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I, Introduction

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 recommendations 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 standard, and

graphical comparisons of the evaluation with selected experimental

data.

Table I lists the standards cross sections, the energy range

as defined by the Normalization and Standards Subcommittee, MAX

number, reaction type, and responsible laboratory. The laboratory
23S

92

plained in section II-G of <-.his report.

for the 23SU(n,f) is listed only as "Task Force", and will be ex-
92

*(See overleaf)



Neutron Data Centers

* Nuclear Data Section

I.A.E.A.

Karntner Ring

A-1010 Vienna

AUSTRIA

NEA Neutron Data Compilation Centre

B.P. 9

91190 Gif-sur-Yvette

FRANCE

U.S.S.R. Obninsk

Kaluga Region

Institute of Physics & Energetics

National Neutron Cross Section Center

Brookhaven National Laboratory

Associated Universities, Inc.

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

lR

3He

6Li

10B

12c

197Au

2 3 5u

MAT*

1269

1146

1271

1273

1274

1283

1261

Reaction
TyDe

CT
n,n

ae
a
n,p

a

a

ae

Vf

TABLE I

Energy Ranee

1 keV - 20 MeV

1-20 MeV

1 keV - 50 keV

Thr - 100 keV

Thr - 100 keV

1 keV - 2 MeV

Thr; 10 keV - 1 Me'

Thr: 100 keV - 20 1

LAB

LASL

LASL

LASL

LASL

ORNL

BNL
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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 a 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-Ill evaluation, those of Clement et.al. (R.P.I) and
(2)

Heaton et.al. (NBS). The Normalization and Standards Subcom-

mittee felt that the new data did not add to the knowledge of the

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. A set of phase shifts obtained by Seamon
(A)

et.al., was used in this analysis.
The recommended differential elastic scattering covers the

energy range 1-20 MeV and was also obtained from the Hopkins and
(3)Breit phase shifts. Additional low and intermediate energy

points were calculated for the Version IV data.

References

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

2. Heaton et.al., P.C. 1971.

Schwartz et.al., NBS Monograph 138, 1974.

3. Hopkins and Breit, Nuc. Data A9, 137, 1971.

4. Seamon et.al., Phys. Rev. 165, 1579, 1968.
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Figure I. Hydrogen cross section
- energy range .01-20 MeV.
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B 3
He(n.p) Cross Section
L. Stewart,

Los Alamos Scientific Laboratory.

MAT. No.= H46

Recommended Energy Range Thr-50 keV.

This material was transferred from ENDF/B-III with no modi-

fications. The preliminary description below is extracted and re-

produced from the Version-Ill Standards Report BNL 17188. '

"Although this material contains all of the cross section

data for He, only the (n,p) cross section from 1.0x10 eV to

50.0 keV represents the recommended standard cross section.

Below one keV, the (n,p) cross section was assumed to vary as

1/v and normali2ed to 5327 barns at 0.0253 eV. This value was ob-
(2)tained from the measurement by Als-Nielsen and Dietrich. 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 Mack1in. 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, 19o4.

3. Gibbons and Macklin, Phys. Rev. 114, 571, 1959.

4. Batchelor et.al., Rev. Sci. Inst. 27, 1037, 1955.
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°* 6Lifa.ff)3H Cross Section
6. M. Hale, D. Dodder, P.G. Young, and L. Stewart,
Los Alamos Scientii. •_ Laboratory

MAT. No. = 1271

Recommended Energy Range Thr.-100 keV; O „ = 940.00 b.

The ENDF/B-IV cross section set is based on 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, MT=451) of the Lithium-6

data set on pages 63-66 . The O" a cross section evaluation is

plotted in Fig.Ill, and compared to experimental data, the ref-

erences are listed immediately following Fig.III. It can be sean

from Fig.til,that there is excellent agreement between the experi-

mental data and the evaluation up to 50 ksV. Above 50 &eV the

evaluation lies between the data of Friesenhahn, and the data

sets of Fort, and Coates. • ' The disagreement across the 243

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

dard above 100 keV at this time.

References

1. Friesenhahn et.al., INTEL-RT-7011, 1974.

2. M.S. Coates, Priv. Comm., 1973.

3. Fort et.al., EANi>O(E)-148 1972.
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REFERENCES FOR EXPERIMENTAL DATA

sLi(n

Yr.

74

74

73

72

72

67

67

66

65

65

61

60

60

59

59

59

59

58

57

56

56

54

54

52

50

Lab

GRT

ANL

HAR

CAD

HAR

R2Z

ALD

ALD

FOA

FOA

CCP

HAM

CCP

NWU

RIC

LAS

ORL

NRD

CCP

LAS

CCP

LAS

NRU

LAS

ANL

Author

Friesenhahn, et al.

Poenitz

Coates

Fort, et al.

Clements, et al.

Rpndic, et al.

Cox, et al.

Barry

Conde, et al.

Schwartz, et al.

Mikailina, et al.

Hermann, et al.

Perelygin, et al.

Pardo, et al.

Gabbard, et al.

Bame, et al.

Murray, ei: al.

Kern, et al.

Elpidinskii, et al.

Ribe

Gorlov, et al.

Frye, Jr.

Weddell, et al.

Ribe

Blair, et al.

References

ItITEL-RT-7011 (1974)

Priv. Comm. (1974)

Priv. Coram. (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. Vol 11,
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. £, 488 (1960)

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

Phys. Rev. 114, 201 (1959)

Phys. Rev. U 4 , 1580 (1959)

Phys. Rev. U 5 , 1707 (1959)

Phys. Rev. 112, 926 (1958)

At. En./Supp 5, 75 (1957)

Phys. Rev. 103, 741 (1956)

Dok. Ill, 791 (1956)

Phys. Rev. 93., 1086 (1954)

Phys. Rev. 95, 117 (1954)

Phys. Rev. 87, 205 (1952)

AKL-4515, 7 (195C)
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D* B(n,a),(n,Qr Y) Cross Sections

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

MAT. No. = 1273

Recommended Energy Range Thr.-lOO keV; a2200
 = 3836.5 b.

The 10B(n,a') cross section (MF=3, MT=107) for ENDF/B-IV, is

the sum of 10B(n,<*o) + ^(n.c^Y) (MF=3, MT=780, 781). The partial

and total cross sections were derived from an R-MATRIX analysis.

The analysis is described briefly in the Hollorith section (MF=1,

MT=451) of the B-10 data set on pages 70 - 74. The ~2200

(n,<* )=240.51 barns and the a (n,a Y)=3596.0 ba? .is yield the

°2200 v a l u e l i s t e d above. The evaluated (ri.c), (n,». Y) cross

sections are plotted in F̂ g. 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,c) cross

section to 100 keV and then the evaluation falls between that of

^ and 1'riesenhahn. (2)

References

1. Bichsel et.al., Phys. Rev. 108, l')25, 1957.

2. Friesenhahn et.al., INTEL-RT.- 7011,, 1974.
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Figure IV. B(n,a) cross section
- energy range 2 keV-20 MeV.
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Figure V. B(n,a.Y) cross section
- energy range 1-100 keV.



REFERENCES FOR EXPERIMENTAL DATA

'B(n.Q')

Yr.

74

69

68

67

65

60

57

Lab

GRT

LRC

ORL

ALD

AJJL

DKE

RIC

Author

Friesenhahn

Bogart,

Macklin,

Cox, et

Mooring,

Bilpuch,

Bichsel,

et

et

al.

et

et

et

, et al.

al.

al.

al.

al.

al.

References

INTEL-AT-70U (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. ̂ 08, 1025 (1957)
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E 12
C Differential Elastic Scattering Cross Section

F.G. rerey and C.Y. Fu,

Oak Ridge National Laboratory

MAX. No. - 1274

Recommended Energy Range; 1 keV - 2 MeV

The carbon-12 Differential Elastic Scattering Cross Section

below 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 recommendation:

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,V) Cross Section

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

MAT. No. = 1283

Recommended Energy Range 10 keV-1 MeV; °22oo
 = 9 8- 8 b

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. VII.

Note that the smooth cross sections in the resolved and

unresolved energy regions given in Appendix £ page 85

(MF=3, MT=102) are background cross sections and must be added

to the cross sections generated from the resonance parameters to

complete a resonance profile.

-16-



197 1*?ft
Au(n,Y) Au Reaction for ENDF/B-IV*

M.D. Goldberg and S.F. Mughabghab

Brookhaven National Laboratory

The capture cross section in the ENDF/B-IV File below 2 keV

is represented by the resonance parameters. In the energy region

2-10 keV, the capture cross section was calculated by using the

average resonance parameters specified in File 2 and the code

AVRAGE-4* ' which follows the method of Lane and Lynn ' and ap-

plies width fluctuation corrections as discussed in their paper.

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

6 8 10 2 '-3 '6 18 2C

Figure 1

197A...,*Extracted from "Evaluated Neutron Cross Sections of Au" BNL .

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

- 17 -



able data in this range and with the ENDF/B-III valves between 1

and 6 keV. (The curve above 10 kev is the same as that of Fig. 4.)

For neutron energies greater than 25 keV, a reassessment of

the gold capture cross section is required because of che availa-

bility of new measurements and because of a reevaluation of the

U cro&s section for ESDF/B-IV. Fig. 2 shows the new U

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" "V5

keV) and compared to a similar curve for Che U fission cross

section ii ENDF/B-III. This plot indicates ai> 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 a very reliable

?35LMn.f JENOC/B- 13

M ALTER. PRIVATE
COMMUNICATION,
APRIL. 1973

IS2 ! i U!n.<) END

2% - ' 0 0 -t:

M.ALTER, PRIVATE
COMWUMCATiON
1PHIL. W J

AVPRAGEO GROUPS OF TEN

Figure 2 Figure 3
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standard, it was decided to perform the gold capture re-evaluation

235
with data not involving U fission standardization. This follows

the procedure adopted by Carlson and by Poenitz in evalu-

ations presented at the 1970 EANDC Normalization and Standards

Conference hsld 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.

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

(2) LeRigoleur et al.(6> (3) Fricke et al.(7) (4) Kompe(8)

(5) Poenitz et al.(9) (6) Belanova et al.(1C) (7) and Berg-

vist.(11) The data of Spitz et a l / 1 2 ) Moxon et al. ( 1 3 ) and

(14)Bilpuch et al. were not used.

The capture cross section between 100-1000 keV is shown in

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

of Barry.<15>

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

are in quite good agreement with each other within the quoted

i

i • -

- 19 -
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Figure A
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errors. There is a general tendency for the data of Fricke et

a l . ^ (Fig. 4) and Barry ^ (Fig. 5) to be higher than others

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

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

point of Belanova et al. 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-

tribution is that of Lindner. These data should be considered

235
preliminary until published and were measured relative to U,

but the lack of measured fluctuations in the U fission cross

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 ' 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 15% and 20% respectively. It was felt

that it was not worthwhile to give these points sufficient weight

to seriously distort the ENDF/B-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.

Devaney points out the importance of a multiple reactions cor-

rection for reaction cross section measurements above approxi-

mately 100 keV. The correction is particularly important for

- 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 between 1

(13)
and 20 MeV, which included the evaluation of Vaughn and Grench

(1.0 - 5.2 MeV) and that of Bogart(27) above 5.2 MeV, are adopted

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

252
with experimental measurements. For this purpose, a Cf fission

spectrum was represented by a Maxwellian with a temperature of

1.39 MeV, i.e.;

*(E) = C & e" E / T

was used. (C is a normalizing constant.) The calculated fission

spectrum average of the ENDF/B-IV (n,-y) reaction of gold is 81.8

mb. This number is to be compared with an experimental value of

(19)
95.5 - 2.3 mb measured by Pauw and Aten. 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.

23^ (20)
The ~U fission spectrum average measurements of Fabry shed

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

107 t Qft

88.0 ± 4.5 mb for Au(n,y) ' Au reaction. With a characteristic
235

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

- 23 -



average of 84.9 mb which is within the stated error of Fabry.

After the completion of the evaluation of the capture cross

section of Au, it vas found that two points had been inadvertently

omitted from consideration. Both were measured with the sasae

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}
966 keV, Re*-rtson et al. measured a value of 96.2 + 2.0 mb.

This value is approximately 12% higher than the value at this

energy from Fig. 5. No changes were made as a result of this

discrepancy for the reasons noted above regarding the Devaney

multiple reaction correction effect. In addition the following

data sets became available at the time of the writing of the

report:

(23}
(1) Poenitz 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 rayo. The

Jrey Neutron Detector, the Black Neutron Detector and a Li-glass

detector were employed to measure and monitor the neutron flux.
(24)

(2) Macklin et al. data in the energy range from 3 to

550 keV. In this measurement a scintillation detector and a Li

neutron monitor were used. The efficiency of the detector was

normalized to the 4.9 eV gold resonance by the saturation method.

The Li neutron cross section of Uttley, slightly modified, was

adopted.
(25)

(3) Rimawi and Chrienv ' using the iron filtered beam,
- 24 -



measured the neutron capture cross section of gold at 24.5 keV by

the activation method. Assuming a B(n,ay) Li cross section of

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

197
they obtained a total capture cross section for Au of 0.630 i

0.006 b. The error indicated is only statistical and does not in-

clude the uncertainly in the normalization. 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 in a progress report. A 4n0Y 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,v) cross-section for ENDF/B-V.
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G - 235U(n.f) Cross Section

Task Force

MAT. No. = 1261

Recommended Energy Range; Thr, 100 keV-20 MeV; a22oo(n,f)=

585.4b.

The U evaluation (one of 5 isotopes consiJered) 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 U 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
235

U(n,f) cross sections with energies less than 10 keV and L.

Stewart, (Los Alamos Scientific Laboratory), H. Alter (Atomics

International), A. Carlson (National Bureau of Standards) and W.

Poenitz (Argonne National Laboratory) for U(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 U(n,f) and uhe methods used for

the evaluation are described briefly in the Hollerith 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

resonance profile.

TABLE II

Energy Range (MeV) Assigned Error

.Z5 - 1.0 47.

1.0 - 1.5 5%

1.5 - 2.0 3%

2.0 - 5.0 4%

5.0 - 7.5 7%
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Figure VIII. U(n,f) cross section
- energy range .001 eV - 20 MeV.
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Appendix A

Hydrogen - MAT. No. 1269
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EMTR' BY L. STEWARTI R.J. LABAUVE. A*l> P«G. YOUNG
LOS ALAMOS SCIENTIFIC LABORATORY
LOS ALAMOS,NEW MEXICO 87544
OCTOBER 2P.1970

MF»1

MT««51i ATOMIC MASStl,007825

MF»2

MT»151, SCATTERING LENGTH*!. .27565E-12 C .

HF«3

MT» 1. TOTAL CROSS SECTIONS — THE TOTAL CROSS SECTIONS ARE
OBTAINED BY ADDING THE ELASTIC SCATTERING AMD
RADIATIVE CAPTURE CtQSS SECTIONS AT ALL ENERGIES.
l.PE-05 EV TO 20 MEV.

MT» 2i ELASTIC SCATTERING FROM AN EXTENSIVE THEORETICAL
TREATMENT Or FAST NEUTRON MEASUREMENTS
BY J. C. HOPKINS(LASL> AND G',° BREITtSTATE
UNIVERSITY OF NEH YORK), SEE N.O. A», 145(1971).
1.0E-05 EV TO 2^ MEV.

MT«102, RADIATIVE CAPTURE — THESE c*OSS SECTIONS ARE TAKEN
FROM THE PUBLICATION OF A. HORLEY WHERE A VALUE
OF 332 MB WAS AOOPTEO rOR THE THERMAL VALUE. SEE
N.D. A2< 243(1966) ALSO P.C.
1.3O0S EV TO 20 MEV.

MTi251. AVERAGE VALUE OF COSINE OF SCATTERING ANGLE
IN LAB SYSTEM (PROVIOtO BY BNLJ.
1.UC05 EV T0 20 MEV.

MT«2S2. AVERAGE LOGARITHMIC ENERGY CHANCE PEP COLL 1 SON.. TAKEN
AS 1, FROM 1.0E-05 EV TO 20 MEV. (PHOVIOEO BY BNLJ.

MT«253. GAMMA, TAKEN AS 1, FROM l,0E-65 EV TO 22 MEV.
(PROVIOEO BY BNLI.

