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PREFACE 

The reports in this document were submitted to the United 
States Nuclear Data Committee (USNDC) at the meeting at the Argonne 
National Laboratory, November 28-29, 1973- The reporting laboratories 
are those having a substantial effort in measuring neutron and nuclear 
cross sections of relevance to the U. S. applied nuclear energy program. 
The material contained in these reports is to be regarded as comprised 
of informal statements of recent developments and preliminary data. 
Persons wishing to make use of these data should contact the individual 
experimenter for further details. The data which appear in this document 
should be quoted only by permission of the contributor and should be 
referenced as private communication, and not by this document number. 
Appropriate subjects are listed as follows: 

1. Microscopic neutron cross sections relevant to the 
nuclear energy program, including shielding. Inverse reactions where 
pertinent are included. 

2. Charged particle cross sections, where they are 
relevant to l) above, and where relevant to developing and testing 
nuclear models. 

3. Gamma-ray production, radioactive decay, and theoreti-
cal developments in nuclear structure which are applicable to nuclear 
energy programs. 

Proton and alpha-particle cross sections, at energies 
of up to 1 GeV, which are of interest to the space program. 

These reports cannot be regarded as a complete summary of 
the nuclear research efforts in the U. S. A number of laboratories, 
whose research is less programmatically oriented do not submit reports; 
neither do the submitted reports reflect all the work related to nuclear 
cross sections in progress at the submitting laboratory. Budgetary 
limitations have made it mandatory to follow more strictly the subject 
guidelines described above and therefore to restrict the size of this 
document. 

This compilation has been produced almost completely from 
master copies prepared by the individual contributors listed in the 
Table of Contents. It is a pleasure to acknowledge their help in the 
preparation of these reports. 

C. D. Bowman, Secretary, USNDC 
Chief, Nuclear Sciences Division 
National Bureau of Standards 
Washington, D.C. 2023^ 
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N I 0 6 1 N , G A M M A RPI 10*4 2 0 * 5 EXPT 

N I 0 6 1 P H O T O N E U T R O N ANL 12*4 EXPT 

N I 0 6 4 T O T A L X S E C T N RPI 10*4 2 0 * 5 E X P T 

NI 064 N , G A M M A RPI 10*4 2 0 * 5 EXPT 

CU D I F F E L A S T I C A B D 7 6 + 6 1 1 * 7 EXPT 

C U 0 6 3 T O T A L E L A S T O R L 5 5 * 6 8 5 * 6 E X P T 

C U 0 6 3 D I F F E L A S T I C O R L 5 5 * 6 8 5 * 6 EXPT 

C U 0 6 3 TOT I N E L A S T O R L 5 5 * 6 8 5 * 6 EXPT 

C U 0 6 3 D I F F I N E L A S T O R L 5 5 * 6 8 5 * 6 EXPT 

S M I T H * . A C T . L I 7 ( P N ) * D ( D N ) N E U T S . N D G 12 

S M I T H * . A N A L T B C . ND D A T A G I V E N . 11 

K I N N E Y * . NO D A T A G I V E N . 140 

S M I T H * . A N A L T B C . ND DATA G I V E N . 11 

K I N N E Y * . NO D A T A G I V E N . 140 

Z U H R + . L I N A C . 6 A N G S 3 0 - 1 5 0 D E G . N D G . 169 

D I C K E N S * . N A I * G E ( L I ) D E T . NO D A T A . 137 

H A N S E N * . I N T E G R A T D S I G . U C R L - 5 1 2 3 2 . 84 

K I N N E Y * . NO D A T A G I V E N . 140 

S M I T H * . A N A L T B C . N3 D A T A G I V E N . 11 

K I N N E Y * . NO D A T A G I V E N . 140 

H A N S E N * . C U R V + T B L . S E E U C R L - 5 1 2 3 2 . 84 

A R E N D T + . L I N A C . NO D A T A G I V E N . 169 

S M I T H * . A C T . L I 7 ( P N ) + D ( D N ) N E U T S . N D G 12 

K I N N E Y * . NO D A T A G I V E N . 140 

K I N N E Y * . NO D A T A G I V E N . 140 

K I N N E Y * . NO D A T A G I V E N . 140 

B R O W N * . L I N A C . G E ( L I ) D E T . NO D A T A . 168 

K N O X * . L I N A C . T R A N S . T O BE D O N E . 170 

K N O X * . L I N A C . A N A L T B C . NO D A T A . 170 

J A C K S O N . U P P E R L I M I T N O N R E S O N S I G . 21 

K N O X * . L I N A C . T R A N S . TO BE D O N E . 170 

K N O X * . L I N A C . A N A L T B C . NO D A T A . 170 

B U C H E R * . S M A L L - A N G L E S C A T . N O D A T A . 219 

K I N N E Y * . NO D A T A G I V E N . 139 

K I N N E Y * . NO D A T A G I V E N . 139 

K I N N E Y * . NO D A T A G I V E N . 139 

K I N N E Y * . NO D A T A G I V E N . 139 



C U 0 6 5 T O T A L ELAST O R L 5 5 * 6 8 5 + 6 EXPT 

C U 0 6 5 DIFF E L A S T I C 3 R L 5 5 * 6 8 5 * 6 G:XPT 

C U C 6 5 TOT I N E L A S T O R L 55*6 8 5 * 6 EXPT 

C U 0 6 5 DIFF INELAST O R L 5 5 * 6 85*6 EXPT 

Z N 0 6 4 N , P R O T O N A NL TR 10*7 EXPT 

A S 0 7 5 S T R E N G T H FNC NBS 10*3 60*5 EXPT 

BR S T R E N G T H FNC NBS 10*3 6 0 * 5 EXPT 

Z R 0 9 0 T O T A L XSECTN A N L 2 0 * 7 EXPT 

Z R 0 9 0 S T R E N G T H FNC ANL +6 EXPT 

Z R 0 9 0 N , G A M M A O R L 40*4 EXPT 

Z R 0 9 0 SPECT NGAMMA O R L 40*4 EXPT 

Z R 0 9 1 P H O T O N E U T R O N A N L +6 EXPT 

Z R C 9 2 • T O T A L XSECTN A N L 2 0 * 7 EXPT 

Z R 0 9 2 T O T A L X S E C T N O R L NDG EXPT 

Z R 0 9 4 T O T A L XSECTN O R L NDG EXPT 

Z R 0 9 6 T O T A L X S E C T N O R L NDG EXPT 

N B 0 9 3 S T R E N G T H FNC N B S 10*3 60+5 EXPT 

MO SPECT NGAMMA B N L 2 4 * 4 EXPT 

M 0 0 9 2 T O T A L XSECTN A N L 2 0 * 7 EXPT 

M 0 0 9 2 T O T A L XSECTN D K E N D G EXPT 

M0092 S T R E N G T H FNC D K E N D G EXPT 

M0094 T O T A L XSECTN D K E NDG EXPT 

M0094 S T R E N G T H FNC D K E NDG EXPT 

M0095 T O T A L X S E C T N D K E NDG EXPT 

MOC95 S T R E N G T H FNC DKE NDG EXPT 

M0C9S T O T A L XSECTN ANL 2 0 * 7 EXPT 

M0G96 T O T A L XSECTN DKE NDG EXPT 

M 0 0 9 6 S T R E N G T H FNC DKE NDG EXPT 

K I N N E Y * . NO D A T A G I V E N . 139 

K I N N E Y * . NO DATA G I V E N . 139 

K I N N E Y * . NO D A T A G I V E N . 139 

K I N N E Y * . NO D A T A G I V E N . 139 

S M I T H * . A C T . L I 7 ( P N ) * D ( D N ) N E U T S . N D G 12 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

P O E N I T Z * . Q P T M O D ANAL T B C . NO D A T A . 12 

T O O H E Y * . S O AND SI V A L U E S G V N . T B P . 22 

S L A U G H T E R * . V A L E N C Y CAPT T E S T . NDG 143 

S L A U G H T E R * . G E ( L I ) . R E S O N C A P T . NDG 143 

T O O H E Y + . W G O M E A S D 3 6 R E S . N D G . T B P . 22 

P Q E N I T Z * . Q P T M O D ANAL T B C . NO D A T A . 12 

GOOD*.TRANS.ORELA..VO DATA G I V E N . 144 

G O O D * . T R A N S . O R E L A . M O DATA G I V E N . 144 

GOOD*.TRANS.ORELA.VJO DATA G I V E N . 144 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

R I M A W I * . N O D A T A G I V E N . 52 

P O E N I T Z * . O P T M O D ANAL T B C . NO D A T A . 12 

P I N E O + . T R A N S . N O D A T A . TBP IN AP 198 

P I N E O * . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

P I N E O + . T R A N S . N O D A T A . TBP IN AP 198 

P I N E O * . S 0 , S 1 , S 2 M 2 A S D . N D G . T B P A P . 1 9 8 

P I N E O + . T R A N S . N O D A T A . TBP IN AP 198 

P I N E O * . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

P O E N I T Z * . O P T M O D ANAL T B C . NO D A T A . 12 

P I N E O * . T R A N S . N O D A T A . TBP IN AP 198 

P I N E O * . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 



M0098 T O T A L X S E C T N ANL 2 0 + 7 EXPT 

M0C98 T O T A L XSECTN BNL NDG EXPT 

M0098 T O T A L X S E C T N DKE NDG EXPT 

M 0 0 9 8 R E S O M P A R A M S BNL NDG EXPT 

M 0 0 9 8 S T R E N G T H FNC DKE NDG EXPT 

M 0 0 9 8 N , G A M M A ANC PILE EXPT 

MOIOO T O T A L X S E C T N A N L 2 0 + 7 EXPT 

MOIOO T O T A L X S E C T N DKE NDG EXPT 

MOIOO S T R E N G T H FNC DKE NDG EXPT 

MOIOO N , G A M M A ANC P I L E EXPT 

RU T O T A L X S E C T N DKE NDG EXPT 

RU S T R E N G T H FNC DKE NDG EXPT 

R H 1 0 3 T O T A L X S E C T N DKE NDG EXPT 

R H 1 0 3 S T R E N G T H FNC DKE NDG EXPT 

R H 1 0 3 S T R E N G T H FNC NBS 10+3 6 0 + 5 EXPT 

R H 1 0 3 N , G A M M A RPI 2 0 + 1 1 0 + 5 EXPT 

P D 1 0 5 N , G A M M A RPI 2 0 + 1 1 0 + 5 EXPT 

AG S T R E N G T H FNC NBS 10+3 6 0 + 5 EXPT 

A G 1 0 9 N , G A M M A ANC P I L E EXPT 

IN S T R E N G T H FNC NBS 10+3 6 0 + 5 EXPT 

SN DIFF E L A S T I C ABD 7 6 + 6 1 1 + 7 EXPT 

SB S T R E N G T H FNC NBS 10+3 6 0 + 5 EXPT 

I 127 S T R E N G T H FNC N B S 10+3 6 0 + 5 EXPT 

I 127 N , G A M M A ANC PILE EXPT 

I 129 N , G A M M A ANC PILE EXPT 

B A 1 3 5 SPECT N G A M M A BNL 24+4 EXPT 

LA T O T A L X S E C T N DKE NDG EXPT 

LA S T R E N G T H FNC DKE NDG EXPT 

xi 

P O E N I T Z + . O P T M O D A N A L T B C . NO D A T A . 12 

C O L E + . O R E L A . T B D T E S T V A L E N C E M O D . 47 

P I N E O + . T R A N S . N O D A T A . TBP IN AP 198 

C O L E + . O R E L A . T B D T E S T V A L E N C E M O D . 47 

P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

S M I T H + . A C T . NO D A T A G I V N . C F R M F . 6 

P O E N I T Z + . O P T M O D A N A L T B C . NO D A T A . 12 

P I N E O + . T R A N S . N O D A T A . TBP IN AP 198 

P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

S M I T H * . A C T . NO D A T A G I V N . C F R M F . 6 

P I N E O + . T R A N S . N O D A T A . TBP IN AP 198 

P I N E O + . S 0 , S 1 , S 2 M 2 A S D . N D G . T B P A P . 1 9 8 

P I N E O + . T R A N S . N O D A T A . TBP IN AP 198 

P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

K N O X + . L I N A C . T B C . MO DATA G I V E N . 168 

K N O X + . L I N A C . T B C . MO DATA G I V E N . 168 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

S M I T H + . A C T . NO D A T A G I V N . C F R M F . 6 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

B U C H E R + . S M A L L - A N G L E S C A T . N O D A T A . 219 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

S M I T H * . A C T . NO D A T A G I V N . C F R M F . 6 

S M I T H * . A C T . NO D A T A G I V N . C F R M F . 6 

R I M A U I + . G A M S P E C * I N T E N S I T Y G I V N . 52 

P I N E O * . T R A N S . N O D A T A . TBP IN AP 198 

P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 



LA S T R E N G T H FNC N B S 10+3 6 0 + 5 EXPT C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

L A 1 3 9 N , G A M M A A N C P I L E EXPT S M I T H + . A C T . NO D A T A G I V N . C F R M F . 6 

N D 1 4 3 SPECT N G A M M A A N L THR EXPT S M I T H E R + . NO DATA G I V E N . 25 

N D 1 4 5 SPECT N G A M M A A N L T H R EXPT S M I T H E R + . NO D A T A G I V E N . 2 5 

S M 1 4 7 S P E C T N G A M M A A N L NDG EXPT S M I T H E R + . A V G R E S O N CAPT S P E C . N D G . 24 

S M 1 4 9 SPECT N G A M M A A N L NDG EXPT S M I T H E R + . A V G R E S O N C A P T S P E C . N D G . 24 

S M 1 5 2 R E SON P A R A M S B N L 8 0 + 0 2 4 + 2 EXPT C O L E + . W N + W G FOR 6 R E S 0 N FROM C A P T . 39 

S M 1 5 2 SPECT NGAMMA B N L - 1 EXPT C O L E + . D I R E C T C A P T S P E C T S H O W N . 39 

E U 1 5 1 N , G A M M A A N C P I L E EXPT S M I T H + . A C T . NO D A T A G I V N . C F R M F . 6 

E U 1 5 1 N , G A M M A RPI 20 + 1 10+5 EXPT K N O X + . L I N A C . T B C . NO DATA G I V E N . 168 

E U 1 5 3 N , G A M M A A N C PILE EXPT S M I T H + . A C T . NO D A T A G I V N . C F R M F . 6 

E U 1 5 3 N , G A M M A R P I 2 0 + 1 1 0 + 5 EXPT K N O X + . L I N A C . T B C . NO DATA G I V E N . 168 

T8159 R E S O N P A R A M S B N L 33+0 9 8 + 1 EXPT R I B O N + . T A B L E OF R E S O N J V A L U E S . 48 

T B 1 5 9 N , G A M M A A N C PILE EXPT S M I T H + . A C T . NO D A T A G I V N . C F R M F . 6 

T B 1 5 9 S P E C T N G A M M A B N L +0 +2 EXPT R I B O N + . T A B L E OF R E S O N J V A L U E S . 48 

D Y 1 6 4 SPECT NGAMMA B N L NDG EXPT C O L E + . D I R E C T C A P T . T B C . N O DATA GIVN .48 

H 0 1 6 5 S T R E N G T H FNC N B S 10+3 6 0 + 5 EXPT C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

T M 1 6 9 N , G A M M A A N C PILE EXPT S M I T H + . A C T . NO D A T A G I V N . C F R M F . 6 

Y B 1 7 0 SPECT NGAMMA B N L NDG EXPT C O L E + . D I R E C T C A P T . T B C . N O DATA GIVN .48 

HF T O T A L XSECTN DKE NDG EXPT P I N E O + . T R A N S . N O D A T A . TBP IN AP 198 

HF S T R E N G T H FNC DKE NDG E X P T P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 198 

T A 1 8 1 T O T A L X S E C T N D K E NDG EXPT P I N E O + . T R A N S . NO D A T A . T B P IN A P . 198 

T A 1 8 1 S T R E N G T H FNC D K E NDG EXPT P I N E O + . S 0 , S 1 , S 2 M S A S D . N D G . T B P A P . 198 

T A 1 8 1 N , G A M M A A N C PILE EXPT S M I T H + . A C T . NO D A T A G I V N . C F R M F . 6 

W T O T A L X S E C T N D K E NDG EXPT P I N E O + . T R A N S . NO D A T A . TBP IN A P . 198 

W S T R E N G T H FNC D K E NDG EXPT P I N E O + . SO F S 1 , S 2 M E A S D . N D G . T B P A P . 198 

W DIFF E L A S T I C A B D 76 + 6 11+7 EXPT B U C H E R + . S M A L L - A N G L E S C A T . N O D A T A . 219 

U 182 E V A L U A T I O N L A S NDG EVAL Y O U N G + . NO DATA G I V E N . 119 



W 182 SPECT NGAMMA BNL 24*4 EXPT 

U 183 E V A L U A T I O N L A S N D G E V A L 

W 183 S P E C T NGAMMA A N L T H R EXPT 

U 184 E V A L U A T I O N L A S NDG E V A L 

W 186 E V A L U A T I O N LAS NDG E V A L 

W 186 SPECT NGAMMA B N L NDG EXPT 

U 186 S P E C T NGAMMA B N L 24*4 EXPT 

W 186 SPECT NGAMMA B N L T H R 24+4 EXPT 

OS T O T A L XSECTN DKE NDG EXPT 

OS S T R E N G T H FNC DKE NDG EXPT 

IR T O T A L XSECTN DKE NDG EXPT 

IR S T R E N G T H FNC D K E NDG EXPT 

A U 1 9 7 S T R E N G T H FNC N B S 10*3 6 0 + 5 EXPT 

TL T O T A L XSECTN D K E NDG EXPT 

TL S T R E N G T H FNC D K E NDG EXPT 

PB DIFF ELASTIC A B D 7 0 * 6 14 + 7 EXPT 

P B 2 0 6 N , G A M M A O R L 2 5 * 3 +5 E X P T 

P B 2 0 6 SPECT NGAMMA O R L 25*3 +5 EXPT 

P B 2 0 7 T O T A L XSECTN LRL 16*5 5 1 + 5 EXPT 

P B 2 0 7 T O T A L XSECTN O R L 50*6 3 5 + 7 EXPT 

PB207 T O T A L XSECTN ORL 17*7 EXPT 

PB207 N , G A M M A O R L 2 5 + 3 + 5 EXPT 

P B 2 0 7 SPECT NGAMMA O R L 2 5 * 3 + 5 EXPT 

P B 2 0 7 P H O T O N E U T R O N ANL 10 + 6 EXPT 

PB208 N , G A M M A O R L 25+3 + 5 EXPT 

PB208 SPECT HGAMMA O R L 25 + 3 + 5 EXPT 

P B 2 0 8 P H O T O N E U T R O N A N L 41+4 EXPT 

BI209 T O T A L XSECTN DKE NDG EXPT 

xiii 

R I M A W I + . N O D A T A G I V E N . 5 2 

Y O U N G + . N O D A T A G I V E N . 1 1 9 

S M I T H E R + . U 1 8 4 L E V E L S C H E M E G V N . 2 5 

Y O U N G * . N O D A T A G I V E N . 1 1 9 

Y O U N G * . N O D A T A G I V E N . 1 1 9 

C O L E * . D I R E C T C A P T . T B C . N O D A T A G I V N . 4 8 

R I M A W I * . N O D A T A G I V E N . 5 2 

C A 5 T E N * . N O D A T A G I V E N 6 6 

P I N E O + . T R A N S . NO D A T A . TBP IN A P . 198 

P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

- P I N E O + . T R A N S . NO D A T A . TBP IN A P . 198 

P I N E O + . S O , S I , S 2 M S A S D . N D G . T B P A P . 1 9 8 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

P I N E O + . T R A N S . NO D A T A . TBP IN A P . 198 

P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

B U C H E R + . F O R W D - A N G DIST A V A I L . N D G . 219 

A L L E N * . O R E L A . NO DATA G I V E N . 144 

A L L E N * . O R E L A . NO DATA G I V E N . 144 

P H I L L I P S * . L I N A C . T O F . C U R V . A N A L T B C . 86 

H A R V E Y * . T R A N S . O R E L A . NO DATA GIVN 142 

H A R V E Y * . 1 6 . 7 M E V R E S O N NOT SEEN 142 

A L L E N * . O R E L A . NO DATA G I V E N . 144 

A L L E N * . O R E L A . N O D A T A G I V E N . 1 4 4 

M E D S K E R . G I A N T M L R E S S E E N . N O D 0 0 R U Y 2 2 

A L L E N * . O R E L A . N O D A T A G I V E N . 1 4 4 

A L L E N * . O R E L A . N O D A T A G I V E N . 1 4 4 

J A C K S O N . N E U T S P E C . S I G G I V N . T B P . 21 

P I N E O + . T R A N S . NO D A T A . TBP IN A P . 198 



B I 2 0 9 S T R E N G T H FNC DKE NDG EXPT 

T H 2 2 9 FISSN Y I E L D A ML THR EXPT 

T H 2 2 9 F I S SN Y I E L D COL NDG EXPT 

T H 2 2 9 FRAG S P E C T R A A N L THR EXPT 

T H 2 3 2 T O T A L X S E C T N DKE NDG EXPT 

T H 2 3 2 S T R E N G T H FNC DKE NDG EXPT 

T H 2 3 2 S T R E N G T H FNC N B S 10*3 6 0 * 5 EXPT 

T H 2 3 2 SPECT N G A M M A B N L 24*4 EXPT 

U T O T A L XSECTN DKE NDG EXPT 

U S T R E N G T H FNC DKE NDG EXPT 

U 2 3 3 F I S S N X S E C T N ANL 10*5 7 5 * 6 EXPT 

U 233 F I S SN X S E C T LRL THR 15*7 EXPT 

U 233 SPECT FISS G ORL THR EXPT 

U 233 F I S SN Y I E L D COL NDG EXPT 

U 234 T O T A L X S E C T N ORL +0 + 5 EXPT 

U 234 R E S O N PARAMS O R L +0 • 4 EXPT 

U 234 F I S S N XSECT LRL T H R 1 5 + 7 EXPT 

U 234 F I S S N X S E C T N O R L +0 + 5 EXPT 

U 2 3 5 E V A L U A T I O N LAS NDG E V A L 

U 235 T O T A L X S E C T N NBS +6 EXPT 

U 2 3 5 T O T A L X S E C T N RPI 5 0 * 5 3 0 + 7 EXPT 

U 2 3 5 R E S O N P A R A M S LAS 6 0 + 1 EXPT 

U 2 3 5 R E S O N PARAMS ORL 60 + 1 EXPT 

U 235 F I S S N X S E C T N ANL 10*5 7 5 + 6 EXPT 

U 2 3 5 F I S S N X S E C T N LAS 10*6 6 0 + 6 EXPT 

U 235 F I S S N XSECT LRL THR 15+7 EXPT 

U 2 3 5 F I S S N X S E C T LRL 3 0 + 6 2 0 + 7 EXPT 

U 2 3 5 F I S S N XSECTN MHG 9 6 * 5 EXPT 

P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

U N I K + . C U R V OF FRAG M A S S DIST G V N . 30 

F E L V I N C I + . O R E L A . TO BE D O N E . 72 

U N I K * . F R A G M A S S D I S T * T O T A L KE G V N . 30 

P I N E O * . T R A N S . NO D A T A . TBP IN A P . 198 

P I N E O + . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8
X 

C A M A R D A . T R A N S . L I N A C . SI M E A S D . N D G 130 

R I M A W I * . N O DATA G I V E N . 52 

P I N E O * . T R A N S . NO D A T A . TBP IN A P . 198 

P I N E O * . S 0 , S 1 , S 2 M E A S D . N D G . T B P A P . 1 9 8 

M E A D O W S . R A T I O TO U 2 3 5 N F . C U R V E . 13 

B E H R E N S . L I N A C . T O F . NO DATA G I V N . 82 

P L E A S O N T O N . A V G G A M 1 A N U M B E R + E GVN 149 

F E L V I N C I * . O R E L A . TO BE D O N E . 72 

J A M E S * . O R E L A . T O F . N D DATA G I V E N . 147 
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NATIONAL REACTOR TESTING STATION, AEROJET NUCLEAR COMPANY 
IDAHO FALLS, IDAHO 

A. NUCLIDE DECAY DATA FOR ENDF/B (Reich, Helmer, Heath, Greenwood) 

In recognition of the pressing need for such data in a variety of 
applications, the scope of ENDF/B has been expanded to include informa-
tion on the decay properties of radioactive nuclides. Through our parti-
cipation in the Decay-Heat Task Force of the Fission-Product Subcommittee 
of CSEWG, we have a major involvement in this project. The first task was 
to decide upon the data content of this file. After consideration of the 
potential user applications of radioactive decay data, a file content was 
proposed which should have applicability in a wide range of practical 
problems. This proposed content was adopted by CSEWG during its May 1973 
meeting at Brookhaven National Laboratory. 

The current phase of this effort is the preparation for inclusion in 
ENDF/B-IV of certain nuclide decay data for a selected group of fission-
product nuclides relevant to decay-heat calculations in reactor cores. 
These data include fission yields, half-lives, decay energies and average 
3- and y-ray energies. A list of 338 "priority" nuclides for which these 
data are necessary has been drawn up by the Decay-Heat Task Force. 

At present, we have completed a compilation of the total decay energies 
(i.e., Qg values) for these nuclides. Experimental values have been taken 
primarily from the 1973 revision of the Wapstra-Gove atomic-mass tables"*" 
although, where such data have appeared sufficiently recently as not to 
be included in this compilation, these later data have been used. For 
those nuclides for which no experimental data exist, the Qg values have 
been taken from the predictions of Garvey et al.^ 

It has been found that ^Eg^ and ^Ey} values can be derived from 
experimental data for ^ 1 8 0 of these "priority" nuclides, and this data 
compilation effort is currently under way. 

"'"A. H. Wapstra and N. B. Gove, private communication from N. B. Gove 
(1973). 

2 
G. T. Garvey, W. J. Gerace, R. L. Jaffe, I. Talmi and I. Kelson, Reviews 
of Modern Physics 4JL, No. 4, part II (1969). 

B. GAMMA-RAY SPECTRA FROM FISSION-PRODUCT NUCLIDES (R. L. Heath) 

The compilation of high-quality gamma-ray spectra from fission-product 
nuclides has been a continuing effort. An emphasis of this activity is 
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the cataloguing of spectra obtained using Ge(Li) spectrometers for use in 
a variety of fields of both a basic and an applied character. In addi-
tion to plots showing the spectra gamma-ray energy and intensity values, 
obtained in a consistent fashion, are given for all the nuclides studied. 

At the present time data are being accumulated for the following 
fission-product nuclides: 9 t % 9 5 Y , T o 2 T c , 1 0 1 tTc, 1 4 3 L a , l l + 6Ce and l l t 6Pr. 
Detailed data on gross fission-product samples are also being accumulated. 
Gamma-ray spectra of such samples, from thermal-neutron-induced fission 
of both 2 3 5 U and 2 3 9 P u , have been measured for sample decay times ranging 
from ^ 2 minutes up to essentially infinity. 

C. EVALUATION OF DECAY-SCHEME DATA (R. G. Helmer and R. C. Greenwood) 

For several purposes, we have carried out detailed evaluations of the 
decay data of several isotopes. The isotopes involved include a number 
which are of interest for neutron dosimetry purposes as well as a number 
of fission products. 

For reaction rate determinations using gamma-ray spectroscopy the 
parameters needed are the half-lives and the absolute gamma-ray intensi-
ties. The uncertainties in these parameters have also been evaluated. 
The literature surveyed in these evaluations generally include that avail-
able up to about April 1973. 

The evaluated decay parameters for fourteen isotopes produced by 
(n,y), (n,p) or (n,n') reactions are given in Table C-l. A similar set 
of data for ten fission-product isotopes is given in Table C-2. 
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TABLE C-l 

A SET OF RECOMMENDED HALF-LIVES, GAMMA-RAY ENERGIES AND 
BRANCHING RATIOS FOR THE NONFISSION MEASUREMENTS 

Radioisotope 

27 Mg 

24 Na 

46 

47 

48 

Sc 

Sc 

Sc 

54 Mil 

59 

58 

60 

64 

Fe 

Co 

Co 

Cu 

115m-In 

116m I n 

198 

239 

Au 

Np 

Half-Life 

9.46(2) m 

14.99(2) h 

83.85(10) d 

3.39(4) d 

43.8(1) h 

312.6(3) d 

44.6(1) d 

71.3(2) d 

5.268(5) y 

12.78(5) h 

4.50(2) h 

54.10(20) m 

2.696(2) d 

2.355(4) d 

Gamma-Ray 
Energy 3 

(keV) 

843.73(4) 
1014.44(5) 

1368.52(6) 
2753.98(10) 

889.258(18) 
1120.516(25) 

159.39(5) 

983.4(2) 
1037.4(3) 
1311.9(3) 

834.827(21) 

1099.224(25) 
1291.564(28) 

1173.208(25) 
1332.491(41) 

511.002 c 

336.2(1) 

1293.4(3) 
2112.1(4) 

411.794(8) 

228.19(1)^ 
277.60(3) e 

Gamma-Ray Branching 
Ratio 3 

(%> 

71.4(5) 
28.6(5) 

99.99(1) 
99.85(2) 

99.98(1) 
99.99(1) 

69.0(25) 

99.98(1) 
97.7(3) 
99.99(1) 

99.978(2) 

55.5(17) 
44.1(12) 

810.757(21) 99.44(2) 

sum = 100.0 

sum = 99.6(1) 

99.86(2) 
99.985(1) 

36.8(16) 

47.0(20) 

83.7(15) 
16.2(15) 

95.47(10) 

12.5(15) d 

14.5(15) e 

sum = 99.93(2) 



h 

TABLE C-l (Cont.) 

The numbers in parentheses indicate the uncertainty (la) in the last 
digit(s). 

^The combined intensity of the 1037-keV gamma ray and a 1212-keV gamma 
ray is (99.98 ± 0.01)%. 

c 
The effective line-energy of this peak may be lower than this energy due 
to electron binding effects and the finite width of the annihilation 
radiation energy distribution. 

^There is also a gamma-ray transition of 226.4 keV which has an intensity 
of 0.7%. 

Q 
There are also gamma-ray transitions of 272.8 keV and 280.5 keV, but 
both have intensities of less than 0.1%. 
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TABLE C-2 

A SET OF RECOMMENDED HALF-LIVES, GAMMA-RAY ENERGIES AND 
BRANCHING RATIOS FOR SELECTED FISSION PRODUCT NUCLEI 

Radioisotope 
Half-Life' 

tJ, 

a 
Gamma-Ray 
Energy 3 

(keV) 

Gamma-Ray 
Branching Ratio' 

(%) 

9 5 Z r 64.6(6) d 724.184(18) 
756.715(19) 

43.8(5) 
54.4(5) 

9 7 Z r 16.85(5) h 743.35(5) 93.3(4) 

9 7 N b 72.1(7) m 657.92 98.1(1) 

10 3 R u 39.45(10) d 497.08(1) 89 (3) 

132 T e 77.9(5) h 228.16(6) 88.5(60) 

1 3 7 C s 29.94(20) y 661.638(19) 85.0(3) 

1 1 + 0Ba 12.79(1) d b 

1 4 0 La 40.26(2) h b 
1596.18(5) 95.33(16) 

1 4 l tCe 284.4(4) d 133.53(3) 10.7(4) 

Itfifp r 17.28(5) m 696.492(19) 
2185.608 

1.49(15) 
0.77(4) 

aThe numbers in parentheses indicate the uncertainty (la) in the last 
digit(s). 

bThe ratio ti.(Ba) / [t^(Ba)-t^(La) ], which is the ratio of the 1 4 0 L a to 
l l + 0Ba activities in 2a mixe<? 1 1 + 0Ba- 1 1 + 0La source at equilibrium, is there-
fore 1.15096 ± 0.00012. 
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D. INTEGRAL CROSS SECTION MEASUREMENTS (Y. D. Harker) 

Since the last report"'", integral capture cross section measurements 
using the Coupled Fast Reactivity Measurement Facility (CFRMF) and gamma 
activation techniques have been completed for those nuclides listed in 
Table D-l. 

TABLE D-l 

INTEGRAL CROSS SECTIONS IN THE CFRMF 

Reaction p (barns) 

9 8Mo(n,y) 9 9Mo 0.0606 + 0.0053 
1 0 0 M o ( n , Y )

1 0 1 M o 0.0355 + 0.0036 
1 0 9 A g ( n , Y ) 1 1 0 m A g (t = 252 d) 

"2 
0.029 

1 2 7 I ( n , Y )
1 2 8 I 0.293 

1 2 9 I ( n , Y )
1 3 0 I 0.182 

1 3 9 L a ( n , Y )
1 4 0 L a 0.0199 + 0.0024 

1 5 1 E u ( n , Y ) 1 5 2 E u (tx = 13 y) 1.52 + 0.13 
1 5 1 E u ( n , Y ) 1 5 2 m E u (t2 = 9.3 h) 1.072 + 0.086 
1 5 3 E u ( n , Y ) 1 5 I + E u (t2 = 8.6 y) 1.51 + 0.12 
1 5 9 T b ( n , Y ) 1 6 0 T b 0.824 + 0.066 
1 6 9 T m ( n , Y ) 1 7 0 T m 0.560 
1 8 1 T a ( n , Y ) 1 8 2 T a 0.64 + 0.04 

„ Most of these nuclides are classified as fission products and the 
results in Table D-l will be utilized in the compilation-evaluation of 
fission-product neutron-cross-section files for ENDF/B. Others, such as 
Eu and Ta, are being studied primarily as a part of the current interest 
in their application as control elements in the future generations of 
fast reactors. 

Reactivity measurements in the CFRMF have been completed for those 
materials listed in Table D-2 and Table D-3. 

Present activities include integral cross section measurements 
similar to those for which results are reported above and also 
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TABLE C-2 

CFRMF REACTIVITY WORTHS OF FISSION PRODUCT ISOTOPES AND STANDARDS 

Reactivity per Gram of Four 

Material (% Enrichment) 1.27 cm 1.9 cm 2.54 cm 3.175 ci 

9 0
Z r O 2 (97.85) -0.1125 -0.1113 -0.1194 -0.1157 

9 1
Z r 0 2 (89.31) -0.2345 -0.2313 

9 2
Z r 0 2 (95.36) -0.2571 -0.2683 

9 4 Z r 0 2 (96.07) -0.2612 -0.2649 

9 5 M o (96.45) -0.2375 -0.2399 -0.2368 -0.2338 

9 6 M O (96.76) -0.1847 -0.1877 -0.1837 -0.1822 

9 7 M O (94.25) -0.2642 -0.2673 -0.2647 -0.2614 

98 M ob (98.30) -0.1314 

9 8 M O 0 3 (97.30) -0.3232 -0.3200 -0.3317 -0.3283 

1 0 0 M o (97.42) -0.1993 -0.1954 -0.1964 -0.1921 

1 4 7 S m 2 0 3 (98.34) -0.3797 -0.3762 

l t + 9 S m 2 0 3 (97.72) -0.6267 -0.6124 -0.5984 
1 5 2 S m 2 0 3 (98.29) -0.1613 -0.1599 -0.1593 -0.1559 

1 5 4 S m 2 0 3 (98.69) -0.1519 -0.1438 -0.1492 -0.1396 

1 9 7 A u -0.3986 -0.3988 -0.3972 -0.3936 

1 9 7 AU 2 0 3 -0.410 -0.3856 -0.3857 -0.3850 

1 2 7 I 2 -0.2336 -0.2322 -0.2281 -0.2244 

2 3 5 U O 2 (93.12) +1.008 +0.9952 +0.9930 +0.9839 

Grams of the metallic component of the sample material, 

k Solid metal sample 2.159 cm diameter x 2.108 cm length. 
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TABLE C-2 

REACTIVITY WORTHS OF CONTROL MATERIALS IN CFRMF 

Reactivity per Gram of Four 
Sample Diameters (yk) 

Material (% Enrichment) 1.27 cm 1.9 cm 2.54 cm 3.175 cm 

10 B (92) -8.742 -8.145 -7.681 

10 B (85) -8.404 -7.873 -7.359 

B 4C -2.293 -2.256 -2.223 -2.181 

EU2O3 -0.7654 -0.7416 -0.7376 -0.7113 

transmutation measurements to determine capture cross sections of those 
nuclides where reaction products are stable. Many nuclides which are 
rated very high on the CSEWG list for desired information fall into the 
latter category and, therefore, techniques are being developed and will 
be implemented for these measurements. 

Report to the U.S. Nuclear Data Committee Meeting at Oak Ridge National 
Laboratory, compiled by H. E. Jackson, USNDC-7 (June 18-20, 1973). 
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E. DISCREPANCIES BETWEEN MEASUREMENTS OF v AND n BY THE MANGANESE BATH 
METHOD (J- R- Smith) 

Manganese bath measurements of n and v are being re-examined in an 
effort to identify possible sources of the apparent discrepancies. Two 
aspects of this investigation are being pursued. One is an examination 
of data taken at the MIR in 1969 from measurements of the strength of a 
- 5 2Cf source that had previously been calibrated at ANL. The second is a 
review of the corrections to manganese bath experiments. Neither study 
has yet succeeded in isolating a dominant factor in the v-n discrepancy. 

The source comparison data are rather inconclusive because of limita-
tions in the data taken to calibrate the counting efficiency of the MTR 
system. Despite these limitations, the data appear to contradict the 
hypothesis that the MTR ri values are relatively higher because of system-
atically higher detection efficiencies. 

In the examination of manganese bath corrections, the results of the 
Bettis Monte Carlo calculations^- of the MTR experiment^are being studied, 
along with modified corrections recommended by deVolpi and Axton . 
Changes of one or two tenths of a percent may be indicated in a few of 
the factors, but nothing large enough to account for the discrepancy 
between v and r) has been seen. In particular, deVolpi's recommendation 
of a drop of 0.4% in the MTR. n values has been found to be due essentially 
to an erroneous interpretation of the manganese resonance absorption 
correction. 

-••J. A. Mitchell and C. J. Emert, "Evaluation of Eta for 2 3 3 U at 0.025 eV 
Using Monte Carlo", CONF-71Q301 (Vol. 2), p. 605, (1971). 

2 
A. deVolpi, Discrepancies and Possible Adjustments in the 2200 m/s 
Fission Parameters, ANL-7830, (1971). 

3 E . J. Axton, letter to H. D. Lemmel, IAEA, (1972). 
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ARGONNE NATIONAL LABORATORY 

A . FAST NEUTRON PHYSICS 

i . Fast Neutron Total and Scattering Cross Sections 

a. Cobalt Fast Neutron Cross Sections - Measurement and 
Evaluation (P. Guenther, P. Moldauer, A. Smith, D. Smith 
and J. Whalen) 

Elastic and inelastic scattering cross sections of cobalt have 
been measured f r o m incident energies of 1. 8 to 4 . 0 MeV including those 
for the excitation of states at 1. 10 ± 0 . 0 1 , 1 .20 ± 0 . 0 1 , 1 .30 ± 0 . 0 1 , 
1 .43 ± 0 . 0 1 , 1 .46 ± 0 . 0 2 , 1 .72 ± 0 . 0 2 , 2 . 0 6 ± 0 . 0 2 , 2 . 0 9 ± 0 . 0 2 , 2. 16 
± 0. 03, 2. 35 ± 0. 05 and 2. 50 ± 0. 05 M e V . Total neutron cross sections 
have been measured f rom ?^2.0 to 4. 5 M e V . F r o m the experimental 
results, and previously reported values, an optical-statistical model has 
been deduced providing a quantitative description of measured values to 
2 0 . 0 MeV. The observed excited structures and cross sections are 
shown consistent with a nuclear structure model based upon a proton 
hole in the f 7 /2 shell strongly coupled to a spherical core and a solution 
of previous ambiguities in assignments is suggested. The available 
experimental information and the computational model are utilized to 
provide a comprehensive evaluated data file in the ENDF "format suit-
able for use in fission reactor, fusion reactor and other applied neutro-
nic calculations. The experimental results and the complete evaluation 
are available in A N L / N D M - 1. 

b. Neutron Scattering f rom Titanium (E. Barnard*, J. de 
Vil l iers , P. Moldauer, D. Reitman , A . Smith and J. 
Whalen) 

Neutron total and elastic and inelastic scattering cross sec -
tions of natural titanium have been measured. Total cross sections have 
been determined f r o m 0. 1 - 1 . 5 MeV with resolutions of ^ 1 . 5 keV. 
Differential elastic and inelastic neutron scattering cross sections were 
measured f rom 0 . 3 - 1 . 5 MeV with resolutions of ~ 10 keV. The inelastic 
neutron excitation of states in 4 6 T i (889 keV), 4 7 T i (160 keV) and 4 8 T i 
(984 keV) was observed. The energy-averaged behavior of the measured 
results can be described in terms of spherical and ellipsoidal optical 
models and compound-nucleus and direct-reaction processes . It can be 
shown that both compound-nucleus and direct-reaction processes con-
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tribute to the fluctuating cross sections and that comparison of calcula-
ted and observed fluctuations gives an improved definition of the energy-
average models . The experimental results, their interpretation and 
improved version of the E N D F / B evaluated titanium file are reported 
in A N L / N D M - 3 . 

Staff of the Pelindaba Laboratory, Transvaal, Republic of South 
Africa. 

c. Fast Neutron Total and Scattering Cross Sections of 
Elemental Nickel (A. Smith, P. Guenther, J. Whalen) 

Elastic and inelastic scattering and total cross section 
measurements have been completed in the energy range 0 . 3 to 4. 0 M e V . 
The inelastic neutron excitation of states at 1 . 33 , 1 . 45 , 2. 15, 2 . 2 8 , 
2 . 4 8 , 2 . 6 2 and 2 . 7 3 MeV was observed. A complete analysis extending 
through the comprehensive evaluation is in progress . 

d. Fast Neutron Cross Sections of Iron (A. Smith, P. Guenther, 
D. Smith and J. Whalen) 

Scattering measurements are complete to incident energies 
of 4 . 0 M e V . Activation cross sections, (n, p) have been determined to 

p5i7. 0 M e V . The results are being used to formulate an evaluated file 
covering the energy range ^ 0 . 3 to 2 0 . 0 MeV. 

2 38 e. Inelastic Neutron Scattering Cross Sections of U. 
(A. B. Smith) 

Contemporary knowledge of inelastic neutron scattering f rom 
238u was reviewed inclusive of recent data obtained at the ongoing A N L 
program. An evaluated inelastic scattering data set was deduced f rom 
experimental information and theoretical calculation. Particular atten-
tion was given to the basic interrelation of total and elastic and inelastic 
scattering cross sections and to physical reaction mechanisms verified 
in other contexts. The present evaluated data set suggests that in the 
region E n = 45 keV to 10 .0 MeV the accepted standard reference file 
( E N D F / B , M A T - 1 1 5 8 ) : a) represents the total cross section to within 
a few percent accuracy, b) underestimates the elastic scattering cross 
section and, by inference, overestimates the inelastic scattering cross 
section near threshold and d) overestimates the inelastic scattering 
cross section by > 1 0 % above E n - ^ 1 . 0 M e V . Generally, it is sug-
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gested that the desired precise inelastic scattering cross section will be 
achieved only with a comprehensive physical understanding of fast 
neutron and other nuclear reactions with heavy-even-deformed nuclei. 
A momorandum reporting the above work and including evaluated nume-
rical values is available f r o m the author. 

f . Total Neutron Cross Sections (W. Poenitz and J. Whalen) 

The continuing program of both monoenergetic and white-
source total cross section measurements has been extended to 20 M e V . 
The results compliment the ongoing program in partial cross section 
areas . F o r example: recent results for Z r ^ J ^ and Mo92, 96, 98, 100 
and associated detailed scattering measurements are being analyzed in 
the context of the isospin dependence of the optical potential. 

2 . Fast Neutron Activation and Dosimetry Measurements (D. Smith 
and J. Meadows) 

Considerable progress has been made in the measurement of 
fast -neutron reaction cross sections via activation. Data on the ^ A l 
( n , p ) 2 7 M g , 5 4 > 5 6 F e ( n j P ) 5 4 , 5 6 M n , 4 6 « 4 7 > 4 8 T i ( n , p ) 4 6 > 4 7 > 4 8 S c , 5 8 N i 
(n, p ) 5 8 C o , 6 4 Z n ( n , p ) 6 4 C u and 59Co(n, p ) 5 9 F e reactions, which was 
acquired using the ^Li(p, n)^Be reaction as a neutron source, has been 
completely processed and cross sections are available for energies f r o m 
threshold to M e V . Data has also been obtained on each of these 
reactions for the energy range f r o m 6 - 1 0 MeV using the D(d, n) He 
neutron source. In addition, the characteristics of the neutron spectra 
f r o m the particular deuterium gas cell target assembly used in these 
measurements has been investigated by t i m e - o f - f l i g h t techniques. 

3. G a m m a - R a y Production C r o s s Sections (D. Smith) 

A facility for the measurement of g a m m a - r a y production 
cross sections is now operational providing a capability for precision 
c r o s s section and angular distribution measurements . The primary 
objective is the measurement of the yield of discrete lines, predomi-
nantly those arising f r o m (n, n'-y) reactions. A large true-coaxial 
Ge(Li) detector is used for g a m m a - r a y detection. T i m e - o f - f l i g h t tech-
niques are applied to distinguish g a m m a - r a y - and neutron-induced 
events in the detector. The neutron flux is measured with a f ission 
chamber which is also subjected to a t i m e - o f - f l i g h t condition to mini -
m i z e background and normalization problems. A series of m e a s u r e -
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ments has been made on this facility to test its operating character-
istics, obtain calibrations and determine necessary corrections to be 
applied to cross section data. In addition, a series of cross section 
and angular distribution measurements have been made on the ^ F e 
(n, n'-y)30 Fe reaction. 

4. Fission 

a. Experimental Studies of Short-Lived Fission Isomers in 
Reactions Initiated by Fast Neutrons (A. J. Elwyn, F . J. 
Lynch, F . P. Mooring, and M. Fluss*) 

A post-acceleration pulsing system is being utilized along 
with the pulsed and bunched proton source in the Physics Division 
4 MeV Dynamitron high-voltage terminal to study the production of 
short-l ived fissioning isomers in reactions induced by neutrons. The 
beam from the accelerator is incident on thick Li metal targets, and 

7 7 

neutrons f r o m the Li(p, n) Be reaction strike foils of the fission 
samples. Fission events in the foil are detected by ZnO scintillators 
attached to RCA 8575 phototubes, and the time distribution of fission 
fragments is determined. The proton-beam pulse shape is monitored 
continuously during the accumulation of fission events. A great deal of 
effort has gone into the study and elimination of those experimental 
conditions that can lead to the existence of false i somer lifetime deter-
minations. Results will be presented as they become available. 

Chemical Engineering Division, A N L 

b. The 2 3 3 U / 2 3 5 U Fission Cross Section Ratio (J. W. 
Meadows) 

o o o 2 3 5 
Measurements of the U fission cross section ratio 

have been completed over the energy ranges 0. 1 to 3. 0 MeV and 4. 5 to 
7. 5 MeV with accuracies of ~ 1%. Relative m a s s e s of the f i ss i le 
samples were obtained f rom the alpha activities and also f rom the 
relative thermal fission ratios. The results are summarized and com-
pared with other values and with values deduced f rom E N D F / B - I I I in 
Fig. A - 1. 

5. Standards - Measurements of the ^Li(n, q)T Cross Section in the 
keV Energy Range (W. Poenitz) 

The ^Li(n, a) cross section was measured in the 90 —1500 keV 
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Fig. A - l . The U / U fission cross section ratio. The solid curve 
is calculated from the E N D F / B - I I I data file. The data of 
Lamphere, Pfletchinger and Kappeler, Nesterov and Sm 
Smirenkin consist of a large number of points closely-
spaced in energy. Only enough points have been plotted to 
indicate the trend of these data. 



15 

energy range with uncertainties of 3 — 5%. A lithium glass scintilla-
tion detector was used for the measurement of the (n, a) - reaction rate. 
Flat response neutron detectors were used to monitor the neutron flux. 
A calibrated vanadium bath was employed to obtain absolute values. 
The results were analyzed in terms of the single- level multi-channel 
R-Matrix theory. The measured values are summarized in Table A - l 
and the R-Matr ix fit illustrated in Fig. A - 2 . A complete report of this 
work has been submitted for publication. 

6 . Methods - Prompt Air-Scattering Corrections for a F a s t -
Neutron Fission Detector (D. L . Smith) 

Calculational procedures have been developed for determining 
corrections for air-scattering effects. The present application is to 
precision flux determinations using fission monitors. The procedures 
have a wider application and have been used in the correction of f iss ion-
i somer measurements . The calculations (and computational program) 
are described in A N L / N D M - 2 . 

B. CHARGED P A R T I C L E REACTIONS 

1. R e a c t i o n s R e l e v a n t to C o n t r o l l e d T h e r m o n u c l e a r R e s e a r c h 

a. Cross Sections for Ljght Charged-Particle Reaction on Li 
(C. R. McClenahan and R. E. Segel) 

The cross sections for several reactions involving light 
charged particles incident on Li have been measured. These results 
are preliminary, and work is continuing on these reactions. The cross 
section for 7 Li(d , p) 8 Li has been measured f r o m 280 keV to 966 keV using 

the induced 8 L i activity. With the exception of a sharp resonance at 
360 keV, the cross section rises monotonically f rom 71 nb at 280 keV 
to 146 mb at 764 keV^ F r o m there the cross section falls slowly to 131 
mb at 966 keV. The B data activity was used to measure the ^Li 
( He, n)°B cross section f rom threshold at 2. 9 6 6 MeV to 3. 8 M e V . The 
cross section rises monotonically reaching a value of 7 . 2 mb at 3 . 8 
M e V . The protons f rom the reaction Li(d, p)7 Li were measured as a 
function of energy and angle in order to determine the cross section for 
this reaction f r o m 0. 5 to 3 . 4 MeV. Protons f rom reactions feeding the 
ground state of 7 L i as well as those f rom the first excited states were 
observed. The ground-state cross section is 51 mb at 0. 5 MeV and 



A B L E A - 1. Results for the (n, a) - Cross Section of Lithium-6 

/keV ±AE /keV cr/b ±Ar/b E /keV +AE /keV tr/b ± Ar/b n n n n 

91 7 0 . 6 2 4 0. 019 296 7 1. 522 0 . 0 6 4 
94 7 0. 653 0. 029 298 8 1. 553 0. 078 
99 8 0 . 6 1 7 0. 023 347 7 0. 745 0 . 0 3 3 

106 7 0. 707 0. 026 389 7 0. 643 0. 028 
118 7 0. 695 0. 026 390 7 0. 599 0 . 0 2 0 
119 8 0. 716 0 . 0 2 6 398 7 0. 589 0. 026 
124 7 0. 720 0. 027 398 13 0. 639 0. 026 
137 7 0. 788 0. 028 407 7 0. 540 0 . 0 2 2 
141 6 0. 828 0. 025 417 7 0. 538 0. 024 
148 7 0. 886 0. 031 428 6 0 . 4 4 8 0. 022 
153 7 0 . 9 0 1 0. 028 439 6 0 . 4 5 8 0 . 0 2 3 
157 7 0. 970 0. 034 467 6 0 . 4 0 0 0 . 016 
162 6 1. 047 0 . 0 3 1 491 24 0 . 4 0 4 0 . 016 
166 7 1. 026 0. 038 499 6 0 . 4 0 0 0 . 014 
194 6 1 .603 0. 048 499 6 0 . 4 0 0 0 . 013 
194 7 1. 668 0 . 0 5 3 503 21 0 . 3 8 8 0 . 0 1 3 
197 7 1. 576 0. 063 508 6 0 . 3 9 0 0 . 0 1 2 
201 8 1. 920 0. 086 547 6 0. 378 0. 012 
212 6 2. 109 0. 063 552 21 0. 362 0. Oil 
222 6 2 . 4 9 2 0. 051 595 23 0. 317 0. 013 
225 7 2. 694 0. 084 597 6 0 . 3 2 5 0. 011 



T A B L E A - 1 CONTINUED 

E /keV ±AE /keV <r/b ±Atr/b E /keV ±AE /keV cr/b ±Ao-/b n n n n 

232 6 2. 734 0. 081 600 21 0.349 0.011 

238 7 3.010 0. 090 653 20 0. 320 0.011 

238 6 2. 865 0. 086 699 6 0.292 0.010 

242 6 2.925 0. 088 704 20 0.294 0. Oil 

247 8 3.031 0. 133 751 19 0. 288 0. 010 

249 6 2.925 0. 087 798 6 0. 256 0.009 
250 7 2.804 0. 115 805 19 0. 277 0. Oil 

253 6 2. 804 0. 084 904 19 0.248 0.011 

263 6 2. 716 0. 084 999 6 0.267 0.010 

265 7 2. 564 0. 079 1007 18 0.228 0.010 

275 6 2.443 0. 076 1108 18 0.234 0. 009 

295 7 1.966 0. 069 1308 17 0.219 0.009 

1500 17 0.284 0.014 
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Fig. A - 2 . Comparison of measured cross sections for the ^Li(n, a)T 
reaction with the results of an R-Matrix analysis (curves). 
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rises to 60 mb at 1 M e V . Thereafter the cross section falls slowly to 
3 5 mb at 2 . 9 MeV, and then rises again reaching 44 mb at 3. 2 and 3 . 4 
M e V . The d, pi reaction cross section rises from 17 mb at 0. 5 MeV to 
32 mb at 1 .2 MeV whereupon it remains nearly constant up through 
2 . 7 M e V . The cross section dips to 28 mb at 2 . 9 MeV and then rises 
to 38 mb at 3 . 2 and 3 . 4 MeV. The a-particle angular distributions 
were also measured for the ^Li(d, a ) % e reaction for deuteron energies 
between 0. 5 and 3. 4 MeV. The cross section fell f rom 32 mb at 0. 5 
MeV to 16 mb at 2. 0 MeV, and it remains nearly a constant 16 mb up 
through 3 . 0 MeV. Then it rose to 27 mb at 3 . 4 MeV. 

b. Low-Energy Charged-Particle Induced Cross Sections on 
Light Nuclei: b L i + d Reactions (A. J. Elwyn, R. E . 
Holland, F. J. Lynch, L . Meyer-Schutzmeiste r and 
F. P. Mooring) 

A program is being initiated to study reactions which may 
be of interest in controlled thermonuclear research. The objectives are 
to obtain absolute cross sections for charged-particle induced reactions 
on light nuclei. Initial work will concentrate on reactions initiated by 
0. 1 to 3. 5 MeV deuterons on targets of ^Li. It is hoped that prelimi -
nary experiments will develop those procedures and techniques that will 
minimize many of the technical problems in such measurements . 

