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I. iIntroduction

This report contains a brief description of the cross sec~
tions in the Evaluated Nuclear Data File (ENDF/B) designated as
standards by the Normalization and Standards Subcommittee of the
Cross Section Evaluation Working Group (CSEWG)., The Subcommittee
met at Los Alamos Scientific Laboratory (LASL) on March 26-27,
1973 to review the status of and make recommeadations regarding
the measurements standards cross section to be included in Version
IV. The conclusions of this meeting are reflected in the summary

documentation,

In most cases, only limited documentation is available at
this time. Completed documentation is referenced where available,
and detailed summaries of the up-dated standards should be avail~
able from the authors in the near future. This report is intended
to provide background information at this time for the recently
issued library. These data are available on request from the four
international neutron data centers*. Each standard described
here (excepting carbon) includes at least the File 1 comments
(i.e., the Hollorith description appearing on the File (MF=1 MT=
451), the data listing of the reaction considered a standavd, and
graphical comparisons of the evaluation with selected experimental
data.

Table I lists the standards cross secticns, the energy range
as defined by the Normalization and Standards Subcommittee, MAT
number, reaction type, and responsible laboratory. The laboratory
for the zzzu(n,f) is listed only as "Task Force", and will be ex~

plained in section II-G of this report,

*(See overleaf)
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Neutron Data Centers

* MNuclear Data Section
I.A.E A,
Karntner Ring
A-1010 Vienna
AUSTRIA

NEA Neutron Data Compiliation Centre
B.P. 9

91190 Gif-sur-Yvette

FRANCE

U.S.S.R, Obninsk
Kaluga Region

Institucte of Physics & Energetics

National Neutron Cross Section Center
Brookhaven National Laboratory
Associated Universities, Inc.

Upton, L.I., N,Y. 11973



TABLE I

Reaction
Material MAT# Type Energy Range
Ny 1269 %,n 1 keV - 20 MeV
%% 1 - 20 Mev
3 g
He 1146 n,p 1 keV - 50 keV
o)
bri 1271 n,a Thr - 100 keV
104 1273 Tn,a Thr - 100 keV
12, 127 e 1 keV - 2 MeV
197 44 1283 %4,y  Thr; 10 keV ~ 1 MeV
233 1261 %a,f  Thr; 100 keV - 20 Mev

3=

LAB

LASL

LASL
LASL
LASL
ORNL

BNL

Task Force



II Description of Recommended Standards

A. Hydrogen Total and Differential Elastic Scattering Cross

Sections.

L. Stewart, R.,J, LaBauve and P.G. Young,
Los Alamos Scientific Laboratory

MAT. No. = 1269.

Recommended Energy Range 1 keV - 20 Mev

The recommended cross section covers the energy range 1 keV-
20 MeV. It is the same evaluation as ENDF/B-III, but 9 has been
regenerated to a higher precision. It should be noted that two
new experiments have been carried out since the appearance of the
Version-III evaluation, those of Clement et.al.(l) (R.P.I) and

Heaton et.al.(z)
nittee felt that the new data did not add to the knowledge of the

(NBS). The Normalization and Standards Subcom-~

total cross section at the 1% accuracy level. Fig. I shows these

two data sets compared with the ENDF/B-IV evaluation.

The total cross section is taken as the sum of the elastic
scattering and radiative capture cross sections, The elastic
scattering cross section was obtained from a theoretical analysis
by Hopkins and Breit.(3) A set of phase shifts obtained by Seamon

z
et.al.}4) was used in this analysis.

The recommended differential elsstic scattering covers the
energy range 1-20 MeV and was also obtained from the Hopkins and
Breit phase shifts.(3) Additional low and intermediate energy

points were calculated for the Version IV data.

Reférences
L. Clement and Stoler, Nuc. Phys/A 183, 51, 1972.

2. Heaton et.al., P.G, 1971.
Schwartz et.al., NBS Monograph 138, 1974,

3. Hopkins and Breit, Nuc. Data A9, 137, 1971.
Seamon et.al., Phys. Rev, 165, 1579, 1968.

4=
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Figure I. Hydrogen cross section
- energy range .01-20 MeV.
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B. 3Hegn,gz Cross Section

L. Stewart,
Los Alamos Scientific Laboratory.

MAT. No.= 1146
Recommended Energy Range Thr-50 keV.

This material was transferred from ENDF/B-II1I with no modi-
fications, The preliminary description below is extracted and re=~

produced from the Version-III Standards Report BNL 17188.(1)

"Although this material contains all of the cross section
data for 3He, only the (n,p) cross section from 1.0}:10-5 eV to

50.0 keV represents the recommended standard cross sectiom.

Below one keV, the (n,p) cross section was assvmed to vary as
1/v and normalized to 5327 barns at 0.0253 eV, This value was ob-
tained from the measurement by Als-Nielsen and Dietrich.(z) The
thermal cross section is believed to be known to within one per-

cent.

Between 1 keV and 50 keV, the recommended standard cross
section was based on the corrected results from a measurement made
by Gibbons and Macklin.(3) Below 10 keV, the recommended (n,p) is
believed to be known to within 3%. Above 10 keV, the uncertainty
in the recommended cross section rapidly increases beyond the de-
sired three percent. Figure II shows the recommended cross

section,"”

References

1. M.K. Drake, BNL 17188 (ENDF-179) July 1972.

2, Als=Nielsen and Dietrich, Phys. Rev. 133B, 925, 19c4.
3. Gibbons and Macklin, Phys. Rev. 114, 5371, 1959.

4, Batchelor et.al., Rev. Sci. Imst, 27, 1637, 1955.
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C. 6Lign,a23ﬂ Cross Section

G. M. Hale, D. Dodder, P.G., Young, and L. Stewart,
Los Alanes Scientif - Laboratory

MAT, No.= 1271
Recommended Energy Range Thr.-100 keV; 02200 = 940,00 b,

The ENDF/B-IV cross section set is based onm a multi-level,
multi-channel R-MATRIX analysis of the total, elastic, aad (n,
alpha} cross sections for energies up to 2 MeV and is briefly de-
scribed in the Hollorith section (MF=1, MI=451) of the Lithium-6
data set on pages 53«66 . The ch,a cross section evaluation is
plotted in Fig.III, and compared to experimental data. The ref-
erences are listed immediately following Fig.III. It can be sezn
from Fig.IIl, that there is excellent sgreement between the experi-
mental data and the evaluation up to 50 keV., Above 50 zeV the

evaluation lies between the data of Friesenhahn,(l) and the data

&3] 3

and Coates, - The disagreement across the 243

sets of Fort,
keV resonance precludes the use of this cross section as a stan-

dard above 100 keV at this time.

References
1. Friesenhzhn et.al., INTEL-RT-7011, 1974.

2, M,S., Coates, Priv, Comm,, 1973,
3. Fort et.,al., EANDC-(E)~148 1972.

-8~
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SLi(n,t)

Yr, Lab
74 GRT
74 ANL
73 HAR
72 CAD
72 HAR
67  Raz
67 ALD
66 ALD
65  FoA
65  FOA
61 CCP
60  HAM
60  CCP
59 NWU
59  RIC
59 LAS
59  ORL
58 NRD
57  CCP
56  LAS
56  CCP
S4 LA
54 Nwy
52  LAS
50  ANL

REFERENCES FOR EXPERIMENTAL DATA

Author

Friesenhahn, et al.
Foenitz

Coates

Fort, et al.
Clements, et 1l,
Rendic, et al,

Cox, et al.

Barry

’
Conde, =t al.
Schwartz, et al.

Mikailina, et al.

Bermann, et al.
Perelygin, et al.

Pardo, et al.

Gabbard, et al.
Bame, et al.
Murray, et al.
Kern, et al.
Elpidinskii, et al.
Ribe

Gorlov, et al.
Frye, Jr.

Weddell, et al.
Ribe

Blair, et al.

References

INTEL-RT-~7011 (1974)

Priv. Comm. (1974)

Priv. Comm. (1973)
EAKDC~(E) =148 (1972)
AERE-R-7075 (1972)
ZFK-130, 143 (1967)

J. Nuc. En. 21, 271 (1967)

Conf, Neutron Cross Sections and
Tech., Washington D.S. VollIl,
763 (1966)

Ark, Fiz, 29, 45 (1965)
Nuc. Phys. 62, 593 (1965)

Sov. Prog. Nuc. Phys. p.185
(1961)

Zeit. Nat. /A 15, 200 (1960)
At. En. 9, 488 (1960)

Bull. Am. Phys. Soc. 4, 218
(1959)

Phys. Rev. 114, 201 (1959)
Phys. Rev. 114, 1380 (1959)

Phys. Rev. 115, 1707 (1959)
112, 926 (1958)
75 (1957)
Phys. Rev. 103, 741 (1956)
Dok. 111, 791 (1956)

Phys. Rev. 93, 1086 (1954)
Phys. Rev. 95, 117 (1954)
Phys. Rev. 87, 205 (1952)
ANL~4515, 7 {1950)

Phys. Rev.
At. En./Supp 5,

- 10 -



10B(n,a),(n,alY) Cross Sections

G.M. Hale, R.A. Nisley and P.G. Young,
Los Alamos Scientific Laboratory

MAT. No.= 1273
Recommended Energy Range Thr.-100 keV; %400 = 3336.5 b.

The 10B(n,a') cross section (MF=3, MT=107) for ENDF/B-IV, is
the sum of 10B(n,ao) + 10B(n,dlY)(M.F=3, MT=780, 781). The partial
and total cross sections were derived from an R-MATRIX analysis.
The analysis is described briefly ia the Hollorith section (MF=1,
MT=451) of the B-10 data set on pages 70 ~ 74, The 52200
(n,Uo)=240.51 barns and the Ozzoo(n,alY)=3596.0 ba’ 1s yield the
02200 value listed above. The evaluvated (a,x), (n,alv) cross
sections are plotted in Fig IV~ V, and compared to selected experi=-
mental data. The experimental references are listed immediately
following Fig. V. There is excellent agreement in the (n,¥) cross
section to 100 keV and then the evaluation falls between that of

Bichsel(l) and Friesenhahn.(z)

References
1. Bichsel et.al., Phys. Rev. 108, 1925, 1957.
2. Friesenhahn et.al., INTEL-RT.~ 7011, 1974,

-11-
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loBgn,a!

Yr. Lab
74 GRT
69 LRC
68 ORL
67 ALD
65 ANL
60 DKE
57 RIC

REFERENCES

FOR EXPERIMERTAL DATA

Author
Friesenhahn, et
Bogart, et al.
Macklin, et al.
Cox, et al.
Mooring, et al.
Bilpuch, et al.

Bichsel, et al.

References

al. INTEL-AT-7011 (1974)
Nuc. Phys./A 125, 463 (1969)
Phys. Rev. 165, 1147 (1968)
J. Nuc. En. 21, 271 (1967)
ANL-6877 (1965)
An. Phys. 10, 455 (1960)
Phys. Rev. 108, 1025 (1957)

- 14 -



E. 12C Differential Elastic Scattering Cross Section

F.G. Ferey and C,Y, Fu,
Oak Ridge National Laboratory

MAT, No., - 1274
Recommended Energy Range; 1 keV - 2 MeV

The carbon-12 Differential Elastic Scattering Cross Section
belcw 2 MeV was considered a standard for ENDF/B-III. There were
only minor modifications in this energy region from Version III to
Version IV. MAT. No. 1274 was incorporated in the Version IV
Standards Tape (tape 413) without the scrutiny and recommendatiocnc
usually afforded a standard material by the Normalization and
Standards Subcommittee., Because of the bulk of the file involved,

the data set does not appear in the appendices.

=15~



F. 197Au(n,Y) Cross Section

M. D, Goldberg and S, F, Mughabghab
Brookhaven National Laboratory

MAT. No, = 1283

Recommended Energy Range 10 keV-1 MeV; 02200 =98.80b

The Au evaluation has been documented and disseminated in
report form; BNL 50439, The part of the evaluation dealing with
the capture cross section has been extracted and the salient
portion reproduced in the following eleven pages. A detailed plot
of the evaluation appears in Fig.VI with selected sets of experi-
mental data. The high energy portion of the curve has been
expanded and displayed as Fig.VII. References for the data used
on both plots are listed immediately after Fig. vVII,

Note that the smooth cross sections in the resolved and
unresolved energy regions given in Appendix E page 85
(MF=3, MI=102) are background cross sections and must be added
to the cross sections generated from the resonance parameters to

complete a resonance profile,

=-16=-



197Au(n,y)wBAu Reaction for ENDF/B-1V*
M.D. Goldberg and S.F. Mughabghab

Brookhaven National Laboratory

The capture cross seciion in the ENDF/B-(V File below 2 keV
is represented by the resonance parameters. In the emergy region
2-10 keV, the capture cross section was calculated by using the

average resonance parameters specified in File 2 and the code

AVRAGE—A(I) which follows the method of Lane and Lynn(z) and ap-

plies width fluctuation corrections as discussed in their paper.

This calculated curve is shown in Fig. 1 compared with the avail-

R/ W
~2lres
SATA N7 BASEL ON T3 NORMALIZATION

FRICKE 70
[-NEa i e L7:RR T2 -
« ROMPL £9
> BEARGVIST 62
o ENDFAR-T

6c 2 4 & B 0 2 a1 & ® 2
EniheVv)

Figure 1

197 o

*Extracted from "Evaluated Neutron Cross Sections of BNL

50439 (ENDF-215) 74, S.F. Mughabghab et al.

- 17 ~



able data in thils range and with the ENDF/B-III1 valves between 1
and 6 keV. (The curve above 10 kev 138 the same as that of Fig. 4.)
For neutron energies greater than 25 keV, a reassessment of
the gold capture cross section 1s required because of che availa-
bility of new measurements and because of a reevaluation of the
235U cross section for ENDF/B-IV. Fig. 2 shows the new 2350
fission cross section between 25 and 100 keV. It can be immedi-~
ately seen that there is considerable structure in this cross
section, with fluctuations of as much as 10% or more within a
kilovolt or so. Thus, its use as a standard is quite compromised
unless the neutron energy and neutron energy spread are well known

and accounted for. In Fig. 3 this cross section is "smeared out"”

by averaging points in groups of ten (effective "resolution” A5
keV) and compared to a similar curve for ithe 235U fission cross
section ivw ENDF/B-ITI. This plot indicates an average change in
the absolute value of the cross section of 5-15%.

Since it would seem that a fluctuating cross section subject

to substantial renormalization, does not make 2 very reliable

e R e— - . . . . . . -
235
235y (n,4) ENDF/B- IZ 2.4 Vin ) ENFe 7
: 25 - 100 kev ’ 25100 e
2.2- o . " A‘L"ER vn!vnYE - \ M ALTER, PRIVATE
\ Bt COMMURICATION
b COMMUNICATION, X 2.2- \\ APRIL, 1973 : -
< . L.
20v APRIL, 1973 - ‘\_ AVERAGED GROUPS OF TEN
3 ) 5 20- \ .
o ra- - b \’_\“ENDFIB-m

-

. f A )| ENDSSB-IY 7
i LA " 16 4
[.AL L s L L R S | ’ oy
30 40 S0 60 70 80 90 100 ; i
[0 L U G A 1 . 1
En (hev) 0 4 s6T 66 70 80 90 106

£, tkev)
Figure 2 Figure 3

- 18 -



standard, it was decided to perform the gold capture re-evaluation

with data not involving 235U fission standardization. This follows

the procedure adopted by Carlson(3) and by Poenitz(a)

in evalu-
ations presented at the 1970 EANDC Normalization and Standards
Cenference held at Argonne National Laboratory and follows the
most recent recommendations of the Normalization and Standards
Subcommittee of CSEWG (July 1973). Due to an abundance of ex-
cellent recent experiments, it was also arbitrarily decided that
only data measured since 1960 would be considered.
The capture cross between 10-100 keV is shown in Fig. 4,

(5)

The following data sets were were plotted: (1) Czirr et al.

(8 (3) Fricke et al.(7) (4) Kompe(s)

(16)

(2) LeRigoleur et al.

®) (7) and Berg-

a3 and

(5) Poenitz et al. (6) Belanova et al.

an The data of Spitz et al.(lz) Moxnn et al.

(14)

vist.
Bilpuch et al. were not used.
The capture cross section between 100-190C keV is shown in

Fig. 5. Data sets of Refs. 6-10 were plotted, plus the data sets

of Barry.(IS)

Inspection of Figs., 4 and 5 show that the various data sets

are in quite good agreement with each other within the quoted

-19 -
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NDN—235U DATA
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CZIRR 73
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40 60 80 100
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Figure 4
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errors. There is a general tendency for the data of Fricke et

a1. (M (Fig. 4) and Barry(ls) (Fig. 5) to be higher than others

and for the data of Bergvist(ll) to be lower; but all are never

more than about two standard deviations from the mein. The one

point of Belanova et al.(lo) is about three standard deviations

low. The evaluated eye-guide in Figs. 4 and 5 was drawn with no
explicit weight factors for the various experiments.

