic  extrapolation from higher-E, values in  the table. 
E, (MeV) az/J oz/J 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  1.0063  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 98Thin and 99Thin data sets. Corrections 
marked by a "*" symbol were obtained by quadratic extrapolation horn higher-E, values in the table. 
E, (MeV) cn/J az/J 98Thin planar 98Thin coaxid 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 1.0178*  0.9873'  1.0189*  0.9876" 
6.0 0.0000 0.0000 1.0186*  0.9868*  1.0198*  0.9871' 
7.0  1.0927 9.9997 1.0185 0.9869  1.0196  0.9872 
8.0 1.0347 9.9997  1.0205  0.9855  1.0218  0.9858 
9.0 1.0127  9.9997  1.0214  0.9849  .1.0227  0.9852 
10.0 0.9833  9.9997  1.0226  0.9841  1.0240  0.9844 
11.0  0.9743  9.9997  1.0230  0.9838  1.0245  0.9841 
12.0  0.9927  1.6670  1.0222  0.9843 1.0236 0.9847 
13.0 1.0143  1.4457  1.0213 0.9850  1.0226  0.9853 
14.0  1.0360  1.3650  1.0205  0.9855  1.0217  0.9858 
15.0 1.0537  1.3123  1.0198  0.9860  1.0210  0.9863 
16.0 1.0800  1.3173  1.0189  0.9866  1.0201  0.9869 
17.0  1.0980  1.2843 1.0183 0.9870  1.0194  0.9873 
18.0  1.1370  1.3020  1.0171  0.9879  1.0181  0.9881 
19.0  1.1770  1.3323  1.0160  0.9886  1.0170  0.9889 
20.0  1.2123  1.3603  1.0151  0.9892  1.0160  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) oz/J aa/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 1.0471* 0.9673*  1.0503*  0.9680' 
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 1.0464* 
0.5546 5.9998 1.0476 
0.5978  5.9998  1.0422 
0.6028  5.9998  1.0416 
0.5984 1.2002 1.0421 
0.6002 0.9282 LO419 
0.6176  0.8244 1.0400 
0.6344  0.7976  1.0382 
0.6496  0.7844  1.0367 
0.6614  0.7722  1.0356 
0.6782 0.7828 1.0340 
0.6900  0.7764  1.0330 
0.7142  0.7936 1.0311 
0.7382  0.8148  1.0293 
0.7592  0.8332  1.0279 

0.9678' 
0.9670 
0.9705 
0.9709 
0.9705 
0.9707 
0.9719 
0.9731 
0.9741 
0.9748 
0.9759 
0.9765 
0.9778 
0.9791 
0.9800 

1.0496' 
1.0508 
1.0450 
1.0444 
1.0449 
1.0447 
1.0426 
1.0408 
1.0391 
1.0379 
1.0363 
1.0352 
1.0332 
1.0313 
1.0297 

0.9684* 
0.9677 
0.9711 
0.9714 
0.9711 
0.9713 
0.9725 
0.9736 
0.9746 
0.9754 
0.9763 
0.9770 
0.9783 
0.9795 
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 I'*" symbol were obtained by quadratic  extrapolation from higher-E, values in the table. 
E, (MeV) 0 2 / J  a2/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin co&ial 
5.3 0.0000 0.0000 1.0765" 0.9497* 1.0819' 0.9507' 
6.0 0.0000 0.0000 1.0742" 0.9510* 1.0794* 0.9521* 
7.0 0.3513 0.6274 1.0755 0.9502 1.0808 0.9513 
8.0 0.4041 0.5907 1.0655 0.9562 1.0700 0.9571 
9.0 0.4246 0.5734 1.0618 0.9584 1.0660 0.9593 
10.0 0.4280 0.5464 1.0612 0.9588 1.0654 0.9597 
11.0 0.4334 0.5301 1.0602 0.9594 1.0644 0.9603 
12.0  0.4497 0.5284 1.0574 0.9611 1.0614 0.9619 
13.0 0.4649 0.5317 1.0549 0.9626, 1.0587 0.9634 
14.0 0.4769 0.5346 1.0531 0.9638 1.0567 0.9646 
15.0 0.4861 0.5343 1.0516 0.9647 1.0552 0.9655 
16.0 0.4984 0.5456 1.0498 0.9658 1.0532 0.9666 
17.0 0.5080 0.5487 1.0484 0.9667 1.0517 0.9674 
18.0 0.5256 0.5651 1.0460 0.9682 1.0492 0.9689 
19.0 0.5426 0.5821  1.0438 0.9696 1.0468 0.9703 
20.0 0.5574 0.5963 1.0420 0.9708 1.0449 0.9715 



117 

TABLE XLI: Angular distribution correction factors calculated for the E, = 831.5-keV transition using the code 
AVALANCHE €or 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) aa/J a2/3 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 1.0278* 0.9803'  1.0296 * 0.9807* 
6.0 0.0000 0.0000 1.0272* 0.9807'  1.0291'  0.9811* 
7.0 0.5404 5.9998 1.0280 0.9801  1.0299  0.9805 
8.0 0.5910  5.9998  1.0244  0.9826  1.0260  0.9830 
9.0 0.6034 5.9998  1.0236  0.9831  1.0252  0.9835 
10.0 0.5980  1.3238  1.0239 0.9829 1 a255 0.9833 
11.0 0.6002  0.9536  1.0238  0.9830  1.0254  0.9834 
12.0 0.6184  0.8342  1.0227  0.9838  1,0242  0.9841 
13.0  0.6358 0.8046 1.0216  0.9845 1.0231  0.9848 
14.0 0.6510  0.7902  1.0208 0.9851 1.0222  0.9854 
15.0  0.6632  0.7774  1.0202  0.9855  1.0215  0.9858 
16.0 0.6802  0.7878  1.0193  0.9861  1.0206 0.9864 
17.0  0.6924  0.7808  1.0187  0.9865 I .0200 0.9868 
18.0 0.7168  0.7980 1.0176 0.9873  1.0188  0.9876 
19.0 0.7412 0.8192  1.0166  0.9880  1.0177  0.9883 
20.0 0.7626  0.8378  1.0158  0.9886  1.0168  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 98Thin and 99Thin data sets. Corrections 
marked by a "*" symbol were obtained by quadratic  extrapolation from higher-E,  values in the table. 
E,, (MeV) aa/J oz/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 1.0699*  0.9540*  1.0746*  0.9551* 
6.0 0.0000 0.0000 1.0673* 0.9554* 1.0720* 0+9565* 
7.0 0.4193  4.9998 1.0688 0.9543  1,0740 0.9552 
8.0 0.4888  4.9998  1.0562  0.9619  1.0605  0.9626 
9.0 0.5020 1.0168 1.0535 0.9634  1.0577  0.9641 
10.0 0.4960 0.7793 1.0534  0.9632 1.0580 0.9638 
11.0 0.4998  0.7060  1.0521  0.9639  1.0568  0.9644 
12.0 0.5195  0.6727  1.0487  0.9660  1.0532  0.9664 
13.0 0.5375 0.6615  1.0459  0.9677  1.0503  0.9681 
14.0 0.5522  0.6540 1,0438 0.9690  1.0480  0.9694 
15.0 0.5633  0.6465  1.0422 0.9700 1.0464  0.9703 
16.0 0.5780 0.6563 1.0405 0.9711 1.0445 0.9714 
17.0 0.5893  0.6547  1.0392  0.9720  1.0430  0.9723 
18.0 0.6105  0.6717 1.0371 0.9734  1.0407  0.9737 
19.0 0.6313 0.6908 1.0351 0.9748  1.0385  0.9750 
20.0 0.6495 0.7072 1.0336 0.9758  1,0368  0.9761 



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) a z / J  oz/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
5.3 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 a290 0.9812 
11.0  0.7400  7.4997 1.0273 0.9806 1.0293 0.9810 
12 .o 0.7608 1.2070 1.0257 0.9816 1.0277 0.9820 
13.0  0.7820 1.0885 1.0243 0.9826 I .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 0.986 1 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 €or the E, = 880.5-keV (E, = 1023.8-keV, Jz = 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) a2/J az/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 
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 

0.0000 0.0000 1.0074' 
1.1027  9.9997  1.0074 
1.0550  9.9997 1.0081 
1.0273  9.9997 1.0085 
0.9930  9.9997 1.0091 
0.9820  9.9997 1.0093 
0.9983  1.7253 1.0090 
1.0193  1.4703  1.0086 
1.0410 1.3813 1.0083 
1.0590  1.3250 1.0080 
1.0853  1.3290 1.0077 
1.1040  1.2937 1.0074 
1.1437  1.3113  1.0069 
1.1840  1.3413 1.0065 

0.9946' 
0.9946 
0.9941 
0.9938 
0.9934 
0.9932 
0.9934 
0.9937 
0.9939 
0.9941 
0.9944 
0.9946 
0.9949 
0.9952 

1.0079* 
1.0080 
1.0087 
1 .uo91 
1.0097 
1.0099 
1.0096 
1.0092 
1.0089 
1.0086 
1.0082 
1.0079 
1.0074 
1.0069 

0.9947' 
0.9947 
0.9942 
0.9939 
0.9935 
0.9934 
0.9936 
0.9938 
0.9941 
0.9942 
0.9945 
0.9947 
0.9950 
0.9953 

20.0 1.2197 1.3697 1.0061 0.9955 1.0065 0.9956 



121 

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. 
E, (MeV) az/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 1.0027"  0.9980'  1.0029'  0.9980' 
6.0 0.0000 0.0000 1.0029'  0.9978'  1.0031'  0.9979* 
7.0 1.6970  14.9995 1.0031 0.9977  1.0033  0.9978 
8.0 1.6345  14.9995  1.0033  0.9975  1.0036  0.9976 
9.0  1.5770  14.9995  1.0036  0.9974  1.0038  0.9974 
10.0 1.4810  14.9995 1.0041 0.9970 1.0043 0.9971 
11.0 1.4485 14.9995  1.0042  0.9969 1.0045 0+9969 
12.0 1.4720 14.9995 1.0041 0.9970  1.0044  0.9970 
13.0 1.5050 2.5260  1.0039  0.9971  1.0042  0.9972 
14.0 1.5385 2.1960 1.0037 0.9972 1.0040 0.9973 
15.0 1.5655 2.0435  1.0036 0.9973 1.0039 0.9974 
16.0 1.6050 2.0285 1.0034  0.9975 1.0037 0.9975 
17.0 1.6320 1.9490 1.0033 0.9975  1.0036  0.9976 
18.0 1.6920 1.9645 1.0031 0.9977  1.0033  0.9978 
19.0 1.7545 2.0070 1.0029  0.9979 1.003 1 0.9979 
20.0 1.8090 2.0485 1.0027 0.9980  1.0029  0.9980 
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TABLE XLW: 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 98Thin and 99Thin data sets. Corrections 
marked by a "*" symbol were obtained by quadratic  extrapolation from higher-E, values in the  table. 
E, (MeV) az/J UZ/J 98Thin pIanar 9.8Thin coaxial 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 0.9124* 1.0765* 0.9069* 1.0750" 
6.0 0.0000 0.0000 0.9145* 1.0743* 0.9092* 1.0729* 
7.0 0.4247 4.9998 0.9121 1.0768 0.9066 1.0752 
8.0 0.4842 2.0377 0.9243 1.0645 0.9195 1.0633 
9.0 0.5005 0.8625 0.9274 1.0615 0.9228 1.0603 
10.0 0.4997 0.7442 0.9272 1.0617 0.9226 1.0605 
11.0 0.5038 0.6843 0.9280 1.0609 0.9234 1.0597 
12.0 0.5212 0.6533 0.9311 1.0579 0.9267 1.0568 
13.0 0.5370 0.6458 0.9338 1.0553 0.9296 1.0542 
14 .O 0.5507 0.6427 0.9361 1.0532 0.9320 1.0522 
15.0 0.5612 0.6378 0.9378 1.0516 0.9338 1.0506 
16.0 0.5758 0.6488 0.9400 1.0495 0.9362 1.0486 
17.0 0.5865 0.6482 0.9416 1.0480 0.9379 1.0471 
18.0 0.6070 0.6650 0.9446 1.0454 0.9410 1.0445 
19.0 0.6275 0.6840 0.9473 1.0429 0.9439 1.0421 
20.0 0.6450 0.7000 0.9495 . 1.0409 0.9462 1.0402 



123 

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 98Thin and 99Thin data sets. Corrections 
marked by a "*" symbol were obtained by quadratic extrapolation from higher-E, values in the table. 
E, (MeV) oz/J  &/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 0.9935'  1.0049'  0.9930"  1.0048* 
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 0.9932' 
1.0447  9.9997  0.9930 
1.0573  9.9997  0.9932 
1.0310 9.9997 0.9929 
0.9840 9.9997 0.9922 
0.9710 9.9997  0.9920 
0.9927 1.9643  0.9924 
1.0180  1.5377  0.9928 
1.0420  1.4110  0.9932 
1.0610 1.3400 0.9935 
1.0880 1.3393 0.9938 
1.1067 1.3000 0.9940 
1.1473 1.3160 0.9944 
I. 1883  1.3463  0.9948 
1.2250  1.3750  0.9951 

1.0051' 
1.0053 
1.0051 
1.0054 
1.0059 
1.0060 
1.0058 
1.0055 
1.0052 
1.0050 
1.0047 
1.0046 
1.0043 
1.0040 
1.0038 

0.9928" 
0.9926 
0.9927 
0.9924 
0.9917 
0.9915 
0.9919 
0.9923 
0.9927 
0.9929 
0&9933 
0.9935 
0.9940 
0.9943 
0.9947 

1.0050* 
1.0052 
1.0050 
1.0053 
1.0058 
1.0059 
1.0057 
1.0054 
1.005 1 
1.0049 
1.0047 
1.0045 
I. 0042 
1.0039 
1 .OU37 
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TABLE XLVIII: Angular distribution correction factors calculated for the E, = 925.9-keV transition using the code 
AVALANCHE €or the sum of planar and coaxial data,  and €or 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/ J a2/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 
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 0.9594' 
0.7462 7.4997 0.9582 
0.7742 7.4997 0.9608 
0.7648 7.4997 0.9599 
0.7492 7.4997 0.9585 
0.7465 1.8747  0.9583 
0.7632 1.1338 0.9598 
0.7817 1.0495 0.9614 
0.7993  1.0123 0.9628 
0.8135 0.9845 0.9640 
0.8343 0.9930 0.9655 
0.8485 0.9758 0.9665 
0.8788  0.9932 0.9685 
0.9093 1.0177 0.9704 
0.9360 1.0397 0.9719 

1.0326* 
1.0336 
1.0314 
1.0321 
1.0333 
1.0336 
1.0322 
1.0309 
1.0296 
1.0287 
1.0274 
1.0265 
1.0248 
1.0233 
1.0221 

0.9567* 
0.9555 
0.9582 
0.9573 
0.9558 
0.9555 
0.9572 
0.9589 
0.9604 
0.9616 
0.9632 
0.9643 
0.9664 
0.9684 
0.9700 

1.0320' 
1.0329 
1.0308 
1.0315 
1.0327 
1.0329 
1.0316 
1.0303 
1.0290 
1.0281 
1.0268 
1.0260 
1.0244 
1.0228 
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 I'*" symbol were obtained by quadratic  extrapolation from.higher-E, values in the  table. 
E, (MeV) uz/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
5.3 0.0000 0.0000 0.9876*  1.0095'  0.9867* 1 .OO93 * 
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 0.9865' 
1.6970  14.9995  0.9857 
1.6345  14.9995  0.9846 
1.5770  14.9995  0.9835 
1.4810  14.9995  0.9814 
1.4485  14.9995  0.9806 
1.4720  14.9995  0.9812 
1.5050  2.5260  0.9820 
1.5385 2.1960 0.9827 
1.5655  2.0435  0.9833 
1.6050  2.0285  0.9840 
1.6320  1.9490  0.9845 
1.6920  1.9645  0.9856 
1.7545 2.0070  0.9866 
1.8090  2.0485 0.9873 

1.0103' 
1.0109 
1.0118 
1.0126 

-1.0143 
1.0150 
1.0145 
1.0139 
1.0133 
1.0128 
1.0122 
1.01 18 
1.0110 
1.0102 
1.0096 

0.9856' 
0.9848 
0.9836 
0.9824 
0.9802 
0.9793 
0.9799 
0.9808 
0.9815 
0.9821 
0.9830 
0.9835 
0.9846 
0.9857 
0.9865 

1.0101" 
1.0107 
1.0115 
1.0124 
1 .O 140 
1.0147 
1.0142 
1.0136 
1.0130 
1.0126 
1.0120 
1.0116 
1.0108 
1.0100 
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 98Thin and 99Thin data sets. Corrections 
marked by a "*" symbol were obtained by quadratic  extrapolation from higher-E, values in the table. 
E, (MeV) aa/J a z / 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 
11.0  1.4550  14.9995  0.9865  1.0102  0.9855 1.0100 
12.0 1,4695  3.5475  0.9867 1 .o 100 0.9858 1 .W98 
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  L9170  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 "*" symbol were obtained by quadratic  extrapolation from higher-E, values in the table. 
E, (MeV) an/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxid 
5.3 0.0000  0.0000 0.9990* 1.0005" 0.9993' 1.0004' 
6.0 0.0000 0.0000 0.9993'  1.0004*  0.9995*  1.0003' 
7.0 0.5314  5.9998  1.0000  1.0000 1 .oooo 1 .oooo 
8.0  0.5948  5.9998  1.0000  1.0000 1 .oooo 1.0000 
9.0 0.6040  5.9998  1.0000 1.0000 1 .oooo 1.0000 
10.0 0.5922  2.0714  1.0000  1.0000 1 .oooo 1.0000 
11.0  0.5940  1.0120  1.0006  0.9997 I .0004 0.9998 
12.0 0.6158  0.8656  1.0010  0.9995  1.0008  0.9996 
13.0  0.6354  0.8258  1.0012  0.9994  1.0009  0.9996 
14.0  0.6520 0.8038 1.0014  0.9993  1.0010  0.9995 
15.0 0.6646  0.7866 1.0015 0.9993  1.0011  0.9995 
16.0  0.6820  0.7950  1.0014  0.9993  1.0011  0.9995 
17.0 0.6946 0.7868  1.0015  0.9993  1.0011  0.9995 
18.0  0.7196 0.8036 1.0014  0.9993  1.0010  0.9995 
19.0  0.7446  0.8250  1.0012  0.9994  1.0009  0.9996 
20.0 0.7666  0.8438  1.0011  0+9995  1.0008  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) aa/J aa/J 98Thin planar 98Thin coaxial 99Thin pIanar 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 extrapolation from  higher-E, values in the table. 
E, (MeV) az/J az/J 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*  0.9533* 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 98Thin and 99Thin data sets. Corrections 
marked by a "*" symbol were obtained by quadratic  extrapolation from higher-E, values  in the table. 
E, (MeV) az/J az/J 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 .O 0.5910  5.9998 1.0435 0.9701  1.0467  0.9708 
9.0 0.6034  5.9998  1.0421  0.9711  1.045 1 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 
13.0 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 Gomction Factor for Ransitions an 233 U 

Table LV lists the  properties of 233U y rays observed in the GEANIE data  that are used in the calculation of angular 
distribution factors Cr 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) y rays. 
E, (keV) E, (keV) Ji Jf L1 LZ 6 Identification of Multipolarity 
137.2 229.4 13/2 9/2 2 3 0 known E2 
159.4  314.7 15/2 11/2 2 3 0 known E2 
298.9 298.8 5/2 5/2 1 2 0 assume El (AJ = 0, ri.rrf = -I) 
300.3 340.7 5/2 7/2 1 2 -0.08 known M l / E 2  

312.2 312.2 3/2 5/2 1 2 -0.10 known M l / E 2  
340.8 340.7 2.5 5/2 1 2 -0.23 known M1/E2 

305+4 397.6 11/2 9/2 1 2 0 E l  (AJ = 1 , ~ i ~ f  = -1) 
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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 98Thxn and 99Thin data sets. Corrections 
marked by a "*" symbol were obtained by quadratic  extrapolation from higher-E, values in the table. 
E, (MeV) az/J aa/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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 W 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 

12.2 0.0000 0.0000 0.9173* N/A 0.9128* 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 
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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-& values in the table. 
E,, (MeV) az/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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  0.4679 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 

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

19.0  0.5167  0.5501  0.9261 N/A 0.9221 N/A 
20.0 0.5301 0.5628 0.9287 W A  0.9247 N/A 
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TABLE LVIII: 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) az/J az/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 

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 0.9822 W 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 

12.2 0.0000 0.0000 0.9679* N/A 0.9659* 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, = 300.5-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/J a2/J 98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
12.2 0.0000 0.0000 1.0012* 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 1.001 1 0.9992 
16.0 1.3688 1.7212 1.0010 0.9992 1.001 1 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 98Thin and 99Thin data sets. Corrections 

E,, (MeV) a2/J a2/J 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 

. marked by a "*" symbol were obtained by quadratic  extrapolation from higher-E, values in the table. 
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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 98Thin and 99Thin data sets. Corrections 
marked by a "*" symboi were obtained by quadratic  extrapolation from higher-E, values in the table. 
E, (MeV) az/J as /J  98Thin planar 98Thin coaxial 99Thin planar 99Thin coaxial 
12.2 0.0000 0.0000 0.9997' 1.0002' 0.9997' 1.0002* 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 

2,2273 0.0000 0.9997 
2.2260 0.0000 0.9997 
2.2807 0.0000 0.9997 
2.3227 0.0000 0.9998 
2.3480 0.0000 0.9998 
2.4327 0.0000 0.9998 
2.5247 0.0000 0.9998 
2.6020 0.0000 0.9998 

1.0002 
I .0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 

0.9997 
0.9997 
0.9997 
0.9997 
0.9997 
0.9998 
0-9998 
0.9998 

1.0002 
1.0002 
1.0002 
1 * 0002 
1.0002 
1.0002 
1.0002 
1 .or302 
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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 seta. Corrections 
marked by a "*" symbol were obtained by quadratic  extrapolation from higher-E, values in the table. 
E, (MeV) OZ/J uz/J 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 0.99 11 1.0066 
15.0 1.3444 1.7332 0.9923 1.006 1 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 234U 

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 LXIII, 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  Iines 
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 4: + 2:, 6; -+ 4:, 8; + 6: transitions,  and 10; -+ S:, which can be found in section IIA 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 58, 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: 

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

Ey = 255.4 keV, E, = 2218 keV, GNASH o$muz) = 12 mb: As with the 187.4-keV line, this  transition also 
does not exist in the current ENSDF evaluation. Its parent level has been placed in the evaluated level  scheme, 
but no transitions  depopulating it have been assigned. 

Ey = 705.9 keV, E, = 849.3 keV, GNASH c ~ $ ~ ~ ~ )  = 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; --3 0: transition (Ey = 707.0) in the high-yield  fission fragment 90Kr. 

Ey = 795.7 keV, E, = 1292.6 keV, GNASH = 18 mb: A hint of this line was observed in the 98Thin 
data at Ey = 795.585 f 0.215 keV, reaching a maximum  cross section of 13.8 f 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: 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 EO/E2 mixing ratio, we do not include this line in the discussion of 
observed 234U lines  below. 
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FIG. 53: Gamma rays in 234U observed in the GEANIE data. 

w 
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TABLE LXIII: Transitions identified in the 235U(n,2ny) channel and  the method by which the  data were analyzed. 
E$meas) (keV) Analysis method E$=') (keV) E, (keV) transition 
99.993 f 2.418 unsubtracted  pianars, 98Thin and 99Thin optimized 99.853 f 0.003  143.4 4: -+ 2; 
131.609 f 0.115 
152.660 f 0.111 
200.961 f 0.111 
244.405 f 2.626 
282.166 f 0.120 
666.745 f 0.171 
780.820 f 0.131 
786-784 + 0.261 
806.088 f 0.143 
819.212 & 0.261 
829.505 f 0.254 
831.613 -I: 0.158 
875.518 f 0.128 
880.604 f 0.122 

883.405 f 0.164 

898.276 f 0.144 
925.338 f 0.135 

946.129 f 0.144 

966.266 f 0.261 
981.410 f 0.261 

984.814 f 0.261 

unsubtracted  planars, 98Thin and 99Thin averaged 131.30 f 0.01  1552.6 
unsubtracted  planars, 98Thin and 99Thin optimized 152.720 f 0.002  296.1 
unsubtracted  planars, 98Thin and 99Thin optimized 200.97 Lt 0.03 497.0 
unsubtracted  planars, 98Thin and 99Thin optimized 244.2 rt 0.5 741.2 
unsubtracted  planars, 98Thin and 99Thin optimized 282.6 If: 0.5 1023.8 
unsubtracted plmars, 98Thin only 666.5 f 0.1  962.6 
unsubtracted planars, 98Thin only 780.4 f 0.2 1277.5 
unsubtracted coaxials, 98Thin only 786.27 f 0.03 786.3 
unsubtracted  planars, 98Thin only 805.80 f 0.05 849.3 
unsubtracted coaxials, 98Thin only 819.2 f 0.2  962.6 
unsubtracted planars, 98Thin only 829.3 f 0.2  1125.3 
unsubtracted planars, 98Thin only 831.5 f 0.1 1127.6 
unsubtracted  planars, 98Thin only 876.0 f 0.1 1172.1 
subtracted  planars, 98Thin and 99Thin optimized 880.5 f 0.1 1023.7 

880.5 f 0.1 1023.8 
unsubtracted planars, 98Thin and 99Thin optimized 883.24 f .0.04 926.7 

883.24 f 0.04 1809.0 
subtracted  planars, 98Thin only 898.67 f 0.05 1194.7 
unsubtracted  planars, 98Thin and 99Thin optimized 925.0 iz 0.1 968.6 

925.9 f 0.2 1069.3 
926.72 rt: 0.10  926.7 

unsubtracted  planars, 98Thin and 99Thin optimized 946.00 f 0.03 989.4 
947.7 f 0.2 1090.9 

unsubtracted coaxials, 98Thin only 965.8 f 0-1 1261.8 
unsubtracted coaxials, 98Thin only 981.6 f 0.3 1277.5 

980.3 f 0.1  1023.8 
980.3 f 0.1  1023.7 

unsubtracted coaxials, 98Thin only 984.2 f 0.1 1127.6 

The Ey = 131.6 keV transition (table LXV/figure 55):  This y-ray corresponds to the transition between 

The 

The 

band-head levels at E, = 1552.6 keV (J" = 5+)  and'E, = 1421.3  keV (J" = 6-). 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 y-ray energy also  differs 
from the accepted value by a sizeable amount (M 2.70). This deviation might be due in part  to  the proximity 
of this line to  the  strong  (n,n') peak at E, = 129.3 keV. F'urthermore, 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 = 33.5 ps ) ,  its decay is not observed in the prompt-y-ray analysis presented here. 

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; -+ 8 1  transition discussed in particular in section VIIA 2, the 
measured partial cross section for the 12: "+ 10, 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. 

E7 = 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 ?-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 E, = 12 ,MeV. 
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The E y  = 780.8 keV transition (table LXXI/figure 61): The y-ray energy measured €or 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 y 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, zz 744 
keV. Despite large  uncertainties and  an  apparent residual baseline background of M 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 2+ 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 E y  = 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 largery over-predicted by GNASH. 

The Ey = 829.5 keV transition (table LXXV/figure 6 5 ) :  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 f 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 lZ7I. The mono-isotopic nucleus 1271 is a component of the NaI nose-cone placed on 
each  detector, used to suppress  back-scattered y rays. 

The Ey = 831.6 keV transition (table LXXVIlfigure 66): The 831.6-keV and 984.8-keV y 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 E y  = 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 E y  = 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 eV; 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  pedicted by GNASH to have comparable yields, we use 
the average of the  angular  distribution  factors calculated €or 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 FZ 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 Ey = 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+  leveI. At this y-ray energy, the planar-detector-sum resolution is x 
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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 x 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 Ey = 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 E? = 925.3 keV transition (table LXXXI/figure 71): This  transition is threefold 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- + 4; 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 yieIds for the two degenerate lines by almost a factor of  two. 

The Ey = 966.3 keV transition (table LXXXIII/figure 73): This  transition represents the decay horn the 
highest-observed member of the y-phonon band (J" = 7+) to  the  ground-stateband 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 partia1 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 b e l ,  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 M 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 m 4 rnb, 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 M 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 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 XI1 B. The recommended partial cross section in the last column includes 
a correction for angulardistribution effects. 

4.090 f 0.093 0 iz 0 0.0002 f 0.0101  583 f 143 0.1568 f 0.0438  0.0011 f 0.0091 0.0011 f 0.0089 
4.264 f 0.099 56 f 198 0.0092 f 0.0340  540 f 147 0.1435 f 0.0436  0.0088 Z!Z 0.0256 0.0088 f 0.0252 
4.453 f 0.105 3 f 70 0.0005 f 0.0144  632 f 151 0.1597 f 0.0436  0.0025 f 0.0128 0.0025 f 0.0125 
4.647 f 0.113 4 f 75 0.0006 5 0.0147  557 f 152 0.1372 f 0.0417 0.0008 f 0.0129 0.0008 f 0.0127 

5.090 f 0.129 469 f 210 0.0703 rt 0.0338  394 f 152  0.0932 f 0.0383  0.0229 f 0.0244  0.0233 f 0.0241 
5.333 f 0.140  590 f 212 0.0870 f 0.0341  645 f 151  0.1525 f 0.0410  0.0574 f 0;0252  0.0530 f 0.0240 
5.597 f 0.149  572 f 211 0.0817 f 0.0328 492 f 150  0.1152 f 0.0385  0.0394 f 0.0240  0.0360 f 0.0229 
5.875 f 0.160  377 f -213  0.0529 f 0.0317  832 f 153  0.1905 f 0.0428  0.0513 f 0.0243 0.0470 f 0.0231 
6.181 f 0.175  1495 f 219  0.2105 f 0.0407  1319 zk 154  0.2966 f 0.0511  0.1831 f 0.0310  0.1719 f 0.0296 
6.517 f. 0.187 2035 f 226  0.2689 f 0.0445  1841 f 158  0.3947 f 0.0601  0.2529 f 0.0350  0.2378 f 0.0336 
6.862 f 0.201  1838 f 227 0.2307 f 0.0402  1892 f 160  0.3965 f 0.0600  0.2278 f 0.0325  0.2141 f 0.0312 
7.237 f 0.218  2327 f 230 0.3037 k 0.0476  1552 k 158 0.3453 f 0.0560  0.2531 f 0.0356  0.2384 f 0.0343 
7.661 f 0.242  2233 f 227 0.3121 f 0.0496 1741 f 157  0.4138 f 0.0642  0.2857 f 0.0385  0.2688 f 0.0370 
8.126 f 0.263 2502 f 231  0.3482 f 0.0531  1890 f 159  0.4446 f 0.0674  0.3181 f 0.0410  0.2991 f 0.0394 
8.618 f 0.284 2619 f 234 0.3554 rt 0.0535  2067 f 160  0.4754 f 0.0703  0.3334 f 0.0418  0.3133 f 0.0402 
9.160 f 0.313  2686 f 233 0.3708 & 0.0553  2314 f 161 0.5418 f 0.0779  0.3641 f 0.0443  0.3418 f OB425 
9.757 f 0.346  3211 f 233 0.4595 Zt 0.0648  2175 f 159 0.5312 f 0.0775 0.4142 f 0.0491  0.3893 & 0.0472 
10.414 f 0.377 2835 f 233 0.4201 f 0.0616  2163 rt 159  0.5501 f 0.0805  0.3987 f 0.0482  0.3742 f 0.0462 
11.143 k 0.425  2557 f 230 0.4029 f 0.0612  2097 f 157  0.5640 f 0.0832 0.3923 .& 0.0484  0.3681 f 0.0464 
11.960 f 0.467 2836 f 231 0.4607 f 0.0677  2278 f 159  0.6365 f 0.0924  0.4522 f 0.0537  0.4252 f 0.0516 
12.860 f 0.525  2625 f 226 0.4393 f 0.0659  2133 f 158 0.6077 f 0.0896  0.4294 f 0.0522  0.4044 f 0.0501 
13.876 f 0.589  1589 f 222 0.2711 f 0.0511  1285 f 152  0.3751 f 0.0655  0.2475 It 0.0392  0.2330 f 0.0376 
15.016 f 0.660  1161 f 217  0.1979 f 0.0452  940 f 149  0.2754 f 0.0565  0.1680 f 0.0342  0.1581 f 0.0327 
16.297 f 0.750  693 f 216 0.1179 f 0.0407  992 f 148  0.2877 f 0.0569  0.1228 f 0.0317  0.1151 f 0.0303 
17.759 f 0.857  373 f 215 0.0631 f 0.0385  529 f 144  0.1513 f 0.0460  0.0430 f 0.0283 0.0397 f 0.0271 
19.416 f 0.971  8 f 210  0.0013 f 0.0362 812 f 147  0.2264 f 0.0506  0.0288 f 0.0280  0.0258 f 0.0268 

E, (MeV) A(1998) a(1998) A( 1999) o(1999) ,(opt) ,(opt ,cord 

4.861 f 0.122 0 f 22 0.0002 f 0.0098 469 f 152  0.1135 f 0.0399  -0.0009 f 0.0089  -0.0008 f 0.0087 
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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. 



146 

TABLE LXV: Adopted partial y-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. 
I 

E, (Me,) A(1998) a(1998) A( 1999) a( 1999) , ( w 4  o(wei,corr) 

4.090 f 0.093 68 f 66 0.0017 f 0.0027 179 * 78 0.0053 zk 0.0024  0.0037 f 0.0018  0.0037 f 0.0018 
4.264 f 0.099  60 f 67 0.0014 0.0027 240 i 79 0.0070 f 0.0025  0.0044 f 0.0018 0.0044 f 0.0018 
4.453 f 0.105 216 f 68  0.0049 f 0.0026  186 i 79  0.0052 f 0.0023  0.0051 f 0.0017 0.0051 f 0.0017 
4.647 f 0.113 65 f 67 0.0014 f 0.0025 70 f 80  0.0019 f 0.0022  0.0017 f 0.0017  0.0017 z t  0.0017 
4.861 f 0.122  250 f 71  0.0056 f 0.0026 11 f 79 0.0003 f 0.0021 0.0024 f 0.0017 0.0024 f 0.0017 
5.090 f 0.129 0 z!c 0 0.0000 k 0.0019 12 f 84 0.0003 f 0.0022 0.0001 f 0.0015 0.0001 f 0.0015 
5.333 0.140  55 f 71  0.0012 f 0.0025 82 i 87 0.0021 f 0.0023  0.0017 f 0.0017  0.0017 rt 0.0017 
5.597 f 0.149 292 f 73 0.0061 f 0.0025 20 f 89  0.0005 f 0.0023  0.0031 + 0.0017 0.0032 f 0.0018 
5.875 f 0.160 1 f 72 0.0000 f 0.0023  99 x t  90 0.0025 f 0.0023 0.0013 f 0.0016 0.0013 f 0.0017 
6.181 f 0.175  59 f 72  0.0012 f 0.0024 173 f 90  0.0043 f 0.0023  0.0028 k 0.0016 0.0028 f 0.0017 
6.517 f 0.187  116 f 73 0.0022 f 0.0022  28 f 89 0.0007 f 0.0021  0.0014 f 0.0015  0.0014 & 0.0016 
6.862 f 0.201  289 f 76 0.0053 f 0.0022  119 f 90 0.0027 f 0.0021 0.0040 rfr 0.0015 0.0041 f 0.0016 
7.237 f 0.218  237 f 75 0.0045 f 0.0023  39  88  0.0010 f 0.0022  0.0027 f 0.0016 0.0027 f 0.0016 
7.661 f 0.242  249 f 75 0.0051 f 0.0024  286 xk 90 0.0075 f 0.0025  0.0062 f 0.0018  0.0064 f 0.0018 
8.126 f 0.263  423 f 77  0.0086 & 0.0026 280 f 90  0.0072 f 0.0025 0.0079 z t  0.0018 0.0081 f 0.0018 
8.618 f 0.284  528 f 78 0.0104 f 0.0026  168 f 90 0.0042 f 0.0024  0.0070 f 0.0018 0.0072 f 0.0018 
9.160 f 0.313  611 f 78 0.0123 f 0.0028  267 5 90 0.0069 f 0.0025  0.0093 f 0.0018  0.0095 f 0.0019 
9.757 f 0.346  596 z t  78 0.0124 f 0.0028  306 & 90 0.0082 f 0.0026 0.0101 f 0,0019  0.0104 f 0.0020 
10.414 f 0.377 638 f 78  0.0138 f 0.0030  464 f 91 0.0130 f 0.0030 0.0134 f 0.0021  0.0137 f 0.0022 
11.143 f 0.425  612 f 78  0.0140 f 0.0032  428 f 91 0.0126 f 0.0031  0.0133 & 0.0022  0.0136 =k 0.0023 
11.960 f 0.467  466 dz 77  0.0110 & 0.0031 449 f 93 0+0138 f 0.0033 0.0123 f 0.0022  0.0126 f 0.0023 
12.860 f 0.525 674 f 80 0.0164 f 0.0035 358 f 93  0.0112 f 0.0032  0.0136 f 0,0024 0.0139 f 0.0024 
13.876 f 0.589 435 f 78 0.0108 f 0.0032 231 f 92 0.0074 f 0.0031  0.0091 f 0.0022  0.0092 f 0.0023 
15.016 f 0.660  335 f 78 0.0083 f 0.0031  201 f 89 0.0065 f 0.0030 0-0074 k 0.0022  0.0075 h 0.0022 
16.297 f 0.750 0 f 0 0.0000 f 0.0022 222 f 89 0.0071 f 0.0030  0.0025 f 0.0018 0.0026 f 0.0018 
17.759 f 0.857  386 f 78 0.0095 f 0.0031  193 + 88 0.0061 f 0.0029  0.0077 f 0.0021 0.0078 f 0.0022 
19.416 f 0.971 0 f 0 0.0000 f 0.0022  280 f X8 0.0086 f 0.0029 0.0031 f 0.0017 0.0031 f 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 a r e a  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 XI1 B. The recommended partial cross section in the last column includes 
a correction for angular-distribution effects. 
E, (MeV) A(l998) a(1998) A(X999) a(1999) ,(opt) ,(oPt,corr) 
4.090 f 0.093  223 f 73 0.0126 f 0.0044  166 f 78  0.0105 f 0.0051  0.0139 f 0.0033  0.0139 f 0.0033 
4.264 f 0.099 212 f 73  0.0116 f 0.0042  62 f 78 0.0039 f 0.0050  0.0109 f 0.0032  0.0108 f 0.0032 
4.453 f 0.105 237 f 74 0.0124 f. 0.0042  172 f 79  0.0102 f 0.0049  0.0137 f 0.0031  0.0137 f 0.0031 
4.647 f 0.113  146 f 73 0.0075 f 0.0039  213 f 81 0.0123 f 0.0050  0.0111 f 0.0030  0.0110 f 0.0030 
4.861 f 0.122 214 f 74 0.0110 f 0.0040  36 f 74  0.0020 f 0.0043  0.0098 f 0.0029  0.0097 f 0.0029 
5.090 f 0.129  318 f 76 0.0159 f 0.0043 0 f 9  0.0001 f 0.0008 0.0081 f 0.0016 0.0080 AI 0.0016 
5.333 f 0.140 231 f 75 0.0114 f 0.0039 0 f 1 0.0001 f 0.0007 0.0075 f 0.0015  0.0073 f 0.0015 
5.597 f 0.149  343 f 78 0.0163 f 0.0042  23 f 83 0.0013 f 0.0046  0.0125 f 0.0031  0.0117 f 0.0029 
5.875 f 0.160  820 f 83 0.0384 f 0.0059  439 f 89  0.0236 f 0.0056  0.0334 f 0.0041 0.0310 f 0.0038 
6.181 f 0.175 2015 f 93  0.0947 f 0.0119  1467 f 98  0.0776 f 0.0105  0.0869 f 0.0079  0.0802 f 0.0074 
6.517 f 0.187  3350 f 104  0.1477 f 0.0177 2572 f 106 0.1297 f 0.0161  0.1382 LfI 0.0119  0.1281 f 0.0112 
6.862 f 0.201 4162 f 110  0.1743 f 0.0207 3414 f 112 0.1683 f 0.0205  0.1702 f 0.0145 0.1587 f 0,0137 
7.237 f 0.218  4970 f 114  0.2165 f 0.0256  3735 rfr 113  0.1955 f 0.0237  0,2038 f 0.0173  0.1906 f 0.0165 
7.661 f 0.242  5076 f 115  0.2368 f 0.0281  3779 f 112 0.2113 f 0.0257  0.2212 f 0.0188  0.2068 f 0.0180 
8.126 f 0.263  5653 f 118  0.2625 f 0.0310  4633 f 118  0.2564 f 0.0309  0.2561 Z!C 0.0217  0.2391 f 0.0207 
8.618 f 0.284  6751 f 124 0.3057 f 0.0359  5057 f 121 0.2736 f 0.0328  0.2849 f 0.0241  0.2658 f 0.0229 
9.160 f 0.313 7114 f 126  0.3278 f 0.0385  5597 f 122 0.3083 dz 0.0369  0.3132 f 0.0265  0.2923 f 0.0252 
9.757 f 0.346 7726 f 129  0.3690 f 0.0434  5845 f 123  0.3358 f 0.0402  0.3462 f 0.0293  0.3231 f 0.0279 
10.414 f 0.377 7833 z t  129  0.3874 f 0.0457  6227 f 124 0.3726 f 0.0447  0.3736 f 0.0317  0.3486 f 0.0302 
11.143 Lt 0.425  8267 f 131 0.4348 f 0.0515  6353 f 125  0.4020 f 0+0484  0.4107 f 0.0350  0.3834 f 0.0334 
11.960 f 0.467  8238 f 131  0.4466 f 0.0530  6191 f 125  0.4070 f 0.0491  0.4186 f 0.0358  0.3916 f 0.0342 
12.860 f 0.525 7022 f 125  0.3921 f 0.0468  5350 f 122 0.3586 f 0.0435  0.3686 f 0.0316  0.3458 f 0.0303 
13.876 f 0.589  4929 f 115  0.2806 f 0.0338  4080 f 116 0.2802 f 0.0344  0.2763 f 0.0239  0.2599 f 0.0230 
15.016 f 0.660 3414 f 106 0.1942 f 0.0237 2824 f 109  0.1946 f 0.0244  0.1925 f 0.0169  0.1814 f 0.0162 
16.297 f 0.750  2361 f 99 0.1341 f 0.0168 2087 f 104  0.1424 f 0.0184  0.1370 f 0.0123  0.1295 f 0.0118 
17.759 f 0.857  1905 f 96 0.1075 f 0.0138  1431 f 100 0.0963 k 0.0133  0.1026 f 0.0095  0.0973 rt 0.0092 
19.416 f 0.971 1708 f 95 0.0946 f 0.0124  1150 f 99  0.0754 f 0.0111  0.0857 f 0.0082 0.0817 f 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 meas 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 XI1 B. The recommended partial cross section in the last column  includes 
a correction for angular-distribution effects. 
E, (MeV) A(1998)  a(1998) A ( 1999) &999) ,(opt) ,(opt,corr) 
4.090 f 0.093  177 f 71 0.0056 f 0.0034  639 f 87  0.0213 f 0.0038  0.0034 f 0.0024 0.0038 f 0.0024 
4.264 f 0.099  58 f 70 0.0018 f 0.0032  813 f 89  0.0267 f 0.0042  0.0030 & 0.0024  0.0033 f 0.0024 
4.453 f 0.105 266 f 73 0.0078 f 0.0032  712 f 89  0.0222 f 0.0038  0.0051 f 0.0023 0.0054 f 0.0023 
4&647 f 0.113 1 f 20 0.0000 f 0.0023  787 f 90  0.0240 f 0.0039 0.0008 f 0.0018 0.0010 f 0.0018 
4.861  0.122  207 f 73 0.0059 f 0.0031  913 f 92 0.0273 f 0.0041  0.0058 f 0.0023 0.0060 f 0.0023 
5.090 f 0.129 40 f 74 0.0011 f 0.0030 856 f 92  0.0250 f 0.0039  0.0021 f 0.0022  0.0024 f 0.0022 
5.333 k 0.140 144 f 74  0.0040 Ifi 0.0030  708 f 92 0.0207 f 0.0036  0.0024 f 0.0022 0.0018 f 0.0019 
5.597 f 0.149  27 f 69 0.0007 f 0.0028  654 f 92 0.0189 f 0.0034 -0.0000 f 0.0020 -0.0004 f 0.0018 
5.875 f 0.160  117 f 75 0.0031 f 0.0028  804 f 94 0.0227 f 0.0037  0.0026 f 0.0021  0.0020 f 0.0019 
6.181  0.175  677 f 80 0.0177 f 0.0035  1308 f 97  0.0364 f 0.0049  0.0158 rf: 0.0027  0.0138 f 0.0024 
6.517 f 0.187 1775 f 90  0.0437 f 0.0055 1941 f 103  0.0515 f 0.0064  0.0358 f 0.0040  0.0317 f 0.0036 
6.862 f 0.201 2342 f 96 0.0547 zk 0.0064  2711 f 109  0.0702 f 0.0083  0.0490 f 0.0048  0.0438 f 0.0045 
7.237 f 0.218  3043 f 100  0.0740 f 0.0084  3023 f 111 0.0832 f 0.0098  0.0645 f 0.0061  0.0581 4 0.0056 
7.661 f .0.242  3292 f 101  0.0857 f 0.0096  3367 f 112 0.0989 * 0.0116  0.0769 f 0.0071  0.0694 f 0.0066 
8.126 f 0.263  3949 f 106  0.1023 f 0.0113  3906 f 116  0.1136 f 0.0132  0.0917 z t  0.0082  0.0828 f 0.0076 
8.618 f 0.284  5316 f 114 0.1343 zk 0.0146  4735 f 121 0.1346 f 0.0154  0.1170 f 0.0102  0.1058 f 0.0095 
9.160 f 0.313 5765 f 116  0.1482 f 0.0161  5336 f 124 0.1545 f 0.0176  0.1325 f 0.0114  0.1200 & 0.0106 
9.757 f 0.346  6491 f 120  0.1729 f 0.0187  5784 f 126 0.1746 f 0.0199  0,1537 f 0.0131  0.1393 f 0.0122 
10.414 f 0.377  7088 f 122 0.1955 f 0.0212  6337 f 127  0.1992 f 0.0228  0.1757 f 0.0149  0.1593 f 0.0139 
11.143 f 0.425  7661 f 124 0.2248 f 0.0244  6645 f 128  0.2209 f 0.0253  0.1999 f 0.0169  0.1815 f 0.0158 
11.960 f 0.467  7940 f- 125  0.2401 f 0.0261  7059 f 129 0-2438 f 0.0280  0.2174 f 0.0183  0.1980 f 0.0172 
12.860 & 0.525 7136 f 122 0.2223 f 0.0243  6566 f 127  0.2313 f 0.0266  0.2029 f 0.0172  0.1853 f 0.0162 
13.876 f 0.589  5404 5 113  0.1716 f 0.0190  5073 f 120  0.1831 f 0.0213  0.1565 f 0.0136 0.1432 f 0.0127 
15.016 f 0.660 3626 f 104  0.1151 f 0.0131  3560 f 113  0.1289 f 0.0152  0.1046 f 0.0095  0.0958 f 0.0089 
16.297 f 0.750  2467 k 97  0.0782 f 0.0093  2471 f 107 0.0886 f 0.0108  0.0689 f 0.0067  0.0632 f 0.0063 
17.759 f 0.857 2076 f 94  0.0654 f 0.0080 2153 f 105  0.0761 f 0.0094 0.0571 f 0.0058 0+0526 f 0.0055 
19.416 f 0.971  1694 f 92 0.0523 f 0.0068 1834 f 104 0.0632 f 0.0080 0.0451 f 0.0049  0.0418 f 0.0047 
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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. 
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TABLE LXVIII: Adopted partial y-ray cross section for the E, = 244.4-keV transition. The measured peak are= 
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) 0(1998) A(1999) o(1999) ,(opt) ,(opt,corr) 

