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ABSTRACT 

This document deals w i t h  the evaluation o f  neutron and gamma-ray- 

production cross sections fo r  natural iron. Improvements fo r  ENDFIB-V 

MAT 1326 a re  described and graphically compared w i t h  the previaus version. 

A summary o f  the previous version and a general description of the current 

s ta tus  o f  t h e  evaluation a re  a l so  given. 





1 ”  INTRODUCTION 

This document deals with the evaluation of neutron and gamma-ray- 
production cross sections fo r  natural iron for  E N D F / B .  Revisions of 
ENDFJB-IV MAT 1192 for  ENDF/B-V MAT 1326 are  described .in Section 11. 
Graphical comparisons of Version V with Version IV are  shown where 
necessary. 

we give in Section I11 a summary o f  the I-NDF/B-IV work t o  bridge the gap 
1 between Version I11 and Version V .  This gap i s  small, however, since 

part  of the work done f o r  Version IV was revised again in Version V and 
part  of the calculations have been documented. 

given in Section I V .  

Because no  detailed documentation has been provided for  E N D F / B - I V ,  
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A general description of ENDF/B-V MAT 1326 as i t  now stands i s  

11. REVISIONS FOR ENDF/B-V 

The following changes were made t o  go from ENDF/B-IV to E N D F / B - V .  

Resonance Parameters _- 
Resonance parameters f o r  54Fe, 56Fe, and 57Fe were taken from a 

coniprehensive evaluation o f  these parameters by Perey and Perey. 
For 58Fe, the resonance parameters were taken from the proposed ENDF/B-V 
5 8 F e ( n , y )  dosimetry f i l e . 4  The resonance range was extended froin 60 keV 
in ENDF/B- IV t o  400 keV in E N D F / B - V .  
increased from 2 9  to  312. 
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The number of resonances was 

T h e  primary purpose o f  extending the resonance range was t o  give a 
detailed description o f  the capture cross sections between 60 keV and 
400 keV, an  important range f o r  f a s t  breeder analysis.  

nances, seen only in capture measurements, were introduced t o  the to ta l  
cross sections.  

resulted in SOUR problems in generating the background cross sections,  
as discussed below. 

T h r o u g h  the resonance parameters, many narrow p- and d-wave reso- 

The format r e s t r i c t ion  of using a s ingle  constant scat ter ing radius 
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- Total Cross - _-_ Sections 

eV t o  1100 keV are background cross sections and were chosen t o  reproduce 
the broad s-wave s t ructures  in the ENDF/B-IV evaluation. Narrower s-waves 
and higher par t ia l  waves were l e f t  a s  defined by the parameters without 
any background corrections.  The energies, peak cross sections and  areas 
o f  the l a t t e r  resonances are  t h o u g h t  t o  be bet ter  defined now because o f  
additional input t o  the  eval uation o f  the resonance parameters from 
high-resolution capture and elast ic-scat ter ing d a t a .  
ENDF/B-V with IV are  displayed in F i g s .  1-4. The background cross 
sections as entered in File 3 Section 1 are  large a n d  become mostly nega- 
t ive  above 200 keV. The effect ive scat ter ing radius used i s  0 . 5  x 
cm fo r  a l l  isotopes. We have tried smaller and larger  r ad i i ,  none of 
which gave bet ter  resu l t s .  
f i t  t o  the total  cross sections below 50 keV, while 0.4 x 
good resu l t s  from 300 t o  400 keV. 
effect ive scat ter ing radius would help. 
n o t  allowed. 