MFs4

MT» 2. NEUTRON ELASTIC SCATTERING AtiGuLAR DISTRIBUTIONS IN
THE CENTER OF «ASS SySTEH—CjVEw AS NORKALIZCO
POINTPISE PROBABILITIES.

MFa7

MT« 4, ,000ei TO 5 EV FREE GAS SIGMA»2«|44y BARNS.

MF.12

MT»102, GAMMA RAY MULTIPLICITIES — MULTIPLICITY, (REFERRED
TO MT*1?2< W * 3 ) , IS UNITY AT ALL NEUTRON ENERGIES,
UP«2 NOW IMPLEMENTED. THEREFORE ALL GAMMA ENERGIES
MUST PE CALCULATED,

MF«14

GAMMA RAV ANGULAR DISTRIBUTION — *SSU"£O ISOTROPIC
AT ALL NEUTRQN ENERGIES.



- 41 -



g 3 s"

*1O J * °

wu
l y

2?

- ss
I !s
5 Si
O tTliJ

O ^ tot H

a wa



Missis

t ssss

o

ft » c ̂  r. n

sssss

Illl!

zxsxz

?????

££££

SSSS

If"2

uuuu

££££

££££

S tiltt

. . .

i l l

Egg

BCIIIBSB

. . ^ ^ ^ ^

£££???

..RbCiBI)«l«l

u ft^B te t^ fA ̂  i k'

BBSSSHSI9 0>ei

D*4)v4(w*«>>>»-gn

Q 4 S S S S B G S b S S
* » • • « • • 4>*««a>
j 1^ |«J hj 1^ i^ itn.!«.i i». ••• ̂
. t- f- «• "J •;• K w o f G G

BBIBBBBSBBBa

- 43 -



a >b-;r.nRKOO&B.
7 •a»oa«D(ii>«

•A ;-o 0'»^o«4r««nBfsa aotibosoiBBs fa's it a

CD a —or
UP- *- U

Xi Vi ̂  d O C CJ Q> G C> ̂  ̂  ̂ 3 £•
smiscoci set ssvuo
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KTDR0GE1-1 ELASTIC ENOF/B fATERlAL NO, 1269
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS

INTERPOLATION LAM tJETUEE" COSINES
RANGE DESCRIPTION
1 TO 12 Y LINEAR IN X

TABULATED ANGULAR DISTRIBUTION IN THE CENTER OF MASS SYSTEH AT i,ez00E*m HEV
INCEX HU F(NU> HU F(MU) HU F(HU) HU FIHU)

ELASTIC ENDF/B MATERIAL NO, 1269
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS

INTERPOLATION L \ u BCTUEEN COSINES
RANGE OESCKII 'TION

1 TO 12 V LINEAR I N X

TABULATFO ANGULAR D I S T R I B U T I O N IN THE CENTCR S f MASS S Y S T f " AT 2 , C O B e E « « l
INCEX HU r<HU) HU f t » " >

l B 8 B E ; O S I I I B V E O l 9 0 a P E < > l S 3 3 « E 0

I

i£ HTOPOGEN-I INELASTIC ENDF/B HATERIAL NO, ise»
" THCRHAL NEUTRON SCATTERING U»«S

' | N [ E » TYPE TOTAL EFFECTIVE
OF FREE ATIIH HASS

MODEL CROSS SECTION
1 TA8UIAYED fl.eepet^PP e,[>OdBE*C0

HYDAOGEM-l l>.,GAiln«) ENOF/B HATERIAL NO, 1269
PHOTOK. HULTIPLlCITIES-NEUTRON INDUCED

•HCTSN E'.ERGY DlSTBlflUTION LAK • DISCRETE

INTERPOLATION L<" BETWEEN ENERGIES
RANGE DESCRIPTION

1 TO 2 1 LINEAR I N X
PHOTON ENERGY 2 ,J246r«ne HEV LEVEL ENERGY n,OOHeE*0i> HEV
INDEX ENERGY PHOTUNS ENERGY PHOTONS

EV EV

HYOROGEI-l ( I . ,&»HH») ENOF/B HJTERIAI. NO, IS69
PHOTON ANGULAR D!STR!BUT!ONS»"EUTRON INDUCED

PHOTONS ARF ISOTROP1C



Appendix - B

Helium - 3 MAT. No. - 1146
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2-HE- 3 LASL EVAL-196B L , S T £ W A R T
DIST-APR74

THIS FILE TRANSFERED FROM ENOF/B-HI WITH 'MO MODIFICATIONS.

CROSS SECTION STANDARD *E-3 <N»P>

THE HE-3 (N.P} CROSS SECTION FOR THIS MATERIAL IS RECOMMENDED

AS A STANQARG FOR NEUTROÎ  ENERGIES FROM THERMAL TO 5P KEV

HELIUM-3 FROM AM UNPUOLlSHED EVALUATION BV L.STEWART (LASL-19&8)

THIS EVALUATION OF HE-3 WAS RECOMMENDED "Y THE STANDARDS
SUBCOMMITTEE CCSEWG) FOR INCLUSION IN ENOF/B AT THE OCT. 197B
MEETING OF CSEWG.

DATA CONVERTED TO ENDF/B FORMAT BY M,ORAKE(BNLJ *NO R.LABAUVE
(LASL) AUG1971.

MFsl

MT=451, ATOMTC

MT»151» SCATTERING LENGTH«0.2821E-1? CM,

MFs3

MT= I, TOTAL CROSS SECTIONS — FHOU ,»iapi0i EV TO ie.8 KEV
MTl TAKE'-' AS SU^ MT2 • «T103, FROM 1-3,(1 K^v TO 23|55
MEV MTl EVALUATED USJf̂ G EXPERIMENTAL OATA FROM REF.6,

MT» 2, ELASTIC SCATTERING CROSS SECTIONS — FBOM .00B01 EV
TO H!.B KEV MT2 TAKEN AS CONSTA»T=i,0 B. FROM 10,8
KEV TO 20t0 MEV MT2*MTl-HTi»3-.MTia4 WITu EXPERIMENTAL
DATA FROM REFt9 AND 11 AS CHECK, NOTE TWO REACTIONS
HISSING FROM THIS EVALUATION, NAMELY ^,»,-PRIHE,P AND
N.2N;?P. EXP, CATA AT 15,ifMEV INOICATES *JO«i-i!ERO
CROSS SECTIONS FOR THESE. INCLUDED IJ «T2 THIS EVAL,

HT«103, N-P CROSS SECTICNS — FROM ,at)"Bl EV Tn 1,42 KEV
MT1«3 TAKEN AS CNE-0VER-V<b3;>7e AT .0253EV)FROM
REF.13. FROM 1.42KEV TO 2e,fcME\/ MT 1=)3 IS EVALUATED
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USING EXPERIMENTAL DATA FROM hEFS,1.4.5«B,IB.11i12.
14.1S.16 COVERING ENE«G» RANGES AS FOLLOWS -
RfF.i - ,12 MEV TO 1.2 *EV
REF.4 - 5.8 MEV TO U . *EV
REF.5 - 5.0 KEV TO 4.Z «tV
REF.8 - .48 HEV TO 4.5 MEV
RCF.ifl- 3,1 MEV TO n . MEV
REF.il- .95 MEV
REF.j?- 4.0 MEV TO 12. *EV
REF.i*- 5,0 KEV TO 4.2 MEV
REF.15- 5,0 KEV TO 4.2 "EV
REF.16- 14. MEV
OATA EXTRAPOLATEO TO 20,MEV,

i MT«1P4> N>0 CPOSS SECTIONS — • THR£SnOLn»4,35MEVi
Q*-3.2684 MEV. EVALUATION FROM A DETAILED BALANCE
CALCULATION(REF,13> AND EXPERIMENTAL OATA(REF.11>,

MTr,?5l, AVERAGE VALUE OF COSINE OF ELASTIC SCATTERING A*GLE,
LABORATORY SYSTF.M, 08TAIM£D FROM OATA MFt4,MT»2i

MT«252. VALUES OF XI, OBTAINED FROM DATA MF*4,MT»2

, MT»253, VALUES OF GAMMA.08TAINED FROM DATA MF»4,MT«2

HT> 2. ANGULAR DISTRIBUTION OF SECONDARY NEUTR£K3 FROM
ELASTIC SCATTER. EVALUATED FRO« EXPES!»ENTAL DATA
FROM REFS,2.7.9.11.16.1' COVERING INCIDENT ENERGIES
AS FOLLOWS -

T REFERENCES
(ISOTROPIO
(ISOTROPIC)
9
9

11
9
11
9.7<F"OM P*l ELASTIC SCATT)
11.7IFR0M P«T ELASTIC SCATT)
16»l7(FR0M P*T ELASTIC SCATT)
11
2<FR0H P»T ELASTIC SCATT)

INCIDENT ENERGY
1.E-5EV
P.5
1.0
8.0
2.6
3,5
$.0
6,0
8.0

14.5
17.5
20.0

REFERENCES

MEV
MEV
MEV
MEV
MEV
MEV
MEV
MEV
MEV
MEV
MEV

1. R,BATCHELOR>R,AVES|ANO T.H,R.SKYRME,R£V.SCI.INSTR.26.1037
(1955).

2. R.A.VANET8IAN ANO E.D.FENCHENKC.SOVtET JOURNAL OF ATOMIC
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ENERGY 2,141(1957),
3. J.K,BRADBURY AND LISTEWART,BULL.AM.PHYS.SOC.3,417(1958)
4. G.F.BOGDAfcOViN. A .VL*SOV,C.P.KALININ.B.V.RrBAKOV.UN.

SAHOlLOV.AND V.A.SIDOROV.JETP<USSO 36,633(1959).
5. J.H,GIBBOUS AND R.L.HACKLlN.PHYS.REV•114,571(1959),
6. L03 ALAHfiS PHYSICS AND CRYOGENICS GR0UPS.NUCL.PHYS.12.

291(1959).
7. J.E.BROLI.EY,JR.,T.M.PUTNAM,L.ROSEN.AND L.STEHART.PHYS,

REU,159,777(1967),
8. J.E.PERRY,PRIVATE COMMUNICATION TO STEWART(l960)
9. J.D.SEAGRAVE.L.CRANBERG.AND J,E,SIKMONS.PHYS,REV,II9»

l l ( i 6 e )
10. H.D.GOLDBERG.J.O.ANDERSON.J.P.SToERING,ANO C.WONG.PHYS.

REV.122.1510(1961),
11. A,R,SAVERS,K,W.JONES,AND C,S,HU.pHYSIREV,l22il853(1961),
1 2 . K . E . W I L S O N . R . L . W A L T E R , A M D D . B F O S N U C P Y S

96a i > .
13. l.ALS-NIELSEN ANQ 0,DIETRlCHsPHYS,REV,l33,B925(l964),
14. i .L.MACKLlN AND J,H,GI8BoNS.PHocEEDJN5S of THE INTERNATL,

CONF.ON THE STUDY OF NUCL.STRUCT.WITH NEUTS..ANTHERP(l9«5)
15. J.H.GIBBONS,PRIVATE COMMUNICATION Tn STEHART(1966),
16. B.ANTOLKQVIC.G.PAIC.P.TOMASIAND R.RENDIC.PHYS.REV.l??.

777(1967).
17. L.ROSEN AMD W.LELAND,PRIVATE COMhUN!CATION(1967)



GENERAL [NroRHATION
DATA TYPE REACTION CAROS

GENERAL INFORMATION COMMENTS 127
TABLE OF CONTENTS IP

RESONANCE PARAMETERS RESONANeL DATA
NEUfRON CROSS SECTION

ELAST
3B
32
32
13

XI 7

SECONDLY NEUTRON ANGULAR DISTRIBUTIONS ELASTIC 121

HELIUM-3 RESOMNCE DATA ENOF/B MATERIAL NO, 1146
RESONANCE PARAMETERS

U O T - M HELIUM-3
FRACTIONAL ABUNDANCE-——-' 1.00B0E.BB
NUNBER OF ENERGY R A N G E S — — - 1

ENERGY «ANBE NUMBER - — 1 RESOLVED SINGLE-LEVEL BREIT-WIGNER PARAMETERS
LONER ENEMY LIMIT ( E V ) — — 2.9000E-02
(IMER ENBHOY LIMIT (EV) — — 1.B00BE.06
NUCLEA" (I»|N- — • - — — 9.0000F-61
>HH 3GATTERIN0 LENGTH (A.I— },E21(IE-01
NUMBER Or L S T A T E S — 0

fc'O RESONANCE PARAMETERS GIVEN rOR THIS MATERIAL

HELIUH-3 TOTAL ENOr/B MATERIAL NO, 1 H «
NEUTRON CROSS SECTION

INTERPOLATION LA» BETWEEN ENERGIES
RANGE DESCRIPTION

1 TO H LN Y LINEAR IN LN X

KEUTRQN CROSS SECTIONS
I N D E I , ENERGY CROSS SECTION ENERGY CROSS SECTION ENERGY CROSS SECTION ENERGY CROSS SECTION ENERGY CROSS SECTION

EV BARNS FV 9ARNS EV B A « N « EV BARNS EV BlKNS
1 %,t§B2Z*BS 2 , 6 7 9 9 E * 0 9 1,0BB0E"B4 l , 4 7 a 3 E * 0 4 2t930BE"B2 9,32B0F.°Q3 1 I B 7 0 B E * 0 I 2 4*2790E*01 2,IB0BE*B2 9,12f0E*Bl
A 4I2BI0E*B2 4 t2BT0E*ll 6,3100E*B2 S,4910E*B1 1 (0000{*03 3 , 7 A I ) 0 E A 0 1 1,420BE*03 2,33T9E401 £,1300E*B3 1,9220E*B1

11 3,1«0BE«I3 1,94BBE«81 4,7tH0E*O3 l.249BE»Sl 4,7<10E>03 1,2«49E*B1 7,1BHBE*B3 1,01B2E*B1 7,H1«E«[J l ,B6«9E'Bl
"• ' ' -• " " I »,»0?6E 42BBE*I>4 t.tltiZ'Hl 3.83BDE.04 4.8B«BE'BB 9,4;0«E*e4 <!l670E«(B

- . . . - ... _J 2,91P0E«00 4«90I0E*0^ 2#B6C0C#£0 ^BBBeE'S? 2|B400E*9B S,900|E*I9 2tBBfaE*00

41 la2l0BE*B6 3,B000E*B0 1,3BB0E*B6 3,09flBE*B0 1(40B0E*0A 3,lflC0E«REI 1.900flE»06 3(l8eBE*BB 1,IB0IE*B6 3,2B0IE*Bn
46 1 I7IBIC*06 9r2200E*B0 1,8000E*B6 3,230B£*B0 1|9B0BC*B6 3I22BBE*^0 2,00B0E*B6 3,2B0BE*00 2,S000E*06 ^ Rsnar*IM
91 3 I0||BE*B6 2,950BE*B0 3(90B0E*06 2,7fB0E*tB 4 I00I0E*06 2,6SP0E*CB 4,390P.E*06 2i9990E4B*0 4,3BBBE*06 '

16 9I9IIBE*B6 1,62B9E*BB 1,00B0E*B7 1,99B9E*VB 1,09IBE*07 1,4904{*0B 1,100BE*07 1 (4300E#0B 1,19B0E«I7 <

76 1,9I0BE*B7 1,112BE*BB 1,6000E*B7 1,B9BBE*00 Lt7BB0E*07 V|92PBe-01 1,B000E»07 9,4B00E*01 1(9BB0E*07 i
I I 2,BBBBE*07 0.910BE-B1



INTERPOLATION L*" BETNEEN ENERGIES

1 TO a i I N V LINEAR IN LN X

KtUTRON CROSS SECTIONS
INDEX, ENERGY C»OSS SECTION

CV BARNS
i.aaeeE<B9 I.BIBBE.BB :
4,2BBBE*B2 l.BBBSOBB {
3,19BB[aB3 l.OBBBE.Bt

1
6

11
16
III
16
31
9

44
91
3»
61
«6
H
76

,B51fE»
t,9«lBE»B0
'IIZMOM
2,369>E»BB
22«>Era3 . » I E C , 2 « > r a

4.9BIQE4I6 S,e99BE»»«
7,BSB>(4B6 l,»6»»C-»e
9,9BBBE>I6 1,364(E«BB
1.2MBE4I7 1.1!1BE*BS
lSMB,e7 «,;4e«£.Bl

EB' ' 3 8 B E 8 1

ENERISV
CV
BB

CLASTIC
NEUTRON CROSS SECTION

CROSS SECTION ENEIQV CROSS SECTION

ENOF/B MlTCftliL NO. U4»

l .SSBBEl»
l.B4»»E»IB

« 9 « t M
1 , 3 B B B E * B 6 2,171BE*SI
1,B«BBC.B6 J.3B5BE.IB

i , 5 e E
1,3C>BE*IB

ff5Elfl

EWE«5r
EV

» 7 e E

CDDSS SECTION
BiDNS

MtBBEtOS

5.BBBBE.B5

l.BBBBEiet :
1.9IBBE4B6

6.IBBBE4I6 iiB34lE«e»

ENER5T CtOSt SECTION
EV BARNI

2,aiME*B2 !

