
UNCLASSIFIED U K N D C ( 7 2 ) P . 3 6 
EANDC(UK) 139AL 
INDC(UK)-14G 

This document conta ins information of a preliminary '' 
or private nature and should, be u s e d wi th-d i sc fe t ion . 
Its contents may not be, quoted, abstracted , or trans-
mitted to l ibraries without, the e x p l i c i t permiss ion , 
of the originator. • ' , • • . , . . ' ' 

U.K. N U C L E A R DATA PROGRESS R E P O R T 

MID 1970 - MID'1971-

Editor"', M.- G. Sowerby' 

' . N u c l e a r , P h y s i c s D i v i s i o n , 
' , . . .UKAEA Research'Group, , . 

AER'E,' ( ' • ' , • • ' 
,t :?*.'.. f'"V- Harwell:'. ">'' '•:'.', • ", 

- June, . 1972 ' ','.. 

. • •,.'...; HL 7 2 / 2 3 5 2 v y :;.V': 
i- '! ' 

V .', 



P R E F A C E 

This document i s prepared at the request of the U.K. Nuclear Data Committee. It brings together 

progress reports on nuclear reactor data from A E R E , AWRE and N P L . A CINDA type index is inc luded 

at the front of the document. 
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E L E -
MENT 

QUANTITY T Y P E 
ENERGY DOCUMENTATION 

LAB COMMENTS 

S A 

QUANTITY T Y P E 

MIN. MAX. R E F VOL PAGE DATE 

LAB COMMENTS 

LI 6 N, ALPHA EXPT- -PROG 1.5 3 5 .0 5 UKNDC P36 14 6 / 7 2 HAR COATES+ LINAC TOF R E L BLACK D E T GRPH 
LI 6 N, ALPHA EXTH--PROG 2.5-2 5.0 5 UKNDC P36 16 6 / 7 2 HAR UTTLEY ANG DIST CALC CFD E X P T GRPH 
LI 6 DIFF ELASTIC EXTH--PROG 2.5-2 5 .0 5 UKNDC P36 16 6 / 7 2 HAR UTTLEY ANC DIST CALC CFD E X P T GRPH 
LI 6 N, ALPHA REVW--PROG 2.5-2 1.7 6 UKNDC P36 16 6 / 7 2 HAR UTTLEY+ SEE 71 KNOX 551 
LI 6 ELASTIC REVW--PROG 2.5-2 1.7 6 UKNDC P36 16 6 / 7 2 HAR UTTLEY+ SEE 71 KNOX 551 
B 10 N, ALPHA EXPT- -PROG 1.0 3 2 .2 5 UKNDC P36 14 6 / 7 2 HAR COATES+ LINAC TOF REL BLACK D E T GRPH 
C TOTAL X S E C T E X P T - -PROG 4 . 0 0 1.0 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF NDG 
C EVALUATION EVAL--PROG 1 .0 0 1.5 7 UKNDC P36 37 6 / 7 2 ALD DOUGLAS+ EVALUATION FOR UKNDL 
NA 23 D I F F ELASTIC E X P T - -PROG 5.0 6 UKNDC P36 36 6 / 7 2 ALD COLES* SEE AWRE REPORT O 3 / 7 1 
NA 23 DIFF INELAST E X P T - -PROG 5.0 6 UKNDC P36 36 6 / 7 2 ALD COLES+ SEE AWRE REPORT O 3 / 7 1 
AL 27 N, PROTON E X P T - -PROG 5.6 6 UKNDC P36 40 6 / 7 2 N P L ROBERTSON* SEE J N U C L EN 26 1 1972 
SI N, PROTON E X P T - -PROG 5.6 6 UKNDC P36 40 6 / 7 2 N P L ROBERTSON+ SEE J NUCL EN 26 1 1972 
SI N, ALPHA E X P T - -PROG 5.6 6 UKNDC P36 40 6 / 7 2 N P L ROBERTSON+ SEE J NUCL EN 26 1 1972 
F E N, GAMMA EVAL- -PROG 1.0 3 1 .0 6 UKNDC P36 12 6 / 7 2 HAR MOXON EVALUATION FOR UKNDL 
F E TOTAL XSECT E X P T - -PROG 4 .0 0 1.0 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF NDG 
F E TOTAL XSECT E X P T - -PROG 1.0 6 UKNDC P36 2 6 / 7 2 HAR BLAIR+ CYCLOTRON TOF HIGH RESOL TBD 
NI TOTAL XSECT E X P T - -PROG 4 .0 0 1.0 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF GRPH 
NI TOTAL XSECT E X P T - -PROG 1.0 6 UKNDC P36 2 6 / 7 2 HAR BLAIR+ CYCLOTRON TOF HIGH RESOL TBD 
NI N, GAMMA E V A L - -PROG 2.5-2 2 .0 5 UKNDC P36 12 6 / 7 2 HAR MOXON EVALUATION FOR UKNDL GRPH T B P 
NI RESON PARAMS E V A L - -PROG 2 .0 5 UKNDC P36 12 6 / 7 2 HAR MOXON EVALUATION FOR UKNDL 
NI TOTAL XSECT E V A L - -PROG 2.5-2 2 .0 5 UKNDC P36 12 6 / 7 2 HAR MOXON EVALUATION FOR UKNDL 
NI N, GAMMA E X P T - -PROG 1.0 5 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF M-R NDG 
NI 58 TOTAL XSECT E X P T - -PROG 4 .0 0 1.0 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF NDG 
NI 58 N, GAMMA E X P T - -PROG 1.0 5 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF M-R NDG 
NI 58 RESON PARAMS E X P T - -PROG 1 . 5 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC T O F WGC1.7EV 
NI 62 RESON PARAMS E X P T - -PROG 4 .6 3 UKNDC P36 4 6 / 7 2 HAR AXMANN+ WG=2.5EV WN=2.075EV 
Nb 93 N2N XSECTION E X P T - -PROG 1.4 7 UKNDC P36 36 6 / 7 2 ALD MATHER+ ANALYSIS OF DATA TBC 
Mo N2N XSECTION E X P T - -PROG 1.4 7 UKNDC P36 36 6 / 7 2 ALD MATHER+ ANALYSIS OF DATA TBC • 
Mo DIFF ELASTIC E X P T - -PROG 1.0 6 5.0 6 UKNDC P36 36 6 / 7 2 ALD COLES+ SEE AWRE REPORT O 8 9 / 7 0 
Mo D I F F INELAST E X P T - -PROG 1.0 6 5 .0 6 UKNDC P36 36 6 / 7 2 ALD COLES* SEE AWRE REPORT O 8 9 / 7 0 
RH 103 N2N XSECTION E X P T - -PROG 1.4 7 UKNDC P36 36 6 / 7 2 A L D MATHER+ ANALYSIS OF DATA TBC 
CS 133 RESON PARAMS E X P T - -PROG 5.9 0 3.6 2 UKNDC P36 23 6 / 7 2 HAR THOMAS* J ASSIGNED FROM CAPT GS T B L 
CS 133 SPECT NGAMMA E X P T - -PROG 3.6 2 UKNDC P36 23 6 / 7 2 HAR THOMAS+ LINAC TOF LOW EN GS TO GET J 
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E L E -
MENT 

QUANTITY T Y P E 
ENERGY DOCUMENTATION 

L A B COMMENTS 

S A 

QUANTITY T Y P E 

MIN. MAX. R E F VOL PAGE D A T E 

L A B COMMENTS 

PM 147 N, GAMMA E X P T - -PROG PILE UKNDC P36 35 6 / 7 2 HAR C A B E L L SEE JIN 32 3433 (1970) 
PM 147 RES INT ABS E X P T - -PROG PILE UKNDC P36 35 6 / 7 2 HAR C A B E L L SEE JIN 32 3433 (1970) 
ER 166 TOTAL XSECT E X P T - -PROG 4 . 0 0 1 .0 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF NDG 
ER 167 N, GAMMA E X P T - -PROG 1.0 5 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF M-R GRPH 
ER 167 TOTAL XSECT E X P T - -PROG 4 .0 0 1 .0 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF GRPH 
ER 167 S P E C T NGAMMA E X P T - -PROG 1 . 4 2 UKNDC P36 23 6 / 7 2 HAR THOMAS+ LINAC TOF LOW EN GS TO GET J 
ER 167 RESON PARAMS E X P T - -PROG 2.0 1 1 . 4 2 UKNDC P36 23 6 / 7 2 HAR THOMAS+ J ASSIGNED FROM C A P T GS T B L 
ER 170 TOTAL X S E C T E X P T - -PROG 4 .0 0 1 .0 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF NDG 
TM 169 N2N XSECTION *ZXPT--PROG 1.4 7 UKNDC P36 36 6 / 7 2 ALD MATHER+ ANALYSIS OF DATA TBC 
TM 169 TOTAL XSECT E X P T - -PROG 4 .0 0 1 .0 4 UKNDC P36 4 6 / 7 2 HAR AXMANN+ LINAC TOF NDG 
TM 169 SPECT NGAMMA E X P T - -PROG 1.5 2 UKNDC P36 23 6 / 7 2 HAR THOMAS+ LINAC TOF LOW EN GS TO GET J 
TM 169 RESON PARAMS E X P T - -PROG 1.4 1 1 .5 2 UKNDC P36 23 6 / 7 2 HAR THOMAS+ J ASSIGNED FROM C A P T GS T B L 
TM 169 RESON PARAMS E X P T - -PROG 3.9 0 1 .5 2 UKNDC P36 23 6 / 7 2 HAR THOMAS+ NO CORR WN AND PARTIAL WG 
TA 181 S P E C T NGAMMA E X P T - -PROG 1.0 2 UKNDC P36 23 6 / 7 2 HAR THOMAS+- LINAC TOF LOW EN GS TO GET J 
TA 181 RESON PARAMS E X P T - -PROG 4.3 0 9 .9 1 UKNDC P36 23 6 / 7 2 HAR THOMAS+'J ASSIGNED FROM C A P T GS T B L 
AU 197 N2N XSECTION E X P T - -PROG 1.4 7 UKNDC P36 36 6 / 7 2 A L D MATHER+ ANALYSIS OF DATA TBC 
AU 197 N, GAMMA EXPT- -PROG 2.3 4 UKNDC P36 40 6 / 7 2 N P L RYVES+ SEE J NUCL EN 25 577 (1971) 
TH 230 FISSION E X T H - -PROG 6.8 5 1 . 4 6 UKNDC P36 29 6 / 7 2 HAR JAMES+ SEE A E R E - R 6901 
TH 230 FRAG SPECTRA E X T H - -PROG 7.0 5 9 . 5 5 UKNDC P36 29 6 / 7 2 HAR JAMES+ SEE A E R E - R 6901 
U 232 ABSORPTION E X P T - -PROG PILE UKNDC P36 34 6 / 7 2 HAR CABELL+ THR SIG 148.3+ - 4 . 4 B 
U 232 N,GAMMA E X P T - -PROG PILE UKNDC P36 34 6 / 7 2 HAR CABELL+ THR SIG 73.1+ - 1 . 5 B 
U 233 FRAG SPECTRA E X P T - -PROG 2 . 0 3 UKNDC P36 28 6 / 7 2 HAR PATTENDEN+ FRAG ANG DIST ALIGNED NUC 
U 233 N, GAMMA E X P T - -PROG PILE UKNDC P36 34 6 / 7 2 HAR CABELL+ THR SIG 48.35+ - 1 . 6 2 B 
U 234 N, GAMMA E X P T - -PROG PILE UKNDC P36 34 6 / 7 2 HAR CABELL+ SEE A E R E - R 6529 
U 235 FISSION E V A L - -PROG 1.0 2 2 . 0 7 UKNDC P36 7 6 / 7 2 HAR SOWERBY+ LINKED EVAL PU239 U238 GRPH 

SEE ALSO UKNDC P36 PAGE 38 
U 235 FISSION E X P T - -PROG 1.0 3 1 .0 6 UKNDC P36 6 6 / 7 2 HAR GAYTHER+ LINAC TOF NU*SIGF GRPH TBC 
U 235 N2N XSECTION E X P T - -PROG 1.4 7 UKNDC P36 36 6 / 7 2 ALD MATHER+ ANALYSIS OF DATA TBC 
U 235 NU E V A L - -PROG 2.5-2 1.5 7 UKNDC P36 38 6 / 7 2 ALD MATHER+ SEE AWRE O 5 5 / 7 1 
U 235 FRAG SPECTRA E X P T - -PROG 2.0-1 2 . 0 3 UKNDC P36 28 6 / 7 2 HAR PATTENDEN+ FRAG ANG DIST ALIGNED NUC 
U 236 N,GAMMA E X P T - -PROG PILE UKNDC P36 34 6 / 7 2 HAR CABELL+ SEE A E R E - R 6529 
U 238 D I F F INELAST E X P T - -PROG 1.1 6 2 . 4 6 UKNDC P36 3 6 / 7 2 HAR ARMITAGE+ VDG TOF ACCURATE MEAS TBC 
U 238 D I F F INELAST E V A L - -PROG 4 . 4 4 2 .0 6 UKNDC P36 37 6 / 7 2 A L D DOUGLAS+ EVAL FOR UKNDL DFN 272 
U 238 N2N XSECTION E X P T - -PROG 1.4 7 UKNDC P36 36 6 / 7 2 ALD MATHER+ ANALYSIS OF DATA TBC 
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U 238 FISSION EVAL- -PROG 6.0 5 2 .0 7 UKNDC" P36 7 6 / 7 2 HAR SOWERBY+ LINKED EVAL PU239 U235 
SEE ALSO UKNDC P36 PAGE 38 

U 238 N, GAMMA EVAL- -PROG 1.0 2 2.0 7 UKNDC P36 7 6 / 7 2 HAR SOWERBY+ LINKED EVAL PU239 U235 
U 238 NU EVAL- -PROG 4 .5 5 1 .5 7 UKNDC P36 38 6 / 7 2 ALD MATHER+ SEE AWRE 0 4 4 / 7 1 
N P 237 FRAG SPECTRA E X P T - -PROG 2 . 0 3 UKNDC P36 28 6 / 7 2 HAR PATTENDEN+ FRAG ANG DIST ALIGNED NUC 
PU 238 FISSION E X P T - -PROG UKNDC P36 37 6 / 7 2 ALD MOAT ANALYSIS OF DATA CONTINUING 
PU 239 D I F F INELAST E V A L - -PROG 1.5 6 UKNDC P36 37 6 / 7 2 A L D DOUGLAS+ EVAL FOR UKNDL DFN 269 
PU 239 RESON PARAMS EVAL- -PROG 1.0 2 3 .0 4 UKNDC P36 10 6 / 7 2 HAR SOWERBY+ AVG VALUES TO FIT SIGF+SIGG 
PU 239 ALPHA EVAL- -PROG 1.0 2 1.5 7 UKNDC P36 10 6 / 7 2 HAR SOWERBY+ EVAL GRPH ERROR 12PV <3QKEV 
PU 239 FISSION EVAL- -PROG 1.0 2 2 .0 7 UKNDC P36 7 6 / 7 2 HAR SOWERBY+ LINKED EVAL U235 U238 
PU 239 NU E V A L - -PROG 2.5-2 1.5 7 UKNDC P36 38 6 / 7 2 ALD MATHER+ SEE AWRE O 8 6 / 7 0 
PU 241 FISSION E X P T - -PROG 5.0-3 2 .0 1 UKNDC P36 20 6 / 7 2 HAR JAMES+ SIGF SAME FOR OLD AND NEW 241 



N U C L E A R P H Y S I C S D I V I S I O N . A. E. R. E. 

(D iv i s ion Head: Dr. B. R o s e ) 

EDITORIAL N O T E 

Since the resu l t s obtained from the various m a c h i n e s are not e a s i l y c l a s s i f i e d accord ing to the 
energy of the charged b e a m s , individual research items are l a b e l l e d with a s i n g l e letter ind icat ing on 
which machine the exper iments were performed. T h e s e l a b e l s are a s f o l l o w s : 

Cockcrof t Walton Generator (G. Dearnaley) A 

3 MV pulsed Van de Graaff Generator IBIS (A. T . G. Ferguson) B 

6 MV Van de Graaff Generator (A. T. G. Ferguson) C 

13 MV Tandem Generator (J. M. Freeman) D 

45 MeV Elec tron L i n a c (E. R. Rae) E 

50 MeV Proton Linac: S .R.C. F 

Variable Energy Cyclotron: Chemistry D i v i s i o n G 

Synchrocyclotron (A. E . Taylor) H 

(vi) 



G E N E R A L R E A C T O R T E C H N O L O G I E S A N D S T U D I E S 

N U C L E A R D A T A F O R F A S T R E A C T O R S 

E. F a s t neutron spec tra from spher ica l s h e l l s of reactor mater ia l s (J. G. Williams and 
A. J . H. Goddard (Imperial C o l l e g e ) and H. L ichtb lau (Univers i ty of Birmingham) 

Work on fa s t neutron spectra in spher ica l a s s e m b l i e s is cont inuing on the 4 5 MeV L i n a c . The 
experimental arrangement has been descr ibed e a r l i e r ^ ) . The r e s u l t s of vector f lux measurements at the 
surface of natural uranium s h e l l s are shown in F i g s . 1 and 2 in which 6 refers to the ang le be tween the 
radius vector at the surface of the spheres and the d irect ion of the neutron f l ight path. The measurements 
were made with an angular reso lu t ion S, AO of ±7° , and a timing re so lu t ion of 2 ns per metr/t. T h e 
neutron spectra of the lead and uranium targets u s e d a s s o u r c e s in t h e s e experiments wexe reported 
p r e v i o u s l y ® . The data have been corrected for the smal l ( l e s s than 6%) e f f e c t of room return in the 
energy range 10 keV - 40 keV by means of S c a l c u l a t i o n s . 

Fig. 1 Neutron spectra from natural uranium Fig. 2 Neutron spectra from natural uranium 
shells with a uranium target. shells with a lead target. 

A l s o shown in F i g s . 1 and 2 are some re su l t s o f a preliminary theoret ica l study by Pendlebury and 
W e s t ^ of A.W.R.E. The 'before adjustment' spectrum was an S 8 , P s STRAINT c a l c u l a t i o n u s i n g 
32 group s e t 11 data with D F N 1041 for 2 3 5 U and D F N 1005 for 2 3 8 ^ . T h e s e data inc luded adjustments 
to fit cr i t i ca l s i z e s . The 'af ter adjustment' ca l cu la t ion i s the resu l t of adjust ing the nuc lear data to 
minimise the d i s c r e p a n c i e s b e t w e e n the present experiments and the c a l c u l a t e d spec tra from the above 
data s e t s us ing the opt imisat ion routine P E N I C U I K ^ . The a s s u m e d standard d e v i a t i o n s of the 
experimental r e s u l t s were from 15-20% at the extremes of the energy range down to l e s s than 6% over the 
range 100 keV - -1 MeV. Before adjustment , 52% of the c a l c u l a t e d spectrum v a l u e s were o u t s i d e 

- 1 -
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1 standard dev iat ion and 21% out s ide 2 standard 
d e v i a t i o n s , and this compares with 41% and 7% after 
adjustment . For an idea l fit, with no error attrib-
utable to nuclear data or calculat ior .al method, and 
if the var iables were independent and normally 
distr ibuted, the corresponding percentages would be 
32% and 4.6%. The improved f it i s obtained as a 
re su l t of da ia adjus tments of which the m o s t 
s i g n i f i c a n t appear to be an i n c r e a s e r e l a t i v e to 
D F N 1005 of the i n e l a s t i c scat ter ing to the 
continuum by 15% - 30% in the range 2 . 4 - 6 . 5 MeV, 
and a d e c r e a s e in the capture c r o s s s e c t i o n for 
2 3 8 

U of the order of 20% in the energy range 
10 - 43 k e V . T h e s e c o n c l u s i o n s are s u b j e c t to 
rev i s ion after further a n a l y s i s . 