integral t e s t  by Smith e t  ~ 2 . ~  for  the to ta l  cross sections o f  Fe from 1 
t o  5 MeV. Maerker e t  a l .  indicate t h a t  the to ta l  cross sections of Fe 
from 1.5 t o  2 . 4  MeV are  4% too  low, while Smith e t  al. say t h a t  they are  
5% too  high. This may riot be a contradiction however, because the deep 
penetration (8 t o  1 9  inches) measurement of  Maerker e t  aZ. i s  sensi t ive 
t o  the cross-section minima while the broad-resolution thin-sample 
measurement o f  Smith et a l .  i s  n o t .  I t  i s  therefore probable t h a t  the 
to ta l  cross-section maxima from 1 . 5  to 2.4 MeV arc  n o t  sharp enough and 
the minima are  n o t  deep enough. There are deficiencies in other energy 
ranges too and  a l l  seem complicated. We did n o t  attempt to resolve t h i s  
problem fo r  ENDF/B-V b u t  are  recording t h e  above as a reminder fo r  future 
measurements a n d / o r  evaluations. 

The File-3 Section-1 d a t a  in the resolved resonance range from 155 

Comparisons of 

A radius o f  0.65 x cm yielded a gaud 

So i t  appears t h a t  an energy-dependent 
cm gave 

B u t  such a radius i s  presently 

LEJe have studied the integral  tes t  by Maerker e t  aZ.5 and the pseudo- 

Elastic Scattering . . . . . Cross . . . Sections 
I n  the  new resonance range From 155 eV t o  40Q keV the capture cross 

sections are small so the e l a s t i c  cross sections a re  nearly the same a s  
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the to ta l  cross sections.  Due t o  decreases in the ine l a s t i c  scat ter ing 
cross sections described below, the e l a s t i c  scat ter ing cross sections 
from 846 keV t o  1 . 3  MeV were correspondingly increased. 

Ine las t ic  Scattering t o  the 846-keV Level 

i ne l a s t i c  scat ter ing t o  the 846-keV level from threshold t o  2 .1  MeV by 
measuring the pertinent gamma rays a t  30, 90, and 125 degrees. 
a t  these three angles allow the determination of the a2 and a b  Legendre 
coeff ic ients  f o r  the angular dis t r ibut ion of the outgoing gamma rays, 
and therefore the determination of the integrated cross sections.  
125-degree data agree well with a similar measurement by Voss e t  ~ 2 . ~  a t  
the same angle which was adopted as the integrated cross sections fo r  
ENDF/B-IV. However, the new integrated cross sections u p  t o  1.3 MeV are  
about 20% smal l e r .  Smoothed resu l t s  of the high-resolution data a lso 

9 agree well with other available data ,  including those o f  A. B. S m i t h  and 
D.  L. Smith,” as  shown in de ta i l  in r e f .  7. 
high-resolution d a t a  f o r  ENDF/B-V from threshold t o  1.3 MeV. 
i s  reproduced from Fig. 6 o f  r e f .  7. 

---_I_ 

Kinney and Perey7 have reported high-resolution d a t a  for  neutron 

The data 

The 

We therefore adopted the 
Figure 5 

Other Neutron- Em i s si  on -_I- React i ons  

measurement” o f  the secondary neutron spectra with a white source 
(QRELA) (concludes t h a t  the ine las t ic  scat ter ing cross sections of a few 
low-lying discrete  levels  r i s e  too  f a s t  j u s t  above threshold, t h a t  some 
o f  the d iscre te  i ne l a s t i c  scat ter ing cross sections die o f f  too rapidly 
with energy, and t h a t  the ( n , 2 n )  cross sections are  too large from 
threshold (11.4 MeV) t o  12.5 MeV. The f i r s t  p o i n t  i s  d i f f i c u l t  to 
resolve for we have good model f i t  t o  the available data. 
point can probably be resolved by a model calculation with pre-compound 
e f f ec t s  ( E N D F / B - I V  already has direct-reaction cross sections i n  15 of 
the 26 d iscre te  l eve l s ) .  
avai lable  d a t a  discussed i n  the n e x t  p a r a g r a p h ,  

No ( n , 2 n )  d a t a  existed below 14 MeV when we were evaluating f o r  
ENDF/B-IV, so calculated cross sections were used. A recent measurement 
for 56Fe(n,2n) cross sections by Frehaut st aL.l3 indicates t h a t  Q U ~  

The Monte Carlo analysis” (using ENDF/B- IV)  of a recent integral 

The second 

The third point i s  contradictory t o  some newly 
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evaluated ( n , 2 n )  cross sections a reg  contrary t o  the above, too low from 
threshold to 13 MeV a f t e r  correcting for  the small contributions from 
the minor isotopes. 
from 13 t o  15  MeV. 