For the region above 1 MeV, the only one significant new con-

(16) These data should be considerad

preliminary until published aud were measured relative to 235U,

but the lack of measured fluctuations in the 235U fission cross

tribution is that of Lindner.

section at these high energies made it worthwhile to see what the
new data indicated for gold capture. Fig. 6 shows two inde-
pendently normalized data sets from Lindner(16> between 0.5 and 3
MeV. The curve between 0.5 and 1 MeV is that of Fig. 5 and above
1 MeV is that of ENDF/B-III. The data up to 2.2 MeV are in ex-
cellent agreement with the old evaluation. The two higher energy
points are low by about 157 and 207 respectively. It was felt
that it was not worthwhile to give these points sufficient weight
to seriously distort the ENDF/R-III curve, which represents the
best curve through all previous measurements. An added inducement
for not trying a serious reassessment of all of the data above 1
MeV was the implications of the effect noted by Devaney.(17)
Devaney points out the importance of a multiple reactioas cor-
rection for reaction cross section measurements above approxi-

mately 100 keV. The correction is particularly important fer

-21 -
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radiative capture, even with fairly thin samples. The relevance
of this effect to specific gold capture experiments is unknown,
but should be determined before the higher energy gold capture
data are reevaluated again.

In conclusion, the evaluated curve of ENDF/B-III betweazn 1
and 20 MeV, which included the evaluation of Vaughn and Grench(ls)
(1.0 - 5.2 MeV) and that of Bogart(27) above 5.2 MeV, are adovted
for ENDF/B-IV.

It is of interest to calculate the fission spectrum averages
of the capture and other reaction cross sections and compare them
with experimental measurements. For this purpose, a 25ch fission
spectrum was represented by a Maxwellian with a temperature of
1.39 Mev, i.es;

6(E) = ¢ VE e BT
was used. (C is a normalizing constant.) The calculated fission
spectrum average of the ENDF/B3-IV (n,y) reaction of gold is 81.8
mb. This number is to be compared with an experimental value of
95.5 * 2.3 mb measured by Pauw and Aten.(lg) Since the capture
section in the whole energy range 0.100-1.5 MeV is believed to be
known to better than 18%, the source of this discrepancy could be
due to either the measurement and/or the inadequacy of represent-
ing the fission spectrum by a Maxwellian form at low energies.

235 (20)

The U fission spectrum average measurements of Fabry shed

some light on the former explanation. Fabry obtains a value of

197 128 . .
88.0 £ 4.5 wb for Au(n,y) fu reaction. With a characteristic

2
temperature T = 1.32 MeV for 35U, we obtain a fission spectrum

- 23 -
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average of 84.9 mb which is within the stated error of Fabry.(zo)

After the completion of the evaluation of the capture crcss
section of Au, it was found that two points had been inadvertently
omitted from consideration. Both were measured with the same
technique at the National Physical Laboratory in England. At 25
(21)

keV, Ryves et al. measured a value of 640 * 25 mb. This is in

excellent agreement with the value of 648 mb read from Fig. 4. At

(22) measured a value of 96,2 * 2.0 mb.

966 keV, Ro* ~rtson et al.
This value is approximately 12% higher than the value at this
energy from Fig. 5. WNo changes were made as a result of this
discrepancy for the reasons noted above regarding the Devaney(17)
nultiple reaction correcticn effect. In addition the folilowing
data sets became available at the time of the writing of the
report:

(1) Poenitz(za) data in the energy range 400 - 3500 keV,.
This is an absolute measurement carried out by a large liquid
scintillator for the detection of prompt capture gamma ray-. The
srey Neutrcon Detector, the Biack Neutron Detector and a Li-glass
detector were employed to measure and monitor the neutron flux.

(24) data in the energy range from 3 to

(2) Macklin et al.
550 keV. 1In this measurement a scintillation detector and a 6Li
neutron monitor were used. The efficiency of the detector was
normalized to the 4.9 eV gold resonance by the saturation method.
The 6Li neutron cross section of Uttley, slightly modified, was
adopted.
(25)

(3) Rimawi and Chrien using the iron filtered beam,

- 24 -



measurad the neutron capture cross section of gold at 24.5 keV by
the activation method. Assuming a loB(n,ay)7Li cross section of

3.487 b and a total reaction cross section of 5.9175 b for loB,

they obtained a total capture cross section for 197Au of 0.630 *
0.006 b. The error indicated is only statistical and does not in-
clude the uncertainly in the normaliz:tion. These new measure~
ments were plotted and compared with the ENDF/B-IV capture cross
section in the pertinent energy regions. Good agreement is noted
between the new measurements and the evaluated ENDF/B IV capture
cross section.

Finally, it may be noted that preliminary results of the
capture cross section of gold between 100 keV and 500 keV were
reported by Fort(ze) in a progress report. A 4nBy detector was
used to detect the induced activities. The data are not available
at this time. Fort, however, made a comparison between his data
and those of LeRigoleur and fcund reasonable agreement between

the two measurements. These new data sets will be considered in

the evaluation of the Au(n,y) cross-section for ENDF/B~V.
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©

EEEQ!n,f) Cross Section

Task Force

MAT. No. = 1261

Recommended Energy Range; Thr, 100 keV=-20 MeV; Gzzoo(n,f)=
585.4b.

The 235U evaluation (one of 5 isotopes consilered) stems from

the joint effort of experimenters, reactor physicists, and evalu=-
ators who met at Brookhaven National Laboratory February 13-15,
1973 (The Big 3 + 2 Task Force Meeting*). Guide lines for Version
IV cross sections, developed by this Task Force, were meshed with
suggestions from the Normalization and Standards Subcommittee of
CSEWG to produce the existing 235U evaluated data set. While many
people were involved, the principal investigators of concern were
J.R, Smith, (Aerojet Nuclear Corp ), B,R. Leonard Jr. (Battelle
Northwest), and G. DeSaussure (Oak Ridge National Laboratory) for
235U(n,f) cross sections with energies less than 10 keV and L.
Stewart, (Los Alamos Scientific Laboratory), H. Alcer+ (Atomics
Internationzal), A. Carlson (National Bureau of Standards) and W.
Poenitz (Argonne National Laboratory) for 235U(n,f) cross sections
with energies between 10 keV and 3.5 MeV. Above 3.5 MeV, the
evaluation and data input were the responsibility of L. Stewart

(Los Alamos Scientific Laboratory).

The experimental data for 235U(n,f) and the methods used for
the evaluation are described briefly in the Hollorith section (MF=
1, MT=451) of Appendix F pages 86-91. The errors assigned to the
cross sections are taken from File 1 and listed in Table II. Fig.

VIII compares the evaluated cross section with experimental data.

* Notes from Big 3 + 2 Task Force kindly supplied by A. Carlson
NBS.

+ Present Address U,S, Energy and Development Administration,
Washington, D,C., 20545.
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The high energy portion of the curve has been expanded and is

shown in Fig. IX. References for the experimental data sets fol-

low Fig. IX. Note that the smooth cross sections in the resolved

and unresolved energy regions given in Appendix F pages 109-111,

(MF=3, MT=18) are background cross sections to be added to those

generated from the resonance parameters in order to complete the

resunance profile,

Ener
.2
1.0
1.5
2.0
5.0

IABLE II

Range (MeV) Assigned Error

5 - 1.0 4%
- 1.5 5%
- 2.0 3%
- 5.0 4%
- 7.5 %
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ENTR BY . SYEWARY, R.J, LABAUVE, AND PyG. YOUNG
LOS ALAMOS SCIENTIFIC LABORATORY

LOS ALAMOS,NEW MEXICO 87544

OCTOBER 20,1970

MF31
MTs451,
MFs2

ATOMIC MASS=1,P27B2%8

MT=151, SCATTERING LENGTH31.27565E-12 CM,

MFe3
MT: 1,

MTs 2,

MT=102,

MTr25¢,

NTR282,

MT8253,

MFs4

MT® 2,

MFe?
MTs 4,
HFa12
MT=1p2,

MFsid
MT3302,

TOTAL CROSS SECTIONS =~= THE TOPAL CROSS SECTIONS ARE
OBTAINED BY ADDING THE ELASTIC SCATTERING aAND
RAOIATIVE CAPTURE CRGSS SECTIONS AT ALL ENERGIES,

1.PEn@5 EV Y0 20 MEY.

ELASTIC SCATTERING =aw FROM AN EXTENSIVE THEURETICAL
TREATHENT OF FAST NEUTRON MEASUREMENTS

BY J, C. HOPKINS(LASL) AND G, BREIT{(STATE

UNIVERSITY OF NEW YORK), SEE N,D. A9, 145(1971),
1.86=05% EV 10 20 MEy.

RADIATIVE CAPTURE =eu THESE CROSS SECTIANS ARE TAKEN
FROM YHE PUBLICATION OF A, HORLEY WHMERE A VALUE
OF 332 MB WAS ADOPTED FOR THE TWERMAL VaLUE, SEE
NeD. A2, 243(¢1986) ALSO P,C.

1.,2¢=0% EV 10 20 MEV.

AVERAGE VALUE OF COSINE OF SCATTERING ANGLE
IN LAB SYSTEmM (PROVIDED BY BNL),
1.0Fa25 EV T2 20 MEV.

AVERAGE LOGARITHMIC ENERGY CHANGE PEP COLL1SONs TAKEN
AS 1, FROM 3,0E=B5 £v TO 29 MEV, (PROVIDED BY BNL).

GAMMA, TAKEN AS 1, FROM 1,0E=05 EV TO 22 Mpv,
(PROVIOED BY BNL),

NEUTRON ELASTIC SCATTERING AKGULAR OISTRIBYTIONS IN
THE CENTER OF MASS SYSTEM==G{VEM AS NORMALIZED
POINTWISE PROBABILITIES,

,800g1 TO 5 EV FREE GAS SIGMA®27,449 PARNS,

GAMMa RAY MULTIPLICITIES =-= MULTIPLICITY, (REFERRED
70 MYsi122, HF=3), IS UNITY AT ALL NEUTRON ENERGIES,
LP22 NOW [MFLEMENTED. THEREFORE ALL GAMMA ENERGIES

MUST BE CALCULATED,

GAMMA RAY ANGULAR DISTRIBUTION «== ASSUMED ]SOTROPIC
AT ALL NEUTRON ENERGIES.,



LA=4574

1= H= 1 LASL EVAL~AUG?p L STEWART R,J:1LABAUVE,P,G,YOUNG

(1971 DIST=MAY7a

20NQROEPURGORESH DNA 4148 MOD 2 0000000000080 000000000000

AUGUST 1973 COMMENTS AND CHAMGES

RECENY TOTAL MEASYREMENTS BY CLEMENT AND STOLER
(RPJ) AND BY HEATOW ET AL, (48S) DI 0T INDICATE
TuE NEED FOR CHANGES AT TwiS TiwWt,

THE LP32 FLAG HAS REEN [MPLEMENTED Iv MFe=12,
MTEi1d2 IM VERSIOW 1V,

A MEW LISTING HAS BEEN GELERATED FIR TWE TOTAL
CROSS SECTION TQ [NSURE THAT THE SUMWATION OF THE
PARTIALS IS CONSERVED To HIGWER PRECISIOM,

TwE NORMALIZATION AND STANDARUS SUJCOMMITYEE OF
CSEWG REVIEWED THIS FILE [N MARCH, 1973 AND
RFCOMMENDED AQ CHANGES TO ThE SCATTERINg CROSS
SFCTION FOR VERSION IV,

I XYY YT YT Y Y Y Y YY) DNA 4148 dMop 1 V0a0eadestastatapnassndesas

THIS HODIFICATION WAS MADE TD ENABLE THE CURRENT
DA LIRRARY To CONFORM TOD THE ENNF/8=111 LIBRARY
AND TO ADD PHOTON INTERACTION OATA

THE DATA CORRESPCMNDS 71O THE EnDF/Belll EVALUATION
WITH THE MAT NUMBER HAVING THE SAME LAST 3 pIGITS,

0000003000300 0000008000300000800000800880000800080R00000 038000000080

L I I K I B BN I 2R BN BR B AR BN S SX 252X BE Y BN BN BY BN NE N NN )
CROSS SECTION STaNDARD HYDROGEN SCATTEKING CROSS SECTION

® 6 6 8 8 5 5 8 65 8BS 9B BB B PP eseeea

THE SCATTERING CROSS SECTION HAS BEEN REGUMMENDED AS A

STAMDARD 8Y THF CSEWG NORMALIZATION ap0 STANDARDS SUBCOMMITTEE.

FOR THE ENERGY RANGE FROM 1 Kgv TO 22 MEVY ]

HYDROGEN FREE ATOM CRQSS SECTJONS AS GIVEN [N LA-4574
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MYOROGEN~Y ELASTIC ENDF/B VATERIAL NO, 1269
SEGONDARY NEUTRON ANGULAR DISTRIBUTIONS
INTERPOLATION LAR BETWEEN COSINES
RANGE DESCRIPTION
1 70 12 Y LINEAR IN X

TABULATED ANGULAK DISTRIBUTION lN ThE CENTER oF HASS SYSTEM AT 1,8200Ewd2 MEV

INCEY L] F(My? Fimy HL Femu) Hy L) LY Fimu)
1 =1.7@2PE+D0 %.4P92E-~02 -P.BWBEwﬂI 3. 29325 P4 =8,2000F~01 5¢2134E~01 <6,0000E-01 9,10380«04 =4,28082E%R1 3,0327L~BY
& =2,C0PPE-NY 4 ,9ANZE-Q1 ¢, 0ORPE+PD 4 D40CE-DY 2, PPODEIOL 4,9120E-P1  4,PROQE-P1 4,89A3FR:  6,0002Eef1 4, 8907ER%

11 B.COPRE-RL 4,8040E-21  1.PDPRE+RR 4.9001E-01

HYORDGEN-2 ELASTIC ENDF/B MATERIAL NO, 1269
SECONDARY NEUTRON ANGULAR OISTRIBUTIONS

INYERPOLATION | \W BEYNEEN COS{NES
RANGE DESCRIPTION
170 42 v LINEAR IN X

TABULATED ANGULAR DISTRIBUTION IN 'mc CENYER er mss SYSTEM at z,ezu:-m HEV

INCEX HU Fenpl Fiv " MUY F{HY n FMU)
1 =1,¢BROE+ER 5,48A7E~01 -9, eaw:-nx s, aau:-u «8,0000E.¢1 5'23;2:-01 -A.aﬂnz:_u 5.15295-01 4, 00C0En21 3,0229E+01
& ~2,P000E-01 4,9638E-01  0,0PCREe6D 4.9218E-DL  2,00MC0[A0L 4,8958E=P1  4,700QF+01 4,8840E~01 6,00P0FeD] 4,8060E-E1
11 8,2P00E<01 4,9775E%21  4.(ORAEe0R d,0486E-01

HYORQGEN=Y INELASTIC ENDF/ZD MATERIAL NO, 1249
THERMAL NEUTRON BCATTERING LAWS
INPEX TYPE ToTAL EFFECTIVE
oF FREE ATOH HASS
MODEL CROSS SECTION
1 TABULATED 2,0900Ce 00 2,P0APE+02
HYDROGEN-1 I GAMNA ENDF/B MATERIAL MO, 1269

)
PyoTon IULTIPL!C!;ICS-NEUT“ON INDVCED

RHETAN ENEAGY DISTRIGUTION LAN = DISCRETE
INTERPOLATION LAW BEYHEEN ENERGIES
AANGE DESERIPTION
m 2 Y LIMAR IR X
RHOTON ENERGY 2,2246r+@@ MEY LEVEL ENERGY @,00MQEeQ@ MEV
INDEY tNE“GV PHOTUNS CNERGV PHOTONS

Ev
1 1,0002€.0% 1,2000E+30 Z.BMBE:'B') 1.P0RBESRP

HYDROGEN-1
PHOTONS ARE 1SO0TROPI.

{1, GARMAY ENDF/p MATERIAL NO. 1209
PHOTON ANGULAR OISTRIBUTIONS=NEUTRON INOUCED



Appendix - B
Helium - 3 MAT. No. - 1146
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2-HE= 3 LASL EVAL=1968 L ,STEWART
DISYT=APH74 _

THIS FILE TRANSFERED FROM ENOFB=]11 wITH O MODIFICATIONS,
* * L ] L ] -
...ai...;....!{’.l.'.O.Cl...‘q....
L )
# CROSS SECTION STANDARD HE=3 (M, P)
)]
[ BRI X 2R 2N BN BN BN 2R BE 2 2R 22N B R BE 2E IR S TR IR N T S-S ST ST S N Y

*
® THE HE-3 (N,Py CROSS SECTION FOR THIS MATERIAL 1S RECOMMENDED

AS A STANDARDC FOR NEUTROM ENERGIES FROM THERMAL T0 57 KEV

- - -* ) *
HMELIUM=3 FROM aM UNPUQLISHED EVALUATION BY L,STEWART (LASL-1968)

THIS EVALUATION OF HE=3 WAS RECOMMENDEQ RY THE STAVDARDS
SUBCOMMITTEE (CSEWG) FCR INCLUSION IN ENDF/B AT THE OCT, 1978
MEETIMG OF CSEWG.