Currently msasurements are be ing made us ing 
spheres of mild s t e e l with radii in the range 
11 .4 cm - 20 .3 cm. F i g . 3 s h o w s the spectrum of 
neutrons emerging a t 4 0 ° to the radius vector from 
an 11 .42 cm radius, 5 .08 cm thick s h e l l u s ing a 
uranium target as neutron source . 

Fig. 3 Neutron spectrum from a 5.08 cm thick 
iron shell. 

(1) Goddard A. J. H. , Will iams J . G. and Lichtblau H. A E R E - P R / N P 17, 1 (1970) . 

(2) Goddard A . J. H. , Will iams J . G. and Lichtb lau H. A E R E - P R / N P 16, 1 (1969) . 

(3) Pendlebury E. D. and West P . H. Pr ivate communicat ion. 

(4) Hemment Pame la C. E. and Pendlebury E . D. Proc. Int. Conf. on F a s t Crit ical Exper iments and 
their A n a l y s i s , Argonne, A N L - 7 3 2 0 , P. 88 (1966) . 

(5) Pendlebury E. D. Proc . Conf. on Neutron Cross S e c t i o n s and T e c h n o l o g y , Washington, , 
p. 1177 (1968) . 

H. Total c r o s s s e c t i o n measurements u s i n g the t ransmiss ion technique (I. M. Blair , P. H. Bowen , 
G. C. Cox and N. J . Pattenden) 

The main outs tanding priority 1 i tems in the Uni ted Kingdom Nuc lear Data R e q u e s t l i s t which are 
inc luded in RENDA ( 1 > are for measurements of <7 in the energy range 100 e V to 1 MeV for various 
structural mater ia ls inc luding Fe and Ni . In order to c a l c u l a t e a n y from direct capture y i e l d measure -
ments , it i s n e c e s s a r y to have t ransmis s ion measurements for t h e s e mater ia l s a l s o . The in i t ia l program 
of nuclear data measurements on the Synchrocyc lotron has been de f ined as t r a n s m i s s i o n measurements 
on structural mater ia l s , start ing with F e and Ni , to he lp meet t h e s e reques t s . . Preliminary data on F e 
h a v e been obta ined . 

(1) E A N D C 85 "U", 



B. I n e l a s t i c neutron scat ter ing from 2 3 8 U (B. H. Armitagc, J. L, R o s e and W. Spencer) 

Measurements o f i n e l a s t i c neutron s c a t t e r i n g from natural uranium have been made us ing : ime-of-
f l ight t echn iques at the fo l lowing e n e r g i e s : 1129 , 1250, 1368, 1620 , 1870, 2120 and 2371 keV. The 
First four measurements were made with neutrons produced from Li targets varying in t h i c k n e s s be tween 
20 and 3 5 keV, wh i l e the l a s t four measurements were made with a 3 H g a s c e l l maintained at a pressure 
of 0 . 5 atm. Data at 1620 keV w a s taken both with Li and 3 H targets . 

Part icular attention has been g iven to energy cal ibrat ion s i n c e i n c o n s i s t a n c i e s b e t w e e n energy 
l e v e l p o s i t i o n s obta ined by Coulomb exc i ta t ion , i n e l a s t i c neutron scat ter ing and ( n , n ' y ) h a v e been 
observed . The energy cal ibrat ion h a s been made with a compos i t e sample of Al and Li d i m e n s i o n a l l y 
s imilar to the U sample , which provides f i v e re ference points up to about 1.1 MeV e x c i t a t i o n energy in 
2 3 8 u 

when sca t t er ing measurements are made at 9 0 ° . When Li neutron producing targets are u s e d 
addit ional cal ibrat ion points may be obta ined from neutrons a s s o c i a t e d with the s e c o n d group of neutrons 
produced by the ^Li(p ,n)^Be* react ion. 

The measurements are mainly being undertaken to provide accurate neutron i n e l a s t i c s ca t t er ing 
c r o s s s e c t i o n data above 1 .6 MeV. Above th i s energy the eva luated c r o s s s e c t i o n s of S c h m i d t ( 1 ) rely 
a lmost ent ire ly on the indirect method of subtract ing the f i s s i o n and radiat ive capture data from the 
n o n - e l a s t i c scat ter ing data-

The scat ter ing measurements are not y e t comple te but cons iderab le progress has been made in data 
reduction. 

(1) Schmidt J . J. Neutron c r o s s s e c t i o n s for f a s t reactor mater ia l s . K F K 1 2 0 (1966) . 

H. A search for a long l i fe t ime i somer ic s ta te in 2 4 ^ P u and a new measurement of the h a l f - l i f e of 
ground s t a t e 2 4 1 Pu (C. Whitehead, A. C. Sherwood and B. R o s e ) 

The gamma-ray act iv i ty of a number of freshly prepared 2 / ^ P u sources has been f o l l o w e d for s i x 
months af ter a 21 day irradiation o f 2 4 0 P u in P L U T O at a f lux of 2 . 1 0 1 4 n / c m 2 / s e c . A thin-windowed 
Ge(Li) detector (made by ion implantat ion t e c h n i q u e s ) w a s u s e d to fo l low the act iv i ty of the s a m p l e s 
which had been s u b j e c t e d to d i f fer ing c lean-up p r o c e s s e s . 

In particular the build up of ac t iv i ty o f 2 ^ A m was fo l l owed u s i n g the w e l l known 5 9 . 5 keV gamma-
ray. D e v i a t i o n s from a l inear i n c r e a s e with time of this ac t iv i ty would be e x p e c t e d if the d e c a y 
component of 0 . 3 4 + 0 .11 years proposed by N i s l e and S t e p a n ' ^ e x i s t e d as w e l l a s the principal mode of 
decay o f 2 4 * P u with ~ 15 year h a l f - l i f e . 

In addi t ion , the time dependence of two other (re lat ive ly weak) y-rays w a s observed . A y-ray of 
147 keV, b e l i e v e d to be a transit ion in 2 3 7 u , and one of 209 keV, b e l i e v e d to be a transi t ion b e t w e e n 
high l e v e l s in 2 3 7 N p , (both of which are fed by the weak ^-branch o f P u 2 4 1 ) a l l owed independent 
a s s e s s m e n t s to be made of the admixture of an i s o m e r i c s t a t e in 2 4 - Pu. 

Within the uncerta int ies of the methods no d e v i a t i o n s attributable to a % year h a l f - l i f e were 
observed . The fo l l owing upper l imits were deduced: 

Energy of y-ray Isomeric s t a t e admixture 

147 keV < 6% 

208 keV < 3% 

59.5 keV < 1 . 5 % 

- 3 -



A s a s i d e product of this measurement the ha l f - l i f e o f - ^ P u i s obtainable re la t ive to that of 
-"^Am. Taking the ha l f - l i f e of 2 4 1 Am a s 4 3 4 y e a r s ® the 2 4 1 P u ha l f - l i f e i s determined to be 
14.91 ± 0 .15 y e a r s which a g r e e s we l l with that o f C a b e l l ^ (15 .16 + 0 .19 years) . 

More data are now ava i lab le for a n a l y s i s and may improve the quoted v a l u e s . 

(1) N i s l e R. G. and Stepan I. E. Nuc lear S c i e n c e and Eng ineer ing 39, 257 (1970) . 

(2) Oet l ing and Gunn Journal of Inorganic and Nuclear Chemistry , 29, 2659 (1967) . 

(3) Cabel l M. J . Journal of Inorganic and Nuclear Chemistry , 33, 903 (1971) . 

E. Neutron capture and total c r o s s s e c t i o n measurements (H. P. Axmann (Univers i ty of Vienna) , 
D. A. J . Endacott , J . E. Jo l ly and M. C. Moxon) 

(a) Capture 

The capture detector at the 32 m stat ion on the neutron boos ter target of the 45 MeV e lec tron l inac 
w a s u s e d during the pas t year to carry out measurements on natural n icke l , ^ N i and addit ional runs on 
some of the erbium i s o t o p e s . Figure 1 s h o w s the data for the 20 g sample of ^ ^ E r as a funct ion of time 
of f l ight . T h e peaks at 90 , 35 and 6 k e V are due to the aluminium can. There appears to be a 
modulation on the capture c r o s s s e c t i o n with a period b e t w e e n 200 and 300 eV which i s y e t unexpla ined . 
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Fig. 1 Capture cross section of^^Er as a function of time of flight. 
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Fig. 2 The neutron transmission of a ^Er 
sample with n = 1.377 x 1 0 a / b as a function of 

time of flight for En > 6 5 eV 
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Fig. 3 /4s for Fig. 2 with En < 65 eV. 
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The capture y i e l d s for 5 8 N i and natural 
n i cke l were u s e d in the eva luat ion work. An upper 
l imit of 1.7 eV w a s obta ined for the radiat ion width 
of the 15 keV s - w a v e resonance in ^ N i a n c j a • 
va lue o f 2 . 5 eV w a s obtained for the radiat ion width 
of the s - w a v e r e s o n a n c e at 4 .6 keV in ^ N i . T h i s 
latter v a i ue is in agreement with the v a l ue of 2 .3 eV 
obta ined from the thermal data, but d i s a g r e e s with a 
va lue o f 0 . 7 6 e V quoted by Hockenbury e t al at 
R P l d ) . T h e i n c r e a s e in r reported later in this 
s e c t i o n , may i n c r e a s e the R P I value for this 
radiation width. 

(b) Tota l 

The smal l sample f a c i l i t y at the 1 4 m s t a t i o n 
on the 'boos ter ' target h a s been rebuilt during the 
p a s t three months . A 4'/2 cm diameter, 1 cm thick Li 
g l a s s s c i n t i l l a t o r is now u s e d a s a neutron detector . 
T h i s g i v e s an open beam count rate for a 0 .8 cm 
diameter neutron beam of ~ 6 c o u n t s per machine 
c y c l e in 4096 timing c h a n n e l s of 1 / 8 f is with a 
0 . 1 5 y.s e l ec tron p u l s e , and ~ 6 0 counts per machine 
cycli? in 4096 1 /xs' timing channe l s with a 0 . 5 (is 
e l ec tron p u l s e . The high count rate n e c e s s i t a t e s 
the use of the "on- l ine" data a c q u i s i t i o n equipment 
d e v e l o p e d by D . V. Morris and reported e l s e w h e r e 
in this progress report. 

Tota l c r o s s s e c t i o n measurements have been 
carried out on s a m p l e s of natural n i c k e l , ^ N i , F e , 
C, 1 6 6 , 1 6 7 , 1 7 0 E r a n d T m T r a n s m i s s i o n m e a s u r e -
ments h a v e a l s o been carried out on the 9 mm thick 
Li g l a s s and 1.0B ox ide sample u s e d in spectrum 
and absorption c r o s s s e c t i o n measurements carried 
out by M. S. C o a t e s e t al. 

Prel iminary t ransmiss ion data on the ^ ^ E r 
sample are shown in F i g s . 2 and 3. P o s s i b l e 
modulat ions of the t ransmis s ion curve are o b s e r v e d 
at the same energ ie s as were s e e n in the capture 
data and corresponding groups are marked A, B 
and C. 

Figure 4 s h o w s the data on natural n i cke l ; the 
r e s o n a n c e a t 4 . 6 keV i s in ^ N i a n d a preliminary 
shape a n a l y s i s g i v e s E R = 4 -569 keV and 
r n = 2 . 0 7 5 keV which is larger than the prev ious ly 
reported va lue of 1 .3 keV(2). 

IOO aoo aoo <00 soo 
C H A N N E L N U M B E R 

Fig. 4 The neutron transmission of a sample of 
natural nickel with n = 5.76 x 10-2 a/b as a 

function of time of flight. 



U) Hockcnbury R. W., Bartolome Z. M., Tatarczuk J. R., Moyer W. R. and B l o c k R. C. P h y s . Rev . 
178 , 1746 (1969) . 

(2) Pawl ick i G. W., Smith E. C. and Thurlow P . E. F. ORNL 1620, 42 (1953) . 

E. Measurement of the 2 3 5(J f i s s i o n c r o s s s e c t i o n in the energy range from 1 keV to 1 MeV 
(D. B. Gayther and D. A. B o y c e ) 

R e c e n t eva lua t ions of the c r o s s s e c t i o n s of fundamental s i g n i f i c a n c e for f a s t reactor d e s i g n reveal 
s er ious d i s c r e p a n c i e s be tween the e x i s t i n g m e a s u r e m e n t s ^ ' 2 ' 3 ^ . Particularly important are the d i screp-
a n c i e s in the 2 3 5 u ( n , f ) data above the r e s o n a n c e region, s i n c e this c r o s s s e c t i o n is o f ten u s e d a s a 
standard re lat ive to which the cross s e c t i o n s of other react ions are measured. Further data on this 
react ion are required in the energy range from about 100 e V to at l e a s t 1 MeV with an accuracy 
preferably better than +3%. Idea l ly , abso lu te c r o s s s e c t i o n s should be measured, although re lat ive 
measurements could be normal ised at the lower e n e r g i e s where the e x i s t i n g data are in reasonab le 
agreement. 

The techniques u s e d in previous measurements 
broadly separate into two groups according to the 
energy of the inc ident neutron. A b o v e about 30 keV 
Van de Graaffs have general ly been employed whi le 
at lower e n e r g i e s e lec tron l i n a c s and the t ime-of-
f l ight method have predominated. No data have been 
publ ished which cover the wide energy range of 
present in teres t u s ing a s i n g l e t echnique . 

The preliminary t ime-of - f l ight measurements 
reported here were obtained on the 45 MeV l inac 
u s i n g e s s e n t i a l l y the same detec tor a s that d e s -
cribed by Patrick e t a l ^ . The upper energy of the 
measurements , however, has been i n c r e a s e d from 
30 keV to 1 MeV by e l iminat ing aluminium f l ight 
tube windows which create troublesome structure in 

Patrick and Mather. The measurements have been t h e spectrum of the inc ident neutron beam. F i s s i o n 
normalised to the evaluated cross section in the e v e n t s w e r e recorded by observ ing the prompt 

energy interval 10-100 keV. neutrons in one or more of four .NE 213 proton reco i l 
de tec tors p laced around the sample . The 
sample w a s mounted in a boron s l e e v e which served 

to reduce background from back scat tered neutrons. The y-rays from neutron capture were rejected by 
us ing pu l se shape discr iminat ion and neutrons sca t tered from the sample were re j ec t ed by se t t ing the 
b ias of the neutron detec tor above 1 MeV. With this arrangement and a thin sample for which the trans-
m i s s i o n is c l o s e to unity, the observed y i e ld per inc ident neutron i s proportional to P(E)o-f(E) where 
T7(E) i s the number of prompt neutrons per f i s s i o n and fff(E) i s the f i s s i o n c r o s s s e c t i o n . 

F i g . 1 shows the resu l t of our preliminary measurements . The sample w a s a 7 . 9 cm diameter d i s c 
of 93% 2 3 5 U with a t h i c k n e s s of 3 .8 x 10"3 2 3 ^ U atoms/barn . Correct ions for mult ip le sca t ter ing in the 
sample are known to be l e s s than about 2% and have not been applied, nor has any a l l o w a n c e for the 
energy d e p e n d e n c e of i?(E) been made in these preliminary r e s u l t s . The f i s s i o n y i e ld data were obta ined 
in 12 hr running time on a 100 m f l ight path u s i n g the neutron booster target of the l inac , but a much 
longer period w a s spent i n v e s t i g a t i n g the neutron background. The nominal r e so lu t ion of the measure-
ments was 2 n s / m although this only app l i e s to the present data above 250 keV, at lower e n e r g i e s 
timing channe l s have been grouped to improve s t a t i s t i c a l accuracy . The structure in the c r o s s s e c t i o n 
a g r e e s wel l with the recent measurements of Bowman et a l ^ ) within the l imitat ions of the present 
reso lut ion . S t a t i s t i c a l errors are shown on a f e w representa t ive points in F i g . I . The background of the 
t ime-of - f l ight measurement was determined with the "black" re sonance f i l ter technique u s i n g s a m p l e s of 
Mn, Al and SiC^. AH the background points b e t w e e n the 2 .38 keV Mn r e s o n a n c e and the 4 4 0 keV 

Fig. 1 The measured fission cross section of 
235(j compared with the evaluation of Sowerby, 
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oxygen re sonance could be w e l l f i t ted by a s imple power law in t ime-of - f l ight and this w a s u s e d to 
extrapolate the background beyond 440 keV to 1 MeV. The ratio of total background to true counts was 
0 .07 at 35 keV, 0 . 0 4 at 4 4 0 keV and 0 .03 at 1 MeV. The gap in the data in the region of 440 keV i s due 
to the unrel iabi l i ty of the measurements in the v i c i n i t y of the dip in the spectrum c a u s e d by the rather 
long f l ight path length in air. 

The spectrum of the primary neutron beam, 0 ( E ) , u s e d to determine the c r o s s s e c t i o n w a s taken 
from a measurement by C o a t e s and Hunt who u s e d a f la t r e s p o n s e d e t e c t o r ^ ) on a f l i ght path looking at 
the o p p o s i t e s ide of the booster to that v i e w e d in the f i s s i o n measurements . Both f l i ght paths were 
normal to the boos ter moderator and there is no reason to suppose that the b a s i c spectrum would be 
di f ferent in e a c h c a s e . However , in the spectrum measurement neutrons from a 1 2 . 5 cm diameter region 
o f the moderator were d e t e c t e d wh i l e in the f i s s i o n measurements the corresponding region w a s 20 cm in 
diameter. This d i f f erence could mean that the a s s u m e d spectrum conta ined a s y s t e m a t i c error and for 
this reason the data shown in F i g . 1 must be c o n s i d e r e d provis ional unti l the spectrum h a s been measured 
on the actual f l ight path u s e d in the f i s s i o n m e a s u r e m e n t s . 

The measurements h a v e been normal ised to the new e v a l u a t i o n of Sowerby, Patr ick and M a t h e r ^ 
in the decade 10 -100 k e V where the agreement in shape i s very good. Future measurements wil l ex tend 
to be low 100 eV and wi l l be normal i sed at low e n e r g i e s . It can be s e e n that although there is moderate 
agreement with the eva luat ion be low 10 keV, above about 250 keV the measurements fa l l be low the 
eva luat ion reaching a maximum di f f erence of about 15% at 800 keV. Any error in the a s s u m e d spectrum 
i s most l ike ly to be due to the d i f f e r e n c e in moderator areas " s e e n " on the two f l ight paths and s i n c e 
more moderator w a s v i e w e d in the f i s s i o n measurements i t i s p o s s i b l e that the true spectrum conta ined 
more low energy neutrons than h a s been a s s u m e d . Such a trend could account , at l e a s t in part, for the 
d i s c r e p a n c y . It i s worth noting f ina l ly that the measurements are remarkably s imilar to the data of 
P o e n i t z ^ ) who a l s o obta ined low c r o s s s e c t i o n s at e n e r g i e s above a f ew hundred keV. 