4.090 f 0.093 121 f 78 0.0034 f 0.0023 0 f 0 0.0000 f 0.0001 -0.0017 f 0.0001 -0.0015 f 0.0001 
4.264 f 0.099 43 f 77  0.0012 f 0.0021 29 f 87  0.0008 f 0.0025 0.0002 f 0.0019 0.0003 f 0.0019 
4.453 f 0.105 200 f 79 0.0053 f 0.0022 2 1  f 86  0.0006 f 0.0024  0.0022 f 0.0018  0.0023 f 0.0018 
4.647 f 0.113 0 f 0 0.0000 f 0.0002  156 f 90  0.0042 z t  0.0025  0.0001 z t  0.0003 0.0001 f 0.0003 
4.861 f 0.122 0 f 0 0.0000 & 0.0002  172 z t  90  0.0046 f 0.0024  0.0001 f 0.0003 0.0001 f 0.0003 
5.090 f 0.129 26 f 80 0.0007 f 0.0020  192 f 93  0.0050 f 0.0025  0.0021 f 0.0018 0.0022 f 0.0018 
5.333 f 0.140  135 f 82 0.0034 f 0.0021  138 f 93 0.0036 rt; 0.0024  0,0029 f 0.0018 0.0026 f 0.0016 
5.597 f 0.149 0 f 1 0.0000 f 0.0002 13 f 92 0.0003 f 0.0024 0.0000 z t  0.0003 0.0000 f 0.0002 
5.875 f 0.160 0 f 0 0.0000 f 0.0002  27 f 93  0.0007 f 0.0023 0.0000 f 0.0002 0.0000 f 0.0002 
6.181 f 0.175 0 f 0 0.0000 f 0.0002 3 f 53  0.0001 f 0.0013 -0.0000 f 0.0002 -0.0000 f 0.0002 
6.517 f 0.187 106 f 87  0.0024 f 0.0020  155 f 97 0.0036 f 0.0023  0.0024 f 0.0017  0,0022 f 0.0015 
6.862 f 0.201 213 f 91 0.0045 f 0.0020 331 k 100 0.0076 f 0.0024 0.0058 f 0.0018  0.0052 f 0.0016 
7.237 f 0.218  456 f 94  0.0100 f 0.0023 298 f 99 0.0073 f 0.0025  0.0086 zk 0.0019 0.0077 f 0.0017 
7.661 f 0.242 504 f 95  0.0118 f 0.0025 704 f 102  0.0184 f 0.0033  0.0158 3r 0.0023  0.0142 f 0.0021 
8.126 f 0.263 700 f 100 0.0164 k 0.0029 971 f 105  0.0250 f 0.0039  0.0219 f 0.0027  0.0198 f 0.0024 
8.618 f 0.284 929 f 102  0.0212 f 0.0032  1198 f 108 0.0302 f 0.0043  0.0276 f 0.0030  0.0249 f 0.0027 
9.160 f 0.313 1380 f 108  0.0321 f 0.0041  1597 f 111 0.0410 f 0.0053  0.0399 f 0.0038  0.0360 f 0.0035 
9.757 f 0.346  1434 f 109 0.0345 f 0.0044  1594 f 112 0.0427 f 0.0056 0.0423 f 0.0040 0.0382 f 0.0037 
10.414 f 0.377  1788 f 112 0.0446 f 0.0054  2160 k 114  0.0602 rt 0.0074  0.0574 f 0.0051  0.0519 & 0.0047 
11.143 + 0.425 2011 f 114 0.0533 f 0.0063  2621 f 117  0.0773 f 0.0093  0.0710 f 0.0061  0.0643 f 0.0057 
11.960 f 0.467  2065 f 114 0.0565 f 0.0066  2575 f 117  0.0789 f 0.0095 0.0740 f 0.0064  0.0672 f 0.0059 
12.860 f 0.525 2054 + 114 0.0578 f 0.0068  2421 f 115 0.0756 f 0.0092 0&0735 f 0.0064  0.0669 f 0.0059 
13.876 f 0.589  1833 f 112 0.0526 f 0.0064  1943 f 111 0.0622 f 0.0078  0.0633 f 0.0057 0.0578 f 0.0053 
15.016 f 0.660 1185 f 105  0.0340 f 0.0047 1395 f 107 0.0448 rt: 0.0061  0.0430 If: 0.0043 0.0393 f 0.0040 
16.297 f 0.750 732 f 101  0.0210 f 0.0036  943 f 104  0.0300 f 0.0047 0.0274 f 0.0033  0.0251 f 0.0031 
17.759 f 0.857  472 f 98 0.0134 f 0.0031  695 f 102 0.0218 f 0.0040  0.0185 f 0.0028  0.0170 f 0.0026 
19.416 f 0.971 429 f 99  0.0120 f 0.0030 610 f 103 0.0186 f 0.0038  0.0160 f 0.0027  0.0149 f 0.0025 
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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 XI1 B. The recommended partial cross section in the last column includes 
a correction for angular-distribution effects. 
E, (MeV) A(1998)  a(1998)  A(1999)  o(1999) ,(opt) , ( O P W d  
4.090 f 0.093  325 f 59 0.0095 f 0.0020  215 f 77  0.0065 f 0.0025  0.0080 f 0.0018  0.0079 f 0.0018 
4.264 f 0.099  332 f 60 0.0095 f 0.0020  351 f 79 0.0105 f 0.0026  0.0100 f 0.0018  0.0098 f 0.0018 
4.453 f 0.105  201 f 59 0.0055 f 0.0017 376 f 81 0.0107 f 0.0026  0.0072 f 0.0016 0.0071 f 0.0016 
4.647 f 0.113 279  60 0.0074 f 0.0018 222 f 80 0.0061 k 0.0023  0.0067 f 0.0016  0.0066 IfI 0.0016 
4.861 zk 0.122 254 f 60 0.0068 f 0.0017  324 f 82 0.0088 f 0.0024  0.0075 f 0.0017  0.0074 f 0.0016 
5.090 f 0.129  254 f 61  0.0066 f 0.0017  435 f 84  0.0115 f 0.0026  0.0084 f 0.0017 0.0083 f 0.0016 
5.333 f 0.140  210 f 60 0.0054 f 0.0016  459 f 83 0.0122 f 0.0026  0.0076 f 0.0016  0.0066 + 0.0014 
5.597 f 0.149  125 f 60  0.0031 f 0.0015 286 f 84  0.0075 f 0.0024  0.0043 f 0.0015  0.0037 f 0.0013 
5.875 f 0.160  215 f 61 0.0052 f 0.0016  134 f 83 0.0034 f 0.0022  0.0043 f 0.0015  0.0037 f 0.0013 
6.181 f 0.175 140 f 62 0.0034 f 0.0016 258 f 85 0.0065 f 0.0023  0.0042 f 0.0015 0.0036 f 0.0013 
6.517 f 0.187 283 f 65 0.0065 f 0.0016 290 f 86 0.0070 f 0.0022 0.0065 f 0.0015  0.0057 f 0.0014 
6.862 f 0.201  361 f 67  0.0079 f 0.0016  326 f 88 0.0077 41 0.0022  0.0077 f 0.0016 0.0067 f 0.0014 
7.237 f 0.218  306 f 67  0.0069 f 0.0017 579 f 91  0.0145 f 0.0028  0.0096 k 0.0017  0.0083 & 0.0015 
7.661 f 0.242  402 f 67 0.0098 f 0.0019  566 f 89  0.0151 f 0.0029  0.0121 zk 0.0019  0.0106 f: 0.0017 
8.126 f 0.263 347 f 68 0.0084 f 0.0018  504 k 89  0.0133 f 0.0028 0.0104 f 0.0018  0.0091 & 0.0016 
8.618 f 0.284  430 f 70 0.0101 f 0.0019  556 f 91  0.0143 f 0.0028 0.0121 f 0.0019  0.0106 f 0.0017 
9-160 f 0.313  608 f 70 0.0146 f 0.0022 465 f 89  0.0122 f 0.0027  0.0136 f 0.0020  0.0120 f 0.0018 
9.757 f 0.346  586 IfI 71  0.0146 k 0.0023  656 f 90 0.0180 f 0.0032 0.0166 f 0.0022  0.0147 f 0.0020 
10.414 f 0.377  522 f 69  0.0135 f 0.0022  735 f 90 0.0210 f 0.0035  0.0170 f 0.0022  0.0150 f 0.0020 
11.143 f 0.425 602 f 70 0.0165 f 0.0025 738 f 89  0.0223 f 0.0037  0.0198 z t  0.0025  0.0175 f 0.0022 
11.960 f 0.467  627 f 70 0.0177 f 0.0026  975 zk 91 0.0306 f 0.0044  0.0237 f 0.0028  0.0210 f 0.0025 
12.860 Ifi 0.525 637 z t  70 0.0185 f 0.0027  791 f 90  0.0253 f 0.0040 0.0224 f 0.0027  0.0200 f 0.0025 
13.876 f 0.589  652 f 71 0.0193 f 0.0028 765 31 90  0.0251 f 0.0041 0.0229 f 0.0028  0.0204 f 0.0025 
15.016 f 0.660  510 f 70 0.0151 f 0.0026  617 f 88  0.0203 f 0.0037  0.0180 f 0.0025  0.0160 31 0.0023 
16.297 f 0.750  326 f 68 0.0096 f 0.0022  560 =k 88 0.0182 f 0.0035  0.0131 f 0.0022  0.0117 f 0.0020 
17.759 f 0.857 360 f 68 0.0106 f 0.0023  378 & 87 0.0121 f 0.0031  0.0114 f 0.0021  0.0102 f 0.0019 
19.416 f 0.971  255 f 68  0.0074 f 0.0021 516 f 87 0.0162 f 0.0033  0.0106 f 0.0020  0.0095 f 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) A(1998) 0(1998) &ca) ,(sca,corr) 
4.090 f 0.093 0 f 0 0.0001 f 0.0007 0.0001 f 0.0007  0.0001 f 0.0007 
4.264 f 0.099 25 f 57 0.0016 & 0.0038  0.0015 f 0,0034  0.0015 f 0.0034 

4.647 f 0.113 128 f 60  0.0077 i~ 0.0038 0.0071 f 0.0034  0.0071 f 0.0034 
4.861 & 0.122  161 f 47  0.0098 f 0.0031  0.0089 f 0.0028  0.0089 f 0.0028 
5.090 f 0.129 32 f 59 0.0019 f 0.0036  0.001’7 zk 0.0032  0.0017 f 0.0032 
5.333 f 0.140  113 f 61 0.0066 f 0.0037 0.0060 f 0.0034  0.0062 f 0.0034 
5.597 f 0.149  65 f 62 0.0037 f 0.0036  0.0033 f 0.0033  0.0034 f 0.0033 
5.875 f 0.160  75 f 46 0.0042 f 0.0027  0.0038 f 0.0024  0.0039 f 0.0025 
6.181 f 0.175  34 f 60 0.0019 f 0.0034  0.0017 f 0.0031  0.0018 f 0.0032 
6.517 f 0.187  127 f 63 0.0066 f 0.0034  0.0060 f 0.0031  0.0062 f 0.0032 
6.862 f 0.201 308 k 66 0.0153 f 0.0036  0.0139 f 0.0033  0.0143 f 0.0034 
7.237 f 0.218  176 5 64 0.0091 f 0.0035  0.0083 f 0.0032  0.0085 f 0.0033 
7.661 f 0.242 224 f 64 0.0124 f 0.0038  0.0113 f 0.0035  0.0116 f 0.0036 
8.126 k 0.263 278 k 66 0.0153 f 0.0040 0.0139 f 0.0036  0.0143 f 0.0037 
8.618 f 0.284 278 f 68  0.0149 f 0.0040  0.0136 f 0.0036  0.0139 f 0.0037 
9.160 f 0.313 215 f 66 0.0117 f 0.0038  0.0107 f 0.0035  0.0109 f 0.0036 
9.757 f 0.346  334 f .67  0.0189 j, 0.0043  0.0172 f 0.0039  0.0176 f 0.0040 
10.414 f 0.377 368 f 67  0.0216 f 0.0045 0.0196 f 0.0041  0.0201 f 0.0043 
11.143 f 0.425 257 f 65 0.0160 f 0.0044  0.0146 f 0.0040 0.0149 f 0.0041 
11.960 f 0.467  317 f 64  0.0204 f 0.0046  0.0185 f 0.0042  0.0190 f 0.0044 
12.860 f 0.525 242 f 64  0.0160 f 0.0046  0.0146 f 0.0042  0.0149 f 0.0043 
13.876 f 0.589  287 f 65 0.0194 f 0.0048  0.0176  0.0044  0.0180 f 0.0046 
15.016 f 0.660 237 f 64 0.0160 f 0.0047  0.0145 f 0.0043  0.0148 A 0.0044 
16.297 f 0.750  237 f 64  0.0159 d~ 0.0046 0.0145 f 0.0043  0.0148 f 0.0044 
17.759 f 0.857  152 f 65  0.0102 f 0.0045  0.0093 f 0.0041  0.0094 f 0.0042 
19.416 f 0.971  171 j, 65 0.0112 f 0.0045  0.0102 f 0.0041 0.0104 f 0.0042 

4.453 f 0.105  130 f 60 0:0080 f 0.0039  0.0073 f 0.0035  0.0073 f 0.0035 
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FIG. 60: Adopted E-, = 666.7-keV partial cross section corresponding to the  data in table LXX, and corrected €or 
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 coiumn 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(’998) 0(1998) JSC4 ,(sca,corr) 
4.090 f 0.093 111 f 42 0.0088 f 0.0040 0.0080 f 0.0036  0.0080 f 0.0036 
4.264 3z 0.099 21 k 43  0.0016 f 0.0038  0.0015 f 0.0035  0.0015 f 0.0035 
4.453 f 0.105 19 f 42 0.0014 f 0.0036  0.0013 f 0.0033  0.0013 f 0.0033 
4.647 f 0.113  121 f 44 0.0087 k 0.0037 0.0080 f 0.0034 0.0080 f 0.0034 
4.861 f 0.122 49 f 43  0.0036 f 0.0036 0.0032 f 0.0033  0.0032 f 0.0033 
5.090 & 0.129  65 f 44 0.0046 f 0.0036  0.0042 f 0.0033  0.0042 f 0.0033 
5.333 f 0.140  37 f 45 0.0026 f 0.0036  0.0023 f 0.0032  0.0025 f 0.0034 
5.597 f 0.149 142 f 44 0.0096 f 0.0035  0.0087 f 0.0032  0.0091 & 0.0034 
5.875 f 0.160 96 f 45 0.0064 f 0.0034  0.0058 f 0.0031  0.0061 f 0.0033 
6.181 f 0.175  84 f 45 0.0056 f 0.0034  0.0051 f 0.0031  0.0053 f 0.0033 
6.517 f 0.187 94 f 47  0.0059 f 0.0033  0.0053 k 0.0030  0.0056 k 0.0032 
6.862 f 0.201 45 f 47  0.0027 f 0.0031 0.0024 f 0.0029  0.0025 f 0.0030 
7.237 f 0.218 59 f 47 0.0036 f 0.0033  0.0033 It 0.0030 0.0035 f 0.0031 
7.661 f 0.242  110 f 46 0.0073 f 0.0035  0.0066 f 0.0032  0.0069 f 0.0033 
8.126 f 0.263  103 f 47 0&0068 f 0.0035  0.0062 f 0.0032 0.0064 f 0.0034 
8.618 f 0.284 247 f 50  0.0158 f 0.0039  0.0144 f 0.0036  0.0150 f 0.0037 
9.160 z t  0.313 257 f 49 0.0168 f 0.0039  0.0153 f 0.0036  0.0159 f 0.0038 
9.757 f 0.346  319 f 49  0.0216 f 0.0043  0.0196 f 0.0039  0.0204 f 0.0041 
10.414 f 0.377 234 f 48 0.0164 f 0.0041 0.0149 f 0.0038  0.0155 f 0.0039 
11.143 f 0.425 228 f 47  0.0170 f 0.0043 0.0155 f 0.0039  0.0161 f 0.0041 
11.960 f 0.467  226 f 47 0.0173 f 0.0044  0.0158 f 0.0040  0.0164 f 0.0042 
12.860 f 0.525  220 f 47  0.0174 f 0.0045  0.0158 1-)1 0.0041  0.0164 f 0.0043 
13.876 f 0.589  154 k 46 0.0124 f 0.0044 0.0113 0.0040  0.0117 f 0.0041 
15.016 f 0.660 217 f 47 0.0175 f 0.0046 0.0159 f 0.0042  0.0164 f 0.0044 
16.297 f 0.750  167 f 45  0.0134 & 0.0043  0.0122 f 0.0039  0.0126 91 0.0041 
17.759 f 0.857  151 It 46 0.0121 f 0.0043  0.0110 f 0.0039 0.0113 -f 0.0041 
19.416 f 0.971 65 f 46 0.0051 f 0.0041  0.0046 k 0.0037 0.0048 f 0.0038 



159 

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 
correcti0.n for angular-distribution effects. 
E, (MeV) A(1998) ,(1998) &a) o( sca,corr) 

4.090 f 0.093 54 f 45 0.0024 f 0.0020  0.0021 f 0.0018  0.0021 f 0.0018 
4.264 f 0.099  180 f 46 0.0077 f 0.0022  0.0070 f 0.0020 0.0070 0.0020 
4.453 f 0.105 124 f 46 0.0050 f 0.0020  0.0046 zt 0.0018  0.0046 f 0.0018 
4.647 f 0.113  119 f 47  0.0047 f 0.0019  0.0043 f 0.0018  0.0043 f 0.0018 
4.861 f 0.122  33 f 46 0.0013 f 0.0018  0.0012 f 0.0017  0.0012  0.0017 
5.090 f 0.129 122 f 48 0.0047 f 0.0019  0.0043 f 0.0018  0.0043 f 0.0018 
5.333 f 0.140  132 f 49 0.0050 f 0.0020  0.0046 h 0.0018  0.0046 f 0.0018 
5.597 f 0.149  167 f 50 0.0062 f 0.0020  0.0056 f 0.0018  0.0056 f 0.0018 
5.875 f 0.160  34 f 49  0.0012 f 0.0018  0.0011 f 0.0016  0.0011 k 0.0016 
6.181 z t  0.175  105 f 49 0.0038 f 0.0018  0.0035 f 0.0017 0.0035 f 0.0017 
6.517 f 0.187  156 f 50 0.0053 f 0.0018  0.0049 f 0.0017  0.0049 f 0.0017 
6.862 f 0.201  195 f 52 0.0063 f 0.0018 0.0058 If 0.0017 0.0058 f 0.0017 
7.237 f 0.218 258 f 53 0.0087 f 0.0021 0.0079 f 0.0019  0.0079 f 0.0019 
7.661 f 0.242  186 f 51 0.0067 f 0.0020 0.0061 f 0.0018  0.0061 f 0.0018 
8.126 & 0.263 220 f 52 0.0079 f 0.0021  0.0072 z t  0.0019  0.0072 f 0.0019 
8.618 f 0.284  293 f 54  0.0103 f 0.0022  0.0094 f 0.0021  0.0093 f 0.0021 
9.160 f 0.313  153 f 53  0.0055 f 0.0020 0.0050 f 0.0018  0.0050 f 0.0018 
9.757 f 0.346 296 f 54 0.0110 f 0.0024 0.0100 f 0.0022 0.0100 f 0.0022 
10.414 f 0.377 356 f 54  0.0137 j z  0.0026  0.0125 f 0.0024  0.0124 f 0.0024 
11.143 f 0.425  402 f 54  0.0164 f 0.0029  0.0150 f 0.0027  0.0149 f 0.0027 
11.960 f 0.467  209 f 51 0.0088 f 0.0024 0.0080 f 0.0022  0.0080 f 0.0022 
12.860 f 0.525 248 f 52 0.0108 f 0.0026  0.0098 f 0.0024  0.0098 f 0.0024 
13.876 f 0.589 209 k 52  0.0092 f 0.0025 0.0084 f 0.0023  0.0084 f 0.0023 
15.016 f 0.660  178 f 52  0.0079 zk 0.0025  0.0072 f 0.0023 0.0071 f 0.0023 
16.297 f 0.750  150 f 52  0.0066 f 0.0024 0.0060 3~ 0.0022  0.0060 f 0.0022 
17.759 f 0.857 124 & 52 0.0054 f 0.0024 0.0050 0.0022  0.0049 f 0.0022 
19.416 31 0.971  107 f 52  0.0046 f 0.0023 0.0042 f 0.0021  0.0042 f 0.0021 
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FIG. 62: Adopted E, = 786.8-keV partial cross section corresponding to the  data in table LXXPI, 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 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) ,4(1998) 0(1998) &ca) a(~ca,corr) 

4.090 f 0.093  104 f 42 0.0086 f 0.0037 0.0078 f 0.0034  0.0078 f 0.0034 
4.264 f 0.099 96 f 44 0.0077 f 0.0037  0.0070 f 0.0034  0.0070 f 0.0034 
4.453 f 0.105  93 zt 45 0.0071 f 0-0036  0.0065 5 0.0033  0.0065 f 0.0033 
4.647 f 0.113 141 f 47 0.0106 f 0.0038  0.0096 f 0.0035  0.0096 A 0.0035 
4.861 f 0.122  55 f 44 0.0041 f 0.0035  0.0038 f 0.0031  0.0038 f 0.0031 
5.090 f 0.129 109 f 45 0.0080 f 0.0035  0.0073 2r 0.0032  0.0073 f 0.0032 
5.333 f 0.140  45 f 47  0.0032 f 0.0035  0.0030 f 0.0032  0.0030 f 0.0033 
5.597 f 0.149 70 f 46 0.0049 f 0.0034  0.0045 f 0.0031  0.0045 f 0.0031 
5.875 f 0.160  98 f 45 0.0067 f 0.0033  0.0061  0.0030  0.0062 f 0.0030 
6.181 f 0.175  162 i 46  0.0112 f 0.0035  0.0102 f 0.0032 0.0104 f 0.0032 
6.517 f 0.187  131 f 47  0.0085 f 0.0032  0.0077 f 0.0030  0.0079 f 0.0030 
6.862 f 0.201  150 f 50 0.0092 f 0.0033  0.0084 f 0.0030 0.0085 f 0.0031 
7.237 f 0.218  219 f 50 0.0140 f 0.0036  0.0127 f 0.0033  0.0130 f 0.0033 
7.661 f 0.242 222 f 50 0.0152 f 0.0038  0.0138 f 0.0035  0.0141 f 0.0036 
8.126 f 0.263 202 f 49  0.0138 f 0.0037  0.0125 f 0.0034  0.0128 f 0.0035 
8.618 z t  0.284 292 f 52  0.0194 f 0.0040  0.0176 f 0.0037  0.0180 f 0.0038 
9.160 f 0.313 253 f 51  0.0171 f 0.0039 0.0156 f 0.0036 0.0159 f 0.0037 
9.757 f 0.346  351 f 51 0.0246 + 0.0044 0.0224 f 0.0041  0.0229 & 0.0042 
10.414 f 0.377 289 f 51  0.0209 f 0.0043  0.0191 f 0.0040 0.0195 f 0.0041 
11.143 f 0.425  313 f 51  0.0241 f 0+0047 0.0220 f 0.0043  0.0225 f 0.0045 
11.960 f 0.467 293 f 47 0.0233 f 0.0045  0.0212 f 0.0042  0.0217 f 0.0043 
12.860 f 0.525  166 zk 45 0.0136 f 0.0041  0.0124 & 0.0037  0.0126 f 0.0038 
13.876 f 0.589  286 f 47 0.0239 f 0.0047  0.0217 f 0.0044  0.0222 f 0.0045 
15.016 f 0.660 195 f 49 0.0163 zt 0.0045  0.0148 f 0.0041  0.0151 f 0.0042 
16.297 f 0.750 88 f 45 0.0073 iz 0.0039  0.0067 f 0.0036 0.0068 f 0.0037 
17.759 f 0.857  190 f 49 0.0157 f 0.0045  0.0143 f 0.0041  0.0146 & 0.0042 
19.416 f 0.971  68 f 46 0.0055 z t  0.0039 0.0050 f 0.0036 0.0051 f 0.0036 



163 

0.000 

I 

4b 

1 
5 

I I I I I  I I .I I 

GNASH (1998) - 

0 1998 best 

scale = 0.91 l ( 2 5  

I 
20 

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) A(1998f g(1998) &ca> ,(sca,corr) 
4.090 f 0.093 60 f 43  0.0027 f 0.0019  0.0024 f 0.0018  0.0024 f 0.0018 
4.264 f 0.099  84 k 44 0.0036 f 0.0019  0.0033 + 0.0018  0.0033 f 0.0018 
4.453 f 0.105 204 f 46 0.0084 f 0.0021 0.0077 f 0.0020  0.0077 f 0.0020 
4.647 f 0.113  126 f 46 0.0051 f 0.0019  0.0046 f 0.0018  0.0046 f 0.0018 
4.861 f 0.122 74 f 46 0.0030 f 0.0019  0.0027 f 0.0017  0.0027 f 0.0017 
5.090 f 0.129  133 f 47  0.0053 f 0.0020 0.0048 z t  0.0018  0.0048 f 0.0018 
5.333 f 0.140  130 f 47  0.0051 j, 0.0019  0.0046 f 0.0018 0.0045 f 0.0017 
5.597 f 0.149  122 f 48  0.0046 f 0.0019  0.0042 f 0.0017  0.0040 f 0.0017 
5.875 f 0.160  149 f 49 0.0055 f 0,0019 0.0050 f 0.0018  0.0049 f 0.0017 
6.181 f 0.175 95 f 48 0.0035 f 0.0018  0.0032 I1-: 0.0017  0.0031 f 0.0016 
6.517 f 0.187  119 f 49 0.0041 f 0.0018 0.0038 f- 0.0016  0.0037 f 0.0016 
6.862 f 0.201 227 f 51 0.0075 f 0.0019  0.0068 f 0.0017 0.0066 f 0.0017 
7.237 f 0.218  286 f 52 0.0098 f 0.0021  0.0090 f 0.0019  0.0087 f 0.0019 
7.661 f 0.242 297 f 52 0.0109 f 0.0023 0.0100 f 0.0021 0.0097 f 0.0020 
8.126 f 0.263  391 zk 53  0.0143 f 0.0025  0.0131 0.0023 0.0127 f 0.0023 
8.618 f 0.284  357 f 54 0.0128 & 0.0024  0.0116 f 0.0022  0.0113 f 0.0022 
9.160 f 0.313 330 f 53 0.0120 f 0.0024  0.0109 f 0.0022  0.0106 f 0.0021 
9.757 f 0.346  337 f 53  0.0127 f 0.0025  0.0116 f 0.0023  0.0112 f 0.0022 
10.414 f 0.377 449 4~ 54 0.0175 f 0.0029 0.0160 f 0.0027  0.0155 f 0.0026 
11.143 f 0.425 358 f 52 0*0149 f 0.0028  0.0135 f 0.0025  0.0131 f 0.0025 
11.960 f 0.467  315 f 52 0.0135 f 0.0027  0.0123 f 0.0025 0.0119 f 0.0024 
12.860 f 0.525  348 f 52  0.0154 f 0.0029  0.0140 f 0.0027  0.0136 & 0.0026 
13.876 f 0.589  237 f 51  0.0107 f 0.0026 0.0097 f 0.0024  0.0095 f 0.0023 
15.016 f 0.660  187 f 51 0.0084 f 0.0025  0.0077 4 0.0023  0.0075 4 0.0022 
16.297 f 0.750 81 3x 50 0.0036 f 0.0023  0.0033 f 0.0021  0.0032 4 0.0020 
17.759 f 0.857  4 f 44  0.0002 f 0.0020 0.0002 f 0.0018 0.0002 f 0.0017 
19.416 f 0.971 1 f 43 0.0000 f 0.0019 0.0000 f 0.0017 0.0000 f 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 includes a 
correction for angular-distribution effects. 
E, (MeV) A(1998)  a(1998) &a) cT (sca,corr) 
4.090 f 0.093 24 f 42 0.0020 f 0.0036  0.0018 f 0.0033 0.0018 f 0-0033 
4.264 k 0.099 0 f 0 0.0001 f 0.0007  0.0001 k 0.0006 0.0001 f 0.0006 
4.453 f 0.105 26 f 44 0.0020 f 0.0035  0.0018 f 0.0032  0.0018 f 0.0032 
4.647 f 0.113 79 f 46 0.0060 f 0.0036  0.0055 f 0.0033  0.0055 f 0.0033 
4.861 f 0.122 0 f 0 0.0001 f 0.0006 0.0001 f 0.0006 0.0001 f 0.0006 
5.090 f 0.129 0 f 0 0.0001 f 0.0006 0.0001 f 0.0006 0.0001 f 0.0006 
5.333 f 0.140 24 f 48 0.0018 f 0.0036 0&0016 f 0.0032  0.0017 f 0.0035 
5.597 f 0.149 10 f 47 0.0007 f 0.0034  0.0006 f 0.0031  0.0007 f 0.0033 
5.875 f 0.160 4 f 46 0.0003 f 0.0032  0.0003 f 0.0030 0.0003 f 0.0032 
6.181 f 0.175 35 f 46 0.0024 f 0.0033 0.0022 f 0.0030 0.0024 f 0.0032 
6.517 f 0.187  66 f 47 0.0043 f 0.0032  0.0039 f 0.0029  0.0042 f 0.0031 
6.862 f 0.201  119 f 50 0.0074 f 0.0032  0.0067 f 0.0030  0.0072 f 0.0032 
7.237 f 0.218  203 f 51  0.0131 f 0.0036 0.0119 & 0.0033  0.0128 It: 0.0035 
7.661 f 0.242  159 f 51  0.0110 f 0.0037 0.0100 f 0.0034  0.0107 f 0.0037 
8.126 f 0.263  177 f 51 0.0122 f 0.0038  0.0111 f 0.0034  0.0118 k 0.0037 
8.618 f 0.284  179 f 52 0.0120 f 0.0037  0.0110 f 0.0034  0.0116 z t  0.0036 
9.160 f 0.313 114 f 51  0.0078 f 0.0036 0.0071 zk 0.0033 0.0075 f 0.0035 
9.757 z t  0.346  137 f 51  0.0097 f 0.0038  0.0088 f 0.0035  0.0094 f 0.0037 
10.414 f 0.377 317 f 53 0.0233 f 0.0046  0.0212 & 0.0042 0.0225 f 0.0045 
11.143 f 0.425 232 f 52 0.0181 f 0.0045 0.0165 f 0.0041  0.0175 f 0.0044 
11.960 f 0.467  202 f 49 0.0163 f 0.0043 0.0148 f 0.0040  0.0156 f 0.0042 
12.860 z t  0.525  185 f 49 0.0153 iz 0.0044 0.0140 f 0.0040 0.0147 zk 0.0043 
13.876 f 0.589  244 f 50  0.0206 * 0.0048 0.0188 f 0.0044  0.0198 zk 0.0046 
15.016 f 0.660 226 f 51 0.0191 f 0.0048  0.0174 & 0.0044  0.0183 f 0.0046 
16.297 f 0.750 142 f 48 0.0120 f 0.0043  0.0109 f 0.0039  0.0114 f 0.0041 
17.759 f 0.857  116 f 49 0.0097 f 0.0043  0.0088 f 0.0039 0.0093 f 0.0041 
19.416 f 0.971 222 f 49 0.0182 z t  0.0045  0.0166 f 0.0041  0.0173 f 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 98Thin 
data by a target-thickness correction factor. The recommended partial cross section in the last column includes a 
correction for angular-distribution effects. 

4.090 f 0.093 143 f 47  0.0120 f 0.0042  0.0109 f 0:0038 0.0109 f 0.0038 
4.264 f 0.099  93 f 47  0.0076 f 0.0040 0.0069 f 0.0036  0.0069 f 0.0036 
4.453 f 0.105  136 f 48 0.0106 f 0.0039  0.0096 f 0.0036 0.0096 f 0,0036 
4.647 f 0.113 126 f 48 0.0096 f 0.0038  0.0087 f 0.0035  0.0087 f 0.0035 
4.861 f 0.122  138 f 49 0.0105 zk 0.0039 0.0096 f 0.0036  0.0096 f 0.0036 
5.090 f 0.129  83 f 47  0.0062 f 0.0036 0.0056 f 0.0033 0.0056 f 0.0033 
5.333 f 0.140 90 f 50 0.0066 f 0.0038  0.0060 f 0.0034 0.0062 0.0035 
5.597 f 0.149 144 f 50  0.0102 f 0.0037 0.0093 f 0.0034  0.0096 rt 0.0035 
5.875 f 0.160 82 f 48 0.0057 f 0.0034  0.0052 f 0.0031  0.0053 f 0.0032 
6.181 f 0.175 108 f 49 0.0075 f 0.0036  0.0069 f 0.0032  0.0071 I.fi 0.0033 
6.517 f 0.187  118 f 50  0.0077 f 0.0034 0.0071 f 0.0031  0.0072 f 0.0032 
6.862  0.201  149  52  0.0093 f 0.0034  0.0085 f 0.0031 0.0087 f 0.0032 
7.237 f 0.218 289  54 0.0187 f 0.0040  0.0171 f 0.0037  0.0175 f 0.0038 
7.661 f 0.242 268 f 53 0.0186 f 0.0042  0.0169 f 0.0038  0.0174 f 0.0039 
8.126 f 0.263 327 f 54  0.0226 f 0.0044  0.0206 f 0.0040  0.0211 f 0.0042 
8.618 f 0.284 432 f 56 0.0291 f 0.0048  0.0265 f 0.0044  0.0271 f 0.0046 
9.160 f 0.313 420 f 56 0.0288 f 0.0048  0.0262 It 0.0045 0.0268 zI= 0.0046 
9.757 f 0.346  496 f 56 0.0352 f 0.0054  0.0321 f 0.0050  0.0329 f 0.0051 
10.414 f 0.377 378 f 55  0.0278 rt 0+0050  0.0253 f 0.0046  0.0259 41 0.0047 
11.143 f 0.425 470 f 55  0.0368 f 0.0057  0.0335 f 0.0053 0.0343 f 0.0055 
11.960 f 0.467  365 f 52 0.0294 f 0.0052  0.0268 f 0.0048  0.0274 f 0.0049 
12.860 f 0.525 457 f 54 0.0380 f 0.0060  0.0346 f 0.0055  0.0353 f 0.0057 
13.876 f 0.589  413 f 53  0.0350 f 0.0058 0.0319 f 0.0053  0.0325 f 0.0055 
15.016 f 0.660  216 f 52 0.0183 f 0.0048  0.0166 f 0.0044  0.0170 f 0.0045 
16.297 f 0.750 225 f 51 0.0190 f 0.0048  0.0173 f 0.0044  0.0176 f 0.0045 
17.759 f 0.857 304 f 53  0.0255 f 0.0052 0.0232 z t  0.0048  0.0237 f 0.0049 
19.416 f 0.971 215 f 51 0.0177 f 0.0046  0.0161 f 0.0042  0.0164 f 0.0043 

E, (MeV) A(1998) ,,,(1998) , ( s 4  a( sca,corr) 
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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) €or 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) a(1998) &a> ,(sca,cotr) 
4.090 f 0.093 214 f 45 0.0195 f 0.0046 0.0178 k 0.0042 0.0178 f 0.0042 
4.264 f 0.099 153 f 45 0.0136 f 0.0042 0.0124 f 0.0039 0.0124 f 0.0039 
4.453 f 0.105 119 f 45 0.0101 f 0.0040 0.0092 f 0.0036 0.0092 f 0.0036 
4.647 f 0.113 165 f 45  0.0137 f 0.0040 0.0124 f 0.0036 0.0124 f 0.0036 
4.861 f 0.122 108 f 45 0.0090 f 0.0039 0.0082 f 0.0035 0.0082 f 0.0035 
5.090 f 0.129 97 f 45 0.0079 f 0.0037 0.0072 f 0.0034 0.0072 f 0.0034 
5.333 f 0.140 164 f 46 0.0131 f 0.0039 0.0119 f 0.0036 0.0127 f 0.0038 
5.597 f 0.149 209 f 47  0.0161 f 0.0040 0.0147 f 0.0036 0.0157 f 0.0039 
5.875 f 0.160 211 f 47 0.0160 f 0.0039 0.0146 f 0.0036 0.0155 f 0.0038 
6.181 f 0.175 171 z t  46 0.0130 f 0.0037 0.0118 f 0.0034 0.0126 f 0.0037 
6.517 f 0.187 155 f 47 0.0111 4 0.0035 0.0101 f 0.0032 0.0108 f 0.0035 
6.862 f 0.201 195 f 47 0.0132 f 0.0035 0.0120 f 0.0032 0.0129 f 0.0034 
7.237 f 0.218 145 f 46 0.0102 f 0.0034 0.0093 f 0.0031 0.0099 f 0.0033 
7.661 f 0.242 324 f 48 0.0245 f 0.0044 0.0223 f 0.0040 0.0236 f 0+0043 
8.126 f 0.263 352 48 0.0265 f 0.0045 0.0241 f 0.0041 0.0254 f 0.0044 
8.618 f 0.284 446 f 50 0.0327 f 0.0049 0.0298 f 0.0045 0.0314 f 0.0049 
9.160 f 0.313 317 f 48.0.0237 f 0.0043 0.0215 f 0.0040 0.0227 f 0.0042 
9.757 f 0.346 341 rrt 48 0.0264 f 0.0046 0.0240 f 0.0042 0.0253 f 0.0045 
10.414 f 0.377 424 f 49 0.0340 f 0.0052 0.0309 f 0.0048 0.0326 f 0.0051 
11.143 k 0.425 310 f 47 0.0264 f 0.0048 0.0240 f 0.0044 0.0253 f 0.0047 . 