.1«71£<B6

.a(79E«aa

9,9INC
• ,IMSt
l l t l l l

*I9 l,l7flE4|f
«M 1.I4IIEIB
* l | tB

,l7flE|f
1.I4IIE4IB

l , l t l l | t,B9»Bt«M
l.tMCKIt |,!3IIC>M
29HI ( i« I,341Bt.lB

3l!HE*lf
1 , I
1.4I3II4H

1.193BEiT 1,1«BBE>BI
l,4tBBE>!7 »,7Hi£"«i

*eat te » j f i t n

HELIUH-3

REACTION 0 VALUE 7,6<(4«C««9 EV

INTCRPOLATtO\ LAM fiCTMECN EH£KQl£$

1 TO I I LN V LINEAR IK LN X

NEUTRON CROSS SECTIONS
INDEX, CNEAGT CROSS SECTION

EV QAHNS

(N.Pl
MU'BON CROSS SECT1D1

ENOf/B « » I £ « U L NO. 1144

4,2Ct«F.. I2 '
3,1»B«E«B3 ;
1.BIBBE4B4 !

ENERGY CROSS SECTION
EV BARN9

I . N H E - M «.4fj!t«»4 ;
6,Jlt6E.B2 3.351BF.I1

ENEDGV
EV

CROSS SECTION

,17BBE«4 , ! 9 | e E e
3,5CBBE<e5 l.'SOCE'BB
S,«(B8t'B5 « ,«BB£e
«,9ffDE»9 •
i,2tfl«Eiss
l,7B»8E>i)»
38fB0EB6

S,!BB«E*B4

i(e>eec4B ! , 6 f i
4,7»l«E*»3 1.1449r«Sl
242t(£»6< 45jBBt»BB

,9»BE1! l ,«4(BE?l
l,:f(Bt<B7 l,43(0E-»l
1,9B(BE4B7 1.12B6E-BI
2BBBCOB7 »;B«BE"2

, 3 E « . g E ( i
1,«BBBE«B6 «,45BBE.(1
3,)BBBC'B8 S.?«BlE-tl
5,BBBP[*«6 3.7!BiE-( l
7 , 5 6 0 5 E « I 6 J.3«BBE.fl
1,BBBPE*B7 1,7SME>M
1,2?BB£'B7 J,37BBE"B1
16BHH4I7 »4feEBl

1,4BBJ(«B» I

9i;B9f(*B6 J,34i»e-Cl

1 . 3 B B j f C l . S j B f l
1.7IB«t»l7 t,7«Btf>(2

CROSS SECTION
BARNS

1.43B«E»B3
7.1>I«E*I3
3.63BBE4B4

7.!mt1E»B5

l.JSBBf.Bt

l.lBBflE>>7
J,35BfE'B7

1[!
237B£.B1

(BB(4tB

j B I t l
B3B6t.Bl
7?BBfllf l
7IBI£'(1
J3B«£.B1
O S B I B I

B«Bl£ . t l
99IIE-B1
KlIE't l
1S1IE-B2

tNEKGV
EV

H B E «

CaOSS SECTION
SAINS

•l ,B2»Bt«ll
1 ( 2 1 I E > 1!,13«BE.e! I

7,1»1BE'«S \.
J,4BiflE'»l 2,t4BIC*ae
3,«B«BE'«5 l,llfft>ae
9,9BSBC4|S 9,21(tt>ll

0,aaaeE4e9 9,enaE«ai
J,1IIS£«B8 B,Bl»BE-il
l , t l lB(* l6 •,42BI(.I1
2,3BtBE«B« T,9IIBE.B1

6, ,
9,••••[••6 l,t4ffE.Bl
l,15«BE«f7 1,9>H[<I1
l .U I IKI t l,22»r-ll
l,9liet*I7 I,66M[>I2



REACTION 0 VALUE -3,B»

INTERPOLATION L«H BETH'
RANGE 5tSc»l»v
1 TO 2 Y L1NE1

NIUTRON CROSS 5ECTI0
!NOE»i CNEKOV C

EV
1 4,31ME«I« .
e «.Hiec>st '

t l e,Sfl8£i»6 t
14 l , l t » E * > ' » . .
t l 1,39«JE«»7 7 . J - .

IN.DI
NEUTBON CROSS SECTION

RANBE DESCRIPTION
» TO 2» L" f LIMCtR IN I N X

.On ENERGY CROSS SECTION ENERGY C«OSS SfCYION
Cv RARNS EV BARNS

'3 6.5B88E-B6j

52
-J2
~2

H I T E R U L NO,

CROSS SECTION ENERGY CROSS SECTION
CAINS EV BARNS

!,3«(«tej

7,44««E-(i

HIUUK-J

INTERPOLATION LAW 9ETNEEN ENEROICS
R*NGE DESCRIPTION

1 TO 12 Y LINEAR IN I

NEUTRON CROSS SECTIONS
INO;>I ENERCY

EV

11 l!?l(BE»e7 7;i7J9E.Bi

OATA ENERGY
EV

NEUTRON CROSI SECTION

OATA

:,22I«E>II
5.»if4E-«i
»,»J«5E-61

ENERGY
EV

B I B 0

ENERGY
EV

0 1 «

KAYCRKI. NO, 1146

OATl

2 .117U-B1

OATA

, « E 2t961BE«f}
1.9BBBOB7 »,6642£-(l

ENERGY
EV

« 0 I E 0

HCIIUK-3

IKTERCOLATION l«H SETHEEN CNERGIES
R«NGE OESC«1»TION

1 TO 12 Y HtlEAft IN I

NEUTRON CROSI SECTION

NCUTRON
INCE».

t .
6 ;

li :

CROSS SECTIONS
ENERGY
EV

l,MIBE»ft

OATA

) >,3«31E-Bl
),5MeE<60 4.O74JE-P1
L«79IIIE*0'' l,B7»4t-Bl

ENERGY
EV

5,IHBE»«!
5.nee8E«n
2,eeK>E««:

DATA

> 5,3»31E>«1

' 2.3B1U-B1

ENERGY
EV

4i000PE*

ENOr/8 HAY[RIAL NO, 1141

ENERGY
EV

B » e 0

OATA

J,326»C0l
2 » U t «

ENERGY
EV

4,79t7C-Bl
2 2 1 1 E ( l
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HlllUN-S ELASTIC

SEcONOART NEUTRON ANGULAR DISTRIBUTIONS

INTERPOLATION LAM fEYHEEN COSINES
RANCC OESCRI»T|ON
J TO It r LINEAR IN X

TAIULATEO ANGULAR g|9TmeUTI0N IN THE CENTER OF MASS SYSTEM AT !i6»eBE*»» HEV
INBE« HU F<HU> HU FIMU) HU FIMII

ENDF/B MATERIAL NO, U4t

NtLlU»-3

[NT£«»O[ JTtON LAK HCTHCCN COSINES

CLASTIC

NEUTDON ANOULAP OISTKIBMTIONS
ENOF/S HATEfllAL NO, 1 1 H

A C SESclTIO"
1 TO il I LIHEAH III I

TABULATED 1NOULAR DlSTKiaUTION IN THE CENTER 0' MASS SYSTEH AT 3,5»eOE«tf HEV
!N»E« Ml) r(MUl HU ? ! I

MILIUH-3 ELASTIC
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS

INTERPOLATION LAX iETHEEN COSINES
RAHGE DESCRIPTION

1 TO 11 Y LINEAR tN X

TAIULATEO ANGULAR DISTRIBUTION IN THE CENTER OF MASS SYSTEM AT S i t U B E ' t l t MEV
INDEX MU FIBU) nU FIHUI H U F ( H U )

1 - ' • • -" • • • - - • - " ' - - - - - - - -
4

11
16
II liOiilE'M :

ENOF/B HATERlAl NO, 114t

... ... ,,«»««E.ii -9,eaME-ti
DIIIE-91 1,4551c.ii -4.aeeeE-»i
'BifiE>ee i,J«2«E-ei l.eaafE.ei

HELIUM-J ELASTIC
SECONOARY HtUVION AVSULA" DIITniei 'TIOS

INTERPOLATION LAK tCTHEEN COSINES
RANGE DE&C't'TION

1 TO I I ( LINCAR IN X

'AIULA'ED ANGULAR DISTRIBUTION IN THE CENTER or MASS SYSTEM AT 4,««««E«e« HEV
INDEX _HU FIHU) HU F(HU) MU F<ML»

CNOF/e MATERIAL NO, 1146

1 •"•
t •••

11 1
11 !
11 1

I.CII1E
>.«IIIE
iiaaaic
iitaaic
i.atfit



^LASfTc
SECONDARY hEUTRDN ANGULAR DISTRIBUTIONS

TEWOUTIOt LA» BCTHEEN COSINES
««•«« GESC«I»T[ON

1 TO ! 1 V LIMA* IN I

YA'ULAT-0 «NGULA« DISTRIBUTION IN TKE CENTCR Of HASS SVSTEH »T «,B00«E«0B «EV
INCEt HU FtHUi Hi) FtHU) HU FthUI Hu

I -1.0»B6E»«B 5.H20E-01 -9.0000E-B1 3,7C::-01 -B,B000f..Bl 2iM20E.»i .7,0000c.81 . . . _ .
6 »9.O000E-fll 6,6100E"P2 -4.0000E-01 3,28flfE"02 -3,E000K-01 6,1700E"B2 -2,0000E*01 T|9300E«02 .1,00881*01 i,1490E»01

16 ».OBB0E-ai 7,2220E-Bt 6.O000E.01 9.2910E-B1
21 l,WB0C*ae l>T92i€*ee

HtL|UH-3 ELASTIC CNOr/t »AT£«IAL «O,
SECONDAUT NEUTRON ANGULAR DISTRIBUTIONS

INTERPOLATION LAV BETWEEN SOSINCS
9ANGC DESC"!>TION

1 TO | 1 I LINEAR IN «

TA0ULATEC ANSULAR DISTRIBUTION tH THE CENrCf} OF HASS srSTEH AT l i?0V0E*01 HEV
INCEK MU F<HU> HU r(Ku) HU

I i6940£«dl 1.B00BE-01 2-1940E-BI 2*000aC"01 2i0000t-Bl 3,0B00E*.ai 3,6990E-01 4,aBaS[*Bl 4,7«B0E-*l
16 9.C0B0E-01 6,3310E-Bt 6.0B00E»01 9,234PE.01 7,000BE-l*l 1*3529E«00 l ,^000f-01 1,97?«E«00 9 , 0 0 M ( ' 0 1 l , t f lMC«f f

HCLIUH-3 CLASTIC ENDr/l HATERlAL NO, I l 4 t
SECONDARY NEUTRON ANGULAR DISTRIBUTIONS

INTERPOLATION H*l 8ETNEEN C0SIWE5
RA"GE DESC"I>TION

1 TO j l I LINEAR IN »

TAtULATEO ANSULAR DISTRIBUTION IN THE CC><TEI> 0 ' HASS 3YSTEH IT 1,79B0E*01 HEV
INCEX HU rjHUi HU r(HUi HU T(HU» HU r (nu i HU rt*ut

t -3>ceeH-PL T,0ijf0E-f? -4.000PE-01 7.200PE-I2 -9,00B0r>0i 7«76e0{-a> *2 ,000er»t i 0 , 7 9 0 0 E - 0 ? • J , 0 0 0 8 E « 0 I i ,asaafM0i
11 0,C000C»00 li29flBE-Bl ltB00BE-0l l ,6ft40E«ll 2,0B08E.D1 2tlft?0E*Bl 3,0000C*01 2,9730E>'l 4,aaB0C«ai 4,1410C«ai
16 9, '000E-^1 5i6]40E»01 6.P00PE-01 B»13?f1E-<l 7«Cft00(<>Ql l i l 3 l l E * 0 9 4,BB00E-ei 1,9797C«00 9,00881*81 2,2l94t*BB

HCLIl'H-3 ELASTIC ENOF/e MATERIAL " 0 , 114,
SECONOlRV NEUTRON ANGULAR DISTRIBUTIONS

INTERPOLATION LAK BETUEEN COSINES

1 TO SI T LINEAR I" X

TABULA'tO ANOULAH DISTRIBUTION IN THE CENTER or HASS S'STE" AT 2,M00E«ei »EV
INCEX HU T(HU) HU f l H U I HU FlHUI HU F ( H U | Hu FtHUI

6 -*\?tdte-ti 4i4B00E»c2 -4!0000E-ni 9laz00E-0& *3*0BaBc-ei 6|99a0E>a? •i\M«ift\ *!90B0E*02 -t'oaaBE-Bi i]3a2ac-ai

21 l!e*0M.»0 2!lB9»E«B» ' " '



Appendix - C

Lithium - 6 MAT No. - 127L
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3-Ll- 6 LASL EVAL-APR74
7

D,DODOE«I P.YOUNG •

•••••«•*•*•••••••«•••••<••«••••••••••••

TOTAL, ELASTIC) AND (N.ALPHA) C«OSS SECTIONS AND ELASTIC
ANGULAR DISTRIBUTIONS REPLACED FOR NEuTRM ENERGIES BELOW
2.0 HEV BY G.M.HALE. D. DODDER, P.YOlî Gi »*D L.STrw»RT AT LASLr
APR.,1»7*. THf NEW DAT* RESULT F"OM A COIIHLEU-CHANNEL
R-MATRIX ANALYSIS THAT IS BRIEFLY OEScRJBtO BELO«,

THE IN.GAMMA) CROSS SECTION FOR TH^RMl NEUTRONS WAS ALSO
REPLACED! AS nESCRIBCO SEOfe

TM£ THERMAL CROSS SECTIONS ARE AS FOLLOWS,
TOTAL '1T=1 SIGMA = 9«e,?6
ELASTIC KT«c? SIGMA s 0,72124
(fv,GAMMA) MT*122 S;GMA * 3,0j>5z BARNS
(N,ALPHA) HT«1£7 SIGMA ' o*e,ev BARNS

Ll-6

•

a CROSS
•

PHOTON -SOOUCTION ADDED B*
LASL, OCT

LASL EVAL'*UG7I M
DIST-JAN7?

• • #

SECTION STANDARD " LI-6

LABAUvE
, 1972,

.E.BATTAT

<M,ALPHA)

AND

AMD

«

•
STEWART AT •

•
•

R.J.LABAUVE

• •

•
•
•

r = 2 RESONANCE PARAMETERS

HT » 151, SCATTERING RADIUS *

r * 3 SMOOTH CROSS

MT»ii TOTAL. BELOW 1.5 HEV, T«E DATA ARE BASED CN A COUPLED-
CHANNEL R-MATBfX ANALYSIS OF JHE TOTAL CROSS SECTION MEASURE-
MENTS OF REF. 2. THE (N>ALPHAJ MEASUREME^S OF REF#1« BELOK
4(jft KEV AND REF.15 AT HIGHER ENERGIES, AMD VARIOUS MEASURE-
MENTS OF N-6LI *NO ALPH«-T ELASTIC SCATTERING, THE TOTAL
WAS MATCHED BETWEEN 1.5 AND 2,0 MEV To A CURVE BASED PRI-
MARILY ON THE DATA OF FOSTER ftND GLASGOW (REF.4) WHICH EXTEND
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TO 15 MEV. EXTRAPOLATION TO 23 MEV JS flASEO ON THE DATA OF
PETERSON JREF.5).

