





ORNL~-TM-3859

Contract No. W-T405-eng-26

Reactor Division

REVIEW OF THE CROSS SECTIONS OF THE ISOTOPES SLi AND 7Li
AS TABULATED ON THE ENDF/B VERSION ITI FILES

Melvin Tobias

JULY 1972

NOTICE: This document contains information of a preliminary
nature and was prepared primarily for internal use at the
Oak Ridge National Laboratory. It is subject to revision or
correction and therefore does not represent a final report.

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37830
operated by
UNION CARBIDE CORPORATION
for the
U. S. ATOMIC ENERGY COMMISSION

LOCKHEED MARTIN ENERGY RESEARCH LIB|

(A

J 4456 051478 k







iii

CONTENTS

Abstract seeoeesen caeosenans et s ereeossnessc s enrsosanos 0000
Introduction ...... Weeseerceeasans cteasesenenonanns cesseneas .
Lithium=6 «veevuvervroannns SN Ceteceesecersonsecen

Resonance Parameters scecececeoceecssssanenss seevososcosceo

Smooth Cross Sections seovesessssavesscorasosss cesecscemcan
Tithium-7 Cross Sections secvsscesccancses eesevseseseasnescnnn
Final Comments on Data Uncertalnties ciieerccrerecncssacosns o

Appendix 1. File 1, Section 451 Reproduced from ENDF/B
for Iithium-6 ........ R Ceeeaieonsasaeon

Appendix 2. File 1, Section 451 Reproduced from ENDF/B
for thhlum T ssevaocens N sesvesseassasanos

Tist of Figures ceeeeransseseaee sesesssaoseseasseseenoe coacs






REVIEW OF THE CROSS SECTICNS OF THE ISOTOPES 6Li AND 7Li

AS TABULATED ON THE ENDF/B VERSION III FILES

Melvin Tobias

Abstract

The following report reviews the cross section infor-
mation contained in the ENDF/B files concerning the isotopes
®li and “ILi. The purpose of this study is to seek out those
areas of uncertainty which may be of concern to fusion re-
actor technology. Other nuclides will be similarly examined
and the information obtained will be used in cross section
sensitivity studies for fusion reactor design.

Keywords: lithium isotopes, fusion reactor technology,
cross sections.

INTRODUCTION

The information contained in this report expands upon the infor-
mation provided in File 1, Section 451 of the ENDF/B data on ®ILi and
71i, reproduced in Appendices 1 and 2. These data are saved as elements
1115 and 1116 on the ORENDF disk under the data set name ENDF.VERSION.
THREE.DATA and on the NUCLIB disk as IMP.ENDFB3.

This report is part of a continuing effort to develop cross section
information for use in a simultaneous program of sensitivity studies of
various aspects of fusion reactor design. Other nuclides which will
undergo similar examination are niobium, graphite, fluorine, vanadium,

beryllium, molybdenum and iron.
LITHIUM 6

(Literature references for this section are those in Appendix
1.)



Resonance Parameters

No resonance data are given. A scattering radius of 0.23936 X 10 12
cm is reported, which corresponds to a potential scattering cross section
of 0.72 barns shown later in File 3, Section 2. (There exists a broad
resonance, however, at 250 keV which is given elsewhere in the files as

pointwise cross sections.)

Smooth Cross Sections

Total Cross Section

Total cross section data are provided from 10°° to 20 MeV (Fig. 2).

0.7-2 MeV. — Hibdon and Mooring” note that the 250 keV resonance
may contain fine structure because the theoretical height computed for
any possible J value disagrees with the measured peak. Measurements were
made with both good (~1-3 keV) and poor (~8-9 keV) resolution near the
peak and elsewhere the spread was ~2 keV. 1In the neighborhood of the
peak, the statistical accuracy is ~0.2 barns; in other ranges, the dis-
persion is very small.