2 . Nuclear Structure Studies 

131 
a.. Two-Neutron Quasiparticle States Observed in U with 

the (d, p) Reaction (K. Katori, A . M . Friedman and 
J. R. Erskine) 

2 36 Energy levels in the nucleus U have been studied with the ooc 
U(d, p) U reaction at bombarding energies from 12 to 16 M e V . 

The reaction products were analyzed with a split-pole magnetic spectro-
graph. The strongest transitions are those that lead to two-neutron 
quasiparticle states. Four rotational bands built upon the y - [ 743] 
± | + [ 6 3 l ] and - [ 7 4 3 ] ± f + [ 6 2 2 ] configurations were identified. The 
bandheads for the K17 = 1" , 4~, 3 " , and 6" bands are found to be at 970, 
1054, 1192, and 1472 keV, respectively. The single - pa rticle cross 
sections were extracted from the measured cross sections to the m e m -
bers in the rotational bands that involve the '^+[631] orbital. Disagree-
ment with calculated single-particle cross sections was found similar 
to the corresponding disagreement for cross sections extracted f rom the 
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data on population of this orbital by transfer reactions on even-even 
targets. Measured energy splittings in both and are com-
pared with calculated values. 

2 33 
b. Studies of Pairing Excitations in Actinide Nuclei; U, 

^ Y P u , ^ 3 b N p , ^-Am, 2 2 4 R a and " a P u (A. M. Friedman, 
K. Katori, D. Albright and J. P. Schiffer) 

The behavior of a pairing excitation, previously reported in 
even actinide nuclei, has been explored with two odd-neutron and 
2 39 2 3 5 

Pu) and two odd-proton ( J 3 N p and " J A m ) targets as well as the 
even-even targets and 240pu_ jf. f o u n c i that this behavior is 
similar to that previously found in even-even actinide nuclei. 

c. Study of the 9 6 Mo(d , p ) 9 7 M o Reaction (L. R. Medsker and 
J. L. Yntema) 

The 9 6 M o ( d , 
p ) 9 7 M o reaction has been studied with 16-MeV 

deuterons. Experimental angular distributions were analyzed by use 
of distorted-wave Born-approximation calculations to determine I values 
and spectroscopic strengths. The results have been compared with pre-
vious data and the neutron configurations of 9 7 M o examined in compari-
son with neighboring molybdenum and zirconium nuclei. 

97 96 3 
d. Levels in Nb by Means of the Zr( He, d) Reaction 

(L. R. Medsker) 

96 3 97 
The Zr( He, d) Nb reaction has been studied with 2 2 - M e V 

He particles. Experimental angular distributions were analyzed by use 
of distorted-wave Born-approximation calculations to determine I values 
and spectroscopic factors . The results have been compared with pre-
vious data on reactions and p decay, and the proton configurations of 

compared with neighboring niobium nuclei and recent theoretical 
results. 

166 3 e. Study of Er by Means of the ( He, d) and (a, t) Reactions 
( K. Katori, L. R. Medsker, and J. L. Yntema) 

166 
^ Two-proton quasiparticle states in Er have been studied 

with ( He, d) and (a, t) reactions on ^ ^ H o . Rotational bands built upon 
quasiparticle states formed by the [ 5 2 3 f ] proton state coupled with the 
[ 4 1 1 | ] , [ 4 0 4 | ] , and [541 J ] proton states were identified. For each 
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rotational band, the cross sections have a characteristic pattern which 
has been used to identify the band. Assignments were checked by 
comparing the ratios of ( 3 He, d) and (a, t) cross sections for each level. 

C. PHOTONUCLEAR PHYSICS 

61 60 
1. Search for Nonresonant Component in Ni(-y, n) Ni (H. E . 

Jackson) 

Recent analysis of (y, n) data has suggested the existence 
of strong nonresonant reaction amplitudes for nuclei in the m a s s region 
A = 50 — 70. In an effort to confirm this trend we have begun a series 
of precise measurements of line shapes for low energy s -wave reson-
ances f rom targets in this region. Nonresonant reaction amplitudes can 
be estimated f r o m the asymmetries produced by interference between 
the nonresonant and resonant amplitudes. The f irst case, the 11 .7 keV 
resonance in ^*Ni(Y,n), has been studied at the A N L photoneutron 
threshold facility. The ground state transition accounts for about 10% 
of the total radiation width for this state. The resonance shape was 
studied by observing the photoneutron spectra f r o m a 32 g sample en-
riched to 9 2 . 4 % 6 *Ni with a t ime-of - f l ight resolution of ~1 n s e c / m . 
Neutrons were observed simultaneously at 90 and 13 5 to the photon 
beam. No strong asymmetry has been detected to date. A preliminary 
analysis has established an upper limit of 1 mb for the non-resonant 
(•y, n) cross section near 12 keV. 

2 08 2. Background ("y, n) Cross Section in Pb (H. E . Jackson) 

2Qg Measurements of the shape of the 40. 7 keV resonance in 
Pb(-y, n) have been completed and a paper prepared with the following 

abstract: 

A series of experimental estimates of the nonresonant 
2 08 

radiative neutron reaction cross section in Pb have been reported 
recently. To date, the results f rom (y, n) studies have been inconsis-
tent with measurements of neutron-induced reactions. In an effort to 
resolve this discrepancy, the shape of the 41 -keV resonance in the 

208 2 07 
reaction u Pb(y, n) Pb has been studied in detail by simultaneous 
measurements of the photoneutron spectra at 90 and 135 . A small 
asymmetry in the resonance shape implies the presence of a background 
cross section of 1. 1. mb. This value can be explained in terms of 
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contributions f rom neighboring resonances plus a small direct-reaction 
component; there is no evidence for anomalous processes . The result 

2 0 7 is consistent with the most recent data from study of the reaction Pb 
K y 0 ) -

Jackson) 

207 3. Giant M l Resonance in Pb (L. R. Medsker and H. E . 

207 
Measurements of the reaction Pb(-y,n) below 1 MeV have 

been completed and a paper with the following abstract has been sub-
mitted for publication: 

The Pb(y, n) reaction has been studied with high energy 
resolution and photon intensity to determine radiation widths, spins, 
and parities of resonances. The present data show an intense p-wave 
strength. A comparison between the measured arid calculated integrated 
M l strength suggests the existence of a giant M l resonance in ^O^pb. 
No evidence was found for the photon doorway in n) proposed 
in earl ier studies. This state had been interpreted as a common door-
way occurring in both the photon and neutron channels. 

4 . Valence Component in the Threshold Photoneutron Spectrum of 
9 1 Z r (R. E . Toohey and H. E . Jackson) 

9 1 
A study of photoneutron resonances in Z r has been c o m -

pleted. The following abstract summarizes the results: 

Ground-state radiation widths (T 0) for thirty-six p . 
photoneutron resonances in ^ Z r have been measured f rom 5 — 225 keV 
above threshold at the Argonne National Laboratory threshold photo-
neutron facility. Reduced neutron widths (y ) for the same resonances 
were obtained at the Oak Ridge Electron Linear Accelerator (ORELA) 
facility f r o m tota l -cross -sect ion measurements on ^ Z r . A strong 
correlation (p = +0 . 59) is observed between the two sets of widths. 
Because of a lack of knowledge of the relative phase of the compound-
nucleus and valence amplitudes in the individual resonances, the aver-
age valence component cannot be deduced f r o m the correlation analysis. 
However, one can obtain a mean compound-nucleus contribution by 
studying those resonances where the valence amplitude is expected to 
be negligible. By using such a procedure, an average valence compo-
nent is obtained which is in excellent agreement with the average 
valence strength calculated f rom the valence model. The s -wave 
neutron strength function is S = (3. 9 ± 0. 8) X 1 0 " 5 and the p-wave 
strength function is S 1 = (3 .2 ± 0 . 8 ) X 1 0 " 4 . The reduced photon width 
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— 3 for E l transition is k (El) = 3 . 2 ± 0 . 6 ) X 10" , in agreement with the 
single-particle reduced width derived f rom the Weisskopf model. The 
neutron widths are observed to follow a Porter -Thomas distribution, 

2 
while the photon widths appear to follow a X distribution with two 
degrees of freedom. 

5. Delbruck and Nuclear Raman Scattering of 10. 83 MeV Photons 
by Deformed and Spherical Heavy Nuclei (H. E. Jackson, 
K. J. Wetzel and G. E . Thomas) 

A beam of monoenergetic Y~ra-ys, extracted f rom the C P - 5 
reactor, has been used in a high resolution measurement of the di f fer -
ential cross sections for photon scattering by Tb, Ta, Pb, Bi, Th, and 
T O O 

U. The spectrum of scattered photons was observed with a resolu-
tion of ~ 10 keV in a Ge(Li) detector whose sensitive volume was ~60 cc. 
For Pb and U extensive measurements of the angular distributions for 
elastic and inelastic scattering were measured. For scattering angles 
9 < 4 5 ° the elastic scattering is dominated by the Delbruck effect. With 
the possible exception of Ta, for 9 > 9 0 ° (where only nuclear resonances 
and Thomson scattering are important) both the magnitude and angular 
dependence of the elastic scattering cross section are in good agreement 
with the values which follow from the most recent photoabsorption cross 
sections in the corresponding targets. To an accuracy of ~ 10% the 
elastic and inelastic (Nuclear Raman) scattering for U and Th can be 
deduced f r o m the simple rotator model using the parameters implied by 
the photoabsorption data. A trend of Raman scattering to be 10% weaker 
than expected is suggested by the data. For Tb and Ta the Raman 
scattering is substantially weaker than expected. 

D. NEUTRON C A P T U R E SPECTROSCOPY 

1. High Purity Germanium Spectrometer (G. E . Thomas and 
R. Pehl*) 

The Ge(Li) detector formerly used in the pair spectrometers 
of the capture y - r a y facility at the C P - 5 reactor has been replaced with 
a high purity (intrinsic) germanium detector whose dimensions are 
1 cm X 1 cm X 3. 5 cm. The detector was fabricated from a single 
crystal 3. 5 cm in diameter. Several incidents have demonstrated its 
durability. The relative efficiency is the same as that of a Ge(Li) de-
tector of comparable size and the absolute efficiency appears to be 
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higher. A spectrum generated by neutron capture in nitrogen was ob-
served to demonstrate the excellent spectrometer „resolution over a 
broad energy range. Several new very weak transitions have been de-
tected, one having an intensity of < 0 . 0 3 % . 

Lawrence Berkeley Laboratory. 

23 
2. Capture Spectrum from the 2. 85 keV resonance in Na 

(H. E. Jackson and G. E . Thomas) 

Measurements of the y - r a y spectrum from neutron capture 
in the 2. 85 keV resonance in ^ N a are in progress . The capture 
spectrum is generated by irradiation of a sample heavily shielded by 

B in the high sensitivity internal target facility of the C P - 5 reactor. 
Capture predominantly in the 2 . 8 5 resonance is indicated by a requisite 
shift in the energies of the transitions observed relative to those ob-
served in thermal capture. The preliminary results suggest that the 
capture spectrum for the 2. 85 keV resonance is similar to that ob-
served in thermal capture. 

148 150 3. Level Schemes of Sm and Sm (R. K. Smither, D. 
Bushnell*, R. Goebbert*) 

Average resonance neutron capture y - r a y spectra for the 
reactions 149Sm(n, y) ^ ^ S m and have been measured 
using highly enriched isotope samples in the Argonne (n, y) facility at 
the C P - 5 reactor. The relative intensities of the primary y - r a y s were 
used to identify the spin (two choices) and parity of all the levels below 
3 MeV excitation with J77 = 1" , 2~, 3 " , 4 " , 5 " , 6 " and 2 + , 3 + , 4 + , 5 + . 
When this data is combined with the previously published thermal 
neutron capture data on the low-energy portion of the (n, y) spectra, the 
choice of two values for the spin that comes f r o m the average resonance 
data could be narrowed to one spin value in almost all cases . About 50 
levels were identified in each case. The use of enriched samples greatly 
simplified the spectra over that obtained in the work of Buss and 
Smither* using a natural Sm sample, and made it possible to identify 
the two M l subgroups, transitions to 2 " , 5" states and transitions to 
3 " , 4 " states, and the E2 group, transitions to 1" and 6 " states. Many 
of these states had been missed in the earlier work. * Of particular 
interest was the verification of 1~, 3~ and 5" states that had been 
suggested by inelastic deuteron scattering experiments. 
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* 
Northern Illinois University 

1 D . J. Buss and R. K. Smither, Phys. Rev. C2 1513 (1970) 

144 146 * 
4 . Levels in Nd and Nd (R. K. Smither, D. Bushnell* -** 

and J. Hawkins 

Thermal and average resonance neutron capture -y_ra.y 
spectra have been measur ed for the 1 4 3 Nd(n, -y) 1 4 4 N d and 1 4 5 Nd( 
l ^ N d reaction using natural abundance samples in the Argonne (n, y) 
facility at the research reactor, C P - 5 . Further experiments are 
planned using enriched samples. This is part of a continuing program 
of investigating nuclei near the closed neutron shell N = 82. 

* 
Northern Illinois University 

184 
5. Levels in W Based on (n,-y) and P-Decay Experiments 

(R. K. Smither and D. Bushnell*) " 

The Argonne (n, -y) facility at the C P - 5 research reactor 
was used to measure the -y-ray spectrum of -y) Both 
thermal capture and average resonance capture-spectra were m e a s -
ured with capturing samples enriched in These (n, y) results 
were combined with a series of •y-v coincidence studies of the -y-ray 
spectrum following the P decay of Re to develop the level scheme 
of 1 8 4 W . Forty-three states were identified with excitation energies 
up to 2404 keV. The y-y coincidence studies were performed at 
Northern Illinois University. The ^®4Re 3 - d e c a y source was prepared 

18 5 1 184 
at the Argonne electron linac using the Re (-y, n) Re reaction. 
The average resonance capture data was used to identify all states 
with J* = 0 + , 1 + , 2+ up to 2 . 4 MeV excitation. These levels are fed 
directly by primary E l transitions. Many of the primary M l transi -
tions were also resolved in the average resonance data leading to in-
formation about states with J71" = 0 " , 1" and 2 " . The high degree of 
complexity of the y spectra keep this analysis f rom being complete. 
The (n,-y) spectrum in the energy region f rom 600 to 2400 keV was also 
measured with a Ge(Li) detector at the Argonne (n, -y) facility. This 
medium energy data is combined with the high energy y spectrum of 
primary transitions to generate the level scheme of shown in 
Fig. D - l . The ground state rotational band stands out clearly in the 
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2 4 0 4 . 2 O*. 2* 2404. 

g. D - l . The level scheme for W based on neutron capture gamma 
ray spectroscopy. A y transition given as a dot-dash line 
has been placed in the level scheme with a rather poor 
energy fit. A dashed transition comes f rom a level whose 
existence is uncertain. The heavy short arrows located on 
initial states represent the E l average resonance primary 
transitions from the capture state. The short thin arrows 
signify the M l primary transitions. 
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level scheme. Above the pairing gap 1 MeV) the level scheme becomes 
quite complicated and probably consists of many overlapping rotational 
bands. The primary objective of this work is a search for this type of 
collective nuclear structure in this very complicated region above 1 
M e V . The f irst step is to determine the spin and parity of each level 
and in this, the work has succeeded quite well. What remains to be 
done is to fill in the low energy (E^ below 600 keV) -y transition between 
states and locate the^hi^her spin states. The coincidence studies 
following (3 decay of Re made some progress in this direction. The 
decay scheme derived f rom the |3 -decay work is shown in Fig. D2. Some 
of the same low spin levels are fed in this level scheme as were fed in 
the (n,-y) work shown in Fig. D - l , but the high degree of selectivity of 
the (3-decay process is evident. A l s o there are some conflicts in spin 
and parity assignments that must be resolved. 

Northern Illinois University 

E. FISSION PHYSICS 

1. Spontaneous Fission I somerism (K. L. Wolf, J. P.. Unik and 
J. W . Meadows) 

Approximately forty fissioning isomers are now known from 
uranium to berkelium, and fission barrier parameters have been deter-
mined for many of these cases f rom isomer excitation functions and 
h a l f - l i v e s . Most of the fissioning isomers have been found in plutonium 
and americium isotopes with only three cases for lighter elements -
2 3 6 m u ^ 2 3 8 m u a n d 2 3 7 m N p i T h e fissioning isomer 2 3 7 m N p (tA /2 
= 40 ns) was recently discovered at the Argonne 152 cm cyclotron, and 
the half - l i fe of 238m-[j j-^g been remeasured at the cyclotron with a r e -
sult of 295 ± 15 ns which is 50% longer than the previously accepted 
value. V e r y little is known about the properties of the uranium isomers 
since they cannot be studied by the usual charged particle induced c o m -
pound nuclear reactions such as (p, xn), d, xn) and (a, xn) reactions be-
cause there are no suitable projectile and target combinations. How-
ever, using monoenergetic neutrons as the projectile, the n') 
reaction has been used in an attempt to measure the excitation energy of 
the fissioning isomer 238m.-Q# Fig. E - l shows the results e x c ^ a " 
tion function taken by measuring delayed fission activity of U as a 
function of neutron energy. The Argonne Fast Neutron Generator was 
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Fig. D - 2 . The level scheme of l 8 4 W based on gamma-ray spectroscopy 
following electron capture decay of l 8 4 R e . 
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INCIDENT NEUTRON ENERGY (MeV) 
i r , 1 i i r 238m The ratio of the delayed fission cross section of U to 

2 38 
prompt fission cross section for a U target as a function 
of incident neutron energy. The horizontal lines of the data 
points represent the calculated full width energy spread of 
the incident neutrons. The measured half-life in this work 
was 270 ± 50 ns. The curve is the result of an evaporation 
model calculation which takes into account the double-
humped fission barrier. 
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used to produce a pulsed beam of nearly monoenergetic neutrons with 
the ^Li(p, n) reaction. A parallel plate ionization chamber provided 
fission fragment detection and timing. The curve in Fig. E - 1 is a fit 
to the data with a calculation that gives quantitative fits to most charged 
particle induced fissioning isomer data. The value of the isomer 
excitation energy obtained is 2 . 2 MeV, but the fit to the data is poor 
with the threshold being much steeper than expected. 

2. Physical Measurements of Fission Fragment Mass and Kinetic 
Energy Distributions f r o m Z 3 u T h to Z b b F m (J. P . Unik, 
L . E . Glendenin, J. E . Gindler and A . Gorski) 

Measurements of Fission-fragment mass and kinetic energy 
distributions have already contributed a great deal toward our under-
standing of the fission mechanism. During the past year, consider-
able effort has been directed toward extending these measurements to 
heavier fissioning systems and achieving a much higher accuracy than 
previously obtained. In our most recent study, fragment m a s s and 
kinetic energy distributions have been measured for seven cases of 
thermal-neutron-induced fission (n, f) and six cases of spontaneous 
fission (sf) ranging f r o m 2 3 0 T h 

to ^ ' " F m , These data combined with 
1 2 

the results of our earlier studies ' now enable us to examine many 
new aspects of the fission process in detail. The experimental method 
used in this study is the well-known "double-kinetic energy method" 
(Ref. 1). By paying careful attention to many experimental and cal -
culational details, accuracies of ± 0. 1 amu and ± 0 . 2 MeV have been 
achieved for the calculated fragment m a s s e s and kinetic energies. The 
fissioning systems, as well as the measured moments of the fragment 
m a s s and kinetic energy distributions, are listed in Table E l . Many 
qualitative features of fragment mass divisions in fission are evident 
in the results of this work for (n, f) and (sf) as shown in Figs . E - 2 and 
E - 3 , respectively. The average m a s s e s of the heavy fragment groups 
are seen to be nearly constant over the entire range of fissioning nuc-
lides studied. There is an appreciable increase in the yield of symmet -
ric fission fragments for the very heaviest systems . Furthermore, a 
great deal of fine structure exists in the mass distributions, most 
notably for the lighter fissioning systems. This fine structure is due 
to a preferential formation of fragments with even nuclear charges in 
low-energy fission. The shaded vertical bars in Figs . E - 2 and E - 3 in-
dicate the calculated m a s s e s corresponding to the formation of even-Z 
fragments based on our earlier charge division results* . Many of the 
general features'of the shapes of these mass distributions can now be 



TABLE E - l . Summary of Pre-Neutron-Emi ssion Fission Fragment D a t a 3 

Fissioning Source Events r 
E L 

o 
System P r e p a r a t i o n b Analyzed 

(x 105) \ 
L 

a M E L E H TKE a T K E 

2 2 9 T h ( n , f ) IS 1 .0 89.6 140 .4 4.7 99.8 63.8 163.6 8.2 
2 3 3 U ( n , f ) d V 3.7 95.0 139 .0 5.6 172.1 9.9 
2 3 5 U ( n , f ) V 2.5 96.5 139 .5 5.6 101 .4 70.4 171 .8 10.3 
2 3 9 P u ( n , f ) d V 7.6 100.4 1 39 .6 6.4 177.1 11.5 
2 5 C m ( n , f ) IS 1 .1 105.3 140 .7 6.7 105.1 79.0 184.2 11.7 
2 l , 6 C m ( s f ) IS 4.3 106.0 140 .0 6.3 104.5 79.4 183.9 10.6 
2 - 8 C m ( s f ) IS 2.6 107.0 141 .0 6.6 103.4 78.7 1 8 2 . 2 e 10.5 
2 l , 9 C f (n,f) IS 2.6 108.2 141 .8 7.4 107.0 82.0 189.1 13.0 
2 5 0 C f ( s f ) IS 3.3 107 .5 142 .5 6.9 106.4 80.5 187 .0 11.3 v* 
2 S 2 C f ( s f ) T 2.5 108.5 143 .5 7.1 105.7 80.2 185.9 11.6 ^ 
2 5 * C f ( s f ) IS 2.5 110.6 143 .4 7.2 105.3 81 .5 186.9 11.8 
2 5 I t E s ( n ,f) IS .5 112.7 142 .3 8.1 108.1 86.2 194.3 15.9 
2 5 6 F m ( s f ) IS . 1 113.9 142 .1 7.6 109.6 88.3 197.9 1 4 . 4 

a E s t i m a t e d relative precision for A, „ , E, „ and TKE are ±0.1 a m u , ±0.2 MeV and ±0.5 M e V , 
r e s p e c t i v e l y . L , M L > " 
b I S = isotope s e p a r a t o r , V = vacuum v o l a t i l i z a t i o n , T = self transfer 

U n c o r r e c t e d for experimental resolution 
d D a t a taken from ref. [1] 
e E r r o r ±0.9 MeV 
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Fig. E - 2 . Pr imary fragment mass distributions obtained for thermal-
neutron-induced fission. Al l distributions have been corrected 
for experimental dispersions. The shaded vertical bars in-
dicate the calculated fragment masses associated with the 

2 even nuclear charges designated in the figure for ~Pu(n, f) . 
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Fig. E - 3 . Pr imary fragment mass distributions obtained for spontane-
ous fission. A l l distributions have been corrected for ex -
perimental dispersions. The shaded vertical bars indicate 
the calculated fragment m a s s e s associated with the even 
nuclear charges designated in the figure for 2 5 2 C f ( s f ) . 



qualitatively interpreted3 as being due to stabilizing shell effects in de-
formed fission fragments possessing neutron numbers in the vicinity of 
<=«66, « 8 0 — 9 0 and proton numbers of ^ 4 2 . 

The average total kinetic energy release for many f ission-
ing systems has in the past been <^orreJ|eyt̂ d with the symmetric - f i ss ion 
Coulomb repulsion parameter Z / A , i . e . 

F F 

TKE = B ( Z f 2 / A f 1 / 3 ) + C . (1) 

However, in previous correlations, TKE values with large uncertain-
ties were included as well as data for fissioning systems with widely 
different excitation energies and angular momentum distributions. The 
total kinetic energy has previously been shown to be slightly dependent 
on both excitation energy as well as angular momentum. The TKE 
values obtained in this work are correlated with the Coulomb repulsion 
parameter in Fig. E - 4 . The line in this figure is the result of a least-
squares fit of the (n, f) data (open circles) to Eq. (1) yielding B = 0. 13323 
and C = - 1 1 . 6 4 . For f ission data taken at nearly the same low excitation 
energy and with no angular momentum, it is seen that T K E data can be 
adequately represented by Eq. (1), generally to within ± 1 M e V . How-
ever, in fitting the data, the T K E value for 24<^Cf(n, f) was omitted since 
it is considerably lower than expected f r o m such a linear fit. The TKE 
values measured in this work as well as in the work of others indicate a 
deviation for californium isotopes from this general linear dependence. 
The f irst moments of the fragment mass groups for the californium 
fission also deviate f r o m the smooth dependence with fissioning m a s s 
based upon isotopes of other elements. The T K E values measured for 
spontaneous fission are in all cases less than those measured or inter-
polated f r o m (n, f) data indicating that although there is a stron dampen-
ing of the excitation energy, some of the initial excitation energy does 
appear as additional kinetic energy of the fragments. A more complete 
summary of this work will soon appear in print. 4 

W. Reisdorf, J. P. Unik, H. C. Griffin and L . E . Glendenin, Nucl. 
Phys. A177 , 337 (1971). 
2 W . N. Reisdorf, J. P. Unik and L . E . Glendenin, Nucl. Phys. A205, 
348 (1973). 
3 B . D. Wilkins and E . P . Steinberg, Phys. Lett. 42B , 141 (1972). 
4 J . P. Unik, J. E . Gindler, L . E . Glendenin, K. F . Flynn, A . Gorski 
and R. K. Sjoblom, in Proceedings of the IAEA Symposium on the 
Physics and Chemistry of Fission (Univ. of Rochester, 1073). 
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Fig. E - 4 . Correlation of measured average total kinetic energies 
(TKE) with the symmetric-fission Coulomb replusion para-
meter Z j - ^ / A p . Data for thermal-neutron-induced 
fission are shown as open circles, data for spontaneous 
-fission are shown as solid squares. The fissioning 
nuclides are indicated for each data point. 
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3 . Radiochemical Investigation of Fission Fragment Mass Distribu-
tions (K. F . Flynn, J. E . Gindler, L. E . Glendenin, R. K. 
Sjoblom, A . J. Gorski and J. P . Unik) 

Distribution of fis sion fragment mass (after neutron 
emission) were obtained radiochemically for thermal-neutron-induced 
fission (n, f) of 2 5 4 e s , ^ ^ F m and spontaneous fission ( s , f ) of 
2 5 3 E s > 2 5 4 F m 

and " " F m . The important features of these distribu-
tions for fission of some of the heaviest nuclides now available may be 
seen by comparison of the mass -yie ld curves for the six fissioning 
systems plotted in Fig. E - 5 . Of especial importance is the marked de-
crease observed in the peak-to-valley ratios ( P / F ) of the distributions 
(enhancement of summetric fission) with increasing mass of the fission-
ing nucleus for both spontaneous and neutron-induced fission. These 
results provide support for recently developed m o d e l s * ' 2 of fission 
based on minimum potential energy and nuclear shell effects. Of part-
icular interest is the nearly symmetrical fission in the case of 
^ ^ F m l n , f ) (with a peak-to-valley ratio of only ~2) in view of the re-•2 p r y 
cently reported^ completely symmetrical fission for ' 3 ' F m ( n, f) based 
on physical measurements. Enhancement of symmetrical fission with 
the increased excitation energy of ~ 6 MeV from neutron absorption is 
also apparent in comparisons of 2 5 2 C f (s , f ) with 2 5 1 C f ( n , f) ( P / V de-
creasing from 600 to 20) and of 2 5 6 F m ( s , f ) with 2 5 5 F m ( n , f ) ( P / V de-
creasing from 12 to 2). Since no experimental information is presently 
available on neutron emission probabilities as a function of fragment 
mass , ~V (A), for the heaviest fissioning systems of mass A-p > 2 5 2 , an 
iterative procedure comparing physical with radiochemical fission yield 
data based on the method of Terre l l 4 was used to derive such functions 
for some of the heaviest fissioning systems. The derived funct ion" 
(Ajp) for 2 5 6 ( s f ) (solid curve in Fig. E - 5 ) which gives the best fit of 
physical measurements of the mass distribution to the radiochemical 
data is seen to have the same saw-tooth character as the experimental 
data for 2 5 2 C f ( sf) (dashed line). Thus, for fission of nuclides heavier 

2 57 

than • 3£ ,Cf shell effects continue to play an important role in determining 
the relative fragment deformation energies. 

B. D. Wilins and E. P . Steinberg, Phys. Lett. 4 2 B , 141 (1972). 
2 M . G. Mustafa, U. Mosel and H. W. Schmitt, Phys. Rev. C7, 1519 
(1973). 
^W. John, E . K. Hulet, R. W . Longheed and J. J. Wesolowski, Phys. 
Rev. Lett. 27, 45 (1971). 
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F . N U C L E A R D A T A ON U R A N I U M I S O T O P E S 

233 1. S p e c i f i c A c t i v i t y and H a l f - L i f e of U (A . H. J a f f e y , K. F lynn, 
W . C . Bent l ey , J. Karttunnen) 

2 33 
The value of the h a l f - l i f e of U e n t e r s c r i t i c a l l y into the 

c a l c u l a t i o n s of f i s s i o n c o n s t a n t s used f o r r e a c t o r c a l c u l a t i o n s . The 
l e a s t s q u a r e s a n a l y s i s w h i c h l eads to " b e s t - v a l u e s " uses as input data 
v a r i o u s c r o s s - s e c t i on r a t i o s , abso lute c r o s s - s e c t i o n s ( total and f i s s i o n ) , 
n u - v a l u e s , a l p h a - v a l u e s . The b e s t s a m p l e s f o r f i s s i o n counting m e a s u r e -
m e n t s a r e t y p i c a l l y p r e p a r e d by e l e c t r o p l a t i n g o r by s o m e o ther m e t h o d 
not y ie ld ing quantitative d e p o s i t i o n . The we ights of such s a m p l e s a r e , 
in the c a s e of U 2 3 3 , usual ly a s s a y e d by a l p h a - c o u n t i n g in a known 
g e o m e t r y . With the U 2 3 3 h a l f - l i f e va lue , the alpha count g i v e s the 
s a m p l e m a s s . In s o m e e x p e r i m e n t s , the U 2 3 ^ s a m p l e s have been ? ^ t̂ 2 33 sp iked with U such that the U a l p h a - a c t i v i t y d o m i n a t e s , but m a s s -
w i s e , the U 2 3 ^ d o m i n a t e s . With a p r e c i s i o n m a s s - s p e c t r o m e t r i c i s o -2 -2 c 
tope rat io , alpha counting^the s a m p l e y i e l d s the U m a s s . The 
m e a s u r e d va lues of the U h a l f - l i f e s c a t t e r o v e r a range of about 4%, 
a s i tuat ion w h i c h led us to r e - d e t e r m i n e it by a m e t h o d a l r e a d y s u c c e s s -
fu l ly u s e d 

f o r U^ The e x p e r i m e n t has been c o m p l e t e d 
and the data is be ing r e d u c e d . P r e l i m i n a r y c a l c u l a t i o n s ind icate the 
resu l t to l ie about m i d - w a y between the e x t r e m e s of the p r e v i o u s v a l u e s . 

2. H y p e r f i n e In terac t i on and N u c l e a r M o m e n t s in E v e n U r a n i u m 
I s o t o p e s f r o m M o s s b a u e r S p e c t r o s c o p y ( R . D. M e e k e r , G. M . 
K a l v i u s , B. D. Dunlap, S. L . Ruby and D. Cohen) 

N u c l e a r g a m m a r e s o n a n c e ( M o s s b a u e r e f f e c t ) m e a s u r e m e n t s 
have been p e r f o r m e d using the 45 k e V , O^ 2 + t r a n s i t i o n in 2 3 4 U , 
2 2 3 8 U and U. V a l u e s a r e obta ined f o r the rat io of q u a d r u p o l e m o m e n t s 
of the l eve l in these i s o t o p e s 

Q ( 2 3 4 ) : Q ( 2 3 6 ) : Q ( 2 3 8 ) = 1:1. 13 ± 0. 09 :1 . 13 ± 0. 10 

and f o r the m a g n e t i c m o m e n t s of the 2+ l e v e l 

u ( 2 3 4 ) : p ( 2 3 6 ) : u ( 2 3 8 ) = 1 ;0. 98 ± 0 . 06 :0 . 94 ± 0 . 09 . 

N o i s o m e r sh i f t s a r e d e t e c t e d , p lac ing an upper l i m i t on the change in 
n u c l e a r m e a n s q u a r e c h a r g e radius of 

| A ( r 2 ) | < 2 . 10 " 4 f m 2 

13 
f o r a l l three i s o t o p e s w h e r e f m = 10 c m . 
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BROOKHAVEN NATIONAL LABORATORY 

A . NEUTRON PHYSICS 

1. Fast Chopper 

a) Technical Developments 

The neutron flux available at the Fast Chopper has been 
increased fourfold by a redesign of the in-pile collimator which 
is located between the chopper and the reactor core. The original 
collimator was divided by both vertical and horizontal inserts to 
form an array of square tubes which offered very severe collimation. 
The new collimator has no horizontal inserts, so that the beam can 
spread in the vertical direction; external collimation is used to 
limit the vertical spreading. This more open collimator accepts 
neutrons from a significantly larger area of the radiating surface 
of the reactor thimble compared with the previous collimator. The 
neutron flux at 22m has been measured by observing the 479 keV 
Y-ray from the 1 0 B ( n , c f Y ) reaction; it is ~ 3.7xlO^/E n-cm"2-sec-l-eV"-1-. 
Standards runs using a tungsten target were made before and after 
the collimator change; they verify the factor of four flux increase. 
The standard tungsten runs also show that the background (e.g., Y-rays 
due to neutron capture in iron and other materials in the room) has 
increased no more than the same factor of four; thus the use of 
external collimators to limit the beam size does not add to the 
room background. 

The flux increase makes it possible to consider experiments 
using a chopper rotor which gives 1 M-sec beam burst, rather than the 
5 M-sec minimum burst width now available. A rotor containing a 
1 M>sec slit package is readily interchangeable with the standard 
rotor, and is presently being tested. 

b) Experimental 

1. Direct Capture Studies in Sm-152(n,Y)Sm-l53 
(G.W. Cole and R.E. Chrien) 

Radiative capture in Sm-152 is being studied as part 
of a continuing investigation of non-statistical effects near the 
4-s giant resonance. The Fast Chopper group has previously reported 
the existence of significant direct neutron capture in Dy-162^; 

1 G.W. Cole, S.F. Mughabghab and R.E. Chrien, Proc. Int. Conf. on 
Photonuclear Reactions and Applications, B. Berman, ed. (1973). 
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the present experiment continues these direct capture investigations. 

Figure A-l-1 shows the time-of-flight spectrum obtained 
using a 116 gm target of S1112O3, 98% enriched in Sm-152. The 8.03 eV 
resonance clearly exhibits a multiple scattering effect. A thin 
target, consisting of ~ 1 gm of S1112O3 dispersed over 60 cm2, was 
also used, in order to make a detailed study of the intensity 
variation of "Y-rays near the 8.03 eV resonance. The time-of-flight 
spectrum from this thin target is shown in Fig. A-1-2 

The observed Y-ray intensities were normalized by 
comparison with the thermal cross sections obtained by Bennett et al.^ 
Using Bennett's value of 5868.6 keV for the neutron binding energy 
in Sm-153, we find general agreement within ±1 keV with the level 
energies of Ref.2. Td>le A-l-1 lists the partial radiative widths for 
El transitions to six final states from six resonances, along with 
the resonance parameters used for the multilevel analysis. The 
(d,p) intensities are those of Kenefick and Sheline.3 The 
correlation coefficient < P^n^yi)-* = 0.44 is significant above 
the 957» confidence level for this sample size. 

Multilevel interference fitting has been carried out 
for these six Y-rays, including partial widths for the 8.03 eV, 
62.2 eV and 87.7 eV resonances. FigureA-l-3 shows the results of 
one such fit, for the Y-ray populating the 695.8 keV state. The 
solid line is the result for zero direct amplitude, while the 
dashed line shows the best fit including direct capture. Although 
this state has the largest (d,p) intensity of the six, the Y-ray 
intensity variation shows little evidence for direct capture; 
the dashed line was produced with ~ 0.1 mb of direct cross section 
at 1 eV. 

The existence of arbitrary phase relations between 
amplitudes for different resonances gives, in general, a range of 
possible results for the direct amplitude depending upon the relative 
phases chosen. While it is often possible to choose among the phases 
by the quality of the resulting fits or the magnitude of the direct 
amplitude obtained (e.g., very large results for the direct cross 
section seem unreasonable), the Sm-152 case is not clearcut. The 
average direct cross section for the 6 final states considered is 

2
 M.J. Bennett, R.K. Sheline and Y . Shida, Nucl. Phys. A171, 113 (1971). 

3 R.A. Kenefick and R.K. Sheline, Phys. Rev. 139, B1479 (1965). 
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Table A--1-1 

152 
Partial Widths (meV) 

E x(eV) 8.03 62.2 87.7 154.1 185.2 237.2 

r°(meV) 45.8 0.51 21.9 11.4 1.4 27.0 

r
Y (meV) 68 65 65 65 65 65 

I(d,p) 
(Ref .3) 

TT 
J E 

exc 

2.5 3/2" 35.9 0.79 0.65 0.34 0.35 0.11 0.38 

1.8 3/2" 127.3 2.30 0.73 0.97 0.44 0.60 0.47 

5-9 3/2" 405.5 0.28 0.47 0.38 0.25 0.97 1.63 

3/2" 630.2 0.65 0.19 0.079 0.15 0.086 0.10 

13.5 1/2" 695.8 0.41 0.43 0.79 0.10 .089 

3.9 3/2" 750.3 0.27 0.075 0 .30 _ _ 0.092 0.13 

< P ( r n ' r Y i } > = ° ' 4 4 
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~ 0.9 mb at 1 eV if lower limits are chosen, but if upper limits 
are chosen the average is ~ 12 mb at 1 eV. 

4 
Lane has derived an expression relating the direct cross 

section to the partial width correlation coefficient; when evaluated 
for Sm-152, the expression gives 

a D ° « 2 7 p ( r ° , r Y f ) m b 

where cr ° is the direct cross section at 1 eV. We therefore would 
prefer a more precise determination of CD°> in order to make a 
comparison with Lane's result. The thin target data should be 
important in refining the analysis, since they provide a second 
opportunity to study the Y-ray intensity variation; in particular, 
the detailed shape of the Y-ray intensity variation over the 8.03 eV 
resonance should be a good indicator of relative resonance phases, 
and should help to remove this ambiguity. 

2. Direct Capture Studies in Dy-162(n,Y)Dy-163 
(G.W. Cole and R.E. Chrien) 

The direct capture investigation in Dy-162 which was 
referred to in the preceding section is subject to a remaining 
ambiguity: the Columbia University group has recently proposed^ 
that resonances in Dy-162 at 5.43 and 70.7 eV are both doublets. 
TableA-1-2 lists the resonance parameters^ which were used in the 
multilevel analysis already completed, along with preliminary 
estimates of the doublet parameters. The high resolution chopper 
rotor, which gives a maximum resolution of 46 nsec-m"l at 22 m, 
or 21 nsec-m~l at the 48 m flight path, will be used to investigate 
these proposed doublets; the resolution at both 5 eV and 71 eV should 
be adequate to observe doublets with the suggested spacings. 

4
 A.M. Lane, Annals of Physics 63, 171 (1971). 

^ H. I. Liou private communication. The values in Table A-l-2 
are preliminary results. 

6 S. F. Mughabghab and R . E. Chrien, Phys. Rev. CI, 1850 (1970). 
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Table A-1-2 

Resonance Parameters for Dy-162 

Ref.6 

E x(eV) r°(meV) 

5.43 9.1 

70.7 47.1 

Ref. 5 

E x(eV) (r°(meV) 

5.45 9.0 
5.80 2.4 

70.55 13.1 
72.10 21.2 
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3. Validity of the Valence Model in Mo-98 (G.W. Cole, 
R.E. Chrien, J.A. Harvey* and G.G. Slaughter*) 

The success of the valence capture mogel of Lane and 
Lynn? in the first few p-wave resonances of Mo-98 led to an 
investigation of higher energy resonances in order to study the 
range of validity of the model.^ Capture Y-ray spectra were 
recorded at ORELA, using an enriched Mo-98 target with a flight 
path of 10 m and a nominal resolution of 2.5 nsec-m~^. The neutron 
widths for the p-wave resonances, which are necessary for valence 
capture analysis, were originally obtained in a total cross section 
measurement at ORELA, using a thick (0.0434 atom/b) Mo-98 target, 
a flight path length of 78.2 m and a nominal resolution of 
0.06 nsec-m"l. 

The total cross section data did not provide the desired 
precision in the determination of neutron widths, because only one 
target thickness was used and because difficulties in accounting 
for experimental backgrounds were encountered. Since the thick 
target runs were completed, the background conditions for total 
cross section measurements at ORELA have been considerably 
improved; therefore a new measurement was undertaken using a 
thinner target. The target thickness was 0.00428 atom/b, the 
flight path length was 78.2 m, and the time resolution 0.38 nsec-m"^. 
The analysis of these results is presently in progress at BNL, and 
should yield an accurate set of neutron widths which will allow 
the final determination of the fraction of capture in Mo-98 which 
proceeds through the valence mechanism. 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 

^ J.E. Lynn, "Theory bf Neutron Resonance Reactions," Clarendon 
Press, Oxford (1968). 

8 
S.F. Mughabghab, R.E. Chrien, O.A. Wasson, G.W. Cole and 
M. R . Bhat, Phys. Rev. Lett. 26, 1118 (1971). 

9 
G.W. Cole, R. E. Chrien, R . C. Byrd, S. F. Mughabghab, J. A . Harvey, 
and G. G. Slaughter, Bull. Am. Phys. Soc. _18, 96 (1973). 
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4. Direct Neutron Capture Survey in the 4-s Giant Resonance 
(G.W. Cole and R.E. Chrien) 

4 10 
Lane , and Boridy and Mahaux have shown that the direct 

reaction cross section between two channels is proportional to the 
linear correlation coefficient between widths in the two channels. 
In particular, the direct neutron capture cross section is predicted 
to be proportional to the correlation coefficient between reduced 
neutron widths and partial radiative widths. An extensive search 
for evidence of direct capture of epithermal neutrons is being 
carried out at the Fast Chopper for target nuclei near the 4-s giant 
resonance. In addition to Dy-162 and Sm-152, which are mentioned 
elsewhere in this contribution, Dy-164, Yb-170 and W-186 are under 
investigation. Data have been obtained for these nuclei, and multi-
level analysis of the variation of gamma-ray intensity with neutron 
energy is in progress. 

5. Spins of 159 T b Resonances and the Absence of 
Evidence for Nonstatistical Effects (P. Ribon*, 
G.W. Cole and R.E. Chrien) 

A study of the spectra of neutron capture Y-rays from 
Tb-159(n,Y) was made with the HFBR neutron chopper facility in order 
to improve the knowledge of the level scheme of 160xb and to check 
the possible existence of nonstatistical effects. 

We have determined the spins of most of the neutron 
resonances below 100 eV (see Table A-l-3). The high energy y rays 
studied are the direct transitions from the 2 + resonances to 3" 
states (both the ground state and the 156 keV state); for unknown 
reasons, we saw no transition from the 1 + resonances to the 64 keV, 0" 
state,H Many low energy Y rays appeared to be enhanced in the decay 
from 2+ resonances; this enhancement is easily explained in some 
cases, such as the Y ray corresponding to the transition from the 
177 keV 5" state to the ground state.H 

"k 
Visiting Physicist from CEN/Saclay 

1 0 E. Boridy and C. Mahaux, Phys. Lett. 45B, 82 (1973). 

1 1 J. Kern, et al. "Nuclear Levels in 1 6 0 T b " , Helv. Phys. Acta, 46 
60 (1973). 



Table A - l - 3 

159 
Spin attribution Tb 

E (eV) o 

Other 
results 
(Ref.l3) 

This Exp, 
high E low E E (eV) o 

Other 
results 
(Ref.13) 

This Exp. 
high E low E 

V 

3 .35 

4 .99 

11.14 

14.38 

21.2 
24.5 

27.6 

33.9 

40.8 

43.7 

46 .2 

50.4 

2 

2 

2 

(1) 

2 

2 

(1) 

2 

2 

(1) 

(1) 

2 

(2) 

(1) 

2 

1 

2 

2 

1 

2 

2 

1 

(1) 

2 

2 

2 

51„6 

54.3 

57.3 

58.7 

64.9 

66 0 8 

74.0 

76.4 

77 .5 

88.8 

90.8 

97 .5 

R e f . 1 3 BNL 325 Third Edition (1973) 
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The same results were used in order to check the •I o 
preliminary results reported by Jain et a l . By numerical 
integration of the Y ray spectra for the resonances, we obtained 
a ratio R : 

6 .4 MeV 4 .5 MeV 
R ' = / n ( Y ) d E y / J n(Y)dEy 

4 .5 MeV 2 .0 MeV 

similar to the ratio R of Ref. 12 and which presents the same 
variations, thus confirming their results . But the constancy of 
the ratio R which appears in Jain's results for the five 1"*" 
resonances (Fig. A-l-4) no longer holds i f we introduce our 
attribution of the spins and if we furthermore remark that the 
108 eV and 113 eV resonances are, in fact , some overlap of several 
resonances which were not resolved in the experiment from which 
their spins were determined. 

To conclude, we confirm the previously observed 
fluctuations of R (or R ) , but there appears to be no evidence 
for a correlation of this ratio with the resonance spins, or with 
the neutron widths . 

12 
A.P. Jain et a l . Int . Conf. on Nuclear Structure Study with 
Neutrons, Budapest, 1972; A.P. Jain, private communication. 
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A - 2. The 24 keV Fi l ter Program 
(K. Rimawi, 0 . A. Wasson* and R. E. Chrien) 

a) Equipment 

Since the previous report, the aperture for the 24 keV f i l tered 
beam was increased by removing the remaining tubing on the fore-
collimat^r in front of the f i l t e r . This increased the 24 keV flux to 
10' n/cm /sec across an area of approximately 6 .45 cm2 when transmitted 
through 9 inches Fe, 14 inches kl and 2 inches S. The flux was measured 
by the 10B(n,cr/) reaction. 

The neutron spectrum for the f i l tered beam is shown in 
Fig. A -2 -1 . The beam is seen to have a half maximum full width of 2 keV 
and to peak at a neutron energy of 24 keV. The f lux has been calcu-
lated from the measured transmission of the components and assuming 
a E reactor f lux dependence. The transmission experiments were 
carried out at ORELA in May 1973. 

b) Experiments 

The program of investigating the 24 keV capture spectra was 
continued and the spectra of U 2 3 8 , W 1 8 2 , W 1 8 6 , Co, B a 1 3 5 , Mn, Fe, 
Th and Mo were investigated. Some of the results of these investi -
gations are discussed in the following: 

1. C o 5 9 ( n , Y ) C o 6 0 

The 24 keV spectrum for Co"^(n ,Y)Co^ is shown in 
Fig. A - 2 - 2 . Five resonances are expected to contribute to the capture. 
These are the resonances at 19 .75, 21 .95 , 22 .51 , 24.46 and 25.16 keV. 
Thus the spectrum represents an average over these resonances. Since 
the level density is low in this region i t is possible to determine 
which of these resonances contributes strongly to a certain transition 
from the s h i f t of the gamma peak center relative to that of the gamma 
ray following thermal neutron capture. Figure A-2-3 shows the 
transitions to the 5 + ground state , the 2+ state at 58 keV and the 
(3+) state at 1006 keV. The position of the peak in thermal capture 
is taken as the zero of the energy scale in each case. The di f ferent 
s h i f t s in the position of the peaks indicates capture in di f fer ing 
resonances. The transition to the ground state is seen to be shifted 
by 20.2 ± 0 .5 keV. The three resonances that may contribute to this 
transition are the 19.75, 21.95 and 22.51 keV. The latter two have 
spin 3 and thus are not expected to contribute s igni f icant ly to this 
transition. This indicates that the transition is predominantly due 
to capture in the 19.75 keV level implying a spin 4 for this resonance. 

Now at National Bureau of Standards 
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2. U 2 3 8 ( n , Y ) U 2 3 9 

238 
The high level density in U leads to a spectrum 

averaged over several hundred resonances washing out the Porter-
Thomas fluctuations. Both s-wave and p-wave capture contribute to 
the spectrum. 

Figure A-2-4 shows the gamma spectrum obtained. The 
partial capture cross sections were determined for the individual 
transitions from this spectrum using the reaction BlO(n,ary) as a 
standard. 

The average partial capture cross sections divided by 
Ey3 are shown as a function of Ey in Fig. A-2-5 . The four high 
energy transitions populate positive parity states and thus are 
populated by El transitions from p-wave resonances. Spin 5 / 2 + 

low lying states are populated only by 3 /2 " resonances while states 
with spin 1/2 or 3/2 are reached by both l / 2 ± and 3/2 resonances via 
dipole transitions. This leads to smaller cross sections for the 
5/2+ states as seen in figure. The fact that both negative and 
positive parity final states have nearly equal cross sections shows 
that the amount of p-wave capture is nearly equal to the amount of 
s-wave capture at 25 keV. 

The solid lines represent an Ey^ energy dependence for 
El and Ml strength functions. The photon strength function is seen 
to be consistent with an Ey^ dependence as predicted by the ta i l of 
:he giant dipole resonance. 
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135 136 * 
3. Ba(ti,Y) Ba 

The results of an investigation of a possible anomaly in the 
strength of Ml decay of 1 3 5Ba( n,Y) Ba resonance capture were 
described in the April 1973 report to the USNDC. This investigation 
has been pursued for 24 keV neutron capture where the f i l tered neutron 
beam overlaps about 40 s-wave and 80 p-wave resonances. Figure A-2-6 
shows the gamma-ray spectrum obtained in this experiment. The 
intensities for observed transitions to states below 2.6 MeV in ^3^Ba 
are given in Table A-2 -1 . An upper limit for the M-l strength function 
of (15 ± 4 .5 ) x 10" 9 MeV"3 is deduced from these data when the 
contribution of p-wave capture is ignored. The p-wave capture 
contribution to these transitions is known to be small, because 
transitions to 4+ levels at 1866 and 2053 keV are not observed; these 
levels would be populated by El transitions from 3" states formed 
in p-wave capture. This value is consistent with the observed average 
M-l strength for a l l nuclei. 

Furthermore, as seen from the table, there is no indication 
of enhancement for the ground state transition. Thus the enhancement 
of the ground state transition appears to be limited to the case of 
the 24 eV resonance. That this enhancement is due to Porter-Thomas 
fluctuations rather than the existence of a nonstatistical e f fect 
seems to be implied by these data. 

4 . Capture Cross Sections 

Several capture cross sections at 24 keV have been 
measured by comparing the induced activity after irradiation with 
a flux monitor based on the 10B(n,Qry) reaction, using the ENDF-B-III 
values for l^B(n,cry). Preliminary numbers have been obtained for 
2 3 8 U a(n,Y) by observing the 228 and 278 keV Y-rays from 239Np decay 
and for the 411 keV Y_ray following -*-98Au decay. These values are 
238u: 424 mb; ^97Au 702 mb. A more careful analysis, including the 
e f fect of energy degraded neutrons on the samples, is in process and 
may modify the above results somewhat. An error analysis is also in 
progress. 

* 
with J. L. Holm, Department of Applied Science, BNL. 
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Table A-2-1 

135 136 Gamma ray intensities from the reaction Ba(n,y) Ba 
for E = 24 keV. n 

E^ g . s . = 9120 keV 

Intensity 
E keV J Photons/100 n exc 

g . s . 0 + 0 .54 ± 0.09 

817.1 2 + 1.02 ± 0.14 

1549.0 (2+) 0.55 ± 0 .11 

1575.7 (0+) 0 .11 ± 0.09 

2080.5 (1,2) 0.44 ± 0.07 

2127.7 (1,2) 0.55 ± 0.14 

2219.8 0.51 ± 0.09 

*2376.8 1.43 ± 0.29 

2392.2 1.25 ± 0.26 

2533.6 3" 0.19 ± 0.07 

This transition has not been observed in resonance capture for 
resonances below 500 eV. However, i t has not been possible to 
identify i t with any reasonable background line, i t thus is 
included in the table with this questionable status. 
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B. NUCLEAR STRUCTURE 

1. Study of Low Spin States in 2°°Hg (D. Breitig, R. F. Casten 
and G. Cole) 

The study of the implications of the 2 ^Hg level scheme 
deduced earlier has continued and revealed several new points of 
interest. The level scheme i t s e l f accommodates nearly a l l of the 
Y-ray intensity below 3 MeV observed in (n,Y) studies and includes 
~ 60 levels up to 3.3 MeV. 