11.960 f 0.467 312 f 47 0.0274 f 0.0050 0.0250 f 0.0046 0.0262 f 0.0049 
12,860 f 0.525 337 f 48 0.0305 f 0.0053 0.0278 f 0.0049 0.0290 f 0.0052 
13.876 f 0.589 272 5~ 46 0.0251 f 0.0050 0.0228 zk 0.0046 0.0239 f 0.0048 
15.016 4 0.660 274 f 46 0.0252 f 0.0050 0.0230 f 0.0046 0.0240 f 0.0048 
16.297 f 0.750 203 f 44 0.0187 f 0.0045 0.0170 f 0.0041 0.0177 f 0.0043 
17.759 f 0.857 273 f 46 0.0250 f 0.0049 0.0227 f 0.0045 0.0236 f 0.0047 
19.416 f 0.911 149 f 45 0.0134 Az 0.0043 0.0122 k 0.0039 0.0126 f 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 
€or 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 LXXVIII: 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) ~ ( ~ 9 9 8 )  A(1999) c( 1999) ,(opt) ,(opt,corr) 
4.090 f 0.093  99 zk 45 0.0091 k 0.0042  293 f 67  0.0269 f 0.0069  0.0092 f 0.0037  0.0092 f 0.0037 
4.264 & 0.099 112 rlr 45 0.0100 f 0.0041  287 f 68 0.0260 f 0+0068  0.0096 f 0.0036 0.0097 f 0.0036 
4.453 f 0.105 126 f 45  0.0107 f 0.0040  493 f 71 0.0425 f 0.0078  0.0138 f 0.0036  0.0138 f 0.0037 
4.647 f 0.113 114 f 45  0.0095 f 0.0039  367 f 69  0.0308 f 0.0068  0.0105 f 0.0034  0.0105 4 0.0035 
4.861 f 0.122 149 f 46 0.0124 f 0.0040  321 f 70 0.0265 f 0.0065  0.0116 f 0.0035  0.0116 f 0.0036 
5.090 f 0.129  149 f 47  0.0121 f 0.0040  314 f 70 0.0253 f 0.0063 0.0110 f 0.0035  0.0110 f 0.0035 
5.333 f 0.140  180 f 47  0.0144 f 0.0040 478 f 73  0.0385 f 0.0073 0.016.l f 0.0037  0.0165 f 0.0038 
5.597 f 0.149  203 f 48  0.0157 f 0.0040  276 f 71  0.0220 f 0.0062  0.0124 f 0.0035 0.0128 f 0.0036 
5.875 f 0.160 190 * 47 0.0145 f 0.0039  354 f 73  0.0276 f 0.0065  0.0134 f 0.0035 0.0138 f 0.0035 
6.181 f 0.175  120 f 46  0.0092 zk 0.0036  475 f 74  0.0364 f 0.0070 0.0113 f 0.0033  0.0116 f 0.0034 
6.517 f 0.187  151 I!K 48 0.0108 f 0.0036  416 f 72  0.0304 f 0.0063  0.0114 f 0.0032  0.0117 f. 0.0033 
6.862 f 0.201 360 f 50  0.0245 f 0.0042  479 f 73  0.0342 f 0.0065 0.0222 f 0.0038  0.0228 f 0.0039 
7.237 f 0.218  349 f 50  0.0247 f 0.0043  467 f 73  0.0354 f 0.0068  0.0228 f 0.0039  0.0234 rt 0.0040 
7.661 k 0.242  571 f 51 0.0433 f 0.0058  676 f 72  0.0548 f 0.0085  0.0414 f 0.0052  0.0424 rf 0.0054 
8.126 f 0.263  539 f 51  0.0407 f 0.0056  843 f 76  0.0676 f 0.0097  0.0438 f 0.0053 0.0447 f 0.0055 
8.618 f 0.284  665 k 53 0.0490 f 0.0062  839 f 74  0.0658 f 0.0094  0.0491 f 0.0057  0.0502 f 0.0059 
9.160 f 0.313 625 f 52 0.0468 f 0.0061 901 f 76 0.0719 f 0.0101  0.0496 f 0.0057  0.0507 f 0.0059 
9.757 f 0.346  595 f 51  0.0462 f 0.0061  919 f 73  0.0765 f 0.0105  0.0504 f 0.0058  0.0516 f 0.0060 
10.414 f 0.377 526 f 51 0.0423 f 0.0059 692 f 72 0.0600 rt 0.0092 0.0427 f 0.0054 0.0437 f 0.0056 
11.143 f 0.425 551 f 51  0.0471 f 0.0065 754 f 69 0.0691 4 0.0101  0.0490 f 0.0059  0.0502 & 0.0061 
11.960 f 0.467  511 f 50 0.0450 f 0.0063  688 f 70 0.0655 f 0.0100  0.0464 f 0.0058  0.0475 f 0.0060 
12.860 f 0.525 469 f 49 0.0426 f 0.0062  702 f 70  0.0682 f 0.0103 0.0454 f 0.0058  0.0464 z t  0.0059 
13.876 f 0.589  398 f 49 0.0369 f 0.0059  457 f 66 0.0455 f 0.0084 0.0339 f 0.0052  0.0346 f 0.0053 
15.016 f 0.660  382 f 48  0.0353 * 0.0057  563 f 66  0.0562 f 0.0092  0.0367 f 0.0052  0.0374 f 0.0053 
16.297 f 0.750 282 f 45 0.0261 rfr 0.0049  393 f 66  0.0389 f 0.0079  0.0248 f 0.0044  0.0253 f 0.0045 
17.759 f 0.857 229 f 46 0.0210 f 0.0047  362 f 65  0.0353 f 0.0075  0.0202 f 0.0042  0.0206 f 0.0043 
19.416 f 0.971 243 f 46 0.0219 f -0.0047 368 f 65  0.0350 f 0.0074  0.0207 f 0.0042  0.0211 f 0.0042 
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FIG. 68: Adopted E, = 830.6-keV partial cross section corresponding to the data in table LXXVIII. The  top panel 
shows the 1998 and 1999 partial cross sections (corrected for angulardistribution 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. 



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(1998) 0(199s) ~ ( 1 9 9 9 )  a(1999) ,(opt) ,(opt,corr) 
4.090 f 0.093 78 f 44 0.0073 f 0.0044  79 f 53  0.0074 f 0.0053  0.0064 f 0.0036  0.0064 f 0.0036 

4.453 5 0.105 0 f 0 0.0001 f 0.0014  60 f 55 0.0053 f 0.0051 0.0003 f 0.0014  0.0003 f 0.0014 

4.861 -+ 0.122 2 1  f 44 0.0018 dz 0.0040  92 f 57  0.0077 f 0.0051 0.0032 f 0.0033  0.0032 z t  0.0033 
5.090 & 0.129  150 f 46 0.0124 f 0.0042  116 f 57 0.0095 f 0.0050 0.0104 f 0.0034  0.0104 f 0.0035 
5.333 1 0.140 49 f 45 0.0040 f 0.0039  145 f 58 0.0119 f 0.0051 0.0063 f 0.0033 0.0063 f 0.0033 
5.597 4 0.149 42 f 45 0.0033 f 0.0038 134 f 58 0.0109 f 0.0051  0.0054 f 0.0032 0+0054 f 0.0032 
5.875 f 0.160 12 f 44 0.0009 f 0.0036 99 f 58  0.0079 f 0.0049  0.0026 f 0.0031  0.0026 f 0.0031 
6.181 j~ 0.175 156 f 46 0.0121 f 0.0040  32 f 57 0.0025 f 0.0047  0.0069 f 0.0032  0.0069 f 0.0033 
6.517 3~ 0.187  119 f 47 0.0087 f 0.0037  121 f 58 0.0090 f 0.0046  0.0081 f 0.0031  0.0081 f 0.0031 
6.362 z t  0.201 175 f 47 0.0121 f 0.0037  286 f 60 0.0208 f 0.0051  0.0151 f 0.0032  0.0152 f 0.0032 
7.237 k 0.218 174 f 48 0.0126 f 0-0039 204 f 59  0.0158 f 0.0051 0.0134 f 0.0033  0.0135 f 0.0033 
7.661 f 0.242  125 f 46 0.0097 f 0.0039  334 Ifr 59  0.0276 f 0.0059  0.0154 f 0.0035  0.0154 f 0.0035 
8.126 f 0.263 221  47 0.0170 zk 0.0042  237 f 59 0.0194 f 0.0055  0.0177 f 0.0036  0.0178 f 0.0036 
8.618 f 0.284  262 f 49 0.0197 f 0.0043  240 f 59 0.0192 f 0.0054  0.0191 f 0.0037  0.0192 f 0.0037 
9.160 f 0.313 273 z t  49  0.0209 f 0.0045 230 f 58 0.0187 f 0.0053  0.0195 f 0.0037  0.0196 f 0.0038 
9.757 f 0.346 137 f 45  0.0109 f 0.0039 177 f 56  0.0150 f 0.0052 0.0120 A 0.0034  0.0121 f 0.0034 
10.414 f 0.377  175 f 47  0.0143 f 0.0043 246 f 56  0.0217 f 0.0057  0.0170 f 0.0037  0.0171 f 0.0037 
11.143 f 0.425 243 f 48 0.0212 Jc 0.0049  231 f 55  0.0216 f 0.0059  0.0211 f 0.0041  0.0212 f 0.0041 
11.960 f 0.467  196 f 46 0.0176 + 0.0047  271 f 54 0.0263 f 0.0063 0.0210 f 0.0041 0.0211 f 0.0041 
12.860 f 0.525 226 It 47  0.0209 f 0.0051 225 f 54 0.0223 f 0.0062 0.0213 f 0.0042 0.0214 f 0.0043 
13.876 f 0.589  188 f 46 0.0177 f 0.0049 261 f 53  0.0265 f 0.0064 0.0212 + 0.0042  0.0213 f 0.0043 
15.016 f 0.660 122 z t  43  0.0115 f 0.0045 207 f 52 0.0211 f 0.0061  0.0148 f 0.0039  0.0149 f 0.0039 
16.297 f 0.750 168 f 43  0.0158 f 0.0046  290 f 53 0.0292 f 0.0065  0.0208 f 0.0041  0.0208 f 0.0041 
17.759 f 0.857  148 f 45 0.0138 f 0.0047  186 f 52 0.0185 f 0.0058  0.0154 zk 0.0039  0.0154 f 0.0039 
19.416 f 0.971  118 f 44 0.0108 f 0.0044  172 f 52  0.0167 f 0.0056  0.0127 f 0.0037  0.0127 f 0.0037 

4.264 f 0.099 0 f 0 0.0001 f 0.0015  4 f 51 0.0004 f 0.0050  -0.0001 rt 0.0015  -0.0001 f 0.0015 

4.647 f 0.113 0 f 0 0.0001 It 0.0014 0 f 0 0.0001 f 0.0015  -0.0011 f 0,0011 -0.0011 f 0.0011 



175 

0.035 

0.030 

0.025 

z 0.020 
E 
D 
v 

b” 0.015 

0.01 0 

0.005 

0.000 
5 20 

t 1 I I I I I I I I I i 1 I 

0.000 It I * -  I I 1 t I I I I I I I I 

5 10 15 20 
En (MeV) 

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. 



176 

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. 
E, (MeV) A(1998) 0(1998) &a) (T (sca,corr) 
4.090 f 0.093 258 f 48 0.0244 f 0.0052  0.0222 f 0.0047 0.0222 f 0.0047 
4.264 f 0.099 215 f 48 0.0198 f 0.0048  0.0180 k 0.0044  0.0180 zk 0.0044 
4.453 f 0.105 139 f 47  0.0122 f 0.0043  0.0111 f 0.0039  0.0111 f 0.0039 
4.647 f 0.113  115 f 46 0.0099 f 0.0041  0.0090 f 0.0037  0.0090 & 0.0037 
4.861 f 0.122  41 f 45 0.0035 f 0.0039  0.0032 41 0.0036  0.0032 zt 0.0036 
5.090 f 0.129  189 f 49 0.0159 k 0.0044  0.0145 k 0.0040  0.0145 f 0.0040 
5.333 & 0.140 79 f 47 0.0065 f 0.0039  0.0060 f, 0.0036  0.0054 f 0.0033 
5.597 f 0.149 176 f 49 0.0141 f 0.0042  0.0128 f 0.0038  0.0117 f 0.0035 
5.875 f 0.160 114 f 47 0.0090 f 0.0038 0.0082 3z 0.0035 0.0075 f 0.0032 
6.181 f 0.175 108 f 47 0.0085 f 0.0038  0.0078 f 0.0035 0.0071 f 0.0032 
6.517 f 0.187 124 f 48 0.0092 f 0.0037  0.0084 f 0.0034 0.0076 f 0.0031 
6.862 f 0.201  100 f 48 0.0070 f 0.0035 0.0064 f 0.0031  0.0059 f 0.0029 
7.237 f 0.218  182 & 48 0.0133 f 0.0038  0.0121 k 0.0034  0.0111 f 0.0031 
7.661 f 0.242  138 f 47  0.0108 z t  0.0038  0.0099 f 0.0035  0.0091 f 0.0032 
8.126 sfr 0.263 240 f 49 0.0188 f 0.0042 0.0171  0.0039  0.0158 f 0.0036 
8.618 f 0.284  223 f 48  0.0170 f 0.0040  0.0155 f 0.0037 0.0144 f 0.0034 
9.160 f 0.313 306 f 49 0.0237 f 0.0044  0.0216 f 0.0041 0.0200 f 0.0038 
9.757 f 0.346  323 k 49 0.0260 f 0.0047  0.0236 f 0.0043 0.0219 f 0.0040 
10.414 f 0.377 345 f 50 0-0287 f 0.0050 0.0261 f 0.0046  0.0242 +C 0.0043 
11.143 f 0.425 245 f 48  0.0217 f 0.0048  0.0198 f 0.0044  0.0183 f 0.0041 
11.960 & 0.467 240 f 47  0.0219 ic 0.0048  0.0199 k 0.0044.0.0186 k 0.0041 
12.860 f 0.525 246 f 47  0.0231 & 0.0050 0.0211 k 0.0046  0.0197 f 0.0043 
13.876 f 0.589 308 f 47  0.0295 f 0.0054 0+0269 f 0.0050  0.0251 f 0.0047 
15.016 f 0.660 247 f 46 0.0237 f 0.0050 0.0215 f 0.0046 0.0202 f 0.0043 
16.297 k 0.750  198 f 47  0.0189 4 0.0049  0.0172 f 0.0045  0.0162 f 0.0042 
17.759 rt 0.857  205 41 47  0.0195 rt 0.0049  0.017’7 f 0.0045  0.0167 f 0.0042 
19.416 f 0.971 221 f 47  0.0206 f 0.0048  0.0188 f 0.0044  0.0178 f 0.0042 
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FIG. 70: Adopted E, = 898.3-keV partial cross section corresponding to the data in table LXXX, 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 LXXXI: Adopted  partial y-ray cross  section €or 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. 
E, (MeV) A(1998) a(1998) A( 1999) (T( 1999) ,(opt) ,(opt,corr) 
4.090 f 0.093 5 f 38 0.0005 f 0.0039 70 f 46 0.0069 f 0.0046  0.0013 f 0.0024  0.0013 f 0.0023 
4.264 f 0.099 122 f 42 0.0116 f 0.0043  166 f 48 0.0161 f 0.0050  0.0095 f 0.0027  0.0095 f 0.0026 
4.453 f 0.105  133 zk 41  0.0121 f 0.0041  1 f 19 0.0001 f 0.0018  0.0013 f 0.0018  0.0013 f 0.0017 
4.647 f 0.113 95 f 42 0.0085 f 0.0040 85 f 49 0.0076 f 0.0045 0.0056 f 0.0024  0.0056 f 0.0024 
4.861  0.122  118 f 44 0.0106 f 0.0042 22 f 49 0.0019 f 0.0043  0.0049 f 0.0025 0.0048 f 0.0025 
5.090 f 0.129  65 i 43  0.0057 f 0.0039  120 f 50 0.0103 f 0.0045  0.0049 f 0.0024  0.0049 f 0.0024 
5.333 It 0.140 72 + 42 0.0062 f 0.0038 17 f 51 0.0015 f 0.0044  0.0029 z t  0.0023  0.0027 & 0.0022 
5.597 f 0.149  87 f 44  0.0072 f 0.0038 24 f 50  0.0020 f 0.0043 0.0035 f 0.0023 0.0033 f 0.0022 
5.875 f 0.160 22 f 42 0.0018 f 0.0035  86 f 51 0.0072 rt 0.0043 0.0020 f 0.0022  0.0019 f 0.0021 
6.181 f 0.175  55 f 43  0.0045 f 0.0037  88 f 52 0.0072 f 0.0043  0.0035 f 0.0022 0.0033 f 0.0021 
6.517 f 0.187  83 f 44  0.0064 f 0.0035  34 f 52  0.0027 & 0.0041 0.0033 f 0.0022  0.0031 f 0.0021 
6.862 iz 0.201  100 f 46 0.0073 f 0.0035 135 f 53 0.0103 f 0.0042 0.0057 f 0.0022 0.0054 f 0.0021 
7.237 f 0.218  170 f 46  0.0129 f 0.0038  209 f 54 0.0169 f 0.0048 0.0103 f 0.0024  0.0098 f 0.0023 
7,661 f 0.242  399 f 49 0.0324 z t  0.0052  271 f 53  0.0235 f 0.0053  0.0219 f 0,0033 0.0209 f 0.0032 
8.126 f 0.263 448 f 50 0.0363 f 0.0055  273 f 53  0.0234 f 0.0052 0.0234 f 0.0035  0.0223 f 0.0033 
8.618 f 0.284  451 f 48 0.0356 r)r 0.0052  332 & 54  0.0278 f 0.0055  0.0249 zk 0.0034 0.0238 f 0.0033 
9.160 f 0.313 476 f 51 0.0382 f 0.0056 292 f 53  0.0249 f 0.0053  0.0247 f 0.0035  0.0236 f 0.0034 
9.757 f 0.346  474 f 50 0.0394 f 0.0058 289 zk 52 0.0257 f 0.0054  0.0256 f 0.0036 0.0244 & 0.0035 
10.414 f 0.377  504 f 50 0.0434 z t  0.0061  491 f 54 0.0455 f 0.0071 0.0345 f 0.0042  0.0329 f 0.0041 
11.143 f 0.425  451 f 48 0.0413 zk 0.0061 440 f 52 0.0431 Ifr 0.0070  0.0327 z t  0.0041 0.0312 f 0.0040 
11.960 f 0.467  526 f 49 0.0497 f 0.0068 211 f 49  0.0215 f 0.0055 0.0265 f 0.0041 0.0252 f 0.0039 
12.860 f 0.525  245 f 46 0.0238 f 0.0052  322 f 50  0.0334 f 0.0064 0.0204 f 0.0034  0.0195 + 0.0033 
13.876 f 0.589  298 f 44  0.0296 f 0.0054 260 jz 50 0.0276 f 0.0062 0.0220 f 0.0035 0.0210 f 0.0034 
15.016 i 0.660 191 f 43 0.0189 & 0.0048 174 f 49  0.0186 f 0.0056 0.0139 f 0.0030  0.0133 f 0.0029 
16.297 f 0.750 93 f 43  0.0092 f 0.0045 202 f 48 0.0213 f 0.0056  0.0093 f 0.0028 0.0089 f 0.0027 
17.759 f 0.857  149 f 45 0.0146 f 0.0048 61 f 47  0.0064 f 0.0050 0.0081 f 0.0029 0.0078 f 0.0028 
19.416 f 0.971  116 f 44 0.0112 f 0.0045 59  47 0.0060 f 0.0048  0.0065 f 0.0027 0.0062 f 0.0026 
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FIG. 71: Adopted E, = 925.3-keV partial cross section corresponding to  the  data in table LXXXI. The top panel 
shows the 1998 and 1999 partial cross sections (corrected for angular-distribution effects) and the recommended value, 
plotted as a soIid 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 LXXXII: Adopted partia1 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 - 
E, (MeV) A(1998) 0(1998) A( 1999) o( 1999) ,(opt) ,(opt ,COrr) 

4.090 f 0.093 0 f 0 0.0001 f 0.0009 0 f 0 0.0001 f 0.0007  -0.0026 f 0.0005  -0.0026 f 0.0005 
4.264 f 0.099 0 f 0 0.0001 f 0.0009  73 f 46 0.0073 f 0.0047 0.0001 f 0.0006  0.0001 f 0.0006 
4.453 f 0.105 0 zk 0 0.0001 f 0.0009  72 f 49 0.0068 f 0.0047  0.0001 f 0.0006  0.0001 f 0.0006 
4.647 f 0.113 0 f 1 0.0001 f 0.0008 60 f 50 0.0055 f 0.0047  0.0001 f 0.0006  0.0001 zk 0.0006 
4.861 f 0.122  29 f 41 0.0027 f 0.0039  71 f 51 0.0064 f 0.0047  0.0014 f 0.0023  0.0014 f 0.0023 
5.090 f 0.129 0 zh 0 0.0001 k 0.0008 80 f 52 0.0071 f 0.0047 0.0001 f 0.0006 0.0001 f 0.0006 
5.333 f 0.140 0 k 0 0.0001 f 0.0008 93 f 53  0.0082 f 0.0048 0&0001 f 0.0005 0.0001 0.0005 
5.597 f 0.149 0 i 2 0.0001 f 0.0008  115 f 53 0&0101 f 0.0048 0.0001 f 0.0005 0.0001 & 0.0005 
5.875 f 0.160 0 f 0 0.0001 f 0.0008  58 f 54  0.0050 f 0.0047  0.0000 f 0.0005 0.0000 f 0.0005 
6.181 f 0.175 0 f 0 0.0001 f 0.0008  58 f 53 0.0049 f 0.0045 0.0000 f 0.0005 0.0000 f 0.0005 
6.517 f 0.187 0 f 3 0.0001 f 0.0008 56 f 54 0.0045 f 0.0044 0.0000 rl: 0&0005 0.0000 f 0.0005 
6.862 5 0.201 64 f 45  0.0048 f 0.0035  162 f 55 0.0127 f 0.0046  0.0040 f 0.0021 0.0040 f 0.0021 
7.237 f 0.218 149 f 46 0.0117 f 0.0038  109 f 54 0.0091 f 0.0046  0.0067 f 0.0023 0.0067 f 0.0023 
7.661 f 0.242  159 f 45 0.0133 f 0.0041 252 f 53  0.0225 & 0+0054  0.0108 f 0.0025  0.0107 zt 0.0025 
8.126 f 0.263 343 f 47  0.0286 f 0.0049 289 f 56  0.0255 f 0.0057  0.0196 f 0.0031  0.0194 f 0.0031 
8.618 f 0.284  357 f 48  0.0290 f 0.0049 261 f ,55 0.0225 f 0.0054  0.0188 f 0.0030 0.0187 f 0.0030 
9.160 f 0.313 415 5 49  0.0344 f 0.0053  520 f 58  0.0457 f 0.0072  0.0275 f 0.0035 0.0273 f 0.0035 
9.757 f 0.346  518 & 50 0.0445 f 0.0062  471 Lt 57  0.0431 f 0.0071  0.0326 f. 0.0040 0.0324 f 0.0040 
10.414 f 0.377 522 f 48 0.0464 f 0.0063 366 f 54 0.0349 f 0.0065  0.0307 f 0.0039  0.0305 f 0.0039 
11.143 zk 0.425 381 k 46 0.0360 f 0.0057  285 f 52  0.0287 zt 0.0062  0.0240 f 0.0036  0.0238 f 0.0035 
11.960 f 0.467 450 z t  47  0.0439 f 0.0064  311 f 53 0.0326 f 0.0067  0.0288 f 0.0040  0.0286 f 0.0040 
12.860 f 0.525 306 f 45 0.0307 f 0.0055  269 f 50  0.0287 f 0.0063 0.0216 f 0.0035  0.0214 f 0.0034 
13.876 f 0.589 220 f 43  0.0225 f 0.0050  230 f 49  0.0252 f 0.0061  0.0164 f 0.0031  0.0163 f 0.0031 
15.016 f 0.660  165 f 42 0.0169 f 0.0047  28 f 47  0.0031 f 0.0052  0.0073 f 0.0028 0.0072 f 0.0028 
16.297 f 0.750  43 & 40 0.0044 f 0.0042 17 rrtr 47  0.0018 f 0.0052  0.0012 f 0.0025  .0.0012 f 0.0025 

19.416 f 0.971 0 f 0 0.0001 f 0.0009 111 f 48 0.0116 f 0.0052 0.0001 f 0.0006 0.0001 f 0.0006 
17.759 f 0.857  57 * 42 0.0058 f 0.0044 0 f 5 0.0001 f 0.0009  -0.0053 f 0.0009  -0.0053 f 0.0009 
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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 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) 0(1998) &ca) o(sca,corr) 
4.090 f 0.093  6 f 40 0.0003 f 0.0020 0.0003 f 0.0019  0.0003 f 0.0019 
4.264 f 0.099 121 f 42  0.0060 f 0.0022 0.0055 f 0.0020  0.0055 f 0.0020 
4.453 f 0.105 42 f 41  0.0020 f 0.0019  0.0018 f 0.0018  0.0018 f 0.0018 
4.647 f 0.113 69 f 43 0.0032 f 0.0020 0.0029 f 0.0018  0.0029 f 0.0018 
4.861 f 0.122  50 f 43  0.0023 f 0.0020 0.0021 f 0.0018  0.0021 k 0.0018 
5.090 f 0.129 0 f 0 0.0000 f 0.0000 0.0000 f 0.0000 0.0000 f 0.0000 
5.333 f 0.140  118 & 45 0.0052 f 0.0021 0.0048 f 0.0019 0.0047 0.0019 
5.597 f 0.149 24 ic 44 0.0010 f 0.0019 0.0009 f 0.0017 0.0009 f 0.0017 
5.875 f 0.160 55 f 45 0.0023 f 0.0019  0.0021 f 0.0017  0.0021 f 0.0017 
6.181 iz 0.175 110 f 45  0.0047 f 0.0020 0.0043 & 0.0018  0.0042 f 0.0018 
6:517 z t  0.187  82 f 46 0.0033 f 0.0019 0.0030 f 0.0017  0.0029 f 0.0017 
6.862 f 0.201  150 & 48 0.0057 f 0.0019  0.0052 f 0+0018 0.0051 f 0.0017 
7.237 f 0.218 193 f 48 0.0076 f 0.0021  0.0069 f 0.0019  0.0069 f 0.0019 
7.661 f 0.242 285 f 48 0.0120 f 0.0024  0.0109 f 0.0022 0.0108 f 0.0022 
8.126 f 0.263 280 f 48 0.0117 f 0.0024  0.0107 f 0.0022  0.0106  0.0022 
8.618 f 0.284  269 f 49 0.0110 f 0.0023 0.0100 f 0.0022 0.0099 f 0.0021 
9.160 f 0.313 319 f 49 0.0133 f 0.0025 0.0121 f 0.0023  0.0120 f 0.0023 
9.757 f 0.346 364 f 50 0.0157 f 0.0028  0.0143 f 0.0026  0.0142 f 0.0026 
10.414 rfr 0.377 319 f 48 0.0143 f 0.0027 0.0130 k 0.0025  0.0129 f 0.0025 
11.143 f 0.425 427 zk 50 0.0203 f 0.0033  0.0185 h 0.0030  0.0183 f 0.0030 
11.960 f 0.467  336 f 48 0.0164 & 0.0030  0.0150 f 0.0028  0.0148 f 0.0028 
12.860 f 0.525 237 f 47  0.0120 f 0.0027 0.0109 f 0.0025  0.0108 f 0.0025 
13.876 f 0.589 182 f 47  0.0094 f 0.0026 0.0085 f 0.0024  0.0084 f 0.0024 
15.016 f 0.660  182 f 47  0.0094 f 0.0026  0.0085 f 0.0024  0.0084 f 0.0024 
16.297 f 0.750 151 f 46 0.0077 zk 0.0025 0.0071 f 0.0023 0.0070 f 0.0023 
17.759 f 0.857 81 f 46 0.0041 f 0.0024 0.0038 f 0.0022 0.0037 f 0.0022 
19.416 f 0.971 66 f 46  0.0033 f 0.0023  0.0030 f 0.0021 0.0030 f 0.0021 
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FIG. 73: Adopted E-, = 966.3-keV partial cross section corresponding to  the  data in table LXXXIII, 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 LXXXIV: Adopted  partial y-ray cross section for the E, = 981.4-keV transition. The measured peak a r e s  
and'deduced  partial cross section (before correction €or 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) o(1998) , ( s 4  (sca,corr) 

4.090 f 0.093 8 f 39 0.0004 f 0.0020 0.0004 f 0.0018 0.0004 f 0.0018 
4.264 f 0.099 0 f 14 0.0000 f 0.0007 0.0000 & 0.0006 0.0000 f 0.0006 
4.453 S 0.105 107 f 42 0.0051 f 0.0021 0.0046 f 0.0019 0.0046 5 0.0019 
4.647 f 0.113 62 + 42 0.0029 5c 0.0020 0.0026 f 0.0018 0.0026 f 0.0018 
4.861 f 0.122 181 f 44 0.0085 k 0.0023 0.0077 f 0.0021 0.0077 f 0.0021 
5.090 f 0.129 79 f 44 0.0036 f 0.0020 0.0033 f 0.0019 0.0033 f 0.0019 
5.333 f 0.140 104 f 45 0.0047 f 0.0021 0.0043 f 0.0019 0.0040 f 0.0018 
5.597 f 0.149 51 f 45 0.0022 f 0.0020 0.0020 f 0.0018 0.0019 f 0.0017 
5.875 f 0.160 101 f 46 0.0043 f 0.0020 0.0039 f 0.0018 0.0037 f 0.0018 
6.181 f 0.175 57 f 45 0.0024 f 0.0019 0.0022 It. 0.0018 0.0021 f 0.0017 
6.517 f 0+187 86 f 46 0.0035 f 0.0019 0.0031 f 0.0017 0.0030 f 0.0016 
6.862 f 0.201 135 f 48 0.0052 f 0.0019 0.0047 f 0.0018 0.0045 f 0.0017 
7.237 zk 0.218 158 f 48 0.0063 f 0.0020 0.0057 f 0.0019 0.0054 f 0.0018 
7.661 z t  0.242 215 k 48 0.0091 f 0.0023 0.0083 f 0.0021 0.0079 f 0.0020 
8.126 f 0.263 217 f 47 0.0092 f 0.0022 0.0084 f 0.0020 0.0080 f 0.0020 
8.618 f 0.284 280 f 49 0.0116 f 0.0024 0.0105 f 0.0022 0.0101 f 0.0021 
9.160 f 0.313 211 f 49 0.0089 f 0.0023 0.0081 f 0.0021 0.0077 f 0.0020 
9.757 f 0.346 317 k 50 0.0138 f 0.0027 0.0126 f 0.0024 0.0121 f 0.0024 
10.414 f 0.377 278 f 48 0.0125 f 0.0026 0.0114 f 0.0024 0.0110 f 0.0023 
11.143 f 0.425 257 f 48 0.0123 f 0.0027 0.0112 ;fs 0.0025 0.0108 f 0.0024 
11.960 f 0.467 236 f 47  0.0117 f 0.0027 0.0106 f 0.0024 0+0102 f 0.0024 
12.860 f 0.525 265 f 48 0.0135 f 0.0029 0.0123 f 0.0026 0.0118 f 0.0026 
13.876 f 0.589 137 f 46 0.0071 0.0025 0.0065 f 0+0023 0.0062 f 0.0022 
15*016 f 0.660 89 f 45 0.0046 f 0.0024 0.0042 It 0.0022 0.0041 f 0.0021 
16.297 f 0.750 15 rrt 44 0.0008 f 0.0023 0.0007 f 0.0021 0,0007 f 0.0020 
17.759 f 0.857 59 f 45 0.0030 f 0.0023 0.0028 f 0.0021 0.0027 z t  0.0021 
19.416 f 0.971 25 f 45  0.0013 f 0.0023 0.0011 f 0.0021 0.0011 f 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 €or 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 l&t column includes a 
correction for angular-distribution effects. 
E, (MeV) A(1998) 0(1998) 0 ( s c 4  o(sca,corr) 
4.090 f 0.093 0 f 0 0.0001 f 0.0000 0.0000 f 0.0000 0.0000 f 0.0000 
4.264 f 0.099 0 & 0 0.0000 f 0.0000 0.0000 f 0.0000 0.0000 f 0.0000 
4.453 f 0.105 0 f 0 0.0000 f 0.0000 0.0000 f 0.0000 0.0000 f 0.0000 
4.647 f 0.113 0 f 0 0.0000 f 0.0000 0.0000 f 0.0000 0.0000 f 0.0000 
4.861 f 0.122 0 f 0 0.0000 k 0.0000 0.0000 f 0.0000 0.0000 f 0.0000 
5.090 f 0.129  81 4 51 0.0037 f 0.0024 0.0034 * 0.0021  0.0034 f 0.0021 
5.333 f 0.140  63 * 52 0.0028 f 0.0024 0.0026 f 0.0021 0.0025 f 0.0021 
5.597 f 0.149  129 f 53  0.0056 f 0.0024  0.0051 f 0.0022  0.0049 rt 0.0021 
5.875 f 0.160 50 & 52 0.0021 f 0.0022  0.0019 f 0.0020 0.0019 f ,0.0020 
6.181 f 0.175 112 f 52 0.0048 f 0.0023  0.0044 f 0.0021  0.0042 f 0.0020 
6.517 f 0.187  149 f 54 0.0060 f 0.0023  0.0054 z t  0.0021  0.0053 f 0.0020 
6.862 f 0.201 94 f 55  0.0036 f 0.0021  0.0033 f 0.0019  0.0032 f 0.0019 
7.237 f 0.218  167 f 55 0.0066 f 0.0023 0.0060 f 0.0021 0.0058 f 0.0020 
7.661 f 0.242 245 f 56 0.0104 f 0.0026  0.0095 f 0.0024  0.0092 f 0.0024 
8.126 f 0.263 248 f 56 0.0105 f 0.0026  0.0095 f 0.0024  0.0093 f 0.0024 
8.618 f 0.284  236 f 57 0.0097 f 0.0026  0.0089 f 0.0024 0.0086 f 0.0023 
9.160 f 0.313  383 f 59 0.0160 f 0.0030  0.0146 f 0.0028 0.0142 If: 0.0027 
9.757 f 0.346 405 f 58 0.0176 f 0.0032 0.0160 f 0.0029  0.0156 f 0.0029 
10.414 f 0.377 412 f 58  0.0185 f 0.0033  0.0169 f 0.0031 0.0164 Itr 0.0030 
11.143 f 0.425 289 f 56 0.0138 f 0.0031  0.0126 f 0.0028  0.0122 f 0.0028 
11.960 f 0.467 356 f 56 0.0176 f 0.0034  0.0160 f 0.0031  0.0155 f 0.0031 
12.860 f 0.525  157 f 54 0.0080 f 0.0029 0.0073 f 0.0026  0.0071 f 0.0026 
13.876 f 0.589  199 f 55 0.0103 & 0.0031 0.0094 f 0.0028 0.0091 f 0.0027 
15.016 f 0.660  115 f 53 0.0060 f 0.0028  0.0054 rt 0.0026  0.0053 f 0.0025 
16.297 f 0.750 98 f 53  0.0051 f 0.0028  0.0046 f 0.0025  0.0045 f 0.0025 
17.759 f 0.857 117 f 54  0.0060 f 0.0029 0.0055 f 0.0026 0.0053 f 0.0025 
19*416 f 0.971  104 f 55 0.0052 k 0.0028  0.0048 f 0.0026  0.0047 rfr 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 €or the 4: --f 2: transition  carries  large  uncertainties because of the 
difficulties involved in resolving  the.?-ray peak (see e.g. the discussion in  section IIA 3). Quantitative information 
was obtained  from  this line  in spite of considerable  spectroscopic difficulties and  that  the  transition couId be  observed 
at all  should  be  taken as a testament  to  the  advantages of the y-ray technique  over  neutron-ounting  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 t o  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 234U and discussed in this  section,  it is instructive to  compare  the measured 4; + 2: partial 
cross section to  the sum of all  measured yields for  transitions feeding the 4; 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 4: 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 y-ray is also twofold degenerate, however both  transitions decay  into the 4; state. Since 
the specific contribution to  the 4: leveI from those  degenerate lines cannot  be  extracted, we compare  the measured 
4; -+ 2f partial cross  section to  the sum with  (“high  sum”)  and  without (“low sum’))  the 925.3-keV and 946.1-keV 
y-ray contributions.  There  are of course other, unobserved  transitions which populate  the 4: level, but  the ones used 
in the sums account for at least 93% of the population  of the 4; state by discrete y rays in the GNASH calculations. 
The measured 4; + 2r 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; + 2; partial cross  section.  In  general, the agreement between the measured 4; -+ 2: 
yields and either SUM seems to  deteriorate  gradually  with increasing neutron energy. For those  points  above  threshold, 
the  majority of 4: + 2; 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 4f + 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; 3 2; yields are  within two standard  deviations  and all yields are  within  three. In light of this comparison, the 
quoted 4; t 2; partial y-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; -+ 2; partial cross section. Panel a) shows the measured 4; -+ 2; excitation 
function (solid circles, and the  sum of measured yields  feeding the 4+ level with (solid squares)  and  without (empty 
squares) the 925.3-keV and 946.1-keV y-ray contributions. The difference  between the sums and the 4; + 2; yields, 
normalized to the uncertainty (uq+2) in the 4T + 2; yields is shown in b )  €or the sum without the 925.3-keV and 
946.1-keV y-ray contributions,  and in c )  €or the sum with those  contributions. 



190 

C Observed Lines in 235U 

Partial y-ray cross sections have also been  extracted for a total of 13 lines in the 235U(n,n’y) channel. These lines 
are placed in the 235U 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 cwe 
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 
4; --3 2: or 6: + 4; transitions in 234U. 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’r) 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 [ll].   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 E$ap’ from the previous ith 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 235U(n,2n) cross section measurement [5 ] ,  we presented the formulas to  convert 
from timeof-flight to  neutron energy: 

where c is the speed of 
neutron (939.56 MeV), 

C < = -at 
d 

light (0.2998 m/ns), d is the flight path  length (20.34 m), Eo is the rest-mass energy of the 
At is the  time of flight measured relative to  the detection  time of the y flash, and is a 

dimensionless tirne-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: 

A neutron from the previous ith micropulse will travel for an additiona1 time of i x S t ,  where 5t is the micropulse 
spacing. In  both 1998 and 1999 GEANIE experiments, successive proton micropulses (within  a singIe macropulse) 
were separated by S t  = 1.8 ps. The corresponding increase in dimensionless time is: 

C 
i X S [ E i X ” S t  

d 

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

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 wraparound from the first- and second-wrapped micropulses (i.e. i = 
1 and 2, respectively). The lowest-lying 235U level from which a partial y-ray cross section could be extracted is at 
E, = 129.3 keV. At this  excitation energy, “wraparound” neutrons from the i 2 2 previous micropulse do not present 
a concern for En 5 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 
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of background  counts is subtracted in  each neutron-nergy bin. Therefore,  this  approach will properly  account for 
“wraparound” effects only if the “wrapped”  neutron flux and population cross section for the level of interest at 
the corresponding  “wrapped7’ 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 avaiIable data €or the high-yield 
129.3-keV line. 

In  theory, the neutron-flux normalization N4 calculated using equation 5 should  take on the  same values as a 
function of neutron energy regardless of which fission-foil data,  the 235U- or 238sU-€0il data, is used. If we attribute 
the observed difference in iV4 values-which we attempt  to compensate  for  with a flat baseline subtraction of 235U- 
foil counts-to “wrap  around”  neutrons,  then  this  difference is a measure of the  L‘wrap-ar~~nd77 neutron flux. This 
difference (labeled AN,) 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 
‘Lwrap-ar~~nd’’  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 €or the line and ii) 
this  energy  range is relatively narrow. Finally, we solve equation 8 for the peak areas  due  to “wrap-around7’  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 c) as a onesigma band,  and  compared to  the  actual background 
counts subtracted from the 98Thin 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 235U(n,n'y)  channel and the method by which the data were analyzed. 
E$meas) (keV) Analysis method E$=') (keV) E, (keV) transition 
129.335 f 0.111 subtracted planars, 98Thin and 99Thin optimized 129.297 f 0.002 129.3 5/2+ --f 7/2, 
316.519 f 0.116 subtracted  planars, 98Thin and 99Thin optimized 316.440 f 0.006 445.7 7/2+ + 5/2+ 
375.074 & 0.171 unsubtracted  planars, 98Thin only 375.045 f 0.006 426.7 5/2+ + 5/2+ 
380.118 f 0.189 unsubtracted  planars, 98Thin and 99Thin optimized 380.173 & 0.002 393.2 3/2+ + 3/2+ 
392.509 f 0.140 subtracted  planars, 98Thin and 99Thin optimized 392.560 f 0.005 474.3 7/2+ + 7/2+ 

393.136 f 0.002  393.2 3/2' + 1/2+ 
606.847 & 0.125 unsubtracted planars, 98Thin and 99Thin Optimized 606.9 f 0.2  777.6 (11/2)- + 13/2, 
617.582 zk 0.267 subtracted  planars, 98Thin and 99Thin optimized 617.10 f 0.10 720.2 (9/2)- -+ 11/2; 
624.937 f 0.300 unsubtracted  planars, 98Thin and 99Thin optimized 624.78 f 0.02 671.0 (7/2)- 3 9/2, 

624.754 f 0.005 637.8 3/2- + 3/2+ 
633.098 f 0.159 unsubtracted  planars, 98Thin and 99Thin optimized 633.090 f 0.006  633.1 (5/2)- t 7/2, 
637.712 f 0.161 unsubtracted  planars, 98Thin and 99Thin optimized 637.795 + 0.005 637.8 3/2- + 7/2, 

637.717 f 0.005 637.8 3/2- 4 1/2+ 
674.218 f 0.138 unsubtracted  planars, 98Thin and 99Thin optimized 674.5 f 0.3 777.6 (11/2)- + 11/2; 
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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  wraparound curves horn the last (“wrap = 1”) and  beforelast 
(“wrap = 2”) micropulses are  plotted, 
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FIG. 79: Estimation of the  "wraparound" background. The difference in flux normalization lV4 between 2 3 5 u  and 
238U fission-foil data is plotted as a function of "wrapped" neutron energy in a), the calculated 129.3-keV partial 
cross section is shown in b), and  the  estimated background counts (dotted lines) are compared to the actual counts 
(solid circles) deduced from the random-TOF spectrum in c). 
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The Ey = 129.3 keV transition  (table LXXXVII/figure 80): This high-yield y ray  depopulates the band 
head of the KT = 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  “wraparound” background. Therefore, we have 
used the random-TOF-subtracted data in the analysis of this y 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 y-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 
€or 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-fi” 
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 f 0.006 keV transition, known to depopulate  the  same leve1 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 E, = 444.944 f 0.120 keV is very weak and displays an essentially flat excitation  function about ==: 7 rnb. 

The E y  = 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 y-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, FS 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, it 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 f 0.113 keV respectively, Both  satellite peaks display excitation functions that appear 
essentialIy 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-ff’ 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” effects. Not surprisingly, it was found that a random-TOF  subtraction  had  little effect on 
the measured partial cross section for this line. ThereEore 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 y 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,n7) 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  “beam4€” spectrum.  The random-TOF  subtraction 
was found to have a sizeable effect on the measured partial cross section,  reducing  it overall by FZ 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 y rays, we adopt the random-TOF 
subtraction in our  analysis.  Another line issued from the same level and with E, = 422.598 f 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, = 422.494 f 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 f 0.10 keV transition,  originating from the E, = 479.0-keV 
level in 1261 and  produced  via the (n,2n)  reaction on 1271. The mono-isotopic nucleus 1271 is a component of 
the NaI nose-cone placed on each  detector, used to suppress back-scattered y 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  “wraparound” 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  “beam4F” spectrum. Therefore we use the  subtracted GEANIE data in the analysis. This 
results in  only a = 2 mb reduction in  overall  yield. The measured partial cross section is slightly under-predicted 
by GNASH. 

