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ABSTRACT

As a first check of the ENDF/B-III photon production data available
as of June, 1972, the number of photons per thermal-neutron capture was
calculated for 50 keV gamma-ray energy bins and compared with published
data. This comparison was done for lH(MAT 1148), 9Be(llSh), 1hN(ll§3),
160(115&), 25Na(1156), 27A1(1135), Si(1151), c1(1149), k(1150), Ca(1152),

Fe(1180), and Pb(1136).

I. INTRODUCTION

Due to the infancy of the ENDF/Ba photon production data3 and of
the processing codes to prepare secondary gamma-ray production cross
sections (SGRPXS's), both the data and the codes are subject to valuation.
As a first check of the ENDF/B-III photon production data available as
of June, 1972, the number of photons per thermal-neutron capture (yields)
were calculated from the 12 ENDF/B-III data sets which have photon pro-
duction data - lH(MAT 1148), 9Be(llsu), luN(1133), l60(115h), 25Na(1156),
27A1(1135), Si(1151), c1(1149), XK(1150), Ca(1152), Fe(1180), and Pb(1136).
The calculated yields were then compared with published data. The ENDF/B
data used in this study were obtained on magnetic tape from the Radiation

Shielding Information Center (RSIC).

a. It is assumed that the reader is familiar with the ENDF/B system.
Specifications for the data are given in References 1-3.



LAPHFORb, a modified version of LAPHANOu’C which is a P, multigroup
photon-production matrix and source code for ENDF data, was used to cal-
culate the thermal-neutron yields. The description of the nature of the
problem solved and the method of solution given in Reference 4 are appli-

cable to LAPHFOR.

II. COMPARISONS OF GAMMA-RAY YTELDS FROM THERMAL-NEUTRON INTERACTIONS

LAPHFOR was used to calculate the thermal (n, y) yields within
0.5-MeV gamma-ray energy bins. In order to obtain results in terms of
number of photons per (nth’ y) reaction, the process of multiplying the
yields by the appropriate File 3 neutron cross sections was suppressed
in the code. One neutron fine group and one neutron broad group,

1160 e A2 2 E, < 0.41399 eV, were assumed for the calculations. A
constant weighting function was used to compute the photon yield in a
group, i.e.,

Eg+l

Y‘E(E) =[ aE, Y¥(E,-E),

Eg

where Eg and Eg+l are the lower and upper energies for group g and
YP(EghE) is the number of photons of energy E, produced by the capture

of a neutron of energy E. Calculated yields, expressed in terms of

b. LAPHFOR will be documented in a subsequent ORNL-TM report.

c¢. The LAPHANO code is a revision of the LAPH code.5



photons/lOO captures, are compared with results from the literature in
Tables 1-12. The majority of the literature results were taken from a
similar comparison in Reference 11.

For additional comparisons, the POPOPLJ-6 code was used to prepare
yields from selected data sets from the POPOP4 library of neutron-induced
secondary gamma-ray yield and cross-section data.7 The results of these
calculations are also shown in Tables 1-12.

Following are brief comments about the (n y) data based on the

th’
descriptive information in the ENDF/B data and observations from the

results in Tables 1-12.

Table 1. Comparison of lH(MAT 1148) Thermal Capture Yields

with Previous Results

Photons/100 Captures
. o8 b
Gamma-Ray Energy (MeV) MAT 1148 Braid POPOP4 010101
0.5 =12.0 0.0 0.0
2080255 100.0 97.0 100.0
>2.5 0.0 0.0
¢BE" 101 97 101

a. Reference 8, p. 385.

b. POPOP: data set taken from Reference 9, p. L45.

]
c. H binding energy = 2.25 MeV.



Table 2. Comparison of 9BE(MAT 1154 ) Thermal Capture Yields
with Previous Results
Photons/100 Captures

Gamma-Ray

Energy MAT 1154 Tarezyka Groshev? Motz? Rasmussen, b

(Mev) Orphan, et al-
0.5 - 0.98 25.5 16.0 Mot 25.14
0.98 - 2.5 0.0 0.0 0.0 0.0
2.5 - 3.0 24 .1 107 0) 28.0 24 .0
BECOR=5.5 46.3 43.0 54 .0 48.0 46.0
DESE-SO1D 0.0 0.0 0.0 0.0 0.0
5.5 - 6.0 2.0 2.0 0.0 14.0 210
6.0 - 6.5 0.0 0.0 0.0 0.0 0.0
GEDREETEO 62.9 70.0 751.0 62.0 62.5
>0 0.0 0.0 0.0 0.0 @20
4BE® 99 101 100 98 99

a. Reference 8, p. 386.

b. Reference 12, p. 50.