(1) P o e n i t z W. P . Proc . of Second Int. Conf. on N u c l e a r Data for Reac tors , (IAEA, H e l s i n k i , 1970) 
Vol. II, p. 3. 

(2) D a v e y W. G. Proc . of Second Int. Conf. on Nuc lear Data for R e a c t o r s , (IAEA, H e l s i n k i , 1970) 
Vol . II, p. 119 . 

(3) Sowerby M. G., Patrick B. H. and Mather D. S. • Nuclear P h y s i c s D i v i s i o n Progres s Report 
A E R E - P R / N P 18, p. 7 (1971) . 

(4) Patrick B . H. , Schomberg M. G., Sowerby M. G. and J o l l y J . E . Proc. of Conf. on N u c l e a r Data 
for Reac tors (IAEA, Par i s , 1966) Vol . II, p. 117. 

(5) Bowman C. D . , S te l t s M. L . and Bag lan R. J . Proc . of Second Int. Conf. on N u c l e a r Data for 
R e a c t o r s , (IAEA, H e l s i n k i , 1970) Vol . II, p. 65 . 

(6) C o a t e s M..S. and Hunt G. J . Nuclear P h y s i c s D i v i s i o n P r o g r e s s Report A E R E - P R / N P 17, p. 4 
(1970) . 

(7) Poen i tz W. P . Proc . of Second Conf. on Neutron C r o s s s e c t i o n s and T e c h n o l o g y (Washington, 
1968) Vol . I, p. 503 . 

N E U T R O N C R O S S S E C T I O N E V A L U A T I O N 

Simultaneous e v a l u a t i o n of the f i s s i o n c r o s s s e c t i o n s of 2 3 5 U , 2 3 9 P u and 2 3 8 U and the capture c r o s s 
s e c t i o n o f 2 3 8 u in the energy range 100 eV to 20 MeV (M. G. Sowerby, B. H. Patr ick, Mis s R. B. Brock 
and V. S. W. Sherriffs with D. S. Mather (AWRE)) 

Among the m o s t important c r o s s s e c t i o n s required for. the c a l c u l a t i o n of f a s t reactor properties are 
the f i s s i o n cross s e c t i o n s of 2 3 5 U , 2 3 9 P u and 2 3 » U and the capture c r o s s s e c t i o n of 2 3 ^ U . : R e c e n t l y 
there have been a number of new measurements of t h e s e c r o s s s e c t i o n s and it has been found that there 
i s structure in the 2 3 ^ U fission c r o s s s e c t i o n in the keV energy r a n g e ^ and the ^ B O i . a ) c r o s s s e c t i o n , 
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which i s the standard c r o s s s e c t i o n for many measurements b e l o w 100 keV, has been shown to depart 
from a 1 v energy d e p e n d e n c e ^ . In the l ight of these fac tors i t i s c lear that new e v a l u a t i o n s are 
n e c e s s a r y . 
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11 FISSION CROSS-SECTION 

A ALLEN AND FERGUSON (1957 ) 
• BAME A N D CUBITT ( 1 9 5 9 ) 
• BARRY ( 1 9 6 6 ) 
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• POENITZ ( 1 9 7 0 ) 
• SZABO ET AL (1970 ) 
• SZABO ET AL (1971) 
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Fig. 1 The 235U fission cross section from 10 to 1000 keV. The references to the experiments 
are given in reference (3) except for Szabo et al (1971) which is reference (6) of this report. 



Evaluat ions of neutron c r o s s s e c t i o n s have three main purposes ; the f irs t and primary purpose i s 
to obtain recommended c r o s s s e c t i o n s which can be incorporated in new data f i l e s for u s e in reactor 
c a l c u l a t i o n s , the s e c o n d i s to s e e if the accuracy a c h i e v e d in the exper iments s a t i s f i e s the reques t s of 
the reactor p h y s i c i s t s and the third is to recommend where further measurements are d e s i r a b l e . There 
have been many e v a l u a t i o n s of the c r o s s s e c t i o n s of ^ ^ U , ^ 3 9 p u a n c j 2 3 8 y o v e r ^ p a s t f e w y e a r s a n ( j 
t h e s e have shown that the required a c c u r a c i e s h a v e not been a c h i e v e d . They have a l s o suf fered from two 
important d e f e c t s . It i s usua l to eva luate the - • > J U f i s s i o n c r o s s s e c t i o n data f i rs t and then u s e the 
v a l u e s obta ined together witli c r o s s s e c t i o n ratio measurements to g e t v a l u e s of the other cross s e c t i o n s . 
Th i s d o e s not take full advantage of the a v a i l a b l e data b e c a u s e the measurements of the c r o s s - s e c t i o n s 
and their rat ios form a highly inter-related s e t and the b e s t eva luat ion must c o n s i d e r al l the a v a i l a b l e 
data s i m u l t a n e o u s l y . The s e c o n d major d e f e c t has been that the c r o s s s e c t i o n s have b e e n a s s u m e d to 
have a smooth energy dependence in the keV energy range. A s a re su l t of th i s , measurements with 
mono-energet ic neutron s o u r c e s have been g i v e n high we ight above a few keV but b e c a u s e of structure 
this i s a dangerous a s sumpt ion particularly for the ^ 3 5 y f i s s i o n c r o s s s e c t i o n . The present eva lua t ion 
has been d e s i g n e d to overcome t h e s e d e f e c t s . 

The energy ranges a b o v e 100 keV and be low 30 keV have been eva luated by d i f ferent methods . 
B e l o w 3 0 keV most of the data are cont inuous t ime-of - f l ight data whi l e above 100 keV the v a l u e s are 
mainly "spot points" . In the energy interval b e l o w 30 keV true average c r o s s s e c t i o n s over s p e c i f i e d 
energy intervals can be obta ined and there are f ew ratio measurements , s o the c r o s s s e c t i o n s need to be 
eva luated independent ly . Above 1 0 0 keV, where true average c r o s s s e c t i o n s cannot be obta ined there 
are measurements of c r o s s s e c t i o n s and c r o s s s e c t i o n rat ios and a s imul taneous eva luat ion h a s been 
performed a s d e s c r i b e d in a report presented to the H e l s i n k i C o n f e r e n c e ^ . In the energy range 
30 - 100 keV the method has varied depending upon the c r o s s s e c t i o n . For the fission c r o s s s e c t i o n 
the eva luat ion w a s b a s e d on the measurements of Lemley e t a l ^ ) normal i sed to the e v a l u a t e d curve 
b e t w e e n 10 and 3 0 keV. The 2 3 9 p u fission c r o s s s e c t i o n was obtained from the eva luat ion and 
measurements of the 2 3 9 p u / 2 3 5 y f j s s j o n rat io as there are no cont inuous measurements in this energy 
range. T h e ^38^ capture c r o s s s e c t i o n w a s obtained from cont inuous c r o s s s e c t i o n data renormal ised 
be tween 20 and 30 keV. 

The e v a l u a t i o n has been completed and is be ing compi led at A .W.R.E. into new data f i l e s in the 
U.K. N u c l e a r Data Library. However the documentat ion has only recent ly been started and it may be 
n e c e s s a r y to modify the recommended c r o s s s e c t i o n s during the documentat ion s t a g e . 

Many in teres t ing fea tures have emerged from this work. A s d i s c u s s e d in ref. (3) there i s a s e r i o u s 
d i s c r e p a n c y between the ^ 3 5 ^ f i s s i o n c r o s s s e c t i o n measurements and ^38jj c a p t u r e c r o s s s e c t i o n data 
in the energy range 100 to 600 keV. T h e rat io b e t w e e n the two c r o s s s e c t i o n s i s we l l measured and 
d o e s not agree with the ratio of c r o s s s e c t i o n s obta ined from the d irect measurements . In obta in ing our 
f inal e v a l u a t e d c r o s s s e c t i o n s we h a v e g i v e n high we ight to the f i s s i o n c r o s s s e c t i o n data and 
hence h a v e a s s u m e d that it i s the 238j j data or ratio measurements which are in error. 

The eva lua ted f i s s i o n cross s e c t i o n curve for -"U i s shown in F i g . 1 in the energy range 10 keV 
to 1 MeV. It can be s e e n that be low 7 0 keV the curve d e v i a t e s s i g n i f i c a n t l y from the ear l ier eva luat ion 
of H a r t ^ ) . T h i s d i f f e r e n c e ar i s e s b e c a u s e w e have p l a c e d more e m p h a s i s on the cont inuous measure-
ments . However , the recent spot point data of S z a b o et a l (6) s trongly support our c o n c l u s i o n s . 

(1) Patr ick B. H., Sowerby M. G. and Schomberg M. G. J . N u c l . Energy 24 , 269 (1970) . 

(2) Sowerby M. G., Patrick B. H . , Ut t l ey C . A. and Diment K. M. J . N u c l . Energy 24 , 323 (1970) . 

(3) Sowerby M. G. and Patrick B. H. Proc . Second Int. Conf . on Nuc lear Data for R ea c to rs 
(IAEA, Vienna , 1970) Vol . II, p. 703 . 

(4) L e m l e y J. R. , Keyworth G. A . and D i v e n B . C. N u c l . Sc i . and Eng . 43 , 281 (1971) . 

(5) Hart W. U K A E A Report AHSB(S)R-169 (1969) . 

(6) Szabo I., F i l ippi G., Huet J . L . , Leroy J . L. and Marquette J . P. Third Conf . on Neutron Cross 
s e c t i o n s and T e c h n o l o g y , K n o x v i l l e , March 1971, Paper V.6 . 



Evaluation of Pu alpha (M. G. Sowerby and Mis s R. B. Brock) 

There are now a number of measurements of the ratio of the average capture to average f i s s i o n 
cross s e c t i o n s ( < 0 n y> /<a n f> ' ) for in the energy range below 3 0 keV. T h e s e data are extremely 
important in the ca l cu la t ion of the breeding gain of f a s t reactors and hence an eva luat ion has been per-
formed over the energy range 100 eV to 15 MeV. In F i g . 1 the eva luated curve i s shown and compared 
with the ava i lab le measurements be low 30 keV. It i s e s t imated that the accuracy of the curve i s 
approximately 10-12% in this energy range. 

E n I K cV ) 

Fig. 1 Comparison of evaluated 239Pu alpha with the available measurements below 30 keV. 
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It is now wel l known that the structure in < f f
n y > / < c r n f > v i s i b l e in the 0 .1 to 1 keV energy range 

ex tends into the higher energy region. (It i s masked in the evaluat ion by taking a v e r a g e s over broader 
energy intervals above I keV). The structure is most probably due to intermediate structure in sub-
threshold f i s s i o n for the s -wave neutron r e s o n a n c e s of sp in and parity (J77) 1 + . For c a l c u l a t i o n s of 
reactor properties such as the Doppler temperature c o e f f i c i e n t it i s important that this structure i s 
represented in the e v a l u a t e d data but b e c a u s e of strong f luc tuat ions due to the f ine compound nuclear 
r e s o n a n c e s it i s d i f f i cu l t to e v o l v e ob jec t ive criteria for determining the parameters of the intermediate 
structure modulat ions present in the experimental data. T o overcome this d i f f i cu l ty w e have a s s u m e d 
that the f i s s i o n width of the s - w a v e r e s o n a n c e s with s p i n and parity 1 + can be represented by a 
Porter-Thomas distribution over energy intervals of 100 e V and we have u s e d a computer programme of 
Lynn to c a l c u l a t e the average c r o s s s e c t i o n s in the energy range 0 .1 - 30 keV a s s u m i n g the parameters 
as given in the T a b l e I . The ca l cu la t ions were made in 100 eV intervals up to 7 keV; at higher e n e r g i e s 
the intermediate structure i s of l e s s importance due to the i n c r e a s e in the p-wave contr ibut ions . 
A l l o w a n c e was made for i n e l a s t i c scat ter ing above 7 .8 keV. The v a l u e s of the s - w a v e strength funct ion 
were adjusted (a s suming a low energy potential s ca t ter ing of 10 .3 barns) s o that the c a l c u l a t e d tota l 
cross s ec t ion agreed with v a l u e s eva luated from the a v a i l a b l e data. The value of <r"f> (for 1 + ) was 
then adjusted s o that (a) the c a l c u l a t e d v a l u e s of < o n f > were c l o s e to an eva luated s e t of data (in 100 eV 
intervals be low 7 keV) b a s e d on the eva luat ion of Sowerby et a l ^ and (b) the c a l c u l a t e d v a l u e s of 
<crny>/<(Tnj> were c l o s e to the evaluat ion d i s c u s s e d above when averaged over the same energy 
intervals . It was found that good agreement w a s not p o s s i b l e for both <<7nf> and u n l e s s 

< r y > (for i n = 1 + ) was a l s o s l ight ly altered for some energy interva ls . 

T A B L E I 

Average r e s o n a n c e parameters 

s -wave 
1 

p-wave ' 

J"" 0 + 1+ 0~ 1" 2~ 

Neutron strength 
funct ion ( s ) 

Variable with 
SCJ=0+)=SCJ=1+) 

Variable with 
S(J=0+)=SCJ=1+) 

2 x 10~ 4 2 x 10"4 2 x 10"4 

Average capture 
width (T ) (meV) 

42 42 42 42 42 

Mean l e v e l 
spac ing (D) (eV) 

9.6 3 . 2 9 .6 3 .2 1 .92 

No. of f i s s i o n 
channe l s (Pj-) 

2 1 0 2 2 

Mean f i s s i o n 
widths in 
channe l s C<rf>) 
CmeV) 

1464 
218 

Variable 510 
510 

306 
306 

The v a l u e s of the average r e s o n a n c e parameters obtained are now being u s e d by J . D . McDougal l 
( A . E . E . Winfrith) to produce a s e t of unreso lved r e s o n a n c e s and c r o s s s e c t i o n s with the R E S P - G E N E X 
sys tem of computer c o d e s ^ ) . • The representat ion of the intermediate structure obta ined is probably not 
too unreasonable but it may be dangerous to try to interpret s e r i o u s l y the v a l u e s o f c r p obta ined in 
phys ica l terms. 
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(1) Sowerby M. G., Patrick B. H. and Mather D. S. Nuclear P h y s i c s D iv i s i on Progress Report 
A E R E - PR. N P 18, p.7 (1971) . 

(2) Br i s senden R. J . and Durston C. UKAEA Report AEEW-R 622 . 

Evaluat ion of total and capture c r o s s s e c t i o n s of structural mater ia ls (M. C.'Moxon) 

An evaluat ion on the capture c r o s s s e c t i o n of iron in the energy range from ~ 1 keV to ~ 1 MeV 
has b e e n c o m p l e t e d ^ ) . 

5 a 
A B U N D A N C E ' h 

H II 

a 9 | 0 5 

Fig. 1 The calculated neutron total cross section of natural nickel. 

Fig. 2 The calculated average neutron capture 
cross section of natural nickel compared with the 

Ravier evaluation of 1965. 

In the c a s e of n i cke l , an eva luat ion has been 
carried out on the total and capture c r o s s s e c t i o n in 
the neutron energy range from thermal to ~ 2 0 0 keV. 
F i g s . 1 and 2 show the c a l c u l a t e d total and capture 
c r o s s s e c t i o n s r e s p e c t i v e l y of natural n i c k e l in the 
energy region 100 e V to 100 keV. Figure 2 s h o w s 
the averaged capture cross s e c t i o n in the energy 
region 1 to 100 keV compared with the eva luat ion of 
R a v i e r ® . The es t imated uncerta int ies on the 
total c r o s s s e c t i o n are smal l in the peaks of the 
s - w a v e r e s o n a n c e s , and axe mainly due to the 
uncertainty in the potent ial c r o s s s e c t i o n which 
amounts to ~ ± 0 . 5 barn and ±2 barns at ~ 1 eV and 
100 keV r e s p e c t i v e l y . The e s t imated uncertainty in 
the capture c r o s s s e c t i o n in the r e s o l v e d r e s o n a n c e 
region is ~ ± 5 0 % near s - w a v e r e s o n a n c e s , ±10 to 
30% in the region around the narrow p-wave 
r e s o n a n c e s and ±5% in the 1 / v region. 
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T h e s e evaluated cross s e c t i o n s were c a l c u l a t e d us ing we ighted mean v a l u e s of the neutron and 
radiation widths , when severa l s e t s of data were ava i lab le . As there are very few publ i shed v a l u e s of 
the radiation widths for s - w a v e r e s o n a n c e s in n i c k e l , mean v a l u e s were u s e d for most of the r e s o n a n c e s . 
There are no reported v a l u e s of radiation widths for the p-wave r e s o n a n c e s and to obtain agreement with 
the average c r o s s s e c t i o n data in the energy region 50 to 200 keV requires e i ther strength funct ion 
v a l u e s of 0 . 0 1 x 10"^ and 0 .5 x 10"^ for p- and d-wave neutrons r e s p e c t i v e l y , or a radiation w i j t h for 
both p- and d-wave r e s o n a n c e s of b e t w e e n 1 / 3 and 1 / 2 the average va lue for s - w a v e r e s o n a n c e s . The 
latter s u g g e s t i o n appears to be more p laus ib l e as the p-wave strength funct ion c a l c u l a t e d from the 
individual r e sonance capture data b e t w e e n 2 0 and 50 keV i s ~ 0 . 1 5 x 10"^ and the d-wave strength 
function v a l u e i s ~ 3 x 10"^ from transmiss ion measurements . The reduct ion in the p-wave radiation 
width i s a l s o c o n s i s t e n t with the f a c t that the f i rs t l e v e l of the oppos i t e parity to the p-wave r e s o n a n c e s 
i s some 2-3 MeV above the ground s t a t e of the compound n u c l e u s , h e n c e g iv ing a factor of 2-3 reduct ion 
in the E l transi t ion probabil i ty compared with that of the s - w a v e r e s o n a n c e s , which can d e - e x c i t e v ia 
E l t rans i t ions to the ground s t a t e or nearby l e v e l s . 

(1) Moxon M. C. and Rae E. R. Neutron c r o s s s e c t i o n of iron, A E R E Committee paper U K N D C ( 7 0 ) P . 1 2 . 

(2) Ravier J. P N R / S E P R / C A / 6 5 . 0 1 0 (1965) . 

A contribution to international co-operat ion in nuclear data eva luat ion (J. E. Lynn and P . G. Timms) 

It i s common pract ice among workers in the neutron r e s o n a n c e f i e ld to reduce c r o s s s e c t i o n data to 
a s e t of r e sonance parameters. From the point of v i ew of provis ion of nuc lear data for reactor p h y s i c s 
and d e s i g n , there are two purposes in this pract i ce . One i s s imply to provide a c o n v e n i e n t para-
metr isat ion o f a s e t o f complex data; the other, more important, i s to a c h i e v e an understanding of the 
b a s i c nuclear p h y s i c s control l ing the cross s e c t i o n , and thus to be ab le , by theoret ica l extrapolat ion, to 
make s t a t i s t i c a l e s t i m a t e s of c r o s s s e c t i o n properties in energy reg ions i n a c c e s s i b l e to present experi -
mental t e c h n i q u e s . For f i s s i l e n u c l e i , however , there are great d i f f i c u l t i e s in extract ing the r e s o n a n c e 
p a r a m e t e r s ^ ) . It i s n o t c lear, therefore, whether d iscrepant r e s u l t s by workers in d i f ferent laboratories 
are due to d i f f e r e n c e s in the b a s i c data , to d i f ferent methods o f r e s o n a n c e a n a l y s i s , or to lack o f 
u n i q u e n e s s in the resonance parameter s e t s . 