The new d a t a  show good agreement with the evaluation 

Johnson14 reported calculated and rneasured neutron leakage spectra 
frorri a D-T source in an iron sphere 75 cm in diameter a n d  30 cm thick.  
The calculated spectra using E N D F / B - I V  from 1 t o  12 MeV are factors o f  
3-4 t o o  low. 
E N D F / B - I V  f o r  the ine las t ic  scat ter ing t o  the continuum s t a t e s  i s  com- 
pletely inadequate. Althaugh we do have some angular data f o r  14-MeV 
incident neutrons, extrapolation t o  other energies reqiiires elaborate 
model calculations which we did riot have time t o  do .  Such calculations 
also appear necessary t o  resolve some of the deficiencies discussed in 
the above paragraphs. 

This indicates t h a t  the isotropic assumption taken for  

Capture Cross Sections 

largest  impact on the capture cross sections as Shawn in F i g s .  6-16. 
The E N D F / B - I V  cross sections from 60 keV t o  400 keV are  smooth varying 
with energy, missing the broad peaks o f  several large s-wave resonances. 
Below 60 keV there are  a lso differences due t o  changes in the capture 
areas and several additional resonances. Between 400 keV and 500 keV, 
the capture cross sections were the same as  in ENDFSU-IV. 

were used. These d a t a  were l a t e r  found t o  be consistent with those 
measured by Le Riyoleur e t  a l .  

a data point near 14  MeV.17 
from 500 keV t o  20 MeV with ENDF/B-IV values. i s  shown in F i g .  1 7 .  

The extension af  the resonance parameters from 60 t o  400 keV has the 

15 From 500 to 850 keV, 50-keV averages reported by Allen e t  aZ. 

16 

Above 2 MeV, the capture cross sections were increased t o  go through 
Comparison o f  the capture cross sections 

Angular Distributions of Secondary Neutrons from Elastic Scattering 
High-resolution d a t a  on t h e  angular dis t r ibut ions o f  secondary 

neutrons scattered e l a s t i ca l ly  were measured by Kinney and Perey18 from 
40 keV t o  2 . 1  MeV. These d a t a  are  in the form of C..egetidre coeff ic ients  
f o r  over 5000 energies. 
f o r  entering into the f i l e .  T h e  thinning was done with a code obtained 

These were thinned to  a b o u t  400 energy poirits 
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from Young.” The Legendre coeff ic ients  were converted t o  angular 
d i s t r ibu t ions  for  thinning t o  a tolerance of 50% w i t h  l inear  interpola- 
t ion.  Because the angular d i s t r ibu t ions  considered here often f luctuate  
by one order o f  magnitude from resonance t o  resonance, the main features 
of the original data were retained. 
compared with ENDF/B-IV values in Figs. 18-25. 

Gamnia- Ray ._- Produc t i  on Cross Sections 
When we were evaluating the gamma-ray production cross sections for  

ENDF/B-IV, there were two major s e t s  of data avai lable ,  one by Orphan eb 

C L ~ . ~ ’  and the other by Dickens e t  ~ 1 % . ’ ~  
of the two s e t s  diverge above 6 MeV, the Orphan s e t  averaging 1 .6  barns 
larger  t h a n  the Dickens s e t  from 11 t o  15 MeV. 
are  in good agreement w i t h  the Orphan se t  u p  t o  11 MeV b u t  get c loser  t o  
the Dickens data near 15 MeV. With some hesitation we took for  ENDF/B-  