C-9

BE binding energy =

6.815 MeV.




N(MAT 1133) Thermal Capture Yields with Previous Results
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POPOP4 data from Reference 11
No data for E, < 1.68 Mev.

d.

Reference 8, p. 391. No data for E, < 3.267 MeV.

Dl

No data for E7 < 5.50 MeV.

Reference 8, p. J91.

45. No data for Ey < 3.0 MeV.

N binding energy

Reference 9, p.
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Reference 8, p. 391. No data for E < 1.677 MeV.
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Table 12. Comparison of Pb(MAT 1136) Thermal Capture Yields

with Previous Results

Photons/100 Captures
Gamma-Ray
Energy MAT 1136 Rasmussen, POPOP4 Reactor
(MeV) Orphan, et al.? 820103P Handbook®
1.00= 1.5 0.0 1Lk
1Lo3 cdo 0.0 1.3
2.0 - 2.5 0.0 0.9
D5 & Hide) 0.0 3.0
DHEOR=S5T5 0.0 2]
5] i EH0) 0.0 ek
1.0 - 4.5 0.0 2,2
4.5 - 5.0 0.0 3.9
5LOE-" 5.5 0.0 0.8
SEh =010 0.0 1.8
S50) = 13553 0.0 0.5 e
BESR=NT 0 5ol 5.0 4.6
7.0 - 7.5 9% .9 o .1 85.7 } 93.0
o G 0.0 0.0
4BE 99 98 99 108

a. Reference 12, p. 663.
b. Reference 15.
c. Reactor Handbook, p. 46.

d. Pb binding energy = 7.27 MeV.
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Hydrogen

MAT 1148 is an evaluation by L. Stewart, R.- J. Labauve, and P. G.
Young, dated October, 1970. The gamma-ray multiplicity is given as unity
at all neutron energies. Sixteen energy bands are given for the (n, 7),

MT = 102, data in the energy range 0.2 E, < 20 MeV. The average gamma-

ray energy, E is determined from the average neutron energy, En, in an

7’
energy band by

|

E = 2.225 x 106 %
7 2.0

Recoil energy is ignored.

For the thermal capture reaction, E7 = 2.225 MeV. Thus, Table 1
shows that there are 100 photons/100 captures in the 2.0 < E7 < 2.5 MeV
gamma-ray group as calculated by LAPHFOR. The per cent binding energy

(4BE) shown in Table 1 for MAT 1148 was determined by

4BE =:E:(No. photons/capture); x (Ey)i x 100
i Given BE

where'ﬁy is the average energy of group i.

Beryllium-9

MAT 1154 is an evaluation by R. J. Howerton and S. T. Perkins of
the Lawrence Livermore Laboratory, dated December, 1971. The evaluaters
used the data of Reference 12 which gave the thermal (n, ¥) cross sections
for 0.8535, 2.59, 3.368, 3.L4k, 5.958, and 6.81 MeV. Therefore, the
photon production data are given in File 13. Thermal (n, y) yield data

were obtained from the ENDF/B data by using LAPHFOR to calculate the
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multigroup SGRPXS's and then dividing the cross sections by the thermal
capture cross section (g (n, 7) = 9.5 mb¥).
Table 2 shows very good agreement between the MAT 1154 yields and

the yields taken directly from Reference 12.

th

MAT 11355, dated January, 1971, is an evaluation by P. G. Young and
D. G. Foster, Jr. of LASL. The capture data are given in terms of multi-
plicities iﬁ File 12. For 0.0 < En < 0.25 MeV, the thermal spectrum is
based on measurements of References 17-20. For 0.25 < En < 1.0 MeV,
the "thermal spectrum is phased into a single ground-state transition-'

The comparisons in Table 3 show that except for minor exceptions
MAT 113> data are in very good agreement with the published data. The
POPOP4 data set is based on Maerker and Muckenthaler's averaging of

Motz's data with another set of nitrogen yields. Hence, three sets of

data shown in Table 3 are based on Motz's work.