To he lp r e s o l v e this s i tuat ion i t w a s proposed by Ribon a t the 1970 H e l s i n k i Conference on 
Nuclear Data that a theore t i ca l ly simuSated s e t of c r o s s s e c t i o n data (with r e s o n a n c e parameters known 
to the simulator but not to the exper imenters) be given to the var ious workers in this f i e ld , who should 
be a s k e d to a n a l y s e i t with their e x i s t i n g methods . The r e s u l t s can then be compared amongst each 
other and with the correct s e t o f parameters from which the "data" were s imulated. In this way it i s 
hoped' that any shortcomings in the a n a l y s i s methods can be revea led . 

It w a s agreed that Harwel l should provide the s imulated data, and to this end we have been 
writing computer programmes that w i l l generate a s e t of resonance parameters from a s p e c i f i e d 
theoret ica l s i tuat ion , and c a l c u l a t e the neutron total , f i s s i o n and capture c r o s s s e c t i o n s with the modi f i -
c a t i o n s due to Doppler and reso lu t ion broadening. T h e s e programmes h a v e been comple ted and t e s t e d , 
and i t only remains to generate the ac tua l t e s t c a s e . 

(1) Lynn J . E. P h y s . Rev . L e t t . 13 , 412 (1964) . 



G E N E R A L N U C L E A R D A T A F O R R E A C T O R S 

E. Measurement of standard c r o s s s e c t i o n s u s i n g the Harwell b lack detector 
(M. S. C o a t e s , G. J . Hunt (Imperial C o l l e g e ) and C. A. Uttley)' 

The experimental programme with the f lat r e s p o n s e detector (the Harwel l black detector) prev ious ly 
reported^) has cont inued on the 300 m f l ight path of the neutron booster . Preliminary measurements 
have been obtained, in the energy range 1 . 5 keV to severa l hundred keV, of the ^Li(n ,a) c r o s s s e c t i o n 
us ing ^Li g l a s s s c i n t i l l a t i o n counters and of the ^ B ( n , a , y ) c r o s s s e c t i o n u s i n g a IOB2O3 d i s c v i e w e d 
by Na-I s c i n t i l l a t i o n counters . The f lux measurement u s i n g the black detec tor w a s made at the 300 m 
pos i t ion whi le the react ion rate measurements were carried out at the 120 m s t a t i o n ^ . In the a n a l y s i s 
the theoret ica l ly p r e d i c t e d ^ ) neutron detector e f f i c i e n c y of the black de tec tor w a s u s e d . In the low 
energy region below ~ 1 0 keV, where the two c r o s s s e c t i o n s are already known to high accuracy . 
(1-2%), the measurements provide a check on this c a l c u l a t e d e f f i c i e n c y . At higher e n e r g i e s however the 
cross s e c t i o n s are not w e l l enough known to be u s e f u l in this r e s p e c t and experimental ver i f i ca t ion of 
the e f f i c i e n c y a w a i t s a c r o s s cal ibrat ion a g a i n s t the Harwell long counter(2) . T h e s e measurements are 
to be carried out in the immediate future. 
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Fig. 1 Preliminary measurements of the cross section. 
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Fig. 2 10B(nt*y) cross section relative to 
1 9 - 3 ° / j E (keV). 

Two determinations of the 6 L i (n ,a) c r o s s 
s e c t i o n are given as measured with g l a s s e s 1 mm 
thick and 9 . 5 mm thick, each 6 . 3 5 cm dia . (type 
GS 20) . The a s s o c i a t e d phototube mounting i s that 
reported by Sowerby e t a l ^ ) 0 f which the ch ie f 
feature i s the separat ion o f the g l a s s from the 
phototube by a d i s t a n c e of 5 .25 cm to reduce the 
e f f e c t s of neutron multiple scat ter ing from the 
photocathode. Col l imators of boron loaded wax 
(60 cm long) and lead (15 cm long) l imited the 
neutron beam diameter to 5 cm at the detector 
pos i t ion and ensured that the same neutron source 
area was v i e w e d as for the neutron f lux measurement. 
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Background was determined with f i l ters of Al , SiO? and Mn u s i n g the black resonance technique . 
Discriminator b i a s condi t ions were such that a n e g l i g i b l e fract ion of the p u l s e s produced in the ^Li (n ,a ) 
reaction were m i s s e d . The 1 mm g l a s s was the th innest a v a i l a b l e and correct ions due to mult iple 
scat ter ing in the body of the g l a s s are only 1-2% b e l o w ^ 3 0 0 keV. The 9 . 5 mm g l a s s has nominal ly the 
same t h i c k n e s s and compos i t i on as that u s e d by F o r t W in h i s measurements us ing a de Graaff 
acce lerator , and at present there is a s i g n i f i c a n t and unexp la ined d i screpancy b e t w e e n h i s cross s e c t i o n 
determination and that obtained by Utt ley and D i m e n t ^ ) from an a n a l y s i s of their total c r o s s s e c t i o n 
measurements made with ^Li metal s a m p l e s on the 300 m f l i ght path referred to above . F o r t ^ h a s 
carried out a de ta i l ed Monte Carlo ca lcu la t ion to obtain the correct ion factor to a l l ow for the s i g n i f i c a n t 
multiple scat ter ing e f f e c t s in h i s g l a s s and we have u s e d this factor in the treatment of our 9 .5 mm g l a s s 
data. F o r t O has a l s o c a l c u l a t e d the correction factor appl ied to the 1 mm g l a s s re su l t s . 

F ig . 1 s h o w s our resultu together with the data of Utt ley and Diment, and Fort. Our data are 
normal i sed to those o f Utt ley and Diment in the energy region be low 10 keV. Fort 's determination is •J 
abso lute , the neutron f lux be ing measured us ing the a s s o c i a t e d part ic le technique on the T(p,n) He 
react ion. Ut t l ey and Diment c la im to have measured the c r o s s s e c t i o n to +1% be low 10 keV, ±2% at 
100 keV and within ±5% at higher e n e r g i e s . Fort quote s an accuracy of ±4% on h i s data. It wi l l be s e e n 
that the 1 mm g l a s s data agree we l l overal l with those of Ut t l ey and Diment although the peak of the 
re sonance in the c r o s s s e c t i o n near 250 keV s h o w s a d i screpancy of ~ 5 % and there is another l oca l 
d i screpancy in the energy region around 50 keV. On the other hand the c r o s s s e c t i o n determined from 
the 9 .5 mm g l a s s measurement agrees c l o s e l y with that of Fort. (For the s a k e of c larity only some of 
our data points are shown) . This impl ies that both methods of f lux measurement agree and l e a d s to the 
preliminary c o n c l u s i o n that the source of the d i screpancy b e t w e e n Fort and Utt ley and Diment l i e s in the 
correct ion factor for the e f f e c t s of mult iple scat ter ing . T h e s e e f f e c t s are, of course , much more 
important in the thicker g l a s s than in the 1 mm g l a s s . It i s d i f f i c u l t however to s e e how an error in the 
correct ion Factor can account for the observat ions s i n c e in the region of maximum d i screpancy , on the 
low energy s i d e of the r e s o n a n c e up to the peak, the correct ion factor i s c a l c u l a t e d to be M . l w h e r e a s 
the d i screpancy i s 25%, in the worst c a s e . (On the high energy s ide of the r e s o n a n c e , where the data 
are in agreement the correct ion factor r i s e s to 1.7 due to the e f f e c t of the 440 keV oxygen r e s o n a n c e ) . 
A p o s s i b l e explanat ion i s that the actual compos i t ion of the g l a s s d i f fers s i gn i f i can t ly from that 
nominally given by the manufacturer and thus the e f f e c t i v e total c r o s s s e c t i o n as sumed by Fort i s s ign i -
ficantly in error. We intend to measure the total c r o s s s e c t i o n to i n v e s t i g a t e this p o s s i b i l i t y . In 
addition it i s hoped in the near future to have our own Monte Carlo programme to c a l c u l a t e the correct ion 
factor. 

The measurements of the 1 0 B ( n , a , y ) cross s e c t i o n were carried out in the same neutron beam 
geometry as the 6 L i measurements and the same technique for determining backgrounds w a s u s e d . T h e 

B 2 ° 3 s a m P l e w a s a d i s c 4 . 4 mm thick and 7 . 6 5 cm dia conta in ing 95% ^ B . Four Na l s c i n t i l l a t i o n 
counters ly ing out of the neutron beam de tec ted the 478 keV y-rays from the 1 0 B ( n , ay)1 Li react ion . 
Correct ions for multiple sca t ter ing have been provided by M o x o n W , a n d the derived c r o s s s e c t i o n data 
i s shown in F i g . 2. The r e s u l t s are compared with a recent e v a l u a t i o n of the ^ B ( n , a ) c r o s s s e c t i o n by 
Sowerby et combined with the eva lua ted branching ratio of the ^®B(n,a) react ion g iven by 
Gubernator and Moret^) . The branching ratio i s de f ined as the probability R for the react ion to go to 
the ground s t a t e , and thus the ^ B ( n , d y ) c r o s s s e c t i o n i s re lated to the ^®B(n,a) c r o s s s e c t i o n by 
a(n ,ay) - o (n ,a ) ( l -R) . Our data are f i t ted by eye to the curve derived from the eva luat ions in the energy 
region be low 10 keV. T h e data are d iv ided by ( c o n s t a n t ) A / E s o that a 1 / v dependence of the c r o s s 
s e c t i o n i s a horizontal s tra ight l ine in the f igure. Our r e s u l t s agree we l l with the e v a l u a t e d curve 
below MOO keV. The high points at 4 0 keV we o b s e r v e were noted by Sowerby e t al in the data s e t s 
u s e d in their eva luat ion but were n e g l e c t e d in their a n a l y s i s . Above 100 keV we do not s e e the reson-
ance near 150 keV proposed by Sowerby et al, but it should be noted that the data points which 
contribute to th is . feature all depend on the scat ter ing data of Mooring et a l ( 1 0 \ Sowerby et al quote 
the accuracy of their e v a l u a t e d c r o s s s e c t i o n at ±1% at 1 keV, ±2% at 10 keV, ±3% at 100 keV and 
±5% at 200 keV. E v e n without a l l o w a n c e for the smal l error introduced by the uncertainty in the 
eva luated branching ratio our r e s u l t s do not c o n f l i c t with this condit ion . 
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R e v i e w of cross s e c t i o n s below 1.7 MeV (C. A. Ut t l ey , M. G. Sowerby, B . H. Patrick and E . R. Rae) 

The ^Li(n .a) react ion is an important standard be low a few hundred keV and at higher e n e r g i e s i t 
i s u s e d for measurements of neutron spectra in f a s t reactors . The c r o s s s e c t i o n s of ^Li have b e e n 
cr i t i ca l l y rev i ewed below 1.7 MeV and b e s t v a l u e s of the c r o s s s e c t i o n s s e l e c t e d . Papers on this topic 
were presented to the EANDC Symposium on Neutron Standards and F l u x Normal i sat ion , Argonne, 
October 1970 and to the Knoxv i l l e Conference on Neutron Cross s e c t i o n s and Techno logy , March 1971. 
The abstract of the latter paper w a s as f o l l o w s : -

"The data on the total , (n,a), (n,n) and (n,y) c r o s s s e c t i o n s 
of 6 L i have been rev iewed b e l o w a 

neutron energy of 1.7 MeV. The data on the dif ferent ial (n,a) and (n,n) reac t ions have been c o n s i d e r e d 
but particular emphas i s h a s been p l a c e d on obtaining the variation of the (n,a) c r o s s s e c t i o n with 
neutron energy. The b e s t v a l u e s o f this c r o s s s e c t i o n are ind icated and it i s e s t imated that the v a l u e s 
are known (one standard deviat ion) to ±0.5% at thermal e n e r g i e s , ±1% from thermal to 10 keV, ±2% at 
100 keV, +5% from 150 to 3 0 0 keV, ±10% at 500 keV, and +15% from 7 0 0 to 1700 keV". 

Spin dependence of the s - w a v e neutron interact ion with ^Li (C. A. Ut t l ey ) 

The neutron scat ter ing length provides a measure of the s - w a v e neutron-nucleus interact ion at zero 
energy and, in the c a s e of 6 L i , the di f ferent ia l e l a s t i c scat ter ing and react ion cross s e c t i o n s provide 
s imilar information at e n e r g i e s below the P 5 / 2 r e s o n a n c e at ~ 2 5 0 keV. 

The scat ter ing length a j (= x j + i y j ) for each s - w a v e spin s e q u e n c e in i i s complex due to the 
react ion channel but the real part of the s l o w neutron coherent sca t ter ing length, a has been 
measured by Peterson and S m i t h ^ to be 1 .8 fm. S i nce the spin of ^Li i s 1, compound s t a t e s of spin 
J = l / 2 and 3 / 2 are formed in the s - w a v e neutron interact ion and a c o j , = ( 6 i / 2 a i / 2 + S 3 / 2 a 3 / 2 ^ ' w ^ e r e 
g l / 2 = 8 3 / 2 = ^ / 3 are the s t a t i s t i c a l factors a s s o c i a t e d with the r e s p e c t i v e s t a t e s . T h e 
measurement of P e t e r s o n therefore g i v e s the l inear re lat ionship 

2 X3/2 + X]72 = 4 . 6 2 (1) 

b e t w e e n the real scatter ing l engths (in fm) after a l lowing for the e f f e c t of chemica l binding. The low 
energy scat ter ing c r o s s s e c t i o n a Q = 4 7 7 ^ / 2 a l / 2 ^ + 8 3 / 2 a 3 / 2 ^ provides another re la t ionsh ip 
b e t w e e n the scat ter ing lengths and, us ing the va lue of 0 . 7 2 4 ± 0 . 0 1 0 barns determined p r e v i o u s l y ® , we 
obtain 

< x l / 2 2 + y i / 2 2 ) + 2 ( x 3 / 2 2 + y 3 / 2 2 ) = 1 7 - 2 8 5 - (2) 
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Fig. 1 Calculated differential (n,a) cross Fig. 2 Calculated differential elastic scattering 
section at 20, 80 and 200 keV for 25% s-wave cross section for two values of the s-wave 
absorption in channel spin 3/2 compared with scattering length in channel spin 3/2 normalised 

measured values normalised to same total cross to the same total scattering cross section as the 
section. measured data at 70, 100 and 200 keV. 

F i n a l l y i t can be shown that the imaginary components , which , unl ike the real s c a t t e r i n g l engths , are 
a l w a y s p o s i t i v e , are re la ted to the thermal absorption c r o s s s e c t i o n o f 940 barns^ 2 , 3 ^ to g i v e 

V l / 2 + 2 * 3 / 2 = 2 - 2 4 4 1 0 k t h 

where k ^ (in fm) i s the neutron w a v e number a t thermal energy . 

(3) 

- 17 -



M a r s h a l h a s shown that most of the s - w a v e absorption c r o s s s ec t ion at low e n e r g i e s eV) is 
formed in channel spin 1 / 2 by measuring the t ransmiss ion of polar ized neutrons through a polar ized ^Li 
target. A more quanti tat ive es t imate was obtained by Mahaux and R o b a y e ^ who f i t ted the d i f ferent ia l 
react ion c r o s s s e c t i o n data in the v ic in i ty of the P g / 2 r e s o n a n c e (E < 600 keV), a s suming a s - w a v e 
background cross s e c t i o n in each channel spin, and found the di f ferent ia l cross s e c t i o n to be c o n s i s t e n t 
with 757c s - w a v e absorpt ion in channel spin 1 / 2 . Thus both y \ / 2 and y 3 / 2 are known approximately and 
the real lengths ( x j y ^ x ^ ^ ) can be obtained from equat ions (1) and (2). In fac t two pairs of so lu t ions 
e x i s t b e c a u s e of the quadratic nature of the total c r o s s s e c t i o n . T h e s e are (4 .10 , 0 .26) and ( -1 .02 , 2 .82) 
in fm for Cxj /2> x 3/2^ r e s p e c t i v e l y and it i s c lear that the s - w a v e spin-paral le l interact ion i s very weak 
in the f irst c a s e but i s the stronger in the second so lut ion . 

The weak asymmetry obs e r v e d ( 6 ) in the sca t ter ing of polar ized neutrons of about 250 keV by a 
target s u g g e s t s that the f irst so lu t ion above i s correct and this h a s been confirmed by f i t t ing the differ-
ent ial e l a s t i c s ca t ter ing data of Lane e t 

d i s c u s s e d be low, and by the data of Asami and M o x o n ® . 
An a n a l y s i s of the neutron total c r o s s s ec t ion of ^Li h a s b e e n d i s c u s s e d p r e v i o u s l y ® , in wh ich the 
re la t ive ly large va lue of x j y 2 = 4 . 1 0 fm w a s interpreted as due to a bound l / 2 + s ta te a t 6 . 5 6 MeV 
e x c i t a t i o n in ^Li compound nuc l eus , whi le the smal l va lue of X3 /2 re la t ive to the interact ion radius must 
be due to a 3 / 2 + s ta te severa l MeV above the neutron separat ion energy. In the latter c a s e , c a l c u l a t i o n s 
based on the two components ( x 3 / 2 > y 3 / ? ) of the sca t ter ing length show that the energy variation of the 
scat ter ing and absorption c r o s s s e c t i o n s below 1 MeV are i n s e n s i t i v e to both the p r e c i s e energy of the 
s ta te and the va lue c h o s e n for the interact ion radius . The energy dependence of the sca t ter ing and 
absorption c r o s s s e c t i o n s for a l / 2 + s ta te at 6 .56 MeV, on the other hand, are very s e n s i t i v e to the 
chosen interact ion radius and the f i t to the total c r o s s s e c t i o n in the minimum near 75 keV determines 
this radius and consequent ly the parameters for the bound s ta te from the components ( x ^ / 2 ®= 4 . 1 0 , 
y l / 2 = 0 .50) of the sca t ter ing length. In this work the parameters of the P 5 / 2 resonance have been 
measured s e p a r a t e l y ^ ) and therefore the p-wave contributions to the total and partial c r o s s s e c t i o n s are 
readily c a l c u l a t e d . 