The ET = 624.9 keV transit ion  ( table XCIV/figure 87): There is  no evidence for contamination of this line 
based  on the  “beam-off”  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 6: ”+ 4; transition in 
the high-yield  fission fragment 142Ba. 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 = 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 Ey = 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 linethe 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 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) ~ ( ~ ~ 9 ~ )  A(1999) a(1999) ,(opt) 
4.090 f 0.093 4684 f 112 0.1217 f 0.0144  3808 f 118 0.1194 f 0.0141  0.1143 f 0.0099 
4.264 f 0.099  4853 f 113  0.1227 f 0.0144  3910  119  0.1211 & 0.0143  0.1156 f 0.0100 
4.453 f 0.105  4988 f 114 0.1203 f 0.0141  3998 f 121 0.1177 & 0.0139  0.1128 f 0.0097 
4.647 & 0.113  5456 f 117 0.1287 f 0.0150  4142 f 122 0.1190 zk 0.0140  0.1174 f 0.0100 
4.861 f 0.122  5663 f 118  0.1342 f 0.0156  4420 f 125  0.1247 f 0.0146  0.1227 f 0.0105 
5.090 zk 0.129  5654 f 119  0.1306 f 0.0152  4130 f 126  0.1139 f 0.0134  0.1153 f 0-0099 
5.333 k 0.140  5644 f 120  0.1283 ?c 0.0149  4330 f 128  0.1193 f 0.0140  0.1173 f 0.0100 
5.597 f 0.149  5933 f 122 0.1305 f 0.0151  4460 f 129  0.1217 k 0.0142  0.1195 f 0.0102 
5.875 f 0.160  5109 f 118 0.1104 f 0.0128  4119 & 128  0.1099 f 0.0129  0.1043 & 0.0089 
6.181 f 0.175  4096 2 113  0.0888 f 0.0104  3135 f 123 0.0822 & 0.0098  0.0806 f 0.0070 
6.517 f 0.187  3581 f 111 0.0729 f 0.0085  2305 f 119  0.0576 f 0.0071  0.0603 f 0.0054 
6.862 f 0.201 2661 f 106  0.0515 f 0.0061  2080 f 118  0.0508 f 0.0064  0.0478 f 0.0044 
7.237 f 0.218  1979 f 102  0.0398 k 0.0049  1567 f. 115 0.0406 f 0.0055 0.0373 f 0.0036 
7.661 f 0.242  1426 f 99  0.0307 f 0+0041 1081 f 111 0.0300 f 0.0046  0.0279 f 0.0030 
8.126 f 0.263 937 f 96  0.0201 f 0.0031  813 f 110  0.0223 f 0.0039  0.0189 f 0.0023 
8.618 f 0.284 704 f 94  0.0147 f 0.0026  677 + 110  0.0181 & 0.0036  0.0142 f 0.0020 
9.160 f 0.313  681 f 94  0.0145 f 0.0026 601 f 108  0.0164 f 0.0035 0.0135 f 0.0020 
9.757 f 0.346  544 f 93 0.0120 f 0.0025  395 f 108 0.0112 f 0.0033  0.0103 f 0.0019 
10.414 f 0+377 314 f 91 0.0072 f 0.0022  434 f 107  0.0129 f 0.0035  0.0075 f 0.0018 
11.143 f 0.425 286 f 91  0.0069 f 0.0023 189 f 106  0.0059 f 0.0034  0.0056 f 0.0018 
11.960 f 0.467  34 f 90 0.0009 f 0.0023 120 f 108  0.0039 f 0.0035  0.0010 & 0.0018 
12.860 f 0.525 162 f 91 0.0042  0.0024 94 * 108  0.0031 f 0.0036  0.0030 f 0.0019 
13.876 f 0.589  288 f 92  0.0076 f 0.0026 214 f 108 0.0073 f 0.0038  0.0064 f 0+0020 
15.016 & 0.660 19 f 91  0.0005 f 0.0024 44 f 104  0.0015 z t  0.0036  0.0001 f 0.0019 
16.297 f 0.750 44 f 90 0.0012 f 0.0024  139 k 106  0.0047 f 0.0036  0.0014 f 0.0019 
17.759 f 0.857  80 f 91  0.0021 f 0.0024  123 f 105 0.0041 f 0.0035  0.0018 f 0.0019 
19.416 & 0.971  130 f 91  0.0033 f 0.0024  234 f 105 0.0076 f 0.0035  0.0036 f 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 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 XI1 B. 
E, (MeV) A(1998) 0(1998) A( 1999) a( 1999) ,(opt) 
4.090 rfr 0.093 370 f 54 0.0191 f 0.0034  356 f 71  0.0189 f 0.0043  0.0138 f 0.0025 
4.264 f 0.099  318 f 54 0.0160 f 0.0032 343 zt  71  0.0180 f 0.0042 0.0119 f 0.0023 
4.453 f 0.105 253 f 54  0.0121 f 0.0029  359 f 73  0.0179 f 0.0042  0.0097 f 0,0021 
4.647  0.113  331 f 55  0.0155 f 0.0030 325 f 73 0.0158 f 0.0040  0.0111 f 0.0022 
4.861 & 0.122 381 f 57  0.0180 f 0.0033 410 A 75 0.0195 f 0.0042 0.0135 f 0.0024 - 

5.090 zt 0.129  342 f 56 0.0157 f 0.0030 332 f 75 0.0155 f 0.0039  0.0111 f 0.0022 
5.333 f 0.140  230 & 55  0.0104 f 0.0027 372 f 76 0.0173 f 0.0040 0.0085 & 0.0019 
5.597 It 0.149 263 * 57  0.0115 f 0.0028  310 f 76 0.0143 f 0.0039 0.0086 rf 0.0020 
5.875 f 0.160 257 & 57  0.0111 f 0.0027  187 f 75 0.0084 -f 0.0035 0.0068 f 0.0019 
6.181 f 0.175 282 f 57 0.0122 f 0.0027 265 f 77  0.0117 f 0.0037 0.0082 f 0.0020 
6.517 f 0.187 266 f 59  0.0108 f 0.0026  274 f 77  0.0116 & 0.0035  0.0075 I-fr. 0.0019 
6.862 f 0.201 172 f 58  0.0066 f 0.0023 352 f 79 0.0145 f 0.0036  0.0057 f 0.0016 
7.237 f 0.218 272 f 59  0.0109 f 0.0026 82 f 77  0.0036 f 0.0034  0.0054 f 0.0018 
7.661 f 0.242  167 f 58  0.0072 f 0.0026  16 f 75  0.0007 f 0.0035  0.0031 f 0.0017 
8.126 f 0.263 73 f 58 0.0031 f 0.0025 200 k 77 0.0093 f 0.0037  0.0027 f 0.0016 
8.618 f 0.284  77 f 58 0.0032 f 0.0024 121 77  0.0055 f 0.0035 0.0020 f 0.0016 
9.160 zk 0.313 31 f 58  0.0013 f 0.0025 112 f 77 0.0052 f 0.0036 0.0009 f 0.0016 
9.757 f 0.346 141 f 60 0.0062 & 0.0027 121 f 76 0.0058 f 0.0037  0.0037 f 0.0018 
10.414 f 0.377 82 & 57  0.0037 f 0.0026  165 f 76  0.0083 f 0.0039  0.0028 f 0.0017 
11.143 f 0.425  77 f 57  0.0037 f 0.0028 266 f 75 0.0141 k 0.0043  0.0038 f 0.0018 
11.960 f 0.467 48 f 57 0.0024 f 0.0029  186 f 75  0.0102 f 0.0043  0.0024 f 0.0018 
12.860 f 0.525  41 f 57  0.0021 f 0.0029  188 f 75 0.0106 f 0.0044 0.0023 f 0,0019 

15.016 f 0.660  53 f 58 0.0028 f 0.0030 110 f 75 0.0063 f 0.0044  0.0019 f 0.0020 

17.759 f 0.857 21 f 59 0.0011 zk 0.0031  101 f 75 0.0057 f 0.0043  0.0009 f 0.0019 
19.416 f 0.971  57 f 60 0.0029 f 0.0031 14 k 75 0.0008 f 0+0041 0.0008 f 0.0019 

13.876 f 0.589 88 f 57 0.0046 f 0.0030 0 f. 0 0.0001 f 0.0000 -0.0032 f 0,0009 

16.297 f 0.750  6 & 58 0.0003 f 0.0030 54 f 75  0.0031 f 0.0043  -0.0001 f 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 recornmended 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 98Thin 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) At1998) 0(1998) O(sc4 

4.090 f 0.093  450 f 69 0.0233 & 0.0043  0.0212 f 0.0039 
4.264 f 0.099 426 f 69  0.0215 f 0.0041 0.0196 f 0.0038 
4.453 f 0.105  507 f 70 0.0244 f 0.0042  0.0222 zk 0.0038 
4.647 f 0.113  520 f 71  0.0244 f 0.0041 0.0223 f 0.0038 
4.861 f 0.122  516 f 71  0.0244 z t  0.0042  0.0222 f 0.0038 
5.090 f 0.129  453 f 71 0.0209 f 0.0039  0.0190 * 0.0036 
5.333 f 0.140  546 f 73  0.0247 f 0.0041  0.0225 f 0.0038 
5.597 f 0.149  481 z t  71  0.0211 f 0.0038  0.0192 Its 0.0035 
5.875 f 0.160 393 f 72  0.0169 f 0.0035  0.0154 f 0.0032 
6.181 f 0.175  383 f 71  0.0166 f 0.0035  0.0151 f 0.0032 
6.517 f 0.187  367 f 74  0.0149 f 0.0033  0.0136 f 0.0031 
6.862 f 0.201 382 f 75 0.0147 & 0.0032  0.0134 f 0.0030 
7.237 k 0.218  262 f 74 0.0105 * 0.0031  0.0096 f 0.0029 
7.661 f 0.242  176 f 72  0.0076 f 0.0032  0.0069 f 0.0029 
8.126 f 0.263 247 f 74  0.0106 f 0.0033  0.0096 f 0.0030 

9.160 f 0.313 208 f 73  0.0088 f 0.0032 0.0080 f 0.0029 
9.757 f 0.346 354 f 73  0.0156 f 0.0036  0.0142 f 0.0033 
10.414 f 0.377  318 f 72 0.0145 f 0.0036  0.0132 f 0.0033 
11.143 f 0.425 260 f 70 0.0126 zk 0.0036  0.0115 f 0.0033 
11.960 f 0.467  231 f 71  0.0115 f 0.0037  0.0105 f 0.0034 
12.860 f 0.525 319 f 71  0.0164 f 0.0040  0.0149 f 0.0037 
13.876 f 0.589  241 f 71 0.0126 f 0.0039  0.0115 f 0.0036 
15.016 f 0.660 178 f 71  0.0093 f 0.0038  0.0085 f 0.0035 
16.297 f 0.750 154 f 71  0.0080 f 0.0038 0.0073 f 0.0035 
17.759 f 0.857  73 f 72 0.0038 f 0.0038  0.0035 f 0.0034 
19.416 f 0.971 373 f 76 0.0190 f 0.0043  0.0173 f 0.0040 

8.618 f 0.284 1'12 f 73  0.0047 & 0.0031 0.0043 f 0.0028 



203 

0.025 

0.020 

0.0 1 5 

0.01 0 

0.005 

0.000 
I 

-.,.. 
1 . .  

I -  

I 1- 1 I I 

.... GNASH (1998) 

1998 best 

scale = 0.91 l (25  

.... ........................ ......_ . . _ . . . . . . .L . . . . .  . 
1 I I I I I 
5 20 

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)  0(1998) A( 1999) a( 1999) ,(opt> 
4.090 & 0.093  175 f 57  0.0091 f 0.0031  331 f 74  0.0174 f 0.0044  0.0057 f 0.0016 
4.264 f 0.099  178 f 57 0.0090 + 0.0030  140 f 72 0.0073 f 0.0039 0.0043 f 0.0015 
4.453 z t  0.105 214 zk 57 0.0103 f 0.0029  191 f 75 0.0095 ic 0.0039  0.0052 + 0.0015 
4.647 & 0.113 242 f 58  0.0114 & 0.0030 216 & 76  0.0104 f 0.0039  0.0058 f 0.0015 
4.861 & 0.122  225 f 59 0.0106 f 0.0030 241 f 77  0.0114 f 0.0039  0.0056 f 0.0015 
5.090 f 0.129 264 f 60  0.0121 f 0.0030 258 f 78  0.0120 f 0.0039  0.0064 f 0.0016 
5.333 f 0.140 287 f 60  0.0130 f 0.0030  316 f 79  0.0146 f 0.0040  0.0072 f 0.0016 
5.597 & 0.149 241 zk 61 0.0106 f 0.0029 234 zk 79 0.0107 f 0.0038  0.0055 f 0.0015 
5.875 0.160 262 f 60 0.0113 f 0.0028  137 f 78  0.0061 f 0.0036  0.0050 f 0.0015 
6.181 f 0.175 322 f 62 0.0139 f 0.0030  253 f 79  0.0111 f 0.0037  0.0070 f 0.0016 
6.517 f 0.187  119 f 62 0.0048 f 0.0026  137 z t  80 0.0058 f 0.0034  0.0023 f 0.0012 
6.862 f 0.201 219 f. 63  0.0084 f 0.0026  138 f 81 0.0057 f 0.0034  0.0039 f 0.0013 
7.237 f 0.218 80 f 62 0+0032 f 0.0025  151 f 81 0.0066 f 0.0036  0.0017 f 0.0012 

8.126 f 0.263  86 f 61 0-0037 f 0.0026 164 f 80 0.0076 f 0.0038  0.0020  0.0013 
8.618 f 0.284  103 f 63  0.0043 f 0.0027  268 f 81 0.0121 f 0.0039 0.0028 & 0.0013 
9.160 & 0.313 90 f 62 0.0038 f 0.0027 88 f 79  0.0040 rt: 0.0037  0.0017 k 0.0013 
9.757 f 0.346 0 f 0 0.0000 f 0.0001 79 f 78  0.0038 f 0.0038 0.0000 f 0.0001 
10.414 f 0.377  181 f 62 0.0082 f 0-0029 122 f 77  0.0061 f 0.0039 0.0038 f 0.0015 
11.143 f 0.425 60 f 61  0.0029 f 0.0030 21 f 74 0.0011 f 0.0039  0.0009 f 0.0014 
11.960 f 0.467  117 f 61 0.0058 f 0.0031  10 f 71 0.0005 f 0.0039  0.0020 f 0.0015 
12.860 f 0.525 45 f 60 0.0023 f 0.0031  149 & 76 0.0083 f 0.0044 0.0015 z t  0.0015 
13.876 f 0.589  119 f 61 0.0062 f 0.0033 30 f 75 0.0017 f 0.0043  0.0024 f 0.0016 
15.016 f 0.660  100 f 62  0.0052 f 0.0033  25 f 75  0.0014 f 0.0043  0.0020 z t  0,0016 
16.297 f 0.750  67 z t  63 0.0035 f 0.0033 154 zk 77 0.0088 f 0.0045  0.0021 & 0.0016 
17.759 f 0.857 195 f 64  0.0101 f 0.0035 15 f 76 0.0008 f 0.0043 0.0037 + 0.0017 
19.416 f 0.971  65 f 63  0.0033 zk 0.0032  135 f 78  0.0074 f 0.0044  0.0019 f 0.0015 

7.661 f 0.242 142 f 62 0.0061 f 0.0027 0 f 3 0.0000 f 0.0004  -0.0032 f 0.0004 
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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 its 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 €or the E-, = 392.5-keV transition. The measured peak areas and 
deduced partial cross sections €or 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 XI1 B. 
E, (MeV) A(1998) ,(199a> A( 1999) o( 1999) ,(opt> 
4.090 f 0.093 346 f 57 0.0184 If.: 0.0036  343 f 73  0.0186 f 0.0045  0.0145 * 0.0024 
4.264 f 0.099  261 f 57  0.0135 f 0.0032  470 f 75 0.0251 f 0.0049 0.0127 f 0.0022 
4.453 f 0.105 270 f 57 0.0133 f 0.0031 247 f 73 0.0125 f 0.0040  0.0101 f 0.0021 
4.647 f 0.113 329 f 59  0.0159 f 0.0033  133 f 75 0.0066 f 0.0038 0.0095 f 0.0022 
4.861 It 0.122 255 f 58 0.0124 f 0.0031 369 f 75  0.0180 f 0.0042  0.0109 f 0.0021 
5.090 zk 0.129  223 f 58 0.0105 f 0.0029  265 f 77  0.0126 f 0.0039  0.0086 f 0.0019 
5.333 f 0.140 260 f 59 0.0121 f 0.0030 362 f 78  0.0172 f 0.0042  0.0105 f 0.0020 
5.597 & 0.149 235 f 59 0.0106 f 0.0029 292 f 78  0.0137 f 0.0040 0.0088 f 0.0019 
5.875 & 0.160  183 It 59 0.0081 f 0.0027 246 f 78 0.0113 f 0.0038  0.0068 f 0.0018 
6.181 f 0.175 277 f 60 0.0123 f 0.0029  31 f 76  0.0014 f 0.0034 0.0063 f 0.0019 
6.517 f 0.187  147 f 61 0.0061 f 0.0026 2 & 78 0.0001 f 0.0034  0.0031 f 0.0017 
6.862 f 0.201  102 f 60 0.0040 f 0.0024  225 f 80 0.0095 f 0.0035 0.0040 f 0.0016 
7.237 f 0.218  35 f 60  0.0014 f 0.0025 41 f 78  0.0018 f 0.0035  0.0010 f 0.0016 
7.661 + 0.242 9 f 52 0.0004 f 0.0023 20 f 76 0.0010 f 0.0036 0.0002 f 0.0015 
8.126 f 0.263 80 f 60 0.0035 f 0.0027 161 IfI 78 0.0076 f 0.0038  0.0034 f 0.0017 
8.618 f 0.284 91 f 61 0.0039 zk 0.0026 0 f 0 0.0000 f 0.0000 -0.0009 0.0000 
9.160 & 0.313  41 f 60  0.0018 f 0.0026 24 f 76 0.0011 f 0.0036  0.0010  0.0017 
9.757 f 0.346  74 f 60 0.0033 f 0.0027  67 f 76 0.0033 f 0.0037  0.0024 f 0.0017 
10.414 f 0.377 53 f 59 0.0025 f 0.0028 0 f 0 0.0001 & 0.0000 -0.0009 f 0.0000 
11.143 f 0.425  17 f 56 0.0008 & 0.0028 0 f 0 0.0001 f 0.0000 -0.0009 f 0.0000 
11.960 ZIZ 0.467 81 f 58 0.0041 f 0.0030 0 f 4 0.0001 f 0.0002 -0.0009 f 0.0002 
12.860 f 0.525 0 f 0 0.0001 f 0.0000 62 f 73  0.0036 f 0.0042 0.0000 f 0.0000 
13.876 f 0.589 0 f 0 0.0001 f 0.0000 0 f 0 0.0001 f 0.0000 -0.0003 f 0.0000 
15.016 f 0.660'18 f 59 0.0010 f 0.0032 0 f 0 0.0001 i~ 0.0000 -0.0009 f 0.0000 
16.297 f 0.750 0 f 0 0.0001 f 0.0000 4 f 74 0.0002 f 0.0043 0.0000 f 0.0000 
17.759 f 0.857 12 f 60 0.0006 f 0.0032  75 f 75 0.0043 f 0.0043 0.0011 f 0.0020 
19.416 f 0.971 0 f 0 0.0001 f 0.0000 0 f 0 0.0001 f 0.0000 -0.0003 f 0.0000 
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FIG, 84: Adopted E-, = 392.5-keV partial cross section corresponding to  the  data in table XCI. 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 XCII: Adopted partial y-ray cross section €or 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 XI1 B. 

4.090 f 0.093 325 f 70  0.0214 f 0.0056  461 f 90  0.0306 f 0.0069  0.0153 f 0.0035 
4.264 f 0.099 296 f 70  0.0190 f 0.0053  437 f 91 0.0286 & 0.0068  0.0135 f 0.0033 
4.453 k 0.105 432 * 70  0.0264 f 0.0054 310 f 91 0.0193 f 0.0061 0.0147 f 0.0036 
4.647 f 0.113 357 I 79  0.0213 f 0.0056  315 f 92  0.0191 f 0.0060  0.0126 f 0.0034 
4.861 f 0.122  315 f 70 0.0189 f 0.0050 208 f 88 0.0124 f 0.0054  0.0098 f 0.0031 
5.090 f 0.129  330 f. 80 0.0193 f 0.0054  349 f 91 0.0204 f 0.0058 0.0122 f 0.0032 
5.333 f 0.140 339 k 69  0.0195 f 0.0048 362 f 92 0.0211 & 0.0059  0.0123 f 0.0031 
5.597 f 0.149  357 zk 80 0.0199 f 0.0052  215 f 91 0.0124 f 0.0054 0.0101 f 0.0031 
5.875 f 0.160 271 f: 69  0.0148 f 0.0045  160 f 89 0.0090 & 0.0051 0.0073 f 0.0027 
6.181 f 0.175  249 f 69 0.0137 f 0.0044  246 f 90  0.0136 f 0.0052  0.0079 f 0.0026 
6.517 z t  0.187  388 f 81 0.0200 f 0.0049 100 f 90  0.0053 f 0.0048  0.0077 f 0.0030 
6.862 f 0.201 428 f 83  0.0210 f 0.0048  383 f 92  0.0198 f 0.0052  0.0128 f 0.0031 
7.237 r f  0.218  327 zk 84 0.0167 f 0.0049  127 f 89  0.0070 41 0.0050  0.0073 f 0.0028 
7.661 f 0.242  291 f 81 0.0159 f 0.0050 109 f 87  0.0064 f 0.0052  0.0069 f 0.0029 
8.126 f 0.263 284 f 79 0.0154 f 0.0049 114 f 88 0.0066 4 0.0052 0.0069 f 0.0028 
8.618 f 0.284  362 f 83 0.0192 f 0.0051  190 f 88 0.0108 f 0.0051  0.0093 f 0.0030 
9.160 f 0.313 223 zk 81 0.0120 f 0.0049 127 f 86  0.0073 f 0.0050 0.0057 f 0.0027 
9.757 f 0.346  187 f 80 0.0104 0.0050  129 f 84 0.0078 & 0.0051  0.0052 f 0.0026 
10.414 f 0.377 282 f 78 0.0163 ic 0.0052 180 f 84  0.0113 f 0.0054  0.0084 f 0.0030 
11.143 f 0.425  191 f 77  0.0118 f 0.0053 36 f 80 0.0024 f 0.0053  0.0044 f 0+0028 
11.960 f 0.467 182 f 78 0.0115 f 0.0055 237 f 80 0.0163 f 0.0058  0.0077 f 0.0029 
12.860 f 0.525  146 f 78 0.0095 k 0.0056  164 * 79  0.0115 f 0.0057 0.0057 f 0.0029 
13.876 f 0.589 21 zk 77 0.0014 f 0.0056  139 f 78 0.0100 f 0.0057  0.0018 f 0.0027 
15.016 f 0.660  164 f 77  0.0109 f 0.0057 63 f 78  0.0046 f 0.0057  0.0046 fr 0.0030 
16.297 f 0.750 0 f 4 0.0001 f 0.0023  68 f 78 0.0049 f 0.0056 0.0001 + 0.0012 
17.759 f 0.857 150 f 80 0.0099 dz 0.0058 121 & 78 0.0085 zk 0.0056  0.0051 f 0.0030 
19.416 f 0.971  64 f 70 0.0041 f 0.0051 173 f 80 0.0119 f 0.0057 0.0033 f 0.0026 

E, (MeV) A(1998) ~(1998) A( 1999) a( 1999) ,(opt) 
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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 a r e a  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 XI1 B. 
E, (MeV) A(1998)  0(1998)  A(1999)  a(1999) ,(opt) 

4.090 f 0.093 399 f 75 0.0279 f 0.0059  602 f 93  0.0424 f 0.0081  0.0237 f 0.0047 
4.264 f 0.099 475 f 76 0.0323 f 0.0061 578 f 93  0.0402 f 0.0079 0.0253 f 0.0049 
4.453 f 0.105 394 f 75  0.0256 f 0.0055 491 * 93  0.0325 f 0.0071  0.0192 f 0.0043 
4.647 f 0.113 319 f 73  0.0202 f 0.0050 488 f 93  0.0315 f 0.0069  0.0161 f 0.0039 
4.861 f 0.122 350 f 74 0.0223 f 0.0052  525 & 94 0.0332 f 0.0070  0.0178 f 0.0041 
5.090 f 0.129 373 f 74 0.0232 f 0.0051 567 f 95  0.0351 f 0.0070 0.0188 f 0.0041 
5.333 f 0.140  307 f 73  0.0188 f 0.0048  533 f 94  0.0330 f 0.0069  0.0157 f 0.0038 
5.597 f 0.149 224 f 74 0.0133 f 0.0046 598 f 96  0.0366 f 0.0071  0.0129 & 0.0035 
5.875 + 0.160 285 f 75 0.0166 f 0.0046  583 f 96  0.0349 f 0.0069  0.0148 f 0.0036 
6.181 k 0.175  134 f 72 0.0078 f 0.0043 583 f 94  0.0343 f 0.0067 0.0088 f 0.0031 
6.517 f 0.187  188 f 74 0.0103 f 0.0042  529 f 96 0.0297 f 0.0063  0.0096 f 0.0031 
6.862 f 0.201  134 f 75 0.0070 f 0.0040  534 f 94 0.0293 f 0.0061  0.0073 f 0.0029 
7.237 f 0.218  248 5 75 0.0134 f 0.0043 268 f 91 0.0156 + 0.0056  0.0077 f 0.0031 
7.661 f 0.242 141 f 74  0.0082 f 0.0044  304 f 89  0.0189 f 0.0059 0.0058 f 0.0031 
8.126 f 0.263  131 f 74 0.0076 f 0.0043  195 f 89  0.0120 f 0.0056  0.0036 f 0.0030 
8.618 f 0.284  61 f 73  0.0034 f 0.0041 332 f 90  0.0200 f 0.0058  0.0032 z t  0.0029 
9.160 f 0.313 205 f 75 0.0117 2c 0.0044  328 f 87 0.0201 f 0.0058  0.0081 f 0.0032 
9.757 f 0.346  101 f 72 0.0060 f 0.0043  236 f 86 0.0151 j, 0.0057  0.0036 f 0.0030 
10.414 f 0.377 54 f 71 0.0033 f 0.0044  322 f 85 0.0214 f 0.0061 0.0035 f 0.0030 
11.143 k 0.425  59 Lt 71 0.0039 f 0.0047 243 f 83 0.0171 f 0.0061 0.0028 f 0.0032 
11.960 f 0.467 207 f 72 0.0139 f 0.0050 119 f 81 0.0087 f 0.0060 0.0054 f 0.0035 
12.860 f 0.525  113 f 71  0.0078 f 0.0050  64 f 79 0.0048 f 0.0059  0.0013 f 0.0034 
13376 + 0.589  57 f 71  0.0040 f 0.0050  220  79  0.0168 f 0.0063 0.0028 f 0.0034 
15.016 f 0.660 102 f 73  0.0072 f 0.0052 387 f 79 0.0297 f 0.0069 0.0080 f 0.0036 
16.297 f 0.750  49 4: 71 0.0035 f 0.0050 224 f 78 0.0170 f 0.0062  0.0026 f 0.0034 
17.759 f 0.857  177 f 75 0.0124 f 0.0054  216 f 79  0.0162 f 0.0062  0.0070 f 0.0037 
19.416 f 0.971  187 f 75 0.0129 f 0.0053  183 f 80 0.0134 f 0.0060  0.0062 f 0+0036 
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FIG. $6: 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. 



212 

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 XI1 B. 

4.090 f 0.093  379 f 72  0.0266 f 0.0061  507 f 87  0.0358 f 0.0073  0.0244 f 0.0045 
4.264 f 0.099  357 3z 71  0.0244 z t  0.0058 502 f 88 0.0350 & 0.0073  0.0227 i 0.0043 
4.453 f 0.105 268 f 69  0.0175 f 0.0052  473 2~ 88  0.0314 f 0.0068  0.0174 f- 0.0038 
4.647 f 0.113 388 rt 70 0.0247 f 0.0055  473 f 89 0.0306 f 0.0067  0.0214 f 0.0041 
4.861 f 0.122  341 f 71 0.0218 f 0.0054  448 f 89  0.0284 f 0.0065  0.0191 =k 0.0039 
5.090 f 0.129  407 z t  73 0.0254 f 0.0055 497 f 90  0.0309 4 0.0066 0.0219 f 0.0041 
5.333 f 0.140  270 f 71  0.0166 f 0.0050  419 f 89  0.0260 f 0.0062 0.0153 f 0.0036 
5.597 f 0.149  379 f 71 0.0225 f 0.0051 334 f 90 0.0205 f 0.0060 0.0166 f 0.0037 
5.875 f 0.160  371 f 71  0.0216 f 0.0050 326 f 89  0.0196 & 0.0058  0.0157 f 0.0036 
6.181 f 0.175 210 & 71  0.0123 f 0.0047 420 f 89  0.0248 f 0.0059  0.0124 f 0.0034 
6.517 f 0.187 272 i 70 0.0149 f 0.0045 254 f 89  0.0143 f 0.0053  0.0105 f 0.0032 
6.862 f 0.201 270 f 72 0.0141 f 0.0043  331 z t  90  0.0182 f 0.0053  0.0114 f 0.0031 
7.237 f 0.218  217 f 73  0.0118 f 0.0045 229 f 87 0.0134 f 0.0053  0.0085 f 0.0031 
7.661 f 0.242  149 f 71  0.0087 f 0.0046 65 f 85 0.0041 f 0.0053  0.0037 f 0.0032 
8.126 f 0.263  154 f 70 0.0089 f 0.0045 329 f 87 0.0203 f 0.0058 0.0090 f 0.0032 
8.618 f 0.284  137 f 72 0.0077 f 0.0045 299 f 87 0.0181 f 0.0056  0.0077 f 0.0032 
9.160 f 0.313 16 f 68 0.0009 f 0.0043 252 f 84  0.0155 f 0.0054  0.0029 f 0.0030 
9.757 f 0.346  14 f 69 0.0008 f 0.0045  148 f 82 0.0095 f 0.0054 0.0011 f 0.0031 
10.414 f 0.377  178 j, 70 0.0110 f 0.0048 40 zk 79 0.0027 S 0.0053  0.0040 f 0.0033 
11.143 f 0.425  47 f 67 0.0031 If 0.0049 97 f 79  0.0068 f 0.0056 0.0015 f 0.0033 
11.960 f 0.467  117 f 67  0.0079 f 0.0051  132 f 78  0.0097 f 0.0058 0.0051 f 0.0035 
12.860 f 0.525 11 f 59 0.0008 & 0.0046  115 f 76  0.0086 & 0.0058 0.0008 f 0.0032 
13.876 f 0.589 17 f 68 0.0012 f 0.0053 164 f 76  0.0126 f 0.0060 0.0024 f 0.0036 

16.297 =!c 0.750 108 f 68 0.0076 zk 0.0053 35 f 73 0.0027 zt  0.0056 0.0021 f 0.0035 
17.759 f 0.857 0 zk 2 0.0001 f 0.0022  201 f 74 0.0151 f 0.0058 0.0007 f 0.0017 

E, (MeV) A(1998)  0(1998) A( 1999)  o(1999) ,(opt) 

15.016 f 0.660  93 f 68 0.0066 f 0.0053 0 f 3  0.0001 f 0.0006  -0.0063 & 0.0012 

19.416 f 0.971 0 f 0 0.0001 f 0.0021 30 f 73 0.0022 f 0.0054 -0.0004 f 0.0017 
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FIG. 87: Adopted E, = 624.9-keV partial cross section corresponding to  the data in table XCIV. 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 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 XI1 B. 
E, (MeV) A(1998)  a(1998)  A(1999)  o(1999) ,(opt) 

4.090 f 0.093  283 f 57  0.0196 f 0.0048  520 -+ 79  0.0362 f 0.0068  0.0262 f 0.0042 
4.264 f 0.099  314 f 57  0.0211 f 0.0047  396 f 79  0.0272 f 0.0062  0.0241 f 0.0041 
4.453 f 0.105 376 f 58 0.0241 f 0.0048  403 f 80 0.0264 f 0.0060 0.0257 k 0.0041 
4.647 2 0.113  511 f 60  0.0321 * 0.0052  427 + 81 0.0272 f 0.0060 0.0303 f 0.0044 
4.861 f 0.122 381 f 58 0.0240 f 0.0047  413 f 82 0.0259 f 0.0059 0.0254 f 0.0040 
5.090 f 0.129  375 f 59 0.0231 It 0.0046 397 f 82 0.0243 f 0.0057  0.0241 & 0.0039 
5.333 f 0.140  424 f 60 0.0257 f 0.0047  373 f 82  0.0228 f 0.0056  0.0249 & 0.0040 
5.597 f 0.149  363 f 58  0.0213 f 0.0043 336 f 82  0.0204 f 0.0055  0.0214 f 0.0037 
5.875 f 0.160 195 f 58  0.0112 rfI 0.0038  287 f 81 0.0170 j, 0.0052  0.0137 z t  0.0033 
6.181 f 0.175  263 f 58 0.0152 f 0.0040  272 f 80 0.0158 f 0.0050  0.0158 f 0.0033 
6.517 f 0.187 280 f 58  0.0152 f 0.0038 328 f 82  0.0182 f 0.0050  0.0168 f 0.0032 
6.862 f 0.201 272 f 60  0.0140 f 0.0037 339 f 82 0.0184 f 0.0049 0.0160 f 0.0031 
7.237 f 0.218  217 f 59  0.0116 f 0.0037  199 f 80  0.0115 f 0.0048  0.0119 f 0.0031 
7.661 f 0.242 206 f 59 0.0118 f 0.0039 234 f 78 0.0144 f 0.0051  0.0131 f 0.0033 
8.126 f 0.263 215 f 59 0.0123 f 0.0039 241 f 79 0.0147 f 0.0051  0.0135 & 0+0033 
8.618 4 0.284  203 f 59 0.0113 f 0+0038  187 f 79 0.0111 f 0.0049  0.0115 f 0.0032 
9.160 f 0.313  197 f 59  0.0112 f 0.0038 61 f 76 0.0037 f 0.0046  0.0083 f 0.0031 
9.757 f 0&346 257 f 58  0.0151 f 0.0040  146 f 75  0.0092 f 0.0049  0.0129 f 0.0033 
10.414 f 0.377  192 f 57  0.0117 f 0.0040 180 f 74 0.0118 f 0.0051  0.0120 f 0.0033 
11.143 f 0.425  119 f 55 0.0077 f 0.0040  150 f 72 0.0104 f 0.0052 0.0090 k 0.0033 
11.960 & 0.467 38 rt 55  0.0025 f 0.0041  26 f 70 0.0019 f 0.0051  0.0023 f. 0.0033 
12.860 f 0.525 114 f 55 0.0078 f 0.0043  103 f 69 0.0076 Itr 0.0052  0.0079 & 0.0034 
13.876 f 0.589 9 f 54  0.0006 f 0.0042 111 f 68 0.0084 f 0.0052 0.0038 f 0.0034 
15.016 f 0.660  103 4 56 0.0072 f 0.0044 0 f 5 0.0001 f 0.0006 0.0008 f 0.0014 
16.297 f 0.750 161 f 57 0.0117 f 0.0046 0 f 0 0.0001 f 0.0005 0.0010 f 0.0013 
17.759 f 0.857 65 f 56 0.0045 f 0.0043 0 f 0 0.0001 f 0.0005  0.0005 f 0.0013 
19.416 f 0.971 0 f 0 0.0001 f 0.0019 0 f 0 0.0001 f 0.0005 0.0001 f 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 vahe, 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. 
E, (MeV) A(1998) c(1998) A( 1999) u( 1999) ,(OPt> 

4.090 f 0.093 265 3z 51 0.0164 f 0.0037 400 f 70  0.0249 Ifi 0.0052  0.0191 f 0.0034 
4.264 f 0.099 289 f 51 0.0174 f 0.0036  289 f 70 0.0178 f 0.0048  0.0165 f 0.0033 
4.453 f 0.105 175 f 50 0.0100 f 0.0032  468 f 72 0.0274 f 0.0052  0.0149 f 0.0030 
4.647 f 0.113 231 f 50  0.0130 f 0.0032  317 f 72 0.0181 k 0.0046  0.0141 If: 0.0030 
4.861 f 0.122 239 f 51  0-0135 f 0.0033 484 f 74 0.0271 f 0.0051  0.0177 f 0.0032 
5.090 f 0.129  304 f 52 0.0167 41 0.0034  331 f 73 0.0181 f 0.0045  0.0163 f 0.0031 
5.333 f 0.140  177 f 51 0.0096 f 0.0030  345 f 74  0.0189 f 0.0046 0.0120 rt 0.0028 
5.597 f 0.149 254 f 52 0.0133 f 0.0031  237 f 74  0.0129 k 0.0043  0.0121 f 0.0029 
5.875 f 0.160  168 f 51 0.0086 k 0.0029 313 f 74  0.0166 f 0.0044 0.0105 f 0.0027 
6.181 f 0.175 180 f 50 0.0093 f 0.0028  403 f '74 0.0210 f 0.0045  0.0124 f 0.0027 
6.517 + 0.187 241 f 52 0.0117 f 0.0029  217 f 73  0.0108 f 0.0038 0.0101 f 0.0026 
6.862 f 0.201 206 f 52  0.0095 f 0.0026  385 f 75 0.0187 f 0.0042 0.0118 f 0.0025 
7.237 f 0.218 48 f 50 0.0023 f 0.0025  213 f 73 0.0110 f 0.0040  0.0038 f 0.0023 
7.661 If 0.242  135 f 51 0.0069 f 0.0028 221 f 71  0.0122 * 0.0042  0.0077 f 0.0026 
8.126 f 0.263 47 f 49 0.0024 f 0.0026 177 41 71  0.0096 f 0.0040 0.0035 f 0.0024 
8.618 f 0.284 45 f 51 0.0022 f 0.0026 92 f 70 0.0049 f 0.0038 0.0018 f 0.0023 
9.160 f 0.313 55 f 50 0.0028 f 0.0027 276 f 71 0.0150 z t  0.0042  0.0055 f 0.0024 
9.757 f 0.346 92 3r 49 0.0048 f 0.0027  123 f 68  0.0070 dz 0.0040,0.0044 f 0-0024 
10.414 f 0.377  120 f 50 0.0065 f 0.0029 52 f 66  0.0031 f 0.0039  0.0039 f 0.0026 
11.143 f 0.425 98 f 49 0.0057 f 0.0030  132 f 65 0.0082 f 0.0042 0.0054 f 0.0027 
11.960 f 0.467  54 f 48 0.0032 f 0.0030  120 f 64  0.0078 f 0.0043  0.0035 f 0.0026 
12.860 If: 0.525  27 f 49 0.0017 f 0.0031  66 f 62 0.0044 f 0.0042  0.0012 f 0.0027 
13.876 f 0.589  80 f 49 0.0050 k 0.0032 0 f 0 0.0001 f 0.0006  -0.0031 f 0.0012 
15.016 d~ 0.660 46 f 49 0.0029 f 0.0032 0 f 4  0.0001 f 0.0007  -0.0033 f 0.0012 
16.297 f 0.750 106 f 48  0.0066 f 0.0032 112 f 61 0.0075 f 0.0042  0.0057 f 0.0028 
17.759 f 0.857  2 f 49 0.0001 f 0.0032  97 f 60 0.0064 f 0.0041 0.0010 rt 0.0027 
19.416 f 0.971 57 f 49 0.0035 f 0.0031  18 f 60  0.0012 f 0.0039  0.0009 f 0.0026 
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FIG. 89: Adopted E, = 637.7-keV partial cross section corresponding to the  data in tabIe 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 XI1 B. 
E, (MeV) A(1998) a(19Q8) A(1999)  o(1999) ,(opt) 
4.090 f 0.093 231 zk 47  0.0178 3~ 0.0045 89 f 61 0.0069 f 0.0049  0.0072 z t  0.0024 
4.264 zk 0.099 238 f 47  0.0178 f 0.0044 162 Ifi 62 0.0124 & 0.0050 0.0084 f 0.0024 
4,453 f 0.105 304 f 48 0.0217 f 0.0044  213 f 63 0.0155 f 0.0050 0.0106 f 0.0026 
4.647 k 0.113 276 f 48 0.0193 f 0.0043 87 f 63 0.0062 f 0.0046 0.0074 f 0.0024 
4.861 * 0.122 268 k 49  0.0188 f 0.0043 198 f 65 0.0138 f 0.0048 0.0091 & 0.0024 
5.090 f. 0.129 363 f 50  0.0248 f 0.0046  178 f 65 0.0121 f 0.0047  0.0107 f 0.0028 
5.333 & 0.140  290 f 51 0.0195 f 0.0043 108 f 65 0.0073 f 0.0046  0.0077 f 0.0024 
5.597 f 0.149  244 f 50 0.0159 f 0.0040  110 f 66 0.0074 f 0.0046  0.0067 f 0.0022 
5.875 ?r 0.160  242 j z  49  0.0155 f 0.0038 156 j~ 65 0.0103 f 0.0045 0.0071 f 0.0021 
6.181 f 0.175  187 f 49 0.0120 f 0.0037 243 f 66 0.0157 f 0.0047 0.0066 f 0.0019 
6.517 f 0.187 273 f 50  0.0164 f 0.0037 62 f 65  0.0038 f 0.0041  0.0059 f 0.0021 
6.862 f 0.201 297 f 51 0.0170 f 0.0037 299 f 68 0.0180 f 0.0046 0+0093 f 0.0022 
7.237 f 0.218 147 f 49  0.0087 If: 0.0034  115 f 66  0.0074 f 0.0044  0.0041 f 0.0017 
7.661 f 0.242 160 f 49 0.0102 f 0.0037  187 f 65 0.0128 f 0.0047  0*0054 f 0.0018 
8.126 f 0.263  180 f 49  0.0114 f 0.0037 46 f 64 0.0031 f 0.0044  0.0044 f 0.0019 
8.618 f 0.284  166 + 51 0.0103 f 0.0037 10 f 64  0.0007 f 0.0043 0.0036 0.0018 
9.160 f 0.313 152 f 50 0.0096 f 0.0037  89 f 64 0.0060 f 0.0044  0.0042 f 0.0018 
9.757 f 0.346  132 j~ 49 0.0086 f 0.0037  73 f 63 0.0051 f 0.0045  0.0037 f 0.0018 
10.414 f 0.377  158 f 49  0.0107 f 0.0039  55 f 62 0.0040 f 0.0046  0.0043 f 0.0019 
11.143 f 0.425 83 f 48 0.0060 f 0.0040 40 f 60 0.0031 f 0.0047  0.0024 f 0.0018 
11.960 f 0.467  114 f 47  0.0084 -f 0.0041  138 f. 60 0.0111 z t  0.0051  0.0044 f 0.0019 
12.860 f 0.525  66 47 0.0050 f 0.0041 143 f 59 0.0117 f 0.0051  0.0031 f 0.0018 
13.876 f 0.589 26 f 47 0.0020 f 0.0042 32 f 57 0.0027 f 0.0049 0+0008 zk 0.0018 
15.016 f 0.660 8 f 46 0.0006 f 0.0041 111 f 58 0.0093 f 0.0051 0.0010 f 0.0017 
16.297 f 0.750  110 f 48 0.0085 f 0.0043 11 f 57 0.0009 A 0.0049 0.0030 f 0.0020 
17.759 zk 0.857  84 f 48 0.0065 f 0.0043 73 f 58  0.0060 f 0.0049  0.0030 f 0.0019 
19.416 f 0.971 0 f 0 0.0001 * 0.0020 0 f 0 0.0001 f 0.0010 -0.0005 f 0.0008 
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D Observed Lines in 233U 

Transitions in the 235U(n,3n) are particularly difficult to  observe, because like the  (n,n') y 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 y rays and  their placement in the 233U 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: "+ 7/2: 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 235U(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 E l  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 El 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 233U observed in the GEANIE data. 
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TABLE XCVIII: Transitions identified in the 235U(n,3ny)  channel and  the method by  which the  data were analyzed, 
E$meas) (keV) Analysis method E$=‘) (keV) E, (keV) transition 
137.607 f 0.131 subtracted planars, 98Thin and 99Thin optimized 137.2 f 0.2 229.4 13/2: ”+ 9/2: 
159.952 f 0.114 subtracted planars, 98Thin and 99Thin optimized 159.4 f 0.1  314.7 15/2: + 11/2: 
298.545 f 0.113 unsubtracted planars, 98Thin and 99Thin averaged 298.89 f 0.20  298.8 5/2- -+ 5/2: 
300.537 f 0.118 subtracted planars, 98Thin and 99Thin optimized 300.34 f 0.02  340.7 5/2’ -, 7/2, 
305.242 & 0.130 subtracted  planars, 98Thin and 99Thin optimized 305.4 f 0.2 397.6 11/2- ”+ 9/2: 
311.974 f 0.115 unsubtracted planars, 98Thin and 99Thin optimized 312.17  0.02  312.2 3/2’ -+ 5/2: 
340.628 0.155 subtracted planars, 98Thin and 99Thin optimized 340.81 f 0.03 340.7 5/2+ -+ 5/2: 

The Ey = 137.6 keV t ransi t ion  ( table  XCIX/figure 92): This  ground-stateband  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 transit ion  ( table C/figure 93): Another ground-stateband  transition,  this line is clearly 
contaminated by the E, = 160.19(5)-keV transition from the level at E, = 357.3 keV in 235U- Fortunately, the 
(n,n’) line’s yield has nearly vanished when the  (n,3n) threshold is reached. 