BELOW 1.5 "EV, PREDICTIONS OF THE P-HATRIX
ANALYSIS DESCRIBED UFIDE" HT»1 WERE USED, THESE PREDICTIONS
ARE CONSISTENT WITH THE OATA OF "EF.16 (HUT SUBSTANTIALLY
HIGHER THAN THOSE OF REF.9) BELOW 200 KEV. ADOVE 200 KEV,
THEY AGREE WITH THE DATA OF REF.9 AND REF,3, MATCHED BETWEEN
1,5 ANO 2 MEV TO A CURVE BASED PRIMARILY UN THE HOPKINS
EVALUATION (REF.6) BEYWEEN 4 AMD 1« Mf.V. AT 14 M£V« A VALUE

OF .see BARNS INSTEAD OF .665 BARNS (REF.D WAS USED,

HT • 4i TOTAL INELASTIC, SUM OF MT = 52 AND MT » 9i.
MT «24I (N.2VJALPHA-P, EVALUATION OF REF, 1 TO 15 HEV. E.TRAP-
OLATEO TO 20 KEV,

MT «52i (NiN PRIME)GAMMA, DATA OF PRESSEK (REF, 7) TO 7 MEV.
CONSTANT CROSS SECTION OF 5 MILLIBASN ASSUMED ABOVE 7 MEV,

MT = 91, (N.N PRIMElALPHA-D, REF, 1 uP TO ABOUT 3 MEV. HOP-
KINS EVALUATION <R£F, »» CONSIDERED BETWEEN 4 AND 10 MEV^ A
SOMEWHAT HlGHfR VALUE - 433 VERSOS 403 MJLLI8ARN - THAN IN
REF. l WAS USFO AT 14 MEV, EXTRAPOLATION TO 2"» M£V USING
DIFFERENCE BETWEEN TOTAL AND OTHER PARTIAL CROSS SECTIONS,
THIS CROSS SECTION IS HIGHER THAN THE RdSEN ANO STEWART
DATA AT ALL ENERGIES WITH THE 14 MEV. POINT 433 MB INSTEAD OF
THE MEASURED VALUE OF 315 MS,

MT»102# <N,GAMMA). BELO1" 15 KEVi BASf.0 ON A «EW THERMAL MEA-
SUREMENT BY JuRNEY (REf.19) OF 38,5 •/- 3 *B, AT HIGHER ENER-
GIES, BASED ON THE EVALUATION OF REF, 1.

MT « 103, <N,P>. DAT* O.r PRESSER (REf , T> TO 7 *EV. P-Ê i 1
FROM 7 TO 15 MEV, E.TRAP0LATF.0 TO 20

MT«107i (N.ALPHA), BELOW 1,6 MEV, BAgED ON THE P-MATRIX ANALY-
SIS DESCRIBED UNDER MT'li THE EVALUATION AGREES BELOW 52 KEV
WITH THE DATA 8F REF.1,4, AND WITH THE RATIO MEASUREMENT OF
REF.18, CONVERTED WITH THE VERSIOM 4 J.0BCN,ALPHA) CROSS
SECTION, BETWEEN 50 *ND 300 KEV, THE EVALUATED CROSS SECTION
IS SUBSTANTIALLY HIGHER THAN THE D*TA OF REF,14 (BUT NOT AS
HIGH AS THOSE OF REF.IS), TME HIGHER tu,ALPHA) CROSS SECTION
SEEKS TO BE REQUIRED TO FIT THE TOTAL CROSS SECTION OATA OF
REF.2, AND THF ALPHA-T ELASTIC SCATTERlNC DATA OF REF.17,
ABOVE 400 XVI, THE EVALUATION AGREES REASONABLY WELL
WITH VHE DATA 3F REr,i3 AND REF.15, HATCHED SETWEEN 1.5 AND
2 MEV TO THE (N,ALPHA) CROSS SECTION EVALUATION BETMEEN 2 AND
15 MEV OF REF.l. EXTRAPOLATION T 0 28 H£V IS BASED O«l THE
KERN AND KREGEH DATA (REF.8) BETWEEN 15 AND 1» MEV.
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•••f * 251, 252, 253 (MjRAR, ,t, GAMMA), CALC<JL»TRD USING
CLASTIC Ar,GUUP DISTRIBUTIONS GIVE") J'j FTLf 4,

= 4 SECONDARY ANG-JLA» D1STHHUT IONS

"T*?, ELASTIC',' LEGEt.DRE COEFFICIENTS DETERMINED AS FOLLOWS,
BELOW 1.5 MEV, RASED QM THE P-MATRIX A^AlVMS 3E3CPI9EP u"<QER
MTsl, TMCSE COEFFICIENTS ARE CO""SISTE*T H T H ANGULAR DISTRI-
BUTIONS nF LAff («EF.9> AND KNITTER (RE?,}). ^ A T C H E T BETWEEN
1.5 AND 2,5 MfV TO FITS OF THE LANE D A T A {HEF.9), BfTWEEN
4.B3 AND 7.5 1EV, FIT OF HOPKINS DATA tUFt , 7) hiS USED, BASED
CM 1«J-MEV CLASTIC SCATTERING DATA GIVE* JN B^L-4??, OPTICAL
^ODEL CALCULATIONS (ABACLS CODt) W E H E USFU TO INFEp LEGENDRE
COEFFICIENTS BFTWEEN 10 AMO 2? HCV,

»t = 2*, {M.2MALPHA-P, EVALUATION Of »Ef , i.
LAB SYSTEM,

*T » 52i (NVJ PRJMEJGA^M*. TABULATED OISTRIBUTICN. ISOTROPIC
IN CM SYSTEM,

^T » 91. (N,N PRJME)ALPHA D, TA3ULATF.0 MSTRHUTION (L
OF REF, 1. CT-^TALNS NEUTRONS FROM FIRST LEVEL <OISC"ETE) IN
LI-6. EXTRAPOLATED TO ?B MEV«

IF a 5 SECONDARY ENERGY 0 I S T R I 8 U T I 0 ^ S

'"T • 2*, (N.2'.)ALPHA D. DISTRIBUTIONS GIVEN IW PEF, i APPROX-
IMATED BY ENDF/B LAM 9 WITH T H E T * E Q U A L 2.21

MT » 91i (N»^ PRIME)ALPH*-D. DISTHJBuTlahS GJVE'; IN flEF.
A P P R O X I M A T E C BY ENDF/B LAW 9. THETA VALUES OBTilMEO BY

LINEAR SN'TERPOHATION BETWEEN FOLLOWING POINTS . . .
E = 1.718 MEVi THETA « f.6S MEV
E = 4.1 MEVi THCTA » 0,75 MEV
E «2B.0 MEVi THETA S 8.40 MEV

THFSE DISTRIBUTIONS CONTAIN O*E DISCRETE LEVEL AND QO NOT
ALWAYS CONSERVE ENERGY,

1F=12

CT«52. THE FIRST LEVEL JN Ll-6 DECAYS Br PARTICLE EISSI
AND IS THEREFORE INCLUDED IN hT*91, THE SECOND LEVFL IS A
GAKMA EMITTER TMERCFCRE THE ENERGY 4n,0 MULTIPLICITY WERE TAKEN
FROM REFERENCE 1.
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MT=102 THE ENERGIES A&D TRADITION AROAVS FIR RADIATIVE
CAPTURE HERE TAKEN TROM REFERENCE Jl, MOTE T-UT THESE
ARE DIFFERENT FROM THOSE ATTACHEO T3 VERSION II! AND
PREVIOUSLY CIPCULATEO.

THE LP FLAG -AS USED TO DESCRIBE THE MT»IP2

MT«52 T^E GAMMA IS ASSUMED ISCTROPIC,

MT*lfl2 THE THO HIGH-ENERGY GAMfftS Af,E ASSU"EQ ISOTROPICI

DATA ON THE *?7 KEV GAMMA INDICATE ISOTDQPY,
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LITMIUH-6 RtSOMwct DATA
RESONANCE PARAMETERS

ISOTnH LITMJUM-6
TR1CTIONAL ABUXOAhCE l.PB8PE«fB
HU'BtR Or INERCY RAt.CES 1

ENERGY RAHGC NUMBE» 1 lESflLVEO SINCUE-LCVtL B«ElT-.»tO\E« »AqA«ET£RS
LOkEa ENEflOY LIMIT (FVI LOBfTE-P?
U»»EO (NERCY LIMIT (EVI l.3BSi>[.!5
\UCLEA" S P I N — - " * - - l.M0BPE*00
SPIN SCATTERING LENGTH ( A « ) - - ? .3974E-d l
kUHBEfl OP I STATES 0

*O RESONANCE PARAMETfRS 5 I » E " Fo» THIS H A f t R I l l
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5-B - 10 EVAL-N0V73 G.M.HALE, H.A.NISLEY, P.G.YOUNG
DIST-*AY74

9-10 FREE ATOM EWALu NOV. 1973, G.M.HALE, K,A,NISLEY, P.G.YOUNG
LQS ALAMQS SCieHiflFlc LABORATORY

Fs2 RfSONANCE PARAMETERS

HT»15i ErFtCTjVE SCATTERING RADIUS s 0.40937E-12 CM

SMOOTH CROSS SECTIONS

THE 2260 >VS CROSS
MTai SIGMA
MT«? SIGMA
MT»103 SIGMA
MT«107 SIGMA
MTall3 SIGMA
MT.70C SIGMA
MT«7S2 SIGMA
MT«7B1 SIGMA.

SECTIONS ARE AS
3838.6 8ARNS
2,105B

6
3836,5 BARNS
0.00356* BARNS
0.^3056* BARNS
210,51 BARNS
3596,B BARNS

KT«1 TOTAL CROSS SECTION
(i TO 1 MEVi CALCULATEC FROM R-MATRlX PARAMETEPS OBTAINED BY

FITTING SIMULTANEOUSLY DATA FRQ* THE REACTIONS B10(N»N)
BlBtN, ALPHAS), BietN.ALPHAD, L t 7f ALPHA .ALPHAi!), AND
LI7JALPHA.Al.PUAl!, TOTAL NEUT^L^ RhOSS SECTION MEASURE-
MENTS INCLUDED IN THE FIT ARE THOSE OF 0167. THE
L!7*ALPHA DATA USED IX Th£ FjT ARE FROM CU67 AND BI57.

1 TO 20 HEV, SMOOTH CL'RVE THROUGH MEASUREMENTS OF DI67#B052.
TS62»Fnfl,C052, AND C05<» CONSTRAINEO TO MATCH
R-HATBfX FIT AT 1 MEV."

MT=? ELASTIC SCATTERING CROSS SECTION
? TO 1 MEV; CALCULATED FROM THE P-MATRlX PAGA^ETERS

DESCRIBED FOR MT»1. EXPERIMENTAL FUSTIC SCATTERING OAT<
IHCLUCED IN THE FIT ARE THOSE QF AS7B AND LA71.

I TO 7 MEVi SMOOTH CURVE THROUGH ME A S U H E M E N T S OF LA71, PO70.
AND HOftO, CONSTRAINED TO 8£ COf;SI<!TENT WITH TfTAi. AND
REACTIflfc CROSS SECTION MEASUREhENTS.

7 TO 14 ME«, SMOOTH CURVE THROUGH f.EASUREMENTS OF H069.C069,
TE62.VA70, AND VA65,

II TO 2? MEV, OPTICAL MODEL EXTRAPOLATION F30e 14 MtV DATA

"T*-* INELASTIC CROSS SECTION
TNRES.TO 2P MEVi SUM CF MT«51-85

MT=?1-61 INELASTIC CROSS SECTIONS To DISCRETE STATES
MTi51 o»-"'.'717 MEV MT=55 Q=«4,774 MFV MT»59 Q»-5,923 ME\
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52 -5.740 <56 -S.1J.4 60 .6.629
53 -2.15* 57 -5,166 61 -6.133
54 -3.585 5B -5,183

TMRES.TO 2ifi MEV. GASEC ON (rJ.NPRlMt) MEASUREMENTS OF PO70,
C069,H069, A W VA70, ANU THE U.XfiAMMA) MEASUREMENTS OF
OA56.CA60, ANC NE7g USING A GAMMA-HAY DECAY SCHEME
L.EOUCEO FROM LA<>6 1 AL66 , SE66A, AND b ^ a g , I-AIJSER-FESHBACH
CALCULATIONS WERE USED TO ESTItlATF SHAPCS A*o RELATIVE
MAGNITUDES WHERE EXPERIMENTAL |jAT» HE«E LACKIVG

•62-65 INELASTIC CROSS SECTIONS To GROUPS OF LEVELS IN
3.5-MEV WIDE BANDS CENTERED APO'T THE Q - V A L U E S GIVEN

Q.-14.5 MEV
15.0
15,5
16,!"
16.5
17.0
17.5

is.a
THRES, TO 21" MF.V. INTEGRATED CROSS SECTION afeTAImCO BY SUB-

TRACT1-.G THE SUM CF MTB2,51-61,l«'<>ii4.107,ANO 113 FROM
HT«1. CROSS SECTION DISTRIBUTED AMONG THE P/"OS WITH
ANJ EVAPORATION MOCEL USING A NllCLF.AR TElPrRATJRE GIVEN
BY T»?;9728«S09T<EN) in M E V . T A K E N FRO« IR67.

62
63
64
65
66
67
68
69

8EL0
Q*-6
-7
-7
-6
-?
-*
-9
-If

w
,5u
'.'5
.'P
.'?
,'«
.'?
VP

(USED
MEV

IN LIEU
?T»7?

71
72
7?
74
75
76
77

QF MT»91 Ar
Us-13,5 ME

-11. e
-11.5
-ia.0
-12.5
-13,0
-13.5

-H.n

• n FILE 5)
:v MT=78

79

se
si
?2
83
84
85

(N.P) CROSS SECTION
THpFS.TO ?.? MEV, su'l CF

MT=134 (N.H) CROSS SECTION
THftES, TO 2P HEV, BASED O>̂  BE9<0,N)Bli MEASUREMENTS OF SI65

A'JD SA6P, AND THE (N,D) MEASUREMENT OF VA*5.

(W,ALPHA) CPOSS SECTION
? TO 2S MEV, SUM OF MTa72?,721,

sll3 (N.TJAUPHA) CROSS SECTION
Pi TO 2,3 MirV, BASED ON A S I«GLE-LEVEl F1T TO THE RESONANCE

HEASURen AT 2 MEV 8Y 0A61. ASSL'Mi^U L = 0 INCOMING NEU-
TRONS A*iO U«2 OUTGOING TRITONS,

2.3 TO ?<» KEV, SMOOTH CURVE THROUGH MF.ASUKEIENTS OF FR56
AND WY5P, FOLLOWING GCfJtRAL SHAP£ OF 0A61 MEASUREMENT

4 TO 9 MEV.

= 7f!0-7£'3 (M,P> CROSS SECTION TO OlSCUTE LEVELS
fi TO 2t! MEV, CRUDELY ESTIMATED F"O« THE

OF pO7i AND THE <N|XGAM*A> MEASURF.MENTS OF NE70, CROSS
SECTION FQR MT.70»! ASSUMED IDENTICAL To MT«H3 BELOW
1 MEV. GAMMA-RAY DEC»Y SCHEME FQ3 BE-in FROM LA66,
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MT=780 (H.ALPHA0) CRCSS SECT1UN
H TO 1 MEV; CAUCULATEC FR3M TK£ R-K

DESCRlqFD FOB M T = 1 . EXPERIMENTAL JN.ALP-tA") D«TA INPUT
TO THE FIT HEF:E THOSE Of H**8 A M DA61, Is ADDITION. TH
ANGULAR DISTRIBUTIONS OF VA7? FOR THE INVERSE REACTIOK'
bERE KCL'JDEO IN THE ANALYSIS,

1 TO 22 MEVi 9ASEC ON 0A61 ̂ EAiiUREnEivTS, WJ T H S V O C T H EXTRA-
POLATION PROM 8 TC ze nEV, DA6i prASU*E~iE':T A80VE
APPROXIMATELY 2 MEV WAS RENORMALI2EO dY FACTn

1? OF 1,4,

MT«7Pl (M.ALPHA1) CRCSS SECTION
p TO i MEV; C A L C U L A T E C FROM T HE R-(.ATOIX PA"?A^.ETE:KS

DESCRIBED FOR MT*1. EXPtRlME\TAL (N.ALPHA1) DATA IN-
CLUDED IN THE FIT ARE THOSE OF FR72,

1 TO 2a MEV, SMOOTH CLftVE THROUGH rtA^URE^EvTR OF DA61 ANC
NE70, UITH SMOOTH EXTRAPOLATION FPOM 15 Tn 20 KEV, THE
DA61 O A T A ABOVE APPROXIMATELY 2 HFV WERE E Z E D
av A F A C T O R OF I.«.