T h e di f ferent ia l scat ter ing and react ion c r o s s s e c t i o n s can be c a l c u l a t e d s i n c e the r e s o n a n c e phase 
s h i f t s j8 are def ined for the s -wave l / 2 + and 3 / 2 + s t a t e s and the 5 / 2 " p-wave re sonance at 247 keV 
according to 

]3 = tan"1; 
E x + A , - E 

where E ^ i s the energy e i g e n v a l u e , A^ i s the l e v e l s h i f t factor and T i s the total width of each s ta te . 
For energ ie s below ~ 1 MeV only inc ident orbital angular momenta 0 and 1 need be c o n s i d e r e d resu l t ing 
in a s e c o n d order Legendre polynomial expans ion to descr ibe the d i f ferent ia l c r o s s s e c t i o n s . T h e 
differential s ca t ter ing c r o s s s e c t i o n , a s suming the p-wave potent ial phase sh i f t Sj i s n e g l i g i b l e be low 
the P 5 / 2 resonance , i s g iven by 

7 N I N ( 6 > ) = A 2 [ ( 4 , 1 / 2 / W A 2 + <7Q, . / 2 / 4 7 7 A 2 + A \ , V J / 4 7 7 A 2 ) 

+ (2 (rn/r)3/2 <rn/r>5/2 s in £ 3 / 2 Sin £ 5 / 2 c o s ( / 3 3 / 2 - p 5 / 2 + 2SQ 

+ 2 ( r n / n 5 / , 2 s i n /S5/2' s i n c o s ( ^ 5 / 2 - ^ 0 ^ ^ 1 

+ 1 4 / 2 5 < T n / T ) 2
5 / 2 s i n 2 j S 5 / 2 P 2 ( c o s 0 ) ] 

where cr® ^ i s the integral scat ter ing c r o s s s ec t ion for s t a t e s J formed by partial wave i, ( r n / r ) j i s the 
ratio of neutron to total width for compound s ta te J and 8Q i s the s - w a v e potent ia l s ca t ter ing phase 
shif t . The c o e f f i c i e n t of P j ( c o s 6) can be shown to be proportional to x 3 / 2 as E -» 0; thus the 
asymmetry about n/2 in crn n ( 0 ) , both above and be low the resonance , i s determined by the s - w a v e 
scatter ing amplitude in channel spin 3 / 2 . The d i f ferent ia l .reaction c r o s s s e c t i o n i s g iven by 



V a(0) = X2 [(^1/2/4rrA2 + 3/2/^2 + ̂ ,5/2/4^2) + ( 2 M 

s i n £ 3 / 2 s i n ^ 5 / 2 y ( r n / r . r a / r ) 5 / 2 ' y ( r n / r . r a / n 3 / 7 

c o s ( j 8 5 / 2 - j S 3 / 2 + />)) P i ( c o s 0) + 4 / 5 ( r n / r , r a / n 5 / 2 

s i n 2 j 3 5 / 2 P 2 ( c o s 0)] 

where j i s the integral absorpt ion c r o s s s e c t i o n for s t a t e s with s p e c i f i e d sp in J" formed by partial 
w a v e 1, ( i a ) j i s the alpha width of the re levant s t a t e s and p i s the n e t p h a s e angle for potent ia l 
s ca t ter ing in the entrance and e x i t c h a n n e l s . T h e dev ia t ion from isotropy at e n e r g i e s < 200 keV is a g a i n 
determined by the c o e f f i c i e n t of P^ ( c o s 6) which i s proportional to the react ion amplitude in s - w a v e 
channel spin 3 / 2 and equal to ( y 3 / 2 ) l / ' 2 a s E 0. 

The di f ferent ia l react ion c r o s s s e c t i o n h a s not been w e l l measured but the a v a i l a b l e data are 
adequate ly f i t ted by a v a l u e of y } / 2 which corresponds to 25% absorpt ion occurring in channel sp in 3 / 2 . 
T h i s i s i l lus trated in F ig . 1 at three e n e r g i e s be low the P 5 / 2 r e s o n a n c e at 247 keV. In F i g . 2 the 
c a l c u l a t e d d i f ferent ia l e l a s t i c s c a t t e r i n g cross s e c t i o n i s compared with the s c a t t e r i n g data of Lane 
et The d a s h e d curve is the s c a t t e r i n g resu l t ing from a s c a t t e r i n g length x 3 / 2 = 0 .26 fm obta ined 
from the coherent s c a t t e r i n g length of P e t e r s o n in the f irst so lu t ion ment ioned above . Clear ly th i s 
va lue of x3/"> i s too smal l and the full curve i s the c a l c u l a t e d d i f f erent ia l scat ter ing c r o s s s e c t i o n for a 
va lue of X 3 / 2 = 0 . 8 5 fm. Here the low energy sca t ter ing c r o s s s e c t i o n OQ i s mainta ined c o n s t a n t to 
y i e l d v a l u e s ( x i / 2 > x 3 / 2 ) o f ( 3 . 9 5 , 0 . 8 5 ) f m r e s p e c t i v e l y and better agreement i s obta ined with the data of 
Lane et a l . 

The resu l t of th i s a n a l y s i s i s in accord with the data of A s a m i and Moxon who obtain a va lue for 
the s - w a v e potent ia l s c a t t e r i n g radius o f 0 . 7 0 £ 0 . 1 5 fm in c h a n n e l sp in 3 / 2 from a f i t to their d i f f erent ia l 
s ca t t er ing data on ^Li re la t ive to carbon at four a n g l e s b e l o w MOO k e V . Their va lue for the low energy 
sca t t er ing c r o s s s e c t i o n <7= 0 . 7 5 3 ± 0 . 0 4 3 barns i s in agreement with the one u s e d here and thus a 
coherent s ca t t er ing l ength of 2 . 2 0 ± 0 . 1 0 fm i s ind ica ted which i s larger than the v a l u e of 1 . 8 fm 
measured, unfortunately wi th no quoted error, by P e t e r s o n and Smith. However , the data i n v o l v i n g the 
low energy scat ter ing l engths and the f i t s to the d i f f erent ia l c r o s s s e c t i o n s show that the para l le l sp in 
interact ion of s - w a v e neutrons wi th 

6Li is the weaker and conf irms the observat ions of Darden e t a P ' 
that ^Li i s not u s e f u l a s an a n a l y s e r of neutron po lar i za t ions . 
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Structure in the - ^ U f i s s i o n and total c r o s s suc t ion (G. D. J a m e s ) 

The structure noted by Patrick e t a i d ) in the f i s s i o n c r o s s s e c t i o n of 2 3 5 U is r e f l e c t e d to some 
extent in the total c r o s s s ec t ion data of Bockhoff and D u f r a s n e ^ - \ T h i s e c h o e s the s i tuat ion 
encountered during an inves t iga t ion of structure in the f i s s i o n and total c r o s s s e c t i o n of A 
s imulat ion experiment, d e s i g n e d to determine the c o n f i d e n c e with which structure can be attributed to 
the variation of the mean f i s s i o n width, i s in progress . A preliminary inves t i ga t ion , en ta i l ing the appl i -
cat ion of the Wald and Wolfowitz a n a l y s i s ^ direct ly to the c r o s s s e c t i o n data, i n d i c a t e s that structure 
in the f i s s i o n c r o s s s e c t i o n is more pronounced than in the total c r o s s s e c t i o n . 

(1) Patrick B . H. , Sowerby M. G. and Schomberg M. G. Report A E R E - R 6350 and J. N u c . Energy 
24, 269 (1970) . 

(2) Bockhoff K. H. and Dufrasne A. Unpubl i shed memorandum. 

(3) James G. D. and Patrick B . H. P h y s i c s and Chemistry of F i s s i o n (IAEA, Vienna , 1969) 391 . 

(4) James G. D. Report A E R E - R 6633 (1971) . 

F i s s i o n y i e l d from freshly prepared 2 4 * P u ( g . D. James and D. A. J. Endacott) 

E v i d e n c e for a short l ived (0 .34±0 .11 y) c o m p o n e n t ^ in the time dependence of the reac t iv i ty of a 
sample of 2 4^-Pu can be exp la ined in many w a y s inc luding the e x i s t e n c e of a spontaneous ly f i s s i o n i n g 
i somer with a high thermal f i s s i o n c r o s s s e c t i o n . E x p e r i m e n t s ^ ) to compare the f i s s i o n c r o s s s e c t i o n 
of freshly prepared 2 4 1 p u w i t h that for wh ich is s e v e r a l years old have cont inued in order to 
improve their s t a t i s t i c a l accuracy . By normal is ing the two s e t s of data to each other at the 0 . 2 4 eV 
r e s o n a n c e , it i s found that the thermal f i s s i o n c r o s s s e c t i o n of the two s a m p l e s are equal to within 
0.63%±0.2% (internal error) ±0.85% (external error). The latter error i s deduced from the spread of the 
r e s u l t s from ten chronolog ica l ly sequent ia l s e t s into which the data cou ld be d iv ided. T h i s r e su l t can 
be trans lated into a concentrat ion of i somer only by making some assumpt ions about the shape of the 
f i s s i o n c r o s s s e c t i o n of the isomer, be tween thermal neutron energy and 0 . 2 4 eV, and about i ts va lue at 
thermal energy. For a 1 / v f i s s i o n c r o s s s e c t i o n of 2500 b at thermal neutron energy, the concentrat ion 
of i somer g iven by the' data i s n e g a t i v e but b e c o m e s 1.48% (at the end of the production irradiation) at 
one standard dev ia t ion . T h i s should be compared with c a l c u l a t i o n s by L y n n ' 3 ' that the concentrat ion 
required to expla in the m o s t l ike ly react iv i ty contribution from the isomer (at the end of the production 
irradiation) s u g g e s t e d by the r e s u l t s of N i s l e and S t e p a n ^ i s 20%'for an a s s u m e d isomer thermal f i s s i o n 
c r o s s s e c t i o n of 2 5 0 0 b. Comparisons for other a s s u m p t i o n s are made in a recent r e p o r t ^ . 

(1) N i s l e R. G. and Stepan I. E. Idaho N u c l . Corp. Progress Report IN-1317, 149 (1969) . 

(2) James G. D. Report A E R E - N P / P R 17, p. 25. 

(3) Lynn J . E. Private communicat ion and A E R E - N P / P R 17, p. 25 . 

(4) James G. D . Report A E R E - R 6676 and J. Nuc. Energy (to be publ ished) . 
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F U N D A M E N T A L A N D B A S I C R E S E A R C H 

N U C L E A R S T R U C T U R E A N D D Y N A M I C S 

(y ,n) c r o s s s e c t i o n m e a s u r e m e n t s near thresho ld (B . H . Patr ick and E . M. B o w e y ) 

In the l a s t progress r e p o r t ^ an a c c o u n t of (y ,n) c r o s s s e c t i o n m e a s u r e m e n t s on tin near thresho ld 
w a s g i v e n and it w a s found that the c r o s s s e c t i o n s for l 1 7 > * 1 9 S n ( y , n 0 ) s h o w e d a g iant r e s o n a n c e - l i k e 
peak at 7 . 8 MeV. For var ious r e a s o n s , i t i s thought that the p e a k s are e x a m p l e s o f the Ml g iant re son-

a n c e w h i c h h a s b e e n pred ic ted by t h e o r e t i c a l 
arguments to l i e in th is e n e r g y reg ion . T h i s work 
h a s now b e e n p u b l i s h e d ® . It shou ld b e p o s s i b l e to 
determine whether the peak i s due to an Ml or E l 
in terac t ion by m e a s u r i n g the angular d i s t r ibut ion of 
the emit ted neutrons . A t e c h n i q u e which , to our 
k n o w l e d g e , h a s not p r e v i o u s l y been e m p l o y e d , h a s 
b e e n d e v e l o p e d for s u c h a m e a s u r e m e n t . 
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B R E M 5 S T R A H L U N G 
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Fig. 1 Experimental arrangement. 
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T h e u s e o f track d e t e c t o r s , s u c h as Makrofol , 
i s now w e l l e s t a b l i s h e d for measur ing f i s s i o n 
fragment angular d i s t r i b u t i o n s . T h e method d e v i s e d 
for measur ing neutron angular d i s t r ibut ions m a k e s 
u s e of th i s s i m p l e t e c h n i q u e by u s i n g - 3 8 U f o i l s to 
convert the neutrons into f i s s i o n fragments w h i c h 
are r e g i s t e r e d in the Makrofol. F i g . 1 s h o w s the 
exper imenta l arrangement . T h e energy a n a l y s e d 
e l e c t r o n beam of the l inac at the Wantage R e s e a r c h 
Laboratory s t r i k e s the bremss trah lung target which 
i s v i e w e d by the sample through a copper c o l l i m a t o r . 
The c o l l i m a t o r ' s n e c e s s a r y to a v o i d d i r e c t photo-
f i s s i o n in the f o i l s and copper w a s c h o s e n 
b e c a u s e the neutron thresho ld l i e s a b o v e the 9 MeV 
end-point energy u s e d . T h e s a m p l e w a s s u s p e n d e d 
at the centre of an 2 0 cm dia meter frame w h i c h h e l d 
the 2 3 8 j j a n ( j Makrofol . 2 3 8 U w a s c h o s e n a s the 
conver ter b e c a u s e o f i t s high f i s s i o n thresho ld and 
c o n s e q u e n t l y i t s i n s e n s i t i v i t y to the low e n e r g y 
neutron background which u s u a l l y e x i s t s in s u c h 
photonuc lear m e a s u r e m e n t s . The fo i I s were 
3 0 . 5 cm long, 8 . 2 5 cm wide and 0 . 0 0 1 3 cm th ick . 
T h e t h i c k n e s s i s very much greater than the range 
of the f i s s i o n fragments but i t m a k e s h a n d l i n g very 
e a s y . It a l s o m e a n s that there are no d i f f i c u l t i e s 
over non-uniformity of t h i c k n e s s and that Makrofol 
c a n be p l a c e d on both s i d e s of the 2 3 8 U f o i l and 
e a c h e v e n t c o u n t e d only o n c e . It w a s s h o w n e x p e r i -
menta l ly that f i s s i o n fragments c o u l d not penetrate 
two t h i c k n e s s e s of Makrofol (10 microns th i ck ) and 
t h i s a l l o w e d s a n d w i c h e s of M a k r o f o l - ^ U - M a k r o f o l 
to b e s t a c k e d toge ther in the frame to get maximum 
s t a t i s t i c s from a g i v e n run on the a c c e l e r a t o r . Up 
to e i g h t s a n d w i c h e s were u s e d a t o n c e . T h e 
a s s e m b l y w a s s h i e l d e d by l e a d and cadmium. 

Fig. 2 Relative number of neutrons per 10° inter-
val as a function of angle from the photodisinte-

gration of deuterium. The curve is a theoretical 
calculation correctly weighted as explained in the 

list. 
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T o prove that the technique works, we have measured the angular distribution of photoneutrons 
from deuterium s i n c e this i s we l l known. A thin aluminium cy l inder 3 in long and 0 .75 in dia meter 
containing D->0 was hung at the centre of the frame, with H j O be ing used for background runs. Af ter 
exposure , the Makrofol was e tched in 6N NaOH for 15 mins at 7 0 ° C . The resu l t ing h o l e s corresponding 
to the f i s s i o n fragments were enlarged and made v i s i b l e by the u s u a l sparking p r o c e s s and counted by 
e y e . F i g . 2 s h o w s the measured angular distribution for deuterium with an end-point energy of 9 MeV. 
The curve w a s obtained from the theoret ica l c a l c u l a t i o n s of P a r t o v i ^ and is a we ighted mean a l lowing 
for the e f f e c t s of the bremsstrahlung spectrum, the total c r o s s s e c t i o n and angular distribution of 
deuterium a s a funct ion of y-ray energy and the f i s s i o n cross s e c t i o n of A l s o fo lded in are 
geometr ica l and scat ter ing correc t ions . The curve w a s normal ised to the same area a s the experimental 
data and it can be s e e n that the agreement in shape i s v e r y good thus proving that the technique works. 

In the deuterium runs, the background w a s about 20% and this w a s too high to a l low a r e a s o n a b l e 
measurement on tin to be made. However , it is thought that the background w a s due to low energy 
neutrons which interacted in the 0.4% 2 3 5 U lef t in the dep le ted uranium. Unfortunately , the acce l era tor 
w a s c l o s e d down and dismant led at this point and it w a s not p o s s i b l e to make more measurements . 
However , w e hope to make a further attempt u s i n g an acce lerator very kindly put at our d i s p o s a l by 
Mr. M. Kel l iher of Vickers Ltd. at their factory. An improved neutron s h i e l d wi l l be employed and 
hopefu l ly this wi l l reduce the background to an a c c e p t a b l e l e v e l . 

The technique i s extremely s imple , requires no e l e c t r o n i c s and a l l a n g l e s are measured s imultan-
e o u s l y . Al though the resu l t i s an average over the bremsstrahlung spectrum, this i s no great d i s a d v a n t a g e 
in measurements of this kind. 

(1) N u c l e a r P h y s i c s D i v i s i o n Progres s Report A E R E - P R / N P 17, p. 61 (1970) . 

(2) Winhold E . J . , Bowey E . M., Gayther D. B . and Patrick B. H. P h y s . L e t t . 32B, 607 (1970) . 

(3) Partovi F . Ann. of P h y s . 27 , 79 (1964) . 

E . I so sp in sp l i t t ing in the g iant r e s o n a n c e of ^ B (B. H. Patr ick , H. A. M e d i c u s * G. K. Mehta + , 
E. M. B o w e y and D . B . Gayther) 

The degree to which the giant d ipole r e s o n a n c e of some n u c l i d e s i s d iv ided into two fairly 
separate reg ions of di f ferent i s o s p i n h a s r a i s e d cons iderab le in teres t but d irect e v i d e n c e of this has 
only recent ly been o b t a i n e d ^ . S ince i s o s p i n s e l e c t i o n rules permit only certain trans i t ions , the 
sp l i t t ing can be measured in su i tab le c a s e s by o b s e r v i n g which i s o s p i n s t a t e s in the res idual nuc l ide 
are reached when the giant r e s o n a n c e d e c a y s . T h i s technique w a s appl ied by M u r r a y ^ u s i n g a Ge(Li) 
de tec tor to study the d e - e x c i t a t i o n y-rays fo l lowing particle e m i s s i o n from the giant r e s o n a n c e of ^ B 
but h i s r e s u l t s were i n c o n c l u s i v e ^ , p o s s i b l y b e c a u s e of high background. We have a l s o examined ^ B 
us ing the same technique and c o n c l u d e that there i s a sp l i t t ing . 

The i s o s p i n of the ground s t a t e of ^ B i s T = 1 / 2 l eading to T = 1 / 2 and T = 3 / 2 components in 
the g iant r e s o n a n c e . T h e o r e t i c a l c a l c u l a t i o n s by F r a s e r ^ p l a c e the bulk of the former be tween 16 and 
21 MeV and that of the latter near 25 MeV. The s e l e c t i o n rule of A T = 1 / 2 means that the T = 0 s t a t e s 
o f i O B cannot be reached d irect ly by neutron e m i s s i o n from-the T = 3 / 2 s t a t e s of the U B giant reson-
ance . If the dominant T = 1 / 2 and T = 3 / 2 s t a t e s are indeed separated in energy, we should o b s e r v e 
that trans i t ions to the T = 1 s t a t e s in and ^ B e originate predominantly from the higher energy 
region of the giant r e s o n a n c e and trans i t ions to the T = 0 s t a t e s in from the lower energy region. 

The experimental arrangement and the method u s e d in the data reduct ion have been d e s c r i b e d in 
deta i l e l s e w h e r e ^ . The d e - e x c i t a t i o n y-rays from a 49 gm sample of natural boron (purity >98%) were 
de tec t ed in a 30 cm 3 Ge(Li ) detector . 

* On l e a v e from R e n s s e l a e r P o l y t e c h n i c Ins t i tute , Troy, N . Y , 12181 , U . S . A . 
+ On l e a v e from Indian Institute, of T e c h n o l o g y , Kanpur-16 ( U . P . ) , India. 
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y-ray spectra were obtained u s i n g severa l bremsstrahlung end-point e n e r g i e s in the range 20 to 
35 MeV and these data were used to g ive the energy d e p e n d e n c e of the c r o s s s e c t i o n s of the (y,n) or 
(y,p) react ion l ead ing to a few particular s t a t e s . The re su l t s are c o n s i s t e n t with the interpretation that 
the lower energy region of the g iant r e s o n a n c e of ^ B c o n t a i n s mainly T = 1 / 2 s t a t e s whereas in the 
higher energy region T = 3 / 2 s t a t e s are dominant. T h i s i s in r e a s o n a b l e agreement with the c a l c u l a t i o n s 
of Fraser. 