NDATA CCNVERTED v0 ENDF/p FORMAT BY M,DRAKE¢BNL) aNn R { ABAUVE
(LASL) AUG1971,

MF=1
MT=451, ATOMIC MASS=3,P150
MF=2
MT3151, SCATTERING LENGTH®B,2821E~1? Ck,

MF=z3

MT= 1, ToTAL CROSS SECTIONS =w= FHOM ,2¢P01 EV To 10,8 KEV
MTL TAKEN AS SUM MTZ +« MT103, FROM 43,8 KEv TN 23,2
MEV MT1 EVALUATED USING EXPERIMENTAL DATA FROM REF,6,

MT® 2, ELASTIC SCATTERING CROSS SECTIOVS ==« FROM ,00001 EV
T0 1.8 KEV MT2 TAKEN AS CONSTA+Te1,2 B, FR0O™ 10,8
KEV T0 20,0 MEV MT2aMT1-MT123-M?124 WITW EXPERIMENTAL
DATA FROM REF,9 AND 11 AS CHECK, NOTE TWO REACTIONS
HISSIMG FROM THIS EVALUATION, NAMELY wN,n~ePRIME,P AND
Ne2MN,2P, EXP, CATA AT 45,¢MEV INDICATES NOM=ZEROD
CROSS SECTIONS FOR THESE, INCLIDED ]+ ~T2 THIS EVAL,

MY=183, p=P CROSS SECTICNS === FROM ,%27#1 EV T0 1,42 KEV

MT123 TAKEN AS CNE-QVER=V(53278 AT .@253EV)FRCM
REF,13, FROM 1.42KEY TO 22,uMEv MT 123 IS EVALUATED
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P MT=1p4,

MTz251,

USING EXPERIMENTAL DATA FROM HEFS,1,40.508,10,11,12,
14,15,16 COVERING ENERGY RANGES AS FOLLOWS «

REF,1 = 412 MEV T0 ¢,2 MEV

REF,¢ = 5,8 MEV 70 11. “EV

REF,5 - 5,0 KEV Y0 4,2 HEV
REF.,8 = ,48 MEV T0 4,5 MEV
REF,1P~ 3,1 MEV t0 g1. MEV
REF .14 +95 MEV

REF.12- 4,0 MEV T0 12, MEV
REF,14= 5,0 KEV Y0 4,2 MEV
REF .15~ 3,0 KEV Y0 4,2 MEV
REF. 16' 1‘0

MEV
DATA EXTRAPOLATED To 20,MEV,

N»D cPOSS SECTIONS wee THRESHOLN®4,35MEV,
Qe-3,2684 MEy, EVALUATION FROM A DETAILED BALANCE
CALCULATION(REF,13) aAND EXPERIMENTAL DATA(REF,11),

AVCRAGE VALUE OF COSINE OF ELASTIC SCATTERING ANGLE,
LABORATORY SySTEM, OBTAINED FROM DATA MFsgq,MT32,

MTe282, VALUES OF X1, CATAINED FROM DATA MFz4,MTE?2
, HMTE253, VALUES OF GAMMA,OBTAINED FROM DaATA MFad,HMTs2
MFee
3 MTa 2, ANGULAR DISTRIBUTION OF SECONDARY NEUTREKS FROM
: ELASY!IC SCATTER, EVALUATED FROM EXPERIMENTAL DATA
: FROM REFS,2,7,9111,46+17 COVERING INCIDENT ENERGIES
AS FOLLOKS -
INCIDENTY ENERGY REFERENCES
1 .E=5EY (ISDTRAOPIC)
PeS MEV (1SoTROPIC)
.9 MEV $
2.0 MEV )
2.6 MEV 11
3.3 MEV 9
5.0 MEV 11
6,0 MEV 9,7(Fa0M PeT ELASTIC SCATT)
8,0 MEY 11,7(FROM PsT ELASTIC SCATT)
14,5 MEV 16,:17(FROM peT ELASTIC SCATT)
17.5 MEV 11
20.2 MEV 2(FRO PeT ELASTIC SCATT)
REFERENCES

WLL TURaY

1, R.BATCHELOR,R,AVES,AND Y H,R,SKYRME,REV.SCI,INSTR,2641037

(195%)
2, R.AoVA&ET!IAN ANO E.D.FENCHENKC ,SOVIET JOURNAL OF ATOMIC
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14,

16,
17,

ENERGY 2,141(1987),

JoNyBRADBURY ANO L ,STEWARY,BULL,AM,PHYS,S0C,3,417¢1958)
G.F.BOGDANOV N A, VLASOV,C.P,KALININ,B,V,RYBAKOV,L,N,
SAMOILOV,AND V,A,SIDOROV,JETP(USSR)36,533¢(1959),

JoH GIBEONS AND R,LoMACKLIN,PHYS REV,114,371(1959),

LD3 ALAMgS PHYSICS AND CRYOGENICS GROUPS,NUCL.FHYS,12,
291(195%9).

JIE'BRDLLEY]JROOTUH'PUTNAH0L|RDSENIAND LSTEWART,PHYS,
REV,159,777(1967),

J+E+PERRY,PRIVATE COMMUNICATION 7O STEWART(19602)
JoDSEAGRAVE 4L (CRANBERG,AND JoE,SIMMONS,PHYS,REV 119
1981(196¢2)

M.D,GOLDRERG ,J,0,ANDERSGNJ4P,STOERING, AND C,WONG,PHYS,
REV-122|1510‘1951)|

ArR,SAYERS,K oW, JONES,AND C,S,WU,PHYS(REV,122,1853(1961),
w.gsH!LSUNnR.L.HALTER.AND DB FOSSAN)NUCL ,PHYS, 27,421
11- ’U

' ALE=NIELSEN AND O,DIETRICH,PHYS,REV,133,8925(1964),

1 sLoMACKLIN AND J,H,G1BBQNS,PROCEEDINGS of THE INTERNATL,
CONF ,ON THE STUDY OF NUCL.STRUCT WITH NEUTS,,ANTHERP(1965)
JuH.GIBBONS,PRIVATE COMMUNICATICN TO STEWART(1964),

B ANTQLKQVIC:G4PAICIP.TOMAS,AND R(RENDIC,PHYS,REV,159,
77701967,

L,ROSEN aMD #.LELAND,PRIVATE COMMUNICATION(1967)
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HELIUH=-3
OATA TYPE
GEWERAL INFORMATION

RESONANCE PARAMETERS
NEUFRON CROSS SECTION

SECONDARY NEUTRON ANGULAR DISTRIAUTIONS

HELIUM=-)

180T " PE mmncannannman:

==HEL1uM=3

FRACYONAL ABUNDANCE- 1.0000E+D0
NUNBER OF ENERGY RANGES- 1
ENERGY RANOE NUMBERw==--- 1
LONER ENERUY LINIT (EV) 2.5800E-02
YPPER ENERDY lT (EV 1.PR0BE«8¢
NUELEAR 8PIN- 5,208BF =81

SRIN SCATTERING LENGYH [T TIEL

24024PE-P4
NUMBER OF | STATESwwwe—momenn H

%0 RESONANCE PARAHETERS GIVEN FOR YWIS MATE

HELIUM-3

INTERPOLATION LAW BETWEEN ENERGIES
RANGE QESCRIPTION
170 8L LN Y LINEAR IN Lw X

KEUTRON CROSS SECTIONS

INDEX, ENEAGY CROSS SECTION  ENERGY cROSS SECTION  ENERGY cnnss syc!lnu ENERGY
3 BARNS £V garNY [ BAR EV

1 2,6795 1,00P2¢~D4 8,47838084  2,3300£02 9, sasozozs 1,8780E+02 &
[ 4,2P70E001  6,3100¢0P2 3, 45400401 1,B8000Le03 2.7el9(‘01 1,4202c83
[¥e 1,9408E621  4,7042E903 1,2450E001  4,7918E003 1,2449F301  7,1RA0E¢P3
16 8,2z00€400 1.azen:nl4 6,0076Co00  2,4200E¢04 3,68%QF200  3,03P0Ee04
1 3,7440£0 80 .alungell N,740880  1,0080¢005 3,6700g400  2,8030¢e08
16 2,96p0pE8p  4,agp0C*p® 2.91p0LeB0 l.ssag:oe! a.asler'nz 9.00090E+Q5
3 2,7768E«00 ¢ ,3BP0E55 7,8002¢005 2,7300900  7,3080E0P3
38 2,8B00E480  5.0080F +29 S 2,0820P000 1,0003E«06
4 6 J,EP08E+0p  1,3080£+06 3.1200re87  1,5092E€+06
48 s J2200ES00  1,8BPDE+B6 3, 2or0pe00  2,0020F006
L1 2,9500E+8p  3.50POEs0s 2,4500E000  4,3%00 o
L1 2,8197E+08  5,08P0Ee0S 2,230Qe%00 64,0800
L3 1.98B5E480  7.90B0F 25 1,5002E48P 1,82010002 8, !lon:oua
" 1,62P5E400 1 ,0000CeRY 4, 95850400 1,4004p209  1,1000¢007
7 1,339 s 1,2920E+07 1,2095C¢48 1,250200m0  1,38p0Eep?
76 1,500PE+07 1,1120E000  1,6080F¢87 1,08008400 1‘1ooe:-97 ¥,9202E701  1,8000E¢07 9
51 2,0200€427 0,5108E-24

ABLE “f LUNILY
GENEIAL lNVOIﬂATlcN
REACY]ON 3

COMMENTS
TABLE OF CONTENTS
RESONANCL DATA
oTaL
£LasTIC
(N,»)

(84,0}

HU BAR

x1
GAHMA
EL‘S'!C

RESTUNANCE DATA

RESONANCE FARAMETERS

RESOLVED SINGLE~LEVEL BREIT-WiGNER PARAMETERS

RIAL

TOTAL
NEUTRON CROSS SECTION

ENDF/8 WATERIAL NO, 1148

ENDF/p MATERIAL NO, 1144

CROSS SECY!ON

AR

vouc-a:
233706401
1.0102€481
4.0082c00
3i23e8ge08
2,84pQE 20
247660E80
2.8700E%00
3.1008E 008
3.2008g 0P
2.5%00
2.1800E *R8
147480E 908
1,4300¢409
142101000
+4BOOE 0L

ENERGY OROSS SCCTION
13 BLANS

2,0000EeR2
2,1308Ce0Y
7,1810Ce83
8, 4%08E024
3,0082p408
5,5p28E095
8,0008C 58
1,18P3CeEs
4,,608BE 00
2,5880E%06
4,3880C¢00
6,9000€408
9,8882E 00
1,1380E07
1,6p08Ee07
1,98E0E007

5,1200E01
1,9220g408
1,6890Ce01
4,1870Ee00
3.,8288¢408
R2.800E¢00
2,7708C800
2:9480E402
3,200
3,0909Ee00
2,9%42E%00
2,MOB2ER0
1,67P0Ce00
1,3888¢e08
1.1702C%60
8,0308E =01




HELIUK-3 ELASTIC
NEYTRON CROSS SECTION
INTERPOLATION AW BETWEEN ENERGIEA
RANGE DESCRIMTION
470 A1 LN Y LINEAR IN LN X
NEUTRON CROBS SECYIONS
INDEX, ru:ncv cRoss s:cnon ENERGY GROSS SECYION  ENEMGY CRDSS SECYION
BARN EV BaRNS EV 84ANS

1 :.OII:IUBS S.BIBBE-BD 1,0983¢=04 1,08000908 2,5300Ke02 1,0000E%00

H 1,00682€098 e.a:na;.ez 1.0BREEeEs  1.BR8Aps@3 1,200rs00
11 1,0880E406  4,T000[483 1,000AC40A  4,7900c40% 1,0200€000
18 1.P00E4BR  1,4200F 84 §0  2,4200£e0¢ 1,1490C%08
't 1,4908E«92  8,2000F e84 P08RESES 1,62080 000
26 1,0400E008  4,2000F 03 1,98902+20
31 1,9530E408  6,5PA0F o8 1,84102008
3 1 9,00BBEe(3 A, 9998E008
aQ 1,3802¢eR8 2,2098Ee82
I 1.00P0E 606 2,3p50080
5 3.9670¢ o6 2,182000R2
6 5.0888ce 86 1,9130¢408
T 7,8800¢+66 1,5320¢0+00

L1.39100e89
1,04300e00
8,234020P1

s .5555;-1« 1,3648C008  1,0800E007

2000E987 1,1210E+08  1,2808¢ep?
9,2400€.01 =, 6000E007
81 2,8P00EeP7 7,130BE~0Y

8.7400Eet1

RELTyR-3 tN(Py
NEUTRON CROS5S SECTION
ARACTION Q VALUE  7,6449F+83 £v
INTERPOLATION LAW BETHEEN ENERGIES
QANGE QESCRIPTION
170 8L LN Y LINEAR IN W X
NEUTRON CROSS SECTONS
INDEY, :N:Nsv choss SECYNN ENENGY  CRD9S SECTION  ENERGY cnnss SRCYION
£y BANN Ly

DARN BARNY

1 s.ane:.ﬂ z nu:au 8, 4732004 z.untvu .32782'03
[ 82 4,1070E4R1 3,3918F001  1,D800Ls0" 2,660000R)
11 +A400EAD Y 1:1450E901 4, 7OLOF40Y 1,1449008)
16 +2R00E920 5,71000000  2,4208ge04 4, 5400¢e00
21 2 2548L420 ” enpeds 2,09288400
20 4,50001+02% 1
3 6,5000¢40% 1
36 9,0000[ 83 4
4 1,308RE9RS L1 1
46 1,8B0BEeDO B,45POCePL 1
51 3,30FAEe06 5, 38R0E 0 i
L1 .1050!—01 5,0000E%26 §.72P0EnEY 1
(19 2,9708E01  7,5000¢086 2,3000¢al1 1228 1
(1] 1.!4!9!-!1 1,0800EeB7 1 ,7300E0%1 1,6800E00)
7" 1,43606=81  1,2908Fe87 §,37800%81 1, 1,3488peny
78 07 1,1200E~01  1,6PORESD7 1.24FCEwEL  1,7009Fs07 9,74P0P02
81 2,0000Eep7 3,2P0BE~N2

ENERGY
EV
1.0728€082
1,42003083
7.1022E403
J.63e0Ee04
2.0000E0025
5,0080F 0%
1,3080¢00%
1.,8080€¢ 08
1.580P¢e08
+00enCe0d
4. 39820006
6.9008EsR6
8,5000¢e08
321280037
3,3302€087
1.0000EeB?

thD'V
1-5703{.02
3

1-!9!5!"7

ENOF/8 WATERTAL NO. 3144

CROSS SECTION  ENERGY CR0SS SECTION
DARNS Y BARNS

188000000
1,00000s08
1.,0000C08
1.2100C080
119100E000
1.9100C008
4,08370¢ge00
1.90100008
2. 31200

7.,8190E.01

ENDP/D mATERLAL NO. 1144

CROSS SIC'IDN ENERGY  CWOBS STCYiON
BARN Ly BARNS
:vl7"tﬁll 2, B;:l!"? 8,02905+03
.