I.CUTRON

»2 ELASTIC ANGULAR 0ISTRI8UTI0NS
P TO 1 MEV, CALCULATEC FROM THE R-MTRIX E S

DESCRIdEO FOR HF*l,HT«t. EXPERIMENTAL AilGLLAR DISTRI-
BUTIONS INPUT TO THE FJT FOR BO^H THE E L A S T I C SCATTER-
ING CPfiSS SECTION A'JO POLARIZATION WE-<E O D T A J M E D FROM
THE MEASUREMENTS CF LA71, ASSIGNMENTS FOR RfSJNANCES
ABOVE THE NEUTRON THRESHOLD ARE BASED DM lA7l,

1 TO 14 MEV, SMOOTHED REPRESENTATION If LECEMCRE COEFFI-
CIENTS CERIVEC FRCH THE MEASUREMENTS OF LA7l, HA73.
PO70, H069, C069i VA69, AMD VAf,i. CONSTRAINED TO KATCH
THE R->-ATRJX CALCULATIONS AT tk*i MEV,

14 TO 20 MEV> OPTICAL MODEL EXTRAPOLATION OF t««MFV DATA
MTa51-85 IK.I.ASTIC ANGULAR

THRES. TO 27, MEV, ASStMEU iSOTROPIc I'•) CENTER OF

MFal2 • GAMMA RAY MULTIPLICITIES

MTs76l 0,4776"MEV PHOTON FROM THE (N.ALPHAD REACTION
fl TO 2Z HEV, MULTIPLICITY QF 1,0 AT ALL ENERGIES

GAMMA-RAY PRODUCTION CROSS SECTIONS

MT«4 (N.NGAMHA) CROSS SECTION
THRES, TO 7? MEVi OBTAINED FROM MT.51-&1 USING B-10 DECAY
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DEDUCED PROM L A 6 6 , AL66.SEA6A, A'JD SE66B.

<N.PG4«MA; CROSS SECTIONS
T«SES. TO 2V- MEVI OBTAINEO " O M /*T«7ei-7U.S JSING

DECAY SCHEME TEnUCED FROM LA66,

GAKMA RAY ANGULAR DISTRIBUTIOMS

ANGULAR

. TO ?r HEV, ASSUMEO

i'Tal?3 (f,PG«MMA) ANGULAR 0 1ST" 13UT lOt.S
THRES. »O ?.t. MEV. ASSUMED iSOTROPIc

) ANGULAR
1 TO 20 MEV, ASSUMED ISOTRQP1C

AL66
«S7e
RA60
RE56
BI57
R051
RQ69
C052
C054
C067
C069
CO73
CU65
DA56
DA6PI
0A61
01*7
F061
FR56
FR72
HA73
H069
IR67
LA66
LA71
MA68
M066
NE54
NE70

D.t. AL'duRGER ET ALi |PHYS."EV, 143,«V2 <l«6«)

A. ASA*I *NO M,C. MCXON, J.NUCL,ENERGY 24i85 (197?)
h.SARDES AND G.E. OWEN, PHYS,REV.12?»1369 (1963)
R.L. BECKER AND H.H. BARSCHALi., PHYS.REV.\B?, 1384 (1956)
H.BICHSEL AND T . M .BCNNER. PHYS.REV ,l?l« il«25 (1957)
C.K.BOCKFLMAN ET AL., PHvS.REV, 84,*« (1951)
D.BCGART AMD L.L. NICHOLS, NUCL.*»HYS,Al25,463 (x96?>
j.H.COON ET AL,, PHYS.REV. 88,562 <t952>
C.F.COOK AND T,U, 90NNER,PHYS,REV, 94,65l (1954)
S.A. COX ANO F.R. PCHTET, J.NUCL'.ENF.RGY 2l,27l (1967)
J.A. COOKSON AM5 j,G.LOCKE,NUCL,PHYS,Al46,4l7{l970)
M.S. COATES ET AL., PRIV. COMM, TO LiSTEHAR* (1973)
R.Y.CUSSnH, THESIS, CALIF." INSTIT, VJ.CH, (1963)
R,B,DAY,PHYS.REV.182,767 (1956)
R.B. DAY AND H .WALT, PHYS .REV, 117,133B (I960)
E.A. DAVIS ET AL.. NUCL.PHYS,27,448 <196l)
K.M. OIMFNT, AERE-R-5224 (1967)
D.M. FoSSAN ET *L>» PHYS,REV, 123,Z?9 (1961)
G,M. FRY? AND J.H, GAMMEL.PHVS,R£V, 103.328 (1956)
S.J, fRlCSENHAHr: ET AL,, GULF«»RT;A1221B (1972)
S.L.HAUSLADENi THESIS. OHIO UNIV'.' C80-1717-5 (1973)
J.C, HOPKINS. PRIV, COMM. LASL <l969)
D.C,IRVING. ORNL-TM-1872 (1967)
T.LAURITSEN AND F.AJHENBERG-SELOVE,MUCL.PHYS,78.1<1966)
R.O, LANE ET AL., PHYS1PEV,C4,380 (1»71)
R.L.MACKLtN ANO J1H,GIBBO^S^PHYS•.'REV,165,1147 (1968)

F.P,MOORING ET AL. ̂ UCL'.'pHYS,8Z,i6 (1966)
N.G.NERESQN.LA-165S (1954)
D.O.NELLIS ET ALV. PHYS.REV, Cl.847 (1970)
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80RCN-1P flCSOM^CF DAT* I
KESCMNCE PARAMETERS

iSCTfPE — BOROX-1C
FRACTIONAL »nu»D«NCt- I.P3JPE-H1
Mll-BER Or ENtPCV DANCES 1

ENtBCY lUN'.E IIUMBE" — •• I SE>ieLvr.D S|NCLr-LF«il B»EIT-«|6«E'< »AOAHtTEOS
LOUEO INLROY LIMIT <EV) 1 .OBI>(<E-(!J
UPPEO tNFRjjr I IMIT IEVI l.?ne»iE»f«
VUCLEA" SPIN - 3.«em»ce
SPIN SCATTERING LE»G'H ( A « | . . «.I!5S?E-(H
MJHBrR Or u STATES 0

KO HeS'l̂ AhCE PARANETEHS CIVE'I TOR THIS MATERUl.



ON

I

NEACTtON Q VALUE 2,7?00E»0& EV

INTERPOLATION L»» BETHEEN ENERGIES
RAr5E DESCRIPTION
i YO 96 \,N 1 LIHEAW IN LN X

CiALPHA>
NEUTRON cnass SECTION

E DESCRIPTION
193 Y LINEAR IN X

*ATERIAL NO, ;273

1
6

11
It
21
It
31
3t
<i
46
91
9t
U
4

Si

ite
ii;
tie
in

136

i
Hi
190
HI

»
1 C 1

1 "
HI

N CROSS SECTIONS
ENERCV CROSS SECTION

EV BARNS
1.000BE-B9 ; "" ""
l . e o E o j
3,t00BE*B4
>000aE04, 0 0 E 0 2 , i t » 3 E 0 B
1.3000E<09 t,7334E«B0
1.8S»BE«B5 1,4653E«0B
2 9 0 Q E B 9

3.300BC09 ».(«3«E-«J
3,ttiet»e> e.msE-ei
«3tf8EB5 » 0, , 5 B 2 E l
4.70BSEO9 1,14«7C-B1
- I 9 S B E « 5 ) 7 K ! t l

ENERCV CROSS SECTION

i.SIIBEaat 2.741BE-B1
2,7M0E«>t 3.40BBE-B!
3,e«iBE«Jt. 8.B95CE-B1
3,JBB8E«»6 J.3521E-J1
4,itseE*at :,;B«SE-SI
4,a»a»E-a» ;,H 2 « E . I I

l,l|iaE*B7 5,»1»5E-6J
l,4BBBt.a7 t.022IE>02

i,iiiBt*ie
1,99S0E*0»
i,BfB0E*ie

7,aiB0p;«)e
•,8BBtc*a«
».eaB6E»B»
l,2BBBE»r7
1.490(E*t7

. 0 » 5 C l
,79I1C'B1
.4317E-BI

2 4 t « E t
,?<J«E-H
,»9J9E'.Bl

l ( l l
] I 3 E 1

,139BE«l l
» 2 4 « ( H

.•lUli-tl

H B
e e a n i

,93»tiE«ai
,9«9IIE*I1

lt(l2jltE(l
,B2I2E>I2

K I 2

CROSS SECTION
SARNS
9294E*C3 :
3A39E*B0 :

7,4BBiE«65
8,4>0BE>B9
•i4BBJt«B5
1.2BIBE*Bt
l.6BB«E»B6
1.85BH.B6
2.1«SBE»B»

7,fBB!E«B«

liT9IB[li7

CROSS SECTION
BARNS

CKOSS SECTION

9F
,6t49E*BB
,37»7E»BB 2.3HB-E.C5

3.7atOC«l)t

5l9EB»
,35S3t»B0
2 e 7

• i»acae
•el99(»o>
•19<2C'B1
.63T«C«B1
i2991E>Cl
•9I|aE>Bl
.507lE»fll
•3999E«B1
.39J7E-01
>1914E>B1
.5S56E-B1
U 2 E X

. 195JE-C1
|B171E>0!
B0

l B E a i
• 944Bti>Bl
,61BBE>B1
,373IC»«1
,»»33E»JJ
,2314E-B2
.5345E'B2
9 0 a 9 [ a :

2,7Bf0E«89
3,2BBBE-fl?

4,89t0E>B'
4,90tBE*B

'..•000E*tL
l,76BBt.B6

2.2B0BC*!
2,49(BE«I
2,tB0BE»l
2,991BE*a«
3,2tM(
3.MI8E
4,t«BBE
».5»5BE«

7,4«aBE«

1.1B6«E>»7
1,39>BE«B7
1,MI0E«B7

, J E I
.H677E-B1
.4B62E-B1
.9345E-B1
,a99>E»Bl
,02:3E«B1
.4BB9E-61
,073tE-Bi.
.29I0C>B1
,3910E>01
,9940[*B1
; 4 i a

, i
.suu-u
,272at>01
.3123E-I1
97aaEe

,e4«aE2
,9399E<02
,S«17E.B2
( 3 < 2
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79-AU-197 BNL EV*L-APB74.'S.f .MUGHAHtHAB, A,PRINCE,M.O.COI
OiST-S£P7* KEV-"WOV74 AT AN? S.PEARLSTEI*

FlLEs2 RESONANCE PARAMETERS

ITSL51 »ESOL/CO RESOMANCE PARAMETERS GIVEN FROM 1.0E-K5EV
TO 2.EKEV BASED ON REF1 ANO THE "TFESE-JCFS GIVEN THERF
AJJD A BOUND LEVEL.SOME OF THE RESONANCE SPIN ASSLGNMET
S FROM REF2.
UNRESOLVED RFSONAKCE PARAMETERS <»IVEN FROM 2.? TO IS,
KEV.

r n r « 3 NFUTKn" CROSS-SEC ('IONS
MT=I TOTAL CROSS-SECION FROM IB,51KEV«2.3*EV »EF 3-7.FROM

2.3-15.0MEV 9ASED MAINLY O« FpSTgHS QATA<REF8) A\D REF
9-12.FROM 15.0-2e.3KEV D*TA IN &FF 12-13 MAS USEDi

MT=2 ELASTIC CROSS-SECTION BY SUBT^ACI-JG SJM OF ALL NOW-
ELASTIC Cf»0SSiSECT!0KS<R£F14»?l > FROM TOTAL CROSS-
SCCTION

yT=̂  T0TAL INELASTIC SUM OF ALL THE DISCRETE LEVEL E^ITA..
TjOM rBOSS-SECTIONS AhD THE CONTINUUM CRHSS-SECTION

**T = 16 (\,ZNi> CROSS-SECTION, DATA ARE. !M »EF 22-24,
MTB17 (M,3N) CROSS-SECTION. DATA A^E I\- REF 22-24.
»Ts26 CROSSiSECTION FOR THE FORMATION "if l*5,3HrUR ^ETASTAHLE

(SIXTH LEVEL) !N AU-196 O*T* IF; « F 22-2«
MT = 5L-64 C'LOSS-SECTJONS FOR THE EXCITATIO" OF DISCRETE LEVELS.

MODEL CALCULATIONS USING COMMNUC-I <«EF 25) NO«»MALIZEL
To THF EXPERIMENTAL DATA ON KOIvIOUAL LEVELS WHERE
AVAILABLE(REF 26-28 >

MT=91 IMELASTIC SCATTERING CROSS-S£CTIC1M TO THE CO'-TINUUM OF
LEVEI S OBTAIflEO By U3JNG C0MM^UC-3 A»1D NORMALIHINC IT
TQ THE OIFFEREMCE BETWEEN N0MiEL4STICC?EF14-21) ANO TH
SUM OF DISCRETE IHELASTJC AK'O ̂ .HARTlCLF) CSOSS-SEC^S

MT=IB2 CAPTURE CROSS-SECTION FROM I.^E-^SEV TO IBKEV CALCULAT
O FROM RESONANCE PA«AMETERS
FROM ^P,0KEV TO I.BHEV DATA USED IN THE FIMAL EVALUATN
HERE THOSE l*H!CH OIO NOT USE u-215 AS A STAN1AR0<REF29
37).ONLY DATA PUBLISHED SINCE 19*0 CONSIOER£O,
ABOVE 1.0MEV ONLY ONE 'JEW OATA SFT(KEF40>MAS CONSIDERE
AND IT WAS DECIDED TO RETAIN' T"E t'JOF/3-I II (MAT» 1166
WHICH INCLUDED THE EVALUATION BY VAUGHI ANO GREMCHILB
5,"2«Ev> AND THAT OF B O W ! ASflVE "5,2MEV(RCF<11)

MT = 1?3 (ig.P) CROSS SECTION BASED O.< T"E OATA oF REF 23.
MT=107 (4;ALPHA) CROSS SECTfC" 8ASE5 ON THE OATa OF REF 23.
"T=251-253 CALCULATED USING THE ANGULAR DISTRIBUTION OF FILE4.

Mf*2 uSING THE CODE DU^«Y5!REF 43)
FILEs" ANGULAR DISTRIBUTION OF SECONDARY

ELASTIC SCATTERING BASED ON n,E FXPEHIME^TAL DATA IN
REF 44-50 UPfO 6.05MEV. FROM 9.3MEV AMD ABOVE BASED 0
MODEL CALCULATIONS USING ABACLS-3(REF 43) AN" THE
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OPTICAL MODEL PARAMETERS GIVLN IN REF44,
MT1I6 (N,2N) ANGULAR DISTRIBUTION ASSU"fcD To 3E I«CTROPiC
MT«17 OJ,3'.> ANGULAR DISTRIBUTION ASSUMED TO BE IS3TR0PIC
r i E 5 ENERGY DISTRIBUTION OF SECONDARY NEUTR3NS

MT»16,17,26 ENERGY DISTRIBUTION GjvEN BY COKBINATICNOF A TEMP.
FR.ATUhr AND A PRE-EQU' "BRIUM EMISSION M^DEL BASED OK
PaTA IN REF 51,52

»T«91 A TE«PERATURE MODEL USING TME PARAMETERS 1̂  HF 53,
REFERE^FS

l.S.F.HUG-ABGWAP AND O.I.GARBER BML-325I3OD EON.VCL 1(1973)
2,A.I_OTTiN AMD A.JAIN CONF ON NUCLEAR STR'iCTÛ E STUDY WITH
NEV'TRJNS1BUr*PEST,1972 P?" AND PRIVATE COIMO^lCtT I Q\ .