The Ey = 298.5 keV transit ion  ( 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; ”+ 2; transition in the very-high- 
yield  fission fragment 134Te. Extreme  caution  should  be used in  interpreting measured yield  for this  (n,3n) 
line. 

The Ey = 300.5 keV transition (table CII/figure 95): This y 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 y 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 Ey = 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 k 0.10 keV originating from the E, = 479.0-keV  level in lZSI produced  via the (n,2n)  reaction  on IZ7I. 
The mono-isotopic nucleus Iz7I is a component of the NaI nose-cone placed on  each  detector, used to suppress 
back-scattered y rays. The strongest  branch from the E, = 479.0-keV  level in 1261 is a 422.4-keV transition, 
for which there is evidence in the GEANIE data. 

The Ey = 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 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. 

4.090 f 0.093 108 f 75 0.0089 IfI 0.0063  13 f 96  0.0013 f 0.0093  0.0041 f 0.0037 0.0041 f 0.0037 
4.264 f 0.099 219 f 77 0.0176 f 0.0066  260 f 99  0.0250 f 0.0100 0.0123 f 0.0041 0.0121 31 0.0040 
4.453 f 0.105 149 f 76 0.0114 f 0.0060  194 f 100  0.0177 f 0+0094 0.0079 f 0.0036 0.0077 f 0.0036 
4.647 f 0.113 210 f 78 0.0158 f 0.0062  192 f 101 0.0171 & 0.0092 0.0101 f 0.0038 0.0099 & 0.0038 
4.861 f 0.122 218 f 79 0.0164 f 0.0063  157 & 102 0.0137 f 0.0091  0.0099 f 0.0039 0.0097 f 0.0038 
5.090 f 0.129 131 f 79 0*0096 f 0.0059  63 f 103 0.0054 rt 0.0088  0.0051 f 0.0035 0.0050 f 0.0035 
5.333 f 0.140 151 f 80 0.0109 f 0.0059 13 f 99 0.0011 f 0.0085  0.0050 f 0.0035 0.0049  0.0035 

5.875 f 0.160  106 f 82  0.0073 f 0.0057 288 f 111 0.0238 f 0.0096  0.0062 f 0.0034  0.0060 f 0.0034 
6.181 f 0.175  298 f 83  0.0206 f 0.0062  354 f 112 0.0288 f 0.0097  0.0145 f 0.0040  0.0143 f 0.0040 
6.517 f 0-187 205 f 85  0.0133 f 0.0057  279 f 113  0.0216 f 0.0091  0.0094 f 0.0035  0.0092 f 0.0035 
6.862 f 0.201  374 f 87  0.0230 f 0.0060  280 f 114  0.0212 f 0.0090  0.0146 f 0.0040  0.0144 xk 0.0039 
7.237 f 0.218 288 f 86  0.0184 f 0.0059  74 f 111 0.0060 f 0.0090  0.0097 f 0.0038 0.0095 f 0.0037 
7.661 f 0.242  305 f 86  0.0209 f 0.0064  46 f 111 0.0040 f 0.0096 0.0105 0.0041  0.0103 f 0.0041 
8.126 f 0.263  318 f 86  0.0217 f 0.0064  366 f 112 0.0311 f 0.0102  0.0154 f 0.0042  0.0152 f 0.0041 
8.618 f 0.284  386 z t  87  0.0257 f 0.0066  230 f 112 0.0191 f 0.0096  0.0156 f 0.0043  0.0153 f 0.0043 
9.160 k 0.313 281 f 87 0.0190 f 0.0063  217 f 112 0.0184 f 0.0097  0.0120 f 0.0040 0.0118 f 0.0040 
9.757 f 0.346  340 f 87  0.0238 f 0.0067  203 f 110  0.0179 f 0.0100 0.0144 f 0.0043  0.0142 f 0.0043 
10.414 f 0.377  282 f 85  0.0205 k 0.0066 91 f 111 0.0084 f 0.0103  0.0112 f 0.0042  0.0110 f. 0.0042 
11.143 zt 0.425  386 f 87  0.0298 f 0.0076  216 f 112 0.0210 f 0.0112  0.0180 f 0.0050  0.0177 f 0.0050 
11.960 f 0.467  197 f 86  0.0157 f 0.0071 394 f 114  0.0398 rt: 0.0125  0.0127 f 0.0044  0.0125 f 0.0044 
12.860 f 0.525  398 f 88  0.0326 f 0.0082  130 f 114 0.0134 f 0.0119  0.0179 f 0.0054  0.0161 f 0.0050 
13.876 f 0.589  300 f 87  0.0251 f 0.0079  295 f 115 0.0311 f 0.0127 0*0172 f 0.0051 0.0154 f 0.0046 
15.016 f 0.660  566 f 89  0.0473 f 0.0094  349 f 115  0.0370 f 0.0130 0.0300 f 0.0065  0.0272 f 0.0060 
16.297 f 0.750  829 f 92  0.0692 f 0.0114  546 f 115  0.0573 f 0.0140  0.0459 f 0.0080  0.0419 f 0.0075 
17.759 f 0.857  1036 f 94  0.0859 zk 0.0130  538 f 115 0.0556 f 0.0137  0.0522 f 0.0089 0.0478 f 0.0084 
19.416 f 0.971  1124 f 94  0.0914 f 0.0135  615 f 115 0.0620 f 0.0139  0.0568 f 0.0092  0.0524 f 0.0088 

E, (MeV) A(1998)  o(1998) A( 1999) u(1999) ,(opt) ,(opt,corr) 

5.597 f 0.149  186 f 81 0.0130 f 0.0059 0 f 0 0.0001 f 0.0000 -0.0018 f 0.0020 -0.0018 rt 0.0020 
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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 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 XI1 B. The recommended partial cross section in the  last column  includes 
a correction for angular-distribution effects. 
E, (MeV) A(1998)  a(1998)  A(1999) o(1999) ,(opt> ,(oPt,corr) 
4.090 f 0.093  935 f 85  0.0464 f 0.0068 764 f 106 0.0421 z t  0.0077  0.0426 f 0.0050  0.0428 f 0.0050 
4.264 f 0.099 1098 f 86  0.0531 f 0.0073  750 f 107  0.0408 f 0.0075 0.0456 f 0.0052  0.0457 f 0.0052 
4.453 & 0.105  1126 f 87  0.0519 f 0.0071 989 f 108  0.0512 f 0.0082  0.0491 f 0.0053  0.0492 f 0.0053 
4.647 f 0.113 1132 f 87  0.0511 f 0.0070 1073 f 109 0.0542 f 0.0084  0.0495 & 0.0053  0.0497 f 0.0053 
4.861 f 0.122  1263 f 89  0.0573 f 0.0076  777 f 109  0.0385 f 0.0070  0.0462 & 0.0052  0.0463 f 0.0052 
5.090 f 0.129  1271 f 90  0.0561 f 0.0075  901 f 110  0.0437 f 0.0074  0.0483 f 0.0052  0.0484 f 0.0052 
5.333 f 0.140  1379 f 90 0.0599 f 0.0078 1100 f 112 0.0533 f 0.0082  0.0544 f 0.0056  0.0545  0.0056 
5.597 f 0.149  1359 f 91 0.0572 f 0.0075  904 f 112 0.0434 f 0+0074 0.0486 f 0.0053  0.0487 f 0.0053 
5.875 f 0.160  1498 f 94  0.0619 f 0.0079  965 f 113 0.0453 f 0.0075  0.0515 f 0.0055 0.0516 f 0.0055 
6.181 f 0.175 1222 f 92 0.0507 f 0.0068  864 f 114 0.0398 f 0.0070 0.0440 zk 0.0049  0.0441 f 0.0049 
6.517 f 0.187 1240 f 94 0.0483 If: 0.0065  867 f 116 0.0381 f 0.0067  0.0420 f 0.0047  0.0421 f 0.0047 
6.862 f 0.201 1074 f 94 0.0397 f 0.0056 436 f 116  0.0187 f 0.0054  0.0292 & 0.0039  0.0292 f 0.0039 
7.237 f 0.218 860 f 92 0.0331 k 0.0051  323 f 115  0.0147 z t  0.0055 0.0248 3t 0.0037  0.0248 f 0.0037 
7.661 & 0.242 511 f 90 0.0210 4 0.0044  431 f 114  0.0210 f 0.0061  0.0202 f 0.0034 0.0203 f 0.0034 
8.126 f 0.263  372 f 89  0.0152 f 0.0040 309 f 113 0.0149 f 0.0057  0.0148 f 0.0031  0.0148 f 0-0031 
8.618 f 0.284  380 z t  90 0.0152 k 0.0040  118 f 113 0.0056 f 0.0054 0.0123 f 0.0030  0.0123 & 0.0030 
9.160 f 0.313 383 f 89  0.0156 f 0.0040  315 f 113  0.0151 f 0.0057 0.0151 f 0.0031  0.0151 f 0.0031 
9.757 f 0.346 437 f 89  0.0184 f 0.0043 112 f 111 0.0056 f 0.0056  0.0142 z t  0.0032  0.0142 f 0.0032 
10.414 f 0.377  167 f 86  0.0073 f 0.0038  86 z t  110  0.0045 f 0.0058  0.0069 f 0.0029 0.0070 f 0.0029 
11.143 f 0.425 234 f 87  0.0109 f 0.0042 0 f 0 0.0001 f 0.0000 0.0058 f 0.0017  0.0058 & 0.0017 
11.960  0.467 285 & 87 0.0136 f 0.0044 49 f 111 0.0028 dz 0.0064  0.0106 f 0.0034  0.0107 f 0.0034 
12.860 f 0.525 206 f 88 0.0102 f 0.0045  31 f 112 0.0018 f 0.0065  0.0082 & 0.0034  0.0076 f 0.0031 
13.876 f 0.589  351 f 89  0.0176 f 0.0049  205 f 114  0.0123 f 0.0070  0.0156 f 0.0037  0.0143 f 0.0034 
15.016 f 0.660 561 f 91 0.0282 f 0.0056  276 f 115 0.0166 f 0.0072  0.0233 & 0.0042  0.0215 f 0.0039 
16.297 f 0.750  607 f 92 0.0304 f 0.0058 298 f 115  0.0177 f 0.0071  0.0249 f 0.0043  0.0230 f 0.0040 
17.759 f 0.857  964 f 94  0.0480 f 0.0072  503 f 116 0.0295 f 0.0076  0.0382 f 0.0051  0.0354 f 0.0048 
19.416 k 0.971  1064 f 96  0.0520 f 0.0075  576 f 118 0.0329 h 0.0078  0.0415 f 0.0053  0.0387 f 0.0050 



226 

0.06 

A 

VI 
0.04 

0 
13 
v 

* 
b 

0.02 

0.00 

c weighted mean 
._.. one-sigma limit 

e 1998 best 
w 1999 best I i 

5 
J 

20 

0.020 

0.01 0 

' I  

t i, ++ 
0.000 1 I 8 I 1 I 1 I I I I 1 I I 

5 10 15 20 
En (MeV) 

FIG. 93: Adopted E, = 160.0-keV partial cross section  corresponding to  the  data in table C .  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) by itself. 



227 

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 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. 

4.090 f 0.093 188 f 52 0.0048 f 0.0014  293 f 68  0.0076 f 0.0020 0.0057 f 0.0011  0.0057 f 0.0011 
4.264 f 0.099 230 f 53 0.0057 f 0.0014  260 f 68 0.0067 f 0.0019  0.0060 & 0.0011 0.0060 f 0.0011 
4.453 f 0.105 208 f 53 0.0049 f 0.0013 502 z t  72 0.0123 f 0.0022  0.0069 f 0.0012  0.0069 f 0.0012 
4.647 -f 0.113 237 f 54  0.0055 f 0.0014  458 f 72 0.0109 f 0.0021  0.0071 f 0.0011  0.0071 f 0.0011 
4.861 zk 0.122 316 f 56 0.0073 f 0.0015 498 f 73  0.0117 & 0.0021 0.0087 f 0.0012  0.0087 z t  0.0012 
5.090 f 0.129 276 f 55  0.0062 f 0.0014  518 f 75  0.0119 f 0.0022  0.0079 f 0.0012  0.0079 f 0.0012 
5.333 f 0.140 311 f 56 0.0069 f 0.0014 586 * 75  0.0134 f 0.0023  0.0087 f 0.0012 0.0087 f 0.0012 
5.597 f 0.149 400 4. 58  0.0086 k 0.0015  741 f 77  0.0168 f 0.0025 0.0107 f 0.0013  0.0107 & 0.0013 
5.875 + 0.160 427 f 58  0.0090 f 0.0015  853 f 79 0.0189 f 0.0027  0.0114 f 0.0013  0.0114 f 0.0013 

E, (MeV) A(199s) 0(1998) A(1999)  a(1999) ,(w4 ,(wei,corr) 

6.181 f 0.175  390 k 58 0.0083 f 0.0015  658 f 77 0.0143 f 0.0023  0.0100 f 0.0012 o.oioo f 0.0012 
6.517 f 0.187  448 f 60  0.0089 f 0.0015  705 f 79  0.0146 k 0.0023  0.0106 f 0.0012  0.0106 f 0.0012 
6.862 & 0.201 537 f 62 0.0101 f 0.0015  659 f 80  0.0134 f 0.0022  0.0112 f 0.0013  0.0112 f 0.0013 
7.237 f 0.218  585 f 63  0.0115 f 0.0017  964 f 82  0.0208 f 0.0029  0.0138 f 0.0014  0.0138 f 0.0014 
7.661 f 0.242  515 f 62 0.0108 f 0.0017  809 f 80  0.0186 f 0.0027  0.0129 & 0.0014  0.0129 f 0.0014 
8.126 f 0.263 493 f 62 0.0103 f 0.0016  687 f 80 0.0157 f 0.0025  0.0119 f 0.0014  0.0119 zk 0.0014 
8.618 -f 0.284  370 f 61 0.0076 f. 0.0014 795 f 81 0.0177 f 0.0026  0.0099 f 0.0013  0.0099 f 0.0013 
9.160 f 0.313  477 f 62  0.0099 f 0.0016  695 f 79  0.0158 f 0.0025 0.0116 f 0.0014  0.0116 f 0.0014 
9.757 f 0.346  512 f 62 0.0110 zk 0.0017 666 f 78 0.0158 f 0.0025  0.0125 f 0.0014  0.0125 & 0.0014 
10.414 f 0.377  416 f 60  0.0093 f 0.0016  669 f 78 0.0165 f 0.0026  0.0112 f 0.0014  0.0112 f 0.0014 
11.143 f 0.425  762 f 63 0.0181 f 0.0023 756 f 77  0.0197 f 0.0030  0.0187 f 0.0018  0.0187 f 0.0018 
11,960 f 0.467  1495 & 70  0.0365 rt 0.0040 880 f 78  0.0238 f 0.0034  0.0292 & 0.0026  0.0292 f 0.0026 
12.860 f 0.525  834 f 64  0.0210 f 0.0026  653 f 76  0.0180 f 0.0029 0.0197 f 0.0019 0.0192 f 0.0019 
13.876 f 0.589 1027 f 66  0.0264 f 0.0031 665 f 77  0.0188 f 0.0030 0.0225 f 0.0022  0.0215 f 0.0021 
15.016 f 0.660 1016 f 67 0.0261 f 0.0031 779 f 78 0.0221 k 0.0033  0.0242 f 0.0023  0.0238 f 0.0023 
16.297 f 0.750 1083 zk 68  0.0277 f 0.0033  877 f 80 0.0247 d~ 0.0035  0.0263 f 0.0024  0.0258 f 0.0024 
17.759 f 0.857 1163 f 69 0.0296 f 0.0034  894 f 79  0.0248 f 0.0035  0.0273 Z!L 0.0024  0.0268 f 0.0025 
19.416 f 0.971 1051 4~ 68 0.0262 f 0.0031 974 * 80 0.0263 f 0.0036 0.0263 f 0.0024  0.0259 f 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 
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 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 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) 0(1998) A( 1999) a( 1999) ,(opt) 0 (opt ,Cord 

4.090 f 0.093 40 f 51 0.0021 f 0.0027 222 f 73 0.0120 f 0.0042  0.0031 f 0.0020 0.0031 f 0.0019 
4.264  0.099 149 f 52  0.0076 f 0.0028 80 f 72 0.0043 3~ 0.0039 0.0048 f 0.0022 0.0048 f 0.0022 
4.453 f 0.105 137 f 53 0+0067 f 0.0027 66 f 74 0.0033 f 0.0038  0.0041 f 0.0021 0.0041 f 0.0021 

4.861 f 0.122  170 f 54 0.0081 f 0.0027 191 k 76 0.0093 f 0.0038  0.0065 & 0.0022  0.0065 f 0.0022 

5.333 f 0.140  213 f 55  0.0098 f 0.0027  275 f 78  0.0130 f 0.0040 0.0085 f 0.0023 0.0085 j, 0.0023 
5,597 k 0.149  116 f 55  0.0051 f 0.0025 173 f 78 0.0081 41 0.0038  0.0044 If-l 0.0019 0.0044 & 0.0019 
5.875 f 0.160 122 k 56  0.0053 f 0.0025  170 rt 78 0.0078 f 0.0037  0.0044 f 0.0019  0.0044 f 0.0019 
6.181 zk 0.175 206 1 57  0.0090 f 0.0027  181 f 79 0.0081 f 0.0037 0.0067 f 0.0022 0.0067 f 0.0022 
6.517 f 0.187  205 f 58  0.0084 f 0.0025  132 f 79  0.0057 f 0.0035 0.0056 f 0.0021 0.0056 f 0.0021 
6.862 f 0.201 204 z t  59  0.0080 f 0.0024  135 & 80 0.0057 z t  0.0034 0.0054 f 0.0020 0.0054 f 0.0020 
7.237 f 0.218 276 f 60  0.0112 f 0.0027 242 f 81 0.0108 f 0.0038 0.0087 f 0.0023  0.0086 f 0.0023 
7.661 f 0.242 210 f 59  0.0091 f 0.0027 186 f 80 0.0089 f 0.0039 0.0070 f 0.0023 0.0070 f 0+0022 
8.126 f 0.263  183 f 59  0.0079 f 0.0027  358 z t  82 0.0169 A 0.0043 0.0082 f 0.0022 0.0081 f 0.0022 
8.618 f 0.284  283 f 61 0.0119 f 0.0028  224 f 82 0.0103 f 0.0040  0.0089 f 0.0025  0.0089 f 0.0025 
9.160 f 0.313  183 f 60  0.0079 f 0.0027 253 f 81 0.0119 f 0.0040  0.0070 f 0.0022  0.0070 f 0.0022 
9.757 f 0.346  234 f 60  0.0104 f 0.0029 248 f 80  0.0121 f 0.0041 0.0087 f 0.0024  0.0086 f 0.0024 
10.414 f 0.377 232 f 60  0.0107 f 0.0030 268 x t  80 0.0137 zk 0.0044 0.0093 f 0.0025  0.0092 f 0.0025 
11.143 f 0.425 132 f 58 0.0065 f 0.0029 204 f 78 0.0110 f 0.0044  0.0059 f 0.0023 0.0059 d~ 0.0022 
11.960 f 0.467 161 zk 59 0+0081 & 0.0031  161 f 78 0.0090 f 0.0045  0.0065 f 0.0024  0.0064 f 0.0024 
12.860 f 0.525  141 f 58 0.0073 f 0.0031 199 f 79 0.0114 f 0.0047 0.0065 f 0.0024 0.0065 f 0.0024 
13.876 f 0.589 101 f 58 0.0054 f 0.0031 144 f 78 0.0084 f 0.0047  0.0046  0.0023  0.0046  0.0023 
15.016 f 0.660  147 f 60 0.0078 f 0.0033  288 f 79  0.0169 5 0.0050  0.0081 f 0.0026 0.0081 k 0.0026 
16.297 f 0.750 271 f 61 0.0143 f 0.0036 222 z t  80 0.0129 f 0.0049  0.0110 f 0.0030 0.0110 f 0.0030 
17.759 f 0.857 360 f 63 0.0189 f 0.0038  423 f 81 0.0242 f 0.0054 0.0176 f 0.0035  0.0176 f 0.0035 
19.416 Ifr 0.971  413 f 63 0.0213 f 0.0039  451 f 81 0.0252 f 0.0054  0.0193 f 0.0036 0.0193 -f 0.0036 

4.647 f 0.113  175 f 54 0.0083 f 0.0027 0 & 2 0.0000 f 0.0001  -0.0002 f 0.0013  -0.0003 f 0.0013 

5.090 f 0.129  178 f 55  0.0083 f 0.0027 0 k 0 0.0000 f 0.0000 -0.0002 f 0.0013 -0.0003 f 0.0013 
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FIG. 95: Adopted E, = 300.5-keV partial cross section corresponding to  the  data in table CII. 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 circIes) compared to GNASH. 
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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 partiaI 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 XI1 B. The recommended partial cross section in the last column includes 
a correction for angular-distribution effects. 
E, (MeV) A(1998) 0(1998) A( 1999) a( 1999) ,(opt) ,bPt,corr) 
4.090 f 0.093 30 f 48 0.0008 f 0.0012  145 f 68  0.0038 f 0.0019 0.0008 f 0.0008 0.0008 f 0.0008 
4.264 f 0.099 69 f 49 0.0017 f 0.0012 113 f 68  0.0030 f 0.0018 0.0012 f 0.0008  0.0012 f 0.0008 
4.453 k 0.105  110 f 50 0.0026 f 0.0012 144 f 70 0.0036 f 0.0018  0.0018 f 0.0008 0.0018 f 0.0008 
4.647 f 0.113 63 f 50 0+0015 f 0.0012  192 f 70 0.0047 f 0.0018 0.0014 f 0.0008 0.0014 f 0.0008 
4.861 & 0.122  106 f 51 0.0025 f 0.0012  104 f 71  0.0025 f 0.0017 0.0015 f 0.0008 0.0015 f 0.0008 
5.090 f 0.129  179 f 52 0.0041 f 0.0013 82 f 71  0.0019 z t  0.0017  0.0022 f 0.0008 0.0022 f 0.0008 
5.333 f 0.140  149 f 52  0.0034 f 0.0012  199 f 73  0.0046 f 0.0018  0.0025 f 0.0008 0.0025 z t  0.0008 
5.597 f 0.149  42 f 52 0.0009 f 0.0011 169 f 73 0.0039 f 0.0017 0.0009 & 0.0007 0.0009 f 0.0007 
5.875 f 0.160 0 f 0 0.0000 f 0.0000 90 f 73 0.0020 f 0.0017 0.0000 f 0.0000  0.0000 f 0.0000 
6.181 f 0.175 139 f 54 0.0030 zk 0.0012 36 5 73 0.0008 f 0.0016  0.0014 f 0.0008  0.0014 i 0.0008 
6.517 f 0.187 108 f 54  0.0022 f 0.0011 154 f 75 0.0033 f 0.0016  0.0015 zk 0.0007  0.0015 f 0.0007 
6.862 f 0.201 150 f 56 0.0029 f 0.0011 87 f 75  0.0018 f 0.0016 0.0016 f 0.0007  0.0016 f 0.0007 
7.237 f 0.218  204 f 57  0.0041 f 0.0012 242 f 77  0.0053 zk 0.0018 0.0030 f 0.0008 0.0030 f 0.0008 
7.661 f 0.242 178 f 56 0.0038 f 0.0013  156 f 76 0.0037 f 0.0018 0.0025 f 0.0008 0.0025 f 0.0008 
8.126 f 0.263 122 f 56  0.0026 f 0.0012  196 f 76 0.0045 f 0.0018 0.0020 f 0.0008 0.0020 z t  0.0008 
8.618 f 0.284 146 f 57 0.0030 f 0.0012 216 f 76  0.0049 41 0.0018 0.0023 f 0.0008 0.0023 f 0.0008 
9.160 f 0.313 148 f 57  0.0031 f 0.0012  230 f 76 0.0053 f 0.0018 0.0025 f 0.0008 0.0025 f 0.0008 
9.757 f 0.346 201 zk 57  0.0044 f 0.0013 282 f 76 0.0068 f 0.0020  0.0035 f 0.0009  0.0035 f 0.0009 
10.414 f 0.377 206 f 56  0.0047 f 0.0014  411 f 76 0.0103 f 0.0022  0.0042 f 0.0009  0.0043 f 0.0009 
11.143 f 0.425 77 f 55 0.0019 f 0.0013 259 f 74 0.0069 f 0-0021  0.0020 f 0.0009  0.0020 f 0.0009 
11.960 z t  0.467 23.2 f 57  0.0058 z t  0.0015  133 f 73 0.0037 f 0.0021  0.0036 f 0,0010 0.0036 f 0.0010 
12.860 rt 0.525 275 f 57  0.0070 & 0.0016 177 f 74  0.0050 f 0.0021  0.0045 f 0.0011  0.0048 f 0.0011 
13.876 f 0.589  216 f 57  0.0056 zk 0.0016  191 f 73  0.0055 f 0.0022  0.0039 f 0.0010  0.0042 f 0.0011 
15.016 f 0.660 185 f 58 0.0048 0.0016  367 f 76 0.0106 f 0.0025  0.0044 f 0.0011  0.0047 f 0.0011 
16.297 zk 0.750 435 f 60 0.0113 f 0.0019 480 f 78 0.0137 f 0.0027  0.0090 f 0.0013  0.0096 f 0.0014 
17.759 f 0.857 568 f 62 0.0147 f 0.0022  371 f 76 0.0105 f 0.0024  0.0098 f 0.0014  0.0104 -f 0.0015 
19.416 =k 0.971 669 f 63 0.0170 =t 0.0023  477 f 77 0.0131 f 0.0026  0.0118 f 0.0015 0.0124 f 0.0016 
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FIG. 96: Adopted E, = 305.2-keV partial cross section corresponding to the data in table CHI. The top panel shows 
the 1998 and 1999 partia1 cross sections (corrected for angular-distribution effects) and the recommended  value, 
plotted as a solid line with a one-sigma  confidence band (dotted hnes). 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 XI1 B. The recommended partial cross section in the last column includes 
a correction for angular-distribution effects. 
E, (MeV) A(1998)  o(1998) A( 1999) a( 1999) ,(opt) ,(oPt,corr) 
4.090 f 0.093  128 f 49 0.0066 f 0.0026  47 f 66  0.0025 f 0.0035  0.0035 f 0.0019  0.0035 f 0.0019 
4.264 f 0.099  110 f 50  0.0055 f 0.0026 141 f 68  0.0073 f 0.0037  0.0041 f 0.0018  0.0041 f 0.0018 
4.453 f 0.105  187 f 50 0.0089 f 0.0026  157 f 69  0.0078 f 0.0035  0.0062 f 0.0019 0.0062 f 0.0019 
4.647 f 0.113 214 f 51 0.0100 f 0.0026 83 f 68  0.0040 f 0.0033  0.0056 % 0.0019  0.0056 f 0.0019 
4.861 f 0.122  144 f 51  0.0068 f 0.0025  130 f 71  0.0062 f 0.0035  0.0046 f 0.0018  0.0046 f 0.0018 
5.090 f 0.129 212 f 53  0.0097 f 0.0026 224 f 73  0.0104 f 0.0036  0.0073 31 0.0019 0.0073 f 0.0019 
5.333 f 0.140 210 f 53  0.0094 f 0.0026  346 f 73 0.0160 f 0.0038 0.0086 f 0.0019  0.0085 f 0.0019 
5597 f 0.149 118 f 52 0.0051 xt 0.0023  202 f. 73 0.0093 f 0.0035  0.0043 f 0.0017  0.0043 f 0.0017 
5.875 f 0.160  175 f 53  0.0075 f 0.0024  209 f 74 0.0094 f 0*0035  0.0058 f 0.0018 0.0058 f 0.0018 
6.181 31 0.175  147 f 53  0.0063 f 0.0024 334 f 75 0.0147 f 0.0037 0.0062 f 0.0017  0.0062 A 0.0017 
6.517 f 0.187 259 f 56  0.0104 f 0.0025 288 f 76  0.0121 f 0.0035 0.0082 f 0.0019  0.0082 rfi 0.0019 
6.862 f 0.201 235 3r 57  0.0090 f 0.0024 207 f 76 0.0085 f 0.0033 0.0065 f 0.0017 0-0064 f 0.0017 
7.237 f 0.218 420 3z 59 0.0167 f 0.0029  217 f 77  0.0095 f 0.0035  0.0106 f 0.0022  0.0105 f 0.0022 
7.661 f 0.242  223 31 56 0.0095 f 0.0026 81 f 74 0.0038 f 0.0035  0.0055 f 0.0019  0.0055  0.0019 
8.126 f 0.263 350 f 58  0.0149 f 0.0029  398 f 77  0.0184 f 0.0041 0+0125 f 0.0022  0.0125 f 0.0022 
8.618 f 0.284 280 f 59  0.0116 f 0.0027 285 f 77  0.0129 f 0.0038 0.0091 f 0.0020  0.0091 f 0.0020 
9.160 f 0.313  150 f 57  0.0063 f 0.0025  325 f 7.7 0.0149 f 0.0039  0.0062 f 0.0018  0.0062 f 0.0018 
9.757 f 0.346  271 f 57  0.0118 f 0.0028 428 f 77  0.0205 f 0.0044 0.0110 f 0.0021  0.0110 & 0.0021 
10.414 f 0.377 266 f 57 0.0120 zk 0.0029  293 f 75  0.0146 f 0.0041 0.0098 f 0.0021  0.0098 f 0.0021 
11.143 f 0.425 146 f 55  0.0070 k 0.0028  311 f 74  0.0164 f 0.0043 0.0070 f 0.0020  0.0069 f 0.0020 
11.960 f 0.467  177 f 56  0.0088 f 0.0029  341 f 74 0.0187 f 0.0046  0.0086 f 0.0022  0.0086 f 0.0022 
12.860 f 0.525  334 f 58  0.0170 f 0.0035 211 f 74 0.0118 f 0.0044 0.0117 f 0.0025  0.0116 f 0.0026 
13.876 f 0.589  325 f 58  0.0169 f 0.0035 272 4 74  0.0156 zk 0.0046  0.0129 f 0.0026  0.0128 & 0.0026 
15.016 zk 0.660 539 f 61 0.0280 f 0.0043  589 zlc 77 0.0338 f 0.0059  0.0247 f 0.0034  0.0246 f 0.0034 
16.297 f 0.750  594 f 62  0.0308 f 0.0045  510 f 78  0.0290 f 0.0055 0.0246 f 0.0035  0.0246 f 0.0035 
17.759 f 0.857 762 f 64 0.0393 f 0.0052 780 f 79 0.0437 f 0.0067  0.0344 f 0,0042  0.0343 f 0.0042 
19.416 f 0.971 949 f 66  0.0480 f 0.0060 680 f 79  0.0372 f 0.0061 0.0356 f 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 XIIB. The recommended partial cross section in the last column includes 
a correction for angular-distribution effects. 
E, (MeV) A(1998) 0(1998) A( 1999) 1999) ,(opt> ,(opt ,cor4 
4.090 f 0.093  87 f 56  0.0043 f 0.0028  97 f 84 0.0050 f 0.0043  0.0031 f 0.0020  0.0031 f 0.0020 

4.453 f 0.105 73 f 57  0.0034 f 0.0027 145 f 88  0.0070 f 0.0043  0.0027 f 0.0019 0.0027 f 0.0019 
4.647  0.113 105 f 58  0.0048 f 0.0027  55 f 68  0.0026 f 0.0032  0.0028 f 0.0019 0.0028 f 0.0019 
4.861 f 0.122 27 f 58 0.0012 f 0.0026 69 f 89 0.0032 f 0.0041  0.0008 f 0.0018 0.0008 f 0.0018 
5.090 f 0.129 135 f 60  0.0060 f 0.0027 13 & 89  0.0006 & 0.0040  0.0033 f 0.0020 0.0033 f 0.0020 
5.333 f 0.140 53 f 58  0.0023 f 0.0025  152 f 91 0.0068 f 0.0042  0.0020 f 0.0018 0.0020 f 0.0018 

5.875 f 0.160  202 f 62  0.0084 f 0.0027 0 f 0 0.0000 f 0.0000 0.0022 k 0.0018 0.0023 f 0.0018 
6.181 f 0.175  128 f 61 0.0053 f 0.0026  79 f 91 0.0034 f 0.0039  0.0034 f 0.0019  0.0034 f 0.0019 
6.517 f 0.187  136 f 63  0.0053 f 0.0025 58 f 93  0.0024 f 0.0038  0.0032 f 0.0019  0.0032 f 0.0019 
6.862 It 0.201 101 f 64  0.0038 f 0.0024  165 f 95  0.0066 f 0.0039  0.0029 f 0.0017  0.0029 f 0.0017 
7.237 f 0.218 0 f 0 0.0000 f 0.0000 114 z t  96  0.0048 f 0.0041. 0.0000 f 0.0000  0.0000 f 0.0000 
7.661 f 0.242  112 =t 63 0.0046 f 0.0027  58 f 92  0.0026 f 0.0042 0.0029 f 0.0019  0.0029 f 0.0019 

8.618 f 0.284 235 f 67  0.0095 f 0.0029  152 f 95 0+0066 f 0.0042  0.0064 f 0.0023  0.0064 f 0.0023 
9.160 f 0.313  203 f 66  0.0083 f 0.0028 32 f 93  0.0014 f 0.0041  0.0047 k 0.0022  0.0047 f 0.0022 
9.757 f 0.346  152 f 66  0.0064 f 0.0029  278 f 94  0.0129 f 0.0046  0.0056 & 0.0021  0.0056 f 0.0021 
10.414 f 0.377 138 f 65  0.0061 f 0.0029  96 f 91 0.0046 f 0.0044 0.0040 f 0.0021 0.0040 f 0.0021 
11.143 f 0.425 191 f 64  0.0089 f 0.0031  197 f 91 0.0101 & 0.0048  0.0067 & 0.0024  0.0067 f 0.0024 
11,960 f 0.467 251 f 65  0.0121 f 0.0034  307 f 92  0.0163 f 0.0052  0.0099 f 0.0027  0.0099 f 0.0027 
12.860 f 0.525 322 z t  66  0.0160 f 0.0037  348 zk 92  0.0188 f 0.0054  0.0129 f 0.0031  0.0128 rt 0.0031 
13.876 k 0.589  297 f 66.  0.0150 f 0.0037 141 f 91 0.0078 f 0.0051 0.0095 4 0.0030  0.0094 4 0.0030 
15.016 f 0.660 421 f 68  0.0213 f 0.0041 403 f 94  0.0224 f 0.0058  0.0170 f 0.0036  0.0169 f 0.0036 
16+297 f 0.750  490 f 70 0.0247 f 0.0043  303 f 94  0.0167 z t  0.0055  0.0166 f 0.0038  0.0164 f 0.0038 
17.759 f 0.857 661 f 72  0.0331. f 0.0049  445 f 95  0.0242 f 0.0058  0.0230 f 0.0044 0.0229 f 0.0045 
19.416 If: 0.971 612 f 73  0.0301 f 0.0047 521 zk 96  0.0276 f 0.0060 0.0234 rt: 0.0043 0+0232 f 0.0043 

4.264 f 0.099 2 f 52 0.0001 f 0.0025 0 f 0 0.0001 f 0.0000 -0.0009 f 0.0015  -0.0009 f 0.0015 

5.597 f 0.149 11 f 60 0.0005 f 0.0025 2 f 70 0.0001 f 0.0031 :0.0002 f 0.0017  -0.0002 f 0.0017 

8.126 f 0.263 6 f 57 0.0002 f 0.0024 0 f 0 0.0000 f 0.0000 -0.0007 & 0.0015 -0.0007 f 0.0015- 
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FIG. 98: Adopted E, = 340.6-keV partial cross section corresponding to the  data in  table CV. The  top panel shows 
the 1998 and 1999 partial cross sections (corrected for angular-distribution effects)  and the recornmended  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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XIV. CONCLUSION 

We have presented the analysis of n+235U data acquired using the GEANIE spectrometer at LANSCE/WNR. 
Absolute partial  y-ray cross sections for observed transitions in the  235U(n,2n),  235(n,n’)  and 235(n,3n) channels, 
and in the 5-20 MeV neutron energy range have  been extracted. Thin- and thick-sample data acquired in 1998 and 
the  data acquired in 1999  were analyzed as  three  separate sets. For the 1998 and 1999 data, recommended partial 
cross sections were deduced, along with an uncertainty reflecting three sources of error: i) random fluctuations, ii) 
systematic variability in neutron-energy-dependent factors,  and iii) systematic variability in global factors which  only 
affect the overall magnitude of the cross sections. These recommended  values and associated uncertainties were tested 
in each case against variations in the analysis technique. For the 1999 data in particular,  the 56Fe 2; + 0; yield 
measured in-beam with the 235U sample was found to be  in  excellent agreement with the accepted standard at E, 
= 14.5 MeV, thereby providing an independent verification of the  entire procedure used to convert measured y-ray 
counts into  partial cross sections. The 1998- and 1999-deduced results were combined, wherever  possible, to produce 
final, recommended values and uncertainties. A summary of all lines anaIyzed in the GEANIE data can be found in 
section XIII. 

At present,  the measured partial cross sections are over-estimated in calculations using the Hauser-Feshbach reaction 
code GNASH.  However,  work  is currently in progress at both Lawrence Livermore [26] and Los Alamos  [27] National 
Laboratories to improve the reaction models used to predict both  the  235U(n,2ny)  and  239Pu(n,2ny) cross sections. 
In  addition we are using transitions from off-yrast states in the  (n,2n) channel from the 1998 and 1999 data sets to 
provide a correction to model caIcuIations where the present lack of knowledge of the complete low-lying structure 
of the (n,2n> channel nucleus causes a large part of the discrepancy between observed and calculated cross sections. 
The resulting improvements to  the model cal&lations will be applied to the measurements described in this  report 
to deduce a reliable (n,2n) reaction cross section. 

This work is supported by the U.S. Department of Energy under contract numbers W-7405-ENG-48  (LLNL) and 
W-7405-ENG-36 (LANL). 
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APPENDIX A: LINES USED FOR ?-RAY ENERGY CALIBRATION IN 1998 DATA 

Gamma-ray-energy calibration lines. 

E$rue) (keV) E?" (keV) Etrue ) -E tU ' )  (keV) Identification 
87.300(5) 87.158(17) 0.142 Pb Kb2 x ray 

92.282(5) 92.266(7) 0.016 Pa Ka2 x ray 

94.654( 1) 94.655(1) -0.001 U Ka2 x ray 

98.434( 10) 98.433(1) 0.001 U Kal x ray  
102.270(3) 102.351(4) -0.081 231Pa Ex = 102.3 keV 
104.819(5) 104.743(8) 0.076 Th Kb3 x ray 

111.298(5) 111.290(2) 0.008 U Kbl 

114.445(5) 114.465(2) -0.020 U Kb2 x ray 
115.377(5) 115.309(3) 0.068 W K02,3 x ray 

89.957(5) 89.957(1) -0.000 Th Ka2 x ray 

93.350(5) 93.352(1) -0-002 Th Kal x ray 

95.863(5) 95.880(4) -0.017 Pa Kal x ray 

105.604(5) 105.605(6) -0.001 Th Kbl x ray 

orPa Kb2 x ray 

117.320(50) 117.408(15) -0.088 235U(n,f)l43Ba 
120.900(20) 120.906(3) -0.006  230Th Ex = 174.1 keV from 1.1% 234U 

or98Y Ex = 495.8 keV 
125.118(29) 125.075(7) 0.043 235U(n,f)99Y 

140.760(40) 140.771(11) -0.011  231Th Ex = 236.9 keV 
143.764(2) 143.751(1) 0.013  231Th Ex = 185.7 KeV 
151.750(120) 151.661(20) 0.089 235U (n, f 102Zr 
152.720(2) 152.660(7) 0.060 235U(n,2n) 23411 Ex = 296.1 keV 
163.358(2) 163.344(1) 0.014  231Th Ex = 205.3 KeV 
182.520(20) 182.423(6) 0.097 231Th Ex = 387.8 keV 
185.712(1) 185.714(1) -0.002  231Th Ex = 185.7 keV 
192.200( 100) 192.280(12) -0.081 235U (n, f ) 104Mo 

197.142(4) 197.162(1) -0.020 19F Ex = 197.1 keV 
200.970(30) 200.961(5) 0.009 235U(n,2n)234U Ex = 497.0 keV 
202.111(3) 202.119(5) -0.008 231Th Ex = 387.8 keV 

212.531(9) 212.505(11) 0.026 235u (n , f 1 1OOZr 
221.399(1)  221.329(12) 0.070 231Th Ex = 221.4 keV 
223.900( 100) 223.838( 14) 0.062 235U(n,f)99Y 
233.469(3)  233.645(81) -0.176  231Th Ex = 275.4 keV 
238.632(2) 238.643(19) -0.011 212Bi Ex = 238.6 keV 
258.420(50)  258.452(50) -0.032 235U(n,f) 146Ce 
269.600(100) 269.727(39) -0.127 235U(n,f)99Y 
295.070(90)  295.053(33) 0.017 235U(n, f ) 148Ce 
297.000(100) 297.023(18) -0.023 235U (n , f 134Te 
314.120(20) 313.996(10) 0.124 235U (n, f 128Te 

129.297(2) 129.335(5) -0.038 235U(n,n)235U Ex = 129.3 keV 

194.940( 10) 194.943(3) -0.003 231Th Ex = 236.9 keV 

205.309(2) 205.318(1)  -0.009  231Th Ex = 205.3 keV 
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Gamma-ray-energy calibration lines. 