The discovery of a new 0 + state at 1515 keV and the measure-
ment of several new branching ratios has led to a significantly 
greater degree of agreement between the data and the core coupling 
calculations of Corvello and Sartoris. Most of the predicted 
branching ratios are closer to experimental values than was the 
case when different levels were earlier chosen as candidates for 
the model states . 

The 0 + state at 1029 keV is now seen to be an "extra" 0 + 

state not accounted for by the model. It is possible, but only 
a possibi l i ty at present, that i t corresponds to a predicted low 
lying bubble configuration characterized by a reduced central 
nuclear density. In this regard i t is important to map the 
locations of 0 levels in neighboring nuclei (see next entry). 

The four 1 levels deduced earlier are now thought to be 
understood most simply in terms of oblate deformations involving 
the unique parity u i l 3 / 2 o r n h l l / 2 orbits in the form of simple 
two-quasiparticle,collective octupole or core coupled (5" x 4 + ) 
excitations. This represents an extension and confirmation of 
the earlier suggestion of oblate shape components of odd nuclei 
in this region from study of spin isomers. 

Finally, a relatively new technique, that of population 
systematics for spin assignments, has been studied and found to be 
extremely useful up to an excitation energy of ~ 2 MeV (see next 
entry as wel l ) . 
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202 2. Study of Low Spin States in Hg (R. F. Casten, D. Breitig, 
W. R. Kane and G. Cole) 

This study is an outgrowth of the ^^Hg investigation, in 
particular to search for low lying 0 + states and to compare core 
coupling calculations with the resulting data. An extensive level 
scheme, consisting almost entirely of new levels , transitions and 
spin assignments is shown in Fig. B - l . It was deduced from Y-ray 
data taken following thermal and resonant neutron capture and 
includes measurement of primary and secondary radiation, Y-Y 
coincidences and angular correlations. 

An important tool in making some of the spin assignments 
was the use of population systematics. These are i l lustrated for 
202Hg in Fig. B-2. Shown are the relative level populations, 
excluding feeding by primary transitions, as a function of excita-
tion energy. Levels with spins 1,2 deduced without using such 
population arguments are plotted as open points. Other levels 
are represented by solid dots. Four of these are a factor of 
3 -4 below the upper group and are considered therefore to have 
J=0,>3. Combining this new information from our level scheme 
(primary feeding, deexcitation transitions, Y-Y coincidences 
and angular correlations) and with some P decay data gives the 
Jn assignments in Fig. B- l for the levels at 1119.8, 1311.5, 
1562.1, 1564.7, 1575.6 and 1643 keV. 

Two principal features emerge from the level scheme. 
First , the distribution in energy of levels in 202Hg d i f fers 
considerably from that in 200jjg> ^he lowest 0 + state is at 
1564.7 keV, over 500 keV higher than in 200Hg but close to the 
1515 keV 0 + level in that nucleus. Its preference for decay only 
to the f i r s t 2 + state is also similar to the decay routes for 
the 1515 keV level . Thus the 1029 keV level in 2"°Hg remains 
anomalous with no apparent counterpart in 2®2Hg (see previous 
entry). The other low spin states in 202Hg (J=l ,2 ,3 ) 
occur several hundred keV lower than their counterparts in 2®^Hg. 
This behavior is not understood but is probably related to the 
second feature of interest in 202Hg. The latter is that the 
core coupling model, as extrapolated from calculations for 
198,200H g , f a i l s completely in z u zHg. There is no state above 
the first excited state that has a reasonable energy or decay 
routes and intensities to be a candidate for the core coupled 
states . Many measured branching ratios from levels tested d i f fer 
by an order of magnitude or more from the predicted values. 
There is apparently a significant change in the nuclear structure 
of the low lying levels between 200Hg and z u zHg. 
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3. Study of the 1 8 6W(n,V)1 8 7W Reaction at 24 keV and the Breakdown 
of the Nilsson Model (R. F. Casten, D. Breitig, 0. A. Wasson, 
K. Rimawi and R. E. Chrien) 

The (n,Y) reaction at thermal and 24 keV neutron energies was 
performed on 18°W. The purpose was to assign 1 /2" or 3 /2" spins to 
levels in -̂87W in the 700-1600 keV excitation energy region and thereby 
to map out the fragmentation of single particle strength in the Nilsson 
model and the distribution of strength as observed in the {d,p) reaction. 
This study follows a related one dealing with 1 7 9 Hf , 183 ,184^ a n d 

establishes some surprising systematics in the fragmentation. The 
spectroscopic results were obtained by combining the present results 
with earlier data. They comprise the assignment of 20 1 /2" or 3 /2 " 
spins between 700 and 1600 keV of which 13 are for levels populated 
in (d ,p) . This implies the existence of a minimum of 10 low K 
negative parity rotational bands and at least 7 that have single 
particle strength. The Nilsson model predicts only four or five of 
the former and two of the lat ter . These results are similar to 
those obtained for ^7^He and However, an interesting 
difference emerges when the summed experimental and theoretical 
(d,p) cross sections are compared. The results , in several forms, 
are summarized in Table B-l where the footnotes interpret the entries. 
The main conclusion is that despite the severe fragmentation in a l l 
these nuclei nearly a l l the calculated single particle strength is 
in fact observed in ^'"Hf (and also in 177,181H f from other studies) 
and in 187W. However, in 183,184y only a fraction of the strength 
is found: this fraction is ~ 6 0 7 o in the former and 18-327, in the 
latter . 

The fragmentation of Nilsson model strength is not predicted 
by existing calculations, including those including extensive phonon-
particle coupling. Nor, given the fragmentation, do such calculations 
account for any marked behavior in the systematics such as is 
observed. I t is possible, but not in the least proved as yet, 
that both features of the data may be partially explained by 
enhanced AN = 2 mixing resulting from the much larger than 
expected (recently measured ) 34 shape components near If 
the speculation is correct, the same shape components may be 
important in the interpretation of recent anomalies in the 
neutron transfers cross sections and in the understanding of 
backbending phenomena in this mass region. 



Table B- l 

Distribution, Fragmentation of Nilsson Strength 

Experimental Cross Sections _ f 
3 /2 

N_a N_(d,p)b Max a SCT ( n . Y ) , 1=1 
e 

ECT Theor N_a N_(d,p)b 
(|ib/sr) a >100 txb/sr 

d 
a l l CT 

3 1 /2 

1 7 9Hf 12 9 - 4 4 6 997 1440 1617 1886 

183w 9 7 232 585 1036 1095 1848 

184w 
- - - 123 123 < 653 < 866 2087 

185w 
- - - 391 1025 — 1517 1800 

187w 11 6 336 1437 1656 2104 1800 

£ 
Lower limit on number of negative parity rotational bands. Covers energy regions: 
1400-2200 keV in 1 7 9Hf and *83W, and 700-1600 in 187^. 

k Same as a) except applies to negative parity bands observed in (d,p) as well . 
C Sum of (d,p) cross section larger than 100 l-ib/sr at 9L=90°, Q-reduced to +3 .0 MeV, 

for states assigned from the (n,Y) reaction studies as low spin negative parity levels 
( l / 2 ~ , 3 /2 " for odd nuclei, J < 2 for • Includes a few states not assigned in 
(n,y) but with (d,p) angular distributions suggesting these spin limitations. 

^ Same as c) except not restricted to large cross sections. Entry for is upper 
limit since i t includes the described sum of cross sections for states from 1400-2300 
keV but also the sum of a l l cross sections from 2300-2700 keV. 

Same as d) except includes a l l (d,p) transitions not definitely ascribable to ^ 3. 
Included because the entry described under d) for 

185W is not available. 

^ Summed theoretical cross section from Nilsson model with pairing included. 
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C. NATIONAL NEUTRON CROSS SECTION CENTER 

Two NNCSC representatives were aided by IAEA funds to attend a 
4 Center meeting held in Moscow in June. Substantial progress was made 
in several areas that included more uniform methods of reporting center 
s t a t i s t i c s , agreement on an input format for the worldwide request l i s t 
WRENDA, and generalization of EXFOR to include additional data types and 
multidimensional tables. A problem common to a l l the centers has been 
the unavailability of published and other known data sets because the 
center was unable to obtain the results from the measurer. The NNCSC 
has over thirty such cases. A few cases have been pursued for over a 
year. In some instances funding reductions have caused d i f f i c u l t i e s in 
the transmission of data. 

NNCSC preparation for Volume 1 of BNL 325 containing recommended 
resonance parameters and thermal cross sections has been completed. 
Printing and distribution of the book is expected by the end of 1973. 

The present concern of CSEWG is development of Version IV of the 
Evaluated Nuclear Data File (ENDF/B) due for release in early 1974. In 
ENDF/B-IV the general purpose f i l e wil l contain data for over 100 mate-
r i a l s , the dosimetry f i l e wil l contain 32 materials, the scattering-law 
f i l e 10 materials, and the f ission product f i l e several hundred nuclides. 
Special attention has been give to data sets for shielding applications. 
Over 30 materials wi l l have gamma-production data f i l e s that are con-
sistent with the neutron data portion of the f i l e . In addition there 
are photon-interaction data for al l materials. Some of the thermal 
cross sections wil l be changed in ENDF/B-IV. For some elements error 
f i l e s wi l l be included. 

Statist ics for data requested from the NNCSC during the year ending 
June 30, 1973 are presented in Tables C-l and C-2. The requests for evalu-
ated data outnumber requests for experimental data. Magnetic tapes are 
a favored retrieval mode indicating that many requesters are prepared to 
process the data by computer. 
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Table C - l 

CSISRS Request S t a t i s t i c s 

July 1, 1972 - June 30, 1973 

Requests for Experimental Data (CSISRS): 

1. Requests 

a) received 151 

b) answered 148 

c) number of data sets sent 17,232 

d) number of data records sent 1 ,473,788 

2. Origin of Request 

a) Government Agencies 4 

b) Educational Institutions 37 

c) Industry 30 

d) Four-Center (other than format EXFOR) 7 

e) National Laboratories 40 

f ) Internal (NNCSC s t a f f ) 33 

Total 151 

3. Mode of Request 

a) Magnetic tapes, varied formats 76 

b) Computer listings 72 

c) Plots 1,403 

d) Other 
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Table C-2 

ENDF Request Statist ics 

July 1, 1972 - June 30, 1973 

1. Requests 

a) Number of requests 184 

2. Origin of Request 

a) CSEWG Members (other than ENDF/B, 86 
i . e . , ENDF/A, Doppler broadened 
data, etc. 

b) Government Agency 13 

c) Educational Institution 30 

d) Industry (other than CSEWG) 42 

e) Foreign Exchange 13 

3. Mode of Request (may be more than 1 
per request) 

a) Magnetic Tapes 98 

b) Computer Listings 51 

c) Cards 5 

d) Plots 11 

e) Other 54 
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COLUMBIA UNIVERSITY 

A. NEUTRON SPECTROSCOPY 

1. Neutron Resonance Spectroscopy XIV: Potassium, (U. N. Singh, 
H. I . Liou, G. Hacken, M. Slagowitz, F. Rahn, J. Rainwater, 
W. Makofske, J. B. Garg) 

High resolution transmission measurements using pure natural K 
metal samples have been completed. The measured total a vs E to 
kOO keV is given, and resonance parameter evaluations are given for 65 
resonances below 200 keV. The isotope assignments, A = or k l , are 
mainly based on recent unpublished measurements of Good and Harvey at 
ORELA using separated K isotope samples. Values of level strengths, 
ag^n, are mainly based on transmission dip area analysis, which with 
evidence from the resonance shape and peak cross sections permits 
assignment of I and J for most resonances, and A for many of the 
resonances not identified in the separated isotope measurements: We 
obtain for the s and p strength functions: 

l o \ . (0.66 (0.78 and 1 0 \ . 

( 1 . 8 + ° ' I ) and (2.k for 59K and ^ K , respectively, -u. p -u. o 
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2. Fission Measurements at ORELA, (J. Felvinci 5 E. Melkonian) 

Because the startup of the improved Nevis synchrocyclotron has been 
delayed, it was suggested that use be made of the LINAC at Oak Ridge. An 
exploratory run at ORELA was carried out in June, 1973. Our data-acquisi-
tion equipment, as used in the 1968 Nevis run, was transported to ORELA 
so that both the neutron time-of-flight and the energy of one fission 
fragment could be recorded event-by-event. Only 20 hrs of good running 
time on 233Th and 235Th were achieved, but demonstrated that the intensity • 
was adequate for our pur oses and that the background to the fission yield 
was considerable lower than at Nevis. 

At this time (November) our equipment is again at ORELA for a several 
week run. Measurements will be made on 2 2 9 T h , 233Th, 235Th and 239Pu. The 
flux dependence upon energy will be determined with a thin deposit of boron 
viewed by a surface barrier detector in vacuum. 
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INTELCOM RAD TECH 
San Diego, California 

A. NEUTRON CROSS SECTIONS 

1. Measurements of the 6 Li ( n , a ) T and the 1 °B (n, q, g n ) 7 Li Cross 
Sections for Neutron Energies from 1 to 1500 keV. 
(S. J. Friesenhahn) 

The ^Li (n, a) T and ^ B ( n , a , C ^ ^ L i cross sections have been 
measured between 1 and 1500 keV neutron energy relative to the hydrogen 
scattering cross section. The present measurements were performed 
in a large parallel plate ion chamber using self-supporting f i lms in the 
case of l^B a n c} evaporated metal deposits in the case of ° L i . The 
present results for 1 0B are in good agreement with previous m e a s u r e -
ments (1) employing a BF^ detector at this laboratory, but are in dis -
agreement for neutron energies above ~ 1 00 heV with the previous ion 
chamber results. This discrepancy is apparently due to dead time losses 
in the previous ion chamber data. The possibility for dead time c o r r e c -
tion errors have been eliminated in the present data by use of a tagged 
test pulse which was random in time and which was recorded with the 
data. 

The data analysis for the 6 Li ( n, Ct) T cross section is complete 
with the exception of the ion chamber response function calculations 
which are currently in progress . (This work pertinent to request 
Nos. 18 and 53 in USNDC-6) . 

2. Measurement of the Continuum Gamma Ray Production Cross 
Sections for Iron (V. Rogers, C. Hoot and V. Orphan) 

The unfolding of previously measured g a m m a - r a y spectra from 
(n, xv ) reactions in iron^2 ' was corrected for g a m m a - r a y energy degrada-
tion in the sample to obtain corrected continuum plus discrete- l ine cross 
sections. The net effect was to reduce the magnitude of the low gamma 
energy continuum component, so that the total g a m m a - r a y production 

S .J . Friesenhahn et al. "Measurements of the a ^ y ) and 
1 0B(n,G!) Cross Sections" Gulf Radiation Technology Report G u l f - R T -
A12210, October 1972. 
V . J . Orphan and C . G . Hoot, Gamma-Ray Production Cross Sections for 
Iron and Aluminum, Gulf Radiation Technology Report Gulf -R T - A l 0743, 
1971. 
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cross section was reduced by about 5%. The resulting cross sections 
are listed in Table A - l . 

3. Measurement of Gamma-Ray Production Cross Sections for 
Carbon and Nitrogen (V. Rogers, C. Hoot, V. Verbinski, 
and V. Orphan) 

Measurements of gamma-ray production cross sections for 
carbon and nitrogen have been continued since the last USNDC report. 
Table A-Z lists the preliminary experimental values of CT (n, n' \ ) for the 
4 . 4 4 MeV g a m m a - r a y from carbon. High-neutron-energy resolution 
cross sections have also been obtained for the same gamma ray. The 
measured cross sections are consistent with other available data. (3) 

Final analysis of the discrete and the continuum components 
of the nitrogen (n, ) cross sections is in progress . 

The Ge(Li) spectral response to neutrons was examined further, 
and a complete response matrix was obtained which included the response 
functions for neutron energies less than 6 MeV. The additional m e a s -
urements for E n < 6 MeV yielded spectra which are somewhat dependent 
upon neutron energy. (This work pertinent to request Nos. 59 and 68 
in USNDC-6) . 

B. INTEGRAL EXPERIMENTS 

1. Integral Measurements to Test Neutron Scattering and y -Ray 
Production Cross Sections of Be, C, N,Q and Fe 
(L. Harris, J r . , J. C. Young, D. K. Steinman, L. Schanzler, 
P. A. Read, W. E. Gober) 

Data reduction for the C and N measurements reported earlier 
has continued. Measurements were made to obtain more accurate \ -ray 
efficiencies for the 2 in. x 2 in. N E - 2 1 3 detector. Measured y -ray 
response functions are being parameterized in order to generate a y -ray 

(3) 
G. L. Morgan, T. A. Lave, J. K. Dickens and F. G. Perey, " G a m m a -
Ray Production Cross Section of Tantalum and Carbon for Incident 
Neutron Energies Between 0. 007 and 20 M e V " , Oak Ridge National 
Laboratory Report O R N L - T M - 3 7 0 2 . (February 1972). 
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Table A - l 

IRON CT (n, xy ) A T 1 25° ( m b / s r ) 

E 
Y 

(kcV) 

NEUTRON ENERGY (MoV) 
E 

Y 
(kcV) 0. 085- 1 . 3 - 2. 1 - 3 . 0 4 . 1 - 5 . 1 - 6 . 1 5 - 7. 71- 9. 78- 12. 56-16. 74 

708 
- 9 4 6 41. 7 69. 7 85. 0 97. 4 89. 4 9 6 . 9 90. 1 8 6 . 3 82. 1 5 8 . 8 

-1 165 2. 1 12. 0 19 .7 19. 6 17. 1 1 6 . 6 15 .6 

- 1424 1. 2 10. 1 25. 7 3 1 . 4 48. 3 58. 2 6 5 . 9 76. 1 64. 1 

-1663 0 . 8 0. 3 3. 8 8. 4 13. 3 16. 8 19 .4 2 1 . 6 18 .8 

- 1 9 0 2 0 1 .0 10. 9 14. 5 16 .8 19. 9 16 .2 17. 1 16. 1 

-2141 0. 1 0. 1 15. 2 12. 9 14 .8 20. 9 2 2 . 9 23. 8 18 .9 

- 2380 1 .2 6. 5 8. 0 B. 7 6 . 8 10. 1 6 . 4 

-2*619 3 . 9 8. 0 6 . 4 10. 6 12 .8 1 3 . 9 8 . 0 

- 2 8 5 8 2. 1 6. 7 7 . 9 11. 2 11 .7 1 1 . 9 12. 1 

- 3097 0 . 0 4. 7 6 . 2 5 .4 5 . 6 8. 0 4 . 2 

>-3336 0. 3 2. 1 3 . 4 5. 5 5 . 6 5. 5 4 . 7 

- 3 5 7 5 1 . 4 2. 9 4 . 6 6 . 3 8 . 9 1 1 . 2 8 . 0 

- 3814 0. 6 6 . 9 7 . 6 6 . 9 8 . 0 8. 0 6 . 0 

- 4 0 5 3 1 . 0 3 . 6 5 . 7 5 . 3 6. 5 3 . 4 

-4291 0. 1 1 .4 2 . 9 3 . 0 3. 8 3 . 3 

- 4 5 3 0 0. 1 1 .1 1 . 6 2. 1 3. 7 2 . 6 

- 4769 0. 2 0 . 6 1 . 6 1 . 6 3. 9 3. 1 

- 5 0 0 8 0. 1 1. 3 1 . 7 2. 1 1 . 9 

- 5 2 4 7 1 .1 2. 1 4. 0 2 . 8 

- 5 4 8 6 1. 1 1 . 8 3. 0 1 .8 

- 5 7 2 5 1 .2 1 . 6 4. 0 3 . 9 

- 5964 0. 9 1 . 9 2. 6 2 . 3 

- 6 2 0 3 0. 5 1 . 6 2 . 8 Z . 9 

- 6 4 4 2 0. 1 1 . 8 3. 0 1 .4 

-6681 1 .1 3 . 9 3.4 

- 6 9 2 0 1 . 5 2. 7 2 . 5 

- 7 1 5 9 0 . 7 2. 3 2 . 2 

- 7 3 9 8 0 . 6 1 . 7 1 . 0 

- 7 6 3 7 0 . 8 0. 6 1.1 

- 7 8 7 5 0 . 8 0. 6 0 . 9 

T O T A L 4 1 . 7 7 1 . 8 9 6 . 5 164. 6 207. 8 260 .7 298. 1 3 1 7 . 2 358. 1 282 .2 
LINES 44. 3 68 .4 97. 8 143. 3 167. 7 186. 8 175. 2 158 .0 147. 2 106. 1 
CON TIN. 0 0 0 2 1 . 3 40 . 1 7 3 . 9 122. 9 159.Z 210. 9 176. 1 
% CONT. 0 0 0 12 .9% 1 9. 3% 28 .3% 4 1 . 2 % 50. 2% 58. 9% 62.4% 
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Table A - 2 . 

CARBON a (n, n' y ) FOR 4. 44 MeV Y - R A Y A T 125° 

En (MeV) g (n, n' Y ) ( m b / s r ) 

- 5. 0 5..0 

- 6 . 0 12. 4 

- 7. 0 16. 9 

- 8. 0 23. 0 

- 9. 0 19. 2 

- 10 . 0 23. 2 

-12 . 0 23. 3 

-14 . 0 15. 3 

- 17 . 0 7. 5 

-20 . 0 5. 4 

response matrix. As soon as this response matrix is tested for unfolding 
Y - ray energy spectra, the energy spectra of the secondary Y - rays from 
the small liquid nitrogen sample will be unfolded. Secondary Y -ray energy 
spectra will be obtained for a number of incident-neutron energy intervals 
between 1 . 5 to 15 MeV similar to those used for scattered neutron spectra. 

Measurements of incident-neutron dependent count rates due to 
scattered neutrons and secondary y -rays were made at angles of 30, 
55, 90 and 125 degrees for small samples of Be, f ^ O and Fe. In addi-
tion, energy spectra of scattered neutrons and secondary Y -rays at 
125 degrees were measured for the t ^ O and Fe samples. Data reduc-
tion for these measurements is in progress . 
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2. Integral Concrete and Steel Shielding Experiment (L. Harris, Jr. , 
J. C. Young, D . K . Steinman, L. Schanzler, a n d W . E . Gober) 

A new in tegra l sh ie ld ing e x p e r i m e n t , invo lv ing f a s t - n e u t r o n and 
s e c o n d a r y g a m m a - r a y t r a n s p o r t through a th ick c o n c r e t e and s t e e l sh ie ld , 
has b e e n p lanned and w i l l b e p e r f o r m e d dur ing the next f ew m o n t h s . The 
g e o m e t r y f o r this e x p e r i m e n t is shown in F i g u r e B - 1 . T h e e x p e r i m e n t w i l l 
be l ike the 1969 C o n c r e t e Shielding E x p e r i m e wi th the f o l l o w i n g 
d i f f e r e n c e s : 

a. Measurements will be made for a single thickness (34. 8 in. ) 
of alternating concrete slabs and steel plates. The same 4 - in . -
thick concrete slabs used in 1969 will be used again. The water 
content will be remeasured to correct for water losses since 1969. 

b. 3 / l 6 - in . -thick steel plates will be distributed between the 
concrete slabs as shown in Figure B-2. The resulting shield con-
figuration is 20 wt. per cent steel. Equal thickness plates are 
used in order to obtain them from the same heat and thus obtain 
uniform composition from plate-to-plate. 

c . The lead d e t e c t o r sh ie ld u s e d f o r the 1969 m e a s u r e m e n t s w i l l 
not be u s e d in o r d e r to s i m p l i f y the g e o m e t r y . 

d. Detector positions will be at a single distance (6 in. ) behind 
the last steel plate in order to reduce the coupling between detector 
and shield. 

3 
e. A He gas proportional counter (with and without cadmium 
cover) will be used for thermal neutron measurements. 

f. The following measurements will be made on the neutron flight 
path axis: (1) time-dependent count rates and energy spectra of 
leakage fast neutrons and secondary gamma rays detected using an 
N E - 2 1 3 scintillator (2-in. diameter by 2 in. length) and (2) t ime-
dependent count rates for thermal neutrons detected using the 3 He 
gas proportional counter (2-in. diameter by 6- in . length, 4 atmos-
pheres gas pressure) . 

Harris , Jr. , et al. , "Time-Dependent Fast-Neutron and Secondary 
G a m m a - R a y Spectrum Measurements in Concrete-Vol . I and II" DASA 2401-1 
and DASA 2401 -2 , Gulf General Atomic Incorporated (1969). 

2L. 
Harris , Jr. and H. Kendrick, "Time-Dependent Fast-Neutron and Secondary 

G a m m a - R a y Spectrum Measurements in Concrete-Vol . Ill, " DNA 2401 -3 , 
Gulf Radiation Technology (1972). 
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g. At several positions above and below the neutron flight path 
axis, the two detectors will be used to measure integral counts 
due to fast neutrons, (n, x\ ) photons, (n, y ) photons and thermal 
neutrons, and thus provide four vertical spatial profiles behind 
the concrete and steel shield. These profiles will provide experi -
mental data for estimating the influence of the floor on the center-
line measurements , and hence indicate if the floor needs to be 
included in the calculational model for the experiment. 

3. Integral Miss i le Shielding Experiment (L. Harris, Jr. , 
J. C. Young, D. K. Steinman, a n d W . E . Gober) 

Another new integral shielding experiment, this one involving 
neutronand secondary gamma-ray transport through a miss i le guidance 
section, is underway. Attention will be focused on measuring neutron-
and secondary gamma ray-induced silicon dose at locations inside the 
miss i le as a function of incident neutron energies from 1 eV to 20 MeV. 
In addition, energy spectra of fast neutrons and secondary gamma rays 
leaking from the miss i le guidance section will be measured for the same 
range of incident neutron energies. 



81 

LAWRENCE LIVERM3RE LABORATORY 

A. STANDARDS 
235 

1. U Fission Cross-Section Measurements. (J. B. Czirr and G. S. 
Sidhu) Relevant to Requests 439, 440, 441 and 442). 

235 
A measurement o f the U f i s s i on cross section i s in progress 

at the LLL l inac with preliminary data available in the 3- to 20-MeV 
energy range. The f i s s i on rate i s measured re lat ive to the (n,p) scat-
tering cross section using an annular polyethylene radiator and a L i -
dr i f ted -S i proton detector. The telescope background measured with a 
matching graphite f o i l arises primarily from the C(n,a) reaction. I t i s 
planned to complete data co l lec t ion f o r the above energy range shortly. 

2. Fission v Measurements. (R. E. Hcwe, T. W. Ph i l l ips , and C. D. 
Bowman") Relevant to Requests 447 and 503. 

Uti l iz ing recent improvements in our electronics and in back-
ground conditions, we have measured v f o r 235u neutron-induced f i s s i on 
in the energy range: 0.5 eV 5 Eĵ  < 125 eV. Fast, spectrunv-independent 
neutron detection was accomplished with the system previously described. 1 

Preliminary results o f the measurements are shown in Figure A- l . 
These compare f a i r l y well with recent data from RPl2 and from Saclay. 3 
With s t a t i s t i c a l uncertainties o f less than 0.5 percent f o r many of the 
resonances in our data, i t i s possible to make arguments f o r the presence 
o f some energy-dependent structure f o r v in the resonance region. The 
57 data points shewn in Figure A- l have an overal l reduced x o f 1.41. 
Restricting ourselves to the 16 data points with fract ional errors less 
than 0.3%, we f ind a reduced x^ o f 1.93. Analysis i s currently underway 
to ver i fy that this structure i s not due to any systematic e f f e c t s 
related to background events or e lectronic deadtime corrections. 

Using the resonance_spin assignments o f Keyworth,1+ we f ind an 
overal l di f ference o f Av - v ( 4 - ) - v ( 3 - ) = +0.205 + 0.119% between the 
"National Bureau o f Standards, Washington, D.C. 
"k\TCSAC Report, dated 10 November 1971, UCID-159 37. 
2 
Linear Accelerator Project Progress Report (Oct. 1-Dec. 31, 19 72), 
Rensselaer Polytechnic Institute. 

3J. Frehaut and D. Shackelton, IAEA-SM-174/47, Third International Con-
ference on the Physics and Chemistry o f Fission, Rochester, N.Y. (1973). 

4 
G. A. Keyworth e t a l . , Los Alamos S c i e n t i f i c Lab. Rept. No. 
LA-UR-73-1077 (19731. 



82 

respective means o f a l l resonances with spin 4~ and those with spin 3~. 
While on the surface this seems to imply some s l ight spin dependence in 
v , these resonances have a reduced x^ o f 1.79 about the ir common mean. 
Also , the J = 4- resonances at 8.79 eV and 19.3 eV are separated by 
0.70 ± 0.18%, which drast ical ly over-shadcws the Av f o r resonances o f 
d i f f e rent spin states . 

— 235 Future plans include completion o f v measurements f o r U from 
thermal energy up to 15 MeV, and similar measurements f o r 239pu# 

B. NEUTRON DATA APPLICATIONS 

1. Measurement o f the 233^ 234u< 235u. 236^ 23%^ 239Pu< 240Pu< 
^ l P u , and 242pu Fission Cross Sections Relative to Various 
Flux Monitors from Thermal to 15 MeV. (J. W. Behrens) Relevant 
to Requests 414, 501, 517, 526, and 527. 

Fission cross sect ion measurements f o r a wide co l l ec t i on o f 
uranium and plutonium isotopes are presently being made at LLL using the 
100-MeV Electron Linear Accelerator as a pulsed source f o r neutrons. 
The f i s s i o n cross sections re lat ive to the appropriate f lux monitors can 
be measured as a function o f neutron energy from thermal to 15 MeV using 
the t ime -o f - f l i gh t technique. Fission ionization chambers are located 
at the 34-meter T.O.F. station on our 250-meter T.O.F. tube with f lux 
monitors located at both the 34-meter and 222-meter stations. For neu-
tron energies above 1 MeV we w i l l be using a new method f o r determining 
absolute f i s s i o n cross section rat ios . This method eliminates the need 
f o r determining the absolute masses o f f iss ionable material within our 
f i s s i o n chambers. This method i s described in detai l in UCRL-51478. 

To cover the range from thermal to 15 MeV we have chosen a 
variety o f f lux monitors. For neutron energies belcw 100 keV, we are 
using the 10B(n,a) reaction. From 30 keV up to 15 MeV we are using the 
235u(n,f) reaction. In addition we are using the -4Kn,p) above 1 MeV. 

Fission cross sect ion rat ios a f ( 2 3 3 u ) : a f ( 2 3 5 u ) , a f ( 2 38u):af(235u), 
af(239pu) :af(235u) with energy resolution from 2-5% and to ta l uncertainty 
o f 2-5% from 1 keV to 15 MeV should be available f o r publication in 
Spring o f 19 74. 

2 35 239 
2. Pulsed Sphere Measurements on U and Pu. (J. D. Anderson, 

J. C. Davis, S. M. Grimes, R. C. Haight, T. T. Komoto, C. M. 
Logan, J. W. McClure, B. A. Pohl, and C. Wong) 
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As an extension of the Livermore pulsed-sphere experiments 
measurements have been made on spheres o f 2 35u and 239pu pulsed with 
neutrons in the 0.3 to 2.7 MeV range. Neutron leakage spectra above the 
source energy were measured by time of f l i g h t . The neutron source was 
the T(p,n)3fi reaction at proton beam energies o f 2.5 and 3.5 MeV. At 
the higher beam energy, the neutron energy varies with angle from 2.7 
MeV to 0° to 0.5 MeV at 180°. At the lcwer beam energy, the neutron 
energy varies from 1.7 to 0.3 MeV. In both cases, the intensity o f the 
source i s peaked at 0°. Three spheres have been studied: 2 35u (3.145 
cm radius) , 239pu (3,22 cm), and 235u (5.925 cm). The last sphere was 
pulsed only at the lower energy. 

In the analysis o f these data we have transformed the t ime-of-
f l i g h t spectra to pseudo-energy spectra. The pseudo-energy, e , i s de-
f ined by 

where t i s the t ime-o f - f l i ght measured from the source pulse time, d i s 
the (straight l ine) distance from the source to the detector , and m i s 
the mass of the neutron and 8 - In the l imit of very small spheres 
this pseudo energy equals the true energy. 

Monte Carlo simulations o f these experiments have been calculated 
with the code TART to test various data l ibrar ies . In the following d i s -
cussion, calculations with the ENDF/B-III l ibrary are compared with the 
experiment. The major sens i t iv i ty , o f course, i s to the f i s s i on neutron 
spectrum. 

235 
For the U spheres, f a i r agreement obtains between the TART 

calculation with ENDF/B-III and the experiment both in the magnitude and 
spectral shape o f the emitted neutrons (Fig. B - l ) . The data above 10 
MeV are subject to larger errors than indicated because o f uncertainties 
in the background. On the other hand the 2 39pu comparison (Fig. B-2) 
shows a s igni f i cant discrepancy between the slopes o f the calculated and 
measured spectra in the region of good Monte Carlo and experimental 
s t a t i s t i c s , namely from 3 to 8 MeV. The comparisons at Ep = 2.5 MeV 
are similar. I f this disagreement i s ascribed so le ly to incorrect f i s -
sion temperatures in ENDF/B-III, then these temperatures are too high 
f o r 239pu b y o < 1 5 + o.05 MeV. 

These experiments strongly suggest that the f i s s i on temperatures 
o f 239Pu and 2 35u ^ m u c h d o s e r than stated in ENDF/B-III. 

^C. Wong et a l . "Livermore Pulsed Sphere Program: Program Summary 
through July 19 71," UCRL-51144 
L. F. Hansen et a l . Nucl. Sci . Eng. 35_, 227 (1969). 
L. F. Hansen et a l . Nucl. Sci . Eng. 40, 262 (1970). 
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3. Neutron Spectra from Ni Bombarded with 14-MeV Neutrons (L. F. 
Hansen, J. D. Anderson, S. M. Grimes, J. L. Kammerdiener, T. 
Komoto, and C. M. Logan) Relevant to Request 184. 

The neutron spectrum produced by 14-MeV neutron bombardment o f 
Ni i s shown in Fig. A-4. Ring geometry and t ime-o f - f l i ght techniques 
were used to measure the neutrons. These measurements are described 
elsewhere,6 in which the neutron emission spectra are given as a function 
o f angle between 25° and 130° in 5° intervals . The d i f f e rent ia l neutron 
spectra were integrated over 1-MeV neutron energy intervals to obtain 
the integrated cross sections presented in Fig. B-3. The neutron group 
between 12 and 13 MeV corresponds to the f i r s t excited state in Ni and 
the magnitude o f the integrated cross section i s 39.5 mb. This i s in 
excel lent agreement with the value o f 39.4 mb obtained by integrating 
the d i f f e r e n t i a l cross section measured by Stelson et a l . 7 The neutron 
e l a s t i c d i f f e rent ia l cross section from Kammerdiener's measurements 
were f i t t e d with an optical-model calculation. The best f i t to the 
data was obtained with Bjorklund and Fernbach neutron parameters, which 
yielded an e l a s t i c cross section o f 1.09 ± 0.11 b , a t o ta l cross 
section o f 2.56 b , and a Wick's l imit cross section at 0° o f 2.86 b / s r . 
In Table B-l and B-2 the d i f f e rent ia l cross sections are given f o r the 
e l a s t i c and ine las t i c scattering to the f i r s t excited state o f Ni, res -
pect ively . 

Calculations are in progress to reproduce the ine las t i c measured 
spectra given in Fig. B-3 (excluding the neutrons from the f i r s t excited 
s t a t e ) , including contributions from equilibrium and pre-equilibrium 
processes. 

Table B- l . Di f ferent ia l Elast ic Scattering Cross Sections f o r 
Ni Bombarded with 14.6 MeV Neutrons 

CT cm dcx/dft (mb/sr) 

26.2 331.6 + 16.6 
36. 3 52.8 + 2.6 
46.5 24.2 t 1.2 
56.6 16.8 ± 0.8 
66.6 5.09 + 0.50 
76.7 12.0 ± 0.60 
86.7 16.2 + 0.80 
96.7 12.6 + 0.60 

111.6 4.14 + 0. 32 
131.5 7.82 t 0.51 

e l a s t i c 1090 + 110 mb 

6 J . L. Kammerdiener, Neutron Spectra Emitted by 239pu, 238u, 235u, Pb, 
Ni, Al , and C Irradiated by 14 MeV Neutrons, Ph.D. Thesis UCRL-51232. 

7P. H. Stelson, R. L. Robinson, H. J. Kim, J. Rapaport, and G. R. 
Satchler, Nucl. Phys. 68, 97 (1965). 
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Table B-2 Di f ferent ia l Inelast ic Scattering Cross Sections to 
the First Excited Level in Ni (E , = 12-13 MeV) Bombarded with 14.6 MeV 
Neutrons 

a cm dcr/dft (mb/sr) 

26.2 13.47 ± 1 .31 
36.4 7.34 ± 0 .70 
46.5 5.67 ± 0 .48 
56.6 3.65 + 0 .33 
66.7 2.92 ± 0 .27 
76.7 3.03 ± 0 . 2 4 
86.8 2.55 t 0 .22 
96 .8 2.16 t o . i i 

111.7 1 .28 ± 0 . 2 0 
131.5 1.45 + 0.26 

a = 3 9 . 5 i 2 . 8 m b 
4. Msasurements and Calculations o f the Neutron Spectra from 

Concrete Bombarded with 14-MeV Neutrons (L. F. Hansen, J. D. 
Anderson, J. L. Kammerdiener, T. Komoto, C. M. Logan, and 
C. Wong. 

The neutron spectra emitted from 2.0 and 3.8 mean free paths o f 
concrete f o r a 14-MeV neutron source have been measured between 14 and 
2.0 MeV using the sphere transmission and t ime-o f - f l i ght techniques.8 

The nominal 14-MeV neutron source was obtained from the T(d,n)4-He re -
action using a 400-keV D+ ion beam from the Livermore ICT accelerator 
(Insulated Core Transformer). The concrete targets were so l id spheres 
o f 21.0- and 35.5-cm radius with a density o f 2.35 g/cm3. The chemical 
composition of the concrete was 15.1% H, 55.7% 0 , 14.9% Si , 3.6% Ca, 
3.2% Al , 3.1% C, 1.8% Mg, 1.3% Na, and less than 1% each o f Fe, K, Ti 
and Mn (the percentages re f e r to atomic f rac t ions ) . 

Calculations o f the measured neutron t ime-o f - f l i ght spectra were 
carried out with the Monte Carlo neutron transport code TART, using the 
LLL neutron l ibrary. Al l the elements l i s t e d in the chemical composi-
t ion were included, with the exception o f K, T i , and Mn which were taken 
to be Fe. In Fig. B-4, the agreement between measurements and calcula-
tions i s shown to be quite good f o r neutron energies En > 3 MeV (neutron 
f l i g h t time 5 400 nsec) . I t i s interesting to point out that the 
structure in the spectra i s determined mainly by the oxygen. This can 
be seen in Fig. B-5 where the neutron spectrum from oxygen^ i s shown f o r 
comparison. 
g 
C. Wong, J. D. Anderson, P. Brcwn, L. F. Hansen, J. L.' Kammerdiener, 
C. M. Logan, and B. A. Pohl, Livermore Pulsed Sphere Program, UCRL-51144 

9 
L. F. Hansen, J. D. Anderson, E. Goldberg, J. L. Kammerdiener, 
E. Plechaty, and C. Wong, Nucl. Sci . Eng. 40, 262 (19 70). 
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C. BASIC SCIENCE 
202 1. Neutron Total Cross Section of Pb. (T. W. Phil l ips and 

B. L. Berman) 
207 

The neutron total cross section of Pb has been measured using 
a separated 207pb 

sample (.0309 atoms/b). Neutron energies were deter-
mined by time o f f l i g h t over a 250-meter path using a 6-nsec pulse from 
the LLL Linac. Both f l i g h t time and pulse height of an event detected 
in a p las t i c s c i n t i l l a t o r were recorded and used to assign the event to 
a pos i t ion in a two-dimensional array. The pulse-height information was 
later used to obtain a dynamic bias thereby removing background events 
from the data. The neutron to ta l cross section f o r 207pb derived from 
the transmission data obtained in this manner i s shewn in the Figures 
C - l , C-2, and C-3. Presently a multi - level R-matrix f i t t i n g procedure 
i s being applied to this data to obtain neutron widths and spin assign-
ments f o r the observed resonances. 252 2. Spectrum o f High-Energy y Rays from Cf Spontaneous Fission. 

(F. S. Dietrich, J. C.Browne, W. J. O'Connell and M. J. Kay) 

The spectrum o f high-energy y rays between 7 and 20 MeV has been 
measured f o r 252Cf spontaneous f i s s i on using an anti-coincidence shielded 
24 cm x 24 cm Nal spectrometer. Fission neutrons and prompt f i s s i on y 
rays were separated by their time of f l i g h t to the detector. The un-
folded Nal spectra are shown in Figure C-4 f o r three d i f ferent geometries. 
These data y ie ld an upper l imit o f 4 x 10 - 4 gammas/fission-MeV f o r 14-MeV 
events o f mult ipl ic i ty two which is in disagreement with a recent 
measurement of Brooks and ReineslO which reported to observe two corre-
lated y rays whose to ta l energy was greater than 14 MeV. A calculation 
is presently in progress to determine whether the measured y-ray spectrum 
can be explained by the s t a t i s t i c a l decay of the highly-excited f i s s i on 
fragments. 

26 25 3. Measurement o f the Mg(y .p) Na Reaction with Monoenergetic 
Photons. (T. F. Godlove" and B. L. Berman) 

An exploratory experiment has been performed in order to deter-
mine the f e a s i b i l i t y o f measuring photonuclear cross sections using 
monoenergetic photons from positron annihilation in f l i g h t as the source 
o f radiation and a large-volume Ge(Li) y-ray spectrometer to detect the 
residual radioact ivity by counting, between the accelerator beam bursts, 
the y ray following 3 decay. A 100-g sample o f 26ng was irradiated with 
25-MeV annihilation photons, and the 585-. 9 75-, and 1612-keV y rays from 
the g. decay o f the 25i\JA produced by the (y ,p) reaction (TI/2 -
.t, 
"On leave from Naval Research Laboratory, Washington, D.C. 

W. Brooks and F. Reines, Phys. Rev. C7, 1579 (1973). 
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59 sec) were measured with a 90-cc Ge(Li) detector. Although the back-
grounds were low and the y-ray peaks were readily apparent in experi-
mental runs o f the order o f a few hours, the total net count rate was 
discouragingly low. An expected increase in our positron beam f lux of a 
factor o f 5 to 10 times that used in this measurement within the next 
year or so might make such experiments feas ib le . 

D. CONTROLLED THERMONUCLEAR RESEARCH APPLICATIONS 

1. Study of the HB(p,a) 8Be*->-2a Resonant Reaction. ( I . D. Proctor, 
H. F. Lutz, and W. Bartolini) 

The reaction of ^B(p ,a ) 8Be*-*2a has possible applications as a 
fuel f o r controlled thermonuclear reactors involving only charged non-
radioactive p a r t i c l e s . i l We have employed the tandem van de graaff o f 
the Livermore cyclograaff f a c i l i t y to measure the broad resonance f o r 
this reaction proceeding through the f i r s t excited state of ^Be. Data 
were obtained from 375 keV to 1.25 MeV. The peak cross section occurs 
near 650 keV laboratory bonbarding energy and the FWHM of the resonance 
is approximately 320 keV. In order to circumvent the line-shape d i f f i -
cult ies in interpreting the data we have observed a l l three alpha 
part i c les . 

The results of the experiment are shewn as the smooth curve in 
Fig. D-l where we have also plotted the previously measured values of 
the cross section. Discrepancies of approximately 50% existed before 
our measurements, which are believed to have an absolute error of ± 12%. 

We have also measured the e las t i c scattering o f protons from llB 
at energies between 1 and 4 MeV since this scattering cross section i s 
also needed f o r fuel plasma calculations. 

2. Translation o f the LLL Evaluated Nuclear Data Library (ENDL) to 
the ENDF/B Format. (R. J. Howerton) 
The LLL Evaluated Nuclear Data Library (ENDL), as i t existed in 

October 1973, has been translated into the ENDF/B format. Magnetic 
tapes and documentation (UCID-16 376) are available upon request from the 
Radiation Shielding Information Center at Oak Ridge National Laboratory. 
Neutron-induced cross sections and related data are given f or 73 mater-
i a l s , including partial evaluations f o r 8 materials and 65 complete 
evaluations. Photon production cross sections are included f o r 56 of 
these materials. The neutron energy range i s from 10~10 to 20 MeV. 

Users of evaluated data may be interested in comparing calcula-
tions using ENDL with those using ENDF/B-III. The most s igni f i cant 
differences should be expected f o r neutron energies between 5 and 20 MeV. 
l l rT. Weaver, G. Zimmerman, and L. Wood, UCRL-74191 (unpublished) 1972. 



1.040 
1.035 
1.030 
1.025 
1.020 
1.015 
1.010 

1.005 -
1.000 
.995 
.990 
.985 
.980 
.975 
.970 
.965 
.960 
.955 

S T 
I + S i l ± ± 

f r i t 

I R 

T T ? 
T 

I I 
n 1 1 i T i t o T T I T o T T T O I m I | o *' O -L -L 

00 OO 
T 
a 
1 

T 
+ + 
1 T 1 + 

i 

i T 1 T 1 o 1 
+ o 
1 1 

T J T 

I 1 ! 

I T T 0 o 
1 1 

__ j: 4: J: Ui CDlOOMaJJOltDM' 
m rn m m m 

^oiCD-cnaicoo^a) cncocn-o-oocnco — o mmmrnrnmmrnmm 
i-'Oi^corocno-MM cococncococncD-ococr) mmmmrnrnmrnmm 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O O O O O O O O O O O * • •—• • * >—• •—• •—* • • '—' 1—' 1—" * >—* •—• •—* >—* •—• •—• >—* •—• •—• * •—• •—• •—* •—• •—• >—" >—» •—• •—' >—• •—» » —• •—• •—» » • •—» 

ENERGY (EV) 

Figure A-l. Relative v Measurement. The nunrbers on the abscissa refer to the incident neutron energy. 
The asterisk (*) represents 3" resonances , the plus (+) represents resonances, the box 
(B ) represents resonances with unassigned spins, and the diamond (Q ) represents overlapping 
resonances of unknown or different spins. 



Figure B-l 

§ l O " 1 

in 
oo 

10 - 2 

o 
i— 
CD 
I— 

I— 
ZD 
UJ 

> LU 

10 -3 

OC n 

S 1 0 " 4 

CD 

10 -5 

1 0 

EXPERIMENT - 021403-2 

TflRT - ENDF 

P R F T I T ^ 

I I I I I I I I I I I I I I I I -I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

c» vo 

0 2 4 6 8 
NEUTRON PSEUD0 ENERGY - MEV 

10 12 

U-235 3.145CM SPHERE EP-3.50MEV 9.2DEG. 



Figure B-2 

§ 10 " 
LO 

CO 

ZD 
O 

CD 

10 - 2 

10 3 m - 3 

> LU 

a io_H 

CD 

ZD 
liJ 

10 -5 

10 - 6 

EXPERIMENT - 021415-2 

TART - ENDF 

H t H H 
+ H 

0 
I ' I I I I ' I ' I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I LL. 

M3 O 

2 4 6 8 10 
NEUTRON PSEUD0 ENERGY - MEV 

12 

PU-239 3.22CM SPHERE EP-3.50MEV 9.2DEG 



6 7 8 9 10 11 

Inelastic Neutron Energy [MeV 

vo 



92 

10 -1 

2 10 L 

cu 
c n 
s-(O 

10 c 23 O o 

(O 
o +J 
u a> 
to c 
s-<u Q. 

I I I | I > I I | I I I I | I I I I [ I I I I | I I II | I II I | I-
+ Concrete 

+++++ Measurements at 120° ! 

•••••TART Calculation 

2.0 Mean free path 

150 200 250 300 350 400 450 500 

Figure B-4 Neutron flight time in nanoseconds 



93 

3 O 

(1) CD S-<a 

o o 

<u 
o 4-> 
o at to 

s-ai a. 
'a •H 
•4 -> a> cr> S-<tS 

10 +-> 

1 0 ' -

1 0 - V 

10" V 

10 -5 

Oxygen 

++++ Measurements at 30° 

TART Calculations 

-J U_I I I I I I I I I I I I I I I L 
150 200 250 300 350 400 450 

Neutron flight time in nanoseconds 

o 
Figure B-5 



m 

9h 

PB207 TOTAL CROSS SECTION CHANNEL 12289 TO 16384 

C\l 

CM 

CM 

CD 
az 
31 
CD 
t—i 
CO 

xa-i 

O)-

0 " j i o oeiJ d % 
D rfl 

no 

to i 

vm ""A 

a a 

t> 
f 

t ' A ' 3 % 

n . -

160 
T 

168 

Figure C-l 

T 
176 

T 
184 192 

EN(KEV) 
200 208 216 224 



PB207 TOTAL CBOSS SECTION CHANNEL 9217 TO 13312 

Figure C-2 

i k 

• -A. 

f : 
' 1 

215 223 231 239 247 

? 1 

3D3 311 319 327 33S 3t3 

Figure C-3 

PB207 TOTAL CROSS SECTION CHANNEL 6115 TO 10210 

• W 

1 V l - • 

316 324 332 340 348 364 372 380 4W 412 420 428 436 444 452 460 468 476 
EN(KEV] 

492 500 



96 

i 

{ • SI/ 4^=20.0x10~3 

P R . 
V 0 fi/4TT=2.9x!0"3 
a 

-3 
" x n/4TT=l .4x10 J 

' O c . _ 
o O „ *» *x 

* 5 o 
[— Cf fission y-rays e x * 0 G

x x 

unfolded Nal spectrum * o 
* • ° o 

7 9 11 

Figure C-h 

13 15 17 19 

E y (MeV) 



97 

Ep (MeV) 



98 

LOCKHEED PALO ALTO RESEARCH LABORATORY 

A . NEUTRON PHYSICS 

1. Gross-Fission-Product y-Ray Spectroscopy (W. L. Imhof, L. F. 
Chase, R. A. Chalmers, F . J. Vaughn, and R. W . Nightingale) 

Analysis of the fission-product y-ray data is continuing. Recent 
emphasis has "been placed on the data from the 5~h and 5

_
m i n neutron bom-

bardments in order to study activities with half-lives both shorter and 
longer than those observed from the previously analysed UO-min irradia-
tions. 

2. Neutron Cross-Section Measurements with Polarized Targets 
(T. R. Fisher, A . R. Poletti, and B. A. Watson) 

Measurements of the deformation effect in the ^ C o + n total cross 
section have been completed employing the aligned 59 Co target described 
previously. With l6$> nuclear alignment in the target, the average of 
five measurements at energies between 1 and 2 MeV was A a-, „ = -259 
± mb; at 15-9 MeV, the result obtained was A a d p f = - 3 7 - mb. These 
results, when interpreted using the first-order DWBA theory, imply a 
value of 0.39 - 0.06 b for the quadrupole moment of 59 Co, which is in 
good agreement with the result of other techniques. 

B. CHARGED-PARTICLE REACTIONS 

24 
1. Lifetimes of Levels in Ne (B. A . Watson, J. A . Becker, and 

T. R. Fisher) 

PIl 
Lifetimes of levels in ^ N e have been measured employing the 

22Ne ( t,p) reaction at a triton bombarding energy of 2.9 MeV. Using the 
Doppler-shift-attenuation technique, lifetimes of the I . 9 8 - , 3*87- and. 
4.76-MeV levels were found to be O .89 < 0.l8 and 3.3 psec, 

— • —-L • 
respectively. The experimental results are well-reproduced by the shell-model calculations of Robertson and Wildenthal. 

2. Study of Some Proton Unbound 2 ^ S i States (J. G. Pronko, B. A . 
Watson*, D . C. Slater*, and E . Kuylman7") 

oC 
A number of highly excited states of ^ u S i are being investigated 

by the 2 4 M g (3He,n ) 2 6 S i ( p ) 25ai reaction at a beam energy of 

* Stanford University, Stanford, California. 
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Ege3 ~ 15 MeV. Neutrons associated with the formation of the ^6Si states 
are detected by means of a NE213 l iquid s c i n t i l l a t o r positioned at a 
f ixed angle of 0° with respect to the incident beam. Proton groups 
emitted by the de-excitat ion of the states were observed in time co -
incidence with the associated neutrons and coincident proton angular cor -
relations were obtained. The ^ S i states were observed to decay to the 
ground state and f i r s t two excited states of 25A1. Results obtained from 
the analysis of preliminary data indicate strong anisotropies f o r most of 
the angular correlat ions. The 8.62-MeV state was found to decay predom-
inantly to the 25A1 ground state and the associated angular correlations 
indicate that the decay involves protons with orb i ta l angular momentum 
of 1=1 and 3 consistent with a spin parity assignment of J17 = 3~- From 
this data this state is believed to be of a (d e/g* ^ 7 / 2 ^ configuration. 
Assignments f o r the 8.08, 7 ' k l , 6.TJ and 6.32-MeV states are being 
considered. 