2~15 MeV, — Foster and Glasgow4 give measurements of the total cross
section for lithium, presumably the natural mixture. The standard de-
viation claimed is about 1% to 3% from 5 to 15 MeV; from 3 to 5 MeV, it
falls from 10% to 2%. The ENDF cross section library, whether for ©Ii
or “Ii is about 10% higher than that given in Ref. L.

15-20 MeV. — In this range, the total cross section appears to be
a slowly varying function of energy, so that interpolation is justified
over fairly wide energy ranges. The measurements were made at 18.1 and
20.4 eV with an uncertainty of ~2%.

0.7-2 MeV. — Calculated by difference between total and nonelastic.
The total cross section is of high accuracy in this range, while the
nonelastic cross section is the sum of Files 52 and 91, each of which
is of about 20% uncertainty (see Figs. L4, 5, and 6).

4.10 MeV. — This is based on Hopkins' evaluation® which in turn
depends on measurements by Foster and Glasgow. The standard deviations

are about 5%. (The cross sections in the file differ slightly from
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those cited by Hopkins.) Hopkins fits the data to a straight line in

energy, and there is considerable scatter.

Total Inelastic

Sum of (n,n’) and (n,n’)x,d (Figs. T and 8).

(n,2n)a,p

The source of this data is Ref. 1. The evaluation is based on
measurements at only two energies, (Fig. 10). The curve drawn by
Pendlebury is based on an 8.3 MeV threshold and drawn to be consistent
with the data of Ashby. (Phys. Rev. 129, 1771, 1963.) The extrapolation
to 20 eV looks like a gently rising parabola.

(n,n’ )y

These data are uncertain to about 20% up to about 7 MeV; from 7 to
20 MeV a constant value of 5 nb is used (Figs. 11 and 12). (Note: As
given, File 3 indicated —3.56 eV instead of MeV for the Q value.)

(n,n’)o,d

Up to 14 MeV, the measurements have about a 20% experimental un-
certainty (Figs. 13, 14 and 15).

(ny7)

This reaction is unimportant at high energies. Pendleburyt states
that the only measured values are thermal. He recommends a 1/v extrapo-
lation be used until the cross section falls to 10 ub and constant
thereafter. The latter recommendation does not seem to have been followed
by the ENDF evaluators (Fig. 16).

(n,;p)

Up to 7 MeV, the data of Presser are used which have a +10% un-
certainty. From 7 to 15 MeV, the files are based on data for three



energies, likewise of +10% experimental precision, which was extrapo-
lated to 20 MeV (Figs. 17 and 18).

(n,a)

K. M. Diment and C. A. Uttley (AERE-PR-NP-15) recommend that the
(n,a) cross section be obtained by subtracting the scattering cross
section from the total cross section up to the threshold of the (n,d)
reaction at 1.7 MeV. Between 2 and 15 MeV, the uncertainty in the data
is about lO%, as may be seen from Fig. 11 from Pendlebury's report. The
basis for the curve between 8 and 12 MeV is not made clear. The data of
Kern and Kreger which are used from 15 MeV upwards are estimated to be
of about 6% uncertainty (Fig. 5 from Kern and Kreger), (Figs. 19, 20
and 21).

Secondary Angular Distributions

Section 2, elastic scattering. The original data on which this
gection is based have quite small error. From 10 to 20 MeV calculations
were used to infer the Legendre coefficients using 14 MeV given in
BNL-400.

Section 24 (n,2n)a-p and Section 52 (n,n’) gamma were tabulated as
isotropic in the L and C systems respectively. Experimental data are
lacking in both cases.

Section 91. Here the tabulations are smoothed from rough-looking

histograms similar to those in Fig. 38,

Secondary Energy Distributions

Section 24 (n,2n)o-p. The distribution given has no experimental
basis and is based on the assumption that on the average neutrons are
emitted at right angles to the center of mass velocity.

Section 91 (n,n’)a-d based on data between 4.4 and 14 MeV. The

original data are rough-looking histograms.