316.440(6) 316.519(32) -0.079 
326.480(120)  326.361(31)  0.119 

340.810(30) 340.628(108) 0.182 
345.900(30) 345.870(39) 0.030 
352.200( 100) 351.922(8) 0.278 
359.598( 14) 359.544( 17) 0.054 

376.657(15) 376.687(17) 0.050 
380.173(2) 380.118(152) 0.055 
381.359(7) 381.232(26) 0.127 

409.780(50) 409.884(73) -0.104 
411.020(40) 411.041(123) -0.022 
417.950(100) 417.925(13) 0.025 
460.020(50)  460.015(49) 0.005 

493.100(200) 493.030(26) 0.070 

528.250(50) 528.311(34) -0.061 
620.505(19) 620.427(37) 0.078 

332.380(50) 332.653(35) -0.273 

368.400(100) 368.536(76) -0.136 

382.300(100) 382.517(60) -0.216 

490.360(100) 490.524(147) -0.164 

519.200(100) 519.598(28) -0.398 

624.780(20) 624.937(278) -0.157 

637.795(5) 637.712(117) 0.083 
647.580(30) 647.552(38) 0.028 
707.130(50) 707.196(24) -0.066 
744.700(90) 744.768(206) -0.068 
775.280(60) 775.474(59) -0.194 
793.530(20) 793.635(53) -0.105 
798.920(30)  799.007(59)  -0.087 
803.100(50) 803.057(27) 0.043 
815.000(100) 814.889(27) 0.111 
836.910(100) 836.922(31) -0.012 
843.740(30) 843.747(42) -0.007 
973.900( 100) 973.528(132) 0.372 

235U(n,n)235U Ex = 445.7  keV 
235U(n f )  i02Zr 
235U(n,f 1146Ba 
235U(ny3n)233U Ex = 340.7 keV 
231Th Ex = 387.8  keV 
235U (n, f ) 136Te 
235U (n f ) 142Ba 
235U  (n f ) 104Mo 
235U  (n, f ) 140Xe 
235U(nyn)235U Ex = 393.2 keV 
235U(n f 1136Xe 
235U  (n f ) 132Te 
235U  (n f ) 146Ce 
235U(n,n)235U Ex = 608.1 keV 
1271 Ex = 418.0  keV  (from  NaI) 
235U(n,f)88Kr 
1271 Ex = 1235. I keV (from NaI) 
235U  (n, f ) 143Ba 
235U(n,f)  104Mo 
235U(nyf)  140Ba 
235U(nyf)98Zr 
235U(nyn)235U Ex = 671.0 keV 
or 235U(nyf)100Zr 
235U(n,n)235U Ex = 637.795 keV 
235U(nyf)98zr 
235U(nyf)90Kr 
1271 Ex = 744.7 keV (from  NaI) 
235U(n,f)88Kr 
235U(nyf)130Te 
235U(n,n)235U Ex = 812.0 keV 
206Pb(n,n) Ex = 803.1  keV 
235U(nyf)96Sr 
235U(n,  f)  94Sr 
27A1 Ex = 843.8 keV 
235U (n f ) 132Te 
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APPENDIX B: VALUES OF (N,F) CROSS SECTIONS USED IN CALCULATING THE NEUTRON 
FLUX 

Cross Sections for 235U(n,f) from ENDF/B-VI.5 

E, (MeV) 0 2 3 5 ~ ( ~ , f )  

0.10 1.5724 f 0.0236 
0.10 
0.11 
0.12 
0.13 
0.14 
0.15 
0.15 
0.16 
0.17 
0.17 
0.17 
0.18 
0.19 
0.20 
0.20 
0.21 
0.22 
0.23 
0.23 
0.23 
0.23 
0.24 
0.24 
0.25 
0.25 
0.26 
0.27 
0.28 
0.28 
0.29 
0.30 
0.30 
0.33 
0.33 
0.34 
0.35 
0.36 
0.37 
0.38 
0.39 
0.40 
0.42 
0.42 
0.43 
0.43 
0.44 
0.45 
0.45 
0.47 
0.48 

1.5580 f 0.0234 
1.5320 f 0.0230 
1.4961 f 0.0224 
1.4688 f 0.0220 
1.4433 f 0.0216 
1.4203 * 0.0213 
1.4188 f 0.0213 
1.4081 f 0.0211 
1.3967 f 0.0210 
1.3942 f 0.0209 
1.3930 f 0.0209 
1.3800 f 0.0207 
1.3647 f 0.0205 
1.3537 f 0.0203 
1.3510 f 0.0203 
1.3370 f 0.0201 
1.3265 f 0.0199 
1.3197 f 0.0198 
1.3178 f 0.0198 
1.3130 f 0.0197 
1.3100 f 0.0197 
1.3070 f 0.0196 
1.3030 f 0.0195 
1.2930 f 0.0194 
1.2926 f 0.0194 
1.2690 f 0.0190 
1.2500 f 0.0187 
1.2424 f 0.0186 
1.2350 f 0.0185 
1.2318 f 0.0185 
1.2310 f 0.0185 
1.2300 f 0.0185 
1.2300 f 0.0185 
1.2273 f 0.0184 
1.2257 f 0.0184 
1.2230 f 0.0183 
1.2194 f 0.0183 
1.2155 f 0.0182 
1.2130 f 0.0182 
1.2042 f 0.0181 
1.2020 f 0.0180 
1.1940 f 0.0179 
1.1900 f 0.0179 
1.1865 f 0.0178 
1.1833 f 0.0177 
1.1751 f 0.0176 
1.1684 f 0.0175 
1.1662 f 0.0175 
1.1510 f 0.0173 
1.1504 f 0.0173 
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Cross Sections for 235U(n,f) from ENDF/B-VI.5 

0.50 
0.52 
0.54 
0.55 
0.55 
0.57 
0.60 
0.65 
0.65 
0.70 
0.75 
0.77 
0.80 
0.85 
0.90 
0.90 
0.94 
0.96 
0.98 
1-00 
1.04 
1.09 
1.10 
1.20 
1.25 
1.30 
1.34 
1.40 
1.44 
1.50 
1.60 
1.70 
1.75 
1.80 
2 -00 
2.20 
2.40 
2.50 
2.60 
2.80 
3.00 
3.50 
3.60 
4.00 
4.50 
4.70 
5.00 
5.25 
5.30 
5.32 
5.50 
5.75 
5.80 
6 .OO 
6.20 
6.25 

1.1410 * 0.0171 
1.1365 f 0.0170 
1.1300 f 0.0169 
1.1273 f 0.0169 
1.1266 f 0.0169 
1.1220 f 0.0168 
1.1185 f 0.0179 
1.1182 f 0.0179 
1.1179 f 0.0179 
1.1135 f 0.0178 
1.1120 4 0.0178 
1.1111 f 0.0178 
1.1100 f 0.0178 
1.1135 f 0.0178 
1.1372 f 0.0182 
1.1403 & 0.0182 
1.1691 f 0.0187 
1.1876 f 0.0190 
1.1992 f 0.0192 
1.1969 f 0.0215 
1.1955 f 0.0215 
1.1941 f 0.0215 
1.1938 f 0.0215 
1.1994 & 0.0216 
1.2020 & 0.0216 
1.2082 f 0.0217 
1.2125 f 0.0218 
1.2200 f 0.0220 
1.2245 f 0.0220 
1.2321 ZL 0.0222 
1.2435 f 0.0224 
1.2529 f 0.0226 
1.2575 f 0.0226 
1.2619 f 0.0227 
1.2714 + 0.0229 
1.2699 f 0.0229 
1.2561 f 0.0226 
1.2500 f 0.0225 
1.2442 f 0.0224 
1.2220 f 0.0220 
1.2010 & 0.0276 
1.1554 z t  0.0266 
1.1473 f 0.0264 
1.1295 f 0.0260 
1.1011 f 0.0253 
1.0923 f 0.0251 
1.0617 f 0.0244 
1.0521 f 0.0242 
1.0502 f 0.0242 
1.0490 f 0.0241 
1.0388 f 0.0239 
1.0405 f 0.0239 
1.0408 f 0.0239 
1.0985 f 0.0242 
1.1817 f 0.0260 
1.2085 f 0.0266 
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Cross Sections for 235U(n,f) from ENDF/B-VI.5 

6.50 
6.75 
7.00 
7.25 
7.50 
7.75 
8.00 
8.25 
8.50 
8.75 
9.00 
9.25 
9.50 
9.75 
10.00 
10.25 
10.50 
10.75 
11 .oo 
11.25 
11.50 
11.75 
12.00 
12.19 
12.25 
12.50 
12.75 
13.00 
13.25 
13.50 
13.75 
14.00 
14.25 
14.50 
14.75 
15.00 
15.25 
15.50 
15.75 
16.00 
16.50 
17.00 
17.50 
17.96 
18.00 
18.50 
19.00 
29.50 
20.00 

1.3481 f 0.0297 
1.4458 f 0.0318 
1.5467 f 0.0340 
1.6211 & 0.0357 
1.6964 f 0.0373 
1.7300 f 0.0381 
1.7606 f 0.0387 
1.7704  0.0389 
1.7800 f 0.0392 
1.7749 f 0.0390 
1.7700 f 0.0389 
1.7628 f 0.0388 
1.7557 f 0.0386 
1.7485 + 0.0385 
1.7415 k 0.0313 
1.7365 Jf: 0.0313 
1.7317 f 0.0312 
1.7267 f 0.0311 
1.7219 k 0.0310 
1.7194 f 0.0309 
1.7170 f 0.0309 
1.7259 f 0.0311 
1.7347 f 0.0208 
1.7668 f 0.0212 
1.7760 & 0.0213 
1.8175 & 0.0218 
1.8588 f 0.0223 
1.9002 f 0.0228 
1.9401 f 0.0233 
1.9801 f 0.0238 
2.0200 k 0.0242 
2.0600 f 0.0165 
2.0701 f 0.0166 
2.0800 f 0.0312 
2.0845 f 0.0313 
2.0890 k 0.0418 
2.0890 f 0.0418 
2.0890 f 0.0418 
2.0890 f 0.0418 
2.0890 f 0.0522 
2.0652 f 0.0516 
2.0413 f 0.0612 
2.0080 f 0.0602 
1.9772 f 0.0593 
1.9748 f 0.0592 
1.9537 f 0.0586 
1.9325 f 0.0773 
1.9334 f 0.0773 
1.9343 f 0.0774 
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Cross Sections for 235U(n,f) from ENDF/B-VI.5 

0.28 
0.30 
0.38 
0.40 
0.42 
0.43 
0.44 
0.45 
0.46 
0.47 
0.50 
0.55 
0.58 
0.59 
0.60 
0.62 
0.64 
0.65 
0.66 
0.68 
0 7 0  
0.75 
0.78 
0.80 
0.85 
0.88 
0.90 
0.93 
0.95 
0.97 
1-00 
1.02 
1.03 
1.05 
1.08 
1-10 
1.13 
1.14 
1.15 
1.17 
1.20 
1.23 
1.24 
1.25 
1.28 
1.30 
1.35 
1.40 
I .45 
1.48 
1.50 
1.52 
1.55 
1.57 
1.60 
1.70 

0.0001 f 0.0000 
0.0001 f 0.0000 
0.0002 f 0.0000 
0.0003 f 0.0000 
0.0003 f 0.0000 
0.0003 f 0.0000 
0.0003 f 0.0000 
0.0003 * 0.0000 
0.0003 f 0.0000 
0.0003 j, 0.0000 
0.0004 f 0.0000 
0.0006 f 0.0000 
0.0007 f 0.0000 
0.0008 f 0.0000 
0.0008 f 0.0000 
0.0009 f 0.0000 
0.0011 f 0.0000 
0.0012 * 0.0000 
0.0013 & 0.0000 
0.0016 f 0.0000 
0.0017 f 0.0000 
0.0026 f 0.0000 
0.0036 f 0.0001 
0.0045 f 0.0001 
0.0072 & 0.0001 
0.0108 f 0.0002 
0.0136 f 0.0002 
0.0155 f 0.0002 
0.0165 f 0.0003 
0.0158 f 0.0003 
0.0140 k 0.0003 
0.0157 * 0.0003 
0.0169 f 0.0003 
0.0200 f 0.0004 
0.0270 f 0.0005 
0.0300 f 0.0005 
0.0360 f 0.0006 
0.0381 f 0.0007 
0.0392 f 0.0007 
0.0402 f 0.0007 
0.0421 f 0.0008 
0.0403 f 0.0007 
0.0400 f 0.0007 
0.0391 f 0.0007 
0.0502 f 0.0009 
0.0650 f 0.0012 
0.1119 f 0.0020 
0.1855 f 0.0033 
0.2822 f 0.0051 
0.3310 f 0.0060 
0.3560 f 0.0064 
0.3805 f 0.0068 
0.3990 f 0.0072 
0.4125 f 0.0074 
0.4226 f 0.0076 
0.4550 f 0.0082 
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Cross Sections for 235U(n,f) from ENDF/B-VI.5 

1.80 
1-90 
2 .oo 
2.10 
2 -20 
2.40 
2.60 
2.80 
3 .OO 
3.20 
3.60 
4.00 
4.50 
4.70 
5.00 
5.30 
5.50 
5.80 
6.00 
6.20 
6.50 
6.70 
7.00 
7.30 
7.50 
7.75 
8.00 
8.50 
9.00 
10.00 
11 .oo 
11.50 
12.00 
13.00 
14.00 
14.50 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 

0.4820 f 0.0087 
0.5070 f 0.0091 
0.5250 f 0.0095 
0.5355 f 0.0096 
0.5391 & 0.0097 
0.5373 * 0.0097 
0.5328 f 0.0096 
0.5270 f 0.0095 
0.5160 f 0.0119 
0.5210 f 0.0120 
0.5354 f 0.0123 
0.5483 f 0.0126 
0.5496 f 0.0126 
0.5470 f 0.0126 
0.5405 f 0.0124 
0.5430 f 0.0125 
0.5500 f 0.0126 
0.5731 f 0.0132 
0.6153 f 0.0135 
0.6859 f 0.0151 
0.8257 f 0.0182 
0.8870 & 0.0195 
0.9403 f 0.0207 
0.9680 f 0.0213 
0.9807 f 0.0216 
0.9910 f 0.0218 
0.9935 f 0.0219 
1.0000 f 0.0220 
0.9979 f 0.0220 
0.9868 f 0.0178 
0.9830 f 0.0177 
0.9830 f 0.0177 
0.9850 f 0.0118 
1.0130 f 0.0122 
1.1300 f 0.0090 
1.1550 f 0.0173 
1.1980 f 0.0240 
1.2593 & 0.0315 
1.2561 f 0.0377 
1.2493 f 0.0375 
1.2954 & 0.0518 
1.3521 f 0.0541 
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APPENDIX C :  ENERGY-INDEPENDENT SYSTEMATIC UNCERTAINTIES 

TABLE CIX: Cor 
show the internal 
symbols used can 

ltribution of systematic  uncertainties from neutron-energy-independent  factors. The last two rows 
conversion and efficiency correction factors for the 2 4 0 transition  in "Fe. Definitions for the 
be found in section I1 A 2 

Factor 98Thin (%) 98Thick (%) 99Thin (%) 
d 0.4 0.4 0.4 

3.0 
0.7 
4.8 
3.0 
5 .O 
5.6 
6.3 
4.1 
6.9 
2.5 
5.8 
1.6 
5.2 
N/A 
N/A 

3.0 
0.7 
4.8 
3.0 
0.6 
5.6 
5.3 
4.1 
4.9 
2.5 
4.6 
1.6 
4.5 
0.0 
5.5 

APPENDIX D: PARTITION OF RELATIVE UNCERTAINTIES 

1 Notation and Formalism 

The y-ray  cross-section uncertainties discussed throughout  this  report include contributions from all the  terms 
used in  their  calculation.  In  many  practical  applications,  these  partial y-ray cross sections are combined by various 
algebraic  operations,  thereby  introducing  correlations between their  uncertainties. If those  correlations are ignored, 
the resulting  uncertainty is  likely overestimated. In  this appendix, we partition the uncertainty for each partial cross 
section calculated in the  (n,2n) channel into  (approximately  independent)  components which can  be combined to  yield 
a more  appropriate  measure of uncertainty. 

In order to avoid confusion with the symbol 0, already used to  denote cross sections, we introduce the following 
nomenclature for any  random variable x: 

us uncertainty  in x 
vz = variance of z = u, 

pz relative  uncertainty  in x = - U X  

2 

X 

These  quantities are  subject  to  the error-propagation rules discussed in reference [17]. 

a The case of a single data set 

It is convenient to rewrite the expression used to calculate the partial y-ray cross sections (see equ. 3-5 and 8) as 
a product of four terms,  determined by their dependency on y-ray and neutron energies: 

where C is a constant  independent of either y-ray or  neutron energy. These  terms can be written explicitely as: 
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The  parameters in these equations 
refers to  the integral weighting factor 

are discussed  in sections IIA 2 and XI (in the case of Cr). The symbol w,(E,) 
in equation 5. The corresponding total relative variance is obtained  as  the sum 

of relative variances for each of the four terms: 

2 2 2  
~ z o t  E ~ , 2  -t PT + Pn + P y n  P 9 )  

where pc7 pr7 pn, andp-,, are the relative uncertainties for the  terms C,  fl(E,), f2(En), and f3(Ey, E,), respectively. 

b The case of combined data sets 

For those cases where the  partial y-ray cross section is obtained as the weighted average of the 1998 and 1999 
GEANIE data sets,  equation D4 is no longer strictly applicable. However, to the extent that the individual terms in 
the equation are approximately the same between the two data sets  (after  appropriate scaling of the 1998 and baseline 
subtraction for the 1999 data),  the relative uncertainties can be approximately partitioned using equation D9. In 
order to derive the  appropriate expressions for combined data sets, we consider the general case of two variables, x 
and y, each obtained  as the product of two terms: 

These terms  carry  uncertainties (uzl for lcl, u,, for 22, uyl for yl, and uy2 for yz), which we assume to be 
uncorrelated. The variables x and y can be thought of as separate measurements of the same quantity. Similarly, z1 
and y1 on the one hand, and 2 2  and y2 on the  other  can be considered as separate instances of the same  quantity. 

If z is the weighted mean of z and y, calculated according to  the prescription in [16], then we can write: 

Now we wish to partition  the uncertainty in the weighted mean z in a manner that reflects the  partitions of x and 
y into  products of similar terms. Mathematically, this is akin to writing z as a product of two terms as well, the first, 
(SI) dependent only on the related variables 21 and 91, and the second, (y’) dependent only on 2 2  and y2: 

In the case where x = y (but not necessarily uz = uy), equations D12-D15 reduce to: 
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z = x = p  

This  represents  the hoped for situation  where  the  separate  measurements z and y yield the  same value, albeit  with 
different uncertainties. In that special  case, it is a matter of algebra to show that  the relative  variance pp can be 
written in the suggestive form: 

where we have identified the first two terms on the right-hand  side with  the  partitioned  relative variances p:, and 
p i r .  Strictly  speaking,  equation D22 can only be  thought of as a partition of the relative  variance of the weighted mean 
to  the extent that  the residual term Ap2 can  be neglected. This condition is easily verified, and for most  practical 
applications, Ap2 is indeed  small. 

2 Specific Applications 

a Ratio of distinct  r-ray cross sections evaluated at the  same  neutron  energy 

b Ratio of a y-ray cross section evaluated at  distinct neutron energies 
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II . . .  ’ 

i 

3 Tabulated Results for the 235U(n,2n) ChanneI 

Finally, we list here the partitioned relative uncertainties  extracted for the  (n,2ny) lines discussed in the  text.  First, 
we cite  a few caveats which apply to the  tables below: 

1, The partition formulas (equ. D9 and D22) are used to calculate pc, p r ,  and pn explicitely. The remaining 
contributibion is then  attributed entirely to prn. This ensures that the calculated value of ptot is consistent 
with the  total uncertainty calculated by exact  error propagation. 

2. In theory, the constant-term relative error  partition pc should be identical for all y rays and at  all neutron 
energies. In  practice however, its value depends on which data  are used. Thus  three distinct values of pc can be 
identified in the tables below depending on whether the accepted cross sections were obtained: 

(a) by weighted mean of the 1998 and 1999 planar-detector data (pc = 0.0599), 
(b) from the 1998 planar-detector data alone (pc = 0.0823), or 
(c) from the 1998 coaxial-detector data alone (pc = 0.0824). 

The value of the constant term in equation D4 (or its weighted-mean equivalent) is also  different in each of 
these three cases. These considerations complicate the examples quoted in section D 2 somewhat. 

3. The value of pn should also be the same for all y rays, however, for the same reasons discussed for pc, this is 
not necessarily the case. 
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4.2640 f 0.0990 0.0088 f 0.0252 0.0599 0.0554 0.0250 2.8581  2.8594 
4.4530 f 0.1050 0.0025 f 0.0125 0.0599  0.0554  0.0240  5.0025  5.0032 
4.6470 f 0.1130 0.0008 f 0.0127 0.0599  0.0554  0.0234  15.4204  15.4206 

5.0900 41 0.1290  0.0233 f 0.0241  0.0599  0.0554  0.0228  1.0270  1.0305 
5.3330 f 0.1400  0.0530 k 0.0240  0.0599  0.0554  0.0227  0.4434  0.4514 
5.5970 f 0.1490  0.0360 i 0.0228  0.0599  0.0554  0.0223  0.6268  0.6325 
5.8750 f 0.1600  0.0470 f 0.0231  0.0599  0.0554  0.0218  0.4831  0.4905 
6.1810 f 0.1750  0.1719 f 0.0295  0.0599  0.0554  0.0215  0.1487  0.1710 
6.5170 f 0.1870  0.2378 f 0.0332  0.0599  0.0554  0.0202  0.1114  0.1396 
6.8620 & 0.2010 0.2141 & 0.0309  0.0599  0.0554 0.0194 0.1173  0.1442 
7.2370 f 0.2180  0.2384 f 0.0340  0.0599  0.0554  0.0202  0.1144  0.1420 
7.6610 + 0.2420  0.2688 f 0.0366  0.0599  0.0554  0.0215  0.1066  0.1359 
8.1260 f 0.2630  0.2991 f 0.0390  0.0599  0.0554 0.0213 0.0991 0.1301 
8.6180 f 0.2840  0.3133 f 0.0397  0.0599  0.0554  0.0208  0.0946  0.1266 
9.1600 f 0.3130 0.3418 f 0.0420 0.0599  0.0554 0.0212 0.0893  0.1228 
9.7570 f 0.3460  0.3893 f 0.0466  0-0599  0.0554 0.0220 0.0845  0.1195 
10.4140 f 0.3770  0.3742 f 0.0457  0.0599  0.0554  0.0228  0.0877  0.1219 
11.1430 f 0.4250  0.3681 f 0.0459  0.0599  0.0554 0-0241 0.0909  0.1245 
11.9600 f 0.4670  0.4252 f 0.0510  0.0599  0.0554  0.0248  0.0842  0.1198 
12.8600 f 0.5250 0.4044 f 0.0496  0.0599  0.0554  0.0253  0.0878  0.1225 
13.8760 j, 0.5890  0.2330 i 0.0373  0.0599  0.0554  0.0258  0.1351  0.1599 
15.0160 f 0.6600  0.1581 f 0.0325  0.0599  0.0554  0.0258  0.1867  0.2054 
16.2970 f 0.7500 0.1151 f 0.0302 0.0599  0.0554  0.0257  0.2476  0.2620 
17.7590 f 0.8570  0.0397 f 0.0271  0.0599  0.0554  0.0256  0.6746  0.6800 
19.4160 f 0.9710  0-0258 f 0.0269  0.0599  0.0554  0.0261 1.0313  1.0349 

4.8610 f 0.1220  -0.0008 * 0.0087  0.0599  0.0554  0.0233  10.7494  10.7497 

143.4 keV 
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TABLE CXI: Partition of the relative  uncertainties for the E, = 131.3-keV transition from the level at E, = 1552.6 
keV in the 234U nucleus. 
E, (MeV) 0 7  (b) PC Pr Pn P-rn Ptot 
4.0900 f 0.0930 0.0037 f 0.0018  0.0599  0.0448  0.0255 0.4849 0.4913 
4.2640 f 0.0990  0.0044 f 0.0018 0.0599  0.0448  0.0250  0.4036 0.4112 
4.4530 f 0.1050  0.0051 f 0.0017  0.0599 0.0448  0.0240 0.3334 0.3425 
4.6470 f 0.1130  0.0017 f 0.0017 0.0599  0.0448  0.0234  0.9722  0.9753 
4.8610 f 0.1220 0.0024 f 0.0017 0.0599  0.0448  0.0233  0.6862 0.6907 
5.0900 1 0.1290  0.0001 f 0.0015  0.0599  0.0448  0.0228  9.8984  9.8987 
5.3330 f 0.1400  0.0017 f 0.0017 0.0599  0.0448  0.0227  0.9953  0.9984 
5.5970 f 0.1490  0.0032 f 0.0018 0.0599 0.0448 0.0223  0.5441  0.5497 
5.8750 f 0.1600  0.0013 f 0.0017 0.0599  0.0448  0.0218  1.2964  1.2988 
6.1810 f 0.1750 0.0028 f 0.0017  0.0599  0.0448  0.0215  0.5903  0.5954 
6.5170 f 0.1870  0.0014 f 0.0016  0.0599  0.0448 0.0202 1.0906  1.0934 
6.8620 f 0.2010  0.0041 f 0.0016  0.0599  0.0448  0.0194 0.3811 0.3889 
7.2370 f 0.2180 0.0027 f 0.0016 0.0599  0.0448  0.0202  0.5875  0.5926 
7.6610 f 0.2420 0.0064 f 0.0018  0.0599  0.0448  0.0215  0.2720  0.2829 
8.1260 f 0.2630  0.0081 f 0.0018  0.0599  0.0448  0.0213  0.2145  0.2282 
8.6180 f 0.2840  0.0072  0.0018  0.0599  0.0448  0.0208  0.2386  0.2509 
9.1600 f. 0.3130  0.0095 f 0.0019  0.0599  0.0448 0.0212 0.1835  0.1993 
9.7570 f 0.3460 0.0104 -f. 0.0020  0.0599  0.0448  0.0220  0.1742  0.1908 
10.4140 f 0.3770  0.0137 f 0.0022 0.0599  0.0448 0.0228 0.1383 0.1589 
11.1430 f 0.4250  0.0136 f 0.0023  0.0599  0.0448  0.0241  0.1468  0.1665 
11.9600 f 0.4670 0.0126 f 0.0023  0.0599  0.0448 0.0248 0.1654 0.1832 
12.8600 f 0.5250  0.0139 f 0.0024  0.0599  0.0448  0.0253 0.1555 0.1744 
13.8760 f 0.5890 0.0092 f 0.0023  0.0599  0.0448  0.0258  0.2336  0.2466 
15.0160 f 0.6600 0.0075 f 0.0022  0.0599  0.0448  0.0258  0.2821  0.2930 
16.2970 f 0.7500 0.0026 f 0.0018  0.0599  0.0448  0.0257  0.7051 0.7096 
17.7590 f 0.8570  0.0078 f 0.0022 0.0599 0.0448  0.0256  0.2660 0.2775 
19.4160 f 0.9710  0.0031 f 0.0018  0.0599 0.0448 0.0261  0.5644  0.5699 
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TABLE CXII: Partition of the relative uncertainties for the E, = 152.7-keV transition from the level at E, = 296.1 
keV in the 234U nucleus. 

4.0900 f 0.0930  0.0139 f 0.0033  0.0599  0.0490  0.0255  0.2223  0.2367 
4.2640 f 0.0990  0.0108 f 0.0032  0.0599  0.0490 0.0250 0.2817  0.2932 
4.4530 f 0.1050  0.0137 4 0.0031  0.0599  0.0490  0.0240  0.2137  0.2286 
4.6470 f 0.1130 0.0110 f 0.0030 0.0599  0.0490  0.0234  0.2580 0&2703 
4.8610 f 0.1220  0.0097 f 0.0029  0.0599  0.0490  0.0233  0.2894  0.3005 
5.0900 f 0.1290  0.0080 f 0.0016 0.0599  0.0490  0.0228  0.1796  0.1969 
5.3330 zk 0.1400  0.0073 f 0.0015  0.0599  0.0490  0.0227  0.1841  0.2009 
5.5970 f 0.1490  0.0117 f 0.0029  0.0599  0.0490  0-0223  0.2304  0.2441 
5.8750 f 0.1600  0.0310 f 0.0038  0.0599  0.0490  0.0218  0.0911  0.1215 
6.1810 Lt 0.1750  0.0802 f 0.0073  0.0599  0.0490  0.0215  0.0422  0.0907 
6.5170 f 0.1870 0.1281 f 0.0111  0.0599 0.0490 0.0202  0.0329  0.0864 
6.8620 f 0.2010  0.1587 f 0.0136  0.0599  0.0490  0.0194  0.0308  0.0855 
7.2370 f 0.2180  0.1906 f 0.0163 0.0599  0.0490  0.0202  0.0300  0.0854 
7.6610 f 0.2420  0.2068 f 0.0177  0.0599  0.0490  0.0215  0.0300  0.0857 
8.1260 f 0.2630  0.2391 f 0.0204  0.0599  0.0490  0.0213  0.0295  0.0855 
8.6180 f 0.2840  0.2658 f 0.0227  0.0599  0.0490  0.0208  0.0289  0.0852 
9.1600 f 0.3130  0.2923 f 0.0249  0.0599  0.0490  0.0212  0.0287  0.0852 
9.7570 f 0.3460  0.3231 4 0.0276  0.0599  0.0490  0.0220  0.0286  0.0854 
10.4140 f 0.3770  0.3486 f 0.0298  0.0599  0.0490  0.0228  0.0286  0.0856 
11.1430 k 0.4250  0.3834 f 0.0330  0.0599  0.0490  0.0241  0.0286  0.0859 
11.9600 f 0.4670  0.3916 f 0.0338  0.0599  0.0490  0.0248  0.0288  0.0862 
12.8600 f 0.5250  0.3458 f 0.0299  0.0599  0.0490  0.0253  0.0292  0.0865 
13.8760 f 0.5890  0.2599 f 0.0227  0.0599  0.0490  0.0258  0.0309  0.0872 
15.0160 f 0.6600  0.1814 f 0.0160  0.0599  0.0490  0.0258  0.0339  0.0883 
16.2970 f 0.7500  0.1295 f 0.0117 0.0599  0.0490  0-0257  0.0391  0.0904 
17&7590 f 0.8570  0.0973 f 0.0091 0.0599  0.0490  0.0256 0.0455 0.0933 
19.4160 It 0.9710  0.0817 f 0.0079  0.0599  0.0490  0.0261  0.0513  0.0964 

En (MeV) 0 7  (b) PC Pr  Pn P m  Ptot 
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TABLE CXIII: Partition of the  relative uncertainties for the E, = 201.0-keV  transition from the level at, E, = 497.0 
keV in the 234U nucleus. 
En (MeV) 0-l (b) PC Pr Pn Prn Ptot 
4.0900 z t  0.0930 0.0038 f 0.0024  0.0599  0.0390  0.0255  0.6188  0.6234 
4.2640 f 0.0990 0.0033 f 0.0024  0.0599  0.0390  0.0250  0.7152  0.7192 
4.4530 f 0.1050  0.0054 f 0.0023  0.0599  0.0390  0.0240  0.4144  0.4212 
4.6470 f 0.1130  0.0010 f 0.0018  0.0599  0.0390  0.0234  1.8632  1.8647 
4.8610 f 0.1220  0.0060 f 0.0023  0.0599  0.0390  0.0233  0.3760  0.3834 
5.0900 f 0.1290  0.0024 f 0.0022  0.0599  0.0390  0.0228  0.9173  0.9203 
5.3330 f 0.1400 0.0018 f 0.0019  0.0599  0.0390  0.0227  1.0462  1.0489 

5.8750 j z  0.1600  0.0020 f 0.0019  0.0599  0.0390  0.0218  0.9418  0.9447 
6.1810 f 0.1750 0.0138 f 0.0024  0.0599  0.0390  0.0215  0.1552  0.1722 
6.5170 f 0.1870  0.0317 f 0.0036  0.0599  0.0390  0.0202  0.0835  0.1118 
6.8620 f 0.2010 0.0438 f 0.0044  0.0599  0.0390  0.0194  0.0670  0.0998 
7.2370 f 0.2180  0.0581 f 0+0055 0.0599  0.0390  0.0202  0.0594  0.0951 
7.6610 f 0.2420  0.0694 f 0.0064  0.0599  0.0390  0.0215  0.0551  0.0928 
8.1260 f 0.2630 0.0828 f 0.0075  0.0599  0.0390  0.0213  0.0511  0.0904 
8.6180 f 0.2840 0.1058 f 0.0093 0.0599 0.0390 0.0208 0.0466  0.0878 
9.1600 f 0.3130  0.1200 f 0.0104  0.0599  0.0390  0.0212  0.0443  0.0867 
9.7570 f 0.3460  0.1393 -+: 0.0120  0.0599 0.0390 0.0220  0.0425  0.0860 
10.4140 f 0.3770  0.1593 f 0.0136  0.0599  0.0390  0.0228 0.0408 0.0854 
11.1430 f 0.4250  0.1815 f 0.0155  0.0599  0.0390  0.0241  0.0396  0.0852 
11.9600 f 0.4670  0.1980 f 0.0168  0.0599  0.0390  0.0248  0.0387  0.0850 
12.8600 f 0.5250  0.1853 f 0.0158  0.0599  0.0390 010253 0.0396  0.0855 
13.8760 f 0.5890  0.1432 zk 0.0125  0.0599  0.0390  0.0258  0.0431  0.0874 
15.0160 f 0.6600  0.0958 f 0.0087  0.0599  0.0390  0.0258  0.0506  0.0913 
16.2970 f 0.7500  0.0632 f 0.0062 0.0599  0.0390  0.0257  0.0622  0.0982 
17.7590 f 0.8570 0.0526 f 0.0054 0.0599  0.0390  0.0256  0.0689  0.1025 
19.4160 f 0.9710 0.0418 f 0.0046  0.0599  0.0390 0.0261 0.0792 0.1098 

5.5970 f 0.1490 -0.0004 f 0.0018 0.0599  0.0390 0.0223 5.0526  5.0532 
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TABLE CXIV: Partition of the relative uncertainties for the E, = 244.2-keV transition from the level at E, = 741.2 
keV in the 234U nucleus. 
E n  (MeV) O Y  (b) P C  Pr Pn P V  Ptot 
4.0900 f 0.0930 -0.0015 f 0.0001 0.0599  0.0348  0.0255  0.0362  0.0822 
4.2640 f 0.0990 0.0003 f 0.0019 0.0599  0.0348  0.0250  5.4827  5.4832 
4.4530 f 0.1050 0.0023 f 0.0018 0.0599  0.0348  0.0240  0.7634  0.7669 
4.6470 f 0.1130 0.0001 f 0.0003 0.0599  0.0348  0.0234  4.2213  4.2219 
4.8610 f 0.1220 0.0001 & 0.0003 0.0599  0.0348  0.0233  3.8953  3.8960 
5.0900 f 0.1290 0.0022 f 0.0018 0.0599  0.0348  0.0228  0.8128  0.8160 
5.3330 f 0.1400 0.0026 f 0.0016 0.0599 0.0348  0.0227  0.6003  0.6047 
5.5970 f 0.1490 0.0000 f 0.0002 0.0599  0.0348  0.0223  18.1326  18.1328 
5.8750 f 0.1600 0.0000 f 0.0002 0.0599  0.0348  0.0218  13.9459  13.9461 

6.5170 f 0.1870  0.0022 f 0.0015  0.0599  0.0348  0.0202  0.6972  0.7009 
6.8620 f 0.2010  0.0052 f 0.0016 0.0599  0.0348  0.0194  0.2943  0.3030 
7.2370 f 0.2180 0.0077 f 0.0017  0.0599  0.0348  0.0202  0.2117  0.2237 
7+6610 f 0.2420  0.0142 f 0.0021 0.0599  0.0348  0.0215  0.1290  0.1480 
8.1260 f 0.2630  0.0198 f 0.0024  0.0599  0.0348  0.0213  0.0982  0.1221 
8.6180 f 0.2840  0.0249 f 0.0027 0.0599  0.0348 0.0208 0.0799  0.1078 
9.1600 f 0.3130  0.0360 f 0.0034  0.0599  0.0348  0.0212  0.0615  0.0950 
9.7570 f 0.3460  0.0382 f 0.0036  0.0599  0.0348  0.0220 0.0609 0.0948 
10.4140 f 0.3770  0.0519 f 0.0046  0.0599  0.0348  0.0228  0.0507  0.0888 
11.1430 f 0.4250  0.0643 f 0.0056  0.0599  0.0348  0.0241  0.0464  0.0868 
11.9600 f 0.4670  0.0672 f 0.0058  0.0599  0.0348  0.0248  0.0460  0.0868 
12.8600 f 0.5250  0.0669 f 0.0058  0.0599  0.0348 0.0253 0.0465  0.0872 
13.8760 z t  0.5890  0.0578 f 0.0052  0.0599  0.0348  0.0258  0.0514  0.0900 
15.0160 f 0.6600 0.0393 f 0.0039  0.0599  0.0348  0.0258  0.0670  0.0997 
16.2970 f 0.7500  0.0251 f 0.0030  0.0599  0.0348  0.0257  0.0962  0.1213 
17.7590 f 0.8570  0.0170 f 0.0026  0.0599  0.0348 0.0256 0.1343 0.1532 
19.4160 f 0.9710  0.0149 zk 0.0025  0.0599  0.0348  0.0261  0.1515  0.1686 

6.1810 rt: 0.1750 -0.0000 f 0.0002 0.0599  0.0348  0.0215  8.4648  8.4651 



TABLE CXV: Partition of the relative uncertainties for the E, = 282.6-keV transition from the level at E, = 1023.8 
keV in the 234U nucleus. 

4.0900 f 0.0930  0.0079 f 0.0018  0.0599  0.0331  0.0255  0.2124  0.2246 
4.2640 st 0.0990  0.0098 f 0.0018  0.0599  0.0331  0.0250  0.1702  0.1851 
4.4530 f 0.1050  0.0071 f 0.0016  0.0599  0.0331  0.0240  0.2160  0.2279 
4.6470 f 0.1130  0.0066 f 0.0016  0.0599  0.0331  0.0234  0.2325  0.2435 
4.8610 z t  0.1220  0.0074 f 0.0016  0.0599  0.0331  0.0233  0.2081  0.2203 
5.0900 f 0.1290 0.0083 f 0.0016  0.0599  0.0331  0.0228  0.1843  0.1979 
5.3330 f 0.1400  0.0066 f 0.0014  0.0599  0.0331  0.0227  0.2021  0.2146 
5.5970 f 0.1490 0.0037 f 0.0013 0.0599  0.0331  0.0223  0.3479  0.3553 
5.8750 f 0.1600 0.0037 f 0.0013  0.0599  0.0331  0.0218  0.3495  0.3568 
6.1810 f 0.1750  0.0036 f 0.0013 0.0599 0.0331  0.0215  0.3557  0.3628 
6.5170 f 0.1870  0.0057 f 0.0014  0.0599  0.0331  0.0202  0.2292  0.2400 
6.8620 f 0.2010 0.0067 f 0.0014  0.0599  0.0331  0.0194  0.1953  0.2078 
7.2370 f 0.2180  0.0083 f 0.0015 0.0599  0.0331  0.0202 0.1641 0.1789 
7.6610 -4: 0.2420  0.0106 & 0.0017  0.0599  0.0331  0.0215  0.1412  0.1584 
8.1260 f 0.2630  0.0091 f 0.0016  0.0599  0.0331  0.0213  0.1613  0.1765 
8.6180 f 0.2840  0.0106 f 0.0017  0.0599  0.0331  0.0208  0.1422  0.1591 
9.1600 f 0.3130 0.0120 z t  0.0018  0.0599  0.0331  0.0212  0.1350  0.1528 
9.7570 f 0.3460  0.0147 f 0.0020 0.0599  0.0331  0.0220  0.1151 0+1357 
10.4140 4r 0.3770  0.0150 f 0.0020 0.0599  0.0331  0.0228  0.1130  0.1340 
11.1430 f 0.4250  0.0175 f 0.0022  0.0599 0.0331 0&0241 0.1058  0.1283 
11.9600 & 0.4670  0.0210 f 0.0025 0.0599  0.0331  0.0248  0.0943  0.1191 
12.8600 f 0.5250  0.0200 f 0.0025 0.0599  0.0331  0.0253  0.1004  0.1241 
13.8760 f 0.5890 0.0204 f 0.0025  0.0599  0.0331  0.0258  0.1012  0.1249 
15.0160 f 0.6600  0.0160 f 0.0023 0.0599  0.0331  0*0258  0.1207  0.1411 
16.2970 f 0.7500  0.0117 f 0.0020 0.0599  0.0331  0.0257  0.1540  0.1705 
17.7590 k 0.8570  0.0102 f 0.0019  0.0599  0.0331 0.0256 0.1747  0.1893 
19.4160'f 0.9710  0.0095 f 0.0019  0.0599  0.0331 0+0261 0.1810  0.1952 