1.4 1.2
|.10¢l w02  1,9800L¢BY §,6000 <02
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HELIUN=3 {NeD) ENDF/B MATERIAL NO, 1146
NEUTRON CROSS SECTION

ACACTION Q VALUE =3,@¢
INTERPOLATION LAW BETW o5

RANGE QESGRIMY RANGE 0ESCRIPTION
110 2 ¥ LINK: 270 28 LN Y LINCSR IN LN X
NEUTAOM £RESY SECTIO
INDEX,  ENERGY CP JON  ENERGY cROSS SEGCTION  ENEAGY CROSS SEGYION  ENEMGY  CROSS s:cuou ENERGY CROSS SECTION
E 1] BARNS Ev BARNS 1] BARN y BARNS
1 A 13 4,300PEe26 1,00P8E«R)  4,9008¢e00 2,7200P*AY  9,0007Es04 :..uu:-uz 9,52000006 3,3002C-02
6 [ 'R 6,9000Ee25 9,1200E+92  7,008€reBs 9,7502P902  7,3300Ced6 6,2200Ee07  §.08B2CePs ¢,81000«02
[T [ 52 9,08POE4Z6 7.1000EnB2  9,90B0cedt 7.28008072  1,BABAC4CY 7,35008s82  1,0900CeR7 7,44P9E=P2
16 .umm 1. %2 1,1%801:407 7,95C0keB2  1,228207007 7,3800geB2 1,2300[e87 7,8008¢~32 1,30B0C«07 7, 01P0L~02
21 1,39007487 7,500 -2 3,48 7 P.6388Ee8T  1,3880p027 T, 60800083 1, 0000E«07 T,4200Fv82  1,7822LeR) T, 18PRE~02
26 1,0006Z497 6,630% -T2 1,800Ea87 6,1480Ee02  2,00005,07 9,6200¢n82
HELTUN=3 My Hap ENDP/B mATERTAL NO, 1446
NEUTRON CROSY SECTioN
INYENPOLATION LAW OETHEEN ENERQIES
RANGE DESCRIPTION
170 12 Y LINEAR IN X
NEUTRON CROSS SECTIONG
INOEX, tumv DATA ENERGY OATA ENERGY GATA ENERGY 0atTa :u:lnv DATA
EV Ev EV
1 1.|un:.e! 2,2296E501  %,0P0BE40Y 2,2296Ee01  1,0020EeP0 2,3620Re02 2.000PEeP6 2.4171C-P1 2, ouu:.u :.ouu-n
6 3.5092Ee@0 3.9B30E-By  5.00R0Ced6 5.AyF4EwBy  6.00DFL406 3.3204E%A1  8.003PCe06 5.80190-01  1.3080£¢87 4,0642€=01
11 1.7900Ce87 7,17385E-01 2.0BAYCLT 6,5305€B1
HEL JUN=3 X1 ENOF/0 WATEAIAL NO, 1146
NEUTRON CROSS SLCTIOM
INTERPOLATION LAd DEYWEEN ENERGIES
RANGE GESCRIPYION
170 42 ¥ LINEAR IN X
NEUTRON CROSS NECTIONS
INOEX, HEI ] OATA ENERGY OATA ENERGY DAYA ENERGY OATA ENERGY DATA
£V EV £V Tt
1 0evds 5, 3931E-0 s JIBPOCeE5 5 30N1E~01  1,0008[e06 & 5778271 2,0080Ee06 3,3200¢r01  2,0000[006 4,7987F=01
& €006 4,0762E~01 2E02E 33SLERE1  6.000REe00 3. 14048701  0,000PEeR6 2.8153C=01  1,5000L¢07 2,2115(901
11 E+07 1,087840r0¢ .u”:oﬂ 2,38110 =01
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ELAIT)e
SECONDARY NEUTAON ANGULAR UISTRIBUTIONS

INTERPOLATION LaW BEYREEN COSINES

MANGE DESCRIPTION
tT0

i @1 Y LIKEAR IN X

TARULATED ANGULAR UISVRIEU'ION IN THE CENTER of MASS SYSTEW at ?-‘lel!‘ow HEY

INBRX HU
=1,2800F 7-619!!-'1
[] -B J14100E=pY
249310623

# 85,7540 -02
1 i.ﬂ!ﬁl[‘ll 1ils30Ee0p

NEL{UW~Y

WY Finu
~9.0060E-P1 ¢,393RE-01
~4.G00BE-0Y 3.997AE=0y
1.9068E-01 2.9370€501
6.0086C-01 8.660P¢-2

MY
«4,0080¢-01 !.4:1!:.!;
»3,0000p.01 2,5840Ca0
2,08800ais 3,4630Caly
72880001 7,6720FaB]

L'}
=7,2080¢.p01
*2,00D8E~01

3.0008E-01
8,0002¢r.01

CLAITIE
SECONOARY NEUTRON ANGULAR DISTRIBUTIONS

INTERPCLATION (AWM WETHEEN COSINES

RANGE BESGRIPTION
L7021 ¥ LINEAR I8 x

TABULATED &NOULAR DISTRIBUTION IN vu: :cuv!n or MABS SYSTEM av 3.5lua:-|a MEY
FHU) (L]

!Nﬂll LY u
-luO' 619653E=01
[ 202830C.01
11 2,2030E~01
16 [BLELITI Y

n ltﬂl E+80 1,4151EepP

HELIUM=3

My
~9.0000E-02 3, 725!!-'1
~4,0888E.03 1,02888.01
1,00ABEPY 2,7430C~08
8.708REDY 7,305PE-PL

ELaSTiC
SECONCARY NEUTRON ANGULAR

lN'thULATlUN CAY BETWEEN COSINES

AANGE DESCRIPTION
110 21 v LIMEAR IN X

YAlULl'EO ANGULAN Dlsfllﬂu'lcu N vut c:nv:n nv nAss BYSTEM at 5,0400E08a WEV
N L' L") (41,

=01 1,6090C-01
80 1.7028C~p3

1 7,0730C~81
0 1,4050E008

HELTUN-3
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1.0008E~01 2,104REnDY
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CISTRIBUTIONS
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SECONDARY NEUTRON ANGULAR DIETRIBUTIONS

INTEAPOLATION (AN BEYWEEH COSINES
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SECONDARY MEUTAON ANGUL‘H DISTRIBUTIONS

{NTEQPOLATION LAw BEYWEEN COSINES
QRNGE CESCRIPYION
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INTEQPOLATION (AW BETWEEN SOSINES

AANGE QESGRIPTION

110 21 Y LIMaR IN X

TABULATEC ANGULAR NQ"HEU”DN 1N THE CENTER OF NASS SYSTEM AT 1,5280Feps WEV
INEEI uy FiM HY Fewyd Hy Fiuu) My
=1, 28P00 ¢20 2-9.095'51 ~9,P00PE 0L 2,433RE~01 «B,020080P~01 1,4230C«R2) «7,00PRC.01
6 «5,00206-01 6,300RC«22 -4,0PB0E-01 9,790PE-62 .3,20B00.21 6,8700F-¥5 ~-3,282¢r-01
11 DIREGRLRR 1)6040EvX 1.090PE-81 2.194PL-PL  2,0POBL.P1 2,8080LaR) 3,0PLQE -0 3-6550!-D$

'
01 4,7
16 3.02BPE-21 6,3310E~21  6.0000C-~01 G.!lll‘t U1 7.0000€~¢1 142529E+P0  4,0200T=01 1,5729C+00 0,08880-0% !:OG"tﬁll
1 1,09P9Fe08 2,27p9L*00
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3aL 1~ 6 LASL EVAL=APRY4 G,M,wALE, D,D00VER, P,YOUNG +
DIST="AY74
1900000000000 003000680000003000gy000858004000000030L0080a00000b0d00)y
1] L
’ TOTAL, ELASTIC: AND (N ALPHA) CROSS SECTIONS AND ELASTIC .
» ANGULAR DISTRIBUTIONS REPLACED FOR NEYTRAN ENERGIES BELOW .
2,0 MEV BY G,m.HALE, D,DODDER, P,YOUNG, AND L ,STEWART AT LASL,e
APR. 1974, THE NEW DATA RESULT FROM A COUPLED=-CHANNEL .
ReMATRIX ANALYSIS THAT IS BRIEFLY DESCRIRED HELOa,
TNE (N,GAMMA) CROSS SECTInN FOR THpERhaL NEUTRONS wasS LSO
REPLACEL, AS NESCR{BED BELOW,

[]

?

[

»

» THE THERMAL CROSS SECTJONS ARE AS FOLLOUMS,

. TOTAL ry=1 SIGMA 5 642,76 BAANS
. ELASTIC vys2 SIGMA = B, 72124 BAaNs
. (N,GAMMA) NT3122 SIGMA = 5, 03352 BARNS
. (N, ALPHA) MT=SL1Z7 SIGMA = Q4P ,BP BARNS
[
»

e &S SOCIYSDS

l....l.o............U......GO........l.PCQGQQQD'....QQQQQQDQOQ..
* 8 0 & & 8 3 3 0 8 8 g 08 & 8 e @ & g & % & 8 & o & & a & 8 @
[ ]

PHOTON “RNOUCTION ACOED BY LABAUVE AND STEWART aY .

LASL, ocT, 1972, »

.
@ 8 8 6 8 08 4 00 8 00 88 g 0 0 8 3 0% 00 08 g a8 e
L1-6 LASL EVAL~AUG7e M,E,BATTAT AND R,J,LABAUVE
DI1ST~JANT2
.

'y L ) L ) * [ L )

4 8 & 0 8 8 8 0 8 0 2 8 & 8 g 8% 0 k0 a0t 500 e e

-

-

a CROSS SECTION STANDARD == LI«6 (N ALPHA)
-

®

® 82 0 0 0 00 08 0 5§ 88 g 800 8B a0 s e

£ =2 RESOMNANCE PARAMETERS
MY = 151, SCATTERING RADIUS gnLY,

£ =3 SMOOTH CRQSS SECTIOMS

MTsl, TOTAL. BELOW 1,5 MEV, THE DATA ARE BASED N a COUPLED=-
CHANNEL R-MATRYX ANALYSIS OF thE TDTAL CROSS SECTION MEASURE-
MENTS OF REF, 2, THE (N,ALPHA} MEASUREMENTS OF REF,q4 BELOW
4poi KEV AND REF .15 AT WIGHER ENERGIES, A%D VARiOUS MTASURE=-
MENTS OF Ne6L1 AND A pHA=T E_ASTIC SCATTERING, THE TOTAL

WAS MATCKED BRETWEEN 1,3 AND 2,D MEV Tpo a GURVE BASED PRI=
MARILY ON THE 0ATA OF FOSTER anND GLASGOW (REF,4) WHICH EXTEND
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TO0 15 MEY, ©EXTRAPOLATICN To 22 MEV 1S RASED NN THE DATA OF
PETERSON {REF,5).

MTe2,ELASTIC, BELOW 1,5 MNEv, PREDICTIQNS OF THE R=MATRIX
ANALYSIS DESCRIBED UNDER MTse WERE USED, YHESE PREDICTIONS
ARE CONSISTEMT WITH THE OATA oF REF,16 (8UT SUBSTANTIALLY
HIGHER THMAN TWOSE OF REF,9) BELOW 2pp KEv, ASOVE 23p KEV,
THEY AGREE WITW THE DAYA OF REF,9 AND REF 3, MATCHED BETWEEN
1,5 AND 2 MEV T0 A CURVE BASED PRIMARILY UM THE KOPKINS
EVALUATION (REF.6) BEYWEEN 4 AND 18 MEY, AY 14 MEV, A VALUE
OF .88@ BARNS INSTEAD OF ,E65 BARNS (REF,1) WAS USEQ,

MT = 4, TOTAL INELASTIC, SUM OF MT = 52 AMD MT 2 93,

MT 824, (N.2VIALPHA=P, EVALUATION OF REF, 1 T2 15 MEV, E,TRAP-
OLATED TO 28 NMEV,

MY 352, (nN,N PRIME)GAMMA, DATA OF PRESSEK (REF, 7) To 7 MEV,
CONSTANT CROSS SECTION OF 5 MILLIBARN ASSUMEU ABOVE 7 MEV,

MT = 94, (N.M PRIME)ALPHA=D, REF, 1 uP Y0 ABQUT 3 Mgy, HOP=
KINS EVALUATIOM (REF, &) CONSIDERED BETWEEN 4 AND 12 MEV, A
SOMEWHAT HIGHER VALUE = 433 VERSUS 433 MILLIBARN = THAN IN
REF, 1 WAS USED AT 14 MEV, EXTRAPOLATION YO 23 wEv USING
DIFFERENCE BETWEEN TOTAL AND OTHER PARTIAL CRQSS SECTIONS.
TH1S CROSS SECTION IS HIGHER THAN THE ROSEN AND STEWART

DATA AT ALL EMERGIES WITH THE 14 MEV, PNINT 433 MB INSTEAD OF
THE MEASURED VALVE OF 315 M3,

MY8102, (NsGAMMA)« BELOW 15 KEV, BASED AN A NEW THERMAL MEA-
SUREMENT BY JURNEY (REF,19) OF 38,53 +/- 3 4B, AT HIGHER ENER~
GIES, BASED 0 THE EVALUATION OF REF, 1,

MT = 1B3y (N,P)}., DATA OF PRESSER (REF, 77 TO 7 “EV, REF, 1
FROM 7 TO 15 mEV. E.TRAPOLATED TO 22 MEV,

MTR187, (N,ALPHA), BELOW 1,5 MEV, BASED ON THE ReMATRIX ANALY-
S1S DESCRIBED UNDER MYsl, THE EVALUATION AGREES BELOW 52 KEV
W1TH THE DATA OF REF,14, AND WITH THE RATIO MEASUREMENT OF
REF.18s CONVERYED WITH THE VERSION 4 4@B(N,ALPHA) CRISS
SECTION, BETWPEN S0 AND 302 KEv, THE EVALUATED CROSS SECTION
1S SUBSTANTIALLY HIGKER THAN THE DATA OF REF,14 (BUT NOT AS
HIGH oS THOSE OF REF,12), THE HIGHER {N,ALPHAY CROSS SECYION
SEEMS TO BE REQUIRED Y0 FIT THE TOTAL CROSS SECTION DATA OF
REF.2, AND THF aLPHA=T ELASTIC SCATTERINE DATA OF REF,17,
ABOVE 4€0 KEY, THE EVALUATION AGREES KEASOUNABLY WELL

WITH THE DATA JF REF,13 AND REF,15, MATCHED BETWEEN ¢,5 AND
2 MEV 70 THE (NsALPHA) CROSS SECTION EVALU2TION BETWEEN 2 AND
15 MEV OF REF,1, EXTAAPOLATION TO 23 MEV 1S BASED ON THE
KERN AND KREGER DATA (REF.8) BETWEEN 15 AND 18 MeV,
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4T ® 251, 252, 253 (MyRAR, 1, GAMMA), CALCULATED ySING
FLASTIC ANGULAF ODISTRIBUTIONS GIVEN It FILE 4,

iF = 4 SECONDARY ANG,LAR DISTHRIRVUTIONS

HTe2, ELASTIC, LEGENDRE COEFFICIENTS DETERMINED AS FOLLOWS,
3ELOW 1.5 MEV, RASED 0N THE PHMATRIX ANALYSIS JESCRI2ED UNDER
MTs1l, THESE COEFFICIENTS ARE CONSISTENT WTIA ANGULAR DISTRI-
RLUTIONS OF LAME (REF,9) AMD kNITTER (KF® ,3). 4ATCWER BETWEEN
1,5 AND 2,5 MtV TO FITS CF Twg LANE DATA (REF,9), BETHWEEN
4,3 aAND 7,5 MEV, FIT OF HOPxInNS DATA (RFF, 7) waS uSEL, BASED
CN 14~MEV ELASTIC SCATTERING DATA GIVEN [N Bl =427, DPTICAL
MONEL CALCULATIONS (ABACLS COpDL) WERE UuSFL TO INFEp LEGENDRE
COEFFICIENTS RETWEEN 18 AND 22 MEV,

MT = 24, (N,2N)ALPHA-P, EVALUATION OF REF, 3, [SOTROPIC IN
LAR SYSTEM,

MY 3 52, (N,N PRIME)GAMMA, TABULATED OISTRIBUTICN, [SOTROPIC
IN CM SYSTEM,

MY = 91, (N,N PRIME)ALPHA D, TABULATED NISTRIABUTION (L SYSTEM)
OF REF, 1, ConmTAINS NEUTRONS FROM FIRST LEVEL (DISCRETE) IN
L1-6, EXTRAPOLATED TO 22 MEV.

“ a3 5 SECONDARY ENFRGY DISTRIBYTIONS

*T ok 24, (N,2°.)ALPHA D, DISTRIBUTIONS GIVEN 4 REF, 1 APPROX=
IMATED BY ENDF/B LAW 9 WITH THETA EQUAL 2.24 » SQRT(E),

MY 2 94, (Nsh PRIME)ALPHA«D, OISTRIBYUTIANS GIVE* In REF, 1
APPROXIMATER BY ENDF/B LAW 9, THETA VALUES ORTAINED BY
LINEAR INTERPOLATION RETKEEN FOLLOWING POINTS o «
£ = 1,718 MEV, THETA = n,¢5 MEY
E = 4,1 MEV, THETA = @,75 MEY
E =2p,@ MEV, THETA = 8,40 MEV
THESE DISTRIRUTIONS CONTAIN ONE DISCRETE LEVEL aND 70 NOT
ALFAYS CONSERVE ENERGY,

1F=12

Mrs52, THE FIRST LEVEL IM Ll-& DECAYS By PARTICLE EM]SSION
AND IS THEREFORE INCLUDED IN ¥T=91, THE SECOND LEVFL IS A
GAMMA EMITTER THEREFCRE THE ENERGY AND MULTIPLICITY WERE TAKEN

FROM REFERENCE 1.
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MT=102 THE ENERGIES AMND TRANSITION ARRAYS FIR RADIATIVE
CAPTURE WERE YAKEN FROM REFERENCE 11, VOYE THAY THESE
ARE DIFFERENT FROM THOSE ATTACHED YO VERSION 111 anD
PREVIOUSLY CIRCULATED,

THE LP FLAG »AS USEC Y0 DESCRIBE THE MT=21e2 P-OTONS

MEz14

MTe52 THE GaMMA 1S ASSUMED SGTROPIC,

MTz1p2 THE TWO hIGHAENERGY GAMMAS ARE ASSUMED ISOTROPIC,
DATA DN TWE 477 KEV GAMMA INDICATE 150TROPY,

1,

o N BN
e s o »

16.