LITHIUM~T7 CROSS SECTIONS

The basic reference, AWRE Report 0-61/64, has the following to

say about the data accuracy.

Total Cross Section

Total cross section is no better than 10% uncertain over 1 keV and

possibly more than that below due to lack of data.

Flastic Cross Section

Elastic cross section no better than 10%.

The (n,n’)y and (n,n’ )a,t Reactions

For (n,n’)y, up to 4 MeV, 10% uncertain. From 4 to 14 MeV, no
measurements exist, it is guessed that the accuracy is 25%. For
(n,n’ )a,t 10 to 20% up to 15 MeV.

The (n,2n) and (n,2n)a-d cross sections may be grossly in error.

The (n,7) Reaction

Errors may be large in percent, but this cross section is quite

small anyway.

The (n,d) Reaction

This is another small cross section of 10 to 15% uncertainty.

Secondary FEnergy and Angle Distributions

Secondary energy and angle distributions for the (n,2n) reactions
are based only on "reasonable" models and there is no corroborative

experimental data.

Elastic Secondary Angular Distributions

Elastic secondary angular distributions are about 10% accurate.



FINAL COMMENTS ON DATA UNCERTAINTIES

The quality of the data for the primary tritium breeding reaction
cross sections ®Li(n,x) and 7Ii(n,n’)c,t as assessed in this report is
nuch the same as that cited by Steiner™ who gave estimates of 10% and
25% respectively. The inelastic and (n,2n) data for both elements,
both for the cross sections and the secondary energy distribution, are
not well known and are significant to nuclear heating calculations, as
well as to breeding estimates. However, any cross section sensitivity
studies must be constrained by the need to preserve the accuracy of the
total cross section. That is, the total cross section above 10 MeV is
known to within 0.1 to 0.2 barné, so that no individual deviations
should be assumed outside of this range. (Even under this constraint
there is ample leeway for the observation of the effects of assumed

cross section errors.)

*
D. Steiner, Proceedings of the Conference on Nuclear Cross
Sections in Technology, March 1971.
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APPENDIX 1

File 1, Section 451 Reproduced from ENDF/B for Lithium-6

LI-6 LASL EVAL-RUG71 M.E.BATTAT AND R.J.LABAUVE
MATERIAL= 1115 2ZA= 3006, AWE = 5.9634 FILE= 1  SECTION= 451
DIST-JANT2

* %* * * * * *
® % % 3k % %k %k ¥k 3k 3k ok k 3k k %k %k %k ok % k k % ¥ *k Xk %k X% Xk X Xk X X %
* ]
* CPOSS SZCTICN STANDARD -- LI-6 %N, RLEHA< *
* *
* %k ¥ * % % % * % %k ¥ X% * % * *x ¥ % % ¥ X %k %k %k %k % %k % % Xk %k x %
* *
* THIS STANDAPD CROSS SECTION WAS FECOMMENDED BY THE CSEWG *
x *
* NORMALIZATION AND STANDARDS SUBCCMMITTEE FOR NEUTRON ENERGIES *
* *
* FROM THERMAL TO 2.0 MEV *
* *
* * * * * * *

1I-6 MAT 1115 LASL EVAL-2UG 71 M.E.BATTAT AND R.J.LABAUVE
DATA GIVEN FOR MAT 1115 IS AN E.TENSIVE REVISION OF FARLIER DATA
%MAT 1005< WHICH WAS BASED CN AN UKAFA EVRALUATION XREF. 1<. AS
PER THE RECOMMENDATION OF THE CSEWG NOPMALIZATION AND STANDARDS
COMMITTEF, THE TOTARL, ELASTIC, AND N-RLPHA CROSS SECTIONS BELOW
2 MEV REFLECT THE DATA OF DIMENI AND UTTLEY %REF. 2<.

MF # 2 EESONANCE FARRMETERS

MT # 151. SCATTERING RADIUS ONLY.