The f i r s t  two coeff ic ients  are 

The integrated cross sections 

Our calculated resu l t s  

I\/ the calculation as  the integral  gamma-ray production cross section 
and the Dickens d a t a  were normalized t o  t h i s  t o  provide the energy 
di s t  r i  bu t i  ons . 

by Chapman and Morgan2* using ORELA. The new data agree well w i t h  the 
Orphan data,  therefore indicating t h a t  the e a r l i e r  O R E L A  data taken by 
Dickens e t  ~ 1 2 ~ ”  have some unknown errors .  
calculated cross sections a re  too  low above 11 MeV, a calculational 
f a u l t  which we can overcome now by including the pre-compound cross 
sections in the gamma-ray cascade Calculation. So we feel t h a t  the 
gamma-ray production cross sections and spectra are now well known for  
incident neutron energies from 0.85 t o  20 MeV, and we took the Chapman 
and Morgan d a t a  f o r  ENDF/B-V.  Detailed comparisons of these data with 
others and  with ENDF/B-IV a re  given in r e f .  22.  

MeV, the calculated neutron d is t r ibu t ions ,  which we s t i l l  have in the 
f i l e ,  may be somewhat inconsistent w i t h  the new gamma-ray dis t r ibut ions.  
The resul t ing energy imbalance cannot be eas i ly  corrected without a 
model calculation. 

To resolve the above discrepancy, a new measurement was undertaken 

This a lso indicates t h a t  our 

Because we d i d  not re-calculate the neutron cross sections above 11 



From 0.85 t o  2 .122  MeV, the 0.864-MeV and the 1.408-MeV gamma rays 
from i ne1 a s t i c  scat ter ing were removed from the ChaptiIan and Morgan d a t a  
t o  obtain three energy d is t r ibu t ions  tha t  a re  representative of the cap- 
ture  components. Below 0.85 MeV, the original capture gamma-ray evalu- 
ation was retained, b u t  the energy dis t r ibut ions were re-structured to  
fewer points by using variable energy bins. 

Covariances fo r  the Resonance Parameters 
3 This f i l e  was evaluated and separately reported by Perey and Perey. 

Covariances for  File 3 Data I.___ 

4 ,  1 6 ,  22 ,  28, 51-76, 91, 102-107. Derived sections ( N C  subsections) 
r e f l ec t  exactly the way the cross-section f i l e s  were generated. 

Covariance data a re  given fo r  MF=32, MT=151 and MF=33, MT=l ,  2 ,  3, 

I n  general, covariances were determined from _t20 er ror  bands. The 
e r ror  bands were extended and enlarged t o  cover energy regions lacking 
experimental data and then s p l i t  u p  to  cover d i f fe ren t  correlation ranges. 
Long range covariances r e f l ec t  systematic errors  common to  a l l  data 
s e t s .  Medium rariye covariances r e f l ec t  differences in energy coverage 
by d i f fe ren t  data se t s  and differences i n  experimental techniques within 
the same data s e t s .  Short range covariances r e f l ec t  meaningful s t ructures  
in the cross sections and/or threshold e f f ec t s .  S t a t i s t i ca l  errors  a re ,  
in pr inciple ,  nonexistent in the evaluated cross sections.  

For a l l  threshold reaction cross sections,  covariances have a t  l e a s t  
two components -- ax1 absolute a n d  a fractional I 
represents w i t h  few numbers the usually large variation of uncertainties 
near threshold and fo r  the high-energy t a i l .  The fractional component 
picks u p  the r e s t  of the covariances. For the more important reactions,  
such as MT=51, two absolute and two fractional components were used. 

The absolute component 

A constant uncertainty o f  50 mb was used to  represent the total  cross 
section minim. This corresponds t o  about 1 2 %  f o r  the 24-keV m i n i m u m .  