E, (MeV) UY (b) PC Pr Pn Prn Ptot 
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TABLE CXVI: Partition of the relative  uncertainties for the E, = 666.5-keV transition from the level at E, = 962.6 
keV in the 234U nucleus. 
E, (MeV) 0-r (b) PC Pr Pn P F  Ptot 
4.0900 31 0.0930  0.0001 f 0.0007 0.0823 0.0490 0.0385  11.0819  11.0824 
4.2640 f 0.0990  0.0015 f 0.0034  0.0823  0.0490  0.0375  2.3227  2.3250 
4.4530 f 0.1050  0.0073 f 0.0035  0.0823  0.0490  0.0359  0.4693  0.4804 
4.6470 f 0.1130  0.0071 f 0.0034  0.0823  0.0490  0.0352  0.4767  0.4875 
4.8610 f 0.1220  0.0089 f 0.0028 0.0823  0.0490  0.0354  0.2999  0.3168 
5.0900 f 0.1290 0.0017 i 0.0032  0.0823  0.0490  0.0347  1.8760  1.8788 
5.3330 f 0.1400 0.0062 f 0.0034  0.0823  0.0490  0.0342  0.5492  0.5586 
5.5970 f 0.1490  0.0034 f 0.0033  0.0823  0.0490  0.0332  0.9693  0.9746 
5.8750 f 0.1600 0.0039 f 0.0025 0.0823  0.0490  0.0326  0.6314  0.6394 
6.1810 f 0.1750  0.0018 f 0.0032  0.0823  0.0490  0.0324  1.7947  1.7976 
6.5170 f 0.1870 0.0062 f 0.0032 0.0823 0.0490  0.0302  0.5043  0.5142 
6.8620 f 0.2010  0.0143 f 0.0034  0.0823  0.0490  0.0286  0.2187  0.2405 
7.2370 f 0.2180 0.0085 f 0.0033  0.0823 0.0490 0.0295  0.3699  0.3832 
7.6610 f 0.2420  0.0116 f 0.0036  0.0823 0.0490 0.0313  0.2910  0.3080 
8.1260 k 0.2630  0.0143 z t  0.0037  0.0823  0.0490  0.0312  0.2420  0.2622 
8.6180 f 0.2840  0.0139 2c 0.0037  0.0823  0.0490  0.0304  0.2491  0.2686 
9.1600 f 0.3130  0.0109 5 0.0036  0.0823  0.0490  0.0310  0.3123  0.3281 
9.7570 f 0.3460  0.0176 f 0.0040  0.0823  0.0490  0.0320  0.2049  0.2284 
10.4140 f 0.3770  0.0201 f 0.0043 0.0823  0.0490 0-0331 0.1862  0.2120 
11.1430 f 0.4250  0.0149 f 0.0041  0.0823  0.0490  0.0351  0.2578 0.2772 
11.9600 zk 0.4670  0.0190 f 0.0044  0.0823  0.0490  0.0361  0.2064  0.2304 
12.8600 z t  0.5250  0.0149 & 0.0043  0.0823  0.0490  0.0370  0.2696  0.2885 
13.8760 f 0.5890  0.0180 f 0.0046 0.0823 0.0490  0.0375  0.2311  0.2530 
15.0160 f 0.6600 0.0148 f 0.0044  0.0823  0.0490  0.0375  0.2752 0.2938 
16.2970 f 0.7500 0.0148 f 0.0043  0.0823  0.0490  0.0375  0.2752  0.2938 
17.7590 zk 0.8570  0.0094 & 0.0042  0.0823  0.0490  0.0374  0.4345  0.4465 
19.4160 f 0.9710  0.0104 f 0.0042  0.0823  0.0490  0.0381  0.3864  0.3999 
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TABLE CXVII: Partition of the relative uncertainties for the E, = 780.4-keV transition from the level at E, = 1277.5 
keV in the 234U nucleus. 
E n  (MeV) 0, (b) PC Pr Pn Prn Ptot 
4.0900 f 0.0930 0.0080 f 0.0036  0.0823  0.0560 0.0385 0.4351  0.4480 
4.2640 f 0.0990  0.0015 f 0.0035  0.0823 0.0560 0.0375  2.3414  2.3438 
4.4530 f 0.1050  0.0013 f 0.0033  0.0823  0.0560  0.0359  2,5419  2,5441 
4.6470 f 0.1130 0.0080 f 0.0034  0.0823  0.0560 0.0352  0.4136  0.4269 
4.8610 f 0.1220  0.0032 f 0.0033  0.0823  0.0560  0.0354  1.0034  1.0090 
5.0900 f 0.1290 0*0042 f 0.0033  0.0823  0.0560  0.0347  0.7699 0.7771 
5.3330 f 0.1400  0.0025 f 0.0034  0.0823  0.0560  0.0342  1.3766  1.3806 
5.5970 f 0.1490  0.0091 f 0.0034 0.0823  0.0560  0.0332 0.3533 0.3686 
5.8750 f 0.1600 0.0061 f. 0.0033  0.0823  0.0560  0.0326 0.5311 0.5413 
6.1810 f 0.1750  0.0053 f 0.0033  0.0823 0.0560  0.0324  0.6068  0.6158 
6-5170 f 0.1870 0.0056 f 0.0032 0.0823  0.0560  0.0302  0.5612  0.5708 
6.8620 zt 0.2010  0.0025 f 0.0030  0.0823 0.0560 0.0286  1.1714  1.1760 
7.2370 f 0.2180 0.0035 z t  0.0031 0.0823  0.0560  0.0295  0.8936  0.8996 
7.6610 zt 0.2420  0.0069 f 0.0033  0.0823  0.0560  0.0313  0.4717 0.4831 
8.1260 & 0.2630  0.0064 f 0.0034  0.0823 0.0560 0.0312 0.5123 0.5228 
8.6180 f 0.2840  0.0150 f 0.0037  0.0823  0.0560 0.0304 0.2257  0.2485 
9.1600 f 0.3130 0.0159 f 0.0038 0.0823 0.0560  0.0310  0.2135  0.2376 
9.7570 f 0.3460  0.0204 f 0.0041 0.0823 0.0560  0.0320  0.1726  0.2019 
10.4140 f 0.3770 0.0155 f 0.0039  0.0823 0.0560 0.0331 0.2304  0.2532 
11.1430 f 0.4250 0.0161 f 0.0041 0.0823  0.0560 0.0351 0.2325  0.2553 
11.9600 f 0.4670  0.0164 z t  0.0042  0.0823  0.0560 0.0361  0.2345  0.2573 
12.8600 f 0.5250  0.0164 f 0.0043  0.0823  0.0560  0.0370  0.2409  0.2632 
13.8760 f 0.5890  0.0117 f 0.0041 0.0823  0.0560 0.0375 0.3374  0.3538 
15.0160 f 0.6600 0.0164 f 0.0044  0.0823  0.0560  0.0375  0.2442  0.2663 
16.2970 f 0.7500  0.0126 f 0.0041 0.0823  0.0560  0.0375  0.3060  0.3239 
17.7590 f 0.8570 0.0113 f 0.0041  0.0823  0.0560  0.0374  0.3440  0.3601 
19.4160 f 0.9710 0.0048 f 0.0038 0.0823  0.0560 0.0381 0.7975 0.8046 
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En (MeV) U Y  (b) PC Pr Pn P V  Ptot 
4.0900 f 0.0930 0.0021 f 0.0018 0.0824  0.0780  0.0385  0.8333  0.8419 
4.2640 f 0.0990 0.0070 f 0.0020 0.0824  0.0780  0.0375  0.2556  0.2821 
4.4530 f 0.1050 0.0046 f 0.0018 0.0824  0.0780  0.0359  0.3710  0.3896 
4,6470 f 0.1130  0.0043 f 0.0018  0.0824 0.0780 0.0352 0.3950 0.4124 
4.8610 f 0.1220  0.0012 f 0.0017 0.0824  0.0780  0.0354  1.3939  1.3990 
5.0900 f 0.1290  0.0043 f 0.0018 0.0824 0.0780  0.0347  0.3934  0.4109 
5.3330 f 0.1400  0.0046 * 0.0018 0.0824  0.0780  0.0342  0.3721  0.3905 
5.5970 f 0.1490  0.0056 f 0.0018 0.0824  0.0780  0.0332 0.3004 0.3229 
5.8750 f 0.1600 0.0011 f 0.0016 0.0824  0.0780  0.0326  1.4414  1.4462 
6.1810 f 0.1750  0.0035 f 0.0017 0.0824 0.0780  0.0324  0.4673  0.4820 
6.5170 f 0.1870  0.0049 zk 0.0017 0.0824 0.0780 0.0302  0.3215  0.3423 
6.8620 f 0.2010 0.0058 f 0.0017  0.0824  0.0780  0.0286 0.2678 0.2923 
7.2370 f 0.2180 0.0079 f 0.0019  0.0824  0.0780  0.0295  0.2069  0.2379 
7.6610 f 0.2420 0.0061 f 0.0018  0.0824  0.0780  0.0313  0.2753  0.2994 
8.1260 f 0*2630 0.0072 f 0.0019  0.0824  0.0780  0.0312  0,2377  0.2652 
8.6180 f 0.2840 0.0093 f 0.0021 0.0824 0.0780 0.0304 0.1860 0.2200 
9.1600 f 0.3130 0.0050 f 0.0018  0.0824  0.0780 0.0310  0.3473 0.3667 
9.7570 f 0.3460  0.0100 f 0.0022 0.0824  0.0780  0.0320  0.1841 0.2187 
10.4140 f 0.3770  0.0124 f 0.0024  0.0824 0.0780 0.0331 0.1537  0.1939 
11.1430 f 0.4250  0.0149 f 0.0027 0.0824 0.0780 0.0351 0.1366  0.1810 
11.9600 f 0.4670 0.0080 zk 0.0022  0.0824  0.0780 0.0361 0.2453 0.2727 
12.8600 f 0.5250  0.0098 f 0.0024  0.0824  0.0780  0.0370  0.2112  0.2426 
13.8760 f 0.5890  0.0084 f 0.0023  0.0824  0.0780  0.0375 0.2501 0.2772 
15.0160 f 0.6600 0.0071 f 0.0023  0.0824  0.0780  0.0375  0.2932 0.3166 
16.2970 f 0.7500 0.0060 f 0.0022 0.0824 0.0780  0.0375  0.3476  0.3675 
17.7590 f 0.8570  0.0049 f 0.0022  0.0824  0.0780  0.0374  0.4201  0.4368 
19.4160 f 0.9710 0.0042 f 0.0021 0.0824  0.0780 0.0381 0.4866 0.5011 
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TABLE CXIX: Partition of the relative uncertainties for the E, = 805.8-keV transition from the level at E, = 849.3 
keV  in the 234U nucleus. 
En (MeV) Q-l (b) P C  Pr Pn P V  Ptot 
4.0900 f 0.0930  0.0078 f 0.0034  0.0823  0.0560  0.0385  0.4196  0.4329 
4.2640 k 0.0990  0.0070 f 0.0034 0.0823  0.0560  0.0375  0.4746  0.4864 
4.4530 f 0.1050 0.0065 f 0.0033  0.0823  0.0560  0.0359 0.5003 0.5114 
4.6470 f 0.1130  0.0096 f 0.0035  0.0823 0.0560 0.0352  0.3437  0.3596 
4.8610 f 0.1220  0.0038 f 0.0031 0.0823  0.0560  0.0354  0.8284  0.8351 
5.0900 f 0.1290  0.0073 f 0.0032  0.0823  0.0560  0.0347  0.4269  0.4397 
5.3330 f 0.1400  0.0030 f 0.0033  0.0823  0.0560  0.0342  1.0773  1.0824 
5.5970 f 0.1490  0.0045 f 0.0031  0.0823  0.0560  0.0332  0+6790 0+6870 
5.8750 =k 0.1600  0.0062 f 0.0030 0.0823  0.0560  0.0326  0.4754  0.4868 
6.1810 f 0.1750 0.0104 f 0.0032  0.0823 0.0560 0.0324  0.2942  0.3123 
6.5170 f 0.1870  0.0079 f 0.0030  0.0823  0.0560  0.0302  0.3708  0.3851 
6.8620 f 0.2010 0.0085 z t  0.0031  0.0823  0.0560  0.0286  0.3434  0.3587 
7.2370 f 0.2180 0.0130 f 0.0033  0.0823  0.0560  0.0295  0.2359  0.2578 
7.6610 f 0.2420 0.0141 f 0.0036 0.0823 0.0560 0.0313  0.2328  0.2551 
8.1260 f 0.2630  0.0128 f 0.0035 0.0823 0.0560 0.0312  0.2508  0.2716 
8.6180 f 0.2840 0.0180 f 0.0038  0.0823  0.0560  0.0304  0.1843  0.2117 
9.1600 f 0.3130  0.0159 f 0.0037  0.0823  0.0560 0.0310 0.2084 0.2331 
9.7570 f 0.3460  0.0229 f 0.0042 0.0823 0.0560 0.0320  0.1512  0.1839 
10.4140 f 0.3770 0+0195 f 0.0041  0.0823 0.0560 0.0331 0.1829  0.2108 
11.1430 f 0.4250  0.0225 f 0.0045  0.0823  0.0560 0.0351  0.1691  0.1994 
11.9600 f 0.4670 0.0217 f 0.0043  0.0823  0.0560  0.0361  0.1673  0.1980 
12.8600 f 0.5250  0.0126 f 0.0038  0.0823  0.0560  0.0370  0.2814 0.3008 
13.8760 f OS890 0+0222 f 0.0045  0.0823  0.0560  0.0375  0.1713  0.2017 
15.0160 f 0.6600 0.0151 f 0.0042  0.0823 0.0560 0.0375  0.2597  0.2807 
16.2970 f 0.7500  0.0068 f 0.0037  0.0823  0.0560  0.0375  0.5293  0.5399 
17.7590 f 0.8570  0.0146 f 0.0042 0.0823 0+0560 0.0374  0.2665  0.2869 
19.4160 f 0.9710 0.0051 f 0.0036  0.0823 0.0560 0.0381  0.6989  0.7070 
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E, (MeV) 0, (b) P C  PY Pn PY" Ptot 
4.0900 f 0.0930 0.0024 f 0.0018  0.0824  0.0770  0.0385  0.7167  0.7265 
4.2640 f 0.0990  0.0033 f 0.0018  0.0824  0.0770  0.0375  0.5238 0.5371 
4.4530 f 0.1050  0.0077 f 0.0020 0.0824  0.0770  0.0359  0.2255 0.2547 
4.6470 f 0.1130 0.0046 f 0.0018  0.0824  0.0770  0.0352 0.3651 0.3837 
4.8610 f 0.1220  0.0027 * 0.0017  0.0824  0.0770  0.0354  0.6216  0.6328 
5.0900 f 0.1290  0.0048 f 0.0018 0.0824  0.0770 0.0347 0.3534  0.3726 
5.3330 f 0.1400  0.0045 f 0.0017  0.0824  0.0770  0.0342  0.3624  0.3811 
5.5970 f 0.1490  0.0040 f 0.0017  0.0824  0.0770  0.0332  0.3942  0.4114 
5.8750 f 0.1600  0.0049 f 0.0017  0.0824  0.0770  0.0326  0.3298 0.3501 
6.1810 f 0.1750 0.0031 f 0.0016  0.0824  0.0770  0.0324  0.5059  0.5193 
6.5170 f 0.1870  0.0037 4 0.0016  0.0824  0.0770  0.0302 0-4125  0.4287 
6.8620 f 0.2010  0.0066 f 0.0017  0.0824  0.0770 0.0286 0.2261  0.2542 
7.2370 f 0.2180  0.0087 f 0.0019  0.0824 0.0770  0.0295 0.1835 0.2174 
7.6610 f 0.2420  0.0097 f 0.0020 0.0824  0.0770  0.0313  0.1769 0.2121 
8.1260 f 0.2630  0.0127 + 0.0023  0.0824  0.0770 0.0312 0.1378  0.1808 
8.6180 f 0.2840  0.0113 f 0.0022 0.0824 0.0770 0.0304 0.1533  0.1928 
9.1600 f 0.3130  0.0106 f 0.0021 0.0824  0.0770  0.0310  0.1625  0.2002 
9.7570 f 0.3460  0.0112 k 0.0022 0.0824  0.0770  0.0320  0.1592  0.1978 
10.4140 f 0.3770  0.0155 f 0.0026  0.0824  0.0770 0.0331 0.1228  0.1700 
11.1430 f 0.4250  0.0132 f 0.0025  0.0824  0.0770  0.0351  0.1474  0.1889 
11.9600 zk 0.4670  0.0119 f 0.0024  0.0824  0.0770 0.0361 0.1670  0.2047 
12.8600 zk 0.5250  0.0136 j z  0.0026 0.0824  0.0770 0.0370 0.1515 0.1925 
13.8760 f 0.5890 0.0095 f 0.0023  0.0824 0.0770  0.0375  0.2166  0.2471 
15.0160 & 0.6600  0.0075 f 0.0022  0.0824 0.0770  0.0375  0.2739  0.2986 
16.2970 f 0.7500  0.0032 f 0.0020  0.0824  0.0770  0.0375  0.6178 0.6291 
17.7590 f 0.8570  0.0002 f 0.0017  0.0824  0.0770  0.0374  11.0000 11.0007 
19.4160 f 0.9710 0.0000 f 0.0017  0.0824  0.0770  0.0381  43.0000  43.0002 
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4.2640 Jt 0.0990 0.0001 f 0.0006  0.0823  0.0550  0.0375  8.2733 
4.4530 f 0.1050 0.0018 4. 0.0032  0.0823  0.0550  0.0359 1.7220 
4.6470 f 0.1130 0.0055 f 0.0033  0.0823  0.0550  0.0352  0.5916 
4,8610 f 0.1220 0.0001 f 0.0006  0.0823  0.0550  0.0354  8.2733 
5.0900 f 0.1290 0.0001 f 0.0006  0.0823  0.0550  0.0347  8.2733 
5.3330 f 0.1400 0.0017 f 0.0035  0.0823  0.0550 0.0342 2.0296 
5.5970 f 0.1490  0.0007 f 0.0033  0.0823  0.0550  0.0332  4.7723 
5.8750 f 0.1600 0.0003 f 0.0032  0.0823  0.0550  0.0326  11.6845 
6.1810 f 0.1750  0.0024 f 0.0032  0.0823  0.0550  0.0324  1.3356 
6.5170 f 0.1870  0.0042 f 0.0031  0.0823 0+0550 0.0302 0.7235 
6.8620 f 0.2010  0.0072 f 0.0032  0.0823  0.0550  0.0286  0.4266 
7.2370 f 0.2180  0.0128 f 0.0035  0.0823  0.0550  0.0295  0.2557 
7.6610 f 0.2420  0.0107 f 0.0037  0.0823  0.0550  0.0313  0.3259 
8.1260 f 0.2630  0.0118 f 0.0037  0.0823 0.0550 0.0312 0.2930 
8.6180 f 0.2840  0.0116 f 0.0036 0.0823  0.0550  0.0304  0.2952 
9.1600 f 0.3130 0.0075 f 0.0035  0.0823  0.0550  0.0310  0.4539 
9.7570 f 0.3460  0.0094 f 0.0037  0.0823  0.0550  0.0320 0.3780 
10.4140 f 0.3770 0.0225 f 0.0045  0.0823  0.0550  0.0331  0.1711 
11.1430 f 0.4250  0.0175 f 0.0044  0.0823  0.0550 0.0351  0.2283 
11.9600 f 0.4670  0.0156 f 0.0042  0.0823  0.0550 0.0361 0.2473 
12.8600 f 0.5250  0.0147 f 0.0043  0.0823  0.0550 0.0370  0.2698 
13.8760 f 0.5890  0.0198 f 0.0046  0.0823  0.0550  0.0375  0.2092 
15.0160 f 0.6600  0.0183 & 0.0046  0.0823  0.0550  0.0375  0.2300 
16.2970 f 0.7500 0.0114 f 0.0041  0.0823  0.0550  0.0375  0.3439 
17.7590 f 0.8570  0.0093 & 0.0041  0.0823  0.0550  0.0374  0.4291 
19.4160 f 0.9710  0.0173 f 0.0043  0.0823 0.0550 0.0381 0.2252 

8.2740 
1.7252 
0.6009 
8.2739 
8.2739 
2.0323 
4.7735 
11.6850 
1.3397 
0.7309 
0*4389 
0.2758 
0.3421 
0.3108 
0.3129 
0.4656 
0.3920 
0.2004 
0.2513 
0.2688 
0.2897 
0.2345 
0.2532 
0.3599 
0.4420 
0.2490 
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TABLE CXXII: Partition of the relative uncertainties for the E, = 831.5-keV transition from the level at E, = 1127.6 
keV in the 234U nucleus. 

4.0900 f 0.0930  0.0109 f 0.0038  0.0823  0.0550 0.0385 0.3336  0.3501 
4.2640 f 0.0990  0.0069 f 0.0036  0.0823  0.0550  0.0375  0.5130  0.5238 
4.4530 f 0.1050  0.0096 f 0.0036  0.0823  0.0550  0.0359  0.3581  0.3732 
4.6470 f 0.1130  0.0087 f 0.0035  0.0823  0.0550  0.0352  0.3865  0.4005 
4.8610 f 0.1220 0.0096 z t  0.0036  0.0823  0.0550  0.0354  0.3600  0.3751 
5.0900 f 0.1290  0.0056 f 0.0033  0.0823  0.0550  0.0347  0.5748  0.5843 
5.3330 f 0.1400  0.0062 f 0.0035  0.0823  0.0550  0.0342  0.5635  0.5732 
5.5970 f 0.1490  0.0096 f 0.0035  0.0823 0.0550 0.0332  0.3528  0.3679 
5.8750 f 0.1600 0.0053 f 0.0032  0.0823  0.0550  0.0326 05944 0.6035 
6.1810 f 0.1750  0.0071 f 0.0033  0.0823  0.0550  0.0324  0.4607  0.4723 
6.5170 f 0.1870  0.0072 * 0.0032  0.0823  0.0550  0.0302  0.4301  0.4424 
6.8620 f 0.2010 0.0087 f 0.0032  0.0823  0.0550  0.0286  0.3542  0.3689 
7.2370 k 0.2180  0.0175 f 0.0038  0.0823  0.0550  0.0295  0.1906  0.2168 
7.6610 f 0.2420  0.0174 f 0.0039  0.0823  0.0550  0.0313  0.2017  0.2268 
8.1260 f 0.2630  0.0211 f 0.0042  0.0823  0.0550  0.0312  0.1689  0.1982 
8.6180 * 0.2840  0.0271 f 0.0046 0.0823 0.0550 0.0304  0.1334  0.1689 
9.1600 f 0.3130  0.0268 f 0.0046  0.0823  0.0550  0.0310  0.1371  0.1719 
9.7570 f 0.3460 0.0329 f 0.0051  0.0823  0.0550  0.0320  0.1168  0.1564 
10.4140 f 0.3770  0.0259 f 0.0047  0.0823  0.0550  0.0331  0.1492  0.1821 
11.1430 f 0.4250  0.0343 f 0.0055 0.0823 0.0550 0.0351  0.1209  0+1602 
11.9600 f 0.4670  0.0274 f 0.0049  0.0823  0.0550  0.0361  0.1464  0.1804 
12.8600 IfI 0.5250  0.0353 f 0.0057  0.0823  0.0550  0.0370  0.1221  0.1615 
13.8760 f 0.5890  0.0325 f 0.0055  0.0823  0.0550  0.0375  0.1322  0.1694 
15.0160 f 0.6600  0.0170 f 0.0045  0.0823 0.0550 0.0375  0.2450  0.2669 
16.2970 f 0.7500  0.0176 f 0.0045  0.0823  0.0550  0.0375  0.2309  0.2541 
17.7590 k 0.8570  0.0237 It 0.0049  0.0823  0.0550  0.0374  0.1782  0.2072 
19.4160 f 0.9710  0.0164 f 0.0043 0.0823  0.0550  0.0381  0.2416 0.2638 

En (MeV) 0-r (b) PC Pr  Pn Prn Ptot 
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TABLE CXXIII: Partition of the relative  uncertainties for the E-, = 876.0-keV transition from the level at E, = 
1172.1 keV in the 234U nucleus. 
En (MeV) 0, (b) PC Pr Pn PV Ptot 
4.0900 f 0.0930 0.0178 f 0.0042  0.0823  0.0540  0.0385  0.2109  0.2359 
4.2640 f 0.0990  0.0124 + 0.0039  0.0823  0.0540  0.0375  0.2949  0.3132 
4.4530 f 0.1050  0.0092 f 0.0036  0.0823  0.0540  0.0359  0.3792  0.3934 
4.6470 f 0.1130  0.0124 f 0.0036 0.0823  0.0540  0.0352  0.2735  0.2928 
4.8610 f 0.1220 0.0082 f 0.0035 0.0823  0.0540  0.0354  0.4178  0.4307 
5.0900 f 0.1290 0.0072 f 0.0034 0.0823 0.0540  0.0347  0.4652  0.4768 
5.3330 f 0.1400  0.0127 f 0.0038 0.0823 0.0540  0.0342  0.2823  0.3010 
5.5970 f 0.1490  0.0157 f 0.0039 0.0823  0.0540  0.0332  0.2268  0.2495 
5.8750 f 0.1600 0.0155 f 0.0038  0.0823  0.0540  0.0326  0.2247  0.2475 
6.1810 f 0.1750  0.0126 f 0.0037  0.0823 0.0540 0.0324  0.2709  0.2900 
6.5170 z t  0.1870 0.0108 * 0.0035  0.0823  0.0540 0.0302 0.3050  0.3219 
6.8620 f 0.2010 0.0129 f 0.0034 0.0823  0.0540  0.0286  0.2429  0.2637 
7.2370 f 0.2180  0.0099 f 0.0033 0.0823  0.0540  0.0295  0.3191  0.3352 
7.6610 z t  0.2420  0.0236 f 0.0043  0.0823  0.0540 0+0313 0.1506  0.1826 
8.1260 f 0.2630  0.0254 zk 0.0044 0.0823 0.0540  0.0312  0.1390  0.1731 
8.6180 f 0.2840  0.0314 f 0.0048 0.0823  0.0540  0.0304  0.1151  0.1545 
9.1600 f 0.3130  0.0227 f 0.0042 0.0823  0.0540  0.0310  0.1538  0.1852 
9.7570 f 0.3460  0.0253 f 0+0045  0.0823 0.0540 0+0320  0.1433  0.1768 
10.4140 f 0-3770  0.0326 f 0.0051 0.0823 0.0540  0.0331  0.1185  0.1576 
11.1430 f 0.4250  0.0253 f 0.0047 0.0823 0.0540  OB351  0.1540  0.1862 
11.9600 & 0.4670  0.0262 f 0.0049  0.0823  0.0540  0.0361  0.1531  0.1855 
12.8600 f 0.5250  0.0290 f 0.0052  0.0823 0.0540 0.0370  0.1450  0.1791 
13.8760 f 0.5890 0.0239 f 0.0048  0.0823 0.0540 0.0375  0.1714  0.2012 
15.0160 f 0.6600  0.0240 f 0.0048 0.0823  0.0540  0.0375  0.1702  0.2001 
16.2970 f 0.7500  0.0177 f 0.0043 0.0823  0.0540  0.0375  0.2188  0.2429 
17.7590 z t  0.8570  0.0236 f 0.0047  0.0823  0.0540  0-0374  0.1708 0.2007 
19.4160 f 0.9710  0.0126 f 0.0040  0.0823  0.0540 0.0381 0.3039  0.3217 
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TABLE CXXIV: Partition of the relative uncertainties for the E, = 880.5-keV transition from the level at E, = 
1023.7 keV in the 234U nucleus. 

4.2640 f 0.0990  0.0097 f 0.0036  0.0599  0.0382  0.0250  0.3703  0.3779 
4.4530 f 0.1050  0.0138 f 0.0037  0.0599  0.0382  0.0240  0.2536  0.2644 
4.6470 f 0.1130  0.0105 f 0.0035  0.0599  0.0382  0.0234  0.3209  0.3295 
4.8610 f 0.1220  0.0116 f 0.0036  0.0599  0.0382  0.0233  0.2987  0.3079 
5.0900 f 0.1290  0.0110 f 0.0035  0.0599  0.0382  0.0228  0.3116  0.3204 
5.3330 f 0.1400 0.0165 0.0038  0.0599  0.0382  0.0227  0.2147  0.2273 
5.5970 f 0.1490  0.0128 f 0.0036  0.0599  0.0382  0.0223  0.2730  0.2830 
5.8750 j, 0.1600  0.0138 f 0.0035  0.0599  0.0382  0.0218  0.2458  0.2568 
6.1810 f 0.1750  0.0116 f 0.0034  0.0599  0.0382  0.0215  0.2827  0.2923 
6.5170 z t  0.1870  0.0117 f 0.0033 0.0599  0.0382  0.0202  0.2722  0.2820 
6.8620 k 0.2010  0.0228 f 0.0039  0.0599  0.0382  0.0194  0.1523  0.1692 
7.2370 f 0.2180  0.0234 f 0.0040  0.0599  0.0382  0.0202  0.1537  0.1705 
7.6610 f 0.2420  0.0424 & 0.0054  0.0599  0.0382  0.0215  0.1026  0.1266 
8.1260 f 0.2630  0.0447 f 0.0055  0.0599  0.0382  0.0213  0.0967  0.1218 
8.6180 f 0.2840  0.0502 f 0.0059  0.0599  0.0382  0.0208  0.0905  0.1169 
9.1600 f 0.3130 0.0507 f 0.0059  0.0599 0.0382 0.0212  0.0894 0.1161 
9.7570 3r 0.3460  0.0516 f 0.0060  0.0599  0.0382  0.0220  0.0886  0.1156 
10.4140 f 0.3770  0.0437 f 0.0056  0.0599  0.0382  0.0228  0.1029 0.1271 
11.1430 f 0.4250 0.0502 k 0.0061 0.0599  0.0382  0.0241  0.0954  0.1213 
11.9600 f 0.4670  0.0475 f 0.0060 0.0599  0.0382  0.0248 0.1010 0.1259 
12.8600 f 0.5250 0.0464 f 0.0059  0.0599  0.0382  0.0253  0.1028  0.1275 
13.8760 f 0.5890  0.0346 z t  0.0053  0.0599  0.0382  0.0258  0.1324  0.1524 
15.0160 f 0.6600  0.0374 f 0.0053  0.0599  0.0382  0.0258 0.1206 0.1423 
16.2970 f 0.7500  0.0253 f 0.0045  0.0599  0.0382  0.0257  0.1617  0.1784 
17,7590 f 0.8570  0.0206 f 0.0043  0.0599  0.0382  0.0256  0.1932  0.2074 
19.4160 f 0.9710  0.0211 Ifr 0.0042  0.0599  0.0382  0.0261  0.1865  0.2013 
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TABLE CXXV: Partition of the relative uncertainties for the E, = 883.2-keV transition from the level at E, = 926.7 
keV in the 234U nucleus. 
E, (MeV) 0, (b) PC Pr Pn Prn Ptot 
4.0900 f 0.0930 0-0064 f 0.0036  0.0599 0.0382 0.0255  0.5514  0.5565 
4.2640 f 0.0990  -0.OOO1 * 0.0015  0.0599  0.0382  0.0250  12.5019  12.5022 
4.4530 f 0.1050 0.0003 f 0.0015  0.0599  0.0382  0.0240  4.9813  4.9818 

4.8610 f 0.1220  0.0032 f 0.0033  0.0599  0.0382 0.0233 1.0219  1.0246 
5.0900 f 0.1290  0.0104 f 0.0035  0.0599  0.0382  0.0228  0.3227  0.3312 
5.3330 f 0.1400 0.0063 f 0.0033 0.0599 0.0382 0.0227  0.5182 0.5235 
5.5970 f 0.1490 0.0054 f 0.0032  0.0599  0.0382 0.0223 0.5891  0.5937 
5.8750 z t  0.1600 0.0026 f 0.0031 0.0599  0.0382  0.0218  1.1686  1.1710 
6.1810 f 0.1750  0.0069 k 0.0033  0.0599  0.0382  0.0215 0.4651 0.4710 
6.5170 f 0.1870 0.0081 f 0.0031 0.0599  0.0382  0.0202  0.3757  0.3829 
6.8620 f 0.2010  0.0152 -f 0.0032  0.0599  0.0382  0.0194  0.2000 0.2131 
7.2370 f 0.2180 0.0135 f 0.0033 0.0599  0.0382  0.0202 0+2358  0.2471 
7.6610 f 0.2420  0.0154 f 0.0035 0.0599 0.0382 0.0215 0.2158  0.2282 
8.1260 f 0.2630 0.0178 Lt 0.0036 0.0599  0.0382 0.0213 0.1905 0.2045 
8.6180 f 0.2840 0.0192 f 0.0037  0.0599  0.0382  0.0208  0.1780  0.1928 
9.1600 & 0.3130 0.0196 f 0.0038 0.0599  0.0382  0.0212 0.1771 0.1920 
9.7570 f 0.3460 0.0121 k 0.0034  0.0599  0.0382 0.0220 0.2715  0.2815 
10.4140 f 0.3770 0.0171 f 0.0037 0.0599  0.0382  0.0228  0.2058  0.2189 
11.1430 * 0.4250  0.0212 f 0.0041 0.0599  0.0382 0.0241 0.1798  0.1948 
11.9600 f 0.4670  0.0211 f 0.0041  0.0599 0.0382  0.0248  0.1798  0.1949 
12,8600 f 0.5250  0.0214 f 0.0043 0.0599 0.0382  0.0253  0.1848  0.1996 
13.8760 j ,  0.5890 0.0213 & 0.0043  0.0599  0.0382  0.0258  0.1848  0.1997 
15.0160 5 0.6600 0.0149 f 0.0039  0.0599  0.0382  0.0258  0.2493  0.2605 
16.2970 f 0.7500 0.0208 f 0.0041 0.0599  0.0382  0.0257  0.1818  0.1969 
17.7590 f 0.8570  0.0154 f 0.0039  0.0599  0.0382  0.0256  0.2432  0.2547 
19.4160 f 0.9710  0.0127 & 0.0037 0.0599  0.0382 0.0261 0.2829  0.2928 

4.6470 & 0.1130  -0.0011 f 0.0011 0.0599  0.0382  0.0234  0.9758  0.9787 
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TABLE CXXVI: Partition of the relative  uncertainties for the E, = 898.7-keV transition from the level at E, = 
1 194.7 keV in the 234U nucleus. 

4.0900 d~ 0.0930  0.0222 f 0.0047 0.0823 0.0500 0.0385  0.1860  0.2130 
4.2640 f 0.0990  0.0180 f 0.0044  0.0823  0.0500  0.0375  0.2233  0.2460 
4.4530 f 0.1050 0.0111 f 0.0039  0.0823 0.0500 0.0359 0.3381 0.3534 
4.6470 f 0.1130 0.0090 f 0.0037  0.0823  0.0500  0.0352  0.4000 0.4129 
4.8610 f 0.1220  0.0032 f 0.0036  0.0823  0.0500  0.0354  1.0976  1.1023 
5.0900 f 0.1290 0.0145 f 0.0040  0.0823 0.0500 0.0347  0.2593  0.2787 
5.3330 z t  0.1400  0.0054 f 0.0033  0.0823 0.0500 0.0342  0.5955  0.6042 
5.5970 f 0.1490 0.0117 f 0.0035  0.0823 0.0500 0.0332  0.2795  0.2975 
5.8750 f 0.1600 0.0075 f 0.0032  0.0823  0.0500  0.0326  0.4130  0.4254 
6.1810 f 0.1750 0.0071 f 0.0032  0.0823  0.0500  0.0324  0.4359  0.4476 
6.5170 f 0.1870 0.0076 f 0.0031 0.0823 0.0500 0.0302  0.3879 0.4008 
6.8620 f 0.2010 0.0059 f 0.0029  0.0823 0.0500 0.0286 0.4807 0.4910 
7.2370 f 0.2180 0.0111 f 0.0031  0.0823 0.0500 0.0295  0.2649  0.2834 
7.6610 f 0*2420 0.0091 & 0.0032  0.0823  0.0500  0.0313  0.3415  0.3562 
8.1260 f 0.2630 0.0158 f 0.0036  0.0823  0.0500  0.0312 0.2057 0.2293 
8.6180 f 0.2840 0.0144 f 0.0034 0.0823  0.0500 0.0304 0.2167 0.2391 
9.1600 f 0.3130 0.0200 f 0.0038  0.0823  0.0500  0.0310 0.1621 0.1911 
9.7570 f 0.3460 0.0219 f 0.0040 0.0823  0.0500 0.0320 0.1537  0.1842 
10.4140 f 0.3770 0.0242 f 0.0043 0.0823  0.0500 0.0331 0.1471 0.1789 
11.1430 f 0.4250 0.0183 f 0.0041 0.0823 0.0500 0.0351 0.1975  0.2225 
11.9600 f 0.4670 0.0186 f 0.0041 0.0823 0.0500 0.0361  0.1974  0.2226 
12.8600 f 0.5250 0.0197 f 0.0043  0.0823  0.0500 0.0370 0.1927  0.2186 
13.8760 f 0.5890 0.0251 Lt 0.0047  0.0823 0.0500 0.0375  0.1546 0.1860 
15.0160 f 0.6600 0.0202 z t  0.0043  0.0823 0.0500 0.0375 0.1879 0.2145 
16.2970 f 0.7500 0.0162 f 0.0042  0.0823 0.0500 0.0375  0.2387 0.2601 
17.7590 f 0.8570 0.0167 f 0.0042  0.0823 0.0500 0.0374  0.2306  0.2527 
19.4160 f 0.9710 0.0178 f 0.0042 0.0823 0.0500 0.0381 0.2141  0.2379 

Ea (MeV) 0, (b) P C  Pr Pn P V  Ptot 
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TABLE CXXVII: Partition of the relative uncertainties for the E, = 925.0-keV transition from the level at Ea: = 
968.6 keV in the 234U nucleus. 

4.0900 f 0.0930  0.0013 f 0.0023 0.0599  0.0354  0.0255  1.8492 1.8507 
4.2640 f 0.0990  0.0095 f 0.0026  0.0599  0.0354  0.0250  0.2697  0.2796 
4.4530 f 0.1050  0.0013 f 0.0017  0.0599  0.0354  0.0240  1.3394  1.3414 
4.6470 & 0.1130 0.0056 f 0.0024 0.0599 0.0354  0.0234  0.4217  0.4281 
4.8610 f 0.1220  0.0048 f 0.0025  0.0599  0.0354  0.0233  0.5097  0.5149 
5.0900 f 0.1290  0.0049 f 0.0024  0.0599  0.0354  0.0228  0.4774  0.4829 
5.3330 f 0.1400 0-0027 f 0.0022 0.0599 0.0354  0.0227  0.7986  0.8019 
5.5970 f 0.1490  0.0033 f 0.0022  0.0599  0.0354  0.0223  0.6666  0.6706 
5.8750 f 0.1600 0.0019 f 0.0021 0.0599 0.0354  0.0218  1.1069  1.1093 
6.1810 f 0.1750  0.0033 f 0.0021 0.0599 0.0354  0.0215  0.6469  0.6510 
6.5170 f 0.1870 0.0031 f 0.0021 0.0599  0.0354  0.0202  0.6591 0.6631 
6+8620 f 0.2010  0.0054 f 0.0021 0.0599 0.0354  0.0194  0.3783  0.3851 
7.2370 f- 0.2180 0.0098 f 0.0023 0.0599  0.0354  0.0202  0.2274  0.2386 
7.6610  0.2420 0.0209 f 0.0032  0.0599  0.0354  0.0215  0.1356  0.1539 
8.1260 f 0.2630  0.0223 f 0.0033  0.0599 0.0354 0.0213  0.1312  0.1500 
8.6180 f 0.2840  0.0238 f 0.0033  0.0599  0.0354  0.0208  0.1197  0.1400 
9.1600 f 0.3130  0.0236 f 0.0034  0.0599 0+0354 0.0212  0.1260  0.1455 
9.7570 f 0.3460  0.0244 f 0.0035  0.0599  0.0354  0.0220  0.1247  0.1445 
10.4140 f 0.3770 0.0329 f 0.0041  0.0599  0.0354  0.0228 0.1000 0.1239 
11.1430 f 0.4250  0.0312 k 0.0040  0.0599  0.0354  0.0241 0.1051 0.1283 
11.9600 f 0.4670 0.0252 f 0.0039 0.0599 0.0354  0.0248  0.1373  0.1559 
12.8600 f 0.5250  0.0195 f 0.0033  0.0599  0.0354  0.0253  0.1503  0.1676 
13.8760 f 0.5890 0.0210 f 0.0034  0.0599  0.0354  0.0258  0.1441  0.1621 
15.0160 f 0.6600  0.0133 f 0.0029  0.0599  0.0354  0.0258  0.2070  0.2199 
16.2970 f- 0+7500 0.0089 f 0.0027 0+0599 0.0354  0.0257  0.2938  0.3030 
17.7590 f 0.8570  0.0078 f 0.0028  0.0599  0.0354  0.0256  0.3484  0.3562 
19.4160 k 0.9710 0.0062 f 0.0026  0.0599  0.0354 0.0261 0.4165  0.4231 

E, (MeV) 07 (b) PC Pr Pn P T ~  Ptot 



TABLE CXXVIII: Partition of the relative uncertainties for the E, = 946.0-keV transition from the level at E, = 
989.4 keV in the 234U nucleus. 

4.2640 f 0.0990  0.0001 f 0.0006  0.0599  0.0354 0.0250 7.3587  7.3591 
4.4530 f 0.1050 0.0001 f 0.0006  0.0599  0.0354  0.0240  8.1522 8.1525 
4.6470 + 0.1130  0.0001 f 0.0006 0.0599  0.0354  0.0234  11.2344  11.2346 
4,8610 k 0.1220  0.0014 f 0.0023  0.0599  0.0354  0.0233  1.6314  1.6330 
5.0900 * 0.1290 0.0001 rfr 0.0006  0.0599  0.0354  0.0228  7.7387  7.7390 
5.3330 f 0.1400  0.0001 f 0.0005  0.0599  0.0354  0.0227  6.4739  6.4743 
5.5970 * 0.1490  0.0001 -f 0.0005 0.0599 0.0354  0.0223  5.1378  5.1384 
5.8750 & 0.1600 0.0000 f 0.0005  0.0599  0.0354  0.0218  12.8728  12.8730 
6.1810 If 0.1750 0.0000 f 0.0005  0.0599  0.0354  0.0215  13.7258  13.7260 
6.5170 f 0.1870 0.0000 f 0.0005  0.0599  0.0354  0.0202  18.1430  18.1432 
6.8620 f 0.2010 0.0040 f 0.0021  0&0599  0.0354 0.0194 0.5312  0.5361 
7.2370 f 0.2180  0.0067 f 0.0023  0.0599  0.0354  0.0202  0.3430  0.3505 
7.6610 f 0.2420  0.0107 f 0.0025  0.0599  0.0354  0.0215  0.2257  0.2372 
8.1260 f 0.2630  0.0194 z t  0*0031 0.0599  0.0354  0.0213  0.1408  0.1585 
8.6180 f 0.2840  0.0187 f 0.0030  0.0599  0.0354  0.0208  0.1452  0.1623 
9.1600 zk 0.3130  0.0273 f 0.0035  0.0599  0.0354 0.0212 0.1073  0.1296 
9.7570 & 0.3460  0.0324 -f 0.0040  0.0599  0.0354 0.0220 0.0993  0.1232 
10.4140 f 0.3770  0.0305 4 0.0039  0.0599  0.0354  0.0228 0.1060 0.1288 
11.1430 f 0.4250  0.0238 f 0.0035  0.0599  0.0354  0.0241  0.1289  0.1484 
11.9600 f 0.4670  0.0286 z t  0.0040 0.0599  0.0354  0.0248  0.1173  0.1386 
12.8600  0.5250  0.0214 f 0.0034  0.0599  0.0354  0.0253  0.1427  0.1607 
13.8760 k 0.5890  0.0163 f 0.0031  0.0599  0.0354  0.0258  0.1770  0.1919 
15.0160  0.6600  0.0072 f 0.0028  0.0599  0.0354  0.0258  0.3818  0.3889 
16.2970 f 0.7500  0.0012 f 0.0025 0.0599 0.0354 0.0257  2.0825  2.0838 
17.7590 f 0.8570  -0.0053 0.0009 0.0599  0.0354  0.0256 0.1502 0.1674 
19.4160 f 0.9710 0.0001 f 0.0006  0.0599  0.0354  0.0261  4.3895 4.3902 



TABLE C W X :  Partition of the relative uncertainties for the E, = 965.8-keV transition from the level at E, = 
1261.8 keV in the 234U nucleus. 

4.2640 f 0.0990 0.0055,& 0*0020 0.0824  0.0720  0.0375 0.3471 0.3659 
4.4530 f 0.1050  0.0018 f 0.0018  0.0824  0.0720  0.0359  0.9762  0.9830 
4.6470 f 0.1130  0.0029 f 0.0018  0.0824  0.0720  0.0352  0.6232  0.6337 
4.8610 f 0.1220 0.0021 f 0.0018  0.0824  0.0720  0.0354  0.8600  0.8677 
5.0900 f 0.1290 0.0000 f 0.0000 0.0824  0.0720  0.0347 0.0000 0.1148 
5.3330 f 0.1400  0.0047 f 0.0019  0.0824  0.0720  0.0342  0.3822  0.3990 
5.5970 f 0.1490 0.0009 f 0.0017  0.0824  0.0720  0.0332  1.8335  1.8371 
5.8750 & 0.1600  0.0021 f 0.0017  0.0824  0.0720  0.0326  0.8186  0.8265 
6.1810 k 0.1750  0.0042 f 0.0018  0.0824  0.0720  0.0324  0.4099  0.4254 
6.5170 f 0.1870  0.0029 f 0.0017  0.0824  0.0720  0.0302  0.5615  0.5729 
6.8620 f 0.2010 0.0051 f 0.0017  0.0824  0.0720  0.0286  0.3210  0.3403 
7.2370 f 0.2180  0.0069 f 0.0019  0.0824  0.0720  0.0295  0.2500  0.2745 
7.6610 rt 0.2420  0.0108 f 0.0022  0.0824  0.0720  0.0313  0.1703  0.2048 
8.1260 f 0.2630  0.0106 f 0.0022  0.0824  0.0720  0.0312  0.1732  0.2073 
8.6180 f 0.2840  0.0099 f 0.0021 0.0824  0.0720  0.0304  0.1839  0.2161 
9.1600 f 0.3130  0.0120 f 0.0023  0.0824  0.0720  0.0310  0.1556  0.1928 
9.7570 f 0.3460  0.0142 f 0.0026  0.0824 0+0720 0.0320  0.1396  0.1803 
10.4140 f 0.3770  0.0129 f 0.0025  0.0824.  0.0720 0.0331 0.1525  0.1906 
11.1430 f 0.4250 0.0183 f 0.0030  0.0824  0.0720 0.0351 0.1197  0.1660 
11.9600 f 0.4670  0.0148 f 0.0028  0.0824  0.0720 0.0361 0.1450  0.1852 
12.8600 f 0.5250 0.0108 f 0.0025  0.0824  0.0720  0.0370  0.1999  0.2309 
13.8760 f 0.5890  0.0084 f 0.0024  0.0824  0.0720  0.0375  0.2594  0.2841 
15.0160 f 0.6600 0.0084 f 0.0024  0.0824  0.0720  0.0375  0.2594 0.2841 
16.2970 f 0.7500  0.0070 2c 0.0023  0.0824  0.0720  0.0375  0.3057  0.3268 
17.7590 f 0.8570  0.0037 5 0.0022  0.0824  0.0720  0.0374 05685 0.5801 
19.4160 f 0.9710  0.0030 f 0.0021  0.0824  0.0720  0.0381.  0.6974  0.7070 
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TABLE CXXX: Partition of the relative uncertainties for the E, = 981.6-keV transition from the level at E, = 1277.5 
keV in the 234U nucleus. 