MF # 3 SMOOTH CROSS SECTIONS

MT # 1, TOTAL, BELOW 0.7 MEV, L[AT2 OF REF. 2. BETWEEN 0.7 AND
2 MEV, CPOSS SECTIONS REFLECT HIEDON ANL MOORING DATA %REF. 3<.
FRQM 2 TO 15 MEV, PRIMARY REFERENCE IS FOSTER AND GLASGOW DATR2
¥REF. 4<. E.TRAPOLATION TO 20 MEV BASED ON DATA OF FZTERSON
%REF. &<,

MT # 2, FLASTIC. BELOW 0.7 MEV, DATA OF REF. 2. BETWEEN

0.7 AND 2 MEV, DIFFERENCF BETWEEN TOTAL AND NONELASTIC. PPIMARY
REFERENCE BFTWEEN 4 AND 10 MEV WAS HOPKINS EVALUATION RREF. 6<.
AT 14 MEV, R VAIUE OF 0.880 INSTEAD OF 0.865 BARN %REF. 1< WAS

USED.

MT # 4, TOTAL INELASTIC. SUM OF MT # 52 AND MT # 91.

MT #24, %N,2N<ALFHA-F. EVALUATION OF REF. 1 TO 15 MEV. E.TRAP-
OLATED TO 20 MEV.

MT #52, %N,N PRIME<GAMMA. DATA OF PRESSER RFEF. 7< TO 7 MEV.
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LI-6 1asi EVAL-AYG71 M.E.BATTAT AND E.J.LRABAUVE
MATESIAL= 1118 Za= 3006. ANT = 5.9634 FIIE= 1 SECTION= U451

MF

MF

CONSTANT CROSS SECTION CF 5 MTLLIBARN ASSUMED ABOVE 7 MEV,

MT # 91, %N,N PRIMECALPHA-D. REF. 1 UP TO ABOUT 3 MEV. HOP-
KINS EVALUATION %KEF. 6< CONSILCERED BETWEEN 4 AND 10 MEV. 1
SOMEWHAT HIGHER VERLUE - 433 VERSUS 403 MILLIBARN ~ THAN IN
REF. 1 WAS USEL AT 14 MEV, ©F,TFAPOLATICN TO 20 MEV USING
DIFFERENCE BETWEEN TOTAL AND OTHE® PRRTIRAL CROSS SECTIONS.

MT # 102, %N,GAMMA<. EVAIUATION OF REF. 1.

MT # 103, %N,P<. DATA OF PRESSER %EEF. 7< TO 7 M2V. REF. 1
FPOM 7 TO 15 MEV. E,.TRAPOLATEL TO 20 MEV.

MT # 107, %N,ALPHA<. DIMENT AND UTTLEY DATA RPEF. 2< TO 2 MEV.
REF, 1 BETWEEN 2 AND 15 MZTV., E.TRAPOLATION TO 20 MEV BASED ON
KERN AND KREGER DATA XREF. B8< BTTWEEN 15 AND 18 MEV.

MT # 281, 252, 253 %MUBAY, .I, GAMMA<. CALCULATED USING
ELASTIC ANGULAR DISTRIBUTIONS GIVEN IN FILE 4.

4 - SECCNDERY ANGULAR DISTRIBUTIONS

MT # 2, ELASTIC. LEGENDRE COFFFICIENTS DETEEMINED AS FOLLCWS.
FEOM 0.12 TO 2.5 MEV, LANE DATA RREF. 9< WERE FITTED. BETWEEN
4.83 AND 7.5 MEV, FIT OF HOPKINS DATR: RREF. 7< WAS USED. BASED
ON 14~MEV ELASTIC SCATTERING DATA GIVEN IN BNL-400, OPTICAL
MODEL CALCULATICNS %ABACUS COLEK WEEE USED TO INFER LEGENDRE
COEFFICIENTS BETWEEN 10 AND 20 MEV.