Independent evaluations and e r ror  estimates by another party, such 
a s  t h e  evaluation fo r  the ine las t ic  scat ter ing cross sections of the 
846-keV level by Smithyz3 p r o v i d e d  object ivi ty .  
and analyses a lso add abject ivi ty .  

Integral measurements 
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111. SUMMARY OF ENDF/B-IV 

This version, ENDF/B- IV  MAT 1192, superseded the previous version, 
ENDF/B-I11 MAT 1180. 
secondary neutron energy d is t r ibu t ions  from various neutron-producing 
reactions. New data f o r  the secondary neutron dis t r ibut ions had become 
available 24*25 and the pul sed-sphere measurements26 and related calcula- 
t ions 26927  indicated t h a t  the previously evaluated dis t r ibut ions were 
poor. A reevaluation of the gamma-ray-production cross sections was 
also cal led fo r  because newly available dataz8 showed large disagreement 
w i t h  the data se t z9  upon which the previous evaluation was based. In an 
attempt t o  solve these problems an extensive model analysis was made. A 
thi rd purpose o f  t h i s  work was t o  incorporate the multi-sample high- 
resolution  measurement^^^ o f  to ta l  cross sections tha t  had j u s t  become 
available.  The resul t ing changes are  summarized below. 

1 .  Total cross section between 30 keV and 2 MeV - peaks and valleys 
were refined based on three s e t s  o f  O R E L A  r n e a s ~ r e m e n t s ~ ~  using 2.5- ,  l o - ,  
and 30-cm samples. 

t ion ,  namely, the measured nonelastic cross section, the difference 
between the evaluated to ta l  cross section and the available e l a s t i c  
scat ter ing cross sect ion,  and the theoretical  interpretat ion of the 
to ta l  gamma-ray-production cross section, The calculated nonelastic 
cross section was normalized t o  t h i s  r e su l t  f o r  constraining the subse- 
quent calculations.  

Ine las t ic  scat ter ing - s ix  more d iscre te  levels  were added 
based on the Hau~er-Feshbach~l and DWBA3’ calculations in order to  
include the 4.505-MeV col lect ive s t a t e  as a discrete  level .  The d i rec t -  

33 interaction components were included in 15 o f  the 26 d i scre te  levels .  
The direct- interact ion component was included i n  the continuum using a n  
empirical treatment.34 MT=51 (0.846-MeV level ) was changed between 2 
and 5 MeV according t o  an evaluation by S m i t h z 3  w h i c h  was based on a l l  
available data and his recent measurement. MT=52 ( the  1.408-MeV level 
in 54Fe) was revised based on recently available data. 

One of the purposes of t h i s  work was to  revise the 

2. Nonelastic - obtained by compromising three pieces o f  informa- 

3. 

35 
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4.  The Wauser-Feshbach method was used t o  calculate the [ ( n , n ' ) +  
( n , n x ) ]  , [ ( n  , p ) + ( n , p x ) ] ,  and [ ( n  , a ) + ( n , u x ) ]  cross sections a 

( n , n x ) ]  cross section above 4.531 MeV was s p l i t  in to  the ( n , n ' )  continuum, 
( n , Z n ) ,  ( n , n p )  , and (n,na) cross sections using a s ta t is t ical-empir ical  
model. The empirical aspects include giant-dipole gamma-ray competition, 
angular-momentum correction for  the second outgoing par t ic le ,  and d i rec t  
or preequilibrium emission o f  the f i r s t  par t ic le .  

and  t h a t  of  56Fe was well f i t t e d  by calculation u p  t o  13 MeV. 
cross section was taken t o  be the difference between the calculated 56Fe 
[ ( n , p ) + ( n , p x ) ]  cross section and the measured 56Fe(n,p) cross section. 
The neutron dis t r ibut ion for the ( n , p n )  reaction was calculated and was 
averaged with t h a t  of the ( n , n p )  reaction fo r  MT-28. 