A more comple te a c c o u n t of th i s work has now b e e n p u b l i s h e d ^ ) . 

(1) Wu C. P. , Firk F . W. K. and Berman B. L. P h y s . Let t . 32B, 675 (1970) . 

(2) Murray K. M. P h y s . Rev . Let t . 2 3 , 1461 (1969) . 

(3) Hayward E. , Schwartz R. B. and Murray K. M. P h y s . R e v . C2, 7 6 1 (1970) . 

(4) Fraser R. J . Private communicat ion. See a l s o Kuan et al . N u c . P h y s . A151 , 129 (1970) . 

(5) Medicus H. A . , B o w e y E. M., Gayther D. B . , Patr ick B. H. and Winhold E. J . Nuc . P h y s . A156 , 
257 (1970) . 

(6) Patrick B . H. , Medicus H. A . , Mehta G. K. , B o w e y E. M. and Gayther D. B. P h y s . Let t . 34B , 
488 (1971) . 

E . R e s o n a n c e capture gamma-ray s t u d i e s (B. W. Thomas , H. P . Axmann (Vienna), P. R i e h s 
(Seibersdorf) and E . R . Rae) 

(a) Experimental improvements 

Presen t work is concerned with the measurement of capture gamma-ray spectra for individual 
neutron r e s o n a n c e s , and can be c l a s s i f i e d a s f o l l o w s : -

(1) Study o f the variat ion of high energy primary 
gamma-rays (partial radiation widths ) a s a 
funct ion of r e s o n a n c e energy 

(2) A s s i g n m e n t of r e s o n a n c e s p i n s u s i n g the 
i n t e n s i t y ra t ios of low energy gamma-rays. 

It. i s apparent that the major d i f f i c u l t i e s a s s o c i a t e d 
with this type of work at present , particularly in the 
f i rs t group, are t h o s e due to the l imited number of 
r e s o n a n c e s a v a i l a b l e in any one measurement . T h i s 
is large ly due to the n e c e s s i t y for short f l i g h t paths 
b e c a u s e of the low e f f i c i e n c y of the d e t e c t o r s with 
the re su l t that t ime-of - f l ight reso lut ion i s very poor. 
In past exper iments at Harwell this work has been 
carried out a t 10 and 20 metre s t a t i o n s , but 
recent ly a s imi lar arrangement has been s e t up at 
34 metres with a subs tant ia l gain in reso lut ion . 
T h i s h a s been made p o s s i b l y by the purchase of a 
large volume Ge(Li) de tec tor of 50 c m 3 with a 
higher e f f i c i e n c y and a general i n c r e a s e in f lux from 
the Neutron B o o s t e r during "long pu l se" running. 

(b) Spin a s s i g n m e n t s for r e s o n a n c e s in 
* T A . 1 6 7 E r . 1 3 3 C S a n d L ^ T M . 

T h e low energy neutron capture gamma-ray 
spectra .for indiv idual r e s o n a n c e s of the above n u c l e i 

o>]T 
"to —Ipj 

SO lOO 
En («V> 

Fig. 1 Ratios of low energy transitions in 
Tm: (Spin assignments are from ref. 1). 
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have been measured with 4 cm and 20 c n r Ge(Li ) detec tors a l 10, 20 and 45 metre s t a t i o n s on the 
Neutron Booster . In the c a s e of l ^ T a a n ( j 169-j-m m e ^ a | s a m p l e s were used whi l e for the l ^ C s a n ( j 
' ^ E r data the targets were c a e s i u m nitrate and enriched erbium oxide r e s p e c t i v e l y . Data were c o l l e c t e d 
by a two-parameter on- l ine s y s t e m control led by the P D P - 4 computer. The r e s u l t s are shown in 
T a b l e s 1 to 4, together with those of prev ious exper iments . 

Spin a s s i g n m e n t s for l ^ T m r e s o n a n c e s have an important s i g n i f i c a n c e in connec t ion with the 
d i s c u s s i o n on corre lat ions in the next s e c t i o n . The s - w a v e r e s o n a n c e s p i n s are 0 or 1 and previous 
a s s i g n m e n t s iiave been made us ing ident ica l t echn iques up to 115 eV by the Brookhaven g r o u p ^ \ The 
present experiment was n e c e s s a r y to check t h e s e r e s u l t s and extend them to 153 eV. The Brookhaven 
a s s i g n m e n t s were b a s e d on the ratio of two gamma-rays at 144 .5 keV and 149.7 keV, the f irs t of t h e s e 
be ing due to the d e c a y of an i someric s ta te with a h a l f - l i f e of 3 m i c r o s e c o n d s . In the present experiment , 
however , the t lme-of - f l ight reso lut ion i s superior and prevents the u s e of this transi t ion. Thus two 
addi t ional gamma-rays at 204 keV and 237 keV have, been adopted. The rat ios of the 1 4 9 keV and 
237 keV trans i t ions to that at 2 0 4 keV are shown in f ig . 1 and i l lustrate the degree of separat ion . The 
spin a s s i g n m e n t s l i s t e d in Table 4 are in per fec t agreement with ava i lab le data from the Brookhaven 
work. The a s s i g n m e n t s for the r e s o n a n c e s a t 125 e V , 136 eV and 153 e V di f fer from those der ived from 
c r o s s s e c t i o n measurements ( B N L 325) , but are cons idered more re l i ab le . 

(c) Inves t iga t ion of p o s s i b l e correlat ions b e t w e e n reduced neutron widths and partial radiation widths 
in the 1 6 9 x m ( n , y ) react ion 

The present i n v e s t i g a t i o n was carried out to c lar i fy recent reports of s i g n i f i c a n t c o r r e l a t i o n s ^ 2 ' ^ 
b e t w e e n reduced neutron widths and partial radiation widths for r e s o n a n c e capture in ^ ^ T m . T h e 
previous work u s i n g both Ge(Li) and Nal d e t e c t o r s could be s u s p e c t due to e i ther poor time of f l i ght 
r e s o l u t i o n ^ or incorrect spin a s s i g n m e n t s ^ " ' ^ . The latter i s particularly important s i n c e r e s o n a n c e 
s p i n s for s - w a v e capture are 0 or 1, with the resu l t that reduced neutron widths and partial radiat ion 
widths for J=0 r e s o n a n c e s are general ly enhanced . Prev ious attempts to s h o w the p r e s e n c e of 
correlat ions have concentrated on the J=1 r e s o n a n c e s and it i s e x p e c t e d that incorrect sp in a s s i g n m e n t s 
wi l l l ead to a f a l s e correlat ion. In the present a n a l y s i s the spin a s s i g n m e n t s are taken from T a b l e 4. 

The experiment w a s carried out with a 4 cm 3 Ge(Li) detector at the 10 metre f l ight path of the 
Neutron B o o s t e r target . T h e thulium target c o n s i s t e d of 4 gms of metal in the form of two 1 inch d i s c s . 
Data were c o l l e c t e d by the two-parameter on- l ine s y s t e m , which a c c e p t e d al l e v e n t s for capture gamma-
rays with energy greater than 1 . 5 MeV. Subsequent a n a l y s i s of raw data y i e l d e d high energy capture 
gamma-ray spec tra for al l r e s o n a n c e s be low 160 e V . The spec tra for 15 r e s o n a n c e s [ J = l ( 3 , 9 , 3 4 , 3 8 , 4 4 , 
5 0 , 5 9 , 8 3 , 9 4 , 1 1 5 , 1 3 6 e V ) , J = 0 ( 1 4 , 1 7 , 6 5 , 1 2 5 , 1 5 3 eV)] were a n a l y s e d for individual partial widths in the 
energy range 5 MeV to 6 .6 MeV. R e s o n a n c e s were normal ised to the summed spectrum above 1 . 5 MeV 
and abso lu te widths obta ined from a comparison of the 3 . 9 e V r e s o n a n c e spectrum with publ i shed d a t a " ' . 
The high energy spectra were in qua l i ta t ive agreement with the spin a s s i g n m e n t s of Table 4 to the e x t e n t 
that trans i t ions from J=0 r e s o n a n c e s to 4 known f inal s t a t e s of sp in 0 or 2 were c o n s i s t e n t l y w e a k . T h e 
data were t e s t e d for p o s s i b l e reduced neutron width-radiation width corre la t ions for the ten J=1 reson-
a n c e s . The trans i t ions inc luded in the a n a l y s i s were ident ica l to those of previous authors ( i . e . 
transi t ions to f ina l s t a t e s observed in d,p exper iments ) . The average correlat ion c o e f f i c i e n t for 15 f inal 
s ta te s w a s 0 .1 . T h i s resu l t contradicts prev ious e v i d e n c e for corre lat ions s i n c e Monte Carlo c a l c u l -
at ions indicate , that the probabil ity of obta in ing by chance a va lue greater than this i s at l e a s t 14%. 
R e a s o n s for the d i s c r e p a n c i e s with previous data are d i f f i c u l t to e s t a b l i s h , a l though in the c a s e of the 
Argonne w o r k ^ ) with Nal de tec tors the r e a s s i g n e d spin of the 153 e V r e s o n a n c e removes the correlat ion 
a lmost c o m p l e t e l y . The Brookhaven a n a l y s i s ^ inc luded the same r e s o n a n c e but i s l e s s s e n s i t i v e to it . 
In this c a s e if we n e g l e c t the 153 e V r e s o n a n c e the 3 .9 eV r e s o n a n c e contr ibutes m o s t to the correlat ion. 
T h i s fact , together with the knowledge that the sample of r e s o n a n c e s i s sma l l , and that reso lut ion i s 
poor, may have introduced an ar t i f i c ia l correlat ion in the data. In the immediate future an experiment is 
s c h e d u l e d on the 34 metre f l i ght path with a thulium oxide target to i n c r e a s e the range of data up to 
300 eV. 
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T A B L E 1 

Tantalum resonance spin a s s i g n m e n t s 

E R 

(eV) 

J 
E R 

(eV) Wood 
(1956) 

Stolovy 
(1967) 

E v a n s 
(1958) 

Poortmans 
(1967) 

Wasson 
(1969) 

P r e s e n t 
Work 

4.3 4 4 (3,4) 4 4 

10.3 3 4 3 3 

13.9 (3 ,4) 4 3 

20 .3 (3,4) 4 

22 .7 3 

23 .9 (3 ,4) 3 3 4 

3 0 . 0 3 

35 .1 4 (3 ,4) 3 , 4 

35.9 4 (4,3) 4 

39 .1 4 4 

49 .1 3 

63 .1 (3,4) 4 

76 .8 4 

77 .6 4 

7 8 . 9 3 

82 .9 4 ,3 

85.1 3 

89.6 3 

9 1 . 4 3 

99 .3 4 ,3 

Wood R. E . P h y s . Rev. 104, 1425 (1956) 

E v a n s J. E. e t al . Nuc l . P h y s . 9, 205 (1958) 

Poortmans F . , Ceulemans H. N u c l . P h y s . A97, 483 (1967) 

Sto lovy A . P h y s . Rev. 155, 1330 (1967) 

Wasson O. A. et al . Nuc l . P h y s . A 1 3 2 , 161 (1969) 
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TABLE 2 

Erbium-167 resonance spin a s s i g n m e n t s 

J 
fnVI 

Sailor (1961) Wetzel (1970) | Present Work 

0 .46 4 4 

0 .58 3 3 

5 .98 3 3 

7 .92 

9 .38 3 3 

20 .26 4 4 " 

22 .03 3 3 

2 6 . 0 5 3 3 

2 7 . 4 4 4 4 

3 2 . 9 0 4 

3 7 . 7 0 4 

39 .48 3 

4 2 . 3 0 3 

5 0 . 3 0 4 

53 .65 • 4 

6 0 . 0 0 3 

69 .53 4 

7 4 . 5 4 

7 5 . 9 0 

) 
> (4> 

7 9 . 4 0 3 

8 5 . 5 4 3 

9 1 . 3 5 4 

9 4 . 9 5 4 

107.71 3 

1 3 1 . 7 0 4 

142 .30 4 

Sailor V. L. B N L 325 (Second Edit ion ) (1961) 

Wetzel K. J . , Thomas G. E. P h y s . Rev . 4C, 1501 (1970) 
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TABLE 3 

C a e s i u m - 1 3 3 r e s o n a n c e spin a s s i g n m e n t s 

E r ( e V ) J 

5 . 9 0 3 

2 2 . 6 3 

4 7 . 8 3 

83 .1 4 

9 4 . 8 3 

1 2 6 . 1 4 

1 4 5 . 9 4 

2 0 0 . 9 4 

2 2 0 . 4 4 

2 3 4 . 4 4 

2 9 5 . 6 4 

3 5 9 . 0 4 

T A B L E 4 

Thul ium-169 r e s o n a n c e spin a s s i g n m e n t s 

E r ( e V ) 
P r e s e n t Work B h a t (1970) 

1 4 . 4 

1 7 . 5 

2 9 . 1 

34 .8 

3 8 . 0 

4 4 . 8 

50.7 

59 .2 

6 3 . 0 

65 .8 

8 3 . 4 

9 4 . 0 

1 1 5 . 2 

1 2 5 . 2 

1 3 6 . 1 

1 5 3 . 0 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

0 

1 

0 

B h a t M. R. e t a l . B N L 14 7 2 9 (1970) 
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E. F i s s i o n fragment angular dis tr ibut ions from r e s o n a n c e f i s s i o n with oriented nuc le i (N. J . Pat tenden 
and J . E. Jo l l y ; H. Postma, R. Kuiken and K. Ravensberg (F.O.M. Nether lands) ) 

During the period covered by this report the a n ( j 2 3 3 y c j a l a > previous ly m e n t i o n e d ^ have been 
re -ana lysed , with particular attention be ing given to p o s s i b l e s y s t e m a t i c errors. For both nucle i the 
experimental d i s tr ibut ions of re sonance A2 v a l u e s ^ have been compared to distr ibut ions c a l c u l a t e d on 
the assumption that the energe t i ca l ly ava i lab le transit ion s t a t e s (with known K-, and therefore A^-va lues ) 
correspond to f i s s i o n c h a n n e l s , e a c h of which may contribute a partial f i s s i o n width to e a c h neutron 
re sonance . The variation of partial width for e a c h channel from resonance to resonance should fo l low a 
Porter-Thomas d i s t r i b u t i o n ® . 

*2 

Fig. 1 Weighted frequency distribution of 
A2(obs.) resonance values. Also two simulated 

distributions A and B of A2(res.) are shown. The 
latter were obtained under the assumptions of 
equal contributions from the two spin states, a 
randum selection from a Porter-Thomas distrib-

ution for VfK and assuming relative weights (\V) 
for different channels as indicated in the figure. 
Positions of A2(J,K) are also shown (except for 

K-3 and 4). 

In the c a s e of the shape of the c a l c u l a t e d 
distribution agrees w e l l with the experimental one 
( s e e f ig . 1), but the abso lu te magnitudes were d i s -
crepant by about 25%. An X-ray crysta l lographic 
study of the individual crys ta l s of the s a m p l e s , 
carried out by Dr. P . T . M o s e l e y , Appl ied Chemistry 
D i v i s i o n , showed that one crysta l of the thin and two 
crys ta l s of the thick sample were incorrect ly mounted. 
A correction for this g i v e s an i n c r e a s e in magnitude 
of 10% to the experimental v a l u e s . The di f fer-
e n c e between the experimental and c a l c u l a t e d A2 
distr ibut ions i s now about 15%, which is within the 
l imits of p o s s i b l e s y s t e m a t i c error (due to uncer-
ta int ies in sample temperature, quadrupole coupl ing 
constant and so l id angle e f f e c t s ) of about 20%. 

In the c a s e o f - J J U , a s imilar s i tuat ion e x i s t s , 
in that the shape of the c a l c u l a t e d distr ibution 
corresponds with the experimental one , but the 
fonner is larger in magnitude by about 50%. It h a s 
not s o far been p o s s i b l e to carry out an X-ray study 
of the crystal or ientat ions . However , in this c a s e , 
observat ions of anisotropy of a -par t i c l e e m i s s i o n 
indicate that the fract ion of misor iented c r y s t a l s i s 
rather small and cannot explain such a d i s crepancy . 
P o s s i b l e explanat ions could be (1) the value of 
quadrupole coupl ing cons tant i s wrong, (2) the 
f i s s i o n model u s e d to obtain the c a l c u l a t e d 
distribution i s inadequate in the c a s e of 233(j . 

In the c a s e of 2 3 7 N p ( 1 ) , co l l e c t ! on of data cont inued until January 1971. The a n a l y s i s made so 
far s trengthens the s u g g e s t i o n made p r e v i o u s l y ( l ) that the group of r e s o n a n c e s at 40 eV h a s (J,K) va lues 
of (2 ,2) . There are indicat ions that most groups o b s e r v e d be low 1000 e V have (J,K) v a l u e s of either 
(2,2) or (3,2) with about equal occurrence of each . 

(1) Nuclear P h y s i c s D i v i s i o n Progress Report A E R E - P R / N P 17, p. 19 (1970) . 

(2) Porter C. E. and Thomas R. G. P h y s . Rev. 104, 4 8 3 (1956). 



Further a n a l y s i s o f the neutron- induced f i s s i o n c r o s s s e c t i o n of 2 3 0 T h (G. D . J a m e s and J . E . Lynn) 

S i n c e the l a s t p r o g r e s s report on th i s top ic , s o m e n e w m e a s u r e m e n t s , made by J . R. H u i z e n g a ' s 
group at R o c h e s tero l ) , h a v e c o m e to our n o t i c e . T h e s e are m e a s u r e m e n t s of the angular d i s t r ibut ion of 
the f i s s i o n products o v e r the 7 2 0 k e V peak in the c r o s s s e c t i o n , but made with much sharper neutron 
energy re so lu t ion than our o w n m e a s u r e m e n t s . Mos t ly t h e s e n e w r e s u l t s agree with our m e a s u r e m e n t s , 
but there i s an e x c e p t i o n in the data at 7 3 0 keV; the R o c h e s t e r d a t a s h o w a much sharper d e g r e e of 
angular an isotropy a t t h i s e n e r g y , i n d i c a t i n g that here there i s a c l a s s - I I s t a t e o f h igh angular momentum 
with width much l e s s than the main c o m p o n e n t s of the 7 2 0 k e V p e a k . 

We h a v e therefore r e - a n a l y s e d a l l the data , a s s u m i n g that e i t h e r the J = 5 / 2 or J = 7 / 2 c o m p o n e n t 
o f the K = 1 / 2 c l a s s - I I ro ta t iona l band l i e s at 7 3 0 k e V . A rather smal l er degree of J = 7 / 2 than J = 5 / 2 
component i s required for r e a s o n a b l y a c c e p t a b l e angular d i s t r i b u t i o n s , s o the former h y p o t h e s i s f i t s the 
energy d e p e n d e n c e of the c r o s s sect ion, a. l i t t l e better^ i t a. lso l e a d s to a rotat ional band parameter , 

equal to about 2 . 5 k e V ( s u g g e s t i n g an e f f e c t i v e moment o f inert ia , 9 , for the c l a s s - I I s t a t e that i s 
two to three t i m e s the v a l u e of the ground s t a t e ro ta t iona l band) whereas the s e c o n d h y p o t h e s i s g i v e s 
fi2/2!} = 0 . 5 k e V w h i c h s e e m s u n r e a s o n a b l y s m a l l ( 1 = 1 0 to 15 t i m e s ^ g r o u n c i ) . T h e n e w data and 
a n a l y s i s lower the v a l u e of the moment o f inert ia d e d u c e d i n the p r e v i o u s w o r k ^ ) , but on ly by a 
r e l a t i v e l y s m a l l amount . 