MT # 24, %N,2N<ALPHRA-PE. ©EVALUATION OF REF. 1. TISOTROPIC IN
IAB SYSTEM.

MT ¢ 52, %N,N PRIMECKGAMMA. TABUIATED DISTRIBUTION. TISOTFOPIC
IN CM SYSTEIM.

MT # 91, %N,N PRIME<CRALPH2Z-P. TRBULATED DISTRIBUTION %L SYSTEMK
OF RFF. 1. E.TEAFOLATED T0 20 MEV.

#5 SECONDAEY ENERGY DISTEIBUTIONS

MT # 24, %N,2N<RALEFHR-P. C[CISTRIBUTIONS GIVEN IN REF. 1 APPRO.~
IMATED BY ENCF/B LAW 9 WITH THETR FQURL 0.21 * SQRTRE<.

MT # 91, %N,N PFIME<ALPHA-D. C[CISTPIBUTIONS GIVEN IN REF. 1
AFPRC. IMATED B8Y ENDF/B 1AW 9, THETA VALUES CBTAINED BY
IINEAR INTERFOLATION BETWEEN FCILOWING FOINTS - - =

Z # 1.718 MEV, THETA # 0.05 MEV

E ¥ U1 MEV, THETA # 0.7%5 MEV
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1I-6 LAST EVAL~AUG71 M.E.BATTAT AND B.J.LABRUVZ
MATERIAL= 1115 ZA= 3005, AWE = 5.9634 FILE= 1 SECTION= 451

E #20.0 MEV, THETA # 8.40 MEV

RFFERENCES

1. PENDLEBURY, E.D., FEPCRT AWEE C-60/64.

2, DIMENT, K.M., AND UTTLEY, C.R., NUCLEAP PHYSICS DIVISION
FECGRESS REPORTS 2ERE-PE/NE 15 ANC AERE~PR/NP 16 %1969,
ALSO PRIVATE COMMUNICRTION FROM C. X. UITTLEY TO LEONA

LWA:\;..

3. HIEDON, C.T., AND MOOEZNG, F«P., CONFEREXNCE ON NEUTRON C/S
TECHNOICGY, WASH., D.C., 1, 159 %1968<.

4. FOSTEX, D.G.,JR., AND GILASGOW, D.W., HW-73116 AND HW°77311.

5. PETERSON, J.HM., ET 21, PHYS REV 120, 521 %1960<. '

6. HOFKINS, J.C., ET R1l, LOS ALAMOS SCI LAB REPORT LA-3765
%1967<. _

7. PRESSER, G., ET AL, NUCL FHYS 2131, 679 %1969<.

8. KEFN, B.D., AND KREGEF, W.¥., FHYS REV 112, 926 %1958<.

9. 1IANE, E.C., ET AL, RNN PHYS 12, 135 %1961<.
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LI-6 LASL EVAL-AUG71 M.E.BATTIAT AND 2,J.1ABAUVE
BATERIAI= 1115 Z22= 3006. IWE = 5.9¢e34 FILE= 1 SECTION= 451
FILE SECTION DESCEIPTION NO OF CARDS
1 451 DESCRIPTIVE 142
2 151 PESCNRNCE 4
3 1 TCTAL 62
3 2 ELASTIC 62
3 4 (N,N*) TOTRL 21
3 24 (N,2N) RLPHR 1
3 52 (N, N*) 1EVEL 14
3 91 (N,N*) CONT 21
3 102 (N,GEMM2) 18
3 103 (N, F) 16
3 107 (N,ALPHR) 62
3 251 MU BAE 15
3 252 Xz 15
3 253 GAMM2 15
4 2 ELASTIC 111
4 24 (N,2N) ALPHRA 10
4 52 (N,N*) IEVEL 10
4 91 (N,N*) CONT 100
5 24 (N,2N) ALPHA 7
5 91 (N,N*) CONT 7
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APPENDIX 2