56Fe(n,cl) cross section was restrained by the 14-MeV empirical value and 
the measured fission-spectrum averages. The 54Fe(n,a) cross section was 
taken from a calculation by Kirouac and Siavik.38 The ( n , a n )  cross section 
and neutron dis t r ibut ion were calculated and were combined with those o f  
the (n,na) reaction for  MT=22. 

The [ ( n , n '  )+ 

34 

36 , 37 

The ( n , p n >  
5.  The ( n , p )  cross section was well defined by measurements 

6 .  There i s  no rrieasured 56Fe(n,a) cross section. The calculated 

7 .  The ( n , d ) ,  ( n , t ) ,  and (nY3He) cross sections were based on calcu- 

The two major s e t s  28 '" o f  gamma-ray-product i on cross sections 

39 la t ions using the Pearlstein empirical model and parameters. 

agree w i t h i n  experimental errors  fo r  incident neutron energies below 6 MeV 
and then s t a r t  t o  diverge, the GRT setz8 averaging 1 . 6  barns larger  than  
the ORNL set2' in the 11 t o  15 MeV region. 
limited t o  resolve t h i s  discrepancy. 
mediate between the two, being closer t o  the G R T  measurement belokd 1 2  MeV 
and closer t o  the O R N L  d a t a  above 12  MeV. We chose the O R N L  d a t a  f o r  the 
energy dis t r ibut ions ( F i l e  15) as  these were given in adequate neutron 
bins and were the only d a t a  available .from 15 t o  20 MeV. The gamma rays 
below 0.69 MeV were n o t  measured and  were f i l l e d  in using the calculated 
values. 
law relat ing t h e  calculated outgoing par t ic le  energy and the evaluated 
gamma-ray energy was applied t o  determine the garnma-ray multipl i c i  t i e s .  

8.  

Other available d a t a  were too  
The calculated resu l t s  are in te r -  

Up t o  10  MeV incident neutron energy t h e  energy conservation 
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c 

From 10 t o  16 MeV the calculated mul t ip l ic i t ies  were used and were 
extrapolated t o  20 MeV according t o  the shape g i v e n  by the O R N L  measure- 
ment. 

IV. G E N E R A L  DESCRIPTION FOR ENDF/B-V 

The following description fo r  each f i l e  and section i s  fo r  E N D F / B - V .  
The references given are  only the more important ones. 
code i s  referred t o ,  i t  means tha t  interpolation and extrapolation o f  the 
g i v e n  experimental data were based on cal cul ations.  

Where a computer 

File 2. Resonance l_l__l- Parameters 
Multilevel Breit-Wigner parameters are  g i v e n  f o r  a l l  isotopes 
in the energy range 155 eV t o  400 keV.3’4 

II File 3. Neutron - Cross Sections 
Section 1.  Total Interaction 

.00001 eV t o  330 keV 
330 keV to  20 MeV 

Section 2 .  Elast ic  Scattering 
Derived by subtracting the non-elastic cross section from the 
to ta l  cross section. 

See Section 111 above. 

Derived by adding ine l a s t i c  scat ter ing cross sections f o r  
exci t ing d iscre te  levels  and the continuum. 

See Section I1 above and ref .  45. 

30,40,41 
30,42-44 

Section 3. Non-Elastic Interaction 

Section 4. Total Ine las t ic  Scattering 

Section 16. ( n , 2 n )  Reaction 

Section 22.  (n ,nc t )  Reaction 

Section 28. ( n , n p )  Reaction. 

Section 51. Ine las t ic  Scattering Exciting First Level i n  56Fe 

See Section 111 above. 

See Section 111 above and re f .  46. 