160

MAT 1134, dated August, 1971, is another evaluation by P. G. Young
and D- G- Foster. The photon multiplicities given in File 12 are based
on "private communication" from Reference 21.

No capture data were found in the literature suitable for comparison

with MAT 1134 data.

% Reference 16, p. 4-0-1.
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The neutron cross sections in MAT 1156 were evaluated by Paik and
Pitterle of WARD and the photon production cross sections were evaluated
by Perey of ORNL. Descriptive information given for the MAT 1156 MT = 102
data is as follows:

"The low energy neutron capture in sodium is dominated by the 2.85-
keV resonance. There are no data which indicate that the gamma-ray
spectrum observed at thermal should not apply to the 2.85-keV resonance.
We have therefore used a single gamma-ray spectrum to describe capture
over the complete energy range. The multiplicities were arrived at from
a decay scheme based on the very consistent thermal capture data of
References 8 and 22."

From Table 5 we see that except for 4.0 < E, < 5.0 MeV the MAT 1156
(nth’ y) yields are in good agreement with Maerker and Muckenthaler's
and with Greenwood's yields. For the energy range of 4.0 < E7 < 5.0 MeV,

MAT 1156 data are in agreement with the data of Rasmussen, Orphan, et al.

Ta1

MAT 1135, dated April, 1971, was evaluated by D. G. Foster, Jr. and
P. G. Young. The (n, 7) energies are from Reference 12 and the intensi-
ties are from Bartholomew's data in Reference 8. Foster and Young note
that Bartholomew's Al decay scﬁeme does not account for the intensities
of low-energy transitions and that lines in the Reference 12 data below

1 MeV are spurious and have been dropped from the MAT 11355 data.
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The ground-state transition at 7.7 MeV appears to be ~30% too
low when compared with the majority of other data in Table 6. Note also
28
that the 1.78-MeV activation gamma ray from the B-decay of ~ Al (tl/E =

2.30 min.) is not represented in MAT 1135.

Si

MAT 1151 is based on neutron and gamma-ray production cross section
data from Reference 25. The data from Reference 23 were subsequently
revised by P. G. Young (LASL, 6/2/71), by R. Q. Wright (ORNL, 2/5/71),
and by R. R. Kinsey (BNL, 1/15/72). The File 12, MT = 102 data for

1.0 x lO_5eV < E, < 50 keV was taken from References o, 25, and 26.

Cl

MAT 1149, dated February, 1967, is an evaluation by M. S. Allen and
M. K. Drake as reported in Reference 27. The (n, 7) yields "were obtained

by analyzing measurements of thermal neutron capture."

X
MAT 1150, dated 1967, is an evaluation by M. K. Drake which is
based on work reported in Reference 27. The gamma rays from thermal-

neutron capture were obtained from data summarized in References 28, 29,

and 30.

Ca

MAT 1152 is the interim result of an incomplete series of reevalua-
tions of the Ca cross sections of M. K. Drake, et al., reported in
Reference 27. The Drake evaluation was originally translated into ENDF

format by D. J. Dudziak of LASL (July, 1969). These data were then
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revised by P. G. Young of LASL and assigned MAT number 540. F. Perey

then revised MAT 540 for E, < 9.0 MeV and combined the revised data with
the MAT 540 data for E, > 9.0 MeV to give MAT 1152. Perey is continuing
the revision of the MAT 540 data above 9.0 MeV. The source of the photon

production data was not listed in the descriptive data.

MAT 1180, last modified in January, 1972, is an evaluation by
Penny, Kenney, Wright, Perey, and Fu and reported in Reference 31. The
descriptive information for the File 12, MT 102 data is as follows:

"These gamma rays are representative of neutron energy ranges.
The last range strictly extends only to 1 McV but is assumed to extend
to 15 MeV. The gamma rays are treated as a continuum distribution."

References 32 through 42 are cited as the source of the MT 102

data.

Pb
MAT 1136, latest revision dated January, 1972, is an evaluation

by C. Y. Fu and F. G. Perey of ORNL. The multiplicities of gamma rays

produced by neutron reactions are combined from contributions from

radiative capture, inelastic scattering, (n, 2n'), and (n, 3n') reactions

in the MT 3 section of ENDF data. References are not given for the

literature source of the data.
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