File 1, Section 451 Reproduced from ENDF/B for Lithium-T7

i1T-7 IASL EVA1L-SEP69 M.E.BRTTAT AZND 2.J.LABAUVE
MATEFIAL= 1116 ZA= 30C7. AWE = 6.9557 FILE= 1 SECTION= 451
DIST=-JANT72 REV-MART1
* * * * * * *
ITHIUM=-7 CRCSS SECTIONS MALTFEPT3LI 1006 ENDF/B SEPTEMBER 1969

*xx*%% DATA MOLIFIED FCR ENDF/B-II FOFMLT, MARCH 1971. *%
DATA SUBMITTED BY M. E. BATTAT ANLC F. J. LABRUVE, LASL.

UNLESS OTEEEWISE NCTED, THE 1I~7 CATA - DATA FILE NUMBEE %DFN<
215, MAEK LABEL A -~ IN THE UKREZA NUCLERER DATA LIBRAFY ARE
TABUIATED. ENEFRGY RANGE IS 1.0FE~5 EV TO 15 MEV.

EASIC REFERENCE FOR THIS NUCLIDE IS AWRE PEPORT 0-61/64 RJULY
1964<, WHICH GIVES DATA FOR DFN-176. AS PER AWEE REPORT 0-55/65
XA PRIL 1965<, DFN 215 HAS SAMF LATR AS LFN-176 BUT WITH SLIGHTLY
LOWER ELASTIC CROSS SECTIONS BETWEEN 0.01 AND 0.2 MEV. DATA
BELCH 0.001 EV WEPE ADLED AT AEE, WINFFITH, IN JZNUARY 1967 AND
NUCLIDE ILCENTIFTED AS 2152 %SEE AEEW-M 802, FEBRURRY 1968<. IN
AUGUST 1967, TEMPERATUEE WAS TEVISED TC ZERO DEGREES KELVIN AND
NUCLIDE IDENTIFIED AS 215D. AT “THIS DATE, LISTING OF 215D WAS
NOT AVAIIABIE AT IASL. IT HAS BEEN ASSUMED THAT THIS CHANGE IS
A FLAG FOR THE UKAEA PEOCESSING CCDES AND NO CROSS SECTION
CHANGES WERE MLDE IN 215D.

CATA FOE THIS MATERIAL RRE SUMMAKRIZED BELOW - -
**MF # 1%* GENFRAL INFCRMATION AND COMMENT CARDS
**ME # 2*%* SCATTERING RADIUS ONLY.

**MF #§ 3%* SMOOTH CROSS SECTIONS
MT# 1 TOT:L
MT# 2 ELASTIC
MT4#4 4 %N,N PRIMEKGAMME & #N,N PRIMEKALPHR-T
MT# 16 &N, 2N<
MT# 24 %N,2N<AIEFHR-T
MT# 51 %N,N PEIMEKGAMMR
MT# 91 %N,N PEIME<RLPHA-T
MT#102 %N,GAMMAL
MT#104 %N,D<
MT#251 MU~-BAE~--RVEEAGE COSINE OF SCATTERING ANGIE
MT#252 L I-~AVEFAGE LOGARITHMIC EXIRGY DECREMENT
MT#253 GAMMA

*%MF # Wx* SECONDARY ANGULAF DISTRIBUTIONS
MT# 2 1EGENDXRE/%C<K SYSTEM/TEANSFORMATICN MATRI,

GIVEN, DATZ FRCM H. ALTER OF A-I. %PRIVATE
COMMUNICRTICONL.



LI-7
MATERIAL= 1116

*RMF § Sk

LLSL
Zh=
MT#% 16
MT# 24
MT# 51

MT# 91

1k

* EVAL=-SEP69 M.E.BATTAT AND R.J.L1ABAUVE

3007. AWE = 6.9557 FILE= 1 SECTION= 451

TABULAR/RL< SYSTEM. 8,300 TO 15 MEV,
TABULAE/%1< SYSTEM. 10.00 T0 15 MEV.
TABULAP/%CS SYSTEM. 0.550 TO 15 MEV.