Al l the data up to about 1 2 0 0 k e V h a v e a l s o b e e n r e a n a l y s e d , u s i n g numerica l c a l c u l a t i o n s of the 
f i s s i o n s trength f u n c t i o n b a s e d on r e a l i s t i c m o d e l s of the doub le -humped f i s s i o n barrier. In th i s 
a n a l y s i s the K = 1 / 2 band a t about 1 2 0 0 k e V i s b e s t in terpreted a s the n e x t v ibrat ional s t a t e a s s o c i a t e d 
with the 7 2 0 k e V band; t h i s i m p l i e s that the s e c o n d w e l l v i b r a t i o n a l f requency , - f twj j , i s about 0 . 6 MeV, 
the barrier t u n n e l l i n g " f r e q u e n c i e s " , "fiw^ g = 0 . 7 5 , 0 . 5 7 MeV and the barrier h e i g h t s (with r e s p e c t to 
zero neutron energy) are V ^ g = 0 . 8 9 , 1 . 1 4 MeV. 

(1) H u i z e n g a J . R . P r i v a t e communica t ion . 

(2) N u c l e a r P h y s i c s D i v i s i o n P r o g r e s s Report A E R E - P R / N P 17, p. 33 (1970 ) . 

A n a l y s i s of e x c i t a t i o n f u n c t i o n s for s h a p e i s o m e r s formed by neutron e v a p o r a t i o n p r o c e s s e s 
(J . E . Lynn, in c o l l a b o r a t i o n with H. C. Britt and W. E . S t e i n a t L o s A l a m o s S c i e n t i f i c Laboratory*) 

Many s p o n t a n e o u s l y f i s s i o n i n g i s o m e r s of a c t i n i d e n u c l e i h a v e now b e e n d i s c o v e r e d , par t i cu lar ly 
among the i s o t o p e s of Pu, A m . a n d Cm. In many c a s e s c r o s s s e c t i o n s for the formation o f the i s o m e r a s 
a f u n c t i o n of the e n e r g y of the par t i c l e i n i t i a t i n g the r e a c t i o n h a v e b e e n m e a s u r e d . It w a s the p u r p o s e 
of t h i s s tudy to u s e t h e s e d a t a for the de terminat ion o f proper t i e s of the Strut insky f i s s i o n barrier. 

In t h e s e r e a c t i o n s the i s o m e r i s formed f o l l o w i n g the evapora t ion of one or more n e u t r o n s from the 
h i g h l y e x c i t e d in i t i a l compound n u c l e u s . A t e n e r g i e s j u s t a b o v e thresho ld a smal l f rac t ion of the 
evaporated neutrons i n the l a s t s t a g e w i l l p o p u l a t e d i s c r e t e c l a s s - I I l e v e l s which then d e c a y by y-ray 
e m i s s i o n to the i s o m e r i c s t a t e . At h igher e n e r g i e s the l e v e l s p o p u l a t e d can no longer be c l a s s e d a s 
pure c l a s s - I I or c l a s s - I and may no longer be d i s c r e t e . T h u s the d e t a i l s o f the y-ray c a s c a d e f e e d i n g 
e v e n t u a l l y into the i s o m e r i c s t a t e h a v e to be a n a l y s e d . A s t a t i s t i c a l m o d e l to treat the var ious m o d e s 
of d e c a y ( i n c l u d i n g the o v e r a l l prompt f i s s i o n d e c a y m o d e , a g a i n s t wh ich the d e l a y e d f i s s i o n y i e l d from 
the isomer i s m e a s u r e d ) h a s b e e n p o s t u l a t e d and a n a l y s e d . 

Th ,..-..-eral c o n c l u s i o n s to emerge are a s f o l l o w s : (1) T o be c o n s i s t e n t wi th n e u t r o n - i n d u c e d 
f i s s i o n c r o s s s e c t i o n s the in tr ins i c l e v e l d e n s i t i e s at the barrier de format ions h a v e to be g o v e r n e d by a 
" F e r m i - g a s " parameter (proport ional to the s i n g l e - p a r t i c l e l e v e l d e n s i t y at the Fermi e n e r g y ) that i s 

* T h i s work w a s carr ied out w h i l e J . E . Lynn s e r v e d as a C o n s u l t a n t a t L o s A l a m o s in the summer 
of 1 9 7 0 . 
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10 to 20ro greater than the corresponding parameter for the primary and secondary w e l l deformations; 
(2) In the c a s e s where comparisons can be made the i somer threshold i s rather higher than that d e d u c e d 
from intermediate structure in re sonance neutron-induced f i s s i o n r e a c t i o n s . Th i s s u g g e s t s that l e v e l 
d e n s i t y behaviour in the secondary deformed shape may be rather dif ferent from that in the primary shape , 
for it was on the assumption of s imi lar l eve l d e n s i t i e s that the latter deduct ion w a s made; (3) In the 
Pu, Am and Cm nucle i it appears that the outer barrier o f the double-humped potential i s lower than the 
intermediate barrier. The energy d i f f erence of the barriers appears to be up to 0 .8 MeV in the Pu n u c l e i , 
about 1 MeV in the Am n u c l e i and up to 1 . 5 MeV in the Cm n u c l e i . Further d e t a i l s can be found in 
L o s Alamos Report LA-DC-12669 . 

Theore t i ca l e s t i m a t e s of y-ray d e c a y of spontaneous ly f i s s i o n i n g i somers (J. E. Lynn) 

In the shape i somers of the act in ide nuc le i , the spontaneous f i s s i o n d e c a y branch i s the most 
dramatic and obv ious mode of decay . Among other modes of d e c a y gamma-ray e m i s s i o n i s a lways 
p o s s i b l e in principle , but i s e x p e c t e d to be extremely d i f f i c u l t to measure , and, in sp i t e of s o p h i s t i c a t e d 
attempts , it h a s not y e t in fact been unambiguously confirmed (but s e e , however , T. W. Conlon in the 
l a s t progress report^) , in whose account it i s made very p l a u s i b l e that the y-ray d e c a y of a shape 
i somer in without an appreciable spontaneous f i s s i o n branch, has been observed) . The deduct ion 
from a n a l y s i s of shape isomer e x c i t a t i o n c r o s s s e c t i o n s that the outer barrier i s lower than the inter-
mediate barrier in the Strutinsky potent ial of heavy act inide nuc le i could therefore be u p s e t by the 
e x i s t e n c e of a y-ray d e c a y branch that i s one to two orders of magnitude stronger than the s p o n t a n e o u s 
f i s s i o n branch. Such a y-ray decay branch would have to be reasonably s y s t e m a t i c in i t s s trength from 
n u c l e u s to n u c l e u s and therefore would have to be composed principal ly of a c o l l e c t i v e type of tran-
s i t i on , the most probable such transi t ion be ing an E2 transit ion acro.ss the s t a t e s of a /3-vibration-rotation 
band. 

Earlier c o n s i d e r a t i o n s ^ s u g g e s t e d that this type of transi t ion in the isomer decay would be 
dominated (by a factor of the order of 1 0 2 to 1 0 3 ) by the normal trans i t ions character i s t i c of compound 
s t a t e s at the isomer exc i ta t ion energy. In coming to this c o n c l u s i o n the e s t imate of the E 2 c o l l e c t i v e 
trans i t ion was a s imple one based on the amplitude within the primary w e l l of the tai l of the i somer s ta te 
w a v e function; no account was taken of the behaviour of the wave funct ions of init ia l and f inal s t a t e s 
be tween the primary and secondary w e l l s . There are in fact very great numerical d i f f i c u l t i e s in 
ca l cu la t ing properly such a transit ion strength for r e a l i s t i c Strutinsky potent ia l s composed of s egmented 
harmonic o s c i l l a t o r curves . 

A ca lcu la t ion has been made therefore for the c a s e of two rectangular w e l l s separated by a 
rectangular barrier. In this c a s e the required matrix e l ement s can be computed p r e c i s e l y . Three 
d i f ferent arrangements of the l o w e s t c lass - I I ( isomer) s tate re la t ive to the c l a s s - I vibrational l e v e l s were 
cons idered . In one ( isomer s ta te about mid-way b e t w e e n two c l a s s - I vibrational l e v e l s ) the i n c r e a s e in 
transit ion strength over that given by the simple prescript ion d e s c r i b e d above w a s a factor of 10. In a 
s e c o n d ( isomer s ta te j u s t be low a c l a s s - I s tate) the enhancement factor w a s about 1 .5 , whi le in a third 
( isomer s ta te j u s t above a c l a s s - I s ta te ) the enhancement fac.tor was about 1 0 2 . While it appears from 
t h e s e c a l c u l a t i o n s that the c o l l e c t i v e contribution to the transit ion can in some i n s t a n c e s be much more 
important than e s t imated in ref. (2), it s t i l l d o e s not s eem l ike ly that it can dominate the transit ion. We 
s t i l l expec t , therefore, that the y-ray mode of d e c a y of a shape i somer should f luctuate strongly from 
n u c l e u s to n u c l e u s , that the apparent a b s e n c e of a s imilarly strong f luctuat ion from spontaneous f i s s i o n 
exc i ta t ion c r o s s s e c t i o n s ind ica te s the predominance of the f i s s i o n mode of d e c a y , and that the con-
c lus ion of a low outer barrier i s una f f ec t ed . 

(1) Nuclear P h y s i c s D i v i s i o n Progres s Report A E R E - P R / N P 17, p. 38 (1970). 

(2) Lynn J. E . " P h y s i c s and Chemistry of F i s s i o n " (IAEA, Vienna) p. 249 (1969). 
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C. The 6 L i ( p , 3 H e ) 4 H e react ion (B . W. Hooton and M. Ivanovich) 

The re levance of this reaction to the d e s i g n of a fus ion reactor based on a lithium plasma has been 
d i s c u s s e d by Crocker et a l . ® Measurements have been made on the d i f ferent ia l c r o s s s e c t i o n between 
2 0 ° and 160° at proton energ ies be tween 1 . 0 and 2 . 4 MeV and on the di f ferent ia l c r o s s s e c t i o n at 90° 
from 1.0 to 4 . 0 MeV. A strong emphas i s w a s p l a c e d on obtaining re l iab le abso lute c r o s s s e c t i o n s s ince 
there is cons iderable disparity be tween previous r e s u l t s . ® 

Fig. la Excitation function for the 
6Li(p,3He)4He reaction at dLab = 90° normalised 

to 12.88 mb/st at 2.2 MeV. 

J tlo 
R T3 IN 

J C M l d , 9 > 

Fig. lb Differential cross section at Ep = 1.4MeV 

The most l ike ly c a u s e of s y s t e m a t i c error in 
the previous work by other experimenters i s the 
determination of ^Li in the target; in the present 
measurements this is determined by Rutherford 
scat ter ing of 4 H e . E l a s t i c scat ter ing of 4 H e at 
3 0 ° , 35° and 40° was found to obey the C o s e c 4 ( 0 / 2 ) 
Rutherford law and to have a E"2 energy dependence 
in the range 1 .6 to 1.8 MeV. Targets of 15 f i g m - c n r 
Li (95% 6 L i ) 

on a 5 / i g m / c m - carbon foi l were used 
and e l a s t i c a l l y scat tered 4 H e part ic les were 
de tec ted us ing a Si surface barrier detector. Checks 
for sys temat i c errors in current intergration and 
counter geometry were made by determining the 
th i ckness of a thin Ni foil by both e l a s t i c 
scatter ing and weighing . The c r o s s s e c t i o n for the 
6 L i ( p , 3 H e ) 4 H e react ion at 90° (LAB) and 
E p = 2.2 MeV w a s measured u s i n g three targets 
whose t h i c k n e s s e s were determined before and after 
the measurement. This c r o s s s e c t i o n of 12.9 m b / s t 
was u s e d to normal ise all subsequent runs which 
were repeatedly checked for target deterioration. 
An exc i ta t ion function at 90° i s shown in f i g . l a 
and an angular distribution in f ig . l b . The angular 
distributions were measured u s i n g a s e c o n d Si 
counter as a monitor and f i t ted to a s e r i e s of 
legendre polynomials to obtain the total c r o s s 
s e c t i o n shown in fig. 2. 

The total c r o s s sec t ion i s larger than all 
previous m e a s u r e m e n t s ^ ) , which show a cons iderab le 
spread in v a l u e s , and these earlier low c r o s s 
s e c t i o n s can poss ib ly b'.r accounted for by the 
targets c o n s i s t i n g of u n s u s p e c t e d amounts of 
lithium compounds such as the carbonate or 
hydroxide. The e l a s t i c scat ter ing measurements on 
our targets, for example , showed cons iderable 
oxygen and a nominal 15 (zgm/cm~ Li target was 
found to contain l e s s than 5 /igm of lithium. 

(1) Crocker B. S., B low S., and Watson C. J. H. 
Culham Report CLM-P240. 

Fig. 2 Total cross section of the 6Li(p,3He)4He 
reaction. 
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A N A L Y T I C A L S C I E N C E S D I V I S I O N , A . E . R . E. 

(D iv i s ion Head: Dr. A. A. Smales) 

The ha l f - l i f e or 2 4 1 Pu (M. J . Cabel l and M. Wilkins) 

In an earlier p u b l i c a t i o n ® one of us gave d e t a i l s of a b ias - free m a s s spectrometric measurement 
of the ha l f - l i f e of ,an 'old* ( i . e . out of the reactor for at l e a s t three years) sample of 2 4 ^ P u . T h i s experi -
ment has been continued and, from an a n a l y s i s of 17 data points taken over a period of e x a c t l y 8 years , 
it has now been conc luded that the ha l f - l i f e of this nuc l ide is 15 .10+0 .14 years . The most recent 
measurements have y i e l d e d a constant ha l f - l i f e , with increas ing prec i s ion as more data points have been 
acquired. 

An isomeric s t a t e of 2 4 1 P u ? (M. J . Cabel l and M. Wilkins) 

A m a s s spectrometric measurement, similar to that d e s c r i b e d above, has been used to study the 
d e c a y of a sample of freshly irradiated and purified 2 4 ® P u . The f irst measurement was taken 39 .4d after 
the end of the irradiation and the d e c a y was studied for 120 days thereafter. The resu l t s did not resul t 
in the confirmation of a 0 . 3 4 yr i somer of 2 4 ^ P u which has been p o s t u l a t e d ® . It w a s conc luded that, 
if the postulated isomer d e c a y s by direct /3"~ e m i s s i o n , l e s s than 1% of the 2 4 * P u present in the sample 
could have been in this form. Th i s result , combined with that of other i n v e s t i g a t i o n s , makes the p o s s i -
bi l i ty ,of a short- l ived i somer of 2 4 1 P u most unl ike ly . 

l i t e tlicrmnl neutron capture c r o s s s e c t i o n s of 2 3 4 U and 23 (^U (M, J. Cabel l and M. Wilkins) 

AliquotS of mixtures prepared from i s o t o p i c a l l y pure 2 3 4 U (98.84%) and i s o t o p i c a l l y enriched 
2 3 6 U (99,76%) and 2 3 8 U (99.996%) svere irradiated, with cobal t monitors, in the DIDO reactor for 
appHjjfillialoiy two years . T h e irradiation pos i t i ons c h o s e n provided e s s e n t i a l l y thermal neutrons 
(r - (7 .511 ,0) x 10"4) of known temperature ( 1 1 6 + 9 ° C ) . After irradiation the uranium w a s purified by 
revef&ed-phase partition chromatography, then m a s s a n a l y s e d . Un-irradiated samples of the mixtures 
were m a s s a n a l y s e d in a s imilar way. 

The a c t i v i t i e s of the cobal t monitors were determined a b s o l u t e l y and the neutron d o s e s they 
rece ived could then be c a l c u l a t e d . 

The neutron capture cross s e c t i o n s of 2 3 4 U and 2 3 ^ U for the reactor neutrons ( i . e . CT) were found 
to be 101 .1±1 .3b and 8 .86±4 .00b r e s p e c t i v e l y , and from these f igures the capture cross s e c t i o n s for 
Maxwel l ian neutrons ( i . e . a 0 g ) were deduced as 100.5±1.3b and 8 .47+4 .00b. 

The thermal neutron capture and absorption c r o s s s e c t i o n s of U and the thermal neutron capture 
cross s e c t i o n of (M. J. Cabel l and M. Wilkins) 

Al iquots of a mixture prepared from i s o t o p i c a l l y pure 
(98.9%) 2 3 2 U and i s o t o p i c a l l y enr iched 

(99.76%)> 2 3 6 U were irradiated, with cobal t monitors , in the DIDO reactor, for the same time, and under 
similar condi t ions a s the samples descr ibed above . After irradiation the uranium w a s purif ied by 
reverscd-phase partition chromatography, then m a s s a n a l y s e d . Un-irradiated samples of the mixture 
were m a s s a n a l y s e d in a s imilar way. 

The thermal neutron absorption and capture c r o s s s e c t i o n s of were found to b e 148 .3+4 .4b 
and'73 .1±1 .5b r e s p e c t i v e l y ; a was found to be 0 . 9 7 2 ± 0 . 0 6 1 . T h e s e re su l t s are more p r e c i s e , but in 
substant ia l agreement with earl ier measurements of the total , capture and f i s s i o n c r o s s s e c t i o n s o f this 
nuc l i d e ® . 

(1) Cabel l M. J . J . Inorg. Nuc l . Chem. 30, 2583 (1968) . 

(2) N i s l e R. G. and Stephen I. E. Nuc l . Sc i . and Eng. 39 , 257 (197 0). 

(3) Cabel l M. J . and Wilkins M. Proc. Int. Conf. on Chemical Nuclear Data, Canterbury, P . 161 (1971) . 
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In a separate , and similar experiment, us ing mixtures of 2 3 3 U (99.76%) and 2 3 6 U (99.76%), the 
thermal capture c r o s s s e c t i o n of ^ - " U for 2200 m / s e c M'nii.ror.s w a s found to be 48 .35±1 .62b . 

Act ivat ion measurements o f the c r o s s s ec t ion of tli : > •• , ^ g P m for reactor neutrons 
(M, J . Cabel l ) 

The e f f e c t i v e c r o s s s ec t ion of the react ion ^ "i •!> has been measured for reactor 
neutrons. and ^ C o monitors have been u s e d io determine the 2200 m / s e c neutron f l u x e s in the 
spectra employed, and cadmium ratio meaTursments for gold and the s i lver -cobal t ac t iv i ty ratio method 
have been used to determine the epithermal i n d i c e s . 

The amounts of 1 4 8 g p m f o r m e c } ) a n d the amounts of ^ ^ P m from which they were formed, were both 
determined after purif icat ion of the irradiated material . Gamma spectrometry w a s u s e d for the former 
purpose, and the 4tt(3-y tracer method, with 4<^Sc as the tracer, w a s u s e d for the latter. 