.8611 MeV t o  1.5 
1.5 MeV t o  2 .122  MeV8 

23,31-33,47-51 2.122 MeV t o  20 MeV 
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Section 52. Inelast ic  Scattering Exciting First Level i n  54Fe 

Sections 53-96 ,  

See r e f .  35. 
Inelast ic  Scattering Exciting Second Through 25th 
Levels in 56Fe 

See re fs .  31-33, 4 7 ,  and 50. 
Section 91.  Inelast ic  Scattering Exciting the Continuum 

See E N D F / B - I V  summary qiven above and re fs .  24,  25, 34, 36, 49, 
and 52-54. 

Section 102. Radiative Capture 

Section 103. ( n , p )  Reaction 

Section 104. ( n , d )  Reaction 

Section 105. ( n , t )  Reaction 

Section 106. (nY3He)  Reaction 

Section 107. (n,a) Reaction 

See re fs .  15-17. 

See Section I11 above and re fs .  36 and 37. 

See Section I11 above. 

See Section I11 above. 

See Section I11 above. 

See Section I11 above and re fs .  36 and 38. 

File 4 .  .. Anlular Distribution _.._. . .. . of  Secondary .-__ Neutrons 
All dis t r ibut ions a re  given i n  the center-of-mass system in 
the Legendre pol ynomi a1 representation. 

Section 2 .  Elastic Scattering 
.00001 eV t o  1.23 MeV 
1.23 MeV t o  4 MeV 
4 MeV t o  20 MeV 

7 3 5 - 5 8  
7,55,59-63 

49,55,64 

Section 16. ( n , 2 n )  Reaction 
Both neutrons a r e  assuiiied to  be isotropic.  

Section 22. (n,na) Reaction 
Assumed isotropic ,  

Section 28. ( n , n p )  Reaction 
Assumed i so t  rop i  c .  

Section 51. Inelast ic  Scattering Exciting F i rs t  Level in 56Fe 
See re fs .  31 , 32, and 48-50. 
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Section 52. Inelast ic  Scattering Exciting F i r s t  Level i n  54Fe 

Sections 53-76. 
Assumed isotropic.  

Ine las t ic  Scattering Exciting Second t h r o u g h  2 5 t h  
Levels in 56Fe 

See re fs .  31-33 and 48-50, 
Section 91. Ine las t ic  Scattering Exciting the Continuum 

Assumed isotropic .  

File 5. Energy Distributions .--l____l of Secondary Neutrons 
Sectiori 16-  ( n , Z n )  Reaction 

See summary given above and re fs .  45 and 54. 
Section 22. ( n , n a )  Reaction 

See summary given above. 
Section 28. ( n  , n p )  Reaction 

See summary given above. 
Section 91. 

See re fs .  24-26, 34, 49, and 51-54. 
Ine las t ic  Scattering Exciting the Continuum 

File 12 .  Mult ipl ic i t ies  of  Gama Rays Produced by Neutron Reactions 

Neutron energy i s  0.8611 t o  2.122 MeV. One discrete  gamma 
ray i s  given. 

Energy range i s  1.433 t o  2 .122  MeV. 
i s  given. 

These garma rays a re  given for 19 d i f fe ren t  neutron energy 
ranges. See Section I 1  above and r e f .  65. 

Section 51. Ine las t ic  Scattering Exciting F i r s t  Level in "Fe 

Section 52. Ine las t ic  Scattering Exciting F i r s t  Level in 5'tFe 
One discrete  gamma ray 

Section 102. Radiative Capture 

- File 13. Gama-Ray-Production Cross Sections 
See summary given above and r e f .  22. 

File 14. Angular Distributions of Secondary Gamma Rays 
Assumed isotropic  a 

File 15. Energy Distributions of Secondary Gamma Rays 
See summary given above and references o f  f i l e s  12  and 13. 



1 2  

F i l e  32. Covariances f o r  Resonance Parameters .l.-l..~_.__I 

See r e f .  3.  

F i l e  33. Covariances ~ ..__.l.l.....-. f o r  File , 3  -11 Data 
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