TABULAR/AL< SYSTEM. 2.821 TO 15 MEV.

SECONDARY ENERGY DISTRIBUTIONS

MT# 16

MT# 24

MT# 91

%N, 2N<. ENEERGY FANGE IS 8.3 TG 15 MEV,
DIST®IBUTION AFFRO.IMATED BY ENDF/B LAW 9,
WITH THETA %MEV< EQUAL

D.21 * SQETREL
THIS CCPFESFONLS TO AN AVERAGE THETA OF 0.7
MEV IN THE 8.3 T0 .15 MEV ENFRGY *NTERVAL.

%N, 2N<AIPHA-L. ENERGY PANGE IS 10 TO 15
MEV. DISTPIBUTION RAPFRO.IMATED BY ENDF/B LAW
9, WITH THET2 %MIV< FQUAL

0.1133 * SQORTREL.
THIS COFEESPONDS TO AN EVERAGE THETA OF 0.4
MEV IN THE 10 IC 15 MEV ENEFGY INTERVAL,

%N, N FPIMECALFHA-T. [ISTRIBUTIONS APPRO.-
IMATED USING 1AW 9. THETA VALUES OBTAINYD
BY LINEAE INTEFPOLATION BETWIEN FTOLLOWING

FOINTS - - -

E # 2,821 MEV, THETA #0.10 MEV
E # 5.8 MEV, THETA #0,70 MEV
E ¢ 8.0 MEV, THETA #2.80 MEV
E #15.0 MEV, THETZ #5.35 MEV



117

MATEFIAL= 1116

FI

VVONEFEERFFFWLWWWWWWWWWWwN ot

LrsSL

o]

Zx=  3007.

SECTION
451
151

1

2

4
16
24
51
91
102
104
251
252
253

24
51
g1
16

91

15

€.9557

DESCRIPTICN
DESCRIPTIVE
RESCNANCE
TCTAL
ELASTIC
(N,N*) TOTRL
(N, 2N)
(N,2N)ALPHR
(N,N*) IEVEL
(N,N*) CONT
(N,GAMMR)
(N,D)

MU BAE

XI

GAMMR
ELASTIC

(N, 2N)
(N,2N) ALPHA
(N,N*) LIEVEL
(N,N*) CONT
(N, 2N)
(N.2N)ALPHX
(N,N*) CONT

FILE== " 1

NO OF CA®DS
109
4
39
39
23

EVZL-SEP€9 M.E.BATIAT AND P.J.LABAUVE
LWE =

SECTION= 451
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®Li(n,2n) alpha

®Li(n,2n)a,p

®1i(n,n*)2d excited state (level energy

3.56 Mev)

SLi (n,n’ )°Li (3.56)
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71i(n,2n)®Li and "1i(n,2n)c,d below 15 MeV
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Fig. 1. Energy levels of °Ii.
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Fig. 11. ©Li(n,n*) 2-nd excited state (level energy .56 MeV).
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Fig. 31. “Li(n,2n) alpha.




CROSS SECTIONS-BARNS

0.4

0.0

LITHIUM-?

50

ORNL DWG T72-7660

(N.Nw) 1-ST EXCITED DNR MAT NO. 1116. MOD O
LEVEL ENERGY = 4,78000E 05

SMOOTH NEUTRON CROSS SECTIONS

T T T ! T T Y J

A A 4 L A l L A

0.0

4.000E 06 8.000E 06 1.200€ 07 " 1.600E 07 2.000€ 07

ENERGY-EV 3-51-1

Fig. 32. 7Li(n,n*) l-st excited state.
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Fig. 24, 7Li(n,n*) continuum.
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Fig. 37. “Li(n,d).
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