17.
18,
19.
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5=8 = 19 LASL EVAL=NIV?3 G M HALE, R,ANISLEY, P,G.YOUNG
DIST=MAY74

3-10 FREE ATOM EVAL,s MOV 1973, GeMoHALE, K ANISLEY, P,G.YOUNG
LOS ALAMAS SCIENTIFIC LABORATORY

MF22 ~ea-mece~ RESONANCE PARAMETERS =meeccamccvcaccmccuccmnme=e~

MT2151 EFFECTIVE SCATTERING RADIUS = 2,48937E-12 CM

MF23 eme=e=a-e GMOOTH CROSS SECTIONS ~=ec-eomcccecmcmasercarenes

THE 220@ M/S CROSS SECTIONS ARE AS FOLLOWS,
MTay SIGMA = 3838,5 BARNS
MTe2 SIGMA o 2,1A5R  BARAS
MT2303 SIGMA a 2,0805s6 BARNS
MTa1@7 SIGMA = 3836,5 BARNS
MTz2143 SIGMA s 2,080568 BARNS
MTa72¢ SIGMA = B,730846 BARNS
MTa782 SIGMA & 240,5% BARNS
MTa781 SIGHMA s 3596,2  BARNS

MTel TOTAL CROSS SECTion

# 70 1 MEV, CALCULATEC FROM R-MATRIX PARAMETERS pBTAINED BY
FITTING SIMULTANECUSLY DATA FROM THE REACTIONS BiolN»N)
BLG(N,ALPHAB), B1C(N,aLPHALY, | 17¢(ALPHA,ALPHAZ), AND
L17CALPHA,ALPHALY, TOTAL NEUTRLN rHOSS SECTioN MEASURE«
MENTS IMCLUDED IN THE FIT ARE THOSE OF D167, THE
LI7eALPHA DATA USED IN THE FIT ARE FROM CU6Y AND B1S7,

1 TO 2p MEvV, SMOOTH CURVE THROUGH MEASUREMENTS OF D167.8052.
TSg2,Fae1,C052, AND Co54, CONSTRAINED TO MATCH
ReMATREX FIT AT T MEV,

¥T=2 ELASTIC SCATTERING rROSS SECYION

2 TG 1 MEV, CALCULATED FROM THE R=MATRLIX PARAVMETERS
DESCRIRED FOR MT=s1, EXPERIMENTAL FLASTIC SCATTERING OaT,
INECLUDED IN THE FIT ARE THOSE oF 4570 AND LA7i,

1 70 7 MEV, $MDOTH CURVE TRROUGH MEASUREMENTS OF (A71, FO72.
AND HOs9, CONSYRAINED YO BE CONSISTENY WITH TATAL AND
REACTIar CROSS SECYION MEASUREMENTS,

7 TO 14 MEy, SMOOTH CURVE THROUGH REASUREMEYTS OF H069,C069,
TE62,VA?H, AND VAES,

14 T0 20 Mpv, OPTICAL MODEL EXTRAPDLATION FROM 14 MEV DATA

HTed INELASTIC CROSS SECTIOM
THRES,T0 27 MEV, SUM CF MYabi~85

MT=51~61 INELASTIC CRDSS SECTIONS To DISCRETE STATES
MT251 oa=8,717 MEV MT=55 Qse4,774 MEY  MTE5S (as5,923 ME\
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52 ~1.748 56 -5,114 [-T/] -6,029
53 2,154 57 =5,166 61 ~6,133
54 -3,585 5a 5,183

THRES,TD 2» MEV, BASEC ON (n,NPRIME) MEASUREMENTS OF °07@,
CO69,HNE, AND VAT, AND THE (n,XHAMMA) MEASUREMENTS OF
DAS6,C460, AND RE7Q USING A GAMMASRAY DECAY SCHEME
LEDUCEN FROM LAG66sALEE,SEG66A, AND HE66B, WAISFR-FESHBACH
CALCULATIONS WERE USED TO ESTIHATF SHAPES AnMO RELATIVE
MAGNITUDNES WHERE EXPERIMENTAL [JATs WERE LACKING

MT362-85 [NELASTIC CROSS SECTIONS To GROWPS OF LEVELS IN
2.5=4EY WIDE RANDS CENTERED AROT THE QeVALUES GIVEN
BELOw (USED [N LIEU oF MT291 ANM FILE 5)

MTz62 Qa2-6,5 MEV #Ta72 W=z=13,5 MEY MT=78 Qa=14,5 MEV
63 ~-7.0 71 ~11,¢€ 79 15.¢@
64 =75 72 =11,5 17 15,5
65 -5, 73 ~12,8 51 16,7
66 8RB 7¢ 12,5 r2 16.5
67 -5, B 75 -13,2 83 17,0
68 -9, 5 76 -13,5 a4 17,5
69 10,0 77 =14,9 85 18,9

THRES, TQ 27 mEY, INTEGRATED CROSS SECTIOV JBTAINED By SUB-
TRLCTI-GC THE SyuM CF MTE2,51~61,1¢%,$54,107,AND 113 FROM
MTs1l, CROSS SECTION DISTRIBUTED AMONG THE Rr DS WITH
AN EVARDRATION MOCEL uSING A NUCLFAR TE4YPERATURE GIVEN
BY Taz, 072B88S0RT(EN) [n MEV,TAKEN FROM [Re7,

MTz103 {N,P) CRCSS SECTION
TRRES,.T0 22 MEV, SU't CF MTa780=743

MT=134 {N,y CROSS SECTION
THRES, TO 2 HMEV, BASED On HE9(D,NIBLY MEASUREMENTS DF 5165
ALD Basl, ANO THE (N,D) MEASUREMEVT OF vA4S,

MT3107 (N ALPHA) CROSS SECTION
@ TD 22 MEy, SUM nf MTaz?22,721,

HY=113 (NeT2ALPHA) CROSS SECTION
P TO 2,3 MEV, BASED ON A SInGLE=LEVEL FIY TO THE RESONANCE
MEASUREN AT 2 MEV AY 0A61, ASSUMING L=@ J~COMING NEY-
TRONS a%D L®2 QUTGOING TRITONS,
2,3 T0 2@ wEV, SMOQTH CURvE THROUGH MEASUREMENTS OF FR56
AMND WYsA, FOLLOWING GENERAL SHAPE OF DAel MEASUREMENT
FRCM 4 T0 9 MEV,

MT=711A=70¢3 (MsP) CROSS SECTIOM TO DISCRETE LEVELS
® 70 2¢ MEV, CRUDELY ESTIMATED FROM THE CALCULATIONS
OF p072 AND THE (N,XGAMMA) MEASUREMENTR OF Ng7@, CROSS
SECTIOn FOR MTe?82 ASSyUmED IDENTICAL TO MT®113 RELOW
1 MEV, GAMMA-RAY DECay SCHEME FU3 BE=11 FROM LAG6,

C g
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MT=768@ (4,ALPHA@) CRCSS SECTION

¥ T0 1 MEV, CALCULATELC FRAM THE Re»ATAlX PARAGETERS
DESCRISED FOR MY=1. EXpERIMENTAL (N, ALP4A”) DATA [NPUT
TO THE FIT WERE THOSE OF “AS8 ANT Das1, I ADPITION, TH
ANGULAR DJISTRIBUTIONS OF VA72 FOR THE ]~VERSE REACTION
WERE INCLUDED [N THE ANALYSIS,

1 TO 2@ MEv, BASEC ON (QA61 “EASUREMENTS, WITH S4“Q0TW EXTRA-
POLATIOM FROM g TC 2¢ MEV, DA61 PEASURENEMT ARQVE
APPROXIMATELY 2 MEV WaS RENORMALIZED dY FaCTn® 0OF 1,4,

MTe78y (N,ALPHAL1) CRCSS SECTION

P TO 1 MEV, CALCULATEC FROM THE RepATRIX PARAMETERS
DESCRIRED FOR MTsl, EXPERIMENTAL (N,ALPHAL1) DATA IN=
CLUDED IN THE FIT ARE THOSE OF FR72,

1 Y0 2@ MEy, SMOOTH CLRVE THROUGH MEASUREMENTS OF DAGL ANC
NE?D, wlTK SMOQTH EXTRAPOLATION FRDM 15 Tn 2p MEY, THE
DAge 0aTA ABOVE APPROXIMATELY 7z MFY WERE FENORMALIZED
3Y A FACTOR OF 1,4.

HF24eememomnoe EUTRON ANGULAR DISTRIBUTIONS e~cesemcccmacwss~es

HT=2 ELASTIC ANGULAR OISTRIgUTIONS

? T0 1 MEV, CALCULATEC FROM THE ReMATRIX PARAMETERS
DESCRIGED FOR mMF=s1,MTag. EXPERI“EXTAL ANGLLAR DJSTRI~
BUTI0NS INPUT TO THE ¢IT FOR BQTH THE ELASTIC SCATTER-
ING CRASS SECTIQON AND POLARIZATIOM WERE O0TAINED FROM
THE MEASUREMENTS CF LA71, ASSIGNMENTS FOR RESONANCES
ABOVE TwE NEUTRON THRESHOLO ARE BASED Ov LA71,

1 TO 14 MEv, SMOOTHED REPRESENTATION N LEGENDRE COEFFle
CIENTS CERIVEC FRCM TWE MEASUREMENTS OF LA71, HAZ3,
P00, H069, COE9y VAG69, AND VAgS, CONSTRAINED 7O MATCH
THE RedATRIX CALCULATIONS AT Epzg MEV,

14 T0 20 Mrv, DPTIcAlL MODEL EXTRAPOLATION OF 14wMEy DATA

MTa51«85 1r_t ASTIC ANGULAR NISTRIBUTIONS
THRES, TO 2¢ MEV, ASSUMED 130TROPIC 1y CEWTER OF MaASS
MF31D e-esac~e GAMMA RAY MULTIPLICITIES ree=vce~ncccranccencvmcns

MTe?781 ©,4776eMEV PHOTON FRAM THE (N,ALPHAL1) REACTIDN
? T0 22 MEv, MLLTIPLICITY OF 1,0 AT ALL ENERGIES

MF213 =ce-acee GAMMA~RAY PRODUCTION CROSS SECTIQNS evecmevcocee-

MTed (N,NGAMMA) CRCSS SECTIOW
THRES, TO 2¢ MEV, DOBTAINED FROM MTaS1.6% USING B-1@ DECAY
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ScHEMF DEDUCED FROM LaA66,AL65,SERGA, AND SE66B,

“Te123 (N,PGAMMAG CRQOSS SECYONS
THRES, TO 2¢# MEV, QRTAINEN FROM ATs7¢1=70S JSING BE=17

DECAY SCHEME TEDUCED FROM LAGKG,

MFZ214 ~--evcae GANMA RAY ANGULAR DISTRIBUTIOUNS sreecemasccecruees

#Te4q

(N, NGAMMA) ANGULAR DISTRISUT{OKS

THRES, TO 2f MEV, ASSUMED ISQTROPIC

MTa123 (F,PGaAMMA) ANGULAR BISTRI3UTIONS
THRES, 0 22 MEV, ASSUMED {SCTROPIC

MT=781 (", ALPHAL/GAMEA) ANGULAR OISTRISUTION

¢

-

ALGS
AS7¢
RAGD
RES6
RISY?
RQ51
RO69
€052
c054
co67
cos69
co73
cuss
NASe
DAGR
DALY
nisy?
Foo61
FRS&
FR72
HAT3
TTr-Y -]
1R6?
LAGS
LA7L
MAGS
MO66
NES4
NE7Q

T0 22 MEv, ASSUMED [SOTRQPIC

[ o= REFERENCES ~"cvavearer~uwcccnanscccancen

G.Ee ALBURGER ET ALy ,PHYS.REV, 143,892 (1966)

A ASAM] AND M,C, MCXON, J,NUCL,ENERGY 24,85 (1972)
R+BARDES AND G,E, QWEN, PHYS,REV,12741369 (1963

RsL+ BECKER AND H,H. BARSCHALL, PHYS,REV,1£2:1384 (1956)
M BICHSEL AND T,w,BCNNER,PHYS,REV,178,1¢25 (1957)
C.K,BOCKFLMAN ET AL,, PHYS,REV, 84,49 (1951)

C,BOGART AND LoL,NICHOLS, NUCL.PHYS,A125,463 (196%)
J.H,COON ET AL,, PHYS,REy. 88,562 (1952)

C.F,CO0K AND T,W, SONNER,PRYS,REY, 94,631 (1954)

SeA, COX AND F,R, PCNTET, JNUCL,ENERGY 21,271 (1567}
JeA, CODKSON AMD §,G.LOCKE,NUCL ,PHYS A146,417(1978)
¥.S, COATES ET 4L,» PRIV, COMM, TD L,STEWARY (1973}
R,Y,CUSSNM, THESIS, CALIF. INSTIT, YECH. (1963)
R.B,DAY,PHYS,REV,1022,767 (1958}

RsB, DAY AND M, WALTIPHYS, REV,117,1330 (1942)

EvA. DAVIS ET AL,. MUCL,PHYS,27,448 (1961)

KeM, DIMENT, AERE=R=~5224 (1967)

DMy FOSSAN ET aAL.. PHYS,REV, 123,279 (1961)

GoMs FRYE AND J,H, GAMMEL.PHYS,REV, 103¢328 (1956)
SeJe FRIESENMAHN ET AL,, GULF»RTZA12240 (1572)
S«LHAUSLADEN, THESIS, OHIO UNIV, COU=1717-5 (1573)
JeCo HDPKINSy PRIV, COMM, LASL (4969}

DsCyIRVING, QORNL=TM=1872 (1967}

T.LAURITSEN AND F,AJEENBERG=SELOVE,NUCL \PKYS,78,1(1966}
RO« LANE ET AL,, PHYS,REV,C4,38g (1971}

RoL(MACKLIN AND J,H,.GIBBONSPNYS,REV,165,1147 (5968)
F.PMOORING ET AL, \UCL,PNYS,B82,16 (1566)
N+G¢NERESON,LA=1655 (1954}

D.0,NELLIS ET AL,, PHYS/REV, C1,847 (1979}
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<y 14 D,PCRYZN ET AL., AwRE O 45779 (1972}

SE46A R.E, SEGFL AND R,H, SIEMSSEN,PHYS, LFTT 203,255 (1966)
SE66R R(E.SEGEIL ET AL., PHYS,REV. 145,73611966)

SI65  ReH.SIEMSSEN ET AL es NUCL.PHYS,69,279 (1945)

TE6Z % TESCH, MUCL,PHYS,37,412 (1982}

TS63 K, TSuKAD: anD O,TANAKA.J PHYS,.SOC. JaPanN 17,51, (1963)
VABS V.VALKQVIC ET AL,, PHYS,RpEV, 139,331 (196%)

vare Bo.VAUCHES ET AL, ,HELV,PHYS,RCTA 43,237 (197}

VAT2 LeVAN DER ZWAN AND K.W,GEIGER, NUCL,PHYS, A182,615 (1972}
W1ss HeBse WILLARD ET AL+s PHYS.REV, 98,659(1955)

WY58  M,E, WYMAM ET AL, PHYS,REV.112,1264 (1953}
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BORCH-1P

[ 13 2] T — sememnaman
FRACTIONAL ABUNDANCE=~e-
AUVBER OF ENERGY RANRES-

ENERGY RANGE HUMAER~-

NUELEAH SPIN-recceracvas -
SPIN SUATTERING LEMGYH (Aé)en
AUMBER OF L STATES=ece--