The cross s e c t i o n of the react ion for Maxwel l ian neutrons ( a 0 g ) and i t s reduced re sonance 
integral ( £ ' ) were found to be 96 .0+1 .8 barns (T = 6 0 ° C ) and 1274±66 barns r e s p e c t i v e l y . 

The hal f - l i fe of 1 4 4 C e (M. J. Cabel l and M. Wilkins) 

An evaluat ion of publ i shed data has led to the c o n c l u s i o n that the hal f - l i fe of 1 4 4 C e is 
284 .4+0.4d. 

Reports and Pub l i ca t ions 

Reports 

A E R E - R 6529 Concerning the ha l f - l i f e of 1 4 4 C e . M. J . Cabel l and M. Wilkins. 

A E R E - R 6761 The thermal neutron capture cross s e c t i o n s of 2 3 4 U and 2 3 6 U . M. J. Cabel l and 
M. Wilkins. 

Publ icat ions 

Cabel l , M. J. Act iva t ion measurements of the c r o s s s e c t i o n of the reaction 1 4 ^ P m ( n , y ) l 4 ^ s P m for 
reactor neutrons. J. Inorg. Nuc l . Chem. 32 , 3433 (1970) . 

Cabel l M. J. and Wilkins M. An i someric s tate of 2 4 1 P u ? J. Inorg. Nuc l . Chem. 33, 903 (1971) . 

C H E M I S T R Y D I V I S I O N . A . E . R . E . 

(D iv i s ion Head: Dr. W. Wild) 

For administrat ive r e a s o n s it i s inconvenient to report the work of the Chemistry D i v i s i o n in this 
document. The progress report for the period Mid 1971 to March 1972 (UKNDC(72)P.37 , 
EANDC(UK)140AL, INDC(UK)15G) wi l l inc lude reports covering this period. 
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N U C L E A R R E S E A R C H D I V I S I O N , A . W . R . E . 

(Chief of Nuclear Research: Dr. H. R. Hulme) 

During the period of this report, the Nuclear Research D i v i s i o n has been engaged in three main 
l i n e s of work in the f ie ld of neutron data. T h e s e are: 

(i) Measurement and a n a l y s i s of experimental data on neutron induced react ions . 

(i i) Evaluat ion of neutron data . 

( i i i ) Production and maintenance of computer c o d e s connec ted with the evaluat ion project. 

I MEASUREMENT AND ANALYSIS OF EXPERIMENTAL DATA 

1 Neutron Scattering (R. E . C o l e s and D. Porter) 

The a n a l y s i s of neutron sca t ter ing data obtained us ing the 6 MV Van de Graaff generator has been 
continued. For sodium and natural molybdenum, the a n a l y s i s has been completed and reports have been 
publ ished g iv ing de ta i l ed r e s u l t s . The abstracts of t h e s e reports are as f o l l o w s : 

(i) Sodium AWRE Report 0 3 / 7 1 

"The time of f l ight method has been u s e d to study 5 .0 MeV neutron e l a s t i c and i n e l a s t i c 
scat ter ing by sodium. Dif ferent ia l c r o s s s e c t i o n s at ten ang le s between 3 0 ° and 1 3 5 ° were 
measured for e l a s t i c scat ter ing and for i n e l a s t i c scat ter ing to s e v e n l e v e l s up to 3 .88 MeV 
exc i ta t ion in the target n u c l e u s . 

T h i s work w a s originated to provide information on the shape of the e l a s t i c angular d i s -
tribution and where appropriate, comparisons are made with e x i s t i n g data in the UKAEA 
Nuclear Data F i l e No. 182 for sodium." 

(ii) Natural Molybdenum AWRE Report 0 8 9 / 7 0 (EANDC(UK)126AL) 

"The time of f l ight method has been u s e d to study fa s t neutron e l a s t i c and i n c l a s t i c 
scat ter ing in the energy range 1.0 t o 5 .0 MeV by natural molybdenum. Di f ferent ia l c r o s s 
s e c t i o n s at ten a n g l e s from 30° to 1 3 5 ° were measured at 0 . 5 MeV intervals be tween 1 . 5 and 
5 .0 MeV for e l a s t i c scat ter ing , i n e l a s t i c scat ter ing to groups of l e v e l s up to 1600 keV 
exc i ta t ion in the target n u c l e u s and i n e l a s t i c scat ter ing to a continuum above this 1600 keV 
l e v e l . 

Exc i ta t ion funct ions were derived from 125° y i e l d s measured at 0.2 MeV intervals be tween 
1 . 0 and 3 . 0 MeV for i n e l a s t i c scat ter ing to groups of l e v e l s up to 1600 keV exc i ta t ion in the 
target n u c l e u s . The continuum spectra in the range 2 .0 to 5 .0 MeV have been a n a l y s e d in 
terms of s t a t i s t i c a l evaporation theory and parameters descr ib ing the secondary energy d i s -
tributions of the continuum scat tered neutrons extracted. 

Si nee the intention of this report i s to provide de ta i l ed experimental data in the range 1 .0 to 
5 . 0 MeV prior to an eva luat ion of s ca t t er ing cross s e c t i o n s for natural molybdenum, no 
attempt has been made to compare the data with theoret ical predict ions . Moreover, above 
2 . 0 MeV inc ident neutron energy, f ew experimental data are ava i lab le with which to make 
comparisons , although comparisons are made where appropriate to previous ly eva luated c r o s s 
s e c t i o n s . " 

2 (n,2n) Measurements (D. S. Mather, G. J a m e s , P. J . Nind and P . F . Bampton) 

Measurements of the (n,2n) c r o s s s ec t ion us ing the large l iquid sc int i l la tor have been cont inued. 
Data have been obtained at 14 MeV for 9 3 N b , Mo (natural), 1 0 3 R h , 1 6 9 T m , 1 9 7 A u , 2 3 5 U and 2 3 8 U . The 
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a n a l y s i s of the data is in progress . 

3 Neutron Cross Sec t ion Measurement us ing Neutrons from Nuc lear E x p l o s i o n s (A. Moat) 

A n a l y s i s of the data on the neutron induced f i s s i o n cross s ec t ion for 2 3 ® P u , obtained us ing 
neutrons from the underground nuclear e x p l o s i o n Persimmon has b e e n continued at a low priority. 

II EVALUATION OF NEUTRON DATA 

1 Evaluat ion of the Neutron Cross Sec t ions for Carbon (A. C. D o u g l a s , D. Porter and K. VVyld) 

The eva luat ion of the ava i lab le data for carbon had been completed and a report h a s been written 
descr ib ing th i s . The abstract i s a s fo l l ows : 

"A survey of all r e f erences and data ava i lab le at June 1970 on the cross s e c t i o n s and 
angular distr ibutions for total, e l a s t i c and i n e l a s t i c scat ter ing of neutrons from natural carbon 
in the energy range 1 e V to 15 MeV has been made. Evaluated data for u s e in neutronics 
c a l c u l a t i o n s have been produced from semi-automatic f i t s to edi ted experimental c r o s s 
s e c t i o n s whi le for the angular d is tr ibut ions of the e l a s t i c a l l y scattered neutrons e y e - f i t s were 
made to the Legendre polynomial c o e f f i c i e n t s of these distr ibut ions as funct ions of inc ident 
energy guided where n e c e s s a r y , by theoret ical e s t i m a t e s . Comparisons of the recommended 
data with the e x i s t i n g UKAEA data f i l e content s for carbon are presented and show an overal l 
reduction in the total c r o s s s ec t ion below 2 MeV and s i g n i f i c a n t a l terat ions in the i n e l a s t i c 

1 ? 
cross s e c t i o n to the f irst e x c i t e d s tate in below 9 MeV. The e l a s t i c scat ter ing angular 
dis tr ibut ions are general ly unchanged e x c e p t in the range 2-9 MeV." 

2 Evaluat ion of the I n e l a s t i c Scattering Cross Sect ion for and - 3 9 p u (A. C. Doug las and 
K. Wyld) 

(i) 238U 

An evaluat ion has been made of the experimental data a v a i l a b l e up until January 1971 on the 
c r o s s s e c t i o n for i n e l a s t i c scat ter ing of neutrons from 2 3 8 j j j n t ( l e e n e r g y range up to 2 MeV. 
Recommended cross s e c t i o n s have been produced for the exc i ta t ion of 10 d i s c r e t e l e v e l s up 
to 1047 keV with the exc i ta t ion of higher l e v e l s inc luded in a continuum. T h e s e recommend-
at ions are b a s e d e s s e n t i a l l y on the recent data from Smith at Argonne and from Barnard in 
South Africa . Above 2 MeV no new experimental data are ava i lab le and the recommended 
c r o s s s e c t i o n s are s imilar to previous e v a l u a t i o n s . T h e s e c r o s s s e c t i o n s have been 
included in a new f i l e DFN 272 in the UK Nuclear Data Library. 

(i i) 2 3 9 P u 

An eva luat ion has been made of the ava i lab le data on the cross sec t ion for i n e l a s t i c 
scat ter ing of neutrons from 2 3 9 P u . Very few experimental data are ava i lab le and s o the 
recommended c r o s s s e c t i o n s are based mainly on nuclear theory predict ions . Recommended 
cross s e c t i o n s have been produced for the exc i tat ion of 9 d i scre te l e v e l s up to 3 9 2 keV with 
the e x c i t a t i o n of higher l e v e l s included in a continuum. The recommendations are b a s e d on 
the c a l c u l a t i o n s reported by P r i n c e ^ at the 1970 Hels inki Conference but adjusted at 
energ ie s be low 1500 keV to g ive agreement with the experimental data of Cavanagh et 
T h e s e c r o s s s e c t i o n s have been included in a new f i l e D F N 269 in the UK Nuc lear Data 
Library. 

(1) Prince A. Nuclear Data for Reactors II 825, IAEA Vienna (1970) . 

(2) Cavanagh P. E . , Coleman C. F . , Boyce D. A . , Gard G. A. , Hardacre A. G. and Turner J . F. 
A E R E - R 5972 (1969). 
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3 Evaluat ion of the Number of Neutrons per F i s s i o n v for 2 3 % , 2 3 8 y a n j 2 3 9 p u 

( D . S. Mather and P . F. Bampton) 

Eva luat ions have been made of the ava i lab le experimental data on v for neutron induced f i s s i o n of 
the i s o t o p e s 2 3 5 U , 2 3 8 U and 2 3 9 P u in the energy range up to 15 MeV. Reports have been publ i shed 
descr ibing t h e s e three eva lua t ions in deta i l . The abstracts of t h e s e reports are as f o l l o w s : 

(i) 2 3 9 P u AWRE Report 0 8 6 / 7 0 (EANDC(UK)125AL) 

"Data ava i lab le before July 1970 on direct measurements of v for the neutron induced 
f i s s i o n of Pu-239 have been cons idered and an eva luat ion c o n s i s t i n g of a s e t of four straight 
l i n e s s p e c i f y i n g the variat ion of v with neutron energy has been produced for entry in a new 
data f i l e , DFN 269 ." 

(ii) 2 3 8 U AWRE Report O 4 4 / 7 1 (EANDC(UK)136AL) 

"An evaluat ion h a s been made of d irect measurements of v for the neutron induced f i s s i o n of 
U-238 us ing data ava i lab le up to December 1970. A s e t of three straight l i n e s i s found to 
g ive the b e s t representat ion of the variat ion of !> with neutron energy and v a l u e s s p e c i f y i n g 
this evaluat ion have been produced for entry in a new Data F i l e DFN 272." 

( i i i ) 2 3 5 U AWRE Report 0 5 5 / 7 1 (EANDC(UK)132AL) 

"An evaluat ion h a s been made of direct measurements of i~for the neutron induced f i s s i o n of 
U-235 u s i n g data ava i lab le before January 1971 and eva luated va lues entered into a new data 
f i l e D F N 271 . B e l o w 1 .75 MeV a non- l inear variation i s ev ident with a s t ep - l ike structure 
between 0 . 2 and 1 .4 MeV, a sp l ine f i t ted curve has been u s e d to descr ibe th i s region. For 
the energy range 1 . 7 5 - 15.0'MeV the eva luat ion has been s p e c i f i e d by a s e t of 4 straight 
l i n e s . " 

The publ icat ion of t h e s e reports co m pl e t e s the v e v a l u a t i o n s . 

4 F i s s i o n Cross Sect ion Evaluat ion (D. S. Mather) 

In col laborat ion with M. G. Sowerby and B . H. Patrick of A E R E , Harwell , a s imul taneous eva lu -
ation has been made of the f i s s i o n c r o s s s e c t i o n s of 2 3 ^ U , 2 3 8 U and 2 3 9 P u and the capture c r o s s 
s e c t i o n of 2 3 8 U in the energy range 100 eV to 20 MeV. The recommended c r o s s s e c t i o n s have been 
incorporated in new f i l e s in the UK Nuclear Data Library. 

5 Production of F i l e s for the UK Nuclear Data Library (A. C. Doug las , D. S. Mather, P . F. Bampton 
and K. Wyld) 

The nuclear data recommended by the e v a l u a t i o n s mentioned above have been incorporated in new 
data f i l e s for i n c l u s i o n in the UK Nuclear Data Library. Data for other cross s e c t i o n s e t c . , were 
general ly taken from earl ier f i l e s in the Library i . e . from earlier eva luat ions but adjustments were made 
to ensure that, at e a c h energy quoted, the sum of the partial c r o s s s e c t i o n s was equal to the total c r o s s 
s e c t i o n . The new f i l e s were c h e c k e d for c o n s i s t e n c y with the Library Format and for arithmetic errors 
us ing the CHECK 1 programme. Graphical c h e c k s were made u s i n g the GROD 2 programme. 

New f i l e s were produced for: 

C - DFN 902 

2 3 8 U - DFN 272 
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Ill PRODUCTION AND MAINTENANCE OF COMPUTER CODES 

1 The SCORE Programme (J. Cameron) 

SCORE i s a semi-automatic neutron data eva luat ion programme written by a group at Atomics 
International. It i s operational at AWRE. During the period of this report, only minor m o d i f i c a t i o n s have 
been made to SCORE to accommodate c h a n g e s in computer operation. 

2 The MISSIONARY Prograir-me (J. Cameron) 

A computer programme, named MISSIONARY, h a s been written. T h i s converts data f i l e s in the 
E N D F / B Format to the UK Nuc lear Data Library Format. The most usua l quant i t ies are converted: 
cross s e c t i o n s , angular d is tr ibut ions , secondary energy dis tr ibut ions and the number of neutrons per 
f i s s i o n v. Other q u a n t i t i e s , such as photon production data are ignored. 

S ince the convers ion i n v o l v e s c h a n g e s in representat ion a s wel l as in layout, an e x a c t or 
"word-for-word" translat ion i s not p o s s i b l e . The accuracy of the convers ion is control led by input 
parame ters. 

Brief ly , tabulat ions are generated for E N D F / B parametric forms and extra points are added, where 
n e c e s s a r y , to E N D F / B tabulat ions . Surplus points and distr ibut ions are d iscarded and the data 
re-ordered to UK order before f inal ly being output in the UKNDL format. 

MISSIONARY i s written in FORTRAN IV for IBM 3 6 0 / 3 7 0 under OS. E x t e n s i v e u s e is made of 
auxil iary storage (d i sks ) and the core requirement v a r i e s from about 180K depending on the amount of 
buffer s p a c e a l l o c a t e d . CPU time on the 3 6 0 / 7 5 for a long f i l e with no resonance parameters i s about 
7 minutes . F i l e s with re sonance parameters, particularly if Doppler broadened, can take much longer; 
30 minutes for 90 r e s o n a n c e s . 

PUBLICATIONS 

Porter D. , C o l e s , R. E . and Gilboy W. B. (n,n*y) R e a c t i o n s in 5 1 V and 8 9 Y . AWRE 0 7 8 / 7 0 . 

C o l e s R. E. E l a s t i c and I n e l a s t i c Scattering of 5 . 0 MeV Neutrons by Sodium. AWRE O 3 / 7 1 . 

C o l e s R. E. and Porter D. E l a s t i c and I n e l a s t i c Scatter ing of Neutrons in the Energy Range 1 .0 to 
5.0 MeV by Natural Molybdenum. AWRE 0 8 9 / 7 0 (EANDC(UK)126AL) . 

Mather D. S., Bampton P. F . , James G and Nind P . J. Measurements of V for Pu-239 b e t w e e n 
40 keV and 1 . 2 MeV. AWRE O 4 2 / 7 0 (EANDC(UK)121AL). 

Mather D. S. and Bampton P. F. Evaluat ion of v for Pu-239. AWRE O 8 6 / 7 0 (EANDC(UK)125AL) . 

Mather D. S. and Bampton P. F. Evaluat ion of v for U-238 . AWRE O 4 4 / 7 1 (EANDC(UK)136AL) . 

Mather D . S. and Bampton P. F. Evaluat ion of i / f o r U-235 . AWRE O 5 5 / 7 1 (EANDC(UK)132AL) . 
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N A T I P N A L P H Y S I C A L L A B O R A T O R Y 

D i v i s i o n of Radiation S c i e n c e 

(Superintendent: Dr. P . J . Campion) 

The (n,g) and (n,p) reac t ions in s i l i c o n and the (n.p) react ion in aluminium at energ ies up to 5 .6 MeV 
(J. C. Robertson and K. J. Z ieba) 

A report on this work with the fo l lowing abstract has been p u b l i s h e d ^ . 

"Cross s e c t i o n s are g iven for the n,p and n,a react ions in s i l i c o n and the n,p react ion in aluminium at 
e r T g i e s up to 5 .6 MeV. T h e s i l i c o n measurements were made u s i n g a s i l i c o n semiconductor detec tor 
as the target and detector .and the aluminium measurements were made by /3-counting the 2 7 M g act iv i ty 
produced in aluminium f o i l s . The re su l t s are compared with previous measurements . It i s shown that 
in measuring exc i ta t ion funct ions in this energy region, the u s e of a s i l i c o n semiconductor detector is a 
conven ient method of measuring the inc ident neutron energy." 

The 1 9 7 A u ( n , y ) 1 9 8 A u c r o s s s e c t i o n at 22 .8 keV (T. B. R y v e s and J . C. Robertson) 

A new measurement of the * 2 4 S b y-ray energy g i v e s a value of 1691 .00+0 .06 keV and this combined 
with other recent prec i s e measurements g i v e s a b e s t y - r a y energy of 1691 .03+0 .04 keV and a va lue of 
22 .8+0 .6 keV for the Sb-Be photoneutron energy. R y v e s e t a l ^ measured the * 9 7 A u ( n , y ) c r o s s s e c t i o n 
u s i n g a source of this type and performed Monte Carlo ca l cu la t ions to obtain their neutron source 
spectrum. An improved Monte Carlo ca lcu la t ion of this spectrum has now been performed and the 

" ' A u ( n , y ) cross s e c t i o n determination re-evaluated to g ive a va lue of 684±20 mb. A report of this work 
has been p u b l i s h e d ^ . 

(1) Robertson J . C. and Zieba K. J . J . Nucl . En. 26, 1 (1972) . 

(2) R y v e s T. B . , Robertson J. C. , Axton E . J . , Goodier I. and Williams A . J . Nucl . En. 20, 249 
(1966). 

(3) Ryves T . B . and Robertson J . C. J . Nuc l . En. 25, 577 (1971) . 

- 40 -