3,K.K,SETM,PHYS.LETTERS,I*,306{1961>
*.U.BILPUCH,PRIVATE COMMUNICATION(1959)
5. j.F.Wl:ALE^.A\L-72l0.l6(1966)
6.M.WALT AND R'.'L.BECKER,PhYS.REV,89.1271 (1»53)
7.R.B.SAY 1 PRIVATE COMMUNICATION!1965)
8,0.G.FOSTER JR.PRIVATE G0HMUS'!CATION(I967)
9.M.UALT PHYS.REV,98,677(1955)

10.J.h.COON,PHYS.REV 168,562(1952)
11. J. P. C0f'"EB. PHYS.REV, lB9,1268(1958)
2 : S ? 9 ' 5l , , V , 2 ? i
13.J.M.PF RSO>i, PHYS. REVf 120,521(1968)
14.J.,R.B" TER.PMYS, REV, 98,1218(1955!
15.J.R.R 3TER.PWYS,REV,10«,1319(1956}
16.M.H.M 3RE 50R,PHVS,rtEVt 1̂ 8,-/2«( 1957)
17.M.UAL 'HYS.REV,93,1062(1954)
iS.E.R.r TS,,PUYS.REV.89,343(1953)
19.E.R.I 7ES,PHYS,REV,97,1205(1955)
2 0 . D.D.PW,LLI PS.PHYS,REV.86,600(1952)
?1.R.C.ALLEN ET'.'AL.PHYS.REV. 104 ,731 (1956)
22,H.A.TE1«iES ET'.'AL PRIVATE COHMgNICATIOM >
23.R.J.pRESTW0Pn AND B.P.B*THURST,PHYS,«EV,1211143a(l961>
?4.ti.LISKItNi,EAr.t)C(E),157U(i;(MARCH l»73)
25.C.L.DUNF0RD. Al-AEC-l293lt 197*9)
26.J.A,M.DEvlLLirRS ET.AL.2E1T.FUfi PHYSlK,ie3,323,1965
27,E.BARNARD ET.ML.NgCL.PHYS,AlB7,612(19*6)
28.J.A.iaELSCN ET.AL.PHYS,REV C3,307(i97j.)
29.J.B.CHI''R,M.L.STELTS,UCftL-74447(REVr!>!JUNEl973)
30,C.LERIG1LEUR ET.AL.CONTRIBUTION TO K»Ri.SKUHE MEETNG

AND PRIVATE C0MMUNICATICNJWAY1973)
31.M.P.FRICKE ET.AL,PROC.NUCLEAR DATA Fo« RfcACTO«

CONF PAPER CN-26143(lV7Z>
32.0.K0nPE,NLiCL'.'PHYS.A133,5l3v'1969)
33.W.P.POENJT2 CT,AL.J.NUCL.ENM'22,505(1948)
34.T.S.BFLAN0VA ET.AL,AT,E^.19,3<1965)
35,T.S.BELA>4OVA ET.At.J.NUCL,tK.2Bi41K196A)
36.J.B.BARRY J.NUCLtEN.18,451(1964) 37,1,BERG
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37.I.PER9VIST ARK,FYS,23,425ri»63)
SS.F.J.VAUGHNiMrAiGfiENCHiPROC.MEUT.CBOSS SECTIONS AND

TECM.COMF P43f.«N0XVlLLE(MARCH 1971)
39.R,L.hACKl.iN PRIVATE COMMUNICATION!JAN 1974)
*B.t>.llnOt*lR PRIVATE COMMUNICATION <FEB 1973)
<!1.O.BQGART PRCR OF NEUTiCROSS S^CTIOKS AN!1 TECH'.CINK P4B6,W*SH«

]NGT0N(1966>
42.R.R.KINSEY OjHMY-5,PRIVATE C0MHUNIC*T!0«tl972)
43.E.H.AUER3ACH A8ACUS-2(REV) B^L-6562(I?6?)
44.B.HPLH0ViST ANO T,WIEDLING,MuCL.PHYS,Aiafl,24<1972)AE-430(1?71)
45,S.A.BUCCfN0 ET.AL. EEIT.F.PHYSIK,196,10^(1966)
46.F.T.KUCHMIR tT.AL. PHYS,REV,I76,14B5»19*»)

V 7
48.M.HALT AND J.t.BEYSTER, PHYS.«EV,98,6»7(X95S)
49.M.WALT AND H.H.BARSMALLtPHVS,REV>93,J06?(l954)
50.J.A.M. DEVILLtERS ET.AL, ZElTeF.PMYSlK,183,323(1965)
51.V.B,ANUFRIEM<O,SOVT.J,NUCL.PHYS.2,589(1966)
52.C.K.CLINE ANO M.BLANN NUCL.PHYS,A172i22")< 19?1)
S3,A.GILBERT AND A.G.W.CAMERON.CAK,J,PHYS,43,1446(1985)
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ISOTfiM———— -6
ttXCTtONAL ARUNDANCE •
»o»Bf» or Chintfr M U S E S — —

ENERGY RANGE NUMBER —.--

U » CNERCT LIMIT (Ev> - i
«!«• !««tl LIW1T 1 E V > — — 2.fff«E.»J
*UCLEA» SPIN — - - 1.99aBE.lt
SPIN SCATTCR1NQ LENCTF (A*)— 9.6eeP<C-Bl
»U»8Ca OP t StATES- 1

DtaOkANCI DATA ENC'/B
RESONANCE PARAHETERS

RESOLVEO SINCLE-LCVCi.

ATE»|AL NO. 12C3

t
OP RESONANCES— - 117

S C A T H R I N O LENGTH (A>>— 0.eeeaE.ee

-2.558BE.BJ

4)645C£.B1

3,751«E'«2

IS 2,75»IE.e2

SI
22
23

27
2a

3B
31
3?
33

35 5,BB90E>e2

J7
38

5.341BE<a2

.eeaaE.ae

.eeeaE.se

.eeeac.ee

,eeaBC.ee
.eeeBE.ee
,eeeoc.ee

iaaeecee
.aaeet.ee
.aaeecae
.aaeac.ae
,aeaac.ee
,IBB»E.fB
,<BBfE.ee
.aeait.eg
,aeiet.ee
,eeeet.ee
.eeeet.ee
,eeeeE.ee
.eeeet.ee
.jeBBt.ee
.eeeecee
.eaeecee
flfnecee
.eaeec.ee
.aeeacee
ierlE.ee
mtc-ee
aaaac.ee
eeaae.ee
aBaee.ee

aaaecea
aaeee.ee
aeiacee

aeiiaE.ee

DcaONANCt UIOTHS ;CH
NEUTROI RADIATION

l . ' 6 4 2 E - t l
1.392JE-H
l i ' 3 E

. ! 3 E « l
i,74eaE-oi
1 2 4 l £

.»«1
2,eeei>E>at
i,»4jeE-ai
i.«ee«E-el
l,4S9it-ai
itsnEei

. e e i
t..e;aeE*ei
i,awc-it
5.2eiet-ei
!.«:aec>ei
i.e9saE-ei
3.6S»BE-«1
2'.3<eBE-51

iAa4atax
t,:<eaE*at
i:4aK-ei

.Se?«E-B2 1.3)fIE-ai

.<7<IE-t2 l . jeiBE.fl
,aeai£;B3 i.2iiie-fi
.tint-no i;>4aeE>et

t.JBBEei
1.3t|IE»t

HeE

jaeeE-t?
2CSfE-»2

iVeseaEai
i.Hltt'tl
l34BBEei

eeieE.ei • .
,2eaeE>e2 i.ieaeE-ai
• ijJjJliEMt

IJSIBESI
i.<ieec>ei
i;:<e>Eei

P15SI0K

a,aaeec<ee

••eaiiEpK
• , i t l i e * a
••eeeec-pe
Beaitc*e(

,ei<ltBB
•eaeeixe

> a t e

, M t
x.eaaei'ee
MIIIMI

••aeMoee
nieeeae.ee
aaeeaae*pe

•!eaaac«ee
••eaaac«ea
••eaaaore
•c ' laacre
•ieaaae*ee
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46
49
59
51
52
53
54
55
56
57
96
59

a*w
«3
»4

75
76
77
76
79
SB
• 1
«2
63
«»
45
16
67
BB
89
If
91
S2
93
94
95
96
97
96

, J J E D
.9S7JE.02
,65«at-9?
.958JE.B2
,9«iet.»2
,19e«E'02
,3t49£«02
,5»»et.«2
(736£E«02
,B430E*a2
.96iec«e2
,139e.E<02
,1««E"»?
,29gge*g2
,645B£.«2
,7970.[«l>2
,3J4Pt.JJ
.6iJet«e2
,6421E*a2

9E«2
I124O03

.B398E.B3
B43«£c33
0<39E«3

<7
68 l,1204t«B3
45 i.uaat.03
10 1,1394E«03

74 \\

1

,2»'0t«J3
,21«9E«I3
1131 ft}

•3J54E.I3
.241JC.I3
29iaEl3

3 3 E
,3|«JE«>3
3t77E*l3
»5 t

4162E«I3
4lt«E«»3
4595E«93
4192OI3
474J[.13
4914CX3

3 t l "

1,BB00E*B8 5.8106E-B1

1.00aBE<0«
f.BBaBE-BB

6 . i a E e l
1.304U-I1
4.64g>r-gi
5.5PB'E-B1
l.46«0E-gl
1.6HBE-B1
4.t(fBE-ll
l .SJIiE-ll
4.3BIIE-B1
5(BMEe

1.3tO»E-il
3.770BE>at
».4tB«E-»l
2.45BBE-B1

1.JMK-B1

3.as«aE-gi

4.1BBBE-S1
1.6lfB£>Et
2.«4(SE-B1
l.UIIE-ll
1.9440E-91
1.74JIE-E1

4.6000E-»
6,4g00E-23
1.33BBE-B2

7

1.15ME-B1
3

.2
1,63BBE-»1
1.44B3E-O1

SBE

t.2e00E-M
1.7BBBE-01 _._ .
S.2JI0E-B2 1.24gBE-(S

1.6SBBE-I1

5.33B1E-S1 i;i7»a£.fl

4.11BIE-?!
t,69igE-<!l
3.3ifBE.0X
t.2HBE-ei
4.9HBE-C1
1.3IBBE-I3
4.4eBi£-P2
4,»JIBE-i!l
» « > g ^ a 3»,««>gE^a3
5,6lll£-Bl
3,76ME-B1
2,:ettE>02
5.7iBIE-e2
339
t . iHBEe;
(.9IIIE-B1
3.«MIE-ei
92tggEg2

i
t.33BJE-Sl
t.9IBt£i22
2 3 g« g E
1.29BEE-21
? 9 2 » I E : »? . 2 E I
2.4BBBE-12
J.»7«BE.C1
J.JflSE-OJ
?.»igiE:ei
4.2>9BE.ll
t77 I IE i« i

t,t>ggE>gi
t.mniti

eriiEn,eE
5,9B»EE-e2
l,»6iBE-01

l . juaE-ji
1.1900E-01

oa
t,2<gg£'0i
1.J4BBE.J1

1.24»a£-El
t.<4BEE-1I
1.246B£.tl
1V10BEM

1,29BBE>01
1.24|BE.[i

flitaeBE**
B.BfilE'OB

l V 2 B E t l
l,4HBE.fl
I.2igBE.il
1V24BBE.B1
l^iBBE.ei
lV24BB£.et
1V2BBBE.6J

4B«E

i;'2<('c>» •,faatc>0«

1V5IIBE.B1
J.BB8BE.JB

1V2IB0E-01
1.14«BE.B1
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99

l e i
1(2
1(3
i f
1(9
in.

its
109
110
i n
112
113
Lt<t
119
116
117 ]

1.6419E«03
1.6464E«03
1.6tS9E«!3
l.6»32E«BJ
1.7B62E403
1.7I1ZE.S3
1.7J44E*03
k,754SE4B3

•7963E*B3

!»I11E.B3
•Q320E*03

•S400E403
. 8 8 I 3 O B 3
,e»33E"03
,9 l3 jE<»3
.«99rc*03
,94B9E*03

l.saest
2,80801
1 I B 0 0 0 E
?,BBsei

?iBB00E
J.BBBBl

*'!(!(£

2.0900E
1.0000E

2.0906E
1.0000E
2 >00B0C
1.0000C
i.eeaet
2,0000C<

.00
• 00
.00
.00
.00
• 00
•00
>00

>00
00

00
B0

es
BB
BB

2.4400E"01
2.200BE-B1

2!9«00E'B1
3,««eeE-ei
l.SUBE.ai

4,^.efE-ei

1.3BB0E-01
2.12B0E>01

s.ieeBE-ei
3.91IBE-01

2 60fiE*l0
4,5B|BEa01
9.0BtPE"01

6.1IHE-I3

S,3Bf0C>ll

L>4lf(C*B2
BI8IB9BE«02

ttt$$iti9Z
2 • 27Bl£*iCl
SiTllflCaBS
t,4>30t«00

9,3400£-01

1*'24B0E*01

i!24aBt-ei
1**240BE*01
li240BE"01
1.24BBE.ei

1 240BE"B1
1.24BBE-B1

l7248eE.Bl
l,24»BE-ei
i;j4eBE.ai
1V4T0BE«01
1,3000E>01
l'.'ft*0BE*01

H|B000E^0I

n.B000C*ef
•iCBisE.ea
•itsaat. i 'e
j ,B io i t .ee
•,eBBat.ee
«,eant.ee

Pi0000C*e(
e.raaat.BB
0,0900t*(0
i>i0009C*e0
• •09BK>PB

fl|Blkft£»0B
iitB«0t*ei
«if«00e*8f

SOL0-l«7 DCSOhANCE D>T1 ENDf/6 HlTCtUL HO, i>B3
"ESONANCE PiUillETHS

!SCTo« eoLD-197
pRjcriONiL »BUND»NCE — - i.eeetE.ee
kU'BEH OP IHtni B»NCES • 2

CNERCf BlNOt NUHSEK — - - 2 UNRESOLVED 9ItiCt.E-k.IVEL SKEIT.atCNCft »»I>»«ET£«3
LOUER tNCROT t I« IT < t v l — ™ 2.eBBeE.»
U»»E» ENEROT LIMIT <EV>— — l.BeeBE.B4
^ul:LE•" S P I N — — — - — i.seeeE.ee
•frECTIVI »C»TTE»1NG RADIUS— «.«eBtlE-ei
»U"BrR Or L STATES-- • 2

I VALUE—————— I

MJ"8CR OF J STATES"-- 2

AVERAGE RESOKAXCC H10THS (CV>

LEVEl. SPACING J-VlLUE OH Or TREEOo"" NEUTRO* " "" RAoIlTIoi)

Û̂ 'B̂ -R Or j STATES- 4

Avcfucr R£9ot.ANce KIOTKS tcv)

LEVEl. SPACING JPVALUE O'-i. OF fRCEUOM" !k?UTflON RADIATION

1,2»«CE»B2 0i0?PaE*0(3 1.003PE*00 9.1S40E-B3 l','2500E"fll
4,32i)Ct*0l x<Bfl0BE*00 2|0000E*B0 i.72B0E"B3 i.jSCBE'Bl
Z.S'BBEoBi 2)099IEfe00 2,0d0P£»BB j,,03A0E-03 X.2900E>01
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CO
4>

I

G0L0-197
NEUTRON CROSS SECTION

6,5127C*ct EV

INTERPOSITION LAW BETWEEN ENERGIES
»A»GE DESCRIPTION

1 TO 99 V LINEAR IN X

fcElTRON CROSS SECTIONS
tNCC«, EKE»CT CROSS SECTION

t» HARN3

R1NCE DESCRIPTION
»9 TO U S UW 1 UNEAR I N

1
6

It
it
21
26

91

ei
6

16
t\
It
'1
96

»
i t :
116
1S1

»6

1,009«C>I9
9,0008(403
>eeteEB

:soss SECTION
EARNS

CRUSS SECTION ENERGY CROSS SECTION ENERC» CROSS SECTION

5.BIBP£«B

4,600BE«0< 1.61K0E-02

BARNS
1.902(E-e2
1.2623E-B1

9.4B
3,725«E.»i
32eBt£Bl

iiiiiiiii:

2,!>»0E>1< 4
3.000IEX* 2
«BBB«»»« 1

EV BARNS
4,000BI«B3 3,413BE»B2

2J3i0Bi*B4 6|a290E-01

5,«»BCIE>e< 4.23BBE-B1

4,0B^8L«09 1.69B0E-B1
9,e0e?e*&5 I,4BBSE-BI
6,0B0BE*09 1,20BBE-81
8,5B«2E.B5 t,B0e0E-B2
1,200BE*B6 7,9938E-B2



Appendix - F

Uranium - 235 MAT, No. - 1261
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92-U -235 LASL.AI EVAL-MAR74 LiSTEHART, H,ALTER , R,HUNTER
0IST-JUL74 F?EV-JUN7S

PRINCIPAL EVALUATBRS- L.STEWART LASL, H.ALTEh Al, R.HUNTER LASL

CONTRIBUTING EyAuUATORS

NU-BA* —B.R. LEHNARO PNW, I, STEWART ANO BAY HUNTER LASL.
HUMMEL ANL.