AD RTSHNANCE PARAKETERS GIVEH

AESONANCE DavA
HESONANCE PARAMETERS

-=BNRON-10

$.P34QE-BE
1

4 AESELVED SINGLF-LFytlL BREIT~wiGNER BARAMETERS
1.00PAE~R3
1.07eREe04
3. u2erfece
1937€-01
]

FOH THIS MATERIaL

ENOF /sl wihvER]aL NO,
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BORON=19 (h,ALPRA)
NEUTRON CRISZ SECTION
RESCTION Q VALUE  2,79D2Eedy ¢v
INTERPOLATION LAW BETWEEN ENERGIES
RAT SE DESCRIPTION ReNGE BESCRIPPION
S Y0 96 LN Y LINEAR IN LN X 96 Tn 193 ¥ LINEAR IN X
NELTRAN CROSS SECTIONS
INCEX,  ENERGY CHOSS sgcvlou ENERGY CROSS SECTION  EMERGY CROSS SECYiON
[3 BaARNS

v BARN EV BAPNS v

1 1,0MB0E-03 3,038DE+C5  2,530¢-22 S,838%E%B3  1,0008E~01 1,9294

6 ©,M6A4E+BL  1,P000EeR3 4,B8058E%01  5,0008¢+03 8,3639
11 4,.CORCE#R4 2.0413¢%P0  5,808RFe04 2,6p64
16 9,0020Ce04 2,0958(P2 1,0@00(Ce05 1,996
21 . 1,4800E90S 1,07400000  1:5000EeP5 1,6140F90P
26 1.6000E625 1,4653E900  1,0020£+05 §,4209F 080 2,0000g+05 1.3107 0P
31 2.1900F¢05 1,3108E+P0  2,20M0ce23 1,2097E008  2,25BREeRD 1,281104 N0
36 1,7274Ee02  2,4500¢%R3 1,20990¢00  2,9P00E007 1,10290000
ay 5 1,A970E¢08  2,9800[«05 $,0e80L200  3,P2PBEs0% 1,0414E003
46 9, 69!'!-01 3,488DE40% 9, 40050501 s.saae;-as 93520001
L1 J.00ROCcRD 8, 70816781  4,8P00re08 a.r‘zzg-ug
st 4,4800C+0% 8,439 70704 4.5!!![005 35226704
(3} 4,1487E-01  4,7508C0% §,0862¢ 8,0485p=0}1
ae T.7845E~01  %,00M3£e08 7,6006C 7,8g40¢001
7 7,3039€-01 s.aenn:tas 7,0845070L *,6505¢0e01
14 5..990!-61 6,2080E405 7,0000¢C001 4,7g63pe0)
LH 7208323 3,N004Fn1 3,3a05¢e0)
[0 a 2080ge5% 2 83420901
" BED5 2,2400000) 2,1306pe0y
26 orens 1.84000001
101 1.!!!0:0!& 3.3{99Ew2y
106 1,8080g*06 s.zcalt-nz
111 z.osaat~le S,1etereny
116 2,)90epepe Y 2.':!9!-01
i 2,5500E408 2,92400701 3.290¢pe0y
136 1 2,8000ge08 3,4q18)ie0) 3.3078¢ve:
13 . avvv:-l; 3.6B80EaNe 2,7232¢%01 [13
136 2,3521€e31  3,4900(0B8 2,2200E701
141 4 2.5988C-01  4,2000Ce00 3.‘0!!2 0
14t 4 E.1129C=01 3, gp02Ee00 (14
1% 3 1.,5460E=01 3, 80pRFess
136 ¢ 1.3930E-01 4 ,30PPEe00
w7 0,5448€82  7,3000F 006
146 8 6,7890E-02 .Oilﬂtild
173 9 $.8994E002 o ap0BEaRS
e 4, 7 2.0495E002  1,2000FEeP? l\unﬂ:ll
163 z‘ 7 §,0220E~02 S02Ee8? 4.8479E
106 1,6000E087 35,53468ER02 S0OEeETY 8,3a63C
193 1098806007 4,7034E-07 BEEELD? ¢,8497E

ENERBY

£V
1,#092EeRP
1.9002Ee 04
0.60QEw04
1.10p0E 425
1,6202£005
2,0%50nE00%
2.3007E 025
2,60p2p00%
3.18800e05
3,6007¢008
4,1002€05
4,6002¢005
4,8522¢008
5.1002E+09
5,6000€40%
6,80pNFe0%
7.4000Ee0%
8.6000f 005
9.6020E+8%
1,3000E 486
1,6503Ee86
1.908PE006
2,1902€086
2,4000F 26

2.85300408 3,

2,9000E000
3.4%020e88
l

6,20000e88

7 3!3!:-05 ’
s 7

7 9
1,0000€+87

ENDF/B MATERIAL NO, 3273

CROSS SECTIOM
BARNS
6,2989¢e02
3.8873E00¢0
2.,4705¢ce80
1.8755€+08
1:30106000
1.33830000
1420270920
1.,16p0E¢00
1.2198¢002
Veids2geny
8,4374Ce0
8,2991Eepy
7.9438F008
7.5071¢~81
$.39500003
4.3937E8]
Se1914Le2y
2.5098Ew01
2.1212Ee81
2.,0600E%p1
3.0200F001
B5,1953E008
3,8174Ew0:
R'HOBB[h

@,

ENERGY CROSS SECTION
B2ANS

133
1,6800001
2,6020E*R4
7,B080E004
1,2000E4B8
1,¥68005405%
2,108000e05
2,3502Ee05
2,700pLe8S
3.20800009
J,r808C005
4,2002C+0%
4,6582E003
4,9080E«P5
S.152rC0rs
9,0002€4t)
6,80000+23
s LI I4% 1)
6,802JEeps
9.00@0Leps
“1¢000E e
14720BT RS
1

1.,9208L082
4,1695Fe0F
2,3032£007
1,8888C00)
1.5123800 8
1,33030°00
1,2448¢ 00

]
9,9.0/f=01
LR34 130
8,009¢C=81
8, 083Ee01
T 4867T7ENRL
7,4062001
5,93650-81
4,0938E01
3,0223E01
2,0085E405
2,2738Ew03
?.!!2'[-51

354004

2
‘al‘!lt"z
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79<Ayu~-197 BNL EVAL~APR74.5:F sMUGHARGHAB, A, PRINCE,™,D, GO0

FILEs2

DIST~SEP74 REVeNOVT74 AT AN S,PEARLSTEIN
RESONANCE PARAAETERS

MT=151

Fltte3

RESOLJED RESONANCE PARAMETERS GIVEN FROM 1,2E-E5EV
To 2,0KEV BASZC ON REFL AND THE REFERENCES GIVEN THERE
AND A ROUND LEVEL.SQME OF THE REZDNANCE SPIn ASSIGNME!
S FRO™ REF2.

UNRESDLVED RESONAMCE PARAMETERS GIVEN FROM 2,2 TO 12,
KEV.

NEUTRAM CROSS-SEC/I0NS

P TR Y L T e P T TP L LY T

MT=q
MT=2
“Tegq
MY=318

MTB1?
uTz26

MT=51~-64

MT=z91

MT=1p2

MT=1¢3
uT=z1@7

TGTAL CROSS~SECTION FROM 190,7KEVa2,3MEV REF 3=7,FROM
2,3-15,8MEV BASED MAINLY ON FOSTEHS DATACREFS) AND REF
9-12,FPOM 15,0<28,3MEY DATA [n REF 12«13 WAS USED,
ELASTIC CRDSS=SECTION BY SUBTRACTING SJM OF ALL NOH=
ELASTIC CROSS-SECTIONSCREF14nr21 ) FROM TOTAL CROSSe
SECTION

TOTAL [NELASTIC SUM OF ALL THE DISCRETE LEVEL EXCITAe
TION nROSS~SECTIONS aND THE CONTTINUUM CRASS-SECTIIN
(\,2N) CROSS~SECTION, DATA ARE Iv REF 22«24,

(4,383 CROSS-SECTION, DATA ARF Iv REF 22-24,
GROSS=SECTION FOR THE FORMATIAN AF 13,2HRUR «ETASTAHLE
(SIXTH LEVEL) IN AU=-196 DATa % 2HEF 22-24
CHOSS-SECTIONS F2R TWHE EXCITATIOY OF DISCRETE LEVELS,
MgDEL CALCULATIONS USING COMMNUCa] (REF 25) NORMALIZEL
TO THE EXPERINMENTAL DATA ON IADIVIDUAL LEVELS wHERE
AYAILABLE(RCF 26-28 )

INELASTIC SCATTERING CROSS-SECTION TD THE ConTINUUM OF
LEVELS OBTAINED BY USING COMMNUC-! AND NORMALIZING IT
70 THE DIFFERENGE BETWEEN NONELASTIC(REF14<21) AND TH
SuM 0F OISCRETE INELASTIC AND (N,PARTICLE) cROSS-SECAS
CAPTYURE CROSS=SECTION FROM 1. E-2%CSV TO 13KEV CALCULAT
0 FROM RESOWANCE PARAMETERS

FROM 1P,OKEY TO 1,BMEY DATA USED IN THE FIMaAL EVALUATN
WERE THOSE WHICH DID NOT USE (=235 AS A STANDARD(REF29
37).,0MLLY DATA PUBLISWED SINCE 1948 CONSINERER,

ABOVE 1.@MEY ONLY ONE NEW DATA SFETCREF4D)IWAS CONSIDERE
AND IT WAS ODECIDED TO RETAIN THE ENDF/8=11f(“AT® 1166
WYICH INCLUDED THE EVALYATION BY YAUGH'! AND GRENCH(1,@
S5, 2MEv) AND THAT OF BOGART ABOVE 5,2MEV(RLF4Y)

(yoP) CROSS SECTION BASED 0« THE LJATA 9F REF 23,

(N, ALPHA) CROSS SECTIQw BASEN On THE DATA OF REF 23,

MT=251=-253 CALCULATED USING THE ANGULAR DISTRIBUTION OoF FILE4,

FILE=4

MT22 USING THE COQE OQyU#MYSIREF 42)
ANGULAR DISTRIBUTION OF SECGNDARY NEUTI0: S

e L L N Ty P Y L TR A TR YT Ty

MT=2

ELASTIC SCATTERING BASED ON THE FXPERIME“TAL DATA IN
REF 44=50 UPTQ 6,85MEV, FROM 9,2MEV AND ABOVE BASED O
MODEL CALCULATIONS USIHG ABACLS=2(REF 43) AND THE

- 78 -



e

OPTICAL MDDEL FARAMETERS GIVEN tN REF44,
MTzi¢ (No28) ANGULAR DISTRIBUTION ASSUMED TQ 3E ISCTROPIC
MTe1? (1,3h) ANGULAR DISTRIBUTION ASSUMED TQ BE IS2TROPIC
FILE=S ENERGY CISTRIBUTION OF SECONDARY NEUTRANS
MT216,17,26 ENERGY DISTRIBLYION GIVEN By CAMBINATIAN oF Ao TEMP-
ERATURF AND 4 PRE-EQU: °"BRIUM EMISSION MADEL BASED ON
CATA I~ REF 51,52
MTeGY A TEMPFRATURE MOCEL USIMG TWE PARAMETERS In REF 53,
REFERENCFS
1,5.F.HUGH2BGHAR AND ©,1,GARBER BVL=325,320 EON,.VEL 1(1973)
2,A.LOTTIN AND A,JAIN CONF ON NUCLEAR STRUCTURE STUDY W]TH
NEUTRUNS ,BUCAPESY 1972 PI2 AND PRIVATE COMMUNICZTIQM,
3K K, SETH,PHYS , LETTERS,16,300(196%)
4 W, BILPUCKH,PRIVATE COMMUMNICATION(195%)
5.J.F.HHALEN.A&L-7212,16(1966)
M, WALT A%D R,L,BECKER,PRYS,REY,B89,1271(1953)
JB.OAYPRIVATE COMMUNICATIONL19635)
2G.FBSTER JUR,PRIVATE COMMUNICATION(1967)
TWALY PHYS,REY,58,677(1955)
1 +H.COON,PHYS REV,88,562(1952)
13,J.P.CONNER,PuYS ,REV,109,1268(1658)
42,J,M,PL ‘RSON,PHYS,REV,112,92774958)
13.4.M,PF  RSON,PHYS,REY,12p2,521(1968)
14,J.P.8° TER,PHYS,REY,58,1214(1955)
15.J.R.8 STER,PHYS,REV,104,1319(1956;
16,M,H,#  SREGOR,PHYS,REV:51PB8,726(1957)
17,M, WAL CHYS,REV,$3,1p62(1954)
18, E.R.0F 'ES.PHYS,REV,89,343(1953)
19.E.Rsl.  VES:PHYS,REV,97,1205¢1955)
20,0.D.PHILLIPS,PHYS ,REV,B88,602(1952)
21,R.CoALLEN ET_ AL,PHYS,REV,104,731(1956!
22,4, A TEWES ET AL PRIVATE COMMUNICATIONS )
23,R,J,PRESTWOON AND B,P BAYHURST,PHYS REV,121,1433(1661}
24 1 LISKIEN,EALDCIE) ) 157UC L} (MARCH 1§73)
25.C.LDUNFORD, Al=AEC-12631:167¢)
26eJ. A, M DEVILLIERS ET,ALZEIT.FUR PHYSIK,487,323,1965
27,E ,RARNARD ET, AL NUCL.PHYS,AL87,612(¢(1668)
28, J. A WELSCN ET AL PHYS,REV C3,307(157q)
26,3.B.CZIRR M, L.STELYS, UCRL~74447(REV, JI{ JUNEL1GYT}
30.CLLERIGI EVUR ET,AL.CONTRIBUTION TO XaR{SRUME 4EETHG
AND PRIVATE COMMUNICATICN{MAY1973)
31.,M.PFRICKE ET.AL,PROC,NUCLEAR DATA FGR REACTQSS
CONF PAPER ChNe26143(1972)
32.0.KDMPENUCL , PHYS ,A133,513:4969)
33.W.P.POEN]TZ EY,AL,J.NUCL.EN,22,505(1568)
34,7.S.BFLANOVA ET, AL AT,EN,19,3(1965)
35,7.S.BELANOVA ET,AL.J,NUCL,LK,20,481(1966)
36,J.B.6ARRY J,nUCLJEN,18,451(1964) 3741,6ERG

6.
7.R
a'D
9N
elJ
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37,1 .BERGV]IST ARK,FYS5,23,425¢1963)

38.F . J. VAUGHN M. A, GRENCH, PROC,NEUT,CROSS SECTIONS aND
TECK,CONF P43F,KNOXVILLE (MARCH 1571)

39.R,L¢ACKLIN PRIVATE COMPUNICATION(JAN 1674)

48,4, LINDNER PRIVATE COMMUNICATION (FEB 1973)

41,0,B0GART PRO; OF NEUT,CROSS SECTIONS ANN TECH,CANF P4B6,WASH=
INGTON(1966)

42,R,R.KINSEY D MMY=5,PRIVATE COMMUNICATION(197Z)

43 ,E,H,AUERBACH ABACUS-2(REV) ByL=6562(1967)

44,8, HOLMOVIST aMD T WIEOLING,NUCL PHYS, A188,24(1972)AE~432(1971)

45,5,A.BUCCIND ET.ALy ZEIT.F.PNYSIK,196,10%(1966)

46, F ,T.KUCHNIR ET,AL:s PHYS(REV,176414p5(1968)

47 R CoapLLEN ET, AL PHYS,REV,104,731(1954)

48,M,WALT AND J.R,BEYSTER, PHYS,AEV,9B8,677(195%)

49, ,M. WALT AND H,H,BARSHALL)PHYS REV,93,1262({1954)

58.J.a.M, DEVILLIERS ET AL, BEIT.F,PHYSIX,183,323(1965)

53,V .BeANUFRIENKD +SOVT o JoNUCL PHYS+2:589(1966)

$2,C.K.CLINE ANg M,BLANN NUCL,PNYS,A172,22%(1971)

53,A.GILBERT AND A,G,W,CAMERON,CAN,JPHYS , 43,1446(195%)

8080000000083 00000200080808353300850308008C750 3080003040008 23000300808000
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GoLo-497

1S0TNPEeccasmrammcnecuee

=+G0LD~197

FRACTLONAL ARUNDANCE-- 1.CU9RE.0E

NUKGER OF ENERGY RANGES---+-= H

ENEREGY RANCE NUNBER-ewece-a-e 1
1.088RE-25
2.2698E

1.500BE« 0P
2.008RE~P1
hY

Pl
SPIN SCATTERING LENCT
AUYBER OP | STATES~

L YA YE=e~
AUsBER OF AESDNANCES---

1
4PN JCATTERIND LENGYH ¢ e U.00PRE.20

IRCEX ENERGY (EV) J YALUE TovAL
=2,9980Ee01  2,00PBE+R0  1,7642E~p3

»

2 4, 9908Eee0  2.0008L.30  1,3029(-~p1
3 4,0450Eep1  1,.892PL40  1,2413[-g%
s 1,0080E«60  1,1640Cv58
L] 2,B8REE<PR 1, 989BE=Qy
[ 1,98BEE<20  1,4673E-p3
? 2,0BP0f<08  1,278EE-pL
[] 2,88088.08 1,2488C-01
9 1.308BE-02  1,2808C~p1
12 2,93008.80  1,42¢BCve8
11 1,802PC+28  1,8200E-02

12 3, 4490Fe92  2,.9P20CePD  1,iS3BE~p3

1.9830Fe@2 4, 2BPEEs00 1,T4pRE~01
14 Z.u.n:-lz 2,0R0BCB2  1,2438€~p4
19 2,4050Ee82  2,30PPE+08 1, 72PPEe~p1
S8 2,5970Fep2  1,8PEOL.00  1,24pPLegy
1?7 2,06242E022 1.,00EBC<RE  2,332FEr@y
18 2,7580Ee02  2.g2PRE+08  4,.0020FE~p1
19 2,937CEe82  2.02PPE<O8 5, 118FEepi

28 2.0020E«80  1,794PE~py
M {.6280L+00 2.0e02E~0¢
22 2,0P8BE+80  1,6420Cg3
23 2,0080E«80  1,9298(~04
24 OPEE+BR  1,6398E~p1
2% 1,8810€~03
26 1