4.2640 f 0.0990 0.0000 f 0.0000 0.0824  0.0710  0.0375 O.OOO0 0.1151 
4.4530 f 0.1050  0.0046 2 0.0019  0.0824  0.0710  0.0359  0.3925 0.4089 
4.6470 f 0.1130  0.0026 f 0.0018  0.0824  0.0710  0.0352  0.6774  0.6870 
4.8610 * 0.1220  0.0077 f 0.0021 0.0824  0.0710  0.0354  0.2431  0.2687 
5.0900 f 0.1290 0.0033 f 0.0019  0.0824  0.0710  0.0347  0.5570  0.5685 
5.3330 f 0.1400 0.0040 z t  0.0018  0.0824  0.0710  0.0342  0.4334  0.4482 
5.5970 f 0.1490  0.0019 f 0.0017  0.0824  0.0710  0.0332  0.8827  0.8900 
5.8750 f 0.1600  0.0037 f 0.0018  0.0824  0.0710  0.0326 0.4561  0.4701 
6.1810 f 0.1750 0.0021 f 0.0017  0.0824  0.0710  0.0324  0.7899  0.7980 
6.5170 f 0.1870 0.0030 f 0.0016  0.0824  0.0710  0.0302  0.5355  0.5472 
6.8620 f. 0.2010 0.0045 f 0.0017  0.0824  0.0710  0.0286  0.3564  0.3738 
7.2370 f 0.2180 0.0054 rk 0.0018  0.0824  0.0710  0.0295  0.3048  0.3250 
7.6610 f 0.2420  0.0079 f 0.0020  0.0824  0.0710  0.0313  0.2247  0.2516 
8.1260 f 0.2630 0.0080 f 0.0020  0.0824  0.0710  0.0312  0.2180  0.2456 
8.6180 f 0.2840 0.0101 f 0.0021  0.0824  0.0710  0.0304  0.1768  0.2098 
9.1600 f 0.3130  0.0077 f 0.0020  0.0824  0.0710  0.0310  0.2336  0.2595 
9.7570 f 0.3460 0.0121 f 0.0024 0.0824 0.0710  0.0320  0.1597  0.1959 
10.4140 f 0.3770  0.0110 f 0.0023  0.0824  0.0710  0.0331  0.1745  0.2082 
11.1430 f 0.4250  0.0108 f 0.0024  0.0824  0.0710 0.0351 0.1884  0.2204 
11.9600 f 0.4670  0.0102 f 0.0024  0.0824  0.0710 0.0361 0.2007 0.2311 
12.8600 f 0.5250  0.0118 f 0.0026  0.0824  0.0710  0.0370  0.1828  0.2159 
13.8760 k 0.5890  0.0062 f 0.0022  0.0824  0.0710  0.0375  0.3367  0.3558 
15.0160 f 0.6600 0.0041 f 0.0021 0.0824  0.0710  0.0375  0.5062  0.5191 
16.2970 f 0.7500 0.0007 f 0.0020  0.0824  0.0710  0.0375  2.9334  2.9357 
€7.7590 f 0.8570  0.0027 f 0.0021 0.0824  0.0710  0.0374  0.7631  0.7717 
19.4160 f 0.9710 0.0011 f 0.0020  0.0824  0.0710 0.0381 1.8002  1.8039 
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TABLE CXXXI: Partition of the relative uncertainties for the E, = 984.2-keV transition from the level at E, = 
1127.6 keV in the 234U nucleus. 
E, (MeV) 0 7  (b) PC Pr Pn Prn Ptot 
4.0900 + 0.0930 O.OOO0 f 0.0000 0.0824  0.0710  0.0385 0.0000 0.1154 
4.2640 f 0.0990 0.0000 f 0.0000 0.0824  0.0710  0.0375 0.0000 0.1151 
4.4530 f 0.1050 0.0000 f 0.0000 0.0824  0.0710  0.0359 0.0000 0.1146 
4.6470 f 0.1130 0.0000 k 0.0000 0.0824  0.0710  0.0352 0.0000 0.1143 
4.8610 f 0.1220 O.Oo00 zk 0.0000 0.0824  0.0710  0.0354 0.0000 0.1144 
5.0900 f 0.1290  0.0034 f 0.0021 0.0824  0.0710  0.0347  0.6296  0.6399 
5.3330 f 0.1400  0.0025 f 0.0021  0.0824  0.0710  0.0342  0.8258  0.8336 
5.5970 f 0.1490  0.0049 f 0.0021 0.0824  0.0710  0.0332  0.4116  0.4270 
5.8750 f 0.1600  0.0019 f 0.0020  0.0824  0.0710  0.0326  1.0403  1.0465 
6.1810 f 0.1750  0.0042 f 0.0020  0.0824  0.0710  0.0324  0.4650  0.4786 
6.5170 f 0.1870 0.0053 f 0.0020  0.0824  0.0710  0.0302  0.3633  0.3804 
6,8620 f 0.2010  0.0032 z t  0.0019  0.0824  0.0710  0.0286  0.5856 0.5963 
7.2370 f 0.2180  0.0058 zk 0.0020  0.0824  0.0710  0.0295  0.3303  0.3490 
7.6610 f 0.2420  0.0092 f 0.0024 0.0824 0.0710  0.0313  0.2299  0.2563 
8.1260 z t  0.2630  0.0093 f 0.0024  0.0824  0.0710  0.0312  0.2272  0.2538 
8.6180 f 0.2840  0.0086 f 0.0023  0.0824  0.0710  0.0304  0.2428  0.2678 
9.1600 f 0.3130  0.0142 f 0.0027  0.0824  0.0710  0.0310 0.1561 0.1927 
9.7570 f 0.3460  0.0156 f 0.0029 0.0824 0.0710 0.0320  0.1454  0.1844 
10.4140 f 0.3770  0.0164 f 0.0030  0.0824  0.0710  0.0331  0.1430  0.1827 
11.1430 f 0.4250  0.0122 f 0.0028  0.0824  0.0710  0.0351  0.1954  0.2264 
11.9600 zk 0.4670  0.0155 zk 0.0031  0.0824  0.0710  0.0361  0.1593 0.1962 
12.8600 f 0.5250  0.0071 f 0.0026  0.0824  0.0710  0.0370  0.3449  0.3635 
13.8760 f 0.5890  0.0091 f 0.0027  0.0824 0+0710 0.0375  0.2775  0.3004 
15.0160 & 0.6600 0.0053 4 0.0025  0.0824  0.0710  0.0375  0.4615  0.4757 
16.2970 f 0.7500 0.0045 k 0.0025  0.0824  0.0710  0.0375  0.5414  0.5535 
17,7590 f 0.8570  0.0053 f 0.0025 0.0824 0.0710  0.0374  0.4622 0.4763 
19.4160 f 0.9710 0.0047 * 0.0025  0.0824  0.0710  0.0381  0.5294  0.5418 
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APPENDIX E: DETAILED  CHECK OF CALCULATIONS 

In  this section we carry  out a simplified version of the calculations used to obtain  the  partial y-ray cross sections 
quoted in this  paper to check the calculations in detail at each step. To this end, we examine the extracted yield for 
the 6: + 4; in the E, = 11.511-12.360-MeV bin (i.e. bin  21 in all yield tables found in this  paper) using the 235U 
fission-foil normalization. We assume that  the process leading to  the sorted data (e.g. data acquisition,  detector- 
energy and -time alignment in the  sort,  etc . . .) are free from substantive  errors.  Certainly  the agreement with the 
5sFe partial cross section and  internal consistency checks (between 98Thin,  9&Thick, and 99Thin data sets) seem 
to support  this  assumption.  Therefore,  our goal is to discount systematic mistakes in the analysis by presenting each 
step in detail,  and with adequate approximations to make the derivation easy to follow but still preserve convincing 
agreement with the more sophisticated calculation. Thus, equations 3, 4, 5, and 8 are combined and simplified to 
yield: 

A 

where the symbols are explained in sections I1 A 2 and I1 A 3. We present this simplified calculation for both  the 
(98Thin and 99Thin. 

1 Analysis of the 98Thin Data Set 

a Kinematics 

We begin by ignoring the complicated formula (equation 6) used to  extract  the neutron-nergy-bin centroid  and 
use instead the midpoint En = 11.936 MeV  of the 11.511-12.360-MeV range, which agrees very well with the value 
of 11.952 MeV obtained by the more sophisticated treatment.  The  distance traveled by both neutrons and gammas 
from the spallation  source to  the 23EiU foil  in the fission chamber is d = 18.482 m. Rather  than using equation 29 we 
calculate the timeof-flight (TOF) relative to  the y flash classically. The y-ray TOF is simply d /c ,  where c FZ 0.300 
m/ns is the speed of light in a vacuum. Similarly, the TOF of a neutron  with kinetic energy En is d/v where: 

with m, the neutron  rest mass. Therefore, the TOF of the neutron  relative to  the y ray is given by: 

Using the  neutron rest energy mc2 = 939.56 MeV, we obtain: 

The values obtained  with the relativistic  treatment of equation 29 are Atmin = 321.94  ns and At,,, = 335.57 ns, 
in good agreement with the classical values. The distance  from the spallation  target to  the focal point of the GEANIE 
spectrometer is d = 20.34 m. In  this case the corresponding TOFs are: 

EAmin) = 11.511 MeV + Atma, = 365.33 ns 
Eimas) = 12.360 MeV =+ Atmin = 350.19 ns 
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b Analysis of the Fission-Chamber Data 

The fission-chamber data corresponding to neutron-induced fission events were sorted  into the TOF spectra shown 
in figure 3. In the 235U-foil spectrum,  the y flash can be seen at  channel position xf = 323 (each digitization channel 
corresponds to 0.5 ns and the absolute position of the y flash is arbitrary, i.e. channel position zero does not  hold any 
special significance). the TOFs calculated in equations E4 and E5 therefore correspond to channel positions: 

x,in = 1323 + 318.20/0.5j = 959 
xmaZ = 1323 + 331.96/0.5] = 986 

where the ‘‘1 1” symbols denote the mathematical “floor” function (Le. 1zJ is the greatest integer not larger than x). 
This  truncation method has been  chosen as a matter of convention and  can, in principle produce slight discrepancies 
from a different approach, such as rounding the channel number to  the nearest integer. However,  in the  actual 
calculation of the flux normalization Nd using equation 5, each channel is included in the calculation with a weighting 
factor,  and considerations in converting from a real-valued TOF  to  an integer channel number are irrelevant. The 
number of counts in the 235U-f0il TOF spectrum between these channel positions is: 

N(,law) = 5963 f 77 

As discussed in section I1 A 2, a baseline background is subtracted to remove counts  due to beam wraparound. 
For the present calculation, we verify  visually that the baseline lies at a height of zz 24 counts/channel. Therefore the 
subtracted count is: 

NfC a 5963 - 24(986 - 959 + 1) = 5291 (Ell)  

The actual value, found in table 11, is 5498 f 74, and differs from our  estimate by only 4%. The discrepancy is due 
to  the slight difference in TOFs produced by the classical and relativistic approaches. 

Next, we estimate the number of 235U atoms per unit area in the 235tT fission  foil (i.e. the areal  density). The 
foil is approximately 400 pg/cm2 thick, and is 98.208%-enriched in 235U isotope. The atomic mass of 235U is 
235.043923062(2115) u [28], where 1 u = 1.66053873 X g .  Thus  the areal density of 235U in the fission  foil  is: 

1 
400 x lo-‘ (5) x 235.043923062 X 1.66053873 X (a) (“?) atoms 

X - x 0.98208 

atoms 
b 

= 1.0065 X lo-‘- 

The value €or this number, measured by a-decay counting [9], is 1.037(7) x atoms/b, which agrees-to within 
3% with the  approximate value. 

Next, we obtain the 235W(n,f) cross section from the ENDF/B-VJ. evaluation [ll] for the neutron energy closest to 
the midpoint value E, = 11.936 MeV:  we  find ac,,~,(E, = 12MeV) = 1.7347 b. The  (n,f) cross section varies by 
3.4% over the 11.511-12.360-MeV bin and therefore we expect the midpoint value to  be fairly representative. 

Deadtimes used throughout this report were obtained by comparing counts digitized in ADC (Analog-to-Digital 
Conversion) modules to those  same counts incremented with little  preprocessing in scaler modules. Occasional noise 
in the acquisition system  can cause counts in the scaler modules to spike briefly. Therefore, as an additional  precaution, 
an upper bound was placed on scaler counts for individual detectors.  The occurrence of such noise should be a rare 
event, and in this section, we relax the upper-bound constraint  on scaler counts for comparison. The pertinent  counts 
are listed in table CXXXII. 

TABLE CXXXII: . _  - 
Detector ADC counts Scaler counts Livetime = 
sum of planars 4.67743 X lo8 8.299444 x lo8 0.5636 

L C  

235u foil 602879 1.00468 x 1U6 0.6001 
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The livetime obtained for the 235U-fission-foil signal is 0.6001, in perfect agreement with the value of 1-0.3999 = 
0.6001 calculated with the upper-bound constraint  and used earlier in the  report. 

We can now calculate the neutron  count N,, for the bin, calculated using equation 3. To compare with  the 
corresponding number in table 11, equation 3 should be integrated over the 11.511-12,36O-MeV bin as a function of 
TOF. To lowest order, we can  take  all  quantities in the expression to be roughly constant. For the fission chamber, 
we take  the value ~d = 0.941 determined in [9]. The energy increment SE, in the lowest-order approximation, can be 

I taken as the average value  over the bin; since there  are 986-959+1 = 28 channels (which  were added individually to 
obtain the number of counts Nf, = 5291 in the fission-foil data) in this AE = 12.360-11.511 = 0.849 MeV bin, we 
deduce SE ==; AE/28 = 0.0303 MeV. Thus, we calculate: 

5291 
Nnc = 0.941 x 0.6001 x 0.0303 x 1.7347 x 1.0065 x 10P6 ' 

(E13) 

= 1.771 x 10l1 n/MeV (E141 

which agrees within 4% with the value of 1.709 X 10l1 in table 11. The SE factor in the denominator is included 
only as a  matter of convention and is  canceled out in the final calculation of the flux normalization N4 (see equation 
4). Therefore, we can remove the ambiguity introduced by this factor by directly examining the number of neutrons 
(call it Nnn) counted in this bin  for the  duration of the experiment. In  the simple calculation delineated here, this 
number is Nnn = 1.771 x 10l1 x 0.0303 = 5.366 x IO9 neutrons.  The number obtained by the more sophisticated 
approach (i.e. from equation 3 without the SE factor) is 5.310 X lo9 neutrons, or a 1.0% discrepancy. 

Again as a matter of convention, the sample areal density (usample) is incorporated into  the calculation of the flux 
normalization factor N4, which carries units of barn-'. Thus,  the final step in the fission-chamber data analysis 
requires asample, in order to calculate N+ according to equation 4. We re-derive the sample areal density from basic 
sample-properties measurements. The 98Thin sample consisted of two laminated packages each containing two 
235U-enriched foils. The total mass of the first package  was 4.56 g,  with the plastic laminant accounting for 0.36 g 
of that mass. The average area of the two foils  in the first package was determined to be 15.8 cm2- Similarly, the 
second package had a total mass of 4.96 g, with a 0.36 g plastic laminant  and an average area of 15.5 cm2 for its two 
constituant foils. Therefore, the  total areal density of the sample is: 

4.56 - 0.36 4.96 - 0.36 " 15.5 15.8 
= 0.562 g/cm 2 

This areal density must be corrected for the 93.2324% isotopic enrichment in 235U: 

0.932324 x 0.562 = 0.524 g/cm 2 

In perfect agreement with the value quoted in 191, In  addition, because the sample was positioned at 19" with respect 
to  the beam direction, the effective areal density of the sample is obtained by increasing the OO-with-respect-to-beam 
value above by a factor of I/cos(l9"): 

0.524 
= 0.555 g/cm2 

ws( 190) 

which we convert for computational convenience into  units of atoms/barn: 

1 atoms a n 2  
X - 0.555 - X 

( L 2 )  235.043923062 X 1.66053873 X (,> ( b ) 
= 0.00142 (7) atoms 

Thus, using equation 4 it follows that: 

N4 = 1.771 X 10" X 0.00142 X 0.0303 
= 7.620 X lo6 b-I 
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The value quoted in table 11, 6.993 x lo6 b-’, agrees within 9%. This discrepancy is noticeably larger than 
those encountered before. About 4% of that deviation is already seen in the calculation of the neutron count N,, 
and can  be attributed  to a combination of the slight difference in channel ranges between  cIassical and relativistic 
formulations  and to the constant-value approximation in the  terms of equation 4. The remainder of the discrepancy 
is due to  the correction for neutron-TOF  distribution applied in the more sophisticated treatment, used  in this  report 
and formulated in equation 5. In fact, almost all of the remaining discrepancy can be directly attributed  to  the 
smoothing+xer-channels that is naturally implemented by equation 5. This can be  made manifest by applying 
equation  5 assuming no timing uncertainty (Le. oT = 0). The value obtained in this  extreme limit is N+ = 6.965 x lo6 
b-l, or essentially unchanged. Thus we conclude that  the remaining 5% discrepancy between the approximate  and 
sophisticated calculations of N+ is due primarily to  the smoothing effect of the weighting factors in equation 5, which 
compensates for sizeable fluctuation in the low-statistics fission-foil spectrum. 

c Analysis of the y-ay Data 

The y-ray data from the 98Thin set were sorted  into a matrix of counts with y-ray energy along one axis, and 
neutron TOF along the other. As with the fission-chamber data,  the  TOF axis is digitized into 0.5-ns channels. 
For the y-ray data,  the y flash centroid is found at channel position xf = 532, so that  the  TOF-channel range 
corresponding to the 11.511-12.360-MeV bin can be obtained from the TOFs determined above: 

X m i n  = 1532 + 350.19/0.5] = 1232  (E211 
xmaz = 1532 + 365.33/0.5J = 1262  (E221 

A y-ray energy spectrum for the 11.511-12.360-MeV bin  is generated by placing a TOF cut from channel 1232 to 
channel 1262 on the E,-TOF matrix. A portion of that spectrum-determined using the more appropriate relativistic 
TOFs-which includes the 6; ”+ 4; transition can be  seen  in figure 76). As an independent test of the fitting code 
XGAM  used in this  report, we obtain  the number of counts under the 6: + 4; peak in this  spectrum by two additional 
methods.  First we use an entirely different fitting code, GF2, written by D.C. Radford and commonIy  used  in  y-ray 
spectroscopy analysis. This fit yields an  area of 7953 rt 133 counts for the 6; + 4: peak, with x2/u = 2.33 for the 
fitted region around the peak. Second, we simply sum the counts under the peak, with a linear baseline subtraction 
determined from the background height on  either side of the peak. This procedure yields an  area of 8397f 126 counts. 
The XGAM estimate for the 6; -+ 4f peak area, listed in table V, is 8238 AI 131 and agrees within 4% with either 
alternate  method.  The discrepancy between GF2 and XGAM fit  is not surprising. A more sophisticated peak shape 
formulation was used  in  XGAM to account for Gaussian asymmetry as well as low- and high-energy tails in the peaks. 
All of these effects are observed in the  data. These contributions to  the peak shape were parameterized from the fit 
to  the entire  spectrum  and  are  therefore believed to be accurate  and  robust. The parameters for these peakshape 
components are listed in table I for the 98Thin fits. Therefore, it is expected that some of the counts will be missed 
by the GF2 fits, specifically in the high-energy tail. 

In  the fission-chamber data analysis above, we discussed in particular the procedure by  which real-valued TOFs 
were converted to integer channel numbers. In that case, because the formulas used to extract  the flux normalization 
provided a  natural smoothing-ver-channels, concerns regarding channel-number rounding were shown to  be irrele- 
vant.  In the case of the y-ray data,  the situation is seemingly different since, at  first glance, no comparable smoothing 
is carried out (see equation 8).  However, since the peak areas  are  obtained by fitting, the results are made more 
stable  against the exact choice of channels. For completeness, we have extracted  the 6; + 4: peak area using GF2 
for rounded (rather  than  truncated) values of the channel numbers. In that case xmin = 1232 and x,,, = 1263. The 
corresponding fit yields an  area of 8011 f 129 counts for the 6: -+ 4; peak,  with x 2 / v  = 2.47 for the  fitted region 
around the peak, which differs by 0.7% from  the truncated-hannel approach. 

The livetime for the sum of planar  detectors is  shown  in table CXXXII and agrees within 3% with the value  used in 
this  report.  The slight discrepancy is due to occasional noise  in the  system, which  is more likely to affect the livetime 
value obtained in this appendix. 

FinalIy, we require the  total  internal conversion  coefficient,  which we obtain for the 6; --+ 4; transition from the 
ENSDF tabulation [lo] as Q = 2.19 (in agreement with the value found in [SI). We aiso require the y-ray detection 
efficiency. Since there is no simple way of obtaining this number, we use the value of 0.01526 calculated by McNabb 
[9] for a 150-keV y ray. Combining all the quantities in this  appendix,  and using equation E l ,  we obtain: 

1 + 2.19 7953 
0.01526 x 0.5636 x 7.620 x lo6 -+41 +. (11.511 - 12.360 MeV) = 



276 

= 0.387 b W 3 )  

The partial cross section of 0.446 b, calculated by more sophisticated means for this bin, can be found in table V and 
agrees within 15% with the approximate value. The discrepancy can be entirely accounted for by the approximations 
made here for ease of presentation. 

2 Analysis of the 99Thin Data Set 

a Kinematics 

Because  none of the pertinent  quantities changed between the 1998 and 1999 GEANIE experiments, the TOFs 
calculated above for the 98Thin data set remain the same. 

b Analysis of the Fission-Chamber Data 

The position of the y flash in the fission-chamber TOF spectrum is  differs  between the 98Thin and 99Thin data 
sets. For the 99Thin, we have x ~ f  = 85 in the fission chamber. Since the value of this position is arbitrary,  the 
difference between data sets is of no  consequence, as long as we calculate the appropriate channel numbers for the 
fission-chamber data analysis: 

zmin = 185 + 318.20/0.5J = 721 
X,,, = 185 + 331.96/0.5] = 748 

Following the same procedure as for the 98Thin analysis we find: 

N$EaW' = 7106 f 84 

for the 235U fission-foil data. A visual inspection reveals a baseline of NN 25 counts/channel, consistent with 
observations €or the 98Thin data. Thus: 

Nf, 7106 - 25(748 - 721 + 1) 6406 0327) 

which  is within 1.4% of the  actual value 6497, found in table XI. The livetimes €or this experiment are calculated 
using the numbers in table CXXXIII. 

TABLE CXXXIII: 
Detector ADC counts Scaler counts Livetime = 
sum of Dlanars 4.16854 x 10' 1.44655 X 10" 0.2882 
2 3 5 ~  foil 656310  1.91243 x lo6 0.3432 

We can therefore calculate N,, as we did for the 98Thin data: 

6406 
0.941 x 0.3432 x 0.0303 x 1.7347 x 1.0065 x 10-6 N n c  = 

= 3.749 x 10l1 n/MeV 

which  is within 6.0% of the  actual value of 3.536 x loll ,  found in table XI. Here again, a direct comparison of the 
energy-integrated number of neutrons N,, yields 1.136 x lo1' in the simplified approach, compared to 1.098 X lo1' 
in the more sophisticated treatment, or less than a 3.5% discrepancy. 

Next, in order to calculate the sample density, we compile the mass and average area of each of its component foils 
in table CXXXIV. 
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TABLE CXXXIV: 
Foil id Mass (g )  Area (an') Mass/Area (g/cmz) 
268 0.7607 6.56605 0.1158 
269 0.7739 6.41419 0.1206 
270 0.7884 6.36053 0.1240 
271 0.7957 6.50501 0.1223 

Adding the individual areal densities yields: 

0.1158 + 0.1206 + 0.1240 + 0.1223 = 0.4827 g/cm 2 

which we correct for the sample enrichment: 

0.4827 x 0.932324 = 0.4500 g/cm2 

and for the sample  orientation with respect to beam: 

0.4500 = 0.4759 g/crn2 
WSl9O 

and convert into  units of atoms/barn: 

0.4759 x 
235.043923062 x 1.66053873 x 

= 0.1219 atoms/b 

n o m  this, we calculate: 

N+ = 3.479 X 10l1 X 0.1219 X 0.0303 
= 1.385 X lo7 b-' (E341 

The  actual value quoted in table XI is 1.265 b-l, or a 9% discrepancy. The same over-estimation of N4 was 
observed in the 98Thin data analysis  and has been accounted for in terms of the approximations made in the present 
calculation. 

c Analysis of the y-ray Data 

The +ash position in the y-ray TOF is at xf = 227. Therefore we calculate the channel limits: 

x,itZ = 1227 + 350.19/0.5] = 927 
zm,, = 1227 + 365.33/0.5] = 957 

The GF2 fit corresponding to  that channel range yields an area of 5691 f 123 counts for the 6: + 4f peak, 
with a x2/v = 1.057 for the fitted region. The corresponding area obtained  with XGAM is 6191 f 125, or an 8.8% 
discrepancy. This is a, relatively sizeable disagreement between the two fitting codes. Part of the discrepancy can be 
attributed to  the difference  in TOFs between the classical and relativistic calculations. If the same GF2 fit is applied 
to the channel range x,in = 935 to zmaz = 965, which corresponds to the relativistic TOFs, an  area of 5965 f 124 
counts is obtained for the 6; "+ 4: peak, which reduces the discrepancy between GF2 and XGAM to 3.8%. Another 
contribution to  the discrepancy is due to the high-energy tails included in the XGAM peak shapes. Repeating the 
XGAM fit for the z = 927-957-channel bin without high-energy tails yields an  area of 5699 & 119 counts, in perfect 
agreement with the GF2 result.  These high-energy tails are known to exist in the GEANIE data and have  been 
observed in individual detectors.  They are more prominent in 99Thin than 98Thin spectra  and account for w 6.0% 
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of the  area of any given peak. Because this component of the peak shape has been set by a fit to  the  entire y-ray 
spectrum, we expect  it to  be as accurate  and reliable as possible, given the  statistics of the 99Thin data, 

The  deadtime €or the planar  detectors is given  in table CXXXIII as 0.2882. The efficiency  for a 150-keV 7 ray  has 
been calculated 

which differs 
approximations 

[9] to be 0.01313. Using these  results we calculate an  approximate cross section: 

1 + 2.19 x 569 1 
0.01313 x 0.2882 1.385 x lo7 

a,;44; (11.511 - 12.360 MeV) = 

from the  tabulated value of 0.407 barns by w 18%. This discrepancy can be accounted for by the 
made in the present calculation. 

APPENDIX F: CHECK OF XGAM BACKGROUND FITS 

The background underneath each peak in the  spectrum (Le. those  counts which do  not  contribute  to  the  peak's 
area)  has two components: i) a  continuum background, modeled by a polynomial function in the XGAM fits, and ii) 
a Compton-scattering  background, modeled by a smooth  step function (specifically, the functional form is generated 
by the  error function e r f ( z ) ) -  The  true background, approximated by these two components in the XGAM fits,  has 
a complicated from which results from the combination of among  other effects, the detector response, unsupressed 
Compton-scattering  events, electronic cutoff settings,  and unresolved discrete y rays. In nearly all y-ray spectroscopy 
analysis, the continuum background is modeled locally (typically, over a range encompassing a dozen or so peaks) by 
a low-order polynomial (usually linear or  quadratic).  This approach-though flexible and convenient-incorporates a 
significant drawback into the fitting procedure by not  ensuring  continuity and smoothness (i.e. higher-order differ- 
entiability) from one fitted region to  the next.  In XGAM these  boundary  conditions  are  automatically enforced by 
the use of a single polynomial over the entire  spectrum to reproduce the continuum background. However, some care 
must be exercised to ensure that  the polynomial is sufficiently constrained by the  data in the fitted  spectrum. If the 
polynomial is given too many degrees of freedom, it may display local oscillations not  warranted by the  data, for the 
sake of improving the overall fit. 

In  this section, we verify that  the polynomials used in the fits of the 98Thin and 99Thin data  sets  are well- 
behaved. For the 4: 4 2:, 6; + 4:, 8: + S ; ,  and 10; + 8; transitions, we have repeated the XGAM fits with the 
same peak-shape parameters  but in a region localized around  the peak of interest  and using a linear-polynomial for 
the continuum background. The results of these localized fits are compared for the four transitions in tables CXXXV- 
CXXXVIII. For convenience, the comparison in the tables is quantified by the  statistic: 

where A(adop ted )  is the peak area  adopted in the body of this  report  and  obtained using a polynomial function  fitted 
over the entire  spectrum to model the continuum background, and is the peak area  obtained using a localized 
fit, with a linear-polynomial background. In almost all cases, it found that F1 yields a value smalIer than one. In 
other words, the uncertainties  obtained in the fits more than adequately  compensate for any  deviations  due to  the 
choice of a large polynomial order used in the global fit versus a low polynomial order in local fits. 

In figures 99-119  we display the background used for both 98Thin and 99Thin fits of each neutron energy bin above 
the  (n,2n) threshold. The backgrounds shown include the contributions from the continuum-background polynomial 
as well as individual  Compton  steps.  These figures are  that  i)  the background parameterization  produces a reasonable 
shape  underneath each spectrum  and ii) the background shape is stable from one  neutron- energy bin to  the next, 
and no localized undulations are produced in a given bin as a result of decreased peak statistics. We mention in 
passing a few features that  the attentive  reader may notice in these figures: 

e the background is higher in the 99Thin than in 98Thin data in the x-ray region. This  results from two factors: 
i) the Compton  step was less pronounced in the 1999 data  and ii) the 1999 data were acquired and analyzed 
with higher dispersion in the ADC modules @e. full energy range  digitized over 16384 channels versus 8192 in 
the 1998 experiments), this results in less-pronounced "clumping" of peaks in  the dense x-ray region compared 
to  the 1998 data. 
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0 The  apparent discontinuity in background shape observed under the strongest peaks is produced by the Compton 
step. The appearance of a sharp  step is caused by the expanded plotting range, in actuality, the function form 
produces a locally smooth  shape.  Furthermore, the size of the  step is proportional to the peak height, so that 
it  appears more pronounced for the stronger lines. 

0 Some variations in background shape  can be observed over the full range of the spectrum, however they follows 
the  shape of the spectrum itself and always occur on a scale far larger than  the width of a peak. 

0 The peak observed at 847 keV in the 99Thin data is produced by the 2; + transition in 56Fe, because of the 
natFe foils included in the 1999 .run, but not in the 1998 experiment. 

TABLE CXXXV: Comparison of adopted XGAM fits for the 4: -+ 2;t' to XGAM fits with a linear background. 
E, (MeV) A(1998) (adopted) A(1998) (linear bkg) AA/o A(lgg9j (adopted) A(1999) (linear bkg) AA/o 
4.090 f 0.093 0 f 60 O f 0  0.00 583 f 145 644 f 146 -0.30 
4.264 f 0.099 56 & 207 
4.453 f 0.105 3 f 92 
4.647 f 0.113 4 f 96 
4.861 f 0.122 0 f 64 
5.090 f 0.129 469 f 218. 
5.333 f 0.140  590 f 220 
5.597 0.149 572 f 219 
5.875 f 0.160 377 f 221 
6.181 f 0.175 1495 zk 227 
6.517 f 0.187 2035 f 234 
6.862 f 0.201 1838 f 235 
7.237 f 0.218 2327 f 238 
7.661 f 0.242 2233 zk 235 
8.126 f 0.263 2502 zk 239 
8.618 f 0.284 2619 f 242 
9.160 k 0.313 2686 f 241 
9.757 jz 0.346 3211 f 241 
10.414 f 0.377 2835 f 241 
11.143 f 0.425 2557 f 238 
11.960 f 0.467 2836 & 239 
12,860 f 0.525 2625 f 234 
13.876 f 0.589 1589 f 230 
15.016 f 0.660 1161 f 225 
16.297 f 0.750 693 f 224 
17.759 f 0.857  373 f 223 
19.416 f 0.971 8 * 218 

71 f 198 
0 * 39 
7 f 153 
0 * 20 
490 f 210 
613 f 211 
576 f 211 
379 Z t  212 
1516 z t  219 
2071 f 226 
1885 f 227 
2358 f 230 
2265 =t 227 
2542 230 
2653 & 234 
2729 f 233 
3254 f 233 
2881 f 232 
2597 f 230 
2867 f 231 
2658 f 226 
1612 f 222 
1182 f 217 
711 f 216 
404 f 214 
27 f 214 

-0.05 
0.03 
-0.02 
0.00 
-0.07 
-0.08 
-0.01 
-0.01 
-0.07 
-0.11 
-0.14 
-0.09 
-0.10 
-0.12 
-0.10 
-0.13 
-0.13 
-0.14 
-0.12 
-0.09 
-0.10 
-0.07 
-0.07 
-0.06 
-0.10 
-0.06 

540 & 149 
632 f 153 
557 f 154 
469 f 154 
394 f 154 
645 f 153 
492 152 
832 z t  155 
1319 f 156 
1841 f 160 
1892 f 162 
1552 f 160 
1741 z t  159 
1890 zk 161 
2067 f 162 
2314 f 163 
2175 f 161 
2163 f 161 
2097 f 159 
2278 f 161 
2133 f 160 
1285 f 154 
940 3z 151 
992 f 150 
529 zk 146 
812 f 149 

601 f 150 
579 f 154 
603 f 156 
474 f ,151 
514 f 156 
699 f 155 
556 f 155 
867 f 156 
1251 f 157 
1757 & 161 
1845 f 163 
1608 f 161 
1770 f 160 
1945 f 162 
2171 f 163 
2346 & 164 
2272 f 162 
2214 f 162 
2171 f 160 
2348 f 162 
2195 f 161 
1279 f 155 
986 f 152 
1099 f 151 
606 f 147 
880 f 150 

-0.29 
0.24 
-0.21 
-0.02 
-0.55 
-0.25 
-0.29 
-0.16 
0.31 
0.37 
0.20 
-0.25 
-0.13 
-0.24 
-0.45 
-0.14 
-0.42 
-0.22 
-0.33 
-0.31 
-0.27 
0.03 
-0.21 
-0.50 
-0.37 
-0.32 
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TABLE CXXXVI: Comparison of adopted XGAM fits for the 6: -+ 4; to XGAM fits with a linear background. 
E, (MeV) A(1998) (adopted) A(1998) (linear bkg) AA/a A(1999)-(dop~ed) A(’’’’) (linear bkg) AA/a 
4.090 f 0.093  223 f 73  248 f 73 -0.24 166 f 79  152 f 79 0.13 
4.264 f 0.099 212 f 73 
4.453 f 0.105 237 f 74 
4.647 f 0.113  146 f 73 
4.861 f 0.122  214 f 74 
5.090 f 0.129  318 f 76 
5.333 f 0.140  231 f 75 
5.597 f 0.149  343 f 78 
5.875 f 0.160 820 f 83 
6.181 f 0.175  2015 f 93 
6.517 f 0.187  3350 f 104 
6.862 f 0.201 4162 f 110 
7.237 f 0.218  4970 f 114 
7.661 f 0.242  5076 f 115 
8.126 f 0.263 5653 * 118 
8.618 f 0.284  6751 f 124 
9.160 f 0.313 7114 f 126 
9.757 f 0.346 7726 j z  129 
10.414 f 0.377  7833 f 129 
11.143 f 0.425 8267 f 131 
11.960 f 0.467 8238 f 131 
12.860 f 0.525  7022 + 125 
13.876 f 0.589  4929 f 115 
15.016 f 0.660  3414 f 106 
16.297 f 0.750  2361 f 99 
17.759 & 0.857  1905 f 96 
19.416 f 0.971  1708 4 95 

213 f 73 
235 f 74 
135 f 72 
194 If: 74 
284 f 76 
232 f 75 
350 f 78 
798 f 83 
2012 f 93 
3344 f 103 
4148 f 109 
4965 f 114 
5073 f 115 
5638 f 118 
6759 f 125 
7094 f 126 
7708 f 129 
7827 f 129 
8257 f 131 
8230 f 132 
7021 f 125 
4871 f 115 
3403 & 106 
2364 f 100 
1874 f 96 
1711 f 96 

-0.01 62 f 79  20 f 79 0.38 
0.02 172 f 80 117 f 80 0.49 
0.11 213 k 82 188 f 81 0.22 
0.19 36 f 75 1 f 39 0.41 
0.32 0 f 15 O k O  0.00 
-0.01 0 f 12 4 & 56 -0.07 
-0.06 23 f 84 34 f 85 -0.09 
0.19 439 f 90 418 It 89 0.17 
0.02 1467 f 99 1405 f 99 0.44 
0.04 2572 f 107 2484 f 107 0.58 
0.09 3414 f 113 3404  113 0.06 
0.03 3735 f 114 3658 f 113 0.48 
0.02 3779 f 113 3814 f 113 -0.22 
0.09 4633 f 119 4638 f 119 -0.03 
-0.05 5057 f 122 5092 f 121 -0.20 
0.11 5597 f 123 5549 f 123 0.28 
0.10 5845 f 124 5831 f 124 0.08 
0.03 6227 f 125 6240 f 125 -0.07 
0.05 6353 * 126 6361 f 126 -0.04 
0.04 6191 f 126 6178 f 126 0.07 
0.01 5350 f 123 5347 f 122 0.02 
0.36 4080 f 117 4053 & 117 0.16 
0.07 2824 f 110 2857 f 109 -0.21 
-0.02 2087 f 105 2113 f 105 -0.18 
0.23  1431 f 101  1512 f 100 -0.57 
-0.02  1150 f 100 1217 f 99 -0.48 
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TABLE CXXXVII: Comparison of adopted XGAM fits €or the 8: + 6: to XGAM fits with a linear background. 
E, (MeV) A(1998) (adopted) A(1998) (linear bkg) AA/a A(”’’) (adopted) A(1999) (linear bkg) AA/a 
4.090 f 0.093  177 f 106 261 f: 79 -0.64  639 f 88 549 f 91 0.71 
4.264 zk 0.099  58 f 105 61 f 78 -0.02 813 f 90  700 f 93 0.88 
4.453 f 0.105 266 f 107 282 f 81 -0.12 712 f 90  697 f 94 0.12 
4.647 f 0.113 1 f 81 19 f 72 -0.17 787 f 91 733 f 95  0.41 
4.861 & 0.122  207 f 107  243 z t  81 -0.27  913 f 93 900 f 97  0.10 
5.090 f 0.129 40 f 108  111 f 82  -0.52  856 f 93  834 f 97  0.16 
5.333 f 0.140  144 f 108 169 f 82  -0.18 708 f 93 602 f 93 0.81 
5.597 f 0.149  27 f 104 81 f 82 -0.41 654 f 93  517 f 96 1.03 
5.875 f 0.160 117 f 108  173 f 83 -0.41 804 f 95 710 f 98 0.69 
6.181 & 0.175  677 f 112 754 f 88 -0.54 1308 f 98  1264 f 101 0.31 
6.517 f 0.187  1775 f 119  1853 f 98 -0.51 1941 f 103  1855 41 104  0.59 
6.862 f 0.201 2342 f 124 2358 f 104 -0.10 2711 d~ 109  2667 f 113 0.28 
7.237 f 0.218  3043 f 127  3041 f 108 0.01 3023 f 111 2993 f 115 0.20 
7.661 41 0.242  3292 f 128  3303 z t  108  -0.07  3367 f 112 3322 f 117  0.28 
8.126 f 0.263  3949 f: 132  3957 f 113 -0.05 3906 f 116  3911 f 120  -0.03 
8.618 f 0,284  5316 f 138  5318 f 121 -0.01 4735 -f 121 4576 f 121 0.93 
9.160 f 0.313  5765 f 140  5757 f 123  0.04  5336 f 124 5380 f 128  -0.25 
9.757 & 0.346 6491 f 143  6487 =t 127  0.02  5784 4~ 126  5757 f 126 0.15 
10.414 f 0.377  7088 f 145  7088 f 129 0.00 6337 f 127 6354 f 131 -0.09 
11.143 f 0.425  7661 f 147  7701 f 131  -0.20 6645 f 128  6631 f 131 0.08 
11.960 f 0.467 7940 f 147 7969 f 132 -0.15 7059  129  7105 f 133 -0.25 
12.860 f 0.525  7136 zk 145  7066 Lt 129 . 0.36 6566 f 127  6500 f 131  0.36 
13.876 f 0.589  5404 f 137  5364 f 121 0.22  5073 f 120  4943 f 124 0.75 
15.016 f 0.660  3626 f 130  3617 f 111 0.05 3560 f 113  3566 f 117  -0.04 
16.297 f 0.750  2467 f 125  2394 f 105 0+45 2471 f 107  2408 f 111 0.41 
17.759 & 0.857 2076 + 122 1932 f 102  0.90  2153 + 105  2049 f 109  0.69 
19.416 f 0.971  1694 f 121 1608 f 100 0.55 1834 f 104  1796 f 104 0.26 
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TABLE CXXXVIII: Comparison of adopted XGAM fits for the 10: + 8 r  to XGAM fits with a linear  background, 
E, (MeV) A(1998) (adopted) A(1998) (linear bkg) AA/a A(1999) (adopted) A(1999) (linear bkg) AA/a 

~~ 

4.090 f 0.093 121 f 78 
4.264 f 0.099 43 f 77 
4.453 f 0.105 200 f 79 
4.647 f 0.113 0 f 8 
4.861 f 0.122 0 f 8 
5.090 f 0.129 26 f 80 
5.333 f 0.140 135 f 82 
5.597 f 0.149 0 f 8 
5.875 f 0.160 0 f 8 
6.181 f 0.175 0 f 8 
6.517 f 0.187 106 f 87 
6.862 f 0.201 213 f 91 
7.237 f 0.218 456 f 94 
7.661 f 0242 504 rfr 95 
8.126 f 0.263 700 f 100 
8.618 & 0.284 929 f 102 
9.160 f 0.313 1380 f 108 
9.757 + 0.346 1434 f 109 
10.414 f 0.377 1788 f 112 
11.143 f 0.425 2013 f 114 
11.960 f 0.467 2065 i 114 
12.860 f 0.525 2054 f 114 
13.876 f 0.589 1833 f 112 
15.016 f 0.660 1185 f 105 
16.297 f 0.750 732 f 101 
17.759 f 0.857 472 f 98 
19.416 f 0.971 429 f 99 

84 f 78 
16 f 71 
170 f 79 
O f 1  
l f 7  
O f 0  
101 f 82 
O f 0  
O k O  
O f 0  
74 f 86 
169 f 91 
413 f 94 
453 f 94 
651 Z!L 99 
814 f 102 
1337 f 108 
1388 f 109 
1743 f 112 
1961 f 114 
2018 f 114 
2011 f 114 
1784 f 112 
1133 f 105 
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FIG. 99: Background used in the XGAM fit of bin 7 (E,  = 5.3 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 100: Background used in the XGAM fit of bin 8 (E, = 5.6 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 101: Background used in the XGAM fit of bin 9 (E,  = 5.9 MeV) for the a> 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 102: Background used in the XGAM fit of bin 10 (E,  = 6.2 MeV) for the a) 98Thin and b) 99Thin 7 - w  
spectra. 
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FIG. 103: Background used in the XGAM fit of bin 11 (E, = 6.5 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 104: Background used in the XGAM fit of bin 12 (E,  = 6.9 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 105: Background used in the XGAM fit of bin 13 (E,-, = 7.2 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 106: Background used in.the XGAM fit of bin 14 (E,  = 7.6 MeV) for the a) 98Thin and b) 99Thin ?-ray 
spectra. 
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FIG. 107: Background used in the XGAM fit of bin 15 (E,  = 8.1 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 108: Background used in the XGAM fit of bin 16 (E,  = 8.6 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 109: Background used in the XGAM fit of bin 17 (E,  = 9.2 MeV) for the a> 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 110: Background used in the XGAM fit of bin 18 (E,  = 9.8 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 111: Background  used in the XGAM fit of bin 19 (E, = 10.4 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 113: Background used in the XGAM fit of bin 21 (E, = 12.0 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 114: Background used in the XGAM fit of bin 22 (zn = 12.9 MeV) for the a) 98Thin and b) 99Thin y r a y  
spectra. 
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FIG. 115: Background used in the XGAM fit of bin 23 (E, = 13.9 MeV) for the  a) 98Thin and b) 99Thin ?-ray 
spectra. 
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FIG. 117: Background used in the XGAM fit of bin 25 (E, = 16.3 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG. 118: Background used in the XGAM fit of bin 26 (E,  = 17.8 MeV) for the a) 98Thin and b) 99Thin y-ray 
spectra. 
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FIG.'119: Background used in the XGAM fit of bin 27 (E, = 19.4 MeV) €or the a> 98Thin and b) 99Thin y-ray 
spectra. 
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