3. The y-Ray De-excitation of 53y Excited States. (J . G. Pronko 
and J. A. Becker; 

The previously unobserved v -ray decay modes of the excited 
states of 53V were studied using the 5lv(t,py)53v reaction at a bombard-
ing energy of E^ = 2 . 9 MeV. The v-rays were detected with a 4 in. x 
4 in. and a 0.6 in. x 1.5 in. Nal(Tl) crystals , both of which were in 
time coincidence with a surface barrier proton detector positioned at 
70° with respect to the beam axis . This angle was chosen on the basis 
of a maximum in the angular d istr ibut ion of protons leading to most of 
the excited states of interest . These experimental results w i l l be com-
pared with the decay schemes of a number of nuclei whose low-lying 
structure can be attributed to a ( ^ 7 / 2 ^ configuration. 

k. The V-Ray De-excitation of ^ T i States in the Region of 4-MeV 
Excitation (J . G. Pronko, T. T. Bardin, J. A. Becker, R. E. 
McDonald and A. R. Po le t t i ) 

Nuclear properties of some pO^i states in the region of k MeV 
exc i tat ion were obtained using the ^°Ti(t ,p)50Ti reaction at a bombard-
ing energy of Ê . = 2.9 MeV. Angular correlations of v-rays were ob-
tained using a spectrometer consisting of f i ve Nal(Tl) counters in time 
coincidence with an annular part i c le detector positioned near l80° . A 
unique spin assignment of J=2 was found f o r the k.32-MeV state. The 
Y-ray branching and mixing ratios f o r the de-excitat ion of this state 
along with branching rat ios f o r a number of other states in this region 
of exc i tat ion were measured. 
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Lifetime Limits f o r the ^Ca and Og States (J . A. Becker, 
T. T. Bardin, T. R. Fisher, B. A. Watson and E. K. Warburton*) 

Following the ^ C a ( t , p ) reaction, the spectrum of p-v coin-
cidence pulse heights was measured using 2-parameter data co l lect ion 
techniques. Preliminary values of |M|2 < 2 and < 9 were deduced f o r the 
^DCa excited states at Ex = I.3V7 and 2.^23 MeV, respectively, pointing 
towards marked changes in the deformation of the Ca isotopes with in-
creasing mass number. 

6. Nuclear Lifetimes in ^ C a ( j . A. Becker, T. T. Bardin, T. R. 
Fisher, and B. A. Watson) 

Levels in ^Ca were produced using the ^Ca(d ,p)^5ca reaction 
together with a col l inear geometry; a thick metallic f o i l target of ^Ca 
was employed as a target. The data are being analyzed f o r nuclear l i f e -
times (using the Doppler sh i f t attenuation method) and y-ray branching 
mode s. 

7- Nuclear Lifetimes in ^2Ar (T. R. Fisher, T. T. Bardin, J. A. 
Becker, and B. A. Watson) 

k-2. 
Excitation energies and nuclear l i fet imes of states in Ar have 

been measured "by employing the reaction ^"(-)Ar(t,p) Ar at a tr i ton bom-
barding energy of 2.8 MeV. Protons were detected by an annular s i l i c on 
surface barrier counter at an average angle of and coincident y 
rays were detected by a 20 cm3 Ge(Li) counter positioned at angles of 
30 and 120 . The extraction of nuclear l i fet imes by the Doppler-shift-
attenuation technique was made possible by the use of a sol id argon tar -
get operated at 15°K. The experimental results are in good agreement 
with the shell-model calculations of Gloeckner, Lawson, and Serduke. 

8. Search For a Low Mass Scalar Boson (D. Kohler, J. A. Becker, and 
B. A. Watson) 

It has been proposed recently by N. K. Sundaresan and P.J.S. 
Watson that certain muonic x-ray energy discrepancies observed by M. 
Dixit et al and A. K. Walton et al can be explained by assuming that the 
scalar part ic le required by the Weinberg type guage theories has a mass 
in the range 0 ^ 1% ^ 22 MeV. Two experiments were carried out to check 
this poss ib i l i ty . The 0+ to 0+ decays of 1 ° 0 (6.05) and ^He(20.2) were 
used to produce the hypothetical part ic le with calculable branching 

*Brookhaven National Laboratory. 
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rat ios . Wo scalar part ic le production was observed in either of the 
experiments. The combined result (preliminary) of the two experiments 
is that the scalar part i c l e , i f i t exists at a l l , cannot have a mass 
in the range 1.025 MeV < ^ 1 9 . O MeV. 

9- Superconducting Nuclear Particle Detectors (B. A. Watson and 
T. R. Fisher) 

Alpha part ic les incident upon a Pb-PbO-Pb tunnel junctions 
operated at k.2°K have been observed to produce a pulse when the junc-
t ion is biased. Further work is being directed toward fabrication of 
Fb-PbO-Pb junctions which are reported to be stable to temperature 
cycling. 

10. Resonance Depolarization of l 2 B (R. E. McDonald and T. K. 
McNab) 

12B reco i ls from the reaction 1 : LB(d,p) l 2B at Ed = 1 . 5 MeV and 
at a reco i l angle of 4-5° - 5° have been implanted in a variety of 
metallic and semi-conductor hosts in a uniform magnetic f i e l d . The 
polarization and alignment of the were part ial ly destroyed by 
applying a radiofrequency transverse f i e l d at the Larmor frequency. 
Knight sh i f t s in the F.C.C. metallic hosts Au, Pt, Pd, Rh, Cu, Al, 
and Ag were obtained by comparing resonance frequencies to those in 
the semiconductor hosts Si , Ge, and SiC. Depolarization measurements 
with s ingle-crystal Be hosts show the presence of double-quantum 
transit ions, as do measurements in unannealed metallic and radiation-
damaged semiconductor hosts. 
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LOS ALAMOS SCIENTIFIC LABORATORY, UNIVERSITY OF CALIFORNIA 

A. STANDARDS 

1. I n t e r a c t i o n o f Fast Neutrons with the Isotopes o f Hydrogen and 
Helium (J. D. Seagrave) 

Because of t h e i r i n t r i n s i c i n t e r e s t , LASL has a continuing program 
o f measurements o f the neutron i n t e r a c t i o n s with the i s o topes o f hydrogen 
and helium. Recent LASL p u b l i c a t i o n s have inc luded s tudies of neutron i n -
t e r a c t i o n s with ^He, and of neutron i n t e r a c t i o n s with deuterium and t r i -
tium. As a part o f t h i s program, we have r e c e n t l y completed a study o f 
the e l a s t i c s c a t t e r i n g o f neutrons by 3He in the energy range from 8 t o 
24 MeV. Final values f o r the i n t e g r a l c ross s e c t i ons are shown in 
Table A - l and p l o t t e d with other data in Fig . A - l . This presentat ion 
supersedes and extends the previous graphica l summary given by Seagrave . 3 

New 3He(n,p)T c r o s s s e c t i o n s are derived (by t ime - reversa l c a l c u l a t i o n s ) 
from the recent LASL measurements o f T(p,n) 3 He by McDaniels et a l . ^ The 
3He(n,d)D cross s e c t i o n s are from various o l d e r sources . New measurements 
at LASL o f the D(d,n)3He r e a c t i o n at higher energies w i l l permit extension 
o f the 3He(n,d)D cross s e c t i o n c a l c u l a t i o n s in a s imi la r manner. 

From the i n t e g r a l values o f the new e l a s t i c cross s e c t i ons and the 
c a l c u l a t e d 3He(n,d)D and 3He(n,p)T cross s e c t i o n s , together with new t o t a l 
cross s e c t i o n values (see b e l o w ) , i t was p o s s i b l e t o der ive upper l i m i t s 
f o r the sum o f the 3He(n,2n) and 3He(n,3n) r e a c t i o n s . 

The d i f f e r e n t i a l c ross s e c t i ons are shown in F ig . A-2 and tabulated in r ° o 
Table A-2. Recent work by P. W. Lisowski has provided n- He p o l a r i z a t i o n 

^n-^He E l a s t i c Scat ter ing near 20 MeV, A. N i i l e r , M. Drosg, J . C. Hopkins, 
J . D. Seagrave, and E. C. Kerr, Phys. Rev. C4, 36 (1971) . 

2 
E l a s t i c Sca t t e r ing and P o l a r i z a t i o n o f Fast Neutrons by Liquid Deuterium 
and Tr i t ium, J . D. Seagrave, J . C. Hopkins, D. R. Dixon, P. W. Keaton, 
J r . , E. C. Kerr, A. N i i l e r , R. H. Sherman, and R. K. Walter, Ann. Phys. 
74, 250 (1972) . 

3 
E l a s t i c Scat ter ing o f Fast Neutrons by Liquid Hydrogen, Deuterium, T r i -
tium and by 3He, J . D. Seagrave ( in Few-Body Problems, Light N u c l e i , and 
Nuclear I n t e r a c t i o n s , Bre la , Yugos lav ia , 1967, Gordon and Breach, 
London 1969, Vol . 2, p . 8 2 0 ) . 4 3 Angular D i s t r i b u t i o n s and Absolute Cross Sect ions f o r the T(p ,n) He Neutron Source React ion , D. K. McDaniels, M. Drosg, J . C. Hopkins, and 
J . D. Seagrave, Phys. Rev. C6, 1593 (1972] . 

5P. W. Lisowski , Ph.D Thes i s , Duke Univers i ty (1973) . 
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Table A-l 

*z 
n- He Integral and Elastic 0° Differential Cross Sections (in barns) 

En (MeV) 
Type 7.90 12.00 13.60 14.40 23.70 

C a 1.78 1.30 1.17 1.12 0.70 
±0.018 ±0.020 ±0.035 ±0.035 ±0.055 

a (0°)Wick^ 0.43 0.35 0.32 0.31 0.20 el 

r i I el a 1 ( 0 ° ) b , C 0 .44 0.36 0.34 0.33 0.22 

d 1.43 1.04 0.92 0.87 0.48 
el ±0.05 ±0.03 ±0.03 ±0.03 ±0.02 

a = a -a 0.35 0.26 0.25 0.25 0.22 
n e ±0.05 ±0.04 ±0.05 ±0.05 ±0.06 

a„ 6 + a , f 0.31 0.24 0.23 0.22 0 .15° 
±0.01 ±0.01 ±0.01 ±0.02 ±0.02 

n,p n,d 

a + a 0.04 0.02 0.02 0.03 0.07 
n,pn n,zn ±0.05 ±0.04 ±0.05 ±0.05 ±0.06 

aData of Goulding, Stoler, and Seagrave (LA-UR-73-1319). 

Barns/steradian. 

Extrapolated. 

^By integration. 
eConverted data of McDaniels et al . [Phys. Rev. C6, 1593 (1972)]. 
fAdjusted from data of Brolley et al . [Phys. Rev. 107_, 821 (1957)] , 

Goldberg and Leblanc [Phys. Rev. U9_, 1992 (1960)] , and Van Oers 
and Brockman [Nucl. Phys. _48, 625 (1963)]. 



Table A-2 

3 3 Lab Cross Sections for the Reaction He(n,n) He in mb ( l iquid samples only) 

Energy 7.00 MeV 12.00 MeV 13.60 MeV 14.40 MeV 23.70 MeV 
cos 0 cm 9lab cr±Aa 9 lab a±Aa 9lab a±Ao 9 lab a±Ao 61 u lab a±Aa 

0.90 19. 4 620 . ±39. 19. 5 537. ±18 19.4 471. ±17 19. 3 436. ±15 19. 4 267. ±12. 
0.80 27 9 496 . ±25. 28. 0 415. ±18 27.9 345. ±13 27. 7 341. ±11 27. 8 194. + 7. 
0.70 34. 5 421 ±13 34. 6 301. + 7 34.6 273. + 9 34. 5 265. + 9 34.6 140. + 6. 
0.60 40. 5 320 . ±10 40. 5 228. + 8 40.5 209. + 7 40. 5 189. + 7 40. 5 96.8 + 5. 4 
0.55 43. 4 274 . ±11. 43. 4 195. + 5 43.4 172 . + 4 43. 4 166. + 5 43. 4 76.1 + 3. 5 
0.40 51. 2 186 ± 8. 51. 3 121. + 8 51.4 106. + 4 51. 4 104. + 4 51. 3 47.4 + 3. 2 
0.25 58. 8 109 ± 5. 58. 9 75.. 2 + 4 7 58.8 69.2 + 2 8 58. 8 66.2 + 2 6 58. 9 28.1 + 1. 7 
0.10 66. 4 66 5± 3. 3 66. 4 44.9 + 2 5 66.5 36.9 + 1 8 66. 3 33.0 + 1 8 66. 3 17.6 + 1. 5 
0.00 71. 4 42 . 4± 1. 9 71. 6 27.8 + 1 1 71.6 24.6 + 1 1 71 4 23.7 + 1 0 71. 5 10.5 + 1. 9 

-0.10 76. 5 29 . 1± 1. 3 76. 8 17.6 + 1 3 76.8 17.0 + 1 0 76. 6 14.3 + 0 8 76. 6 7.44± 0. 86 
-0.30 87. 9 15 7± 0. 8 87. 8 7.53± 0 39 87.8 6.26± 0 31 87. 8 6.08± 0 35 87. 8 5.50± 0. 72 
-0.50 100. 8 17 . 7± 1. 2 100. 9 7.31+ 0 52 100.8 5.94± 0. 32 100. 7 5.06± 0 33 100. 7 4.10± 0. 73 
-0.60 108. 4 22 . 3± 1. 3 108. 4 11.4 + 0 7 108.4 8.53± 0 44 108. 5 7.84± 0 36 108. 3 4.33± 0. 55 
-0.715 118. 3 29 . 7± 1. 0 118. 2 16.7 + 1 0 118.5 12.4 + 0 7 118. 5 12.3 + 0 46 118. 5 5. 46± 0. 58 

Scale 
Errors 

(not included 
±3.1% 
above) 

±2.8% ±3.1% ±2.8% ±2.9% 
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Fig. A-2. The 3He d i f f e r e n t i a l e l a s t i c scatter ing 
cross sect ion for neutrons in the energy-
range 8-24 MeV. 
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data at 8 . 0 , 12 .0 , and 17.1 MeV, which superseded e a r l i e r work of Behof 
et a l . at 8 MeV and of Biisser e t a l . at 12 MeV. Lisowski a l so made phase-
s h i f t analyses which give e x c e l l e n t f i t s t o the LASL e l a s t i c c ross s e c -
t i ons and the Duke p o l a r i z a t i o n s and c l e a r l y rule out a l l previous data 
above 6 MeV as erroneous. Dodder (LASL Group T-9) et a l . w i l l use the new 
data in t h e i r four -body energy-dependent ana lys i s . 

Total c ross s e c t i o n s f o r the i n t e r a c t i o n o f f a s t neutrons with hydro-
gen, t r i t i u m , 3He,and 4He were measured at LASL many years ago"*- and a l so 
with deuterium.^ Recent ly , in a c o l l a b o r a t i o n with Goulding and S t o l e r 
at the Rensselaer Po ly techn i c I n s t i t u t e Electron Linac, we made improved 
measurements of the neutron t o t a l c ross s e c t i o n o f 3He and ^He in the MeV 
energy r e g i o n . The n-^He measurements are of value in energy-dependent 
f i v e - b o d y c a l c u l a t i o n s of the most s t rong ly p o l a r i z i n g nuclear i n t e r a c -
t i o n known, and the new n-3He measurements represent a near ly t e n - f o l d in -
crease in p r e c i s i o n over the e a r l i e r measurements. 

We are a l so making preparat ions t o measure the neutron t o t a l cross 
s e c t i o n o f t r i t i u m with Berman at the LLL Electron Linac with apparatus 
s imi la r t o that used at RPI. Because o f the extraordinary quant i ty o f 
t r i t i u m invo lved (100 l i t e r s , or 250,000 C i ) , dry runs w i l l be made with 
hydrogen and deuterium f o r the high-energy measurements (0 .5 -50 MeV), and 
with deuterium and 3He f o r those at low energies (1-500 keV). 

2. Breakup of Deuterium (J. D. Seagrave) 

A prepr in t o f the work of Carlson et a l . at UCLA g ives r e s u l t s f o r 
the p-D t o t a l r e a c t i o n cross s e c t i o n in the energy range 20-50 MeV. These 
r e s u l t s are compared with other measurements and est imates of the neutron 
r e a c t i o n cross s e c t i o n in Fig. A-3 (adapted from Carlson et a l ) . I t i s 
i n t e r e s t i n g t o note that the asymptot ic trend i s t o approach more near ly 
2 /3 a T than the value o f 1/2 a-j- which might be expected from the o p t i c a l 
representat ion under the cond i t i on o f complete absorpt ion in a l l channels. 
Prel iminary r e s u l t s o f Pauletta and Brooks at the Univers i ty o f Cape Town 
f o r cm,p in the range 8-22 MeV using a pulse-shape d i scr iminat ion method 
l i e c o n s i s t e n t l y above th is composite p i c t u r e , and extend above 200 mb at 
the upper end o f the range. The source of t h i s divergence i s not c l e a r , 
but i t may invo lve a flux-measurement problem. The LASL value o f 158±16 
mb (E. R. Graves, 1971) at 14.46 MeV was based on r e f e r e n c e t o the hydro-
gen cross s e c t i o n by the i n c l u s i o n of a known small amount o f hydrogen in 
a deuterated s c i n t i l l a t o r . 

^Total Neutron Cross Sect ions of the Hydrogen and Helium I s o t o p e s , 
Los Alamos Physics and Cryogenics Groups, Nucl. Phys. 1_2, 291 (1959) . 

2 
Total Cross Sect ion o f Deuterium f o r Neutrons from 0 .2 t o 22 MeV, 
J. D. Seagrave and R. L. Henkel, Phys. Rev. 98̂  666 (1955) . 
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3. Thermal Capture Cross Sections for 6Li and 7Li (E. T. Jurney) 

a. Thermal Neutron Radiative Capture by 7Li 

Values given in Brookhaven National Laboratory report BNL-325 
for the thermal neutron radiative capture cross section of 7 Li cover the 
range from 33±5 to 44+10 mb. Serious uncertainties also exist in the 
literature regarding the degree of branching of the gamma rays which de-
excite the compound 8Li nucleus directly to the ground state and those 
which form a 2-step cascade by decays through the only energy level known 
to exist between the ground level and the neutron binding energy of 8Li. 
We have measured the energies and intensities of the three prompt gamma 
rays from the reaction 7 Li(n,y) 8 Li and from the measurements arrived at 
new values for both the capture cross section of ?Li and the gamma-ray 
branching ratio of the subsequent deexcitation of the compound 8Li nucle-
us . 

Gamma rays from a 1.4-g target of H2CO3 (99.99% enriched in 
7Li) placed in the internal target neutron capture f a c i l i t y in the LASL 
Omega West Reactor thermal column were viewed by a Ge(Li) spectrometer. 
A separate run with a 0 .1 -g target of CH2 was made to provide a capture 
cross section standard; thus the unknown intensities were determined 
relative to the hydrogen capture cross section, a c = 332±1 mb. 

The radiative capture cross section of 7Li was obtained by 
summing the partial cross sections for producing 8Li deexcitation to the 
ground level and to the 981 keV level . The result and a comparison with 
previous measurements are given in Table A-3. 

Energies and intensities of the three gamma rays produced by 
thermal neutron capture in 7Li are given in Table A-4. Although the 
absolute intensities of the 1052-981 cascade can be stated only to an 
accuracy of -10%, their intensities relative to each other are equal to 
within ~1%. This equality and the gamma ray branching ratio of -10% from 
the compound capture state places a limit on the 3 decay from the 981 keV 
level of ~0.1 per 100 neutrons captured. 

b. Thermal Neutron Radiative Capture by 6Li 

The recommended value-'- for the thermal (n,y) reaction cross 
section for 6Li is 45±10 mb. This value is based on the observation of 
the gamma rays which deexcite the compound 7Li nucleus following neutron 

^"Neutron Cross Sections," J. R. Stehn, M. D. Goldberg, B. A. Magurno, 
and R. Weiner-Chasman, Brookhaven National Laboratory report BNL-325, 
Vol. I , 2nd Ed., Suppl. No. 2 (1964). 
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Table A-3 

cr(n,y) fox Thermal Neutron Capture by ?Li 

ff(n,y) (mb) Reference 

45.4±3 This work. 

40 ±12 L. Jarczyk, et al . (1961), reported in BNL-325. 

40 ± 8 W. Imhof, et al . (1959), reported in BNL-325. 

44 ±10 E. A. Koltypin and V. M. Morozov (1956), reported 
in BNL-325. 

33 ± 5 D. J. Hughes, et al . (1947), reported in BNL-325. 

37 ± 4 Recommended value, BNL-325 

Table A-4 

Energies and Intensities of y-Rays from Thermal Neutron Capture by 7Li 

Ey (keV)a 'b I y (mb)b I (Y/100 n)b I (y/100 n)C I (y/100 n) d 

980.7 ±0 .2 4 .8±0.5 10.6+1' 30 10.62 

1052 ±0.2 4 .8±0.5 10.6±1 20 5.30 

2032.78±0.28 40.6+3 89.4±1 80 96.49 

Corrected for nuclear recoil . 

^Present work. 
c L. Jarczyk, et a l . (1961), reported in BNL-325. 
d 1 

"Line and Continuum y-Ray Yield from Thermal-Neutron Capture in 75 
Elements," V. J. Orphan, N. C. Rasmussen, and T. L. Harper, Gulf 
General Atomic report GA-10248 (1970). Intensities renormalized 
to take into account the abundance of 7Li in natural lithium. 
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capture; Bartholomew"'' reports deexciting transitions of 7.26 and 6.78 MeV 
with a combined capture cross section ( c orrec ted^) of 30±8 mb, while 
Jarczyk et a l . ^ report deexciting gamma rays of 7 .26, 6 .78 , and 2.61 MeV 
to give a capture cross section of 48±10 mb. The two measurements on 
which the recommended cross section is based can be said to be in agree-
ment only because of the large quoted individual uncertainties; i t is 
also of interest to confirm the presence reported by Jarczyk et a l . ^ of 
the 2.61 MeV transition to the f i r s t excited state in 7Li at 4.629 MeV 
and i t s subsequent decay to the ground state. 

The prompt gamma-ray spectrum from a 1.7-g target of Li2C03 
was measured with the Ge(Li) spectrometer and thermal neutron capture 
f a c i l i t y at the LASL Omega West Reactor. A target with the two lithium 
isotopes in their natural abundance was chosen, since the 40.6 mb partial 
cross section for the 2032 keV transition from capture in 7Li (see Sec-
tion A .3 .a , above) could be used as an intensity standard, thereby elim-
inating uncertainties in determining the average neutron flux in the tar-
get caused by the large (n,a) cross section of 6 Li . 

Results of the present experiment are given in Table A-5. 
The uncertainty shown for CJ(n,y) is dominated by the ±3 mb uncertainty in 
the absolute intensity of the transition in 8Li taken as a standard. 
Neither member of the 2.61 ->- 4.63 MeV transition reported in Ref. 3 was 
observed, yet the 2.18 MeV transition following capture in 1 6 0 (ac ~ 120 
yb) was clearly present. It is thus possible to place a limit of <1 y/100 
n on the deexcitation of 7Li via the 4.63 MeV state. 

The reaction 1°B(n,a) 1 1B leads to excitation of the 478 keV state in 
7Li via a 93% a branching (see Fig. A-4). Deexcitation to the 7Li ground 
state takes place while the recoiling nucleus is in motion, however, and 
the observed gamma ray is severely Doppler broadened. Figure A-5 shows 
the 478 keV transition from the 6Li(n,y) reaction superimposed on a broad 
pedestal, caused by the broadened gamma-ray deexcitation of the same lev-
el in 7 Li. The area of the broad peak corresponds to a boron impurity of 
~18 ppm in the target sample. The peaked appearance of the low-energy 
shoulder is caused by a 472 keV transition following neutron capture in 
chlorine, another chemical contaminant in the sample. 

1G. A. Bartholomew and P. J. Campion, Can J. Phys. 35_, 1347 (1957). 
2 

"Neutron Cross Sections," J. R. Stehn, M. D. Goldberg, B. A. Magurno, 
and R. Weiner-Chasman, Brookhaven National Laboratory report BNL-325, 
Vol. I , 2nd Ed., Suppl. No. 2 (1964). 

3 L. Jarczyk, J. Lang, R. Muller, and W. Wolf l i , Helv. Phys. Acta 34, 
483 (1961) . 
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Table A-5 

Energies and I n t e n s i t i e s o f y-Rays from the Reaction 6 L i ( n , y ) 7 L i 

E y ( k e V ) EREC ( k e V ) ETRANS I (mb) I ( Y / 1 0 0 n) 

477.6±0.5 0 .02 477.6±0.5 17 ±2 44±5 

6770.4±1.5 3.5 6773.9±1.5 15.111.1 39±1 

7246.6±1.5 4.0 7250.6±1.5 23 .4±1 .7 61+1 

Z [ a ( 6 7 7 3 . 9 ) + a ( 7 2 5 0 . 6 ) ] = 38.513 mb = a ( n t h , y ) 

4. F i s s i on Cross Sect ion o f 2 3 5U (Hansen, Barton, J a r v i s , Koontz, 
Smith) 

Data reduct ion o f the LASL 2 3 5U f i s s i o n cross s e c t i o n measurements 
in the 1-6 MeV neutron energy range has been completed and a report i s 
being prepared f o r submission t o Nuclear Sc ience and Engineering. Table 
A-6 l i s t s the O f ( 2 5 ) / a s ( H ) r a t i o s as d i r e c t l y determined from the f r a g -
ment and proton outputs of back- to -back 2 3 5U and po lyethy lene r a d i a t o r s , 
as we l l as the a f ( 2 5 ) values based on the Yale evaluat ion of a s ( H ) . 

B. NEUTRON DATA APPLICATIONS 

1. Neutron P o l a r i z a t i o n Experiments (G. A. Keyworth) 

An experiment t o determine spins of subthreshold f i s s i o n r e s o -
nances in 2 3 7Np has been completed and the r e s u l t s accepted f o r p u b l i c a -
t i o n in The Physical Review. The abs t rac t i s given be low: 

"A p o l a r i z e d neutron beam and a p o l a r i z e d ta rge t have been used 
t o determine spins of 15 intermediate s t ruc ture groups observed 
in the f i s s i o n of 2 3 7Np below 1 keV and o f 94 resonances ob-
served in transmission below 102 eV. The pulsed neutron beam, 
from the Oak Ridge Electron Linear A c c e l e r a t o r , was p o l a r i z e d 
by transmission through a dynamically p o l a r i z e d proton sample. 
The 2 3 7Np, in the ferromagnet ic compound NpA^, was coo led by 
a 3He-'tHe d i l u t i o n r e f r i g e r a t o r . Nine ind iv idua l f i n e - s t r u c t u r e 
resonances comprising the f i r s t group at 40 eV were determined 
t o have the same sp in , J = 3, substant iat ing the current i n t e r -
p r e t a t i o n o f intermediate s t ruc ture in subthreshold f i s s i o n in 
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Table A-6 

LASL cr f(2 3 5U) Data (Final) 

(MeV) cr f(25)/a s (H) Stat. Syst. as(H) a f (25) Stat. Syst. 

1 .0 0. .2908 0, .8 0. ,8 4.261 1 .239 0. .8 1. 3 
1 .1 0. .3116 1. .0 0, .8 4.051 1 .262 1. .0 1. 3 
1 .2 0. .3245 0. .8 0. .8 3.868 1 .255 0, .8 1. 3 
1 .3 0. ,3376 0. .8 0, .8 3.706 1 .251 0. .8 1. 3 
1 .4 0, .3466 1. .7 0. ,8 3.561 1 .234 1. .7 1. 3 
1 .5 0. ,3703 0. .8 0. .7 3.429 1 .270 0. ,8 1. 2 
1 .6 0. .3752 0. .8 0. .7 3.309 1 .242 0, .8 1. 2 
1 .7 0. .4050 1. .0 0, .7 3.198 1 .295 1. ,0 1. 2 
1 .8 0, ,4122 1. . 1 0. .7 3.097 1 .277 1. .1 1. 2 
1 .9 0. ,4248 1. .1 0. ,7 3.003 1 .276 1. ,1 1. 2 
2 .0 0. ,4362 0. .4 0. .7 2.915 1 .272 0, .4 1. 2 
2 .2 0. ,4620 0. ,8 0. .7 2.759 1 .275 0. .8 1. 2 
2 .4 0. .4785 1. .3 0. ,7 2.622 1 .255 1. .3 1. 2 
2 .5 0. .4892 1. ,4 0. .7 2.560 1 .252 1. ,4 1. 2 
2 .6 0. .4879 0. .6 0. .7 2.501 1 .220 0, .6 1. 2 
2 .7 0. ,5013 0. .8 0, .7 2.445 1 .226 0. .8 1. 2 
2 .8 0. .5064 0. .7 0. .7 2.392 1 .211 0, .7 1. 2 
2 .9 0. .5104 0. ,9 0. .7 2.341 1 .195 0. .9 1. 2 
3 .0 0. .5281 0. .3 0. .7 2.293 1 .211 0. .3 1. 2 
3 .2 0. .5520 1. ,1 0. .7 2.203 1 .216 1. .1 1. 2 
3 .4 0. .5589 1. .2 0. .7 2.120 1 .185 1, .2 1. 2 
3 .5 0, .5664 0, .6 0. .7 2.081 1 .179 0.6 1. 2 
3 .6 0. .5792 1. .2 0. .7 2.043 1 .183 1. .2 1. 2 
3 .7 0, .5760 1, .1 0. .7 2.007 1 .156 1. .1 1. 2 
3 .8 0. .5906 1. .3 0, .7 1.973 1 .165 1. .3 1. 2 
4 .0 0, .5967 0, .6 0. .7 1.907 1 .138 0, .6 1. 2 
4 .2 0. .6203 1. .4 0. .8 1.845 1 .144 1. .4 1. 3 
4 .4 0, .6258 1. .2 0. .8 1. 788 1 .119 1, .2 1. 3 
4 .6 0. ,6340 1. .3 0, .8 1.734 1 .099 1. .3 1. 3 
4 .8 0. .6590 1. ,2 0, .8 1.683 1 .109 1, .2 1. 3 
5 .0 0, .6668 1. ,1 0. .8 1.635 1 .090 1, ,1 1. 3 
5 .1 0. ,6739 0. .9 0, .9 1.612 1 .086 0. .9 1. 4 
5 .2 0. .6868 1, .0 0. .9 1.589 1 .091 1. .0 1. 4 
5 .3 0. .6925 1, .0 0, .9 1.568 1 .086 1. .0 1. 4 
5 .4 0. .6903 0, .7 0. .9 1.547 1 .068 0 .7 1. 4 
5 .5 0. .6975 1, .0 0, .9 1.526 1 .064 1. .0 1. 4 
5 .6 0, .6966 1, .0 0, .9 1.506 1 .049 1, .0 1. 4 
5 .7 0. .7193 1. .1 0. .9 1.486 1 .069 1, .1 1. 4 
5 .8 0, .7454 2. .1 0. .9 1.467 1 .093 2 .1 1. 4 
5 .9 0. .7751 1. .5 0, .9 1.448 1 .122 1, .5 1. 4 
6 .0 0, .8015 1. .8 0. .9 1.430 1 .146 1, .8 1. 4 
e evaluation reported by Stewart, LaBauve, and Young in LA-4574 [ENDF-141 ^ a l t 

EANDC-141]. As suggested by Stewart, as(H) is assigned a 1.0% uncertainty and 
in the 1-6 MeV range this is assumed to be a systematic uncertainty. 
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terms of the Strutinsky double-humped deformation barrier. 
Correlation of these results with existing data on the angular 
distribution of f ission fragments from aligned 237Np indicates 
an apparent admixing of transition states, as evidenced by non-
integral values of the projection quantum number, K." 

In addition, the results of a preliminary measurement on 2 3 5U have 
been published in the Physical Review Letters with the following abstract: 

"A pulsed beam of polarized neutrons and a polarized target have 
been used to determine the spins of 65 resonances below 60 eV. 
Comparison of these spin assignments with those determined by less 
direct methods reveals poor agreement, in general. Interpretation 
of recent data on the angular distribution of f ission fragments 
from aligned 2 3 5U with the present spin assignments reveals the 
absence of the K = 0 channel and an apparent admixing of transi-
tion s t a t e s . " 

Additional measurements on 2 3 5U with higher neutron polarization 
and improved s tat i s t ics will hopefully be undertaken in the near future. 

2. Total Cross Sections of 1 6 0 , 1 7 0 , 1 8 0 , and 12C from 1.6 MeV to 
18 MeV (G. F. Auchampaugh, C. E. Ragan) 

The total cross sections of the three stable oxygen isotopes and 
carbon have been measured from 1.6 MeV to 18 MeV using t ime-of - f l ight 
techniques with a 1-nsec pulsed 15-MeV deuteron beam from the LASL Tandem 
accelerator bombarding a thick Be target and with a 31-m f l i g h t path. A 
NE-110 sc int i l lator (12.7-cm diam by 2.5-cm thick) mounted on an RCA 8054 
phototube was used as the neutron detector. The overall timing resolution 
was limited by the burst width which varied from 1 to 2 nsec during these 
measurements. The data are presented in Fig. B - l . 

3. MULTI, a FORTRAN Code for Least-Squares Shape Fitting of Neutron 
Cross-Section Data Using the Reich-Moore Multilevel Formalism 
(G. F. Auchampaugh) 

A LASL report (LA-4633) describing the FORTRAN code MULTI has been 
written and will be available for distribution in the near future. The 
present configuration of MULTI requires 40,000 words of central memory 
(system and user programs and common blocks) and 400,000 words of large-
core storage memory. In this configuration MULTI w i l l : 

a. Simultaneously f i t a l l four neutron cross sections: Total 
scattering, f i s s ion , and capture. 

b. Doppler and resolution broaden al l cross sections with a 
common resolution function which must be well defined and 
represented analytically. 
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Fig. B- l . Total cross sections of 1 60, 1 70, 1 80, and 12C from 1.6 to 18 MeV. 
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c. Handle up to 100 resonances which need not be located in 
the energy region being f i t ted and therefore can be used 
to generate a pseudobackground R°°-type matrix. 

d. Handle 0 (with or without the shi f t and boundary functions), 
1, or 2 f ission channels per spin state with a total of ten 
spin states each representing either s , p, d, f , or g wave 
neutron reactions. 

e. Search on up to 150/N parameters where N is the number of 
cross sections f i t ted . 

f . Handle 1600/N data points per cross section. 

Running times per iteration on the CDC 7600 (6600) for the largest 
problem MULTI will handle are less than 10 (60) seconds. 

4. Cross Section Evaluations for Version IV of ENDF/B 

Several evaluations of neutron-induced cross sections are being 
submitted for Version IV of ENDF/B, as well as to the Defense Nuclear 
Agency's cross-section library at Oak Ridge. A l i s t of the elements in-
volved is given below, together with a brief description of the most im-
portant features of the new data. 

a. JH, 3H (Stewart, LaBauve) 

An improved representation of the capture gamma-ray data for 
1H was incorporated into the ENDF/B Version III evaluation and an exist -
ing 3H LASL data set"*- was converted to ENDF format. 

b. ^He (Nisley, Hale, Young) 

A new evaluation based on an R-matrix analysis of the combined 
n-''He and p-^He systems has been submitted. 

c. 6 Li , 7Li (LaBauve, Stewart) 

Gamma-ray production data were added to the Version III 
evaluations. 

^L. Stewart, "Evaluated Neutron Cross Sections for Tritium," Los Alamos 
Scienti f ic Laboratory report LA-3270 (1965). 



119 

d. B (Hale, N i s l e y , Young) 

A new coupled-channel R-matrix analys is has been incorporated 
below 1 MeV, and the Version I I I evaluat ion at higher energies has been 
ex tens ive ly rev i sed and expanded to inc lude gamma-ray product ion data. 

e . 14N (Young, Fos ter , Hale) 

The e x i s t i n g Version I I I evaluat ion was rev ised to b e t t e r r e -
present the gamma-ray product ion measurements o f Dickens e t a l 1 f o r E_ = 
1-20 MeV. 

f . 1 5 0 (Hale, Foster , Young) 

A coupled channel R-matrix analys is f o r En = 0-6 MeV has been 
incorporated in the evaluated data, and extens ive improvements were made 
at higher energies to b e t t e r des c r ibe i n e l a s t i c neutron s c a t t e r i n g and 
gamma-ray produc t i on , inc luding a n i s o t r o p i c angular d i s t r i b u t i o n s . 

g. 27A1 (Young, Foster) 

Extensive improvements have been made to the t o t a l cross s e c -
t i on below 1 MeV and to the i n e l a s t i c neutron s c a t t e r i n g and gamma-ray 
product ion data at a l l energ i es , based mainly on the ( n , n ' ) measurements 
o f Kammerdiener at En = 14 MeV and the (n ,xy) measurements o f Dickens 
et a l . 3 f o r En = 1-20 MeV. 

h. 1 8 2 - 1 8 6 w (Young) 
1 8 2 1 8 3 18*+ 

A new evaluat ion o f gamma-ray product ion f o r W, 1 0 X 
and 186W has b een incorporated into the recent neutron f i l e evaluat ions by 
Rose . 4 

J . K. Dickens, T. A. Love, and G. L. Morgan, "Gamma Ray Production Due 
to Neutron Interac t i ons with Nitrogen f o r Incident Neutron Energies Be-
tween 2 and 20 MeV: Tabulated D i f f e r e n t i a l Cross S e c t i o n s , " Oak Ridge 
National Laboratory report 0RNL-4864 (1973) . 

2 J . L. Kammerdiener, "Neutron Spectra Emitted by 2 3 9 P u , 2 3 8 U , 2 3 5 U, Pb, Nb, 
Ni, A l , and C Irrad iated by 14-MeV Neutrons, " Thes i s , Univers i ty o f 
C a l i f o r n i a at Davis (1972) . 

3 
J . K. Dickens, T. A. Love, and G. L. Morgan, "Gamma-Ray Production Due to 
Neutron In te rac t i ons with Aluminum f o r Inc ident Neutron Energies Between 
0.85 and 20 MeV: Tabulated D i f f e r e n t i a l Cross S e c t i o n s , " Oak Ridge 
National Laboratory report ORNL-TM-4232 (1973) . 

4 P. F. Rose, J . M. Otter , and E. O t t e w i t t e , "Evaluation o f 1 8 2W, 1 8 3W, 181+W, 
and 1 8 6W Cross Sect ions f o r the ENDF/B Data F i l e , " Atomics Internat ional 
report TI-707-130-026 (1973) . 



120 

i . 2 35U, 2 3 9 Pu (Stewart, Hunter, LaBauve) 

LASL i s c o l l a b o r a t i n g with other laboratories '^ in the evalua-
t i o n o f neutron f i l e s f o r Version IV and i s prov id ing complete gamma-ray 
product ion data. 

5 . Decay Data f o r ENDF/B-IV (T. R. England) 

LASL Groups T-2 and CNC-11 have been a c t i v e l y involved in a na-
t i o n a l task f o r c e to inc lude decay data in ENDF/B-IV. This f i r s t f i l e 
represents the cumulative e f f o r t s o f a l l task f o r c e members. 

The f i l e contains decay data f o r 823 nuc l ides and 10 sets o f 
d i r e c t f i s s i o n y i e l d s each cover ing 1016 n u c l i d e s . A l l f i s s i o n cumula-
t i v e y i e l d s and t h e i r d i s t r i b u t i o n vs charge have been evaluated. Ap-
proximately 300 unstable nuc l ides were i d e n t i f i e d as being o f p a r t i c u l a r 
importance in decay heating and most o f these r e ce ived a new evaluat ion 
(based on t h e i r order o f importance) . The remainder use data from recent 
compi lat ions and t h e o r e t i c a l est imates where no measurements e x i s t . 

The decay data inc lude : h a l f - l i v e s and u n c e r t a i n t i e s , the average 
S (and/or other p a r t i c l e emissions) and t o t a l y energy, the d e t a i l e d y 
l i n e data and emission p r o b a b i l i t i e s , and 3 end-point energies and t h e i r 
branching f r a c t i o n s . 

C. BASIC PHYSICS 

3 3 S ( n , a ) (G. F. Auchampaugh, W. M. Howard) 

The branching r a t i o a ( n , a ) / a ( n , y ) f o r 33S in the i n t e r v a l 50 to 500 
keV i s important to the a s t r o p h y s i c i s t s in the study o f the nuc leosynthes is 
o f the i s o t o p e 3 6 S. A prel iminary measurement was made o f the 3 3 S(n ,a ) 
c ross s e c t i o n at the LASL V e r t i c a l Van de Graaff a c c e l e r a t o r using a th ick 
(260 keV) natural Li targe t bombarded by a 1 -nsec pulsed beam of 2 .4 MeV 
pro tons . The data were obtained with convent ional t i m e - o f - f l i g h t t e ch -
n iques . The f l i g h t path3was 0.56 m. Four 6-cm^ sur face b a r r i e r de te c to r s 
were used to d e t e c t the S alpha p a r t i c l e s . A t o t a l o f 12.3 mg of 91%-
enriched S was a v a i l a b l e f o r these measurements. The cross s e c t i o n was 
normalized to the 1 0B(n,ag+a^) cross s e c t i o n . A prel iminary average value 
of tf(n,a) = 39 .2±0.6 ( s t a t . ) mb was obtained f o r the energy i n t e r v a l from 
-400 to -680 keV using a value o f 676 mB f o r the 1 0 B ( n , a o + a 1 ) 7 L i cross 
s e c t i o n . 

^B. Hutchins (General E l e c t r i c ) and H. A l t e r ( formerly Atomics Interna-
t ional ) . 
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Further measurements are planned to cover the i n t e r v a l from 50 t o 600 
keV with 5-kev r e s o l u t i o n . A c o l l a b o r a t i v e measurement o f the (n ,y ) c ross 
s e c t i o n i s planned in the near future at Oak Ridge National Laboratory ' s 
ORELA. 

D. NUCLEAR DATA FOR MATERIALS ANALYSIS, SAFEGUARDS, AND ENVIRONMENTAL 
MATTERS 

Delayed Neutron Y ie ld from the 9 B e ( n , p ) 9 L i Reaction f o r 14.1 - En < 
14.9 MeV (R. H. Augustson and H. 0 . Menlove) 

The absolute value o f the cross s e c t i o n f o r the delayed neutron y i e l d 
from the Be(n,p) Li r eac t i on f o r neutron energies o f 14 .1 , 14 .5 , and 
14.9 MeV has been measured. Lithium-9 decays by beta emission with a 
h a l f - l i f e o f 175 msec to e x c i t e d s ta tes o f Be which l i e above the neutron-
binding energy, r e s u l t i n g in prompt neutron decay to Be. Thus 9 L j , along 
wi th 1 N, i s one o f the few n o n f i s s i o n delayed neutron precursors . Pre-
vious measurements^ o f the cross s e c t i o n have had large assigned errors 
and have d i f f e r e d by orders o f magnitude. 

The 300-kV Cockcroft -Walton a c c e l e r a t o r operat ing in the pulsed mode 
provided the neutron i r r a d i a t i o n u t i l i z i n g the D,T r e a c t i o n . An assoc ia ted 
p a r t i c l e technique was used to determine the absolute neutron f l u x , and the 
delayed neutrons were detec ted in a c a l i b r a t e d f l a t response d e t e c t o r . ^ 
The h a l f - l i f e o f the 3 decay was accurate ly measured by f o l l o w i n g the de-
layed neutron decay. This h a l f - l i f e determination enabled a c o r r e c t i o n to 
be made to the c r o s s - s e c t i o n value f o r the length o f the i r r a d i a t i o n 
p e r i o d . Two Be samples, 5.08-cm diam and 0.317-cm t h i c k , were used e i t h e r 
s i n g u l a r l y or combined f o r the measurements. Determinations o f f l u x de-
press i on across the samples were made using Al a c t i v a t i o n f o i l s p laced in 
f r o n t and in back o f the samples. 

To determine the h a l f - l i f e o f the delayed neutron decay, the 9 Be sam-
p l e was i r r a d i a t e d f o r approximately one h a l f - l i f e and the decay fo l l owed 
f o r ten h a l f - l i v e s . The computer f i t to the data y i e l d e d only one decay 
constant with a value o f 0 .175±0.001 s e c . 

A value f o r the average delayed neutron energy from the 9 Be decay was 
obtained by using the f r o n t - t o - b a c k r a t i o o f the s lab d e t e c t o r as descr ibed 
in Ref . 3. This technique gave an average energy o f 500 keV f o r the 9 Be 

1H. 0 . Menlove, R. H. Augustson, and C. N. Henry, Nucl. S c i . Eng. Vol . 40, 
p . 136 (1970) . 

2 
D. E. Alburger , Phys. Rev. 132, 328 (1963) ; G. Barnemisza, Magy. Tud. 
Akad. Atommag Kut. Int . (Debrecen) Kozlemen, 4 , 79 (1962) . 

V. East and R. B. Walton, Nuc. I n s t r . § Meth. 72, p . 161 (1969) . 
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delayed neutrons , a value much lower than had prev ious ly been r e p o r t -
ed. 

For the c r o s s - s e c t i o n measurement the a c c e l e r a t o r was pulsed on and 
o f f r e p e t i t i v e l y at a 50% duty with a t o t a l per i od o f 120 msec. A 
s i m i l a r i r r a d i a t i o n technique to measure the delayed neutron y i e l d s 
from f i s s i o n a b l e i s o topes has been descr ibed by Masters et a l . ^ A 
3.6% c o r r e c t i o n based on the 175-msec h a l f - l i f e was made in the data 
analys is f o r decay o f delayed neutrons during the 60-msec i r r a d i a t i o n . 

The abso lute e f f i c i e n c y o f the delayed neutron d e t e c t o r was obtained 
using a 2 3 8 Pu-Li source c a l i b r a t e d by the National Bureau o f Standards 
to within ±3%. The average energy o f th i s source i s 650 keV, thus ly ing 
c l o s e to the 9Be delayed neutron average energy. 

The r e s u l t i n g c r o s s - s e c t i o n values are : 

a ( a c t i v a t i o n ) = 0.210 mb+0.013 at 14.9 MeV 

0.053 mb±0.005 at 14.5 MeV 
<0.004 mb at 14.1 MeV 

I t can be seen that the 9 Be(n ,p ) cross s e c t i o n var ies qu i te rap id ly in 
th i s energy r eg i on , p o s s i b l y expla ining the apparent d i s crepanc ies be -
tween previous va lues . 

E. CONTROLLED THERMONUCLEAR RESEARCH 

1. D(? ,n) 3He Reaction [Salzman, Ohlsen, Martin; Jarmer (AWU-U o f 
Wyoming) and Donoghue (Ohio S t a t e ) ] 

A paper with the above authors and the f o l l o w i n g a b s t r a c t , on 
the angular d i s t r i b u t i o n o f the p o l a r i z a t i o n and p o l a r i z a t i o n t r a n s f e r 
func t i ons f o r the D(d,n)3He r e a c t i o n has been submitted t o Nuclear 
Phys i cs : 

^K. Way e t a l . , Nuclear Data Sheets , National Academy o f Sciences—Na-
t i o n a l Research Counc i l , Washington, D. C. (1958-64) . 

2C. F. Masters, M. M. Thorpe, and D. B. Smith, Nucl. S c i . Eng. 36, 202 
(1969) . 
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"Angular d i s t r i b u t i o n s , o f s i x p o l a r i z a t i o n t r a n s f e r co -
e f f i c i e n t s K* ( 9 ) , K* ( 6 ) , K* ( 6 ) , ( 6 ) , K^ ( 0 ) , and ^ ( 0 ) ; 
o f the four analyz-powers Ay ( 6 ) , A x ^ ( 0 ) , Ayy (0 ) , and A z z { 8 ) ; 
and of the p o l a r i z a t i o n func t i on py ( 0 ) , have been measured 
at E^ = 10.00 MeV f o r the r e a c t i o n B(d ,n) 3 He. Measurements 
were made f o r neutron laboratory angles between 0 and 80° 
in 10° s t e p s . A d d i t i o n a l l y , the y axis a s s o c i a t e d q u a n t i t i e s 
were measured at = 99° . Most o f the c o e f f i c i e n t s are 
large at some angles and a l l show cons iderab le v a r i a t i o n with 
a n g l e . " 

2. ' 'HefcM) P o l a r i z a t i o n Transfer [Ohlsen, Salzman, Mi t che l l (EGSG) , 
Gruebler (ETH, Z u r i c h ) , and Simon (U. Wyoming)] 

A paper on t h i s work with the above authors and the f o l l o w i n g 
abstract has been submitted t o Physical Review C: 

"We report measurements o f the four analyzing tensors and o f 
up t o fourteen p o l a r i z a t i o n t r a n s f e r c o e f f i c i e n t s , at each 
energy and angle s t u d i e d , f o r ^HeCdjd)^He e l a s t i c s c a t t e r i n g . 
This number o f observables g r e a t l y overdetermines the s c a t t e r -
ing matr ix , and many cons i s tency checks are t h e r e f o r e a v a i l a b l e . 
These data represent the f i r s t measurements o f deuteron p o l a r -
i z a t i o n t r a n s f e r phenomena. Bombarding energ ies were in the 
range 4 .8 t o 9 .0 MeV." 

3. Absolute M Matrix Elements f o r ''He(cl,cl) ^He (Salzman and Ohlsen) 

A gradient search technique has been used t o determine the 
elements o f the ''He(3,cl) 4He s c a t t e r i n g matrix at e ight energy-angle 
p a i r s . The p o l a r i z a t i o n t r a n s f e r data reported above was the input 
f o r t h i s work. This represents the f i r s t case , we b e l i e v e , in which 
a l l elements o f the s c a t t e r i n g matrix are known f o r such a complex case . 
However, we are not yet s a t i s f i e d with the f i t s , so the wr i t ing o f a 
Phys ica l Review Let ter has been de layed . We a l s o wish t o compare our 
r e s u l t s to the 6 -nucleon problem ana lys i s being c a r r i e d out in c o l l a b o r a -
t i o n with Dodder, Lovoi , and Crosthwaite . 
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THE UNIVERSITY OF MICHIGAN 

A. THE PHOTONEUTRON FACILITY (G. F. Knoll) 

A f a c i l i t y for the determination of primary neutron cross section stan-
dards is now operational in the Phoenix Memorial Laboratory at The Univer-
s i ty of Michigan. The f a c i l i t y consists of a low neutron background lab-
oratory, a manganese bath neutron source comparator, and equipment for the 
uniform in -p i le activation and routine remote handling of photoneutron 
sources. The choice of suitable gamma ray emitters is limited to the re -
lat ive ly long l ived isotopes and x Sb because of the length 
of time required for handling the highly radioactive sources and the re -
s tr i c t ions on maximum gamma ac t iv i ty . 

Photoneutron sources are prepared by irradiation in the Ford Nuclear 
Reactor. Uniform activation is assured by continuous rotation of the 
source during irradiation at the midplane of the core. Specialized hand-
ling too ls permit complete underwater transfer of the source from the core 
to the adjacent hot cave where i t is inserted into a mobile cask for trans-
fer to the nearby low neutron background laboratory. 

The cross section measurements are conducted in a room having a mean 
radius of 2.3 m. The thick concrete walls required to provide shielding 
for personnel against the intense gamma act iv i ty of the sources required 
instal lat ion of a 2 inch thick anhydrous borax l iner to reduce the room 
return component of the neutron f lux . Measurements using a %e detector 
and a Pu-Be neutron source show reduction of the re lat ive background count 
rate from 129% to 1.5% due to the borax l ining. 

A manganese bath neutron source comparator makes possible the absolute 
determination of the photoneutron y i e ld , and hence the f lux in the v i c in i ty 
of the source. Two long l ived loca l reference sources have been calibrated 
by comparison with the National Bureau of Standards source NBS-II, and 
photoneutron sources are calibrated against these loca l references. 

The manganese sulfate solution is held in a spherical tank of 98.3 cm 
I.D. with the source supported at the center in a re-entrant tube of k.6 
cm I.D. For the Na-Be source - the highest energy photoneutron source used 
- the neutron leakage from the bath (excluding streaming from the source 
tube which is direct ly measured) is estimated to be 0.3%. The solution is 
constantly mixed by a rapid recirculation of the f lu id with a radial ly in-
ward flow pattern. A fract ion of the recirculated flow is passed through 
a heavily shielded detector chamber in the adjacent room for continuous 
monitoring of the manganese act iv i ty by a Nal detector. 

The e f f i c i ency of the bath is 2.65x10 ^ counts/neutron, giving more 
than adequate counting s ta t i s t i c s ( typ i ca l ly , standard deviation = 0.03%). 
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Reproducibility of 0.1$ has been achieved in neutron source comparisons, 
and an overall accuracy below 1$ is achieved in the photoneutron source 
calibrations when the residual uncertainties from a l l corrections are in -
cluded. 