27

28

Fid

38

n

32 3

33 1

3 S.2008E~0y
33 5.8 2,6280Ep1
36 .u’l!!-lZ 1,6980E~1
7 6,82008002 3,6990Empe
38 8,17300eP2 2,3¢pPE~SL

RESOMANCE DATA
NLSONANCE PARANETERS

ENC?/B wATER[AL NO, 1208

RESOLVED SINGLE-LEVEL BREIT<wIGNER PARAWEYERS

'l!DNlNC( MIDTHE €V}
NELTRON RaplaT{ow

- 8] -

F15570%

20
soBRigLece
By BRZPES2R
" 200gL 20
2, 8HFAEeD
2,0095C70
2, 0209E020
n.B8dgRezd
as882gEe
" BRdgLe 0
a,00WaE Pl
!.llll!O )

Ll




6,2400€082
6,2840E002
6,3273Ee82
6,9870E082
6,8993E092
6,9382€e02
6,9900E002
?7.19¢RE02
7,3849Ee82
7,8992€e82
7,7382E002
7,8432E002

1.0228E+28
2.0228E-2P
2.00000+20
1.020L.00

2.8000L+28

8,1992€402
3,2900€002
08,6458 082
8,7970LeA2

9,3240E 22
3agep2
20Eed2

[T R T )

1

1,59235083

1.56956483
Yaages3

1,5933Cs03
2,6144Ee03

2.3eepEe28
1.8P0BE<2R
Z.0020E-00
2.0280L0-28
1,0290E+28
2.8020E-22
2.,800PE+28
2.08¢BE-22
1,0008E28
1,2080E+20
1.0PREE-0Q
2,2050E+22

1
2,0008E+20

Hrunmn

1.0!!!! ee
E

2,

1,0888E+80
2,0080E88
2,0000E-08
2.800PE+28
1.98cBE<08
2,0088E+88
1,080RE«08
4, 0000802
2,a802C+00
(Ll
9EE+08

1,738¢E~DL
1,62eBEe1
6,3002E~21
1,3040E-p1
1,3730E~p1
8,32286-91
8.8028PE-01
2.8%88c-01
1.3200E~-p1
5,6196E-B1
6.P30BE=p1
2.8C2PE-DY
3.2%0PE-~01
1,4422E-91
3.8000E-01
7.,0222E-01
1.7@0PE~DS
1.73286~91
8,40086-01
2,62e0E-01
4,0828PF
2.9088

7. ZEIBE-II
1.3890Ec31
3.P1PCEEL
1,5688E=81
3.8%00E-1

1

1.61E0E-p1
2.8490E=P1
1.1650C+88
1:95440E00)
2, 7420ERE1
3.0P80E=R1

38 £

.
1,83 4
2.8PEPE="1

4,908BE-02
2.20000202
T
©,4800E 23
1.3388E202
6.,6760L-F1
?.3660E81
1.1580E-81
8.2208E-03
4,2729E-21
4.7363E-21
1.2808€201
1.7880E201
2, zllnz.ez

- 82 -

1,21026=01
$.302RE~g2y

1,3000E=p1
1,280PE#01
1.,20885=01
1,6300E=91
1.8402€=91
1,7008E«01

l‘anlE-M
BPEaRY

1, 2589E=01
1, eﬂlli-ll
15 a700

1 zdn!t-tl
.,zsua:-a:
1, BEepL

;IIEE-DI

2,0200E002
5, 02CAC 08
2, 0020C 00
", BRIQE LR
PyBR6LeRD
" 0R8SgEe2R
A, 000pCeRD
2,000aCeR0
,08e2€38
2,8080€028
2,002EC*2d
A,8020€e0 20
oy 2020E¢ 00
F,3022g 22
1,023@0023
032228 Ee0R
2,0029E+78
2,8220 P2
,002pCe 0
a,8029€92
A 222p€08
A,2020E+08
@,02400+08
*,0e2pE28
*,0820E¢20
2,002 00
%,0B2CE*20
2,0028
*,2028
o,2028
2,0828

n,B024E 20
" ,BGVSE 00
a,0022¢020
" 202EF 008
n,89dgEsED
ni2035E0e
a,80CEL+2D
2+8028E000
a,0000E+29
#8928 oRD
a,8008E008
5.8008E 30
I AT ]
Prrrrizey



2,4408E=01
2,208PE=p1
1,301PE=pY

3
1,0002E«07
183 1,7P62E483
1P 3,72120a03

b
1,61G0Eeg1 1,2
1, 1“'!-!1

185 1,73¢480p3 L] 39!6!-'1

106 1,7545Ee83 4."-0!(-!1 1, 30"5'!1
187 1.7583E#03 6,9200E-04 i, illlE'll
108 1,8i14EeP] 2.2000E=04 l,‘zlﬂli-ll
109 1,p011Ee03 1,38EVE=pL 9EwpL
1192 1.6322€e03 1.6!'Cbll 2,1286C=p1L Eell
111 1.5:0:!.03 1,00008+30 1 30aREeqd WL
112 1,04900e03  2,0905€+00  2,1PpBE~01 ; zl;!:-ls
113 1,88330eP3  1.0000L«PP  3,35190E«p4 1,2420E001
114 1,09330403  2.0000Ls00  1,277BFegt sAallll-ll
11%  1,9¢35E483  1,0000L+08 hgﬂllhll 1,"":-01

[ E:

118 1,9397Ee83  y.0098LeER
137 1,9429E«03  2,00007P20

e
E'M. a,082pe00

GOLD=197 RESONANCE DA ENDF/@ MATERIAL WO, 1283
AESONANCE PARLMETERS

130T0PEmensmacerrennmcenen

FRACYIONAL ABUNDANCE- = 1,BCRBEPO

NUMBER OF ENERGY RANGES-=---= 2

ENERCY RANGE NUMBER=»c-ssvr-a 2  UNRESOLYED SINGLE-LEVEL SREIT=MIGNER PARAMETERS
2.280CE-L3
1.20EPEPs
1.50BRE0P
CFFECTIVE SCATTERING RADIUS-~ 9.88PPE-62
MUFBFR OF || STATESerecmmmascw ?

L VALUEme~ommonuan 2
NUNBER OF J STATES 2
AVERAGE RESOKANEE WIDTWS (EVI

“ormme
LEVEL SPacInG JevalUE DEG OF FREEDOM uzurlou nAnlA'lﬂ~

4,3200K00y 142002E%BF 1,0082E 408 9.B720E-93  1,2008E=01
2,59BeEeRy 2.0%04ge00 1,0228¢e00 5.4390E-03 172%89Ew01

L VALUEamvececomenan

1
NUMBER OF J 9TATES~- 4

AYERAGE RESOKANCE WI1QTHS (EV)

LEVEL YPaCING JPVALUE D=5 OF FRLEUDM AZUTRON RapiaTion

1,2980Ee02 Q.2PnBEee0 1.0020cee2 S.184PE-3 1,2900E-81
4,3200Ee0q 1¢B0ORER20 2.0800¢ 000 1.7288E~83 1A2:ga:-a,
2,9983Es0y 240039E+00 2,8000€088 1.038 3 1.2980E02y
1,8920F40% 3.CAPBE+22 1,2080ge2d ¥.4PPBE-EC 1.2902Ewa2
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_vg_

GOLD-¢97 (N, GAunAY
NEUTRON CROSS SECTION
REACTION @ VALUE  6,5127€e&¢ gV

INTERPOLATION (AW BETWEEN ENERGIES

fANGE HESGRImYION RANGE DESCRIPYION

170 95 v (INEAR IN X 98 Tp 1385 Ln Y LINEAR IN LM X
LELTRON CROSS BECTIONS
INCEX,  ENERGY cnoss SECTION  ENERGY 1ROSS SECTION  ENERGY CRUSS SECTION

£y ANS EV EARNS Ev BaARNAR
1 p.0033Ca05 -FOIIE~°u 2,0BPRESDI B, LORRESEY  2,00F2[e83 4,1340F-02
& 5,00000eB3 3,7248£,02  ©,0B0rigs@3 ,2482€404 93 1,31430.91

11 4,000CEsB4 L.PI18E~31  1.06PPEeDa 1.2258 1.14P0E000
16 4,4ppgEepd 9,250pEA1  1,5ep0E2p4 8,9nNREw0L 8,5z200231
21 1,9009EeR4 7.7u¢n:-01 2,90085+84 7,3500E"I1 e84 71600901
2 z V400EeD4 6.040BE-31  2.380CFB4 4, sanu:-a: 2.6006g084 [

1 2,980%¢e04 3,9706c~01  3,EARceAd 3,4402gwd 3,28800004
36 3.3090Eeps B,1250E-81  4,p002Esp4 5. m;ae;.a; 4, 2000004 l‘ggﬂng-g;
41 4,0p00E004 '-Jvevtvﬂl 5,000PEe04 4 40RaEn01  3,2008Fe24 4,4pDRRrOl
46 5,8900fsBe $.17DDELBL  &,00BOFA04 4.00R0FaP1  6,50DEe0% I,9pPOL~31
81 8,008000@¢ 3.4308C-01 A,SRORfe04 3.300C~01  ¢,0000Cedd I,2¢02pe01
56 111080603 I.PTERE~D1  1.2PBOpeB3 3.29APFeR1  1,3830rep? 2,9580Fe01
61 1.eana:oas 2,7900E~P1  1.7PAAEe0S 2,73P0E+01  1,88PNEeP? 2,0800E=01

2.5100€=01  2,2080£905 2,45RREePL  2,30PAEe)S 2,4300E=01

~

" 2,2526¢-01  2,7000¢e85 2,23000~01  2,8808F.09 2,1600Fe01
1 1,080BE+01  3,40A2¢eR5 1.800PEnB1  3,009ACeRS 1,8130cwa1
81 3 1,608PE=01L  4,4PROeBS 1,5400¢=01  4,680¢ped 1,4y00p=01
e 1,3500E~01  5,4000E40% 1,3100C01 ad0p=01

16DEBENES
91 6,5d20T42D 1,11RBE~C1  7.20ARERD 1.D4PREREL  7,8800FeD

96  9,pcRREedS 4,900RE~B2 9,30PRgePS §, 70MOreP2 1,000
1e1 1, 300!:&05 T ISNBERS2 1, 4002E%08 7, 5200pe02 ;,5¢gq
106 lvﬂﬂﬂﬂt-ee 6,36AE.~P2  1,088PpeR6 6.0408g02  2,8800pedd U 71)65-02
312 2.30B0E4B6 4.730BC~B2  2.ABDAEABE ¢4.429BE-02  2,5PBEed6 &,¢qBRE=22
218 2,5900Ee06 3,3100C-22  2,0080F¢06 3.0700E-02  3,0880Fe0¢ 2,84R02N2
121 3,6000Ce@6 1,9900E-B2  3,80005ed6 1,A7FRE~D2  4,0008Fed0 1,7809c=02
120 4,000PEeR6 1,61M0E~P2  4,ABPOER6 1,570DE°F2 " DOBNEePS 1,5402FA2
131 5,0020E+B8 1,43PPE~22  8,0000¢e08 ),27PDE~B2  1,PBRRZHP7 1.1300EvA2

pet ;:zgen!-wx

-
S

ENERGY CROSS SECTION
¥ BARNS

E
3.208nCe03
6,8082¢003
1.2000Ee24
1.73gaEep4
2.20p2Fe 04
z.7nan -2

P4

ee
5 43p0E
7 seoa;.qa
XL
1.4020£40%
1.9A30E+05
2,400P€e0%
2,9000E429
3,8000E408
4,80p0¢00%
s,8000E+08
¢, 02a0€e2%
1,1022¢006
1,0832Ee06
2.1900¢e06
2,600%E+28
3,2000€+26
4,2000¢086
5.2082¢986
1,308¢EeR?

ENDF/B MATERIAL ND, 3283

19028622
142623601
1:P500E 20
8,22p9E =04
6,0000E+01
6,.2320E=0Y
EN lBIBz-Bt
4,7908E=03
4, 3198608
3,7258E001
3,2000E01
2.P082¢"01
2.0208TeR)
2,33p2E=21
2.12000A81
1.7428E~P1
1,43¢0E01
1.,25002E~01
?,5882f-22
8,1730E002
6,9080E~R2
S388RE902
3,8802€6-72
2.000080P2
1,7120£02
1,5202g82
9.8B20LPY

ENERGY

v
4,0000403
0,20828°0)
1,3000E924
1,8ppoEege
2,3000i.%04
2,0086E404
S'GIBGF’QI
4, 40000 e@4
5,6820C004¢
7,50000404
1,0%00L2%
1,9000£¢05
2,pe00le@5
2.568001005
3,0080€40%
4,000aL 209
5,2230ge05
8,0200E 0%
8,50082Ee28
1. EOIBEOUO

3.,40R2E006
4,40005406
5, 42208428
2,0080E87

CROSS SECTION
RN

BARNS
3,4130E402
1,3834E01
9.,9000E~01
7,0020E~21
6,0290g 01
6,PORDEARY
8,3000¢~21
€, 6920021
4,2300E01
3,5792¢.01
3, 1302001
2,8302E-01
2.57%2E-01
2,3000F~21
2,0800E 71
1,68P0F~01
4, 4BRBE=0L
+2PR2E=01
9,28821-22
7,9530€.02

*04 4,6812¢€002

8,0560E.C2
3,550RE~42
219022002
1,6600£02
1,4900¢+22
2,7000€~83
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Appendix - F

Uranium - 235

MAT.
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No.
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924U =235 LASL,A! EYAL~MART4 L STEWART, H ALTER , R,HUNTER
DISTeJUL74 REV=JUNTS
PRINCIPAL EVALUATORS~ L,STEWART LASL, H,ALTER Al, R,HUNTER LASL

CONTRISUTING EVALUATORS

NU~BAR=-<B,R, LEONARD ANW, L, STYEWART AND RAY HUNTER LASL,

HUMMEL ANL,
F,P,YIELDS==R,SCHENTZR HECL, FISSION PROD, SUBCOMMITYEE

DELAYED NEUTRON DATA=~ S,A,COX({ANL)
RADIDACTIVE DECAY DATA«=C,H,REICH ANC
RESOLVED RESONANCE DATg~=J.R, 3MITH ANCy R, GWIN, R, PEELE, AN

G,DESAUSSURE BRANL
UNRESOLVED RESONANCE DATA=~ R,PEELLECORNL) AND M,BWAT(BNL)

SHOOTH DAT4

THERHAL RANGBE C,LUBITE KAPL, J,HARDY BAPL, 3,R,LENNARD BNw
B2 EV =25 KEve-R,GHIN, G,DESAUSSURE ORnL, R,8LOCK RPI,

JoR, SMITu ANC
25 KEV~1 MEy A,CARLSON MBS, W,POENITZ ANL, L,STEWART

LASLe H,ALTER
1 MEV=2@ MEVe=R,HUNTER, L,STEWART LASL, W,ALTER
IMELASTIC SCATeeL ,STEWARY, R,HUNTER LaASL
SECONDARY NEUTRON [157,-=L STEWART, R, WUNTER LaASL
GAMMA PRODUCTION==~? HUNTER, L ,STEwARY LASL

ND FORMAL REPORT AVAILABLE DESCRIBING THIS EVALUATION

MF u 1

MTE452
NU=BAR TOTAL

NORMALIZED T0 CF=252--<SUGGESTED BY ThERMAL TASK FORCE

MT=2453
INDUCED REACTIOM BRANCHING RATOS

NO DATA GIvEM

MTE454
F1SS10N PRODUCY YIELD DATA

. » * ] L *
FI1SSION PRODUCT YIELD DATA FOR ENOF/B=-1V 8/74, RECOMMENDEI
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VALUES ARE GIVEN FROM THE YIELDS SURCOMMITYEES OF THE DECAY HEAT
TASK FORCE, MEMBERS OF THE SURCOMMITTEES INCLUDE W,WaLKER(CH),
PeALINE)N,DUBEY R, LARSEN, W MAECK, W MCE| ROY,BRINER, T ,ENGLAND(CH)
A WAHL AND K,WOLFSBERG, FINAL DIRECY YIELNS WERE GENERATED BY B,
RIDER USING MEYHODS DESCRIBED IM NEDO=-32154 REV,1 Jan,74, ENDF/B
FILF PREP, aND MODIFICATICNS WERE MADE BY R, SCHENTER R/74, PEAK
CHAIM YIELOS ARE GIVER AS

£LABR2,53E~p2 EV A=YCHAIN(PERCENT)®

872.55, 833,62, a94,84, 52%,95: 915,92, 925,96, 936,37, 046.42,

956-66| 966o25. 975|96| 985'730 996,12‘1“”6.3”'1£15.f‘4'1624l224
1033.14,1312.93,1324,25,1336,79.1347,60,1%%6,00,1366,27,1376.27,
1386.82,13906.48,1426,32,1415,85,1425,93,1438,97,1445%,45,16%53,93,
1462,99,1422,27

ELABSS,00E+pS EV AsYCHAIN(PERCENT ) »

872.41, Bg3.59, 894,56, 995,57, 915,59, 925,72, 936,10, 946.19,

956.38, 966.29, 975,56, 983,87, 995,71,1706,24,1715,42,1224,59,
1753.29,1242,31,1313,23,1324,65,1336,47,1347,62,13558,28,1366,24,
1376.16,1386,47,1296,33,1406,02,14915,99,1425,46,1435,70,144%,27,
1453 .75,1462.9n,1472,37