F.P.YIELDS—R.SCHENTTR HECLI FISSION PROD, SUBCOMMITTEE
DELATED NEUTRON DATA— S,A.COX(ANL)
RADIOACTIVE DECAY DATA—C.W.RFICH ANC
RESOLVED RESONANCE OATA--J.RI SMITH ANC. "I GWIN, R, PEELE( AM
G.DESAUSSURE ORNL

UNRESOLVED RESONANCE DATA— R.PEELLEJORNL) AND M.BHATESNL)

SMOOTH DATA

THERMAL RANGE C.LUBITi? KAPL. JIWARD^ BAPLI ^.S,LEONARD 9NW
82 EV -25 KEV--R.GHIN, G.DESAUSSURE ORNL, R.9LOCK SPt,
J.R, SMITH ANC

25 KEV-l MEV A.CARLSON NBS. W.P0ENIT2 ANLi L.STtWA"T
LASLH H,ALTER

1 MEV-20 MEV»-R,HUNTERi LiSTEWART LASL, H,ALTER
INELASTIC SCAT —LISTEWART, R,HUNTER LASL
SECONDARY NEUTRON 11ST,—L.ST£WART( R,HUNTER LASL
GAMHA PRODUCTION--?;,HUNTER, L,STE«ART L*SL

NO FORMAL REPORT AVAILABLE DESCRIBING THIS EVALUATION

MF • 1

NU-BAR TOTAL

NORMALIZED TO CF-252—SUGGESTED BY ThEHHAL TASK FORCE

INDUCED REACTION BRANCHING RATJOS

NO DATA

FISSION PRODUCT YIELD DATA

• » * * • •
FISSION PRODUCT YiELD DATA FOR ENOF/B-IV 8/74, RECOMMENDEt
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VALUES A"E GIVEN FROM THE YIELDS SUBCOMMITTEES OF THE DECAY HEAT
TASK FORCE; MEMBERS OF THE SUBCOMMITTEES INCLUDE W,WALKER(CH),

L E » , D U Y | i E # C , , L , | , l .
A,WAUL ANO K.WOUFSBERC. FINAL O'RECT YIELDS WERE GENERATED BY B,
RIDER USING METHODS DESCRIBEO IN NE00-1Z154 RSV.l JAN,74, ENDF.'B
FILF PREP, AMO *ODJFJCATIONS WERE MADE BY K,SCHENTER P/74, PEAK
CHAIN YIELDS ARE GIVEN AS

ELAB»2.53E-02 EV A-YCHAIN(PERCEKT)«
872.55, 883.68, 894,84, 9f5,9i: 915,92i 925,96, 936.37, 946.42,
956.16, 966.25, 975,96i '65,78. 99*,12il<"»6,30.1i'15.!"4,1024.?0,
1033.14,1312.83,1324,25,1336,79*1347,68ii^»6i6B,1566.27,1376.27,
1386.62,1396.46,1406,32,1415,*9.1425,93,1439,97,1445.45.1«53.93,
1462.99,1472.27

ELAB»5,B0E*05 EV A"YCH*!N(PERCENT>«
672.41, 663.59, 8«4,56i ?05,57i 915,59, 925,72, 936.10, 946.19,
956.38, «66.B9, 975,S6j «85,87» 995,?P!,1^B6,24,1?15.42,1C!24,59I

lf!S3.?9,1042.31,1313, ?3,1324,6311336,47,1347,62,115ft. 28,1366, 24,
1376.16,1386.47,1396,33,1406,02.1415,99,1425,46,1435.70,1449,27,
1453. 75, 1462. 9(«, 1472,37

ELAB»l,40E*fl7 EV A-YCHAIM(PE«CENT)»
872.41, 883.32, 893,97, '04,60. 914,8i, 925,12, 935.21, 945.20,
955.05, 965.11, 975,47, 984,B8> 995.10,li!li)512lllfil4.42,lK23.93,

1P33. «9.1042. Z8,1272,18.1282,37 il252.96,13B3,44,1314 ,(»4,1324,63,
1335.48,1346.28,1355,38,1365,Bg,J374,92»1385,09,1394.83.1404,43,
1414.57,1424,88,1433,90,1443. ,>3.1453,05,1462,37

MT«455
DELAYED NEUTRON' YIELDS

EVALUATION B¥ S,A,COXtANL>,L.STEWART(LASL),B.HUTrHlNS(GEBRDO)
AMD N,C«'PAJK(WARO> S E £ REPORT ANL/NOM-5 BY S. AsCt,y[ AND

MT»456
PROMPT NU-BAR

NORMALIZED TO CF-E52, SUGGESTED BY ThfRMAL TASK FORCE

MT»457
SPONTANEOUS RADIOACTIVE DECAY Q4TA

EVALUATION BY C.W,REICH <ANC) FEB74
'CES Q(AL^HA>« 1973 REVISION OF WAPSTRA-COVE MASS TABLES

HALF-LIFE" N.E, HOLDEN, CHART HF THE NUCLIOES (1973)
AND PRIVATE COMMUTATION (JAN.,1974)

CAMMA-RAY ENERGIES AND RELATIVE INTENSITIES - L|A,
KRoGERi PH.D, THESIS <UN1V. OF WYOMING, i97l> SEE
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ALSOi USAEC REPORT ANCH»iei6, P,7J C I 9 7 D .
OTHER- A, ARTNA-COHENi NUCLEAR DATA B 6, NO,3, 287,

a9
NOTE AVG. E-ALPHA • 4463, «EVi

TH!S VALUE INCLUDES CONTRIBUTIONS FROM THE KINETIC
ENERGY Or THE ALPHA PARTICLE AND THE RECOIL ENERGY
OF THE OAUGHTER NUCLEUS,

MF • 2

RESOLVED RESONANCE RECION
RESOLVED RESONANCE REGION REMAINS UMCHANGED FROM ENOF/B-3,
ANC REPORT 9Y J.R,SMITH

UNRESOLVED RESONANCE QATA--R, PEELLE (ORNL)» M, 8H4T (BNL)

62 EV-25 KEV

PARAMETERS ARE GIVEN AT 120 ENERGY POINTS, LOCAL-AVERAGE PA-
RAMETERS ARE CONSTANT OVER THE R*NGE FOR P.WAVE RESONANCES,
SPINS 2-5, ANN HAVE THE SAME VALUES GFVEN FOR ENOF/B-111, FOR
S.UAVE LOCAL-AVERAGE PARAMETERS (J"3,4>i THE GAMMA.RAY MIOTHS
WERE KEPT AT THE ENDF/B-111 VALUE OF 35 «V, HHILE THE
WIDTHS WERE VARIED TO PRODUCE A FIT To TwE APPARENT CROSS
STRUCTURE IN THE CROSS SECTIONS EVALUATE* BY LOOKING AT THE
FEATURES COMMON TO SEVERAL EXPERIMENTAL MEASUREMENTS, FITS
WERE PRODUCED USING THE CODE UR, THE S-WAVE POTENTIAL SCAT-
TERING RADIUS WAS TAKEN AS ,9?663X10-12 CM, GjVl^G A POTEN-
TIAL SCATTERING CROSS SECTION OF 11.5 8, JUST »S IN THE
RESOLVED RANGf, TO PRODUCE ACCEPTABLE 5 PERCENT AGREEMENT WITH
AVERAGE SIGMA TOTALS. THE CROSS SECTIONS INPUT TO THE FIT
WERE A O J U S T E D TO YIELD THE EVALUATED AVERAGE CAP. AND FIS,
CROSS SECTIONS GIVEN BELOW, IF THE CROSS SECTIONS ARE LINEARLY
INTERPOLATED BETWEEN THE POINTS GIVEN, IF A PROCESSING CODE
LINEARLY INTERPOLATES PARAMETERS BETWEEN THESE E'.-ERCY POINTS,
THE RESULTING AVERAGE FIS. CROSS SECTIONS ARE TOO HIGH. FOR
DECIMAL INTERVALS BY UP TO ,? PERCENT *WJ CAP, CROSS SECTIONS
AVERAGED OVER THESE INTERVALS ARE TOO LO SY UP TFT 1,3 PERCENT,
INTEGRAL CROSS SECTIONS UP TO 1 KEV ARE ML AND LO BY 0.3 AND
0,7 PERCENT ANH THE INTEGRALS FROM 1 KEV UP ARE HI AND LO BY
0.16 AND B'.'24 PERCENT, THE EVALUATED AVERAGE FIS, C*OSS
SECTIONS WERE NORMALIZED TO A 2200 M/SEC VALUE 3F 984,$ BI
AND HAVE A SHAPE DETERMINED BY COMBINING DATA FROI; REFERENCES
27-31 IN APPROPRIATE ENERGY RANGES, AVERAGE (UNIT WEIGHT)
CAP. CROSS SECTIONS WERE C0M9INE0 FROM REFERENCES 28IJ0 AND

31. THE EVALUATED AVERAGE CRQSS SECTIONS GiV£vj RELou ARE
TAKEN FROM REFERENCE, REF. 32.

ELO EHI FIS. CAP. ELO EHI F!S, CAP. ELO EHI FIS. CAP,



(KEV)
06
10
15
20
25
30
4B
50
60

. 1 0
'.15
.20
. 2 5
. 3 0
. 4 0

3a
.60
'.70

<B)
25.TS
22.50
19.50
21V50
19,'50
13.12
1339
15.22
11'.'50

(B)
15,70
1?,80
11.00
1?,70

7,10
ft,56
4,83
4,62
4,67

(KEV)
0.7
B.B
0 . 9
1 . 0
1 . 5
2.0
2 ,5
3 ,0
4 ,0

P,6
0.9
1.0
1.5
2 .0
2 3
3 ,0
4.0
5 ,0

(B)
11,11

8.25
7,55
8.37
6,57
9,49
5,15
4,75
4,27

lB>
4.91
4.15
5V05
3V40
2V56
2.'20
1.^4
l'.'«2
1V53

5
6
7
a9

i e
15
20

(KEV)
. i,
. 1,
. 8 ,
. 9 ,
, V%
. 15.
, 2? .
. 25.

(3)
3,80
3,41
3.15
3.01
3.05
2.65
2.31
2.19

<B>
Ii42
1,40
1,33
1.45
1.25
1,08

, 9 0
. 8 ?

THE SMPES Or THESE CROSS SECTIONS ARE BASED £>•« THE 13-B0R0N
(N,ALPHA) REACTIONS AS GIVEN IN tNDF/B-lll, OVERALL UNCER-
TAINTIES JN THE EVALUATED AVFRAGE CROSS SECTION ARE ES;. ATED
AS 3 PFRCENT IN FJS, AND 8 PfRCENT IN CAP| AS DETAILED IN THE
COMPLETED DOCUMENTATION, THE CONTRlBUMnNS TO THESE UNCERTAIN*
TIES WHICH APE HIGHLY CORRELATED OVER THE UHOLE ENERGY RANGE
ARE 2 PERCENT TOR FIS. AND 7 PERCENT FOR CAPT, FOR ADDITIONAL
DETAILS SEE REF 32 OR THE COMPLETE DOCUMENTATION REPORT,

MF • 3

SMOOTH DAT*
THERMAL DATA—THERMAL TASK FORCE
1 EV TO 82 EV J, R. S*ITH
62 EV TO 2? KEV PEELLE, BHAT
25 KEV TO 10? KEV SIG THREE PLUS Twfl TASK FORCE
10BKEV TO 1 MEV FISSION CROSS S£CT»QN TAKE" AS CURVE

SUGGESTED BY U-233 TASK FcacE ANO CSEWR STAN3A«DS »NO
NOPWALlHATIOtJ SUBCOMMITTEE. IN THJS FMEHGY REGION n*TA TAKEN
FROM REFERENCES 1 THROUGH 9. DATA OF RFF,< SZABO (71) RAISED
BV 1,04. BETWEEN 1 AND 6 MEV CURVE QRAWN THROUGH DATA OF
REFERENCES 3, 5, AMD 7 THRSuGH lls SiITH HEAVY WEIGHT GIVEN To
REF, 11, ABnVE 6 MEV CCRVE DRAWN THROUGH DATA OF REFERENCES
7, B, 12 AND 13, DATA CF REFS, 12 AtoO J.3 NCRMALI2EP TO 2.152
BARfoS AT 1«','0 MEV,—-ALPHA CURVE BETWEEfo 1«J KEV ANO W MEV
BASED Qfi REFERENCES 1 AND 14 THROUGH 1" AS RECOMMENDED BY
u-23? TASK FORCE, ABOVE I MEV ALPH& CURVE SMOOTHLY
EXTRAPOLATED TO 20 MEV.---CAPTURE CROSS SECTION OERJVED AS
THE PRODUCT OF THE FISSION c"OSS SECTION WITH ALPHA-—ABOVE
0.5 MEV TOTAL CROSS SECTION TAKEN FROM SPLINE FIT TO DATA OF
REFERENCES gpi AND 21, BETWEEN 25 KEV ANO B.5 KEV A SMOOTH
CURVE >«AS FIT TO THE TOTAL CROSS SECTION OF ENDF/B-3,

MF • 4

ANGULAR DtSTRIPUTIONS
ELASTIC SCATTERING ANGULAR DAT* TAKEN FRQM EVALUATION

OF REFERENCE 22» HUNTER.-—ANGULAR DISTRIBUTION DATA FOR
NPNISOTROPIC INELASTIC LEVELS <MT«6l*6«) BASED PHIMARILY ON
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R OF K A M K E R D I E N E R . REF. 2 3 J ALL INftuASTIC DATA BELOW
5 *EV TAKEN TO BE ISOTROPIC. ANGULAR DISTRIBUTIONS FOR ALL
OTHER NEUTRON REACTIONS ARE ASSUMED ISITROPJCI EXCEPT FOR

DIRECT INTERACTION CROSS SECTIONS ABOVE 4 «EV FOR MT«61-»66,

n = b

ENERGY DISTRIBUTIONS
FISSION—THERMAL— T*1.323 MEV *S RECOMMENDED BY 7HE&MAL TAS
FORCE,- — AT 14 MEV— T«i,5«) AS APPROXJMATEO FROM SLOPE OF
PU-239 OATA'.' EXCEPT FOB DISCRETE INELASTIC, »LL INELASTIC.
(N. 2N> ETC',' REPRESENTED 8v TEMPERATURE HODELS.