B. ABSOLUTE DETERMINATION OF THE 23^U FISSION CROSS SECTION AT 964 keV 
(D. M. G i l l i a m , G. F. Knol l ) 

A sodium-beryllium photoneutron source emitting essential ly mono-
energetic neutrons has been employed to measure the ^35u f i s s i on cross 
section at 964 keV with absolute f lux determination. Fission events are 
recorded by a pair of limited so l id angle track-etch detectors. The sym-
metric arrangement of the source and detectors minimizes geometric uncer-
tainties in the f lux determination. Rather thick U3O3 deposits (1.1 mg 
U/cm2) are allowed by the limited sol id angle counting, the oxide masses 
being known from weighings performed by the supplier. The calculation of 
the e f f i c i ency of the detectors takes into account the anisotropy of the 
f i s s i on fragment emission, using empirical angular distributions. The 
f i s s i on fragment track recorder material is a commercial polyester p last ic 
f i lm. The accumulated tracks are displayed on the screen of a projection 
microscope and counted by hand. The neutron yie ld of the source is deter-
mined by means of a continuously sampled manganese bath. Because of the 
short h a l f - l i f e of the Na relative to the time required to achieve nearly-
saturated manganese a c t i v i t y , careful analysis of the kinetics of manganese 
activation and mixing delays is required in processing the ^ Mn counting 
data. The bath counting data are accumulated over a sequence of accurately 
timed short intervals spanning the entire calibration cyc le . The e f f i c i ency 
of the manganese bath is determined relat ive to the secondary national stan-
dard source NBS-II. The average magnitude of the scalar neutron f lux over 
the uranium deposit is determined from the source y ie ld and vacuum stream-
ing calculations which include consideration of the angular and spatial d i s -
tributions of the photoneutron production and corrections for scattering. 
Small contributions to the f i s s i on rate from wall-scattered neutrons are 
eliminated by comparison of f i s s i on rates at several di f ferent source-detec-
tor spacings. 

235 
The value of the U f i s s i o n cross s e c t i o n determined by the present 

measurement i s 

a (964 ± 16 keV) = 1.20 barns ± 2.3$ (Std. Dev. ) n ,1 

The ind i ca ted uncerta inty in the neutron energy encompasses the k i n e -
matic spread o f the photoneutron energy d i s t r i b u t i o n . The 2.3% est imate o f 
the e r ror i s composed of 1 .84$ random error and 1.35$ systematic e r r o r . 
Each component i s a quadrature sum (square roo t o f the sum of the squares 
of i n d i v i d u a l e r ror c o n t r i b u t i o n s . Add i t i ona l measurements have r e c e n t l y 
been made which should reduce the expected error in our r e s u l t below ± 2$. 
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C. ABSOLUTE FISSION CROSS SECTION OF g35u AT 261 keV (G. F. K n o l l , 
M. C. Davis , J . C. Engdahl) 

Techniques s imi lar t o those descr ibed above are now being used t o 
measure the 235u f i s s i o n cross s e c t i o n at 26l keV. A s p h e r i c a l ^Na-D 
source has been subs t i tu ted t o provide a sharply peaked neutron spectrum 
with 26l keV median energy. The same pa i r o f f i s s i o n f o i l s i s used t o 
again prov ide dual geometry, and tracks etched in p o l y e s t e r f i l m serve 
as the f i s s i o n de,tector . The i n i t i a l f i s s i o n ra te measurements have 
been made, other measurements are in p r o g r e s s . 

D. THE ^Li (n ,a ) CROSS SECTION AT 96k keV (W. P. Stephany, G. F. Knol l ) 

The photoneutron f a c i l i t y has a l s o been used over the past year t o 
complete an abso lute measurement of the ^L i (n ,a ) c ross s e c t i o n . The 
same sodium-beryIl ium neutron source descr ibed e a r l i e r has been used with 
a f u l l y depleted " inverse sandwich" s i l i c o n d e t e c t o r with LiF depos i t s 
on both f a c e s . Target masses were i n f e r r e d from measured "monitor f o i l s " 
exposed during the t a r g e t evaporat ion . 85-90% o f the r e a c t i o n products 
were d i s cernab le above the gamma p i l e - u p t a i l on pulse height spec t ra 
recorded during the neutron exposures. Thermal neutron-induced spectra 
were used t o der ive the f r a c t i o n o f events l o s t below the gamma p i l e - u p 
t a i l . 

Measurements and i n i t i a l analys is have been completed. A prel iminary 
value of 333 mb ± 7% i s ind i ca ted pending a more d e t a i l e d examination 
o f the data and a complete e rror a n a l y s i s . 

239 E. THE o y Pu FISSION CROSS SECTION AT 96k keV (G. F. K n o l l , M. C. Davis , 
J . C. Engdahl) 

Work has begun toward the measurement o f plutonium f i s s i o n cross s e c -
t i o n s using techniques s imi lar t o those descr ibed e a r l i e r f o r uranium. 
Dual 39pu f o i l s o f ^ 1 mg/cm2 th ickness are mounted in a vacuum t i g h t 
experiment package and the i r r a d i a t e d neutron source put in p lace by 
remote manipulators . I n i t i a l determinations w i l l be made using the 
sodium-beryl l ium source with a median energy of 96k keV. 
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NATIONAL BUREAU OF STANDARDS 

A. NEUTRON PHYSICS 

1. MeV Total Neutron Cross Sections (R. B. Schwartz, R. A. Schrack, 
and H. T. Heaton II) 

NBS Monograph 138, with the above t i t l e , is now in galley proof, 
with publication hoped for.by the end of the year. The monograph wi l l 
contain cross section curves for twelve normally occurring elements plus 
the separated isotopes and An appendix i s included 
which gives complete details of the experimental technique. 

A separate paper on the uranium and plutonium measurements has 
been prepared for publication in Nuclear Science and Engineering, and is 
now proceeding through the editorial review process. 

2. keV Total Neutron Cross. Sections (H. T. Heaton I I , J. L. Menke, 
R. A. Schrack, R. B. Schwartz, and A. D. Carlson) 

The measurements of the carbon cross section from 1 keV to 1 MeV 
have been completed, the data are being analyzed, and a paper i s being 
written. The paper wi l l include our earlier MeV data and hence wil l 
describe measurements of the carbon cross section to 1% accuracy over 
the range of 1 keV to 15 MeV. 

Measurements have been made of the 239Pu 
total neutron cross 

section from 0.5 to ~ 100 keV where data are needed for the new ENDF/B 
version 4 evaluation. Structure has been observed which has not been 
reported in previous measurements of this cross section. 

3. Average Neutron Transmission Measurements (H. S. Camarda) 

A paper entitled, "p-Wave Neutron Strength Function Measurements 
and the Low Energy Optical Potential" has been accepted for publication 
in the Physical Review. The abstract follows: 

"Using the National Bureau of Standards electron linac and under-
ground t ime-of - f l ight f a c i l i t y , precise average neutron transmission 
measurements have been made in the energy range 1 keV < E < 600 keV on 
the elements As, Br, Nb, Rh, Ag, In, Sb, I , La, Ho, Au, and Th. The 
samples were " thick" in that the s wave self -protection was accounted 
for at low energies. However, the samples were s t i l l suff ic iently thin 
that any errors introduced by neglecting p wave self -protection are neg-
l i g i b l e . The average R-matrix theory was employed in the analysis and 
the £=0 scattering length R' and the p wave strength function S^ were 
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extracted from the data. The behavior of S-̂  vs mass number A in the 
region of the 3P maximum was found to vary smoothly with no evidence of 
any splitt ing of the resonance. Further, i t was found that the predicted 
behavior of S-̂  vs A calculated with Moldauer's optical potential, which 
f i t s the £=0 data well , d i f fers significantly from experiment. In par-
t icular , experiment indicates S, peaks at a lower mass number and that 
the maximum is stronger than indicated by the calculations. When the 
constants of the potential were changed in.order to reproduce the observed 
behavior of S-̂ , a significant discrepancy with the £=0 data resulted. The 
results presented here imply a state dependence of the low energy optical 
potential . I t is noted that more fundamental studies indicate a state 
dependence of the real potential of the optical model." 

4 . Calculation of Intermediate Energy Standard Neutron Field (ISNF) 
Facility (A. Fabry* and C. Eisenhauer) 

We have calculated the neutron flux spectrum for the center of 
the ISNF f a c i l i t y . This f a c i l i t y consists of a spherical boron shell 
15 mm thick, with a diameter of 12 cm, located in a 30 cm cavity in the 
(graphite) thermal column. Fission sources are located near the peri-
phery. The spectrum was calculated using ANISN, a multigroup, discrete-
ordinates computer program. Efforts are underway to permit calculation 
of the response of various types of detectors placed within the f a c i l i t y . 

5. Beam Filters (R. B. Schwartz and I . G. Schroder) 

The scandium f i l t e r s from the MTR have arrived, and the collima-
tors, manganese scatterer, e t c . , are under construction. The f i l t e r 
should be ready to instal l by the next reactor shut-down. The calculated 
intensity of the 2 keV neutron beam produced by the f i l t e r is ~ 10^ 
n/cm^/sec. By using as a source a manganese scatterer placed at the 
center of a through tube, i t is calculated that the higher energy neutron 
flux wil l be less than 5% of the 2 keV f lux. 

B. PHOTONUCLEAR PHYSICS 
3 

1. Measurement of the He(y .d) Cross Section from 10 to 21 MeV 
(W. R. Dodge) 

3 
We have measured the He(e,d) cross section from 10 to 21 MeV and 

from these measurements deduced the ^He(y,d) cross s e c t i o n . T h e magni-
tude and average shape of the ^He(y,d) cross section provide information 

* 

Guest Worker from CEN-SCK Laboratories, Mol, Belgium. 

"'"C. C. Chang, W. R. Dodge, and J. J. Murphy, Phys. Rev. C, in press. 
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primarily about rescattering ef fects in the final (continuum) state. 
Structure in the 3He(y,d) cross section would provide evidence for the 
existence of excited states in the ^He ground state. Two recent experi-
ments have given evidence for such structure. 2 '^ Our measurement of the 
^He(v,d) cross section is consistent with a structureless, smooth cross 
section and did not reproduce the reported structure . 2 , ^ Our absolute 
cross section i s f i t ted by the theoretical calculation of Barbour and 
Phillips^ and Hendry and Phillips-* in which ^he f inal state is described 
by a wave function which is a solution of the Faddeev equations in the 
separable approximation. 

2 * 2. Measurement of the H(y,p) Cross Section from 4 .5 to 40 MeV 
(W. R. Dodge) 

In 1971 Tieze et̂  al^ published experimental data which gave 
evidence for deviations of as much as 207» for the ^H(y,p) cross section 
from the celebrated and widely accepted theoretical cross section of 
Partovi. Other corroborating experimental results were published by 
Weissnm and Schultz^ and Baglin et^ a l . Since the deuteron is the 
simplest and hence presumably the best understood nuclear system, devia-
tions from theoretical predictions by this amount are indeed serious. 
Furthermore, the deuteron photodisintegration cross section has served 
as a standard cross section for many photodisintegration cross section 
measurements, and i f incorrect will require readjustment of these cross 
sections. We are currently making a very careful measurement of the 
electrodisintegration cross section under conditions which will allow the 
2H(e, p) cross section to be extrapolated to the 2H(y,p) cross section 
with minimum uncertainty. Our preliminary 90° dif ferential cross section 
values at excitation energies of 5 .5 , 6 .8 , 8 .0 , 10.0, 12.0 and 15.0 MeV 
_ 

Relevant to Request No. 588, USNDC-6. 
2 

A. van der Woude, M. Halbert, C. Bingham, and B. Belt, Phys. Rev. 
Letters 26, 909 (1971). 

3 

C. Chang, E. Diener, and E. Ventura, Phys. Rev. Letters 29_, 307 (1972). 
4 I . M. Barbour and A. C. Phillips, Phys. Rev. Cl̂ , 165 (1970). 

5 J. A. Hendry and A. C. Phillips, Nuclear Physics A211, 533 (1973). 

6K. Tieze, H. Reich, and J. Trier, Z. Phys. 242. 328 (1971). 
7 

B. Weissman and H. L. Schultz, Nucl. Phys. A174, 129 (1971). 
g 

J. Baglin, R. Carr, E. Bentz and C. Wu, to be published in Nucl. Phys. 
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are .265 ± .016, .231 ± .014, .194 ± .012, 149 ± .009, .120 ± .007, and 
.084 ± .005 mb/sr. The theory of Partovi predicts .271, .237, .206, .135 
and .103 mb/sr at these excitation energies. 

C. APPLIED NUCLEAR PHYSICS 

1. Radioactivity Decay Schemes (A. T. Hirshfeld and D. D. Hoppes) 

NBS-prepared gamma-ray emission rate standards have been used to 
determine the eff iciency of a Ge(Li) system at 24 different energies from 
60 to 1840 keV. Efficiencies at 19 points above 270 keV are f i t to a 
simple analytic function of the energy with a mean deviation of 1 u s i n g 
present decay scheme information and calibrations. After a few remaining 
eff iciency determinations have been made, the resulting function will be 
used to evaluate gamma-ray branchings in si lver - 110m, si lver - 108m, 
antimony - 125, and barium - 133. 

D. ACCELERATOR TECHNOLOGY 

1. Induction Linear Accelerator Development (J. E. Leiss and 
M. Wilson) 

Theoretical and experimental studies have been underway at NBS 
for about 2 - 1 / 2 years directed toward the design of high current induc-
tion linear accelerators. The objectives have been directed toward 
reducing cost and complexity of these accelerators relative to previous 
technology, particularly as might be required for higher energy, longer 
pulse accelerators than previously available. 

Proof of the success of these studies have recently been demon-
strated by the ini t ia l operation of a test accelerator operating with a 
450 keV injector, and 400 keV additional induction acceleration, obtained 
from two induction cores. Beam pulse lengths of about 1.7 microseconds, 
and beam currents of about 900 amperes have been achieved. Beam trans-
mission from the injector cathode to the end of the accelerator i s about 
90 percent. Higher energies can be readily achieved by addition of more 
accelerating cores. 

These successful beam tests demonstrate the val idity of a number 
of new innovations in the design of induction accelerators which make this 
type of accelerator practical for specialized applications. They also 
demonstrate the validity of special beam dynamics computer programs 
developed for accelerators operating in this very high current regime. 
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E. DATA COMPILATION 

1. X-Ray Attenuation Coefficient Information Center (J. H. Hubbell 
and W. J. Veigele*) 

A set of theoretical coherent and incoherent scattering factors 
F(q,Z) and S(q,Z) for elements Z = 1-100 to arbitrarily high q-values 
(q = momentum transfer in units of sin(9/2)X, inverse angstroms) has been 
assembled for inclusion in the ENDF/B tape system and will comprise 
File 27, MT 502 and 504, heretofore vacant. These values are s t i l l being 
tested against experimental values from the l iterature, in collaboration 
with Veigele at Kaman. 

The presently assembled values consist of Pirenne "exact" values 
for Z = 1, R. T. Brown configuration-interaction values for Z = 2 to 6, 
and D. T. Cromer non-relatijVistic SCF Hartree-Fock values for Z = 7-100. 
For q-values above 10.0 , Z = 2 to 100, the asymptotic expression for 
F(q,Z) given by Bethe and Levinger, as suggested by Pratt, Gavrila and 
Tsing, i s used. These values of F(q,Z) and S(q,Z) wil l also be submitted 
for publication in the Journal of Physical and Chemical Reference Data. 

F. FACILITIES 

1. Above-Ground Neutron Time-of-Flight Facility (C. D. Bowman, 
S. Penner, A. D. Carlson, and J. L. Menke) 

A considerable amount of progress has been made on this f a c i l i t y 
since the last USNDC status report. Electron beams are now routinely 
transported to both the 5 foot high and 8 foot high target positions. 
The 5 foot target will provide neutron beams for the 5 and 20 meter 
stations and the 8 foot target will be used for the 60 and 200 meter 
stations. The 5 meter station is now completely operational. The 20, 60 
and 200 meter f a c i l i t i e s are now under construction and should be com-
pleted in early 1974. A number of additional beam parts are available 
for expansion in the future. Experiments are now being prepared for this 
f a c i l i t y . 

2. 3 MV Van de Graaff Facility (M. M. Meier, G. P. Lamaze, and 
A. D. Carlson) 

The 3 MV Van de Graaff accelerator has been operating sat is -
factori ly since the most recent USNDC status report. Most down time has 
been due to routine source replacement at ~ 100 hr intervals. A three-
fold increase in analysed, plused beam was realized in a recent test of 
the e f fect of a quadrupole doublet at the accelerator exi t . Since the 
* 

Kaman Sciences Corp., Colorado Springs, Colorado 



155 

quadrupole used in the test is ordinarily part of the beam transport 
system, permanent implementation of this improvement will have to await 
fabrication of a duplicate quadrupole. 

An associated particle apparatus for keV neutron flux normaliza-
tion is being assembled in the low scatter experimental area. This 
device, similar to that described by Liskien and Paulsen, monitors ^ 
neutron flux from the T(p,n)^He reaction by detecting the associated He 
nuclei. Charged particle time of f l ight and energy, as well as electro-
static deflection are used to eliminate e last ica l ly scattered protons and 
unwanted reaction products. The apparatus now being installed wil l cover 
the energy range from 100 to 500 keV with an estimated yield on the order 
of 100 neutrons/second in the associated cone. The system is designed so 
that a simple modification will extend the range to 1 MeV. 

The Datacraft 6024/5 computer and magnetic tape unit have arrived. 
Software development and interfacing to CAMAC for data acquisition are 
underway and on-line operation is anticipated in the near future. 
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OAK RIDGE NATIONAL LABORATORY 

A. NEUTRON DATA APPLICATIONS SUBCOMMITTEE 

A . l . Nonfission 

1. Multilevel Effects In the Unresolved Resonances Region of 
the Cross Sections of Fiss i le Nuclides*>** (G. de Saussure 
and R. B. Perez) 

For the specification of the cross sections of the f i s s i l e 
isotopes in the neutron energy region of unresolved resonances, the single-
level formalism is often used while an analysis of the cross sections in 
the resolved region indicates that a multilevel formula may be more appropri-
ate. In this paper we compare the s t a t i s t i c a l properties of the cross 
sections generated using the single- level formalism with those obtained by 
a multilevel formulation. The multilevel parameters were chosen so as to 
give the same average cross sections as the single- level formalism. The 
comparison indicates that there are small but significant differences be-
tween the s ta t i s t ica l properties of the cross sections obtained with the 
multilevel formalism and those obtained with the single- level formula. The 
differences are probably too small, particularly when Doppler broadening is 
considered, to affect reactor calculations. 

To be published in Nuclear Science and Engineering. 

Relevant to request No. 5. 

2. The Transformation of a Set of Multilevel Resonance Parameters 
Into an Equivalent Set of Single-Level Pseudoparameters and a 
"Smooth Background"* (G. de Saussure and R. B. Perez) 

A method is described to transform a set of multilevel resonance 
parameters into an equivalent set of s ingle- level pseudoparameters and a 
"smooth background". The method ut i l i zes a Kapur-Peierls expansion of the 
cross sections and does not necessitate " r e f i t t i n g " of the data. It i s 
i l lustrated by an example. 

To be published in Nuclear Science and Engineering. 

3. Integral Neutron Scattering Measurements on Iron from 1 to 
20 MeV*,** (G. L. Morgan, T. A. Love and F. G. Perey) 

The spectrum of neutrons scattered through 90° by a thick 
1 mean free path) annulus of iron has been measured as a function of 

the incident neutron energy over the range from 1 to 20 MeV. The measurements 
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were made f o r an i n c i d e n t neutron beam with smooth energy dependence and 
with an i n c i d e n t beam structured by an i r on f i l t e r ( a l s o » 1 m . f . p . ) . The 
r e s u l t s o f the measurement are presented in forms s u i t a b l e f o r comparison 
to c a l c u l a t i o n s based on the evaluated neutron data f i l e s . 

*Abstract o f ORNL-TM-4193 
Relevant to request No. 150. 

4 . I s There S t i l l a Nitrogen Cross -Sec t ion Discrepancy?*>** 
(F. G. Perey and J. K. Dickens) 

For severa l years there have been great u n c e r t a i n t i e s as to 
which n i t rogen neutron c r o s s - s e c t i o n set should be used f o r neutron t rans -
port o f 14-MeV neutrons in a i r . Various d i s c r e p a n c i e s were found between 
m i c r o s c o p i c c r o s s - s e c t i o n measurements and d i f f i c u l t i e s experienced in 
c a l c u l a t i n g c o r r e c t l y r e s u l t s of i n t e g r a l experiments. Most neutron a i r 
t ransport c a l c u l a t i o n s have been performed using e i t h e r the n i t rogen c r o s s -
s e c t i o n s e t o f Straker (1969) or the Young-Foster (1970) s e t . These two 
c r o s s - s e c t i o n se ts d i f f e r by about a f a c t o r of two in gamma-ray product ion 
c r o s s s e c t i o n s around 14 MeV. In th is short note we review the s tatus of 
these evaluated c r o s s - s e c t i o n sets on the bas i s of recent work and conclude 
that the Young-Foster e v a l u a t i o n , MAT 4133 Mod 2 , i s more c o n s i s t e n t with 
a l l the a v a i l a b l e in format ion and should be pre fe r red over the Straker s e t . 

*Abstract o f 0RNL-TM-4216 
* 

Relevant to request No. 68. 

5. Gamma-Ray Production Due to Neutron I n t e r a c t i o n s with Nickel 
f o r Inc ident Neutron Energies Between 1.0 and 20 MeV: 
Tabulated D i f f e r e n t i a l Cross Sect ions*>** (J . K. Dickens, 
T. A. Love and G. L. Morgan) 

Numerical values o f d i f f e r e n t i a l c ross s e c t i o n s f o r gamma 
rays produced by neutron reac t i ons with n i c k e l have been obtained f o r 
neutron reac t i ons f o r neutron energ ies between 1 .0 and 20 MeV. These data 
were obtained using two d i f f e r e n t experimental systems: (a) d2a/dtodE 
values were obtained f o r 9 = 125 deg using a Nal spectrometer . These 
data are presented as gamma-ray product ion group c r o s s - s e c t i o n values o f 
d a/dtodE f o r 0 .7 £ Ey £ 10.5 MeV, with gamma-ray i n t e r v a l s ranging from 
20 keV f o r E y l l MeV to 160 keV f o r E ~9 MeV. Neutron energy i n t e r v a l s 
var ied from 0 .5 MeV f o r En = 1 to 8 M̂ V to 3 MeV f o r E = 14 to 20 MeV. 
(b) D i s c r e t e l i n e values o f dcr/dw f o r t r a n s i t i o n s due to neutron i n t e r a c t i o n s 
with n i c k e l were obtained at By = 55 o r 125 deg f o r E = 4 . 8 5 , 5 . 4 , and 
5 .9 MeV using Ge(Li) spectrometers . n 

Abstract o f ORNL-TM-4379. 

Relevant to request Nos. 192,193,195 and 196. 
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6. Gamma-Ray Production Cross Sect ions Due to Neutron In te rac t i ons 
with Titanium f o r E^ 4 . 9 , 5 . 4 and 5 .9 MeV*>** (J . K. Dickens) 

I n t e r a c t i o n s of neutrons with titanium have been studied by 
measuring gamma-ray product ion c ross s e c t i o n s . For a sample of natural 
t i tanium, spectra were obtained f o r inc ident mean neutron energies E = 
4 . 9 , 5 .4 and 5 .9 MeV with gamma-ray d e t e c t o r systems u t i l i z i n g c o a x i a l 
Ge(Li) d e t e c t o r s . Nearly monoenergetic neutrons were obtained from the 
d ( d , n ) r e a c t i o n using deuterons obtained from the (pulsed) ORNL 5-mV Van 
de Graaff A c c e l e r a t o r . Time of f l i g h t was used with the d e t e c t o r to d i s -
cr iminate against pulses due to neutrons and background r a d i a t i o n . Gamma-
ray i d e n t i f i c a t i o n was aided by obtaining severa l spectra f o r samples 
enriched in the i s o t o p e s ltGTi and k e T±, and new information on the l e v e l 
s t ruc tures of these two i s o t o p e s was obta ined . Absolute d i f f e r e n t i a l c ross 
s e c t i o n s f o r product ion of gamma rays were obtained and are repor ted . These 
c ross s e c t i o n s have been compared, where p o s s i b l e , with previous ( n , n ' ) 
measurements and with c r o s s s e c t i o n s derived from the current ENDF/B 
e v a l u a t i o n . 

Submitted to Nuclear Science and Engineering f o r p u b l i c a t i o n . 
* * 

Relevant to request Nos. 110, 111 and 112. 

7. Gamma-Ray Production Due to Neutron In te rac t i ons with S i l i c o n 
f o r Inc ident Neutron Energies Between 1 .0 and 20 MeV: Tabulated 
D i f f e r e n t i a l Cross Sect ions* (J . K. Dickens, T. A. Love 
and G. L. Morgan) 

Numerical values of d i f f e r e n t i a l c ross s e c t i o n s f o r gamma rays 
produced by neutron reac t i ons with s i l i c o n have been obtained f o r neutron 
energ ies between 1 .0 and 20 MeV. The c r o s s - s e c t i o n values were obtained 
using a Nal spectrometer . These data c o n s i s t of (a) neutron and gamma-
ray product ion group c r o s s - s e c t i o n values of d2a/dcodE f o r 0y = 125 and 
90 deg and f o r 0 .7 < Ey 10.5 MeV, with gamma-ray i n t e r v a l s ranging from 
20 keV f o r E < 1 MeV to~160 keV f o r Ey ~ 9 MeV and with neutron energy 
i n t e r v a l s varying from 0.25 MeV f o r En = 1 .0 to 2 .0 MeV to 3 MeV f o r E = 
14 to 20 MeV; and (b) va lues of dcr/dcofor Ey = 1.78 MeV f o r 6 = 125 deg and 
f o r E„ between threshold and 9 .6 MeV. 

*Abstract o f ORNL-TM-4389. 

8. Natural Titanium Neutron E l a s t i c - and I n e l a s t i c - S c a t t e r i n g 
Cross Sect ions from 4.07 to 8.56 MeV* (W. E. Kinney and 
F. G. Perey) 

Measured c ross s e c t i o n s per atom o f natural t itanium f o r h Q 
neutron e l a s t i c and f o r i n e l a s t i c s c a t t e r i n g to l e v e l s in Ti f o r 
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inc ident neutron energ ies between 4.07 and 8.56 MeV are given and compared 
with previous r e s u l t s . ENDF/B I I I Mat 1144 angular d i s t r i b u t i o n s are in 
reasonably good agreement with experimental r e s u l t s at angles l e s s than 
40 degrees but d i f f e r by as much as an order of magnitude at l a r g e r ang les . 
The ENDF/B I I I Mat 1144 ang le - in tegrated e l a s t i c - s c a t t e r i n g c ross s e c t i o n s 
agree within experimental u n c e r t a i n t i e s with experimental r e s u l t s at energ ies 
below 6.44 MeV but r i s e 20% above measured values at 8.56 MeV. ENDF/B I I I 

K Q 

Mat 1144 i n e l a s t i c - s c a t t e r i n g c ross s e c t i o n s to d i s c r e t e l e v e l s in Ti are 
in poor agreement with experimental data because of the predominance o f 
continuum i n e l a s t i c s c a t t e r i n g in ENDF/B I I I Mat 1144. An evaporat ion model 
o f i n e l a s t i c s c a t t e r i n g to the continuum i s found to be v a l i d f o r i n e l a s t i c 
s c a t t e r i n g to l e v e l s of e x c i t a t i o n energy greater than 6 MeV but i s q u e s t i o n -
able f o r i n e l a s t i c s c a t t e r i n g to l e v e l s o f lower e x c i t a t i o n energy. 

^Abstract o f ORNL-4810-

9. 63Cu and 6SCu Neutron E l a s t i c - and I n e l a s t i c - S c a t t e r i n g Cross 
Sect ions from 5.50 to 8.50 MeV*»** (W. E. Kinney and F. G. 
Perey) 

Measured neutron e l a s t i c - and i n e l a s t i c - s c a t t e r i n g c ross 
C O c c 

s e c t i o n s f o r Cu and Cu between 5 .50 and 8.50 MeV are presented and 
compared with e l a s t i c data of Holmqvist and Wiedling and with ENDF/B I I I 
Mat 1085 and 1086. Our e l a s t i c d i f f e r e n t i a l c r o s s s e c t i o n s are in f a i r 
agreement with those of Holmqvist and Wiedling in shape. Our a n g l e -
integrated d i f f e r e n t i a l e l a s t i c c ross s e c t i o n s are s y s t e m a t i c a l l y higher 
by as much as 20% than those o f Holmqvist and Wiedling above 5 MeV, a 
s i t u a t i o n s imi lar to that found in comparing the two se ts of data f o r 
other elements. ENDF/B I I I Mat 1085 and 1086 angular d i s t r i b u t i o n s under-
est imate the e l a s t i c forward peak below 20 deg . When compared with 
experimental r e s u l t s and d i sp lay unphysical f l u c t u a t i o n s due to the use 
of a Legendre s e r i e s of order 20 where order 9 i s the highest required by 
the data . An evaporat ion model with temperature ranging from 0 .8 and 
1.05 MeV reasonably d e s c r i b e s i n e l a s t i c s c a t t e r i n g to l e v e l s in the res idua l 
copper n u c l e i o f e x c i t a t i o n energy above 3 .2 MeV. 

* 
Abstract o f ORNL-4908. 

* 
Relevant to request No. 201. 

5 2 10. Natural Chromium and Cr Neutron E l a s t i c and I n e l a s t i c 
Cross Sect ions from 4.07 to 8.56 MeV*»** (W. E. Kinney and 
F. G. Perey) 

Measured neutron e l a s t i c - and i n e l a s t i c - s c a t t e r i n g c ross 
s e c t i o n s f o r natural chromium between 4.07 and 8.56 MeV and f o r Cr b e -
tween 6.44 and 8.56 MeV are presented and compared with the e l a s t i c 



iko 

d i f f e r e n t i a l c ross s e c t i o n s of Holmqvist and Wiedling and with ENDF/B Mat 1121. 
Our e l a s t i c d i f f e r e n t i a l c ross s e c t i o n s are in f a i r agreement with those o f 
o f Holmqvist and Wiedl ing. Our ang le - in tegrated d i f f e r e n t i a l e l a s t i c c ross 
s e c t i o n s are s y s t e m a t i c a l l y higher by as much as 17% than those o f Holmqvist 
and Wiedling above 4 .6 MeV, a s i t u a t i o n s imi lar to that found in comparing 
the two se t s of data f o r other elements. The ENDF/B I I I Mat 1121 e l a s t i c 
angular d i s t r i b u t i o n s are found to be in poor agreement with experimental 
r e s u l t s from 4 to 8 .5 MeV though the ENDF/B I I I Mat 1121 ang le - in tegrated 
d i f f e r e n t i a l e l a s t i c c ross s e c t i o n s agree within experimental u n c e r t a i n t i e s 
with our r e s u l t s over th i s energy range. An evaporat ion model of i n e l a s t i c 
s c a t t e r i n g to l e v e l s o f e x c i t a t i o n energy in the res idua l nucleus below 
6 MeV i s found to be of quest ionable v a l i d i t y . 

*Abstract o f ORNL-4806. 
** 

Relevant to request Nos. 129 and 130. 

11. Natural Nickel and 6 0Ni Neutron Elast i c -and I n e l a s t i c -
Scat ter ing Cross Sect ions from 4.07 to 8.56 MeV*> * * 
(W. E. Kinney and F. G. Perey) 

Measured neutron e l a s t i c - and i n e l a s t i c - s c a t t e r i n g c r o s s 
s e c t i o n s f o r natural n i c k e l between 4.07 and 8.56 MeV are presented and 
compared with the e l a s t i c d i f f e r e n t i a l c r o s s s e c t i o n s of Holmqvist and 
Wiedling and with ENDF/B I I I Mat 1123. Our e l a s t i c d i f f e r e n t i a l c ross 
s e c t i o n s are in general agreement with those of Holmqvist and Wiedling 
but our ang le - in tegrated e l a s t i c - and i n e l a s t i c - s c a t t e r i n g c ross s e c t i o n s 
at 4 .34 and 4.92 MeV are given and compared with our previous r e s u l t s from 
6 to 8 .5 MeV and with our natural n i c k e l r e s u l t s . Agreement i s shown to 
be e x c e l l e n t . I n e l a s t i c - s c a t t e r i n g c r o s s s e c t i o n s to the 1.450 MeV l e v e l 
in 5 8Ni are computed from the natural n i c k e l and 6 0Ni data. An evaporat ion 
model of i n e l a s t i c s c a t t e r i n g to l e v e l s o f e x c i t a t i o n energy in the res idua l 
nucleus below 6 i s found to be o f quest ionable v a l i d i t y . 

* 
Abstract o f ORNL-4807. 

** 
Relevant to request Nos. 182, 183 and 184. 

12. 51tFe Neutron E l a s t i c - and I n e l a s t i c - S c a t t e r i n g Cross Sect ions 
from 5.50 to 8 .50 MeV*.** (W. E. Kinney and F. G. Perey) 

Measured 51|Fe neutron e l a s t i c s c a t t e r i n g and c ross s e c t i o n s 
f o r i n e l a s t i c s c a t t e r i n g to 7 d i s c r e t e l e v e l s or groups of l e v e l s in 51*Fe 
in the inc ident neutron energy range from 5.50 to 8.50 MeV are presented . 
The e l a s t i c data are in good agreement with our prev ious ly reported natural 
i r o n r e s u l t s . I n e l a s t i c s c a t t e r i n g to the 1.409 MeV l e v e l shows evidence 
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o f d i r e c t r e a c t i o n c o n t r i b u t i o n s at the higher in c ident neutron e n e r g i e s . 
ENDF/B I I I Mat 1180 natural i ron c r o s s s e c t i o n s f o r i n e l a s t i c s c a t t e r i n g 
to the 1.409 MeV l e v e l in 51+Fe are higher by a f a c t o r of two than our data . 
Cross s e c t i o n s f o r i n e l a s t i c s c a t t e r i n g to l e v e l s in the res idua l nucleus 
of e x c i t a t i o n energy greater than 4.29 Mev are presented as continuum 
cross s e c t i o n s . I t i s found that an evaporat ion model o f continuum i n -
e l a s t i c s c a t t e r i n g i s adequate above 6 .2 MeV e x c i t a t i o n energy but i s 
quest ionable in d e s c r i b i n g i n e l a s t i c s c a t t e r i n g to l o w e r - l y i n g l e v e l s . 

*Abstract o f ORNL-4907. 

Relevant to request No. 147. 

13. Nitrogen Neutron E l a s t i c - and I n e l a s t i c - S c a t t e r i n g Cross 
Sect ions from 4.07 to 8.56 MeV*,** (W. E. Kinney and F. G. 
Perey) 

Measured n i t rogen neutron e l a s t i c and i n e l a s t i c c ross s e c t i o n s 
at in c ide n t neutron energ ies from 4.34 to 8.56 MeV are presented and com-
pared with previous r e s u l t s . Our e l a s t i c data are sys temat i ca l l y lower 
than the data of Bostrum et a l . and sys temat i ca l l y higher than the data 
of Bauer et a l . But genera l ly agree with the data o f Chase et a l . and 
P h i l l i p s . Our ang le - in tegrated d i f f e r e n t i a l i n e l a s t i c s c a t t e r i n g c r o s s 
s e c t i o n s are in reasonable agreement with previous r e s u l t s . Agreement 
of our data and ENDF/B I I I Mat 1133 i s reasonable . 

*Abstract o f ORNL-4805. 
** 

Relevant to request Nos. 64 and 65. 

14. Gamma-Ray Production Due to Neutron I n t e r a c t i o n s with Calcium 
f o r Inc ident Neutron Energies Between 0.7 and 20 MeV: Tabu-
lated D i f f e r e n t i a l Cross S e c t i o n s * » * * (J . K. Dickens, T. A. 
Love and G. L. Morgan) 

Numerical values of d i f f e r e n t i a l c ross s e c t i o n s f o r gamma rays 
produced by neutron reac t i ons with calcium have been obtained f o r neutron 
energ ies between 0 .7 and 20 MeV f o r = 125 deg. The d2a/doodE values were 
obtained using a Nal spectrometer . These data c o n s i s t of gamma-ray product ion 
group c r o s s - s e c t i o n values of d2a/dcadE f o r 0 .7 Ey 10.5 MeV, with gamma-
ray i n t e r v a l s ranging from 20 keV f o r E <_ 1 MeV to 160 keV f o r Ey ~ 9 MeV. 
Neutron energy i n t e r v a l s varied from 0 .^ MeV f o r E < 9 Mev to 3 MeV f o r 
E > 14 MeV. n _ 

n — 

^Abstract o f ORNL-TM-4252. 

Relevant to request No. 107. 
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15. Gamma-Ray Production Due to Neutron Interac t i ons with Aluminum 
f o r Inc ident Neutron Energies Between 0.85 and 20 MeV: Tabu-
lated D i f f e r e n t i a l Cross S e c t i o n s * ' * * (J . K. Dickens, T. A. 
Love and G. L. Morgan) 

Numerical values of d i f f e r e n t i a l c ross sec t i ons f o r gamma rays 
produced by neutron reac t i ons with aluminum have been obtained f o r neutron 
energies between 0.85 and 20 MeV f o r B = 125 and 90 deg. The d2a/dox!E 
values were obtained using a Nal spectrometer . These data c o n s i s t o f neutron 
and gamma-ray product ion group c r o s s - s e c t i o n values of d2a/dwdE f o r 0 .7 < E 
<_ 10.5 MeV, with gamma-ray i n t e r v a l s ranging from 20 keV f o r E < 1 MeV to ^ 
160 keV f o r E * 9 MeV. Neutron energy i n t e r v a l s varied from ,~2 MeV f o r 
E = 0.85 to 1 .5 MeV to 3 MeV f o r E = 14 to 20 MeV. n n 

*Abstract o f ORNL-TM-4232. ** 
Relevant to request Nos. 96, 97 and 98. 

16. Neutron Resonances in 39K and ' tIK* (W. M. Good, J. A. 
Harvey and N. W. H i l l ) 

Resonance parameters derived from h i g h - r e s o l u t i o n neutron t rans -
mission s tud ies at the NEVIS Synchrocyclotron of pure K metal are to be 
published s o o n . 1 Assignment of the observed resonances to the 39K and 4XK 
i s o t o p e s was mater ia l l y ass i s ted by data on these separated i so topes obtained 
at ORELA. Although the Oak Ridge measurements were performed on the com-
pounds 39KC1 and 2KC1, no d i f f i c u l t y was encountered below 100 keV in 
d i f f e r e n t i a t i n g the 39K and the 41K resonances from the 35C1 and 37C1 c o n -
s t i t u e n t s on account of the high r e s o l u t i o n employed in the measurements. 
We report the r e s u l t s of our measurements on 39K+n and 41K+n in order to 
complete the p i c t u r e of the resonance proper t i e s of these nuc l ides below 
~ 100 keV and in p a r t i c u l a r to record add i t i ona l resonances in "+1K at 4 .012 , 
28 .31 , 42 .35 , 57 .81 , 58 .20 , 63 .22 , 67 .04 , 68 .29 , and 70.45 keV. These 
resonances are obscured in a natural sample by resonances in the 93% 
abundant 3 9K. 

To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 
U. N. Singh et a l . , submitted f o r p u b l i c a t i o n , Phys. Rev. 

17. Neutron Total Cross Sect ion of 2 0 7 Pb from 5 to 35 MeV* 
(J . A. Harvey, W. M. Good, N. W. H i l l and R. Schindler 1 ) 

Reicently a "resonance p e c u l i a r i t y " 2 has been reported in the 
neutron t o t a l c ross s e c t i o n of 2 0 7 Pb at 16.7 MeV and i t was suggested that 
i t might be an i s o b a r i c analog resonance. To v e r i f y the ex i s tence o f th i s 
resonance we have made neutron transmission measurements upon a 2 0 7Pb sample 
(253 gm, 1 i n . diam, 1/N=6.865) from 5 to 30 MeV at ORELA. Bursts o f 
neutrons were produced by a Be target i r rad ia ted with bremsstrahlung from 
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a Ta c o n v e r t e r . With an 78.185 meter f l i g h t path and 5 nsec e l e c t r o n b u r s t s , 
the neutron energy r e s o l u t i o n was 0.5% at 16 MeV. A NE-110 p l a s t i c d e t e c t o r 
(3 i n . diam, 3 i n . long) was used. No d e t a i l e d s t ruc ture was observed in 
the e n t i r e energy range. Measurements at LLL3 from 16.3 to 17 .1 MeV have 
a l so f a i l e d to observe th i s resonance. 

To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 
l 
Summer Student Trainee from Univers i ty of Rochester 

2 
B. A. Benetzky et a l . , Journal of Nucl. Phys. 17, No. 1 , (1973) p . 21. 

3 
H. H. Barscha l l , p r i v a t e communication. 

18. Test of Valency Neutron Capture in 9 ° Z r ( n , y ) 9 * Z r * ' * * 
(G. G. Slaughter and 0 . A. Wasson1) 

As a cont inuing i n v e s t i g a t i o n of the i n f l u e n c e of s i n g l e 
p a r t i c l e components in the y ray decays of the p-wave neutron resonances 
f o r n u c l e i l o cated near the peak of the p-wave neutron strength f u n c t i o n , 
we report resonant neutron capture y ray measurements on the c losed neutron 
s h e l l target nuc leus , 9 0 Z r . The experiment u t i l i z e d the 11 m f l i g h t path 
of the ORELA f a c i l i t y . Capture y ray spec t ra were obtained f o r 13 reso lved 
resonances f o r E < 4 0 keV with a Ge(Li) d e t e c t o r . The resonance at 4 .01 
keV neutron energy i s assigned as p 3 /2 based on the observat ion of a strong 
primary y ray to the 5 / 2 + ground s t a t e o f 9 1 Z r . Previous measurements1 o f 
the 9 1 Z r ( y , n ) 9 0 Z r r e a c t i o n i n d i c a t e a s i g n i f i c a n t s i n g l e p a r t i c l e component 
f o r the ground s t a t e y ray decay width. A t e s t o f th i s component f o r t r a n s i -
t i ons to s 1 /2 and d 3 /2 f i n a l s ta tes w i l l be presented . 

* 
To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 

l 
R. E. Toohey and H. E. Jackson, Bu l l . Am. Phys. Soc. 1J3, 591 (1973) . 

k* Relevant to request No. 249. 

19. ADLER-III: A Program to Calcu late Cross Sect ions from ADLER-
ADLER Resonance Parameters* (R. Q. Wright) 

ADLER-III i s a r e v i s i o n and extens ion of the ADLER program 
descr ibed in "ENDF/B Process ing Codes f o r the Resonance Reg ion , " BNL-50296 
(ENDF 148) by M. R. Bhat. The program c a l c u l a t e s t o t a l , capture , and f i s s i o n 
c ross s e c t i o n s according to the Adler -Adler formalism using the corresponding 
parameters from f i l e 2 of ENDF/B data . Doppler broadening i s provided 
through the use of the ¥ and (j) f u n c t i o n s . The program can read the r e s -
onance parameters from an ENDF/B tape (BCD mode) or the resonance parameters 
may be input on cards i f d e s i r e d . 

^Abstract of 0RNL-TM-4257 (ENDF-191). 
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20. Neutron Capture Cross Sect ions o f the Stable Lead 
I so topes* (B. J . A l l e n , 1 R. L. Macklin, R. R. 
Winters , 2 and C. Y. Fu) 

Neutron capture y i e l d s f o r s evera l samples of separated 
lead i s o t o p e s were obtained at the Oak Ridge Electron Linear A c c e l e r a t o r , 
in the neutron energy range above 2.5 keV. These were analyzed f o r r e s o -
nance capture areas and parameters. The data are included in a new evalua-
t i o n of lead c r o s s - s e c t i o n data . 

jf 
To be published in Physica l Review C. 1 
Present address : Austra l ian Atomic Energy Commission, Lucas Heights , 
A u s t r a l i a . 

2 
Present address : Denison Univers i ty , Granv i l l e , Ohio. 

21. Total Neutron Cross Sect ions of the I so topes o f Zirconium* 
(W. M. Good, J. A. Harvey and N. W. H i l l ) 

Transmission measurements have been made on the i s o t o p e s 
o f Zr as part o f the program to up-date t o t a l c r o s s - s e c t i o n information 
u t i l i z i n g ORELA's super ior energy r e s o l u t i o n . 

9 2 9 4 9 6 
The > > Zr measurements were made upon both th ick 

and thin samples of the r e s p e c t i v e oxides at 80 meters under two c o n d i t i o n s : 
a) 30 ns e l e c t r o n burst and 6 L i - g l a s s d e t e c t o r , 
b ) 5 ns e l e c t r o n bursts and NE-110 d e t e c t o r . 

The data are in process of a n a l y s i s . 
M e t a l l i c samples of 9 0 » 9 1 Z r were measured l a s t year in 

c o l l a b o r a t i o n with R. Toohey, ANL. These measurements were made under the 
f o l l o w i n g c o n d i t i o n s : 

a) 80 meters , 30 ns e l e c t r o n b u r s t s , 6 L i - g l a s s d e t e c t o r , 
b) 200 meters, 30 ns e l e c t r o n b u r s t s , NE-110 d e t e c t o r . 

Figure 1 i s a p l o t of the c ross s e c t i o n s o f 9 0 Z r under c o n d i t i o n a ) . 

Measurements were performed as an a u x i l i a r y measurement to a photonuclear 
study by Toohey and Jackson. The samples were furnished by A. B. Smith. 

Relevant to request Nos. 240 and 243. 
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En (CV) <,n Total Cross Sections of 9 0 Z r . 
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A. 2. F i s s i onab le Nuclei Studies 

1. Measurement of the 2 3 5U F i s s i o n Cross Sect ion at the ORELA 
150-Meter F l ight -Path Stat ion f o r Neutron Energies Between 
2 keV and 100 keV* (R. B. Perez , G. de Saussure, E. G. 
S i l v e r , R. W. Ingle and H. Weaver) 

Comparison of the 2 3 5 U F i s s i o n Cross -Sec t ion Results (Prel iminary) 
at the ORELA 150-Meter Fl ight -Path Stat ion With 

the ENDF/B-III(a ) and Sowerby(b) Evaluations 

Energy ORELA(e) 
(barns) 

ENDF/B-III 
(barns) 

Percent 
D i f f e r e n c e 

Sowerby 
(barns) 

Percent 
D i f f e r e n c e 

2 . - 3 . 5.450 5.585 +2.5 5.486 + .7 
3 . - 4 . 4.946 4.942 - .1 4.866 - 1 . 6 
4 . - 5 . 4.405 4.427 + .5 4.391 - .3 
5 . - 6 . 3.953 3.981 + .7 3.943 - .3 
6 . - 7 . 3.351 3.559 +6.2 3.471 +3.8 

7 . - 8 . 3.317 3.335 + .5 3.373 +1.7 
8 . - 9 . 3.051 3.059 + .3 3.071 + .7 

9 . - 1 0 . 3.170 3.200 + .9 3.165 - .2 
1 0 . - 2 0 . 2.510 2.741 +9.2 2.550 +1.6 
2 0 . - 3 0 . 2.156 2.323 +7.7 2.231 +3.5 
3 0 . - 4 0 . 2.044 2.205 +7.8 2.011 - 1 . 6 
4 0 . - 5 0 . 1.930 2.031 +5.2 1.908 - 1 . 1 
5 0 . - 6 0 . 1.885 1.977 +4.9 1.871 - .7 
6 0 . - 7 0 . 1.839 1.880 +2.2 1.809 - 1 . 6 

70. -80. 1.760 1.807 +2.7 1.714 - 2 . 6 
8 0 . - 9 0 . 1.684 1.742 +3.4 1.681 - .2 
9 0 . - 1 0 0 . 1.634 1.684 +3.0 1.632 - .1 

(a) T. A. P i t t e r l e , et a l . , ENDF/B-III, Mat. 1157; WARD-4210T4-1 (1972) . 
(b) To be pub l i shed . Pr ivate communication to T. A. P i t t e r l e , March 1972. 
( c ) The t o t a l u n c e r t a i n t i e s in th i s data are estimated to be +7%. 

Relevant to request Nos. 439, 440, 441 and 442. 
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2. Neutron F i s s i o n and Total Cross Sect ion o f 23i*U 
(G. D. James,1 J. W. T. Dabbs, J . A. Harvey, N. W. H i l l 
and R. H. Sch ind ler 2 ) 

Neutron t i m e - o f - f l i g h t f i s s i o n and t o t a l c r o s s - s e c t i o n 
measurements have been performed at ORELA using f i s s i o n fragment d e t e c t i o n 
from 181 mg of 231*U in a f a s t i o n i z a t i o n chamber, a f l i g h t path length o f 
20.14 m and neutron pulse widths o f 3 .5 ns , 5 .5 ns , 8 ns and 28 ns f o r 2 3*+ 
the f i s s i o n c r o s s - s e c t i o n determination and a 5.69 g sample o f U^Og 
giv ing 6.45 x 10 3 2 3 4 U atoms/barn, a f l i g h t path length o f 78 m and 
neutron pulse width of 28 ns f o r the t o t a l c r o s s - s e c t i o n measurements. 
The f i s s i o n c ross s e c t i o n was measured r e l a t i v e to the y i e l d from 20.5 mg 
2 3 5 U. A l l the 118 f i n e s t ruc ture resonances observed below 1500 eV have 
been analyzed to g ive the neutron and f i s s i o n widths . In add i t i on to the 
peak at 640 eV demonstrated by James and S laughter , 3 the energy dependence 
of the f i s s i o n widths shows evidence of a second narrow intermediate 
s t ruc ture peak at 1134 eV. The f i s s i o n cross s e c t i o n i s r i c h in s t ruc ture 
blending from c l a s s I l e v e l s at low energy through c l a s s I I l e v e l s at about 
20 keV to f l u c t u a t i o n s due to c l a s s I I l e v e l s up to 1 MeV. Below 14 keV 
there i s c l e a r evidence f o r groups of l e v e l s with increased f i s s i o n c r o s s 
s e c t i o n at 600 eV, 1134 eV, 4575 eV, 7845 eV, 11886 e V ( ? ) , and 13072 eV 
g iv ing Djj = 2 .1 + 0 .3 keV. Near a supposed v i b r a t i o n a l resonance at 
325 keV, the f l u c t u a t i o n peaks f i r s t noted at Harwell1* are confirmed with 
improved s t a t i s t i c a l accuracy . 
T 

V i s i t i n g s c i e n t i s t from AERE, Harwell . 
2 

Summer research student from Univers i ty of Rochester . 
3 
G. D. James and G. G. Slaughter , Nucl. Phys. A139, 471 (1969) . 

G. D. James, A. Langsford and A. Khatoon, Progress Report AERE-NR/NP 19, p . 16 . 

3. Neutron F i s s i o n Cross Sect ion of 2 1 t 9Cf*>** (J . W. T. Dabbs, 
C. E. Bemis, N. W. H i l l , G. D. James,1 M. S. Moore2 and 
A. N. E l l i s 2 ) 

I t has been known f o r some time that 2 4 9 C f has a very large 
f i s s i o n resonance i n t e g r a l . Previous work, pr imar i ly that of S i l b e r t at 
LASL, has f a i l e d to account f o r th i s large i n t e g r a l above 20 eV. 

T i m e - o f - f l i g h t measurements of the neutron-induced f i s s i o n 
c ross s e c t i o n of 21+9Cf have been performed at ORELA, using an ul trapure 
128 yg sample of 2 4 9 C f and compared with that of a 458 yg sample of 2 3 5U 
measured simultaneously on the same f l i g h t path. I d e n t i c a l d i f f u s e d j u n c t i o n 
f i s s i o n fragment d e t e c t o r s were used. An a - p a r t i c l e count rate on 1 0 7 / s e c 
caused subs tant ia l d e t e r i o r a t i o n of the 21t9Cf d e t e c t o r during each overnight 
run. A t o t a l o f ~7 x 105 Cf f i s s i o n events were recorded . The present 
r e s u l t s are comparable in r e s o l u t i o n to those obtained by S i l b e r t at LASL 
above 20 eV, in which an underground nuclear exp los i on served as the pulsed 
neutron source . 
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Eleven new resonances were found between 0 . 3 eV and 20 eV, 
inc lud ing a very large resonance at 0 .71 eV o f t o t a l width ~0.15 eV and 
aQ ~4000 b . This resonance accounted f o r -75% of the t o t a l f i s s i o n s 
recorded , and a l s o accounts f o r the large resonance i n t e g r a l . 

* 
Presented at the Third Symposium on the Physics and Chemistry of F i s s i o n , 

^Rochester, N. Y . , August 13-17, 1973. 
V i s i t i n g s c i e n t i s t from AERE, Harwell . 

2 
Los Alamos S c i e n t i f i c Laboratory , Los Alamos, New Mexico ** 
Relevant to request Nos. 573. 

4. Intermediate Structure in the Electron Induced 2 3 5U 
Cross Sect ions* (G. D. James, G. de Saussure 
and R. B. Perez) 

Recently there has been c l e a r experimental evidence of 
large f l u c t u a t i o n s in the neutron induced 2 3 5 U cross s e c t i o n s . The Wald-
Wolfowitz and Levene-Wolfowitz s t a t i s t i c a l t e s t s have been appl ied to 

t\ o c 
some U t o t a l f i s s i o n and capture c r o s s - s e c t i o n data and a l so to mocked-
up c ross s e c t i o n s . The r e s u l t s o f these t e s t s have shown with a large 
degree o f s i g n i f i c a n c e the presence o f intermediate s tructure in the 
f i s s i o n channels . I t i s then surmised that the s t ruc ture in the 2 3 5U 
c r o s s s e c t i o n s i s due to phenomena assoc ia ted with the double-trumped 
Strutinsky f i s s i o n b a r r i e r at large nuclear deformations . 