ELAB®L ,40E+pT EY A=YCHAIN{PERCENT)s

872.41, 883,32, 893,97, 904,60, 914,81, 925,12, 935,21, 945.208,

O5%5.85, 945,11, 975,47, 984,88, 999,12,1705,21,1014,482,1223.93,
1733.09,1042,28,1272,18,1282,37,1292,98,1303,44,131¢,(4,1324,53,
1335.45,1346.23,1355,38,1385,022.,3374,92,1305,09,1394,83,1404,43,
1414,57,1424,83,1433,90,1443,.3,1453,05,1462,37

-

MTR455

DELAYED NEUTRON YIELDS
EVALUATION BY SA,COXCANL),L STEWART(LASL?,B,HUTEHINS(GEBRDD)

AMD N, C.PAIK{WARD) SEE REPORT ANL/NDM=S BY §,A,CLYLANL)

MTE456
PROMPT NU=BAR

NORMALIZED vu CF-252, SUGGESTED BY TKERMAL TASK FORCE

MT#457
SPONTANEOUS RADIOAGTIVE DECAY pATA

EVALUATION BY ¢.W,REICH (ANC) FEB74
IEFEREFCES OQCALPHAI= 1973 REVISION OF WAPSTRA=GAVE MASS TABLES
WALFnLIFEw N,E, HOLDEN, CHART nF THE NUCLIDES (1973)
AND PRIVATE COMMUnICATION (JAN,,1974)
GAMMA=RAY ENERGIES AND RELATIVE INTENSITIES = L[ (A
KROGERy PH,D, THESIS (UNIV, OF WYOMING, 1971) SEE

- 87 -
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ALSO, USAEC REPORY ANCR-1p16, P,75 (1971),
OTHERs A, ARTRA=COHEN, NUCLEAR DATA B 6, v0,3, 287,
{14971),
NOTE AVG, E«ALPHA e 4463, kEV,
THES YALUE INCLUGES CONTRIBUTIONS FROM THE KINETIC
ENERGY OF THE ALPHA PARTICLE AND THE RECOIL ENERSY
0F THE DAYGHTER NUCLEUS,

MF u 2

RESOLVED RESCNANCE REGION
RESOLVED RESONAMCE REGION REMAINS UNCHANGED FROM ENDF/B=3,

ANC REPORY 8Y J,R,SMITH
UNRESOLVED RESONANCE DATA==R, PEELLE (ORNL), M, BHAT (BNL)

82 EV-25 KEV

PARAMETERS ARE GIVEN AY 120 ENFERGY POINTS, LGCAL=AVERAGE PA-
RAMETERS ARE CONSYANT OVER TWE RANGE FOR PeWwAVE RESQYANCES,
SPINS 2~5, AND HAVE THE SAME VALUES GIVEN FOR ENOF/Bw11t, FOR
SaWAVE LOCAL-AVERAGE PARAMETERS (J®3,4), THE GAMMA_RAY WIDTHS
WERE KEPT AT THE ENDF/8=111 VALUE OF 35 My, WHILE THE

Wl0THS WERE VARIED TO PRCOUCE A FIT Tp THE APPARENY GROSS
STRUCTURE IN THE CROSS SECTIONS EVALUATEN BY LOOKING AT THE
FEATURES coOMMam TO SEVERAL EXPERIMENTAL MEASUREMENTS, FITS
WERE PRODUCED USING THE CODE uR, THE S=WAVE POTENTIAL SCAT-
TERING RADIUS WAS TAKEN AS ,98683X10=12 €M, GIVING A POTENe
TIAL SCATTERING CROSS SECTION OF 11,5 8, JUST aS IN THE
RESOLVED RANGE, TO PRODUCE ACCEPTABLE 5 PERCENT AGREEMENT WITH
AVERAGE SJGMA TOTALS, THE CR(QSS SECTIONS INFUT TO THE FIT
WERE ADJUSTED Y0 YIELD THE EVALUATED AVERAGE CAP, AND FIS,
CROSS SECTIONS GIVEN BELOW, 1f THE CROSS SECTIONS ARE LINEARLY
INTERPOGLATED sETWEEN THE POJNTS GIVEN, IF A PROCESSING CODE
LINEARLY INTERPOLATES PARAMEYERS BETWEEN THESE E“ERGY POINTS,
THE RESULTINUC AVERAGE F1S, CROSS SECTIONS ARE Y00 HIGH, FOR
DECINAL INTERVALS BY UR TO ,7 PERCENT ANA CAP, CROSS SECTIONS
AVERAGED QVER THESE INTERVALS ARE TOO LD 8Y UP Tn 1.3 PERCENT,
INTEGRAL CROSS SECTIONS UP Yo 4 KEV ARE HI AND LO By 9,3 AND
2,7 PERCENT anD THE INTEGRALS FROM 4 KEV UP ARE W] AND LO BY
2,16 aND g.24 PERGENT, THE EVALUATED AVERAGE FIS, CROSS
SECTIONS WERE NORMALIZED TO A 2200 M/SEC VALUE OF Bp4,S B,

AND HAVE A SHAPE DETERMINED BY COMBINING DATA FROH REFERENCES
27=31 IN APPROPRIATE ENERGY RANGES, AVERAGE (UNIY WEIGHT)
CAP, CROSS SEcTIONS WERE COMBINED FROM REFERENCES 28,37 AND
31, THE EVALUATED AVERAGE CRpSS SECTIONS GIVEN BELoW ARE
TAKEN FROM REFERENCE, REF, 32,

ELG EMI FIS, CAP, ELO EHI F1S, CAP, ELO EHI FlS, CAP,
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4
.28
.10
W45
20
.25
.38
A8
.59
62

TH
(N
TA
AS
co
Tt
AR
DE

SMo

KEVy ¢B)  (B) (KEV) (8 (8 (XEV) 8y (B)
.12 25,P5 15,70 p,7 P8 11,11 4,91 5, %, 3,80 3.42
.15 22750 19,880 g@,8 B,9 8,25 4,15 B, 7, 3.41 1,42
-26 19:50 ilcﬂg 9'9 10” 7955 5;95 7- Bl 3.15 1!33
.25 21,50 1P,78 31,2 1,5 8,37 3,42 8, 9, 3.01 1,45
.32 19,%2 7,18 1,5 2,8 6,57 2,56 9. 12, 3,25 1.25
.42 13,12 4,56 2,0 2,5 5,49 2,20 1B, 1%, 2,65 1,28
.58 13,59 4,83 2,5 3,0 5,15 1,74 15, 27, 2,31 99
.68 15,22 4,62 3.0 4,8 4,75 1,62 20, 2%, 2,19 .87
L7 11080 4,67  4F 5,8 4,27 1,53

E SWAPES OF THESE (RDSS SECTIONS ARE BASED OV THE 13«BORON
JALFHA} REACYIONS AS GIVEN I~ ENDF/B=114, OVERALL UNTER=
IMTIES IN THE EVALUATEC AVERAGE CROSS SECTIO4 ARE ESV - ATED

3 PERCENT 1N F]S, AND 8 PFRCENTY IN CaPy AS GETAILED IN THE
MPLETED DOCLMENTATION, THE CONTRIBUTIANS TO THESE UNCERTAINe
S WHICH ARE WIGHLY CORRELATED OVER THF WHOLE ENERGY RANGE

F 2 PERCENT FOR FIS, ARD 7 PERCENT FOR CAPT, FOR ADDITIONAL
YA1LS SEE REF 32 OR THE OOMPLETE DOCUMENTATION REPORT,

MF a 3
oTH DATA

TRERMAL DaTA=-=~=THERMAL TaSK FORCE

1 EV T0 82 EV Jo R, SMITH

B2 EV T0 2% KEV PEELLE, BRAT

25 KEy T0 10@ KEV BIG THREE PLUS TWa TASK FORCE

192KEY TD ¢ MEV=«-FISSION CROSS SZCTION TAKEY AS CURVE
SUGGESTED BY U=235 TASK FORCE AND CSEWS STANDAKDS AND
NORMALIZATInY SUBCOMHMITTEE, IN TWIS ENERGY REGION NDATA TAKEN
FROM REFERENCES 3 TWROUGH 9, DATA OF RFF .4 SZARO (71) RAISED
BY 1,94, BETWEEN 1 AND 6 MEy CURVE DRAWN THROUGW DATA OF
REFERENGCES 3; B; AMD 7 THROUGH 11, wlITW HEAVY WEIGHT GIVEN TO
REF, 11, ABNVE 6 MEV CULRVE DRAWN THROUGM DAYA OF REFERENCES
7, By 12 AND 13, DATA OF REFS, 12 AnD 43 NCRvALIZEDM YD 2,152
BARNS AT 14,p MEV,-=-=ALPHA CURVE BETWEEN 1J KEV AnD 12 MEV
BASED 0O REFFRENCES 1 AND 14 THROUGK 19 AS RECOMMENDED BY
U=23% TASK FNRCE, ABOVE & MEV ALPHA CURVE SMIUTHLY
EXTRAPOLATED TO 20 MEV,=-=-AAPTURE CROSS SECYIOn OERIVED AS
THE PRODUCT OF YHE FISSION cROSS SECTION WiTW ALPHA--=ABOVE
©@.5 MEV TOTaL CROSS SECYION TAKEN FROM SPLINE FIT T0 DaAYA OF
REFERENCES 27 AND 21, BETWEEN 25 KEY AND 2,8 MEV A SMOOTH
CURVE waAS F1IT TQ THE TCTAL CROSS SECTIAN OF ENDF/B-3,

MF & 4

ANGULAR OlSTRIRUYIONS

ELASTIC SCATTERING ANGULAR DATA TAKEN FROM EVALUATION
0F REFERENCE 22y MUNTER.-=«=ANGULAR DISTRIBUTION DATA FOR
NONISOTROPIC INELASTIC LEVELS (MTeggebs) BASED PRIMARILY ON
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WORK OF KAMMERDIENER, REF, 23, ALL INECLASTIC DATA BELOW
5 MEV TAKEN T0 BE ISOTROPIC, AHWGULAR DISTRISUTIONS FOR ALL
OTHER MEUTRON REACTIONS ARE ASSUMED 15ATROPIC, EXCEPT F2R
DIRECT INTERACT]ON CROSS SECTICNS ABOVE 4 MEV FOR MTabi=66,

PE = B

ENERGY DISTRIBUYIONS

FISSION=eTHFRMAL=~ 721,323 MEV A4S RECOMMENDED RY THERMAL TaS
FORCE ,~caAT 44 MEVew T21,53 A4S APPROXIMATED FROM SLOPE OF
PU~239 OATA, EXCEPT FOR DISCRETE INELASTIC, ALL INELASTIC,
{My 2N) ETC, REPRESENTED 8v TEMPERATURE MODELS,

HOTE

HTu19-21 SHOULD BE USED IN PLACE OF 4T=18

IF RESULTS ARE SENSITIVE TO F§SSIONS CAUSED

BY NEUTRCNS OF & MEV QR GREATER,

MF & 12-15

GAMMA PRODyETIQM
DATA TAKEM FROM STERART, REF, 24, CADSS SECTIONS BASED ON
NEUTRON FILES (MF=2, 3 AND CALCULATED MULTIPLICITIES SELOW
1.09 HEy, AROVE $,p9 MEV DATA BASED ON URAKE, REF, 25, AND
NELL1S: REF, 26,

REFERENCES

1. GWIN, R,, ET.AL, PRIVATE COMMUNICATION (ORNL.1973)
2. KAPPELER,F.SYMPOSIUM NELY,STDS,, CANL) CONF, 731002, 272{197p)
3. SZABposI,, ET. AL,y (AS REF,5) CONFe721B22s 257(1970)
4, SZABOsl,, ET,AL.y KHOXVILLE CONF. VOL,2 573(1971}
5. KAPPELER,F,, 2ND IAEA PANEL STANDARD X~SECTIOVS,VIE“NA{1972)
8. GAYTHER, Q-B.i ET.AL, s (AS REF,B) {1972
7. HANSEN, G+ EPsALyq PRIVATI COMMUNICATIAN,L,STEWART(LASL 1570
8: WHITE; P, He., J.NUCL,ENERGY 19,325(1965)
9. DIVEN, B,C.. PHYS,REV,125,135p(1957)
13, POENITZ, W., PRIVATE COMMUNICATION (ANL,1973)
11, HANSEN) Gos ETeALo¢ PRIVATE COMMUNICATION,L,STEARY (1972)
12, PANKRATOV. v,Mey ET,ALse JeNUCLENERGY 16.494 (1962)
13. PANKRATOV, V.M«s ET,ALes SOVIET J4AT,ENERGY 14,167 (1963)
14, DESAUSSURE, £., ET,AL,» PARIS 1966, IAER 2,233 (1987)
%, CZIRR:s J,Bey ET,AL,, MELSINK) 1970, 1AEA 1,331 (1972}
16, PEREZ, R,B.y ET.AL,, ORNL=THM=Z696 (1072
17. BANDL, «,Eyy FT7,AL., NSE 48,324 (2972)
18, KUNONOVI V.N.. ET|‘L|€ !NDCRCCP’nziL. ‘1971)
19. KURGVs M.A.s ET.AL,, Js SOVIET AYENRGY, 315, (MARCH 1971)
20, WEATON, P,C,, ET,AL,, PRIVATE COMMUNICATION (VBS,1272}
21. FOSTER, §.C.y ET.AL,, PHYS,REV,C3,576 (1971)
22, HUNTER: RsE«s STEWART, L.s HIRONS T,Jss LA=5173 (1973)
23, KAMMERQIENER, J,L.2 UCRL~92232 (1972)
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24+ WUNTER, R(E,, STEWART, L.¢ LA~49R1 (1972)
25. DRAKE, D,M,, HOPKINS, J.C., YOUNG, C,S, AND CONDE, ¥,,
NSE 4B, 292 (1972)
26. NELLIS, D,0., AYD MORGAN, 1,L.» ORD=2794=17 (1966),
ALSO BUCHANAN, F,S,, CRD=2791-28 (4969)
27, DE~UYTYER,PaNCC CONFC AN@elL, UATA o0 <pACT=aSp A0L T8 +¢

(1970),
26, DESAUSSURE ¢7 ALy ORNL=TM=1804 (1967),
29, ALONSTNUCL, 8Ce, ENeC 4 2 UL 93 HB

30, PEREZ ET AL,, NUCL, SCl. ENG. 52; 46 (19730,
31, GwIN, LETTE® TO R, A, TANNELS, NNCSC, g12=2g=-72,
32, R. Ws PEELLF: ORNL, (ETTER T0 CS5EWG, 924=73,
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ENDF/B wATERQaL MO, 1261

YRR UN=235 RESINANCE 2aTa
RESCNANCE PARAMETERS

1SCTORE. AN UM=235
FRACTIONAL ABUADANCE=- 1.000PE« 6D
AUMBER OF ENERGY RANGES 2

ENERGY RANGE NUMBER-~--
LOWER ENERGY LEMIT {(Fv}

1 RESDLVED SINGLE~LFYEL BREITWWIGNER PARAMETERS
1.0022E¢22
5.2000EeP1
3.5g20Er28
SPiy SCIYTE?"NG LEMGTH (Aej-= 4 ,5663C-23
AUMGER OF | STATES=-amacecne-e 1

L VA UFemmoee o
\UFBER OF RESONANCES--.

SPIN SCATTERING LEAGT™H (A~

132
2.203PZe22

QESCNANCE MICTHS (Ev)

INCEX  EXERGY (EV) J VALUE "TraL NEUTRON RapsaTion Fisston
1 <1,49020ED2  3,S20PE-20  2,3748E-C2  3,6820C-A3  2,7:00E-B2  2,270@E-01
2 2,90@2E~01  X.500BE-CD 3,8157E+26 3, 4PPREwE2  9,90ZPC-02
3 3,142PCap2  3,920PE-23 1,3:617-25 4622E~32  1,162QE~21
4 2,035BE«2¢  3,5Q0PE+0R 7,6605¢-26 974EwB2  §,B142E~73
S 2,9200E.0¢  3,9903E.20 ¢,8532E.96 20EEwd2  2,PAPBE-rL
6 3,1470EeB¢  3,SRPCEYDE  1.3981E-21 2,2405€<5  3.3a1PE=R2 147 .07E-ci
7 3,829CEe2P  3,508BEeD@  B,4379Erg2  4,5594C<25  3,3698EvB2  S,¢ 37E~T2
B 4.GYGZEeBP  X,39ZPEe0  3.9592E~g2  6,P352Ee0S 3,8945E-22  3,5878E-73
9 5,4482E020  3,50P2EcB0  9,P120Ee2  3,3012€2€8  6,292CE~R2  3,0117€-2
10 5,8002E42P7  3,9000E.28  6,4192E~01  3,3319€-€5  2,p20PE.22  4,2189E-r1
11 6,2182Ee@2 3.502BE«HD  2.320PE-g1  6.379EE-B5  €.3449E-B2  1,873sE-¢1
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