MOTE
MT«l9-2l SHOULC BE USED IN PLACE OF MT*18
IF RESULTS ARE SENSITIVE TO FISSIONS CAUSEO
UY NEUTRCNS OF 6 MEV O»

^F a j .2 -15

GAMMAMA PRODuCTieM
D*TA TAKEH FROM STEMRT, R£f. 24',' C30SS SECTIONS BASED ON

NEUTRON FILES <MF«2, 3! AND CALCULATED MULTIPLICITIES SELOw
1.09 KEv. AROVE 1,?? MEV DATA 8ASED ON URAKE, BEF. 25, AMD
NELL IS, REFV 2b,

1. CWIN, R,, ET.AL. PRIVATE COMMUNICATION (0RNL.1973)
2. KAPP£LER;F.SYMPOSIUM NEi.T,STDS,# (ANL) CONF,73lR02. 272il97p(
3. S?ABOtI,, ET.AL,i (AS REF.5) CONF»7ai0B2f 257(1970)
A, S?AB0.1,, ET.AL.i KMOXVILLE CONF. VOL,2 S73Sl«7x)
5. KAPPELER.F., 2ND IAEA PANEL STANDARD X-SECTIgMS,V1E1!NA(1972J
4. GAYTHER, D.B., ET.AL.I <AS REF.B) j:?7?»
7. HANSEN, G'.'. Et.AL,. PRIVATi COMMUNJCATIflN,L ,STEuAPT(LASL 1970
fl; WHITEi P'.'H... J.NUCL.ENERGY 19,325(1965)
9. 01VIU, B.'C. PHYS,REV.US, 1350(1997)

18. POENITZ, W.. PRIVATE COMMUNICATION tANL,19?3)
11. HANSEN, G,i ET.AL.. PRIVATE COMMUNICATION,LtSTE^APT (1972)
12. PANKRATOV. V.M., ET.AL,* J.N|jCL»ENERGY 16.494 (1*62)
13. PANKRATOV. V.M., ET.ALu SOVIET JiAT.ENEHGY X4.167 (1963)
14. DESAUSSURE, C.< ET.AL.i PARIS 1966, IAEA 2(233 (1967)
15. C2IRR. J.B., ET.AL,. HELSINKI 1970, IAEA 1,331 (197*}
16. PEREZ, R.B., ET.AL,. 0RM.-TM.3696 (1972)
17. SANOL. .-.E., FT.AL.. NSE 48,324 (197S)
18. KONONOV, V.*., ET.AL.J INDC»CCP)«21L, (1971)
19. KUROV. M.A., ET.AL,, J, SOVIET AT.ENRGY, 31&,(MARCH 197D
2f!. HEATONj P,C,3 ET,AL., PRIVATE COMMUNICATION <N8SiJ?7?}
21. FOSTER, o.e,: ET.AL., PHYS,R£V,C3,576 (1*71)
22. HUNTER, R.E.. STEWART, L., HJRONS T.J.. LA-f>l73 (1973>
25. KAMMEROIENER. J.I.,. UCRL-51232 (1972)
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24. HUNTER, R.E., STEWART, I., LA-49B1 <|972>
25. DRAKE, D.M., HOPKINS, J,C, fOONG, C,S, AND CONOE, P.,

MSE 4f. 29" (1*78)
26. NELL1S, O.O.. A'JD MORGAN, t.L.., CSD-2791-17 (1966).

ALSO BUCHANAN, P.S., CRO-2?9I-28 <I969>
27, 0E-UY7TER.P-C1CC CONFC Np«L. DATA *0 -EACT—SB 0OL T8 *9

(1970).
26. OESAUSSURE FT *L.i ORNLrTM-l804 <l967),
29, HLONSTNUCL. SC*. EN*C i a 01 93 H8
30. PEREZ ET AL.i NUCL. SCI. ENC. 52, 46 <i973).
31. GUN. LETTEB TO R, A. ^ANNELS, NNCSC» 12-23-72.
32, R. U. PEELLF.- OPNL. LETTER TO CSEKC. 9-Z--73.
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RESONANCE PARAMETERS
ISCTgpE————*-*———UP*VIljM-235
FR*CTJON«(. ABUNDANCE--------- 1.00CPE*60
fc'J^BEB Of ENERGY RANGES——™ 2

SNERCY RANGE NljKBEH — — - j SESOLWED S [«ICL£-LF'/E|. B»E!T»MtCNE» PARAMETERS
LOhEO ENERGY LIMIT {£\i l.PC??t.??
LPPEP ENERG^ LIHIT (EV> 3.200fl£»fcl
^UCLCl1* s ? t N — — — — — — 3.5000E?C(J

MJ"9E« Or t STATES- - — - t

L V*tU F B

SPIN SCATTERING LL M J T H (*->-- ri.saaPiiffa

!*iCEx E»:£HCY [EV> J VALUE

1
3
3
4
5
6
7
6

10
1 1
12
I d
14

15
16
17
I S
19
243
21

23
24
23
26
27
?B
29
3(1

33
34
35
36
37
38

- 1

1
2
2
3
3
4

I;6,
6 ,
7 ,

a.
9 ,
9 ,
1,
1 ,
i i
1 .
1 .

1 ,
1 .
1 .
i
i .
i *
i .
l .

2 ,
2 ,
2 ,

2.
2 ,

,4900£*l

! l*BP£-
.3353E*
[920EE*i
,1470E«I
,6?90E*I
. 6*83t*l

,07721*1
,7fliftE*l

,730BE*i

(0tf00e*i

2394E-i
206l£«C

3702E*i
3994E*f
434JE-1
S406E«E
t88BE*E
666?E*£
885SE*E

0200E*e
0ai8t»e
187J£*6

3<12EH

SB

BB

9C

3B

J?
tl
91

! 1
! 1

11
11
) j

11
11
i l
11
11

11
11

11
11
11

3<29E'B1

s

3
3

a!
3,

3 i
3,
3,
31
3,
3.
3 i
31
*<

3 .
3 i
3 .
3 i
3,
3 i
3 ,
3 .

3 ,
3 1

3 t
31
3»

,50aeE-00

!3000E*at3
.503BE*ee
,50B3E*30
,5P00E*00
.Se00E»E10
.5B£0E»O0

JeaoEl^B
,50B0E*-UB

,9000C*0'J
,5ae0£*02
,5ee0£*00
, "500(Jt*20
,9B0fJE*00
,5000E*00
, 3000t*20
,50f0E*20
,90E)0E*00

,50ira*--00
50P0£*80
50E0E+00
5000E+00
5030E*80
52S10E+00
9P30E+00
5030E-CC

5000E+00
50P0E*30
Sl?02E*00
3000E*00

2

4

1
8
3

6
2

9
1
1

x
9
4 (

1,
1 ,
1 ,
4 ,

7
9 ,
1 ,
1 ,

1<

2 .

0 .
? ,
? ,
3,
2 .

.3768£-ei

!4696£-02
,2P00E-0t
.3961E-Z1
.4379E-C2
.959a£-S?

!«192E-ai

,393«E-a2
,2329E-ei
.1376E-31

,P05ft£"01
.3S20E-S1
,7277£"02
,326^-02
,i«53£-Cl
.5144E-O1
,2394E-3i
.9654E-21

B63?^4>02
,0361£-C2
.3327E-01
,6038£-01
,05iE£-ei

•00QE-B1

4191E-02
,3S03E-B2
,5436E^02
22e<E-02
25efi£-Sl

3

1

«

2

6

3
6

1
I
1
5
6

6
1,

9,

j _ .

31
2 (
3.
! •

P.
1 .
1 .
1 ,

y f

I1*

.6820E-«
#.9i6ir-25

.S93S£t*5&
, 2405£«65
, 5594C-B5
,0352£.E!S

i3319£.C5
,3T«t£-0&

.2660E-04

.l234E-i53
,6364E-e4
.3B2aE-0?
.1899E-S5
,3332t"£5
i27*4E~0*
.2&22C-23

.7013C-05
,3723£i0<
il'l't*?*
,3727E-04
,&099Ewfi*
,7320E»04
« 4 9 U ; B 4

3B34£.B9
9117E;e4
9027E.B3
39S4£^e4
0372E*?4
9977E*04

2

3
3
2
3
3
3

|
4'

3
3

3'

3

4;
3',
3.

3 '
2
3;

3'
3
3;
5>

* i
4 ,
3;
2.

.?ifB?£-02

|4630E-02
,«»74E.02

'. j2lCE*82
,36?*E-02
.9949E-S2

'e?0E>E'?2
"3«ft9E*02

.1178E-02

s000E*Q2
!gtt0?E-£2
,7B00E"i?£
,'0«00E-02
,4Se0£-02
,330aE-£2

; B « D 0 E - 0 2

I52BBE-02

'i383E."02
-1S5E-EZ

,9Ci.'2£>-02
;a33«E-02

0485E-02
3342E-02
2670E-B2
e5ceE-o?
'3000E-O2

?,]a7i30E-?l

t ! l 620E- ' ' l
9idl40£*4?3
?i?a00E-Pl
1»f 57E"£1
9 | i 37E-^2
3.9B70E-P3

<(S736E-C1
a,s«aeE-?3

fl!l0iS0E-?2

2|3720F«?l
6»25*50E-?2
fl ,68B0E»?1
A (2520E">"'3
2»7900E*?2
fliS30BE*?£

9 (3520E-?2
*iT0d0E-'J l
?(P900E-P2
4.330EE-72
1.S617E-.-2
1 iZ0fl9E-Pl
i l2900E-i1l
9a$a00E-?2

2(26a9E-0l

4|35i5t-?2
3»169SE-?2

5t0303£«^3
Sifl220E-.'l
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4B
41
42
43
44
49
<6
47
4t
49
90
91
92
93
94
95
96
97
99
99
00
61
• 2
(3
64
85
(0
87
«8
«9
70
71
TS
73
74
79
76
77
78
79
80
81
12
«3
«4
It
Si
87
It
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3V9e0eE-02
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3''920e£-02
3'5000£*02
3*520PE-E2

3.'92eBE<02
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3,50(J£E*02
3V5P00E*B2
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3.5300C-P?
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3.5^0B£-K?
3.5003E-02
3.S2O2E*02
3»"5?0BE*B2
5.5003E-7?
3.5000E-K2
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3.9200E-02
3.9R00E-02
3V9Z08E-BZ
3V5fc00F-(i2
3.50eBE-e2
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1.2730F*?!
j ,273PE"2l
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2,96*0E»f1
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FISSION
NEUTRON CROSS SECTION

I

O
>£>

I

•EiCTJON 0 VHUE 1,9290E*0H EV

t
1 TO 97

U " 8ET«E» ENERGIES
OESCd»tlON
UN Y L!Ne»H tN IN X

R4NQE
9T To 4T«

DESCRIPTION
1 LtNOR IN X

RkNEE DESCRl'TION
4T» TO SIB t (.INEiR It, t»l it

NEUTRON CDOSS 9 E C T I 0 1 S
! N t E » , EN£»OY CROSS S f c T l O N ENEBOY CROSS SECTION

EV BARNS EV B«RNS
1 l,«BB8E-85 3,;3lBE.e< 1,000HE'B3 3,«34E«03 !
* E.02 6.66B7E.02 2,9300£.02r "

16
21
26
31
34

96
ai
16
71
76
61

6

l
111
116
til
126

!1

191
196
1«1
166
l'l
176

e

2 1
itt
211
216
!!1

231
236

,0000E«02 3.i7B4E>02

.srjatiej 2,6I99E>02
,400BE>01 2,B4S6E>02
,0334E*01 i,7?0lE«02
0334E.B1 1,9182E«B2

,G334E»ei J,l5l«E»B2
»2E«1U 6,94Jl£«0i

,B«9jE-Bl 9,6269E*01
,B492£*01 6,9238E*Bl

.3t7BE*0e-l,429BE*01
,727BE.BB-3,37B«E»BB

2,3640E«'0l>*7,t|!0BC.Bl
2,745PE«0»-4,?9J0C«»0
2,9496E«0H-',1II!'0E-B1
3.2730E«00-l,43(!0E««0
3,9820E<0P 2,9DBCE«B0
3,90»nE»0fl-),3600E«00
4 5 4 5 B E » O 2 4 8 B B B

. 0 3 s r e ,i?e«E»i
,«lieE*I«-2,ll6SBE>II
3 B S ? E B 3 7 8 B

,B430E«01 2,1400E**0
,0992E*0i 0,PP00E»00
,1994E'91 E,1>BBBE.6B
,2149E»1 1.1390E.01
.4397E.B1 5.71BBE.BB
.4737E.»1-3,?7BOE.BB
,9973E<01 t.PPBBE.OB
,9B1BE>01-2,9O0I>E>00
,6364E401"*,490BE>00
,6727(401 B.HBBBE.BB
.7091E.H 2,B600E.ee
,7949C4Bl-7,100BC-n
.8B91E.BJ i.PBBBE.TB

1.6636E401 2.B600E.00

7.91
1,B(
l.gefPE-ei l.97Z£E*02
2.2334E-B1 1.77»?E'B2
3,2334[.01 1,74P?E.B2
4.2B12E-01 l.B4B6E»«2
6,?492c.01 6.9.TPir*01
!.24921-61 ' . 5 j E l

6.Sll6E*01
> : 9 9 0 E e i

4,B99BE'B0 '
!.B9irE>eE-:
9,9i9eE.g0:
4.BBB?E.CP :
6.291BE*BB I
6,636«E»»I!;,
7,291?E«<n.:
S.453at'B? I
9.179BE.BB
».909BE«ill' :
I.BOBSC.BI:
l»0629t»01.'
1.1264 t.Bl
'.1862E.B1 I
l,220BC>Bl :
1.4412E.3J '
l , 4901ce i - !
1.9499E*B1 I
1.9«e9E.Bl-:
1.6436E»Bi;i
l,6fl!«[>ei :
1.71B1EO1 !

l.B727E«01
1,9436£«01 2,86P0E*00

ENERGY
EV

CROSS SECTION

4334EO01
4334[,Bl

i6492E«01

,B«BBE«BB

,lB9Bt*01
,2330(401
,444«E.B1
,»00(4-01-
,9949(4-01-:
,6«eot«3l
,649lE*01<
,6909E>01
.7273£.fll

9l79f*02
,3822E««2
9B»2J'B2
B389t«02

,99«3E'0i
• 10>6Cei

,9BB0C>80
,9gB0c*«0
,?000C»00

930eE*00

, 7 9 0 0 E » B 0
, 7 B 0 0 E > 0 0

,430BE>00

ENERGY CROSS SECTln
EV 9ARNS

,.000BE>B2 9.4473E.32
' ! 4,B»33E«02

« l 2
2,8B72E>B2
2,2929E'B2

ENERSY C»OSS SECTION
EV BARNS

1.5BBBE.B2 7 , 7 9 3 9 E « B 2
4,0000E.02 4,4961C<0:

" 3,33}0E»2
2,7C72E*02

B E 1
6334E>01 1 E E

,6334E,B1 1.39B1E.32
,0492E«01 O,l960E*01
,B»«Ei01 9,9S61IC«ai
B492E-B1 9,7644E*01
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.2lSBE*B.B*2,9000E«Ql
5 4 5 C E B e » j r ; B C f

, E
7.1BDBE-B1
3 9 7 0 0 E * Q 0

1.BB00E.01
2.8334E.B1 l,9642E«02
3.S334E.01 1.24B3E.BJ
5.4492E.B! 7,490t>E«ei
7,4192E.(1 9,7691E"01
9,44«2E-0l t,073BE*tl
l,B73BE.et 1,0640E«B1
l,2360E«0e.2,9000E«Bl

2,691BE*0O-4 ,29BBE*BB

49IKE*0B 7,1000E*B0 3|949BE«00 B|e0BgE*tB
727(>e.eCI-9,1900E*P0 3,BlBBE*00«7,140BE4Be
lS2i>t««0«3.14»0E»«0 4,3»4nE . « ? . ? , ?90f (•*(
7»2[>t.ec c,eesfE«oB 4,6«BI>E.BB 7,IBBBE.BI
9E9I-t"T'!.14aEE'BB 4,9490E»«0*2,B6PCE'«B
1820C*0B»2,l4B0E400 5,273eE*0e-l,e700E*0B
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2
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OB000ECIB
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.0BllE«01>
>1449E«01
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E C l , 2 3 0 E J B
6945E-B1 4,!»3CE'BB
73B4E.C1 t,B0B0E»O0

l7S16E'Ol*l,6600t*00
>>499E*0] 3,93H0F«00
9 9 0 9 0 l - 7 ? B E

6,9B2fC'Bf

l,B339E*Sl 2,14ftC>BB
1,B937E*01-9,700BE'01
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l,4t47E>01-9,900BE*0e

l,9727E4«l-3,97BeE«B0
l.«273E»Bl-3,59SB£'CB
1.6636E401 i),0(fBE>00
l,70ee£«Bl ],97B0E*B0
1,7499E*01 e,00B0EOB
1.7H9E.B1.7.1BP«C.B1
l,Bt49E>01 3,97B(E*0B
l,9B0eE*01 B,BeB0E*PB
1.9909E.B1 1.714BE.01
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