* 
To be presented at the San Franc isco ANS Meeting, November 12-15 , 1973 

l 
V i s i t i n g s c i e n t i s t from AERE, Harwell 

5 . Spin Determination of Resonances in the Neutron-Induced 
F i s s i o n of ^ U * , * * (G. A. Keyworth,1 C. E. Olsen, 1 

F. T. S e i b e l , 1 J . W. T. Dabbs and N. W. H i l l ) 

A pulsed beam of po lar i zed neutrons and a po lar i zed 
target have been used to determine the spins of 65 resonances below 60 eV. 
Comparison of these spin assignments with those determined by l e s s d i r e c t 
methods revea ls poor agreement, in genera l . In te rpre ta t i on of recent data 
on the angular d i s t r i b u t i o n of f i s s i o n fragments from aligned 2 3 5U with 
the present spin assignments revea ls the absence of the K = 0 channel and 
an apparent admixing o f t r a n s i t i o n s t a t e s . 

* 
To be publ ished in Phys ica l Review L e t t e r s . l 
Univers i ty of C a l i f o r n i a , Los Alamos S c i e n t i f i c Laboratory, Los Alamos, N. M. 

** 
Relevant to request No. 439. 
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6 . Spin Determination of Intermediate Structure in the 
Subthreshold F i s s i o n of z i 7 Np* (G. A. Keyworth,1 

J. R. Lemley,2 C. E. Olsen , 1 F. T. S e i b e l , 1 J. W. T. 
Dabbs and N. W. H i l l ) 

A po lar i zed neutron beam and a p o l a r i z e d target have been 
used to determine spins of 15 intermediate s t ructure groups observed in the 
f i s s i o n of 2 3 7Np below 1 keV and of 94 resonances observed in transmission 
below 102 eV. The pulsed neutron beam, from the Oak Ridge Electron Linear 
A c c e l e r a t o r , was po lar i zed by transmission through a dynamically po lar i zed 
proton sample. The 2 3 7Np, in the ferromagnetic compound NpA^, was coo led 
by a 3He-ltHe d i l u t i o n r e f r i g e r a t o r . Nine ind iv idua l f i n e s t ruc ture 
resonances comprising the f i r s t group at 40 eV were determined to have 
the same sp in , J = 3 , substant ia t ing the current i n t e r p r e t a t i o n o f intermediate 
s t ruc ture in subthreshold f i s s i o n in terms of the Strutinsky double-humped 
deformation b a r r i e r . Corre la t i on of these r e s u l t s with e x i s t i n g data on 
the angular d i s t r i b u t i o n of f i s s i o n fragments from al igned 2 3 7Np i n d i c a t e s 
an apparent admixing of t r a n s i t i o n s t a t e s , as evidenced by nonintegra l 
values of the p r o j e c t i o n quantum number, K. 

* 

To be published in Physica l Review. 

^University of C a l i f o r n i a , Los Alamos S c i e n t i f i c Laboratory , Los Alamos, N. M. 

Present address : In te rnat i ona l Atomic Energy Agency, Vienna, Austr ia . 

7. Prompt Gamma-Rays Emitted in the Thermal-Neutron Induced 
F i s s i o n o f and z ^ p u * , * * (Frances Pleasonton) 

The average number and average energy o f gamma rays emitted 
within ~5 nsec a f t e r f i s s i o n have been determined as funct ions of fragment 
mass and as func t i ons of t o t a l k i n e t i c energy. They were obtained from a 
4-parameter experiment that recorded , e v e n t - b y - e v e n t , c o r re la ted energies 
of gamma rays and o f f i s s i o n - f r a g m e n t pa i rs and the time, r e l a t i v e to f i s s i o n , 
at which a gamma ray was d e t e c t e d . For 2 3 3 U ( n t ^ , f ) the average t o t a l number 
and energy emitted per f i s s i o n were found to be 6 . 3 1 + 0 . 3 and 6.69 + 0 .3 
MeV, r e s p e c t i v e l y , g iv ing an average photon energy of 1 . 0 6 + 0 . 0 7 MeV. The 
r e s u l t s f o r 2 39Pu (n t , , f ) given in the same o r d e r , are 6 . 8 8 + 0 * 3 5 , 6 . 7 3 + 0 . 3 5 
MeV, and 0 .98 + 0.07 MeV. 
_ 

Submitted to Nuclear Physics f o r p u b l i c a t i o n . 

Final report o f A - l l in previous USNDC progress report (ORNL-TM-4204), 
USNDC-7. 
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8. Fragment Mass and Kinet i c Energy D i s t r i b u t i o n s from 
the Spontaneous F i s s i o n of 2l46Cm* (Frances 
Pleasonton, Robert L. Ferguson, Franz P l a s i l and C. E. 
Bemis, J r . ) 

Energies of c o i n c i d e n t f i s s i o n fragments from a t h i n , 
s p o n t a n e o u s l y - f i s s i o n i n g 246Cm source were measured with s i l i c o n s u r f a c e -
b a r r i e r d e t e c t o r s . Pre-neutron-emiss ion mass and t o t a l k i n e t i c energy 
d i s t r i b u t i o n s were deduced from the data . The average pre-neutron-emiss ion 
fragment t o t a l k i n e t i c energy Ê . was found to be 184.2 MeV, in agreement 
with 2 1 + 5Cm(n,f) r e s u l t s . The mass d i s t r i b u t i o n has a p e a k - t o - v a l l e y r a t i o 
o f 142, and i s s imi la r to those from other s p o n t a n e o u s l y - f i s s i o n i n g n u c l e i . 
Fine s t ruc ture in the mass d i s t r i b u t i o n s from 2 I t 5 Cm(n , f ) , 2 I , 6 Cm(sf ) and 
2 5 0 C m ( s f ) appears to be assoc ia ted with fragments of mass * 144 amu. Pre -
d i c t i o n s f o r E^ from f i s s i o n systematics were not found to desc r ibe adequately 
the observed E values f o r the spontaneous f i s s i o n o f Cm i s o t o p e s . 

^Physical Review C8, 1018 (1973) . 

9 . P o t e n t i a l Energy Surface f o r the F i s s i on of the Super-
heavy Nucleus 9 Bx * (M. G. Mustafa and H. W. Schmitt) 

1 1 4 1 8 4 

The asymmetric two-center model has been used to c a l c u l a t e 
the p o t e n t i a l energy sur face of the superheavy nucleus 2 9 8 x • Four shape 

1 1 4 1 8 4 

v a r i a b l e s , inc lud ing two f o r asymmetric degrees of freedom, were used to 
d e s c r i b e the nuclear shape. The minimum-potential-energy path f o r f i s s i o n 
f o l l o w s r e f l e c t i o n - s y m m e t r i c shapes from the ground s t a t e to beyond the 
second b a r r i e r ; in t h i s reg ion the sur face becomes s o f t and a v a r i e t y of 
paths becomes a v a i l a b l e . For l e s s e r e l o n g a t i o n s , asymmetric shapes are 
b r i e f l y p r e f e r r e d ; f o r greater e l o n g a t i o n s , symmetric shapes are p r e f e r r e d . 
The paths converge in the main, s teep ly -descending s c i s s i o n v a l l e y , f o r 
which the l i q u i d drop term dominates and re f l e c t i on - symmetr i c shapes are 
s l i g h t l y p r e f e r r e d . 

* 
Submitted to Phys ica l Review C f o r p u b l i c a t i o n . 

10. Fragment K ine t i c Energy in 1 80-Induced F i s s i o n of 2 3 2 Th and 
2 4 bCm* (Robert L. Ferguson, Franz P l a s i l , Hartwig 
F r e i e s l e b e n , 1 C. E. Bemis, J r . , and H. W. Schmitt) 

On the b a s i s of a s t a t i c s c i s s i o n model, Schmitt and Mosel 
have pred i c ted that fragment t o t a l k i n e t i c e n e r g i e s , E , are l a r g e r than 
those expected from V i o l a ' s f i s s i o n systematics when 255 < A < 280. In a 
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search f o r th i s e f f e c t , Ê , was measured in 1 8 0 bombardments of 2 32Th and 
21t6Cm. Correlated energies of f i s s i o n fragment pa i rs were measured with 
s i l i c o n sur face b a r r i e r d e t e c t o r s ; fragment mass and t o t a l k i n e t i c energy 
d i s t r i b u t i o n s were deduced. For 102.5 MeV 1 8 0 i o n s , the average p r e -
neutron-emiss ion fragment t o t a l k i n e t i c energy, < 0v ' / ' , was found to be 
187 MeV f o r the 2 3 2 Th case and 198 MeV f o r the 2^6Cm case . The correspond-
ing Schmitt-Mosel p r e d i c t i o n s are 186 MeV f o r 2 3 2Th and 258 MeV f o r 2 Cm 
and V i o l a ' s pred i c ted values are 185 MeV f o r 2 32Th and 203 MeV f o r 2lt6Cm. 
I t i s probable that the pred ic ted high E value f o r 2l+6Cm was not observed 
because s h e l l e f f e c t s , which are respons ib le f o r the high pred i c ted k i n e t i c 
e n e r g i e s , have disappeared at the r e l a t i v e l y high e x c i t a t i o n energ ies 
encountered in th i s work. 

^Physical Review C8, 1104 (1973) . 
l — 
On leave o f absence from Fachbereich Physik, Univers i ta t Marburg, Germany. 
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B. BASIC SCIENCE SUBCOMMITTEE 

B . l . General 

1 . Potassium-48* (S. Raman, L. G. Multhauf1 and K. C. 
T i r s e l l 1 ) 

We have produced lf8K f o r the f i r s t t ime. This a c t i v i t y 
was produced by i r r a d i a t i n g 96.8% enriched 48Ca with 14-MeV neutrons 
(> 10 1 2 n e u t r o n s / s e c ) at the Livermore h i g h - f l u x f a c i l i t y . The h a l f -
l i f e i s ~ 9 s e c . The atomic and mass number assignments are based on 
the observat ion of the 3833-keV y - r a y known to be in "t8Ca. The enriched 
lt8Ca mater ia l was in the form of CaC03. The oxygen content produced 7 - s e c 
1GN a c t i v i t y which i n t e r f e r e d with the measurements. Therefore , new 
measurements with k8Ca metal are now in progress . 

To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 
l 
Lawrence Livermore Laboratory 

2. Anomalous E f f e c t s in Back Angle I n e l a s t i c Scat ter ing 
o f a - P a r t i c l e s from 2+ Levels in BUNi*>** (D. c " 
Hensley, C. B. Fulmer, M. B. Lewis, C. C. F o s t e r , 1 N. M. 
0 ' F a l l o n , 1 S. A. Gronemeyer,1 W. W. Eidson , 2 and R. G. 
Rasmussen2) 

We measured a ( 0 ) f o r e l a s t i c and i n e l a s t i c s c a t t e r i n g o f 
40 .1 MeV a - p a r t i c l e s from 6 0Ni over the range 9 = 150° -190° . The 180° 
c r o s s s e c t i o n f o r i n e l a s t i c s c a t t e r i n g from the 2+ 2nd exc i t ed s ta te at 
2.16 MeV i s an order o f magnitude larger than that f o r the 2+ 1st exc i t ed 
s ta te at 1.33 MeV or f o r the 0+ ground s t a t e . In addi t ion the measured 
angular d i s t r i b u t i o n f o r the 2nd exc i t ed s t a t e i s in phase with that f o r 
the ground s t a t e but o f oppos i te phase to that f o r the f i r s t exc i t ed s t a t e . 
Prel iminary p r e d i c t i o n s from the d i r e c t channel-channel coupl ing code 
JUPIT0R of Tamura i n d i c a t e that the p o s s i b l e two-phonon character of the 
2nd 2+ l e v e l can be tested in a very s e n s i t i v e manner by comparing p r e d i c -
t i o n s with back angle measurements o f the i n e l a s t i c channels . 

* 
To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 

* * 

This work supported in part by the NSF. 
Univers i ty of Missour i , St . Louis . 2 Drexel Univers i ty . 
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3. I so tope E f f e c t In 40 MeV E l a s t i c Alpha Scatter ing from 
z a S i , z a S i and J U Si*»** (C. C. F o s t e r , 1 N. M. 
0 ' F a l l o n , 1 S. A. Gronemeyer,1 C. B. Fulmer, D. C. 
Hensley, W. W. Eidson , 2 and R. G. Rasmussen2) 

With a 40 MeV alpha beam from ORIC, we measured e l a s t i c 
a(Q) between 155 and 190 degrees f o r 2 8 , 2 9 > 3 0 S i . c ( 8 ) peaks at 180° f o r 
each t a r g e t , a ( 1 8 0 ° ) f o r the 2 8 S i , in which the d s h e l l i s f i l l e d , and 
f o r Si i s l a rger by an order o f magnitude than that f o r S i . This 
f ea ture of our data supports the idea of s h e l l s t ruc ture dependence 
proposed by Oeschler e t a l . 3 

* 
To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973, 

** 

This work supported in part by the NSF. 

Univers i ty of Missour i , St . Louis 2 Drexel Univers i ty 
3 
Phys. Rev. L e t t . 28, 694 (1972) . 

4 . E x c i t a t i o n of Giant Resonances in 111 **»1 5 ** Sm by I n e l a s t i c 
Proton Scat ter ing* (D. J. Horen, F. E. Bertrand and 
M. B. Lewis) 

The continuum reg ion o f nuclear e x c i t a t i o n in the v i c i n i t y 
of the g iant d i p o l e (GDR) and g iant quadrupole (GQR) resonances has been 
studied in llfltSm and 151tSm using 67-MeV protons from ORIC in order to search 
f o r any e f f e c t nuc lear deformation might have on GQR. In 141,Sm broad peaks 
are observed at «15 .5 MeV and 13.0 MeV, and in 15l4Sm s imi la r s t ructure i s 
found at ~16.1 and 12.4 MeV. The higher e x c i t a t i o n energy peaks occur at 
the p o s i t i o n of the GDR,1 whi le the lower e x c i t a t i o n peaks appear at the 
energy expected f o r the GQR.2 Prel iminary ana lys i s ind i ca tes that the GDR 
plus GQR c r o s s s e c t i o n s are s imi la r f o r the two i s o t o p e s . I f , as i s known 
from photo -nuc lear work, 1 the GDR i s s p l i t f o r 15IfSm, i t appears that there 
i s no l a rge d i f f e r e n c e in the shape of the GQR peak f o r the two i s o t o p e s . 

* 
To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 

R. Bergere et a l . , Proc . In tern . Conf. Photonuclear Reactions and 
App l i ca t i ons (ed . B. L. Berman), to be publ i shed . 

2 
M. B. Lewis and F. E. Bertrand, Nucl. Phys. A196, 337 (1972) . 
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5• Exc i ta t i on of Giant Resonances v ia I n e l a s t i c Scatter ing 
o f Po lar ized Protons* (D. C. Kocher , 1 F. E. Bertrand, 
E. E. Gross, R. S. Lord and E. Newman) 

Using the 60-MeV po lar i zed proton beam from ORIC and a 
broad-range magnetic spectrograph with nuclear emulsions, we have measured 
the analyzing power and the c ross s e c t i o n in the giant resonance region of 
the nuclear continuum f o r the 5 8 N i ( p , p O r e a c t i o n . Comparison of the data 
f o r 0T = 12° -35° with DWBA p r e d i c t i o n s shows c l e a r l y that the g iant resonance 
at E » 6 3 / A 1 / 3 MeV (16 .5+0.5 MeV in 5®Ni) i s predominantly E2 in charac ter . 
We h^ve observed a resonance at Ex * 13.5 MeV which i s a l so best descr ibed 
as an E2 e x c i t a t i o n . Measurements on the 9 0 Z r ( p , p ' ) r eac t i on are in progress . 
Spectra f o r " t 0Ca(p,p") and 2 0 8 Pb(p ,p " ) up to 40 MeV of e x c i t a t i o n have a l so 
been obta ined . 

To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 
Nuclear Information Research A s s o c i a t e . 

6 . I n t e r a c t i o n s of Stopping K Mesons with Nuclei and 
the Neutron Halo Question* (W. M. Bugg,1 G. T. 
Condo,L E. L. Hart , 1 H. 0. Cohn and R. D. McCulloch) 

From a study of stopping K. meson i n t e r a c t i o n s in a v a r i e t y 
of elements l o ca ted in a hydrogen bubble chamber, we f ind evidence f o r the 
e x i s t e n c e o f a subs tant ia l neutron halo in the periphery of heavy n u c l e i . 

To be published in Nuclear Phys i cs . 
l 
The Univers i ty of Tennessee, K n o x v i l l e , Tennessee. 

7. The Reaction 6 L i ( 3 H e , t ) and the Solar Neutrino Puzzle* 
(M. L. Halbert , D. C. Hensley and H. G. Bingham) 

A search f o r a 3He + 3He resonance j u s t above threshold 
was made by means of the r e a c t i o n 6 L i ( 3 H e , t ) e B e * with 46.3-MeV 3He. No 
resonance was found; the c.m. c ross s e c t i o n i s _< 1 .6 y b / s r at 8 . 4 ° c.m. 
This corresponds to an upper l i m i t on the s p e c t r o s c o p i c f a c t o r f o r 6Be* + 
3He + 3He of .0003 to .001, depending on the parameters adopted f o r a DWBA 
c a l c u l a t i o n . The maximum p o s s i b l e e f f e c t of such a resonance on the produc-
t i o n of high-energy s o l a r neutr inos i s too small to expla in the d iscrepancy 
between so lar -model p r e d i c t i o n s and the experimental r e s u l t s o f Davis et a l . 

* 
To be published in Phys ica l Review C. 
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8. A Test o f I sosp in Conservation by a Comparison of 
~JH( JHe, ^He)^H and JHe(JHe,"He)2p at 16.0 MeV c."mT* 
(W. J. R o b e r t s , 1 E. E. Gross and E. Newman) 

The abso lute d i f f e r e n t i a l c ross s e c t i o n s f o r the r e a c t i o n s 3 3 4 2 j o 
(A) H( He, He) H and (B) He( He, He)2p have been measured at 16.0 MeV c.m. 
Using f i n a l - s t a t e i n t e r a c t i o n theory , we have extracted the c ross s e c t i o n 
f o r leaving the d i - p r o t o n in the S s ta te f o r r e a c t i o n (B). Conservation 
o f i s o s p i n requires t h i s c ross s e c t i o n to have twice the magnitude and the 
same angular d i s t r i b u t i o n as r e a c t i o n (A) . I s osp in conservat ion a l s o 
requires that r e a c t i o n (A) be symmetric about 90° c.m. At 16.0 MeV c .m. 
we f ind d e v i a t i o n s from 90° symmetry f o r r e a c t i o n (A) which are c o n s i s t e n t 
with lower energy data . In a d d i t i o n , we report dev ia t i ons from i s o s p i n 
conservat ion f o r the comparison t e s t . However, using a simple s i n g l e -
nucleon t r a n s f e r model, we are able to q u a l i t a t i v e l y account both f o r the 
d e v i a t i o n from 90° c.m. symmetry f o r r e a c t i o n (A) and f o r the d e v i a t i o n 
from the f a c t o r of two in the r a t i o o f the y i e l d o f r e a c t i o n (B) to that 
of r e a c t i o n (A) . 
* 

To be published in Phys ica l Review C. 
l 
Present address : Tennecomp Systems, I n c . , Oak Ridge, TN 37830. 

9. Evidence f o r a Neutron Halo in Heavy Nuclei from A n t i -
proton Absorption* (W.M. Bugg, G. T. Condo, E. L. 
Hart , 1 H. 0 . Cohn and R. D. McCulloch) 

From a study o f stopping ant iprotons in a v a r i e t y of 
elements l o cated in a hydrogen bubble chamber, we f ind evidence f o r the 
e x i s t e n c e of a neutron f r i n g e in heavy n u c l e i . 

*Phys. Rev. L e t t . 31, 475 (1973) . 
The Univers i ty o f Tennessee, K n o x v i l l e , TN. 

10. Complete Hydrogen and Helium P a r t i c l e Spectra from 30-
to 60-MeV Proton Bombardment of Nuclei with A = 12 to 209 
and Comparison with the Intranuclear Cascade Model*,** 
(F. E. Bertrand and R. W. P e e l l e ) 

D i f f e r e n t i a l c ross s e c t i o n s f o r the product ion of pro ton , 
deuteron, t r i t o n , he l ium-3 , and alpha p a r t i c l e s from as many as ten targe ts 
(A = 12-209)were measured using 2 9 - , 3 9 - , and 62-MeV inc ident pro tons . The 
p a r t i c l e s were d e t e c t e d , with « 0.2-MeV (FWHM) energy r e s o l u t i o n f o r p ro tons , 
over a secondary energy range o f x 2-6 to 62 MeV in a t o t a l absorpt ion 
t e l e s c o p e composed of three s o l i d - s t a t e d e t e c t o r s . Representat ive r e s u l t s 
are shown f o r c ross s e c t i o n s d i f f e r e n t i a l in energy and angle , as w e l l as 
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f o r angle- and energy integrated cross sec t i ons . For incident 60-MeV 
protons the integra l magnitude of the nonevaporation charged-part ic le 
production i s found to be ~ 102A1- mb. Fewer protons but more complex 
p a r t i c l e s were measured f o r carbon and oxygen targets than expected 
from A 1 ' 3 dependence f o r e i ther component alone. The continuum cross 
sect ions f o r z = 1 p a r t i c l e s at a given angle (mb-sr--*—MeV"^) are nearly 
independent of inc ident energy when measured with incident protons in the 
30- to 60-MeV energy range. Nonevaporation production of complex p a r t i c l e s 
(A>2) i s 25-40% of that f o r protons. 

The proton spectra have been compared with predic t ions 
from the intranuclear cascade model. D i f f e r e n t i a l spectral predict ions 
compare we l l with the measured spectra f o r angles in the range ~25-60 
degrees, and r e l a t i v e l y poor predict ions f o r small and large angles are 
more favorable when r e f l e c t i o n and r e f r a c t i o n by the potent ia l wel l are 
included. Evidence i s given that predict ions f o r backward angles are 
great ly improved by allowing proton scatter ing from nucleon pairs within 
the model nucleus, but the A-dependent underprediction at extreme forward 
angles i s not understood at a l l . The calculated angle- integrated spectra 
reproduce the measured spectral shape but cons is tent ly predic t x; 30% too 
few nonevaporation protons f o r targets with A>27. 

^Physical Review C8, 1045 (1973). ** 
Relevant to request No. 633. 

11. Levels in 1 **6 »1 **7»1 ** 8Gd Observed Following the Decay of 
Their Terbium Parents; New Isotope , l l t6Tb* (E. Newman, 
K. S. Toth, D. C. Hensley and W-D. Schmidt-Ott1) 

The decay schemes of the fo l lowing terbium isotopes were 
invest igated : 2.3 + 0.2-min 1It8Tb, 1.9 + 0.1-min and 1.6 + 0.1-h l l t 7Tb, 
and a previously unreported 23 + 2 -sec nucl ide assigned to 1It6Tb. These 
r a d i o a c t i v i t i e s were produced by bombarding 11+1Pr with 12C ions accelerated 
in the Oak Ridge Isochronous Cyclotron. Both s ingles and coincidence gamma-
ray spectra measurements were made. Our data f o r 2.3-min 11|8Tb are in 
exce l l ent agreement with the recent ly published resul ts of Bowman, Haenni, 
and Sugihara. We also confirm their discovery of a new, 1.9-min, high-
spin isomer in 1 4 7Tb and provide addit ional information concerning i t s 
decay proper t i es . Levels in llt7Gd populated by this (presumably h.., . „ ) l l t7Tb 
state are: 997.6, 9/2 ; 1397.7, (9/2 ) ; (1778.9) ; and 1797.8, (9 /2" ) keV 
Contrastingly, the 1 .6-h low-spin (probably d,. , „ ) 1It7Tb isomer was found 
to populate the fo l lowing 147Gd l e v e l s : 0 , 772^; 1152.2, 3 / 2 " ; 1292.0, ( 3 / 2 + ) ; 
1411.5, (1 /2+ ) ; 1699.2; 1759.1; and 1846.6, (5/2~) keV. The assignment of 
the new 23-sec a c t i v i t y to 1 4 6Tb i s based primarily on the fac t that f i v e 
of i t s gamma rays have been observed by Kownacki et a l . in a ll>lfSm (a,2ny) 
study. Levels in 1If6Gd seen in the decay of 1I|6Tb (probable spin of 3) are 
as f o l l o w s : 1579.5, 2+; 2658.4, 4+; 2982.4, 6+; 2996.9; 3099.4; (3139.6) ; 
and 3313.4 keV. In contrast to the resul ts of Kownacki et a l . gamma rays 
e i ther feeding or de -exc i t ing the ir tentat ive ly proposed 3~ l e v e l at 1584.5 
keV were not observed. 

*To be published in Physical Review C. 
On leave from the I I . Physikalisches Ins t i tut der Universitat Gottingen, Germany 
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o 
12. React ions Induced by Alpha P a r t i c l e s on He* 

(M. L. Halbert , A. van der Woude,1 and N. M. O ' F a l l o n 2 ) 

A prominent peak i s observed in the forward-angle spec t ra 
o f alpha p a r t i c l e s i f i s bombarded 6 3 . 7 , 71 .7 , or 81.4-MeV a lphas . 
The energy of the peak i s c o n s i s t e n t with a sequent ia l decay process i n -
v o l v i n g the 2.18-MeV s t a t e o f 6 L i . At 71.7 MeV, proton spec t ra measured 
at back angles show that the c r o s s s e c t i o n s f o r formation of GLi* (2 .18 ) 
agree with the i n t e n s i t y of the prominent alpha peak. The peak shape 
and p o s i t i o n imply that the alpha p a r t i c l e s are p r e f e r e n t i a l l y emitted 
forward with respec t to the o r i g i n a l 6 Li* d i r e c t i o n . Two other peaks 
are observed in some o f the alpha s p e c t r a , one of them p o s s i b l y the 
r e s u l t o f a sequent ia l decay invo lv ing 5 L i . 

To be published in Phys ica l Review. 
l 
Present address : Kernfys isch V e r s n e l l e r I n s t i t u u t , Univers i te i t s complex 
Paddepoel , Groningen, The Netherlands. 

2 
Univers i ty of Missour i , St . Louis , Missouri 63121. 

13. Widths of Analog States in Heavy Elements from (p ,n ) 
Spectra* (HT W. F i e l d i n g , 1 S. D. Schery , z D. A. 
L ind , 2 C. D. Z a f i r a t o s , 2 and C. D. Goodman) 

The (p ,n ) r e a c t i o n on targets of 1 9 7Au, 2 o e P b , 2 0 7 P b , 
2 0 8Pb, 2 0 9 B i , and 2 32Th has been studied to obta in the widths and r e a c t i o n 
Q-values of the i s o b a r i c analog o f the ground s ta te of these t a r g e t s . The 
widths obtained f o r the targets of 2 0 8Pb and 2 0 9Bi are i n c o n s i s t e n t with 
prev ious ly quoted (p ,n ) values but show much c l o s e r agreement with those 
found by (p ,np) experiments. Values f o r the widths are as f o l l o w s : 
19 7Au, 158+35; 2 0 6Pb, 220+35; 2 0 7Pb, 236+35; 2 0 8Pb, 277+35; 2 0 9 B i , 299+35; 
and 2 3 2Th, 315+30 keV. 

* 
To be published in Physica l Review. 
Department of Phys l c s , Univers i ty o f Wyoming, Laramie, Wyoming. 

2 
Department of Physics and As t rophys i c s , Univers i ty of Colorado, Boulder, 
Colorado. 
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B.2 . Heavy Ion Induced Studies 

1 . On the I n t e r f e r e n c e Between Direc t Nuclear and Coulomb 
Exc i ta t i on with Alpha P a r t i c l e s on Ib*Sm, l b b E r and i b 2W* 
(C. E. Bemis, J r . , P. H. S t e l s o n , F. K. McGowan, W. T. 
Mi lner , J . L. C. Ford, J r . , R. L. Robinson and W. T u t t l e 1 ) 

Str ik ing destructure i n t e r f e r e n c e e f f e c t s were observed in the 
''He e x c i t a t i o n of the 2 + and 4 + ground band r o t a t i o n a l s ta tes in deformed 
even 15ItSm, 1 6 6 Er and 182W. The E2 and E4 t r a n s i t i o n moments and charge 
deformation parameters, and B?n are g iven . 

* 
To be published in Phys. Rev. C. 
U. S. Publ i c Health Serv ice Fel low in R a d i o l o g i c a l Health Physics from 
the Univers i ty of Tennessee, K n o x v i l l e . 

2 . Reaction L i s t f o r Charged-Part ic le -Induced Nuclear 
React ions Z = 1 to 98 (H to C f ) , July 1972 - June 1973* 
(F. K. McGowan and W. T. Milner) 

This r e a c t i o n l i s t f o r charged -par t i c l e - induced nuclear 
r e a c t i o n s has been prepared from the j ourna l l i t e r a t u r e f o r the per iod 
from July 1972 through June 1973. Each published experimental paper i s 
l i s t e d under the target nucleus in the nuclear r e a c t i o n with a b r i e f s t a t e -
ment o f the type of data in the paper. The nuclear reac t i on i s denoted by 
A(a,b)B,where M > (one nucleon mass) . There i s no r e s t r i c t i o n on energy. 
Nuclear r e a c t i o n s invo lv ing mesons in the outgoing channel are not inc luded . 
Theore t i ca l papers which t r e a t d i r e c t l y with the ana lys i s o f nuclear r e a c -
t i o n data and r e s u l t s are included in the r eac t i on l i s t . 

Submitted to Atomic Data and Nuclear Data Tables f o r p u b l i c a t i o n . 

3. Charged-Part i c le Reaction L i s t , 1948-1971* (F. K. 
McGowan and W. T. Milner) 

This r e a c t i o n l i s t f o r charged -par t i c l e - induced nuclear 
r e a c t i o n s has been prepared from the j ourna l l i t e r a t u r e f o r the per iod from 
1948 through June 1971. I t c o n s i s t s o f mater ia l from a major c o l l e c t i o n 
and two supplements which appeared in Nuclear Data Tables . This mater ia l 
has been reorganized in to a s i n g l e l i s t f o r presentat ion here . New indexes 
and appendixes f o r the integrated unit have been prepared. Supplements to 
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th i s compendium w i l l appear annually in Nuclear Data Tables and w i l l be 
c o l l e c t e d eventual ly in to another volume not overlapping with th i s one. 

There has not been a uniform treatment f o r a l l Z-values 
and a l l types of r e a c t i o n data f o r the per iod 1948 to 1971. The exact 
coverage i s : 

Z = 1 and 2 (H and He) May 1969-June 1971 
Z = 3 to Z = 99 (Li to Es) 1948-June 1971 
Coulomb Exc i ta t i on 1956-June 1971 
Theore t i ca l Analysis July 1970-June 1971. 

Each published experimental paper i s l i s t e d under the 
target n u c l e i in the nuclear reac t i ons studied with a b r i e f statement of 
the type of data presented f o r the r e a c t i o n . Reactions covered can be 
descr ibed by A(a ,b )B , where M _> (one nucleon mass) . Reactions invo lv ing 
mesons in the outgoing channel are not inc luded . There i s no r e s t r i c t i o n 
on energy. Since July 1970 t h e o r e t i c a l papers which t rea t d i r e c t l y with 
the ana lys i s of nuclear r e a c t i o n data and r e s u l t s which have been included 
in the r e a c t i o n l i s t . 

& 

Published in Atomic and Nuclear Data Repr ints , Volume 2, Academic Press 
(1973) . 

4 . E2 and E4 Trans i t ion Moments and Equil ibrium Deformations 
in the Act in ide Nucle i* (C. E. Bemis, J r . , F. K. 
McGowan, J . L. C. Ford, J r . , W. T. Mi lner , P. H. Ste lson 
and R. L. Robinson) 

P r e c i s i o n Coulomb e x c i t a t i o n experiments using 4He ions 
have been performed in the a c t i n i d e reg ion (230 > A 248) by the observa -
t i o n o f e l a s t i c and i n e l a s t i c a l l y s cat tered p r o j e c t i l e s using a s p l i t - p o l e 
magnetic spectrometer equipped with a p o s i t i o n - s e n s i t i v e p r o p o r t i o n a l 
d e t e c t o r . Twelve even-A targe ts from Th to Cm have been inves t iga ted 
and the reduced quadrupole matrix element, <2 ||M(E2)|| 0>, and the reduced 
hexadecapole matrix element, <4 I|M(E4)|| 0>, have been determined from the 
experimental e x c i t a t i o n p r o b a b i l i t i e s of the 0 + , 2+ and 4+ s t a t e s in the 
ground - s t a t e r o t a t i o n a l bands. The values of B(E4,0+4) range from 167 
s i n g l e - p a r t i c l e un i ts f o r 231tU to e s s e n t i a l l y zero s i n g l e - p a r t i c l e u n i t s 
f o r 21tI f»21t6>2i+8Cm. Model dependent deformation parameters, 320 a n d 

are extracted from the measured E2 and E4 t r a n s i t i o n moments f o r d i s t r i b u -
t i ons o f nculear charge represented by deformed Fermi d i s t r i b u t i o n s and 
by a deformed homogeneous d i s t r i b u t i o n . 

* 
To be published in Phys. Rev. C. 
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5. ( 6 L i > 3 H e ) and ( 6 L i , t ) Reactions on 12C at 60 MeV* 
(H. G. Bingham, M. L. Halbert , D. C. Hensley, E. Newman, 
K. W. Kemper1 and L. A. Charlton 1 ) 

The 1 2 C ( 6 L i , 3 H e ) and 1 2 C ( 6 L i , t ) r eac t i ons have been 
measured at an inc ident energy of 60 MeV. Several mirror s t a t e s in A=15 
up to 18 MeV in e x c i t a t i o n were s t rong ly populated . These s t a t e s , e x -
cept f o r s l i g h t e x c i t a t i o n energy d i f f e r e n c e s , agree with those from the 
( 1 ° B , 7 L i ) and ( 1 0 B , 7 B e ) measurements by Nagatani e t a l . 2 Negative p a r i t y 
s t a t e s are weakly populated r e l a t i v e to the p o s i t i v e p a r i t y s t a t e s . Based 
on the r e l a t i v e s t rengths , the experimental measurements would favor an 
assignment of 9 / 2 + , 11 /2+, 1 3 / 2 + to s t a t e s at 10 .74 , 13.12 and 15.49 MeV 
and 10 .52 , 12.86 and 15.05 MeV in 15N and 1 5 0 , r e s p e c t i v e l y . But s h e l l 
model p r e d i c t i o n s 3 f o r high spin s t a t e s (<_ 13 /2 ) to not agree very w e l l 
with these assignments. Measured angular d i s t r i b u t i o n s f o r these s t a t e s 
were analyzed using a f i n i t e range DWBA formalism. 

To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 
l 
F l o r ida State Un ivers i ty . 

2 
K. Nagatani, D. H. Youngblood, R. Kenef ick and J. Bronson, Phys. Rev. 
Le t ters 31, 250 (1973) . 

3 
J. B. McGrory, p r i v a t e communication. 

6 . A Study of the ( 1 6 0 , 1 5 N ) Reaction at Small Angles* 
(J . B. B a l l , D. S i n c l a i r , 1 J. S. Larsen, 1 F. Videbaek, 1 

and Ole Hansen ) 

The forward angle dependence of the ( 1 G 0 , 1 5 N ) r e a c t i o n 
on targe ts o f 26Mg, 3 0 S i , and 48Ca has been studied with inc ident 1 6 0 
energ ies ranging from 45 to 60 MeV at the Super-FN tandem a c c e l e r a t o r of 
the Nie ls Bohr I n s t i t u t e . The 1SN ions corresponding to the ground and 
l o w - l y i n g e x c i t e d l e v e l s in the f i n a l n u c l e i were detec ted by means of 
s o l i d - s t a t e p o s i t i o n - s e n s i t i v e counters placed in the f o c a l plane o f a 
magnetic spectrograph. With t h i s system, c r o s s - s e c t i o n measurements were 
obtained as far forward as 7° in the center -o f -mass system. In a l l cases 
s i z e a b l e forward angle c r o s s s e c t i o n s are observed f o r the 2 6 M g ( 1 6 0 , 1 5 N ) 
r e a c t i o n at 45 MeV, the ground and f i r s t - e x c i t e d s t a t e angular d i s t r i b u -
t i ons show a sharp r i s e forward of 15° ( c . o . m . ) that i s not reproduced by 
present DWBA c a l c u l a t i o n s . 

To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 
l 
Nie ls Bohr I n s t . , Univers i ty of Copenhagen. 
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7. E l a s t i c Sca t t e r ing of 1 6 0 by 1 6 0* (M. L. Ha lber t , 
C. B. Fulmer, S. Raman, M. J . Saltmarsh, A. H. Sne l l 
and P. H. S te l son ) 

Pronounced s t ruc ture in e x c i t a t i o n f u n c t i o n s f o r 1 6 0 + 1 6 0 
e l a s t i c s c a t t e r i n g has been observed by the Yale group1 f o r c .m. energ i es 
up to 38 MeV. To see whether t h i s remarkable s t r u c t u r e p e r s i s t s at h igher 
e n e r g i e s , we have measured the c ross s e c t i o n at 90° c .m. f o r r e l a t i v e 
e n e r g i e s from 37 t o 74 MeV (~6 times the Coulomb b a r r i e r ) . Two counters 
were used in c o i n c i d e n c e . The t a r g e t s were 60 to 110 yg/cm2 Si02; they 
wi thstood beam currents o f 30 p a r t i c l e - n a f o r many hours without damage. 
V i o l e n t o s c i l l a t i o n s in the c r o s s s e c t i o n as a f u n c t i o n o f energy were 
observed , the p e a k - t o - v a l l e y r a t i o be ing as much as 80. Their width and 
spacing are l a r g e r than f o r the data o f Re f . 1 . The c r o s s s e c t i o n shows 
a s t r o n g l y dec reas ing t rend , roughly a f a c t o r o f 5 f o r each 10 MeV i n c r e a s e 
in c .m. energy . No s e t of publ i shed o p t i c a l - m o d e l parameters g ives an 
adequate r e p r e s e n t a t i o n of the data . 

* 
To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 

l 
Siemssen e t a l . , Phys. Rev. L e t t e r s 19 ,̂ 369 (1967) ; Maher e t a l . , 
Phys. Rev. 188, 1665 (1969 ) . 

8. High-Spin States o f 39K v i a the 2 e S i ( 1 6 0 , a p Y ) 3 9 K 
React i on* (H. J . Kim, R. L. Robinson and W. T. 
Mi lner ) 

Nuclear p r o p e r t i e s of the e x c i t e d s t a t e s populated v i a 2 6 1 6 3 9 
the S i ( 0 ,ap ) K r e a c t i o n were i n v e s t i g a t e d by studying the y i e l d s , 
angular d i s t r i b u t i o n s and c o i n c i d e n c e r e l a t i o n s f o r in-beam y r a y s . The 
m c ident 1 6 0 - i o n energy range was 26-42 MeV. A l e v e l scheme based on these 
y - r a y s t u d i e s w i l l be p r e s e n t e d . Two noteworthy aspec ts o f the l e v e l s 
populated by the present 1 6 0 - i o n induced r e a c t i o n are : 1) none o f the 
numerous e s t a b l i s h e d l e v e l s above 4 MeV were observed , and 2) y rays from 
many l e v e l s above the a- and p r o t o n - s e p a r a t i o n e n e r g i e s are observed . 
Both o b s e r v a t i o n s are c o n s i s t e n t with the l e v e l sp ins be ing ra ther h igh . 
As expected f o r the y rays from h i g h l y s p i n - a l i g n e d nuc lear s t a t e s , most 
o f the prominent in-beam y rays have rather pronounced angular d i s t r i b u t i o n s . 
I f we make the usual s t r e t c h e d spin assumption, then the f o l l o w i n g sp ins 
are suggested by the angular d i s t r i b u t i o n s : 7 / 2 , 9 / 2 , 1 1 / 2 , 1 3 / 2 , and 15 /2 
f o r the 2 . 8 1 2 - , 3 . 5 9 6 - , 3 . 9 4 2 - , 4 . 6 9 9 - , and 4.829-MeV s t a t e s , r e s p e c t i v e l y . 

* 
To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 
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9. Coulomb-Nuclear I n t e r f e r e n c e In 22Ne + 8 8 Sr I n e l a s t i c 
Scat ter ing* (E. E. Gross, H. G. Bingham, M. L. 
Halbert , D. C. Hensley, and M. J. Saltmarsh) 

2 2 
Ne beams from the ORIC c y c l o t r o n were used to measure 

the e l a s t i c and i n e l a s t i c e x c i t a t i o n funct ions f o r 22Ne ions scat tered from 
a 8 8 Sr targe t at 155° and 175° Lab. The measurements spanned the energy 
range from 49 to 65 MeV Lab. In a d d i t i o n , the angular d i s t r i b u t i o n f o r 
e l a s t i c s c a t t e r i n g at 65 MeV was obta ined . A strong Coulomb-Nuclear i n t e r -
f e rence e f f e c t 1 was observed in the e x c i t a t i o n of the f i r s t 2 + s ta te o f 
8 8 Sr (1 .835 MeV) and 2 2 Ne(1.275 MeV). The p o s i t i o n s o f the i n t e r f e r e n c e 
minima at 175° Lab, in terms of the c l a s s i c a l d i s tance or c l o s e s t approach, 
were found to occur at 11.6 fm and 11.8 fm r e s p e c t i v e l y . A g l oba l search 
on a l l the e l a s t i c - s c a t t e r i n g data determined the f o l l o w i n g s ix-parameter 
o p t i c a l p o t e n t i a l : VQ = 21.5 MeV, rQ = 1 .3 fm, a = 0 .58 fm, W = 7.37 
MeV, r ' = 1 .4 fm, a ' = 0.36 fm. With th i s o p t i c a ? p o t e n t i a l , the i n e l a s t i c 
data could then be accounted f o r with a c o l l e c t i v e model DWBA c a l c u l a t i o n . 

* 
To be presented at the Bloomington APS Meeting, November 1 - 3 , 1973. 
F. Videbaek, I . Chernov, P. R. Christensen, and E. E. Gross, Phys. Rev. 
Let ters 28, 1072 (1972) . 

10. Coulomb Exc i ta t i on of Ground Bands in 1 6 0 » 1 6 2 » 1 6 ^ D y with 
1 uNe and j :>Cl Ions* (R. 0. Sayer, E. E i c h l e r , Noah 
R. Johnson, D. C. Hensley and L. L. R ied inger 1 ) 

77 + 
Mult ip le Coulomb e x c i t a t i o n of s ta tes up to J = 12 

in the ground band was measured to t e s t the r i g i d - r o t o r p r e d i c t i o n f o r 
intraband B(E2) r a t i o s . The d e e x c i t a t i o n gamma rays were observed in 
s i n g l e s and in the particle-gamma c o i n c i d e n t mode f o l l o w i n g e x c i t a t i o n by 
20Ne or 35C1 ions from the Oak Ridge Isochronous Cyc lo tron . B(E2) values 
were extrac ted by comparing experimental e x c i t a t i o n p r o b a b i l i t i e s with 
t h e o r e t i c a l values c a l c u l a t e d with the Winther-de Boer computer code . 
An unexpected r e s u l t i s that the B(E2;4+6) values f o r 1 6 2 > 1 6 I f Dy are 
1 5 + 5 % smaller than the r o t a t i o n a l va lues . However, the most s t r i k i n g 
v a r i a t i o n o f B(E2) with spin occurs f o r 1 6 0 Dy. We f ind B ( E 2 ) e x p / B ( E 2 ) r o t a t i o n a l 

= 0 . 7 7 + 0 . 0 5 , 0 . 9 4 + 0 . 0 6 , and 1 . 2 9 + 0 . 1 4 f o r the 4+6, 6+8, and 8+10 
t r a n s i t i o n s , r e s p e c t i v e l y . The 10+8 t r a n s i t i o n in 1 6 0Dy i s s i g n i f i c a n t l y 
f a s t e r than r o t a t i o n a l even when our approximate quantal c o r r e c t i o n of 6% 
i s not included in the a n a l y s i s . 

* 
To be publ ished in Phys ica l Review C. 
Univers i ty o f Tennessee, K n o x v i l l e , Tennessee 
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11. Absolute Cross Sections f o r the 5 8 » 6 °N1( 1 6 0 ,X) 
Reactions* (R. L. Robinson, H. J. Kim and J. L. 
C. Ford, J r . ) 

The absolute cross sect ions f o r a var iety of reactions 
result ing from bombardment of 5 8 , 6 0 N i with 38- , 42 - , and 46-MeV 1 60 ions 
were determined from y ie lds of gamma rays observed from the decay of 
resul t ing r a d i o a c t i v i t i e s and from y ie lds of in-beam gamma rays. The 
strongest reactions are ( l e O , p n ) , ( 0 , 2 p ) , and ( 1 6 0 , a p ) . Other i d e n t i f i e d 
react ions are ( 1 6 0 , p ) , ( 1 6 0 , 2 n ) , ( 1 6 0 , a ) , ( 1 6 0 , a n ) , ( 1 6 0 , 2 a ) , ( 1 6 0 , 2 p n ) , 
( 1 6 0 , 3 p ) , ( 1 6 0 , 1 2 C ) , and ( 1 6 0 , 1 5 N ) . At the higher p r o j e c t i l e energies , 
the t o ta l cross sect ions are in reasonable agreement with the react ion 
cross sect ions based on an optical -model ca l cu la t i on . The r e la t i ve y ie lds 
of the react ion products were compared to predict ions f o r s t a t i s t i c a l 
decay of a compound nucleus system by neutron, proton, and a lpha-part i c le 
emission. This model does account f o r the general features of the exper i -
mental data; in part icular i t c o r re c t l y predic ts that charged-part ic le 
emission strongly competes with neutron emission. 

To be published in Physical Review C. 

12. Levels in 72Se Populated by 72Br* (W. E. C o l l i n s , 1 

J. H. Hamilton,2 R. L. Robinson, H. J. Kim and J. L. 
C. Ford, J r . ) 

The l e v e l structure of 7 2Se, was investigated v ia the 
decay of 7 2Br, produced in the 58Ni ( 1 6 0 , p n ) react ion . Thirty-two t rans i -
t ions were assigned to 72Se on the basis of h a l f - l i f e , energy, and/or r e l a -
t ive gamma-ray y ie lds f o r d i f f e r e n t beam energies with eighteen transi t ions 
confirmed by coincidence data. Thirty-two transi t ions are placed into the 
decay scheme which cons is ts of the fo l lowing l e v e l s : 862 .0 ,2 + ; 936 .8 ,0 + ; 
1316.7 ,2 + ; 1636.8,4+; 1876.0; 1998.4 ,1 ,2+; 2150 .3 , (2+) ; 2371 .6 , (2+) ; 2433.2; 
2586.2; 2965.6; 3124.1; 3225.9; and 3239.5-keV. The h a l f - l i f e of 7 2Br was 
measured to be 1.31 + 0.04 min. 

* 
To be published in Nuclear Physics. 

^Physics Department, Southern University , Baton Rouge, LA. 
Physics Department, Vanderbilt University , Nashvi l le , TN. 

13. Study of the 1 0B( 1 6Q,q) 2 2Na Reaction* (J. Gomez del 
Campo, J. L. C. Ford, J r . , R. L. Robinson, P. H. Stelson, 
and S. T. Thornton2) 

States in 22Na were populated using the l 0B(1 6O,a) react ion . 
Excitat ion functions were measured in the energy range E = 15.4 -
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17.7 MeV f o r 47 exc i t ed s ta tes in 22Na from 0 to 14 MeV e x c i t a t i o n . 
Angular d i s t r i b u t i o n s were measured at a bombarding energy of 46 MeV 
f o r a number of the exc i ted s ta tes and were observed to be symmetrical 
around 90° ( c . m . ) . F luc tuat ion analyses of the e x c i t a t i o n funct ions were 
made, and the r e s u l t s ind icated a s t a t i s t i c a l compound nucleus process f o r 
the r e a c t i o n mechanism. Hauser-Feshbach c a l c u l a t i o n s gave good agree -
ment with the data and provided strong evidence f o r proposed h igh-sp in 
members of the ground-state r o t a t i o n a l band, and the K = 0 + , T = 0 band 
in 2 2Na. 

* 
To be published in Physical Review. 
I n s t i t u t o de F i s i c a , UNAM, Mexico 20, D . F . , supported in part by 
I n s t i t u t o Nacional de Energia Nuclear, Mexico. 

2 
Univers i ty of V i r g i n i a , C h a r l o t t e s v i l l e , V i r g i n i a . 

14. Exc i ta t i on of Rotat iona l Bands in 2 °Ne by the 
1 U B ( 1 b 0 , b L i ) React ion* (J . L. C. Ford, J r . , 
J. Gomex de l Campo, R. L. Robinson, P. H. Ste l son , 
and S. T. Thornton2) 

States in 20Ne were populated by the 1 0 B ( 1 6 O , 6 L i ) 
r e a c t i o n , and l e v e l s were observed up to 11 MeV in e x c i t a t i o n energy. 
Exc i ta t i on func t i ons at 7° were measured from 44.4 to 46 MeV in 400 keV 
i n t e r v a l s . The r e a c t i o n appears to be predominantly due to compound 
nucleus format ion , and good agreement was found comparing the measured 
c r o s s s e c t i o n s with Hauser-Feshbach c a l c u l a t i o n s . The observed l e v e l 

2 0 s t ruc ture agrees with the known band s t ructure of Ne. 

* 
To be published in Phys ica l Review. l 
I n s t i t u t o de F i s i c a , UNAM, Mexico 20, D.F. , supported in part by 
I n s t i t u t o Nacional de Energia Nuclear, Mexico. 

2 
Univers i ty of V i r g i n i a , C h a r l o t t e s v i l l e , V i r g i n i a . 

15. States in 21fMg Populated by the 1 0 B ( 1 6 Q , d ) and 
l b 0 , q ) React ions* (J. L. C. Ford, J r . , 

J. Gomex de l Campo, R. L. Robinson, P. H. S te l son , 
and S. T. Thornton2) 

States in 2^Mg were populated by the 1 0B( 1 6O,d) and 
1 2 C ( 1 6 0 , a ) r e a c t i o n s . Exc i ta t i on func t i ons at 7° f o r many of the l e v e l s 
were measured f o r bombarding energ ies between 40 and 46 MeV f o r the 
1 6 0 + 12C r e a c t i o n , and from 44 to 46 MeV f o r the 1 6 0 + \°B r e a c t i o n . 
The r e a c t i o n s appear to be predominantly due to compound nucleus formation, 
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and general agreement was found comparing the measured c r o s s s e c t i o n s with 
Hauser-Feshbach c a l c u l a t i o n s . The experimental c ross s e c t i ons f o r the 
members of the K = 0 + and K = 2 + r o t a t i o n a l bands are p a r t i c u l a r l y w e l l 
reproduced by the c a l c u l a t i o n s up through the 8 + s t a t e s . 

* 
To be published in Nuclear Phys i cs . 
I n s t i t u t o de F i s i c a , UNAM, Mexico 20, D .F . , supported in part by 
I n s t i t u t o Nacional de Energia Nuclear, Mexico. 

2 
Univers i ty of V i r g i n i a , C h a r l o t t e s v i l l e , V i r g i n i a . 

16. Populat ion of High Spin States in 22Na by Means of 
the 1 u B ( 1 b 0 , q ) React ion* (J . Gomez de l Campo,1 

J. L. C. Ford . , J r . , R. L. Robinson, P. H. S te l son , 
J. B. McGrory, and S. T. Thornton2 ) 

Strong s e l e c t i v i t y has been observed in the populat ion 
of s ta te s in 22Na up to high e x c i t a t i o n e n e r g i e s . Angular d i s t r i b u t i o n s 
were measured, and a comparison with Hauser-Feshbach c a l c u l a t i o n s al low 
us to s e l e c t strong candidates f o r the high spin members of the K = 3 + , 
T = 0 and K = 0 + , T = 0 bands in 2 2Na. 

1 
To be published in Physics L e t t e r s . 

l 
I n s t i t u t o de F i s i c a , UNAM, Mexico 20, D . F . , supported in part by 
I n s t i t u t o Nacional de Energia Nuclear, Mexico. 

2 
Univers i ty of V i r g i n i a , C h a r l o t t e s v i l l e , V i r g i n i a . 
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C. BIOMEDICAL APPLICATIONS SUBCOMMITTEE 

1. Calcu lat ions Related to the App l i ca t i on of Negatively 
Charged Pions in Radiotherapy: Absorbed Dose, LET 
Spectra , and Ce l l Survival* (T. W. Armstrong and 
K. C. Chandler) 

Calcu lat ions using a Monte Carlo rad ia t i on transport 
code and a model f o r c e l l i n a c t i v a t i o n have been carr ied out to estimate 
the s p a t i a l d i s t r i b u t i o n s of the absorbed dose , LET s p e c t r a , and the c e l l 
s u r v i v a l , RBE, and OER f o r T - l human kidney c e l l s produced by a beam of 
negat ive ly charged pions inc ident on a s lab of t i s s u e . 

* 
Abstract o f ORNL-TM-4294. 
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D. ISOTOPES SUBCOMMITTEE 

1. Developments in the ORNL Program* (L. 0 . Love) 

The status of the ORNL e f f o r t to computerize the e l e c t r o -
magnetic separators used in s tab l e i s o t o p e separat ion i s presented . The 
e f f e c t i v e n e s s of the Oak Ridge 180° s e c t o r with computer-ass isted operat ion 
i s d i s cussed , and a plan to i n s t a l l computer equipment f o r data a c q u i s i t i o n 
and operat ion ass i s tance on an ad jacent ca lutron i s summarized. Computer 
equipment in use with the s e c t o r and some of the problems assoc ia ted with 
i t are compared with the b e n e f i t s expected from a computerized ca lutron 
system. Once th i s e f f e c t i v e n e s s i s demonstrated on the p i l o t c a l u t r o n , 
s imi lar equipment w i l l be appl ied in the operat ion of 16 ca lutrons s t a r t -
ing with data a c q u i s i t i o n and then adding opera t i ona l c o n t r o l . 

C o l l e c t i o n s invo lv ing h igh -pur i ty i s o t o p e s are reviewed, 
g iv ing comparison of i s o t o p i c p u r i t i e s from var ious charge compounds and 
feed systems. In mercury separat i on , a feed o f elemental mercury from a 
water-heated r e s e r v o i r promoted rapid s tar t -up time, while platinum-metals 
feeds from the elements with ch lo r ine t r i f l u o r i d e produced improvement in 
a l l phases of the operat i ona l p r o c e s s . 

* 

Presented at the Eighth Internat iona l Conference on Low Energy Ion 
A c c e l e r a t o r s and Mass Separators , B i l l i n g e h u s , Skovde, Sweden, June 
12-15 , 1973. 

2. Process E f f i c i e n c i e s in Calutron Separations* (L. 0. 
Love) 

One motive f o r understanding and improving the e f f i c i e n c y 
of an e lec t romagnet i c separator i s that in s p e c i f i c separat ions invo lv ing 
mul t ip le passing or in separat ions invo lv ing r a d i o a c t i v e f e e d s , process 
e f f i c i e n c y l a r g e l y determines the ul t imate c o s t of the c o l l e c t e d sample. 
So dramatic i s th i s e f f e c t that a l l avenues a c c e s s i b l e to improvement 
of e f f i c i e n c y should be pursued v i g o r o u s l y . 

This paper i s a survey of the process e f f i c i e n c y exper iences 
gained in e lec tromagnet i c separat ion of over 60 elements f o r approximately 
250 i s o t o p e s with the Oak Ridge c a l u t r o n s . The data presented i s from 
almost two and three -quarter m i l l i o n separator hours invo lv ing over f o r t y 
thousand runs. Operating parameters from s e l e c t e d s e r i e s of c o l l e c t i o n s 
with minimum, maximum and average values re la ted to process e f f i c i e n c i e s 
are given f o r each element. Opinion w i l l be o f f e r e d in an attempt to 
expla in the v a r i a t i o n s from run to run, and to i d e n t i f y the parameters 
which are thought to p la ce upper l i m i t s on the e f f i c i e n c i e s we ach ieve . 

* 
Presented at the Eighth In ternat i ona l Conference on Low Energy Ion 
Acce l e ra to r s and Mass Separators , B i l l i n g e h u s , Skovde, Sweden, June 12-15, 
1973. 
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RENSSELAER POLYTECHNIC INSTITUTE 

A. CROSS SECTION MEASUREMENTS 

1 . Neutron Capture Cross Sect ions o f "'"^^Pd, "'"^"'"Eu, and "^^Eh* 
(H. D. Knox , A. S a n i s l o , R. W. Hockeribury and R. C. Block) 

Capture measurements have been made on the above i s o t o p e s cover ing 
the reg ion from 20 eV to about 100 keV. Linac running cond i t i ons were 
550 pps and a pulse width o f 66 ns . The time-dependent background was 
determined by using b lack resonance f i l t e r s o f S, A l , Na and Mn. 

The de te c to r e f f i c i e n c y w i l l be determined from p u l s e - h e i g h t v s . 
t i m e - o f - f l i g h t data f o r each sample. In order t o obta in another normal i -
z a t i o n , transmission data have a l so been taken over the same energy range. 
The transmission measurement w i l l thus prov ide a normal izat ion as w e l l 
as a check on the resonance parameters i n the r eso lved resonance r e g i o n . 

The Harvey-Atta code w i l l be used t o analyze resonances in the t r a n s -
miss ion data and a combination o f the two se ts o f r e s u l t s w i l l g ive a 
normal izat ion f o r the keV capture cross s e c t i o n . 

*Req. Nos. 377, 339, 305 
Now at Texas A & M U n i v e r s i t y , Co l lege S t a t i o n , Texas 77843 

6o * * 
2. Radiat ive Capture in Ni and Fe in the Thermal t o Low KeV 

Range 
(P. H. Brown, R. C. Block and J . R. Tatarczuk) 
The spectrum o f f - r a y s g iven o f f f o l l o w i n g r a d i a t i v e neutron cap-

ture in 60 N i 
and Fe has been s tud ied as a func t i on o f neutron energy. 

The RPI Linac i s used as the neutron source and the neutron energy i s de -
termined by the t i m e - o f - f l i g h t method (with a r e s o l u t i o n o f 8 nsec/m) 
using a l i t h i u m - d r i f t e d germanium ( G e ( L i ) ) d e t e c t o r . The 2f-ray r e s o l u -
t i o n obta ined with the Ge(Li) d e t e c t o r i s 12 keV f u l l - w i d t h at h a l f - m a x i -
mum (FWHM) f o r an 8 MeV f - r a y and k keY FWHM f o r a 1 MeV f - r a y . The i n -
t e n s i t i e s o f prominent Jf-rays i n the Ni and Fe capture spectrum were 
measured as a func t i on o f neutron energy from thermal t o low keV neutron 
e n e r g i e s . In a d d i t i o n the p a r t i a l capture cross s e c t i o n s f o r these promi-
nent ^T-rays were measured i n the low eV t o low keV neutron energy range. 
The r e s u l t s , which show a dominance o f the spectrum by only a few high 
energy ^ - r a y s , are d i scussed i n terms o f the experimental observables 
due t o compound nucleus ( s t a t i s t i c a l ) capture and s i n g l e - p a r t i c l e (non-
s t a t i s t i c a l ) capture . 
*Req. Nos. 195, 164 
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3« Natural Ni (n , y ) * and ^^Fe* (n , 20 Spectra Data Acqu is i t i on 
(S. E. Arendt, E. J. Winhold and R. C. Block) 

Using the RPI Linac and the PDP-9 data a c q u i s i t i o n system, an e x p e r i -
ment was performed t o determine the spectrum o f emitted gamma rays as a 
funct ion o f neutron energy fo l l owing , neutron capture in natural n i cke l 
(approx. U30 gms.) and a separated ^ Fe i s o t o p e (approx. 65 gins.) 

The natural n i c k e l data accumulation required 60 hours o f Linac 
time with Linac beam parameters as f o l l o w s : width 11 nsec , r e p e t i t i o n 
rate 550 Hz, and average current 36^ A. The ^ Fe data accumulation r e -
quired 45 hours o f Linac time with Linac beam parameters as f o l l o w s : 
width 66 nsec , r e p e t i t i o n rate 500 Hz, and average current 135 pA . For 
both samples 3 8 neutron t i m e - o f - f l i g h t regions were obta ined , each con-
ta in ing UO96 channels o f gamma ray pulse height data. 

52 
Data on Cr w i l l next be obtained and analysis on a l l three samples 

w i l l be forthcoming. 

*Req. Nos. 195, l6U 

D i f f e r e n t i a l E las t i c Scatter ing Cross Sect ions o f keV Neutrons 1 !• • •» — M - — - — - - . 1 • . • . I m l m .1 . . . 

from Iron and Nickel 
(R. Zuhr and K. Min) 

Final analysis o f the s i x angle d i f f e r e n t i a l e l a s t i c s ca t te r ing 
data f o r natural i ron and n i cke l has been completed. As prev ious ly r e -
por ted , these measurements were made r e l a t i v e to a lead standard at 
angles from 30 t o 150°. T i m e - o f - f l i g h t methods, using the RPI Linac as 
a pulsed neutron source , gave energy r e s o l u t i o n o f 3 nanoseconds per 
meter throughout the des ired energy range o f 10 t o 650 k i l o v o l t s . 

A l l the cross sec t i ons were correc ted f o r mult ip le s c a t t e r i n g , which 
i s apprec iable because o f our use o f r e l a t i v e l y th i ck samples, by using 
the method o f Lane and Mi l l e r . This i s a combined Analytic-Monte Carlo 
approach which inc ludes s c a t t e r i n g through fourth order . 

F inal ly the data were f i t t e d with Legendre Polynomial expansions. 

*Req. Nos. 1U7, 182 
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54 58 6 l 6 4 * 5- Capture and Total Cross Sect ions o f Fe and * Hi 
(H. D. Knox, M. C o s t e l l o , N. N. Kaushal, R. W. Hockenhury 
and R. C. Block) 

Analysis o f the low r e s o l u t i o n data i s p a r t l y complete . Higher 
r e s o l u t i o n capture data has been taken on ^ lu i a n d using the g r e a t -
er neutron i n t e n s i t y a v a i l a b l e a f t e r i n s t a l l a t i o n o f the Model 12 E l e c -
t ron Gun. This set o f data covers the range 10 t o 200 keV. Linac con -
d i t i o n s were 11 ns pulse width , 500 pps and a channel width o f 7*7 n s . , 
with an o v e r a l l timing r e s o l u t i o n inc lud ing moderator e f f e c t o f about 
0 . 8 ns /meter . High r e s o l u t i o n transmission measurements are planned, 
t o supplement the capture data. 
* "" 

Req. Nos. 1 6 9 , 173, 1 8 7 , 200 

6 . Total Neutron Cross Sect ion o f 
(F. L. Green, K. A. Nadolny and P. S t o l e r ) 

235 
The t o t a l neutron cross s e c t i o n o f U was determined from 0 .5 t o 

about 30 Mev using a proton r e c o i l s c i n t i l l a t o r on the 250 meter f l i g h t 
path. 

Between 0 . J and 10 Mev, the present data have a s t a t i s t i c a l e r r o r 
o f +_ 1% and are in agreement, wi th in the error (l%), o f Heaton and 
Schwarz and a l so with the data o f Glasgow and Fos ter . 

The r e s u l t s o f Smith and Whalen from about 0 . 7 t o 1 .4 Mev l i e 
s l i g h t l y lower (about 1 -1 /2%) than the present r e s u l t s . 

2^9 7. Total Neutron Cross Sect ion o f Pu 
(K. A. Nadolny, F. L. Green and P. S t o l e r ) 

239 
Transmission measurements were made on Pu from 0 .5 t o 30 Mev. 

A proton r e c o i l l i q u i d s c i n t i l l a t i o n d e t e c t o r was used at the 250 
meter f l i g h t path. Linac running cond i t i ons were: 
( l ) pu lse width o f 20 ns and (2 ) 500 pps , r e p e t i t i o n r a t e . 

The r e s u l t s have been compared t o those o f Foster and Glasgow. The 
agreement i s w i th in s t a t i s t i c a l errors in the range 1 -15 Mev. Between 
0 . 5 and about 1 . 4 Mev, the data o f Ref . 1 l i e above the present data but 
the d i f f e r e n c e i s w i th in the s t a t i s t i c a l errors o f the measurements. 

1 . Smith and Whalen, p r i v a t e communication, NNCSC. 
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B. INTEGRAL CHECKS OF CROSS SECTION DATA 

1 . Measurement and Analysis o f Fast and Intermediate Neutron 
Spectra in a Bulk Sodium Assembly 
(A. N. Mallen, E. R. Gaerttner , N. N. Kaushal and 
B. K. Malaviya) 

The f i r s t phase o f the measurement and analys is o f f a s t neutron 
spec t ra in a l a r g e bulk sodium assembly has been completed. The spectra 
were measured by the t i m e - o f - f l i g h t technique , using a s p e c i a l o i l -
c o o l e d neutron ta rge t coupled t o the RPI LINAC as a pulsed neutron 
source ; the energy range o f the measurements extended from 10 eV t o 10 
MeV. 

Comparison t h e o r e t i c a l spec t ra were generated from energy-dependent 
t ransport theory with up to Pg a n i s o t r o p i c s c a t t e r i n g . Calculated s p e c -
t r a based on data from the ENDF/B-I and ENDF/B-3 f i l e s f o r sodium have 
been compared with experiment and d i f f e r e n c e s among c r o s s - s e c t i o n f i l e s 
have been assessed . 
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T. W. BONNER NUCLEAR LABORATORIES - RICE UNIVERSITY 

A. NEUTRON PHYSICS 

1. Organic Scintillator Neutron Detector Efficiency: A 
Comparison of Experimental Results with Predictions 
(Plasek, Miljanic, Valkovi&, Liebert, and Phillips) 
Absolute efficiency points in the neutron energy 

range 2-10 MeV were taken for a 7.62cm x 12.75cm NE-218 liquid 
organic scintillator, utilizing the d(d,He3)n reactions. The 
results were compared with two theoretical efficiency predic-
tions: (1) Program "DETEFF" and (2) Program OSS. The agreement 
with DETEFF was quite good; however, the predictions of OSS 
varied considerably from the experimental points, both in 
absolute magnitude and in shape. This work has been published 
in Nucl. Instru. & Meth. Ill, 251-252 (1973). 

2 
2. Spatial Localization Effects in the H(d,pd)n Reaction 

(von Witsch, Mutchler, Phillips, and Miljanic) 
A phenomenological explanation is proposed for the 

ronounced peaks observed in some coincidence spectra of the 
H(d,pd)n reaction at low relative energies in the proton-

neutron system. It has been shown that the density of states 
formalism of Phillips, Griffy, and Biedenharn which includes 
explicitly the fact that the p-n system is produced in a 
spatially localized state can describe the observed spectral 
shapes with the pure, isospin allowed, proton-neutron 
final-state interaction. In addition, the model satisfactorily 
describes the case of low relative energy between the deuteron 
and neutron. This work has been published in Phys. Rev. C8, 
403 (1973). 

2 3. Spatial Localization Effects in the H(d,pd)n Reaction 
(Mutchler, Andrade, Hudomalj, Miljanic, and Phillips) 

2 
The reaction H(d,pd)n has been studied with kine-

matical conditions corresponding to small relative energies 
in the n-p system at bombarding energies of E^ = 6.5-10.0 MeV. 
The data were fit with the density of states formalism of 
Phillips, Griffy, and Biedenharn (PGB) , which includes 

G.C. Phillips, T.A. Griffy, and L.C. Biedenharn, 
Nucl. Phys. 21, 327 (1960). 



,193 

explicitly the fact that the p-n system is produced in a 
spatially localized state. In this energy range the PGB 
prediction fits the data while the usual Watson-Migdal form 
does not. The radius of the system was extracted and found 
to obey the relation A2 = Ao2 where Ao = 3.58fm and X 
is the wavelength at the d-d* system in the center of mass 
system. Good agreement for A was found with the previous 
results (see A.2. of this report) at higher energies and 
different kinematically conditions. 

4. Experimental Program for the 5.5 MeV Van de Graaff 
Accelerator (Risser, Von Behren, Oliver, and Perkins) 
The klystron-bunched beams 2H, -̂ He, ̂ He produced 

by the Rice University 5.5 MeV Van de Graaff accelerator are 
being used to perform experiments using time-of-flight tech-
niques . Of particular interest has been the production of a 
secondary neutron beam from the D(d,n) He reaction for per-
forming neutron-induced reaction studies. Development of 
this technique is aimed at measuring selected cross sections 
from the Los Alamos report LA-5253-MS, "Compilation of Requests 
for Nuclear Data" with emphasis on tho^ reactions relevant to 
the controlled thermonuclear fusion programs. 

5. Fission Studies (T. Zabel and G. C. Phillips) 
Present work concerning fission is involved with the 

simultaneous measurement of mass and charge of individual 
fission fragments by a combined ToF-x-ray technique. Effort 
is now being made to produce heavy ion beams of Cl, Br, and 
I in the EN tandem Van de Graaff accelerator to test feasi-
bility, and later to determine efficiency. 

B. FEW-BODY PROBLEMS 
1. Deuteron Break-up Reactions and Mass-3 Excited States 

(Plasek, Valkovic, Liebert, Miljanic, and Phillips) 
Analyses of proton-neutron and proton-proton coin-

cidence spectra corresponding to the p+d —>-p+d mechanism in 
the p+d—> p+p+n reaction have been completed. The cross 
section results obtained in the two different detection 
geometries are self-consistent over a wide range of bombarding 
energies and detection angles. The spectral shapes were fit 
using final state interaction theory and matrix elements were 
calculated. The excitation functions are smoothly decreasing 
.with bombarding energy and show no evidence for structure in 
the mass-3 system. Angular distributions in the range 
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C.M. = 50°-80° show a pronounced forward-angle peaking 
for bombarding energies 7-8 MeV with a smooth transition 
to essentially flat angular distributions around 12 MeV. 

2. Quasi-Free Scattering in the ^Li(d#dd)^He Reaction at 
Low Bombarding Energies (Miljanic, Zabel, Liebert, 
G. C. Phillips, and V. Valkovic) 
Deuteron-deuteron quasi-free scattering contributions 

in the 6Li(d,dd)4ne reaction have been measured for deuteron 
bombarding energies 6-11 MeV. The plane wave impulse approxi-
mation does not give a satisfactory description of the measured 
spectra. The introduction of a radial cut-off gives a better 
agreement in the shape and absolute magnitude. Extracted 
clustering probabilities and widths of momentum distributions 
are compared with results from other quasi-free scattering 
reactions on 6Li. This work has been accepted for publica-
tion in Nuclear Physics. 

3. Quasi-Free Reactions of ^Li + d at Low Bombarding 
Energies (Miljanic, J. Hudomalj, Andrade, Mutchler, 
and Phillips) 
6Li(d,dd)a, 6Li(d,da)d, and 6Li(d,tp)a reactions are 

studied at low bombarding energies and in the conditions 
which emphasize quasi-free reaction mechanism. Experimental 
data show that quasi-free contributions are still important 
for bombarding energies below 10 MeV. These results are 
being compared with the predictions of the modified plane 
wave impulse approximation. 

4. Final State Interactions in Deuteron-Induced Three-
Body Reactions on ^Li (Miljani6, Hudomalj, Andrade, 
and Phillips) 
Six different pairs of charged particles were detected 

from the deuteron-induced three-body reactions on ^Li. con-
tributions from the sequential reactions through the inter-
mediate states of 4He, 5ne, 5Li, ^Li, 7Li, and 7Be a r e ob-
served. The final state Coulomb interactions between different 
charged particles are also studied. 

5. A Study of the Reaction Mechanisms in the ^Li(d,na)g 
Reaction (Furic, Miljanic, Mutchler, and Phillips) . 

Several neutron-alpha coincidence spectra were ac-
cumulated at 10 MeV deuteron bombarding energy. Neutrons 
were identified through the Pulse Shape Discrimination tech-
nique. Neutron detector efficiency was measured using the 
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d+d reaction. Strong peaks corresponding to the 
5Heg>S- and 2.9 MeV excited state of 8Be were observed in the 
spectra. The search was made to establish the quasi-free 
mechanism corresponding to the d+t-*n+a reaction on the triton 
cluster in the ^Li nucleus. A minimum was observed in the 
spectrum where the spectator alpha particle energy is close to 
zero. This is in agreement with the L = la - t relative wave 
function. Further data will be accumulated in order to examine 
the existence of the quasi-free mode more rigorously. 

6. Rescattering of a on d in the reaction p+9]3e-»d+^Be —> 
d+g+g (E. V. Hungerford and T. M. Williams) 
By detecting the d and the g going away from the deuteron 

in coincidence, it should be possible to observe a decrease in 
counts when the angle between the other a and the deuteron 
approaches 0° in the c.M. system. At a slightly higher energy 
in which rescattering cannot occur, this drop in coincidences 
should not be observed. 

7. A Search for Rescattering in the 3a Reaction 
(Valkovic, Miljanic, Liebert, and Phillips) 
The reaction •'-®B(d,ag)4He has been studied under kine-

matic conditions appropriate for the observation of the re-
scattering process d+lOe 8ee* + gi~» a,2 + ®Beg.s. gi + a2 
+ g3. The experiment has been performed as a study of the 
excitation curve for the sequential decay d + 1 0 b g 2 + ®Beg.s. 
—> al + a2 + a3. The bombarding energy interval was chosen 
such that the first step in the rescattering process was the 
formation of 8ge* resonances at 16.63 and 16.93 MeV. Coinci-
dence and single counter spectra were analyzed. 

8. Energy Dependence of the Cross Section of the 3-IB (p,gg) 4He 
Reaction (Miljanic, Valkovic, Renditf, and Phillips) 
The a-a coincidence spectra from the ^-B(p,gg)^He reaction 

have been measured in the bombarding energy interval 8.5 £r E p 
^ 9.5 MeV. The bombarding energies were chosen such that the 
rescattering process involving the first step formation of the 
8Be* 

(16.63 MeV) state was allowed. The angular settings of 
the two alpha-particle detectors were chosen in such a way as 
to observe the a-a final state interaction in the 8bs* (2.9 Mev) 
state. Tlhe observed structure in the excitation curves was 
analyzed. 
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9. (160,np) and (160,na) Reactions on Some Light Nuclei 
(Phillips, Plasek, Liebert, Wheeler, Miljanic, and 
Valkovic) 

Nuclear reactions with three particles in the final 
state resulting from the bombardment of 9Be, 10b, 12C, and 
13c targets with 30 and 36 MeV 16o(5+) ions have been studied. 
Neutron-proton and neutron-alpha particle coincidences have 
been measured for the geometry 9p,a = 9 n. Transitions to 
ground and excited states of residual nuclei have been ob-
served. The obtained results were analyzed in terms of differ-
ent final state interactions between the particles in the 
outgoing channel. 

10. 16(3 Induced Three-Body Reactions on ^Li (b. Miljanic, 
T. Zabel, and G. C. Phillips) 

16o ions with energies 30 <_ E < 36 MeV were used to 
bombard a 6LiH target. Different pairs of charged particles 
from the resulting three-body reactions were detected. Sequen-
tial reactions through many intermediate states were observed. 
Special attention was focused on the (l^o,I^NQCOCI, 
6Li(16o,16O0d)a, 6Li(1&0,1700p)a, and 6Li(160,l^Oip)ct reactions. 

C. POLARIZATION STUDIES 
1. d + ^He Elastic Scattering (D. May, S. Baker (Rice) 

G. Ohlsen and R. Hardekopf (LASL) 

Analyzing powers and spin-correlation parameters have 
been measured for d-3He elastic scattering at energies Ed=4 
to 12 MeV at 9Cm =49.5°, 95.3°, and 120.0°. The LASL polar-
ized beam was incident on a polarized 3ne target constructed 
at Rice. The geometry of the experiment permitted the mea-
surement of the parameters: A^ Ay, A , A x x, A zz, Cy Cyy<y, cx,x» cz,x» an<^ czz,y- (This work nas been completed ana is 
essentially ready to be submitted for publication in Nuclear 
Physics.) 

2. p + 3He Elastic Scattering (D. May, S. Baker (Rice), 
G. Ohlsen and R. Hardekopf (LASL) 
Analyzing powers and spin-correlation parameters have 

been measured for polarized protons elastically scattered from 
polarized 3ne at energies Ep=8.8 and 6.8 MeV at 9 c m = 39.6°, 
76.8°, 109.5°, and 136.8°. The parameters measured in this 
experiment were Ay, Ay, Cy^, and Cx x. The completion of 
results of a phase shift search whicfi includes these data will 
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complete this work. It appears that Cyty and Cx x data at 
7 and 9 MeV do improve greatly the precision witft which the 
£(-1) coupling parameter is determined in p-3He elastic 
scattering. 

3. Polarized Beam for the Texas A&M Cyclotron (D. May 
and S. D. Baker) 
Components are ordered and are arriving now for 

assembly at Rice. 

4. 3He + 4He or 3He Scattering at 20-80 MeV (May, Baker, 
Biegert (Rice) and A. Bocher (Texas A&M) 
Construction of equipment is underway. 

D. NUCLEAR SPECTROSCOPY 
1. Tests of G Parity and Isospin Conservation by Nuclei 

P Decay (E. V. Hungerford III) 

A system has been designed and constructed to measure 
the ft-values of short-lived (3 decay isotopes. Comparison of 
the ft-values between isospin multiplets gives a test of G 
parity and isospin. 

2. The f5/2 Resonance in 41Sc (T. Jurgensen and C. M. 
Class) 
An optical-model parameterization of the scattering of 

protons by 40ca has been obtained that describes well both low 
energy (Ep < 5 Mev) structural features of 4lsc and the higher 
energy (Ep 12 MeV) scattering cross sections and polarization. 
An interesting implication of the parameterization is that it 
locates the f5/2 shape-elastic resonance at Ep oj 6.5 Mev. This 
result furnishes a key to understanding the behavior of both 
the proton-capture and -scattering cross sections in the neigh-
borhood of this energy that heretofore have been intractable 
to analysis. In particular it is seen, with the help of the 
Lane-Robson formalism, that the scattering cross section is 
accounted for, in the main, by the coupling between the shape 
resonance and a half-dozen strong f5/2 compound nucleus reso-
nances. Further work is in progress to refine this description 
of the cross sections. 
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3. The Magnetic Moment of 41Sc (R. Dougherty and c . M. 
Class) 

The method of measurement of the magnetic moment of the 
ground state of the 41Sc nucleus (E m axO +) = 5.5 MeV, X, !/2 = 
0.6 sec) involves the detection of nuclear magnetic resonance 
as a relaxation of beta-decay anisotropy due to the polariza-
tion of the scandium recoil nuclei when produced with the 
40sc(d,n) stripping reaction. The hardware and experimental 
procedure for the measurement has proved capable of measuring 
beta-decay asymmetries as low as 2%. Of concern at the pres-
ent time is the various polarization relaxation processes 
operative in the recoil stopping media. 

4. Re-analysis of Some Neutron Angular Distributions 
(C. M. Class) 
Angular distributions, measured at deuteron energies 

below the coulomb barrier, for neutrons emitted in the 40ca 
(d,n) reaction leading to the ground (J77" = 7~/2) and first 
excited (J7r = 3~/2) states of ^lSc are not satisfactorily 
described by standard distorted-wave calculations. The 
difficulty seems to be with the parameterization of the neutron 
scattering potential. Early results indicate that ad hoc values 
of these parameters can be found to yield fits in good agree-
ment with the data. 

5. 40ca(d,g)38K and Isospin (H. Vernon Smith, Jr.(Rice 
and Univ. of Wisconsin) 
The 40Ca(d,ao,l,2 4)38K reactions for 4.00 MeV <. E^ < 

4.61 MeV has been investigated. The ai and 014 transitions 
are isospin-forbidden. The resonant-like structures observed 
in the ao# al» a2» and <24 transitions are consistent with 
Ericson theory. However, a portion of the al data can be 
fitted with a few interfering Breit-Wigner resonances. The 
level parameters for the corresponding 42 S c levels have been 
extracted. This work has been submitted for publication in 
Nuclear Physics. 

6. Proton Spin Flip at 12 MeV for Nuclei Near the Neutron 
Shell Closure, N = 28 (J. Ellis, E. Hungerford, and 
W. Sweeney) 

Spin-flip angular distributions for the nuclear pairs 
48f50cpi an(j 54,56Fe have been measured using the (p,p' $ ) 
correlation method. These data are compared to collective 
model DWBA calculations using a distorted spin-orbit potential 
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of the full Thomas form. The spin-flip angular distribution 
data for 54pe exhibit two peaks of nearly equal magnitude 
while the data for 56Fe and 48,50^1 more closely resemble the 
usual single large peak at back angles predicted by DWBA 
calculations. This work has been published in Nuclear Physics 
A210, 557-567 (1973). 

E. NUCLEAR THEORY 

1. Symmetrization of Arbitrary 3-Particle Wave Functions 
(J. E. Beam) 
A proper treatment of the quantum mechanical 3-body 

problem for identical particles requires symmetrization (for 
bosons) or antisymmetrization (for fermions) of the wave 
function. If one introduces parameter coordinates^ then the 
complete (anti) symmetrization can explicitly be carried out 
on kernel functions of known form, independently of the form 
of the particle-particle interaction or of the corresponding 
unsymmetrized wave function. If the parameter coordinate 
functions are chosen to be Dirac delta functions, one can 
obtain a useful angular momentum decomposition which reduces 
the 6-dimensional parameter coordinate integrals to 2-dimen-
sional ones. 

2. On the Possible Observation of the Triangle Graph 
Through Interference with Pole Graphs (I. M. Duck 
and V. Valkovic) 
Rescattering processes, represented by triangle dia-

grams, have been studied for some time, since they have been 
assumed to be capable of producing peaks in measured cross 
sections. Such processes have been extensively discussed as 
different versions of the Peierls mechanism. It has been 
shown that the original version of the Peierls mechanism with 
the same initial and final state should not occur, although a 
modified Peierls mechanism, involving two different resonances, 
makes the rescattering possible. It has been shown that the 

Karl Wildermuth and Walter McClure, "Cluster Representations 
of Nuclei," Springer Tracts in Modern Physics (Springer-
Verlag, Berlin, 1966) vol. 41, p. 49. 
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singularities of such graphs are on the physical boundary if, 
and only if, the diagrams can be interpreted as describing 
classical processes in space-time. Several examples of possi-
ble three-body peaks generated by rescattering have been dis-
cussed in high-energy physics. However, it was shown by 
Schmid that triangle graphs do not produce peaks in the total 
transition rate, but may in the differential cross sections. 
It seems that the contribution of the rescattering process 
has not yet been experimentally identified directly. All 
attempts to identify such rescattering graphs experimentally 
have searched for the contribution of the graph itself. This 
paper considers the interference of rescattering graphs with 
pole graphs and has been accepted for publication in 11 Nuovo 
Cimento. 

3. Search for Rescattering Singularities (I. M. Duck 
and V. Valkovi6) 

A critical evaluation of experimental claims to have 
observed the classical-rescattering triangle graph singularity 
in low energy nuclear physics has been completed and reported 
on at an APS meeting (Seattle) and a further report presented 
to the International Conference on Nuclear Physics (Munich). 
A paper is being prepared for publication. 

F. APPLIED PHYSICS 

1. X-ray Production by Protons of 2.5-12 MeV Energy 
(Liebert, Zabel, Miljanic, Larson, Valkovic, and 
Phillips) 
Characteristic K-shell x-rays produced by proton 

bombardment of Mn, Fe, Ni, Cu, Zn, Y, Mo, Ag, and Cd targets 
have been observed for incident energies between 2.5 and 12 Mev. 
Absolute cross-sections for K-shell ionization have been deter-
mined and compared to the predictions of the PWBA and BEA 
theories. The BEA theory is found to give better agreement at 
lower bombarding energies and higher 2, while the PWBA fits 
the data better at lower 2 and higher bombarding energies. 
La* l(3* an<^ cross-sections for Pb are also presented as a 
function of energy between 2.5 and 12 MeV. This work has been 
accepted for publication in Physical Review. 
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2. Study of L-Shell Ionization Cross Section for Pd, Aq, 
Sn, and Sb for Incident Proton Energies in the Range 
of 3 to 12 MeV and for Oxygen Ions in the Range of 
15 to 40 MeV (Chaturvedi, Liebert, Miljanic, Zabel, 
Wheeler, and Phillips) 
Absolute L-shell ionizations were measured for the 

thin targets of Pd, Ag, Sn, and Sb at 1 MeV increments for 
incident protons in the range from 3 to 12 Mev. Similar 
measurements were also made for the Oxygen ions at 5 MeV in-
crements in the range of 15 to 40 MeV. The L x-rays were 
measured with a high resolution (175 eV at 5.9 keV) Si(Li) 
detector. The experimental cross sections are seen to compare 
quite well with the predictions of both the Plane Wave Born 
Approximation (PWBA) and the Binary Encounter Approximation 
(BEA). 

3. Trace Element Analysis of Blood Serum (Liebert, Zabel, 
Chaturvedi, Miljanic, Phillips, Valkovic, Wheeler 
(Rice) , and M.J. Hrgov<5ic, M.D. (Diagnostic Clinic, 
Houston) 
We are studying normal blood serum and serum obtained 

from patients with malignant lymphoma. From an investigation 
of many samples from a composite batch of normal blood bank 
donors sera we have tested the charged particle induced x-ray 
emission technique for trace element analysis. Our present 
accuracy is in the 5-15% range for traces in the range of 
1-3 ppm. Comparison of patients' conditions with trace element 
levels in blood serum is now in progress. This paper and F.4. 
below, were chosen by the A.I.P. as of interest to Science 
Writers for the media. 

4. Trace Element Analysis of Mouse Tissue (Wheeler, 
Liebert, Miljanic, Phillips, Valkovic, Zabel (Rice) 
and Withers and Milas (M.D. Anderson Hospital and Tumor 
Institute) 
The liver and spleen of normal mice and mice with trans-

plantable fibrosarcoma have been studied. We have found that 
mice with advanced fibrosarcoma can be distinguished from 
normal mice by changes in contents of several trace elements. 
Encouraged by these results we will study the changes in trace 
element concentrations which occur from the time the sarcoma 
is implanted in a mouse until the sarcoma has reached an ad-
vanced stage. 
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5. Comparison of Proton Induced x-ray Emission, X-ray-
Fluorescence, and Atomic Absorption Technicrues for 
Trace Element Analysis of Blood Serum (Wheeler, Liebert, 
Miljanic, Phillips, Valkovi£, Zabel (Rice) and P. Ong 
(M.D.Anderson Hospital & Tumor Institute) 

Independent measurements of trace element content in 
100 samples of human blood serum have been performed. A 
comparison of results for copper levels in the sera indicates 
that atomic absorption gives the best results, followed by 
x-ray fluorescence and proton induced x-ray emission. We are 
currently attempting to improve all phases of the proton in-
duced x-ray emission technique. This paper has been sub-
mitted to Applied Spectroscopy. 

6. Trace Element Analysis Along Human Hair (Valkovic, 
Liebert, Miljanic, Phillips, Wheeler, and Zabel) 

We have examined 11-inch long samples of women's hair 
at 3/4-inch intervals, representing a growth of approximately 
two years. In all cases we have found substantial elemental 
variations with length. The origin of these variations is 
uncertain but would seem to be due in large part to external 
sources. We conclude that a much larger sampling of subjects 
is necessary before any accurate conclusions are possible. 
This work has been published in NATURE 243, #5409 (1973). 

7. Automated Analysis of X-ray Spectra ( R. B. Liebert 
and R. M. Wheeler) 
Two programs have been written for the IBM—1800 computer 

which allow automated on-line analysis of x-ray spectra pro-
duced by bombardment of biological targets with heavy charged 
particles. Program STRIP is used to analyze standard spectra 
by a non-linear least squares technique to obtain Ko/Kp ratios, 
relative yields with respect to dopant elements, and relative 
widths of x-ray lines as a function of x-ray energy. Program 
SPEEL uses these results to do fast on-line analysis by a 
linear least squares routine while new data are collected. 
Comparison with STIP output allows results to be expressed 
directly in parts per million. 

8. Trace Element Analysis by Proton Bombardment of Aerosols 
(Boustany, Liebert, Wheeler, Valkovic, and Phillips) 
Preliminary development work has been done to develop 

targets for proton-induced x-ray fluorescence which will mini-
mize evaporation of trace elements and be compatible with mass 
production techniques. Aerosols produced from Fe(N03)3 solu-
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tions have been bombarded with 3 MeV proton beam in a helium 
atmosphere and a sensitivity of the order of 1 ppm for a 20 
minute run at 200 namps has been observed. Variation of the 
beam energy and aerosol geometry to optimize proton energy 
loss, target uniformity, and self-absorption is expected to 
improve this sensitivity figure. 

9. Trace Element Analysis Using Proton Induced X-ray 
Emission Spectroscopy (Valkovic, Liebert, Zabel, 
Larson, Miljanic, Wheeler, and Phillips) 
A system for trace element analysis by proton-induced 

x-ray emission spectroscopy has been developed at the Bonner 
Nuclear Laboratories. Some characteristic problems have been 
considered and applications to the study of trace element 
concentrations in environmental and biological targets have 
been studied. This work has been accepted for publication in 
Nuclear Instruments & Methods. 

10. Trace Element Analysis of Seawater and Fish Samples 
by Proton Induced x-ray Emission Spectroscopy(Alexander, 
Biegert, Jones, Thurston, Valkovic, Wheeler, Wingate, 
and Zabel) 

Proton induced x-ray emission spectroscopy has been 
used for trace element analysis of seawater and fish (trout-
Salmo gairdneri) samples. To test the applicability of the 
technique for large-scale analysis of seawater and fish samples, 
the consistency of results from equivalent samples was checked. 
Also, a volatilization study was made at several different beam 
intensities to determine the effects of the beam on trace ele-
ments in the samples. The reproducability of the results was 
found to be within acceptable limits. This work has been 
submitted for publication to the Int. Jour, of Applied Radia-
tion and Isotopes. 

11. Contribution to a Book on Trace Elements (T. Zabel) 
Holiday House is publishing a book on trace elements 

for young people. A number of captioned photographs have been 
supplied to the edition to describe the Rice trace element re-
search . 
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G. INS TRUMENTATION 

1. He" Ion Source for the Rice Tandem (R. Y. Rodgers 
and E. V. Hungerford) 

A Li exchange He~ ion source has been contructed for 
the Rice tandem accelerator. About 0.5 microamp of He" has 
been obtained. Replacement of the oven and heater control 
should allow this current to be increased by at least a factor 
of two. 

2. Two-Lab Data Acquisition Capability (BONER) on IBM-1800 
(B. J. McCabe Smith and H. V. Jones) 

Coding recognizing the additional hardware requirements 
of the two-lab situation has been implemented and tested for 
the one-lab case. The second lab will be simulated for de-
bugging purposes until the second lab's experimental control 
unit (ECU) hardware is complete. Programming for the PDP-11/ 
IBM 1800 magnetic tape compatibility is near completion, lack-
ing only de-bugging. Programming for additional BONER diag-
nostic capability ( in the face of the system's increasing com-
plexity) is near completion, but has been shifted to "stand-by" 
until two-lab has been implemented and become stable. General 
systems maintenance and user program support underway as usual. 
Cards to implement a higher modification level of IBM's TSX 
operating system have been ordered. 

3. A Multi-Wire Proportional Counter (MWPC) Photon Camera 
(G. W. Pfeufer and G. C. Phillips) 
We are engaged in'the development of a MWPC photon camera 

for use in localizing the Bragg peak energy deposition in the 
treatment of tumors with high LET radiation. By localizing the 
source of gamma-rays from the target in the reaction 19F(p/Cty)16o 
using the 6-MV Van de Graaff accelerator, existing counter systems 
are being presently tested for application in this program. Since 
the counters are relatively insensitive to photons, the gamma-
rays are converted to an electron-positron pair in a suitable 
foil. The electron and.positron are detected in two consecutive 
x-y counters. Using computerized ray tracing, based on these 
coordinates, the point of conversion can be determined. The 
bi-section of these rays is taken as the photon direction which 
can be traced back to the target. These preliminary studies 
will indicate the resolution to be expected from the system and 
disclose paths of further development. 
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4. 6-MV Van de Graaff Accelerator (J. R. Risser) 

It is increasingly practical to use the accelerator 
for experiments to above 4 MeV due to improved conditioning 
of the accelerator tube and improvement in beam-defining 
equipment. It appears finally that the design characteristics 
are achievable. With further conditioning of the accelerator 
tube, energies of 5 MeV and above appear attainable. Neither 
the ion optics of the terminal nor design of the extended 
pressurizing tank appear to introduce limitations. Pulse-
bunching of deuterons and protons have been achieved and 
appears satisfactory. For protons, 2 ns pulse widths and 
I microampere average beams (10^ sec~l repetition rate) have 
been obtained. 

5. Charged Particle Mass Identification by Energy-Time-
of-Flight Technique (Andrade, Rendic, Otte, and Phillips) 
The energy-time-of-flight technique "for charged particle 

mass identification has been successfully used in the mass 
range from.mass 1 to 12 and in the energy range from 0.5 MeV to 
II MeV. As an illustration of the usefulness of the technique, 
the results of the analysis of the reactions produced by 12c 
nuclei bombarded by deuterons at 12 MeV are presented. The 
pulsed and bunched beam facilities of the Rice tandem Van de 
Graaff were used and particles resulting from the bombardment 
were detected with a silicon surface barrier solid state de-
tector. The energy and time-of-flight parameters were processed 
using an IBM 1800 real time computer with an A.D.C. resolution 
of 1024 channels for each parameter. Twenty-six energy peaks 
from the 12c(d,y)Y reaction were identified, while, for com-
parison, the free energy spectrum provides only ten peaks. 
This work has been published in Nuclear Instruments & Methods 
113 (1973). 
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T. W. BONNER NUCLEAR LABORATORIES - RICE UNIVERSITY 

A. PION PHYSICS 

1. Pion Small-Angle Multiple Scattering at Energies 
Spanning the (3,3) Resonance (Mayes, Lee, Allred, 
Goodman (Univ. Houston); Mutchler, Hungerford, 
Scott, and Phillips(Rice Univ.) 
The small-angle multiple scattering of positive 

and negative pions has been measured for C, Al, Cu, and Pb 
targets throughout an energy range spanning the (3,3) reso-
nance. The measurements were made using two-dimensional 
multiwire proportional counters placed in the pion beam. All 
previous multiple scattering data for electrons and protons 
as well as these new data for pions are used to recalculate 
the empirical terms in the Moliere theory of multiple scatter-
ing. A second-order Born approximation multiple scattering 
theory has been devised for spin zero particles. The modifi-
ed Moliere theory gives a better fit to the experimental data 
than the second-order Born calculation. Because the updated 
Moliere theory contains much simpler equations and give 
closer agreement with experiment, it is recommended in place 
of the more sophisticated theory for the interpretation of 
new experimental data. A paper describing this work has 
been submitted to Physical Review. 

± 16 
2. jf - 0 Small Angle Scattering at 155, 180, and 

213 MeV(Mutchler, Fletcher, Coulson, Hungerford, 
Gabitzsch, Phillips (Rice); Mayes, Lee, Goodman, 
and Allred (Univ. Houston) 

+ We have determined RefN(0°) by measuring the small 
angle rr~ -1^0 scattering in the coulomb-nuclear interference 
region (4°-ll°) at 155, 180, and 213 MeV. In the region the 
difference of the + and 77" ~ scattering directly determines 
the sign and magnitude of RefN(0°). This information, plus 
the ImfN(0°) obtained from total cross section data via the 
optical theorem, completely determines the nuclear scatter-
ing amplitude at 0°. The small angle scattering of-jr+ from 
l^c and ^Be have also been measured over a larger angular 
range (5°-20°). These data are being analyzed. This experi-
ment will be continued at LAMPF as approved Experiment #80. 
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3. ff — Nuclear Total Cross Sections Around the 3/2, 
3/2 Resonance (Gabitzsch, Coulson, Fletcher, 
Hungerford, Mann, Mutchler, Phillips (Rice Univ.) 
Mayes, Hogstrom, Lee, Allred, and C. Goodman 
(Univ. of Houston) 

-jt~ total cross sectiorfs""E2.ve been measured for 
the nuclei ^Be, 12C, 16o, and 27A1. ~jenergies were 115, 
130, 155, 180, 195, and 210 MeV, while 7f~ measurements 
were taken at 155 and 210 MeV. Data were collected using 
multi-wire proportional counters (MWPC) which allowed for 
good angular resolution at small angles. Electrons were 
rejected with a gas Cerenkov detector and the muon impurity 
was measured using the target out pion decay distributions. 
Preliminary analysis of the small angle scattering distribu-
tions and total cross sections indicate that the 3/2,3/2 
resonance shifts to lower energies as the atomic number in-
creases. Furthermore, Coulomb effects inTT+ and rr ~ data 
are observed in the form of a slight difference in the jr + 
1T " total cross section for a given target. This work has 
been accepted for publication in Physics Letters. This 
experiment will be continued at LAMPF as approved Experi-
ment #80. 

B. NUCLEON PHYSICS AT INTERMEDIATE ENERGIES 

1. Proton Induced Deuteron Break-up at 600 MeV 
(Furic, Fletcher, Gabitzsch, Mutchler, Witten, 
Phillips (Rice Univ.); Mayes, Lee, Warneke, 
Hudomalj, Gram, Allred, and Goodman (Univ. of 
Houston) 
The D(p,pp)n reaction was studied using a deu-

terium gas target in the proton beam at the SREL 600 MeV 
synchrocyclotron. The trajectories of the two charged 
particles were determined with MWPC. The momentum of one 
proton was measured by a magnetic spectrometer; the time-of-
flight of the other proton was also recorded. Good angular 
and momentum resolution with a large solid angle was achieved 
through the use of large MWPCs. The momentum spectra 
obtained in the symmetric 40°-41° geometry exhibited strong 
quasi-free scattering features. The momentum transfer de-
pendence was examined in the range 0-200 MeV/c. The spectra 
obtained in the 41°-61° geometry had a pronounced maximum 
corresponding to the neutron-proton final state interaction. 
This was the first observation of that effect in this energy 
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region. The p-p elastic scattering data accumulated with the 
same equipment and the Monte Carlo simulation of the experi-
ment will be used for the absolute normalization and final 
analysis of the data, which are now in progress. This experi-
ment will be continued at LAMPF as approved Experiment #81. 

2. Neutron-Proton Final State Interaction in p-d Breakup 
at Ep = 585 MeV (Furic, Fletcher, Gabitzsch, Mutchler, 
Witten, and Phillips (Rice Univ.); Hudomalj, Lee, Gram, 
Mayes, Allred, and Goodman (Univ. of Houston) 
The three-body break-up spectra concerning the reaction 

D(p,2p)n were accumulated at the SREL synchrocyclotron. The 
angular resolution of each arm in this two-arm experiment was 
0.4°. The momentum of one proton was measured by a magnetic 
spectrometer. The momentum resolution was 1.5%. The kine-
matical conditions for two protons (41°-61°) were chosen so 
that the observation of the neutron-proton Final State Inter-
action (FSI) was possible. The enhancement in the spectrum 
corresponding to the effect was observed. This was the first 
report on the n-p FSI above Ep = 200 MeV. Qualitative features 
of the spectra can be explained with the Goldberger-Watson 
formula. The simple pole graph term, normalized to the lower 
energy data predicts the value of the cross section too low by 
an order of magnitude. This work has been accepted for public-
ation in Physics Letters. This experiment will be continued 
at LAMPF as part of approved Experiment #81. 

C. THEORY 
1. The Effects of Nuclear Distortion on the Elastic 

Scattering of Pions from Oriented and Unoriented 
Nuclei (E. V. Hungerford III) 

It is shown that nuclear distortions may introduce 
small fluctuations in the systematic determination of optical 
model parameters for pion elastic scattering from nuclear mass 
neighbors. In addition the measurement ofxr— total cross 
sections from oriented nuclei should provide a sensitive way 
to look for proton or neutron shape distortions. This work 
has been submitted for publication in Nuclear Physics. 
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2. DAMIT: A Small Computer Optical Model Code for Pion 
Scattering (E. V. Hungerford III) 
A Fortran computer code for the optical model calcula-

tion of pion nucleus scattering has been written for small 
computer systems. The code is operational on both an IBM-1800 
and a PDP-11 data acquisition computer. It allows calculation 
with both the Laplacian and Kisslinger optical models using 
either a modified Gaussian or a Fermi nuclear density. The 
code gives results in agreement with other pion optical model 
codes. This work has been published in Nuclear Instruments 
and Methods III (1973) 509-517. 

3. Generalization of the Sakata-Taketani Equation to 
Arbitrary Spin (R. F. Guertin) 
The Sakata-Taketani spin -0 and -1 equations for a 

massive particle have been generalized to arbitrary integer 
or half-odd integer spin 0~. Although the theory is covariant, 
it is not manifestly covariant. However, there are only 
2(2j + 1) components in the wavefunction, in contrast to the 
extra components that always appear in a manifestly covariant 
theory. Second quantization appears to require Bose statistics 
for any spin. A paper is in preparation to be submitted to 
the Journal of Mathematical Physics. 

4. Electromagnetic Interactions for a Proposed Spin -1/2 
Boson Equation (R. F. Guertin and John B. Cone) 

Electromagnetic interactions have been introduced into 
a spin -1/2 Boson equation proposed by Guertin and Guth using 
minimal coupling. The covariance of this theory has not been 
proven. Nevertheless, one can evaluate the energy levels for 
a Coulomb potential and a constant homogeneous magnetic field, 
and in the appropriate limits for a certain arbitrary parameter, 
one obtains the usual results for both the Klein-Gordon equation 
and the Dirac equation. 

5. Static Bootstrap Model for the -P Meson Trajectories 
(R. F. Guertin and Bertrand Chang) 
A static bootstrap model for the J° meson trajectory 

in which the nth particle on the trajecter is obtained self-
consistently in the two-particle channel consisting of a IT" 
meson and the n ^ particle on the 77- trajectory has been 
attempted. The isospin and angular momenta crossing matrices 
have been found to be inconsistent with the conjectured result. 
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6. Dibaryon Resonance Production in PP Scattering 
(V. S. Bhasin and I. M. Duck) 
The angular distributions of negative pions produced 

in proton-proton collisions in the energy range of one to 
four GeV bombarding energy is calculated assuming the pro-
duction of a low energy dibaryon resonance between the A (1236) 
and a proton. Triangle amplitudes involving t t°P-*-TT~++ and 
7T~p—> TT~p plus pion exchange, evaluated in the Yao approxi-
mation, dominate the triangle exchange amplitude and produce 
differential cross sections comparable to those for pp-» 77"d. 
This work has been accepted for publication in Nuclear Physics. 

7. Estimate of ̂ inel/^l in Backward p-d Scattering at 
1.0 GeV~ (V.S. Bhasin, I. Duck, and V. Valkovic) 
Some estimates have been made of the inelastic contri-

butions in proton-deuteron scattering at 1.0 GeV due to deu-
teron break-up when one of the outgoing protons is observed 
in the backward direction. Based on the mechanism due to 
exchange of a nucleon as well as an isobar we compute 
[(d crydSi) i n e l / ( d d J^)elj at 9c.M.= 1 8 0° taking account of 
both the spin singlet and triplet channels and keeping the 
relative energy of the scattered pair rather low. It is 
found that in the simple nucleon exchange mechanism the off-
shell effects in the two-body amplitude due to the presence 
of hard-core in the singlet and tensor forces in the triplet 
channels manifest themselves in enhancing the inelastic con-
tribution. On the other hand, the contributions of the 
resonance exchanges wherein the two-body amplitudes appear 
essentially on-shell get suppressed especially if the scat-
tered pair is observed at rather low relative energy. 

8. Rescattering Effects in Backward Proton-Deuteron 
Scattering at Intermediate Energies (V.S. Bhasin) 
We study backward proton-deuteron scattering at inter-

mediate energies (1.0-1.5 GeV) by considering a rearrangement 
process where the incident projectile picks up a neutron of 
the target leaving the target proton behind. By collecting 
terms up to second order in the multiple-scattering series 
and by employing the approximations suited to a high-energy 
large angle scattering behavior, we obtain the expression for 
the scattering amplitude similar (but not identical) to the 
one used by the Glauber model for small-angle scattering at 
these energies. We find that the double-scattering terms,in 
which the incident proton scatters with the neutron in the 
forward direction and then sends the target proton back, con-
tribute most significantly. The lowest-order "pickup" and the 
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single-scattering terms become important if one includes the 
tensor component in the deuteron wave function. The calcu-
lated differential cross section (particularly at intermediate 
angles) is found to be in reasonable agreement with experiment-
al data. 

9. Pion Production in the Reaction pd—» t'V (V. S. Bhasin 
and I. M. Duck) 
The Yao-Barry model is extended to the reaction pd-»t7T 

and provides a description of the cross section for incident 
proton energies from 340 to 670 MeV in terms of a single 
parameter, the triton nd wavefunction evaluated at the origin. 
The results are competitive with the predictions of the Ruder-
man model for the energy dependence of the forward cross 
section and show much larger backward cross sections. This 
work is published in Physics Letters 46B (1973) 309. 

10. Exotic Nuclei and Resonance Production (I.M. Duck, 
V. S. Bhasin, and John Brown) 
Calculations are in progress to investigate reaction 

mechanisms for production of P resonances at GeV energies. 
So far, we have production cross sections and angular distri-
butions for resonances with spin 1 or 2, J71" = 0~, 1~, 2~, 3~, 
1+, and 2+ produced in pp-* rf~ + (A ++p) by a pion exchange 
mechanism. The evaluation of the pion exchange triangle 
amplitude which is supposed to be dominant is underway. 

D. APPLIED PHYSICS (INTERMEDIATE ENERGY) 

1. Pion Dosimetry 

Preparation for approved LAMPF experiment #83, "Inves-
tigation of Multi-Wire Proportional Counters for Treatment 
Volume Visualization" (G. C. Phillips, Spokesman), and experi-
ment #84, "Quality of Meson Radiation Fields" (G. C. Phillips, 
Spokesman) has continued. Experiment #83 collaborators, 
G. D. Oliver, jr. (Edward Mallindkrodt Institute of Radiology, 
Washington University School of Medicine), Walter Grant (M.D. 
Anderson Hospital & Tumor Institute), and M. C. Taylor 
(Columbia Scientific Industries), have received funding from 
N.I.H. for their part in this work. The experimental system 
has been designed and test runs will be started in November, 
1973 on the p3 line at LAMPF as a parasite experiment. The 
work will continue in 1974 at LAMPF. 
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3 2. LAMPF Pion Beam Line (p ) calibration 

Calibration of the Pion Beam Transport System (approved 
LAMPF experiment #79) was prepared in collaboration with Dr. 
Robert Macek for running in the summer or fall of 1973. Tests 
of the p3 beam line commenced in September, October, and 
November of 1973. 

3. Observation of Muonic X-rays from Bone (M. C. Taylor, 
L. Coulson, and G. C. Phillips) 
The muonic x-ray, which results from the capture of a 

negative muon into orbit around a nucleus to form a "muonic 
atom," may be a useful diagnostic probe. The x-ray transition 
energies are about 200 times the energies from electronic 
transitions — the carbon KQ energy is of the order of 75 keV. 
Thus, muonic x-rays from light elements have considerable 
penetrating power and can escape from bulky media. Experi-
mental results for negative muons stopped in bone are presented 
to demonstrate the potential of the technique for observing 
elements in the range from carbon to calcium in biological 
specimens. Advantages and disadvantages of this technique 
with respect to other methods of elemental analysis are dis-
cussed. This work published in Radiation Research 54_, 335 
(1973). 

E. INSTRUMENTATION 
1. Instrument Trailer - The Rice Portable Laboratory 

(W. P. Madigan, J. A. Buchanan, G. C. Phillips, and 
J. Windish) 
In January, 1973 the outfitting of the instrumentation 

trailer was completed. The data processing system installed 
includes a PDP-11/20 central processor with two magnetic tape 
units, line printer, teletype, and disc drive. In addition, 
there are four standard relay racks of nuclear instrumentation. 
Airconditioning and heating are provided by two 3-ton units 
mounted externally on the nose of the trailer. A suspended 
acoustical-tile ceiling is used as the airconditioning supply 
duct. The walls are covered with plywood paneling from the 
floor to a height of four feet. From four feet to the ceil-
ing the walls are covered with acoustical tile which dampens 
the considerable noise generated by the instrumentation. 
Built into the nose of the trailer are a bed, book shelves, 
a desk, and a refrigerator providing a study-rest area for 
long-running experiments. Fire protection is provided by a 
Halon 1301 system which is actuated by two smoke detectors. 
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All exposed wood surfaces are painted with Albi 107A fire-
retardant coating. On July 1, the trailer was pulled to 
Los Alamos, a distance of 1,000 miles, with absolutely no 
damage to the computer, nuclear instrumentation, or trailer. 
This clearly proves the feasibility of transporting the 
trailer to distant accelerator facilities to conduct experi-
ments in medium and high energy physics. The trailer and 
systems have been operating successfully at LAMPF since July, 
1973. 

2. 30" x 30" Multi-Wire Proportional Chamber (W. P. 
Madigan, E. Harmening, G. C. Phillips, and J. Windish) 
The 30" x 30" MWPC to be used at the National Acceler-

ator Laboratory in cooperation with the Stanford group headed 
by R. Hofstadter and Z. G.T. Guiragossian is scheduled for 
completion on November 30, 1973. It will have a useful active 
area of 30" x 30", an x-coordinate plane (304 wires), a 
y-coordinate plane (304 wires), an amplifier/discriminator 
readout for each wire, and a tapped delay line readout on 
each coordinate plane. The support frame for the chamber is 
designed to mesh with the support frame for the Stanford 30" 
dia. Nal crystals. 

3. 12" Diameter MWPC Stands (W.P. Madigan, C. Belcher, 
P. DeVries, and E. W. Surles) 
In August, six new MWPC stands were completed for use 

at LAMPF. They provide a vertical adjustment of + 9 inches 
and a transverse adjustment of + 1 inch. T̂ he MWPCs can be 
mounted singly or two at a time on a stand, permitting, e.g., 
the insertion of two counters between two closely-spaced 
magnets in a transport system. The stands have been in service 
at LAMPF since July, 1973. 

4. Cryogenic Target Chamber (M. Furic, W. P. Madigan, 
P. DeVries, and G. C. Phillips) 
Fabrication of the 13" diameter cryogenic scattering 

chamber to be used in the Rice-Univ. of Houston approved 
proton scattering experiment #81 at LAMPF is underway. The 
chamber will accommodate liquid hydrogen and liquid deuterium 
targets and will contain two retractable scintillation screens 
to ensure proper centering of the incident beam. Side windows 
will permit observation angles from 15° to 165° and 195° to 
345° with respect to the incident beam direction. The top 
flange will fit to the standard Los Alamos cryogenic refrig-
erator. Completion of the chamber is scheduled for December 
15, 1973. 
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5. Target Chamber for LAMPF Experiment #80 (T.M. Williams, 
Mutchler, Phillips, Hungerford, Witten, and Madigan) 

A target chamber and collimator for LAMPF Exp. #80 is 
being designed. This chamber can be used for small angle 
scattering (down to 5°). The particle exit windows will 
extend from 5° to 30° on one side and from 10° to 160° on the 
other side of the beam. This will allow for coincidence 
measurements and/or parasite experiments to be run using this 
chamber. 

6. Technique for Alignment and Placement of MWPCs 
(Hungerford, Williams, Flick, Madigan, and Phillips) 

A system for the alignment of Multi-Wire Proportional 
Counters with respect to a magnet is being designed using a 
mirror in the magnet and aligning the magnet with a transit 
equipped with auto-reflection target. The mirror can then 
be rotated to make an accurate turn through any desired angle. 
This will allow correct placement of MWPCs behind the magnet. 

7. RICE—A Multi-Processor Acquisition and Analysis System 
Incorporating CAMAC (H.V. Jones, Buchanan, Mann, 
McGrath, and M.N. Jones) 
A two-processor data acquisition and analysis system 

incorporating CAMAC. The processors are a conventional mini-
computer and a micro-programmed I/O processor which effects a 
programmable interface between the mini-computer and CAMAC. 
This work has been published in IEEE Trans, on Nuclear Science, 
Vol. NS-20, No. 1, February, 1973. 

8. PDP-11 Systems Development (David Mann) 
A data acquisition system using a PDP-11/20 (soon to 

be an 11/45) and a "MIOP" (micro-programmed I/O processor) is 
being used to tune the p3 line at LAMPF. Fast calculations of 
various beam parameters allow coarse tuning of the beam using 
one-dimensional and two-dimensional on-line displays. Fine 
tuning of the beam is performed using a fast on-line optimizer 
program plus several tuning criterion. The magnets in the P3 

line can be periodically read by the computer to verify magnet 
stability. 

9. Development of MWPC Readout in CAMAC (J. Buchanan) 
The readout modules (in NIM) for the Rice Multi-Wire 

Proportional Counters (MWPC) have been redesigned into CAMAC 
format. In addition certain logic operations as well as 
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analogue and digital arithmetic operations can be performed 
at these modules to further improve the rejection of unwanted 
data. 

10. Utilization of an Accelerator Beam's Micro-structure 
to Measure Beam Characteristics (W. H.' Dragoset and 
G. C. Phillips) 
Methods of using the detection of Cerenkov light to 

view the micro-structure of an accelerator beam, such as that 
at LAMPF, have been discussed. In particular, the correlation 
integral of an accelerator synchronized clock signal and the 
detected signal as a function of the location of the detector 
in the beam can be used with the methods of Fourier spectros-
copy to yield information about the phase space of the beam. 
A system such as this could be used as a beam monitor, to 
measure time-of-flight, and possibly to determine the pion 
to muon ratio in a pion beam. Another promising method in-
volves the use of a high-speed camera with an X and Y sweep 
synchronized by a clock pulse to form a circular trace from 
the detected light pulses. A microdensitometer could then 
be used to determine the relative intensities of the inter-
esting segments of the trace. 
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T R I A N G L E U N I V E R S I T I E S N U C L E A R L A B O R A T O R Y 

A . N E U T R O N A N D F I S S I O N P H Y S I C S 

1. Fast Neutron D i f f e r e n t i a l Cross S e c t i o n s , 8 - 1 5 M e V ( D . W . G l a s g o w , 
J . R. B o y c e , D . E. E p p e r s o n , F . O . P u r s e r , K . S t e l z e r , * G . M a c k , * * 
J . C l e m e n t ; 
a d d i t i o n a l p a r t i c i p a n t s w h e n m e a s u r e m e n t s a r e u n d e r w a y : N . R. R o -
b e r s o n , R. L . W a l t e r , C . R. G o u l d , E . J . L u d w i g , M . D i v a d e e n a m , 
E. G . B i l p u c h , H . W . N e w s o n ) 

T h e a b s o l u t e a c c u r a c y o b t a i n a b l e i n t h e m e a s u r e m e n t o f fast n e u t r o n 
d i f f e r e n t i a l cross s e c t i o n s , s p a n n i n g t h e i n c i d e n t n e u t r o n e n e r g y r a n g e 8 - 1 5 M e V , 
is p r i n c i p a l l y l i m i t e d b y : a ) e x p e r i m e n t a l s e n s i t i v i t y a n d i n s t a b i l i t i e s , b ) u n d e r -
t a i n t y in t h e d e t e r m i n a t i o n o f t h e b a c k g r o u n d u n d e r or n e a r t h e p e a k s i n n e u t r o n 
t i m e - o f - f l i g h t s p e c t r a , c ) u n c e r t a i n t y i n t h e e n e r g y d e p e n d e n c e o f t h e n e u t r o n 
d e t e c t i o n e f f i c i e n c y w h i c h is t h e m a j o r s o u r c e o f e r r o r in t h e n o r m a l i z a t i o n t o t h e 
n - p s c a t t e r i n g cross s e c t i o n , a n d d ) u n c e r t a i n t y in t h e f i n i t e s a m p l e s i z e c o r r e c -
t i o n s to t h e m e a s u r e d cross s e c t i o n s . 

T h e n e a r l y c o m p l e t e d T U N L n e u t r o n t i m e - o f - f l i g h t f a c i l i t y s h o u l d e x -
h i b i t t h e c a p a b i l i t y for r e d u c i n g t h e a b o v e l i m i t a t i o n s a n d a l l o w m e a s u r e m e n t s o f 
d i f f e r e n t i a l cross s e c t i o n s w i t h m a g n i t u d e s as s m a l l as 1 m i l l i b a r n / s t e r a d i a n t o 
b e t t e r t h a n 5% a b s o l u t e a c c u r a c y . A c c o r d i n g l y w e p l a n t o i n i t i a t e a c o m p r e h e n s i v e 
p r o g r a m o f m e a s u r e m e n t s o f e l a s t i c a n d i n 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 s . T e n t a -
t i v e l y w e p l a n t o s t a r t w i t h '^C a n d 2 7 A I w h i c h a r e p r i o r i t y I i n t h e U S N D C r e q u e s t 
l is t a n d c o n t i n u e w i th ? B e , ! H a l s o o f p r i o r i t y I . T h e p r o g r a m w i l l a l s o e n d e a v o r t o 
a n t i c i p a t e a n d s a t i s f y requests f r o m D C T R for d a t a p e r t i n e n t t o t h e d e s i g n o f a 
p r o t o t y p e f u s i o n r e a c t o r . 

A g a m m a r a y d e t e c t i n g sys tem is a l s o u n d e r c o n s t r u c t i o n . W h e n c o m -
p l e t e d i t m i g h t b e p o s s i b l e t o s t u d y n - 7 c o r r e l a t i o n s for w h i c h t h e r e is some d e -
m a n d i n t h e r e q u e s t l i s t . 

A c c u r a t e n e u t r o n s c a t t e r i n g cross s e c t i o n s a r e a l s o o f i n t e r e s t f r o m a 
f u n d a m e n t a l p o i n t o f v i e w . I n t h e past s tud ies o f t h e isospin d e p e n d e n c e o f t h e 
n u c l e o n - n u c l e u s o p t i c a l p o t e n t i a l h a v e f o c u s e d o n ( p , p ) s c a t t e r i n g e x p e r i m e n t s . 

* S e n i o r r e s e a r c h s c i e n t i s t v i s i t i n g f r o m F r a n k f u r t , G e r m a n y . 
* * S e n i o r r e s e a r c h s c i e n t i s t v i s i t i n g f r o m H e i d e l b e r g , G e r m a n y . 
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T h e a c c u r a c y a s s o c i a t e d w i t h ( n , n ) s c a t t e r i n g e x p e r i m e n t s is n o w s t a r t i n g t o a p -
p r o a c h t h a t o f t h e ( p , p ) w o r k . C o n s e q u e n t l y , a c c u r a t e n e u t r o n d i f f e r e n t i a 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 s o b t a i n e d in a n e n e r g y a n d mass r e g i o n w h e r e t h e 
o p t i c a l m o d e l is a p p l i c a b l e s h o u l d a d v a n c e t h e k n o w l e d g e o f t h e isospin d e p e n -
d e n c e o f t h e o p t i c a l p o t e n t i a l . I n a d d i t i o n , t h e e x t e n s i o n o f t h e m e a s u r e m e n t s 
o v e r a w i d e r a n g e o f n u c l e i s h o u l d i l l u m i n a t e m o r e c l e a r l y t h e c o m p e t i t i o n b e t w e e n 
d i r e c t a n d c o m p o u n d n u c l e a r r e a c t i o n m e c h a n i s m s . 

2 . R e s o l v e d N e u t r o n Cross S e c t i o n s A n d I n t e r m e d i a t e S t r u c t u r e ( J . G . 
M a l a n , * J . C l e m e n t , B . - H . C h o i , * * W . F . E. P i n e o , M . D i v a d e e n a m , 
E. G . B i l p u c h , H . W . N e w s o n ) 

A p a p e r b a s e d o n t h e S r + n r e s o l v e d cross s e c t i o n d a t a a n d t h e i r i n t e r -
p r e t a t i o n in terms o f t h e R - M a t r i x t h e o r y is in progress . E x p e r i m e n t a l r e d u c e d 
w i d t h s w i l l b e c o m p a r e d to b o t h 2 p - l h a n d p a r t i c l e - v i b r a t i o n m o d e l p r e d i c t i o n s . 

on 

A p a p e r e n t i t l e d " I n t e r m e d i a t e S t r u c t u r e : S i " is in t h e f i n a l s tages 
o f p r e p a r a t i o n for submiss ion to A n n a l s o f Phys ics . T h e e x p e r i m e n t a l r e s o n a n c e 
r e d u c e d w i d t h s a r e c o m p a r e d b o t h t o s h e l l - m o d e l 2 p - l h d o o r w a y p r e d i c t i o n s a n d 
t o t h e o p t i c a l m o d e l p r e d i c t e d q u a n t i t y J S ^ j d E . L i m i t a t i o n s o f t h e s e m o d e l s a r e 
d i s c u s s e d . 

T h e resul ts o f t h e R - M a t r i x a n a l y s i s o f 2 0 9 Bi p a r t i a l l y r e s o l v e d d a t a 
h a v e b e e n i n c l u d e d i n a p a p e r t o a p p e a r (see S e c t i o n A - 1 2 b ) in A n n a l s o f Phys ics . 

A n R - M a t r i x i n t e r p r e t a t i o n o f ^ N i n e u t r o n cross s e c t i o n d a t a has b e e n 
c o m p l e t e d . A p a p e r ' d iscuss ing t h e d e t a i l s o f a n a l y s i s a n d c o m p a r i s o n to p a r t i c l e -
v i b r a t i o n m o d e l p r e d i c t i o n s w a s p r e s e n t e d a t t h e last W a s h i n g t o n A P S m e e t i n g . 

A n R - M a t r i x f i t t o 5 8 N i n e u t r o n cross s e c t i o n d a t a is b e i n g c o m p l e t e d 
us ing o u r R - M a t r i x c o d e . T h e cross s e c t i o n s w e r e g e n e r a t e d b y s u b t r a c t i o n o f ^ N i 
cross s e c t i o n s f r o m n a t u r a l N i d a t a . 
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3 . A v e r a g e d Cross S e c t i o n s , S t r e n g t h F u n c t i o n s , a n d I n t e r m e d i a t e S t r u c -
t u r e ( W . F . E . P i n e o , M . D i v a d e e n a m , E . G . B i l p u c h , H . W . N e w s o n ) 

P a r t I I o f o u r se r i es o n S t r e n g t h F u n c t i o n s a n d A v e r a g e T o t a l Cross S e c -
t i o n s has b e e n s u b m i t t e d t o A n n a l s o f P h y s i c s . A n a b s t r a c t w a s i n c l u d e d i n 
T U N L - I X . 

P a r t I I I o f t h e se r i es is n e a r l y r e a d y for s u b m i s s i o n . T h e a b s t r a c t 
f o l l o w s : 

" N e u t r o n cross s e c t i o n s m e a s u r e m e n t s o n t h e s e p a r a t e d 
iso topes ^ J 9 4 * 9 5 / 9 6 / 9 8 / ' 0 0 / ^ © a n d r e m e a s u r e m e n t s o n n a t u r a l R u , 
R h , L a , H f , T a , W , I r , O s , T I , B i , T h , a n d U w e r e m a d e w i t h 
i m p r o v e d t e c h n i q u e s to m i n i m i z e i n s c a t t e r i n g b a c k g r o u n d t r a n s -
miss ion m e a s u r e m e n t s . T h e a v e r a g e cross s e c t i o n m e t h o d ( D u k e 
M e t h o d ) w a s e m p l o y e d t o e s t i m a t e s - , p - , a n d d - w a v e s t r e n g t h 
f u n c t i o n s a n d R 1 f r o m t h e m e a s u r e d a v e r a g e cross s e c t i o n s r e -
f e r r e d t o a b o v e i n a d d i t i o n t o e a r l i e r D u k e m e a s u r e m e n t s , a n d 
p u b l i s h e d W i s c o n s i n m e a s u r e m e n t s . T h e resu l ts a r e c o m p a r e d 
w i t h b o t h s p h e r i c a l a n d c o l l e c t i v e o p t i c a l p o t e n t i a l m o d e l c a l -
c u l a t i o n s . p - w a v e s t r e n g t h f u n c t i o n s a r e i n g o o d a g r e e m e n t w i t h 
t h e c o l l e c t i v e m o d e l p r e d i c t i o n s , w h e r e a s o n l y q u a l i t a t i v e 
a g r e e m e n t is f o u n d w i t h t h e c o l l e c t i v e m o d e l c a l c u l a t i o n s i n 
t h e c a s e o f s - w a v e s t r e n g t h f u n c t i o n s , d - w a v e s t r e n g t h f u n c -
t i o n s i n d i c a t e t w o b r o a d g i a n t r e s o n a n c e s a t A = 6 0 a n d 1 6 0 . " 

4 . C h a r g e d - P a r t i c l e F iss ion ( F . O . P u r s e r , J . R. B o y c e , D . E. E p p e r s o n , 
E . G . B i l p u c h , H . W . N e w s o n , H . W . S c h m i t t * ) 

a . A n a l y s i s o f F iss ion C r o s s - S e c t i o n M e a s u r e m e n t s 

T h e t o t a l f i ss ion c r o s s - s e c t i o n d a t a f o r p r o t o n - i n d u c e d f iss ion o f 
t h e u r a n i u m iso topes has b e e n a n a l y z e d w i t h a s t a t i s t i c a l m o d e l to d e t e r m i n e n e u -
t r o n t o f i s s i o n b r a n c h i n g r a t i o s . A p a p e r c o n t a i n i n g t h e d a t a a n d t h e resu l ts o f t h e 
a n a l y s i s has b e e n c o m p l e t e d a n d is b e i n g s u b m i t t e d fo r p u b l i c a t i o n . 

b . M a s s A n d K i n e t i c E n e r g y M e a s u r e m e n t s 

Th is p r o g r a m has b e e n i n a c t i v e for th is r e p o r t p e r i o d . I t w i l l b e 
r e s u m e d d u r i n g t h e n e x t p e r i o d . 

* O a k R i d g e N a t i o n a l L a b o r a t o r y , O a k R i d g e , T e n n e s s e e 
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c . C r o s s - S e c t i o n M e a s u r e m e n t s 

M e a s u r e m e n t s o f f i s s i o n - f r a g m e n t a n c j u l a r ^ d i s t r i b u t i o n s fo r 
p r o t o n - i n d u c e d f iss ion h a v e b e e n c o m p l e t e d for 2 3 3 U , 4 U , 2 3 5 U a n d 2 3 6 U fo r i n c i -
d e n t p r o t o n e n e r g i e s b e t w e e n 7 . 0 a n d 1 3 . 0 M e V . A d d i t i o n o f th is l o w - e n e r g y 
a n g u l a r d i s t r i b u t i o n d a t a t o t h a t p r e v i o u s l y m e a s u r e d c o m p l e t e s a d a t a se t for t h e s e 
f o u r iso topes for i n i t i a l e x c i t a t i o n e n e r g i e s r a n g i n g f r o m j u s t b e l o w t h e o n s e t o f 
s e c o n d c h a n c e f iss ion t o w e l l a b o v e t h e f o u r t h c h a n c e f iss ion r e g i o n . C o m p u t e r 
a n a l y s i s o f t h e d a t a w i t h our s t a t i s t i c a l d e c a y m o d e l is i n progress t o d e t e r m i n e 
t h e e x c i t a t i o n e n e r g y d e p e n d e n c e o f t h e a n i s o t r o p y a n d K for i n d i v i d u a l f i s s i o n i n g 
n u c l e i . 

5 . A S e l e c t i v e l y E x c i t e d A n d D i s t o r t e d ( S E X D ) L i q u i d D r o p M o d e l ( H . W . 
N e w s o n ) 

This m o d e l has b e e n g e n e r a l i z e d t o i n c l u d e b o t h l i q u i d - l i k e a n d F e r m i 
g a s - l i k e p h e n o m e n a in such a w a y t h a t s h e l l e f f e c t s v i a t h e 2 p - T h m e c h a n i s m i m -
pose s e l e c t i o n ru les o n t h e c o n v e n t i o n a l L D M . O n e c a n n o w u n d e r s t a n d t h e f r a g -
m e n t p r o p e r t i e s w i t h o u t a b a n d o n i n g t h e l a t t e r m o d e l . 

6 . C r o s s - S e c t i o n a n d P o l a r i z a t i o n i n ( 3 H e , n ) R e a c t i o n s f rom 1 2 C a n d 1 3 C 
f r o m 8 t o 2 2 M e V ( T . C . R h e a , R. A . H a r d e k o p f * P. W . L i s o w s k i , 
J . M . J o y c e , * * R. B a s s / R. L . W a l t e r ) 

F i n a l c a l c u l a t i o n s h a v e b e e n m a d e a n d no s u i t a b l e set o f p a r a m e t e r s 
w a s f o u n d w h i c h c o u l d d e s c r i b e t h e e l a s t i c s c a t t e r i n g a n d p o l a r i z a t i o n d a t a for 

C ( H e , H e ) C a n d t h e cross s e c t i o n a n d p o l a r i z a t i o n for , 3 C ( 3 H e , n J 1 5 0 . For 
12 /3 \ 

C ( H e , n Q ) s u i t a b l e D W B A resul ts w e r e o b t a i n e d i n t h e 1 8 - 2 2 M e V r a n g e us ing 
1 2 C ( 3 H e , 3 H e ) 1 2 C o p t i c a l - m o d e l p a r a m e t e r s p u b l i s h e d e a r l i e r . A p u b l i c a t i o n s u m -
m a r i z i n g o u r f i n d i n g s is b e i n g p r e p a r e d . Th is w o r k w a s r e p o r t e d a t t h e W a s h i n g t o n , 
D . C . A m e r i c a n P h y s i c a l S o c i e t y M e e t i n g a n d c o m p r i s e d t h e m a j o r p a r t o f t h e thesis 
o f T . C . R h e a . T h e a b s t r a c t f r o m th is thesis f o l l o w s : 

" N e u t r o n p o l a r i z a t i o n a n d cross s e c t i o n a n g u l a r d i s t r i -
b u t i o n s f r o m 0 ° t o 1 2 0 ° c . m . h a v e b e e n m e a s u r e d for t h e 
1 2 C ( 3 H e , n 0 ) , 4 0 r e a c t i o n w i t h 3 H e b o m b a r d i n g e n e r g i e s f r o m 
8 t o 2 2 M e V in 2 M e V steps a n d for t h e , 3 C ( 3 H e , n 0 ) , 5 0 r e a c -
t i o n a t 1 2 , 1 6 , a n d 2 0 M e V . T h e n e u t r o n p o l a r i m e t e r u t i l i z e d 

* N o w a t Los A l a m o s S c i e n t i f i c L a b o r a t o r y , Los A l a m o s , N e w M e x i c o 
* * N o w a t East C a r o l i n a U n i v e r s i t y , G r e e n v i l l e , N o r t h C a r o l i n a 
+ N o w a t F r a n k f u r t U n i v e r s i t y , F r a n k f u r t , G e r m a n y 
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a s p i n - p r e c e s s i o n s o l e n o i d a n d 1 2 0 ° s c a t t e r i n g f r o m 4 H e gas 
i n a s c i n t i l l a t o r c e l l . 

D W B A c a l c u l a t i o n s s h o w e d s i g n i f i c a n t a g r e e m e n t w i t h 
t h e 2 0 a n d 2 2 M e V 1 2 C ( 3 H e / n 0 ) d a t a a l t h o u g h i t is e v i d e n t 
t h a t e f f e c t s o t h e r t h a n t h o s e d e s c r i b e d b y t h e D W B A a r e p r e -
s e n t . B e l o w 2 0 M e V t h e p o l a r i z a t i o n d a t a v a r y q u i c k l y w i t h 
e n e r g y , a n d t h e resul ts o f t h e c a l c u l a t i o n s a r e u n s a t i s f a c t o r y . 
C o m p a r i s o n o f 1 2 C ( 3 H e , n Q ) a n d 1 2 C ( t , p Q ) c r o s s - s e c t i o n a n d 
p o l a r i z a t i o n d a t a a t 1 6 M e V i n d i c a t e s t h a t t h e s a m e m e c h a n -
ism d o m i n a t e s b o t h r e a c t i o n s a n d t h a t t h e d i f f e r e n c e s i n t h e 
c o u l o m b e f f e c t s fo r t h e t w o r e a c t i o n s a r e s m a l l . E v e n t h o u g h 
t h e D W B A has s u c c e s s f u l l y d e s c r i b e d 4 t o 6 M e V , 3 C ( 3 H e , n Q ) 
cross s e c t i o n s a n d p o l a r i z a t i o n s , n o a g r e e m e n t w a s f o u n d for 
t h e p r e s e n t d a t a . T h e n e e d for c o u p l e d - c h a n n e l c a l c u l a t i o n s 
is s u g g e s t e d . 

I n o r d e r t o d e r i v e o p t i c a l m o d e l p a r a m e t e r s t o use in 
t h e 1 3 C ( 3 H e , n _ ) D W B A c a l c u l a t i o n s , t h e cross s e c t i o n a n d 

. 13 3 f o r w a r d - a n g l e p o l a r i z a t i o n o f C + H e s c a t t e r i n g a t 
1 9 . 3 M e V w e r e m e a s u r e d . T h e d a t a a r e s i m i l a r t o 2 0 M e V 
12 3 

C + H e s c a t t e r i n g d a t a , a n d , as w o u l d b e e x p e c t e d t h e n , 
t h e 1 3 C o p t i c a l m o d e l p a r a m e t e r s t h a t w e r e o b t a i n e d i n th is 
w o r k w e r e s i m i l a r t o t h o s e f o u n d p r e v i o u s l y for , 2 C . " 

7 . P o l a r i z a t i o n P r o d u c e d in T h e ( d , n ) R e a c t i o n s o n 9 Be a n d n B ( J . T a y -
l o r * G . S p a l e k , * * T h . S t a m m b a c h , + R. L . W a l t e r ) 

N o f u r t h e r progress o n D W B A c a l c u l a t i o n s h a v e b e e n m a d e . Perhaps 
some progress t o w a r d u n d e r s t a n d i n g our o b s e r v a t i o n s w i l l b e i n i t i a t e d w h e n ( d , n ) 
r e a c t i o n s a r e s t u d i e d in t h e n e a r f u t u r e , us ing p u l s e d b e a m s i f th is p r o v e s t o b e 
p o s s i b l e . 

* N o w a t A r m e d F o r c e s I n s t i t u t e o f P a t h o l o g y , W a s h i n g t o n , D . C . 
* * N o w a t U n i v e r s i t y o f W i s c o n s i n , M a d i s o n , W i s c o n s i n 
+ N o w a t S c h w e i z . I ns t . f . N u k l e a r p h y s i k , Z u r i c h , S w i t z e r l a n d 
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8 . N e u t r o n P o l a r i z a t i o n s P r o d u c e d b y t h e B r e a k u p o f P o l a r i z e d D e u t e r o n s 
o n D a n d 4 H e (P. W . L i s o w s k i , R. B i r d , T . B. C l e g g , R. L . W a l t e r ) 

T h e p o l a r i z a t i o n p r o d u c e d a t a r e a c t i o n a n g l e o f 0 ° i n t h e b r e a k u p o f 
p u r e v e c t o r - p o l a r i z e d d e u t e r o n s o n D a n d 4 H e has b e e n m e a s u r e d f r o m 9 to 15 M e V 
i n c i d e n t d e u t e r o n e n e r g y . P r e l i m i n a r y resul ts i n d i c a t e t h a t t h e n e u t r o n p o l a r i z a t i o n 
is c o n s t a n t for t h e n e u t r o n s i n t h e u p p e r 2 / 3 o f t h e c o n t i n u u m s p e c t r u m o v e r t h e 
i n c i d e n t d e u t e r o n e n e r g y r a n g e a n d t h a t K ^ is l a r g e , p e r h a p s as l a r g e as 0 . 9 , i m -
p l y i n g v e r y l i t t l e loss o f s p i n i n f o r m a t i o n f&r t h e n e u t r o n . 

9 . N e u t r o n S c a t t e r i n g S t u d i e s U s i n g P o l a r i z e d N e u t r o n s P r o d u c e d b y P o -
l a r i z e d D e u t e r o n Beams (P. W . L i s o w s k i , T . C . R h e a , C . E. Busch , 
T . B. C l e g g , R. L . W a l t e r ) 

a . , n ) R e a c t i o n 

P o l a r i z a t i o n a n g u l a r d i s t r i b u t i o n s p r e v i o u s l y o b t a i n e d a t 8 , 1 2 , 
a n d 1 7 M e V h a v e b e e n i n c o r p o r a t e d in p h a s e - s h i f t a n d o p t i c a l - m o d e l p a r a m e t e r i -
z a t i o n s . T h e r e p a r a m e t e r i z a t i o n s h a v e b e e n m a d e us ing a l l o f t h e c u r r e n t l y a v a i l -
a b l e n - 3 H e t o t a l c r o s s - s e c t i o n , d i f f e r e n t i a l c r o s s - s e c t i o n , a n d p o l a r i z a t i o n d a t a . 
A r e p o r t o n t h e s e d a t a w a s g i v e n a t t h e W a s h i n g t o n m e e t i n g o f t h e A m e r i c a n P h y s i -
c a l S o c i e t y . 

b . 4 H e ( n , n ) R e a c t i o n 

A s y m m e t r y a n g u l a r d i s t r i b u t i o n s w h i c h w e r e p r e v i o u s l y o b t a i n e d 
a t 14 a n d 1 7 M e V b y s c a t t e r i n g p o l a r i z e d n e u t r o n s f rom a 4 H e gas s c i n t i l l a t o r h a v e 
b e e n i n c o r p o r a t e d i n a n R - m a t r i x a n a l y s i s a n d in a n o p t i c a l - m o d e l f o r m u l a t i o n . 
T h e R - m a t r i x a n a l y s i s e n c o m p a s s e s most o f t h e a v a i l a b l e n - 4 H e a n d p - 4 H e cross 
s e c t i o n a n d p o l a r i z a t i o n d a t a . T h e r e s u l t i n g R - m a t r i x p a r a m e t e r s y i e l d p h a s e 
sh i f ts w h i c h p r o v i d e a n e x c e l l e n t r e p r e s e n t a t i o n o f b o t h systems for e n e r g i e s b e l o w 
2 0 M e V . A r e p o r t o n t h e s e d a t a w a s g i v e n a t t h e W a s h i n g t o n m e e t i n g o f t h e A m e r i -
c a n P h y s i c a l S o c i e t y . 

1 0 . T r a n s f e r P o l a r i z a t i o n S t u d i e s i n ( p , n ) R e a c t i o n s (P . W . L i s o w s k i , 
T . D o i r o n , R. B y r d , T . B. C l e g g , R. L . W a l t e r ) 

P o l a r i z a t i o n t r a n s f e r c o e f f i c i e n t s K ^ , h a v e b e e n d e d u c e d f rom m e a -
s u r e m e n t s o f t h e n e u t r o n p o l a r i z a t i o n p r o d u c e d a t a r e a c t i o n a n g l e o f 0 ° i n ( p , n ) 
r e a c t i o n s o n s e v e r a l n u c l e i . Beams o f 2 0 t o 1 0 0 n A o f t y p i c a l l y 8 0 % p o l a r i z e d 
p r o t o n s w e r e used . T h e o u t g o i n g n e u t r o n p o l a r i z a t i o n s w e r e m e a s u r e d b y s c a t t e r i n g 
f r o m a h i g h - p r e s s u r e 4 H e gas s c i n t i l l a t o r . S t a t i s t i c a l u n c e r t a i n t i e s i n t h e c a l c u -
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l a t e d v a l u e s o f K ^ w e r e a b o u t 0 . 0 5 . 

a . D(p , n )pp R e a c t i o n 

N e u t r o n p o l a r i z a t i o n s h a v e b e e n m e a s u r e d for p r o t o n e n e r g i e s 
f r o m 9 t o 1 5 M e V . G e o m e t r y , m u l t i p l e - s c a t t e r i n g , a n d e n e r g y - a v e r a g e a n a l y z i n g -
p o w e r c o r r e c t i o n s n e e d t o b e c a l c u l a t e d b e f o r e f i n a l v a l u e s a r e o b t a i n e d , b u t p r e -
l i m i n a r y resul ts i n d i c a t e a n e a r l y c o n s t a n t e n e r g y d e p e n d e n c e o f t h e t r a n s f e r c o -
e f f i c i e n t o f t h e f i n a l - s t a t e i n t e r a c t i o n n e u t r o n s a n d a s i m i l a r e n e r g y d e p e n d e n c e o f 
o p p o s i t e s i g n fo r t h e p o l a r i z a t i o n t r a n s f e r o f t h e q u a s i - e l a s t i c n e u t r o n s . 

b . n B ( p , n ) , , 3 C ( p , ^ ) , a n d 9 B e ( p , n ) 

P o l a r i z a t i o n t r a n s f e r c o e f f i c i e n t s h a v e b e e n m e a s u r e d fo r 
9 B e ( p , n ) fo r p r o t o n e n e r g i e s f r o m 4 t o 15 M e V . A c o m p a r i s o n o f t h e p r e l i m i n a r y 
resu l ts o f th is e x p e r i m e n t w i t h t h e 1 ^ ( p , n ) a n d 1 3 C ( p , n ) p o l a r i z a t i o n t r a n s f e r c o -
e f f i c i e n t s p r e v i o u s l y o b t a i n e d f r o m 8 . 5 t o 15 M e V shows l i t t l e s i m i l a r i t y . 

T h e K / v a l u e s f l u c t u a t e d c o n s i d e r a b l y w i t h e n e r g y r e a c h i n g a 
m a x i m u m o f 1 0 . 8 i n t h e c a s e o f 1 3 C ( p , n ) a n d 0 . 5 in t h e c a s e o f B ( p , n ) . For 
9 B e ( p , n ) , t h e t r a n s f e r is a p p r o x i m a t e l y c o n s t a n t a b o v e 12 M e V w i t h a v a l u e a b o u t 
+ 0 . 4 . T h e v a l u e o f K ^ d e c r e a s e s b e l o w 12 M e V a n d c h a n g e s s i g n a r o u n d 9 M e V 
r e a c h i n g a v a l u e o f a p p r o x i m a t e l y - 0 . 2 n e a r 6 M e V . B e l o w 6 M e V t h e s ign r e -
verses a g a i n , r i s i n g t o a b o u t + 0 . 4 a t 5 M e V . 

c . C u ( p , n ) 

T h e n e u t r o n p o l a r i z a t i o n p r o d u c e d a t 0 ° b o m b a r d i n g a n a t u r a l 
c o p p e r t a r g e t w i t h p o l a r i z e d p r o t o n s has b e e n o b t a i n e d a t 1 4 . 3 M e V . T h e p o l a r i -
z a t i o n t r a n s f e r c o e f f i c i e n t d e d u c e d f r o m t h e s e e v a p o r a t i o n n e u t r o n s as a f u n c t i o n 
o f c o n t i n u u m n e u t r o n e n e r g y a r e c o n s i s t e n t w i t h z e r o p o l a r i z a t i o n t r a n s f e r . I n th is 
e x p e r i m e n t t h e s t a t i s t i c a l a c c u r a c y v a r i e d f rom ± 0 . 0 5 t o ± 0 . 0 0 8 as a f u n c t i o n o f 
d e c r e a s i n g n e u t r o n e n e r g y . 

1 1 . P o l a r i z a t i o n T r a n s f e r a t 0 ° in t h e D ( d , n ) R e a c t i o n (P. W . L i s o w s k i , 
C . E . B u s c h , T . B. C l e g g , R. L . W a l t e r ) 

T h e 0 ° p o l a r i z a t i o n t r a n s f e r c o e f f i c i e n t K V , a n d t h e 0 ° a n a l y z i n g 
p o w e r A z z h a v e b e e n m e a s u r e d for t h e D ( d , n ) r e a c t i o n for d e u t e r o n e n e r g i e s as 
l o w as 5 0 0 k e V . T h e s e resul ts must b e a d d i t i o n a l l y c o r r e c t e d for g e o m e t r y a n d 
m u l t i p l e - s c a t t e r i n g e f f e c t s , b u t p r e l i m i n a r y resul ts i n d i c a t e t h a t t h e p o l a r i z a t i o n 
t r a n s f e r r e m a i n s n e a r its v a l u e a t h i g h e r e n e r g i e s e v e n t h o u g h t h e 0 ° a n a l y z i n g 
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p o w e r fo r D ( d , n ) is n o t c o n s t a n t b e l o w 2 . 5 M e V . T h e s e d a t a a n d t h o s e o b t a i n e d 
p r e v i o u s l y p r o v i d e a c o m p r e h e n s i v e se t o f 0 ° p o l a r i z a t i o n t r a n s f e r c o e f f i c i e n t s a n d 
0 ° a n a l y z i n g p o w e r s fo r i n c i d e n t d e u t e r o n e n e r g i e s f r o m 0 . 5 t o 1 5 . 0 M e V . T y p i c a l 
s t a t i s t i c a l a c c u r a c i e s o f 0 . 0 1 a n d 0 . 0 2 w e r e o b t a i n e d for t h e K ^ a n d A z z v a l u e s 
r e s p e c t i v e l y . A r e p o r t o n t h e d a t a w i l l b e g i v e n a t t h e B l o o m i n g t o n m e e t i n g o f t h e 
A m e r i c a n P h y s i c a l S o c i e t y . 

1 2 . T h e o r e t i c a l I n v e s t i g a t i o n o f N e u t r o n Cross S e c t i o n M e a s u r e m e n t s 
( M . D i v a d e e n a m , B . - H . C h o i , * W . P . B e r e s , * * S . R a m a v a t a r a m , 4 " 
K . R a m a v a t a r a m , + A . L e v , * * R . Y . C u s s o n , H . W . N e w s o n ) 

a . S h e l l M o d e l 

( 1 ) E v e n - O d d C o m p o u n d N u c l e i 

2 8 S i + n : A p a p e r 1 e n t i t l e d , , 2 8 S i + n s - a n d p - w a v e 2 p - l h 
D o o r w a y s " w a s p r e s e n t e d a t t h e S p r i n g 1 9 7 3 W a s h i n g t o n A m e r i c a n P h y s i c a l S o c i e t y 
m e e t i n g . 

A shor t p a p e r e n t i t l e d " O n t h e R e l e v a n c e o f t h e S i n g l e -
P a r t i c l e C o m p o n e n t o f a D o o r w a y S t a t e for E v a l u a t i n g t h e N u c l e a r Escape W i d t h " 
w a s s u b m i t t e d t o t h e M u n i c h C o n f e r e n c e . A s i m p l e s c h e m e is p r o p o s e d in w h i c h 
t h e r o l e s o f b o t h t h e s - p - a n d 2 p - l h c o m p o n e n t s o f a d o o r w a y a r e c o n s i d e r e d i n 
e v a l u a t i n g t h e t o t a l n u c l e a r e s c a p e w i d t h s . This s c h e m e has b e e n t e s t e d for 5 / 2 " 
r e s o n a n c e s in t h e c o m p o u n d n u c l e u s 2 9 S i . A v e r y r e s t r i c t e d basis o f 2 p - l h s ta tes 
a n d s i n g l e n e u t r o n r e p r o d u c e s t h e e x p e r i m e n t a l s i t u a t i o n b e l o w 2 M e V n e u t r o n 
e n e r g y . A p a p e r i n t h e f u t u r e w i l l i n c o r p o r a t e t h e s e f i n d i n g s . 

T h e 2 p - l h c a l c u l a t i o n s fo r Pb iso topes a r e i n progress . 

^ C a + n a n d ^ C a + n : O 
ur p r e v i o u s 2 p - l h d o o r w a y c a l c u -

l a t i o n s o n 4 0 C a + n a n d ^ C a + n a r e b e i n g e x t e n d e d t o d - w a v e r e s o n a n c e s . A p a p e r 3 

b a s e d o n these f i n d i n g s w i l l b e p r e s e n t e d a t t h e f o r t h c o m i n g B l o o m i n g t o n N u c l e a r 
* N o w a t P a c i f i c L u t h e r a n U n i v e r s i t y , T a c o m a , W a s h i n g t o n 
* * N o w a t W a y n e S t a t e U n i v e r s i t y , D e t r o i t , M i c h i g a n 
+ U n i v e r s i t e L a v a l , Q u e b e c , C a n a d a 
1 M . D i v a d e e n a m , B . - H . C h o i a n d H . W . N e w s o n , B u l l . A m . Phys. S o c . | 8 , 

6 4 8 ( 1 9 7 3 ) . 
M . D i v a d e e n a m a n d R. Y . C u s s o n , s u b m i t t e d t o t h e M u n i c h C o n f e r e n c e . 

3 S . R a m a v a t a r a m , B. G o u l a r d a n d J . B e r g e r a u , N u c l . Phys. A 2 0 7 , 1 4 0 ( 1 9 7 3 ) . 
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( 2 ) O d d - O d d C o m p o u n d N u c l e i 

8 9 Y + n : T h e s h e l l - m o d e l p r o g r a m t h a t w a s p r e v i o u s l y used 
t o p r e d i c t s - w a v e 3 p - l h r e s o n a n c e s t a t e s 1 in ^ Y is b e i n g g e n e r a l i z e d to c a l c u l a t e 
m a t r i x e l e m e n t s o f t h e t y p e 

< P n ( V j P V > 
< p n f V 1 2 j p ' n 1 n 2 n 3 - > 
< p n | V 1 2 ; n ' p , p 2 p3" > 
< p n , n 2 n j I V I 2 | p ' n j n'2 > 
< N PI P2 P3J Vul P' n ' l n 2 n3~ > 

a n d < n p , p 2 p " | V ] 2 | n ' p', p^ p 3 - ' > 

t o f o r m a s e c u l a r m a t r i x a n d s u b s e q u e n t d i a g o n a l i z a t i o n t o p r e d i c t d o o r w a y e n e r -
g i e s a n d w a v e f u n c t i o n s . T h e r e s u l t i n g w a v e f u n c t i o n s w i l l b e used to c a l c u l a t e 
n e u t r o n t o t a l cross s e c t i o n s e m p l o y i n g a f o r m a l i s m w h i c h i n c o r p o r a t e s b o t h t h e 
L a n e - R o b s o n G e n e r a l i z e d C a l c u l a b l e t h e o r y a n d t h e F e s h b a c h d o o r w a y c o n c e p t . 

2 0 7 P b + n : T h e K u o - B r o w n a n d T r u e e t a l . 2 0 8 P b w a v e f u n c -
t i o n for d i f f e r e n t J17 w i l l b e used t o i n t e r p r e t t h e n e u t r o n r e s o n a n c e s t r u c t u r e o b -

207 2 s e r v e d in Pb+n e x p e r i m e n t s . 

b . P a r t i c l e - V i b r a t i o n M o d e l 

(1 ) E v e n - O d d C o m p o u n d N u c l e i 

^ C a + n a n d ^ C a + n : In t h e c a s e o f 4 1 C a c o m p o u n d n u c l e u s , 
t h e s h e l l m o d e l c a n n o t p r e d i c t a n y n e g a t i v e p a r i t y s ta tes i f e x c i t a t i o n s m o r e c o m -
p l e x t h a n 2 p - l h a r e n o t c o n s i d e r e d . H o w e v e r t h e p a r t i c l e - v i b r a t i o n m o d e l is 
s u i t a b l e to h a n d l e t h e n e g a t i v e p a r i t y d o o r w a y s . C o m p o u n d n u c l e i 4 , C a a n d ^ C a 
a r e b e i n g c o n s i d e r e d t o p r e d i c t s - , p - a n d d - w a v e p a r t i c l e - v i b r a t i o n d o o r w a y e s -
c a p e w i d t h s . These p r e d i c t i o n s w i l l b e c o m p a r e d t o t h e c o r r e s p o n d i n g e x p e r i m e n t a l 
resu l ts in a t a l k (see 1 2 a ) t o b e p r e s e n t e d a t t h e f o r t h c o m i n g B l o o m i n g t o n m e e t i n g . 

2 0 6 P b + n a n d 2 0 8 P b + n : A p a p e r e n t i t l e d " N u c l e a r S p r e a d i n g 
W i d t h s o f P a r t i c l e - V i b r a t i o n R e s o n a n c e s in 2 0 7 P b a n d 2 0 9 P b has b e e n p u b l i s h e d in 

1 S . R a m a v a t a r a m , B. G o u l a r d a n d J . B e r g e r a n , N u c l . Phys. A 2 0 7 , 1 4 0 ( 1 9 7 3 ) . 
2 F . T . S e i b e l , E. G . B i l p u c h a n d H . W . N e w s o n , A n n a l s o f Physics 6 9 , 4 5 1 

0 9 7 1 ) . 
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Phys. R e v . C 8 , 1 2 2 3 ( 1 9 7 3 ) . T h e a b s t r a c t f o l l o w s : 

907 
" T h e n u c l e a r s p r e a d i n g w i d t h s o f t h e Pb 

a n d 2 0 9 P b 1 / 2 " d o o r w a y r e s o n a n c e s a r e c a l c u -
l a t e d i n a p a r t i c l e - v i b r a t i o n m o d e l . T h e h a l l w a y 
s ta tes a r e o f t h e j a a r t i c l e - t w o - p h o n o n t y p e . T h e 
f i n e s t r u c t u r e i n 0 7 P b is e s s e n t i a l l y d u e t o t h e 
a v a i l a b i l i t y o f m a n y h a l l w a y s (some w i t h l a r g e 
m a t r i x e l e m e n t s ) a n d t h e i r p r o x i m i t y t o t h e d o o r -
w a y . T h e 2 0 7 P b a n d 2 0 9 P b 1 / 2 d o o r w a y s p r e a d i n g 
w i d t h s a r e f o u n d t o b e i n l i n e w i t h t h e e x p e r i -
m e n t a l s i t u a t i o n . " 

A p a p e r e n t i t l e d " I m a g i n a r y O p t i c a l P o t e n t i a l for t h e 
C o m p o u n d N u c l e u s 2 0 9 P b " has b e e n p u b l i s h e d i n Phys. R e v i e w L e t t e r s 3 0 , 3 5 5 
( 1 9 7 3 ) . T h e a b s t r a c t f o l l o w s : 

" A n o n l o c a l e n e r g y - d e p e n d e n t i m a g i n a r y 
o p t i c a l p o t e n t i a l fo r s - w a v e n e u t r o n s i n c i d e n t o n 

8 Pb is c a l c u l a t e d in t h e i n t e r m e d i a t e s t r u c t u r e 
m o d e l w i t h p a r t i c l e - v i b r a t i o n c o u p l i n g . T h e 
e n e r g y d e p e n d e n c e is s t u d i e d in t h e r a n g e o f 
0 - 1 2 M e V . T h e a b s o r p t i o n cross s e c t i o n is c a l -
c u l a t e d a n d c o m p a r e d t o e x p e r i m e n t b e l o w 
2 . 6 M e V , t h e i n e l a s t i c t h r e s h o l d . T h e a g r e e -
m e n t is q u i t e g o o d . T h e r a d i a l d e p e n d e n c e is 
a l s o i n v e s t i g a t e d . " 

S i m i l a r c a l c u l a t i o n s fo r h i g h e r p a r t i a l w a v e s h a v e b e e n 
p e r f o r m e d a n d t h e resul ts w i l l b e i n c l u d e d i n a p a p e r t h a t is i n p r e p a r a t i o n . 

( 2 ) E v e n M a s s C o m p o u n d N u c l e i 

2 0 7 P b + n a n d 2 0 9 B i + n : A p a p e r e n t i t l e d " I n t e r m e d i a t e S t r u c -
t u r e : P a r t i c l e - V i b r a t i o n S t a t e s " has a p p e a r e d i n A n n a l s o f Physics 8 0 , ( 1 9 7 3 ) . 
T h e a b s t r a c t f o l l o w s : 

" T h e w e a k c o u p l i n g p a r t i c l e - v i b r a t i o n m o -
d e l is e x t e n d e d t o l o w - l y i n g n e u t r o n r e s o n a n c e s 
i n c e r t a i n e v e n - e v e n or o d d - o d d n u c l e i b y c o u p -
l i n g t h e e x t r a p a r t i c l e t o c o r e e x c i t e d s ta tes o f 
t h e o d d mass t a r g e t . T h e o d d h o l e or p a r t i c l e in 

i 
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t a r g e t s t r e a t e d as a pass ive s p e c t a t o r . 
Pb a n d Bi a r e s t u d i e d as test cases a n d t h e 

c a l c u l a t e d r e s o n a n c e q u a n t i t i e s a r e in g o o d 
g e n e r a l a g r e e m e n t w i t h t h e a v e r a g e f e a t u r e s 
o f h i g h r e s o l u t i o n e x p e r i m e n t s . T h e resonances 
in ^ P b a n d 2 1 0 Bi a r e r e l a t e d t o the s a m e i n t r i n -
s ic d o o r w a y in 2 0 9 P b . T h e 2 1 0 Bi d a t a is p r e s e n t e d 
h e r e for the f i rst t i m e . " 

c . P a r t i c l e - R o t a t i o n M o d e l 

28 
S i + n ; A p a p e r e n t i t l e d " R o t a t o r - P a r t i c l e p - w a v e N e u t r o n 

Resonances in t h e C o m p o u n d N u c l e u s 2 9 Si"has b e e n s u b m i t t e d for p u b l i c a t i o n . T h e 
a b s t r a c t f o l l o w s : 

" N e u t r o n c o n t i n u u m r e s o n a n c e states in t h e c o m -
29 

p o u n d n u c l e u s Si a r e g e n e r a t e d in t h e f r a m e w o r k o f t h e 
r o t a t o r - p a r t i c l e s t rong c o u p l i n g m o d e l a n d n e u t r o n e l a s -
t i c e s c a p e w i d t h s for these r e s o n a n c e l e v e l s a r e c a l c u l a t e d 
m a k i n g use o f a q u a d r u p o l e i n t e r a c t i o n . T h e p r e d i c t e d 
r e s o n a n c e e n e r g i e s o f t h e b a n d - m i x e d l e v e l s a n d t h e i r 
n e u t r o n e s c a p e w i d t h s c o r r e s p o n d i n g t o 1 / 2 " a n d 3 / 2 " 
a r e in g e n e r a l a g r e e m e n t w i t h t h e e x p e r i m e n t a l p - w a v e 
r e s o n a n c e s . A r e a l W o o d s - S a x o n p o t e n t i a l w i t h s p i n -
o r b i t t e rm is used for t h e c o n t i n u u m n e u t r o n . " 

In a d d i t i o n , p r e l i m i n a r y f i n d i n g s o f this s tudy w e r e p r e s e n t e d a t 
t h e last W a s h i n g t o n A m e r i c a n P h y s i c a l S o c i e t y m e e t i n g . 1 

1 3 . C o m p u t e r P rogram M O D S N O O P for S t r e n g t h F u n c t i o n s A n d S i n g l e P a r -
t i c l e R e d u c e d W i d t h s (B.-H. C h o i , M . D i v a d e e n a m ) 

M O D S N O O P is b e i n g used to p r e d i c t s t r e n g t h f u n c t i o n s a n d s .p . r e -
d u c e d w i d t h s . N o m o d i f i c a t i o n s h a v e b e e n d o n e s i n c e t h e last r e p o r t . 

1 B . - H . C h o i , M . D i v a d e e n a m a n d H . W . N e w s o n , B u l l . A m . Phys. S o c . 1 8 , 
6 4 8 ( 1 9 7 3 ) . _ 
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B . D E V E L O P M E N T 

1 . A c c e l e r a t o r I m p r o v e m e n t s ( F . O . P u r s e r , J . R . B o y c e , H . W . N e w s o n , 
E. G . B i l p u c h , R. L . R u m m e l , M . T . S m i t h , J . D . M o s e s , D . E. E p p e r -
s o n , G . E. M i t c h e l l , R. O . N e l s o n ) 

a . T a n d e m A c c e l e r a t o r 

T h e l o w e n e r g y e x t e n s i o n o f t h e t a n d e m has b e e n e x t e n s i v e l y 
m o d i f i e d t o a c c e p t a H V E C c h o p p e r - b u n c h e r system t o p r o d u c e p u l s e d b e a m s . I n 
C y c l o - G r a a f f o p e r a t i o n , t h e b u n c h e r c a n b e r e m o v e d f r o m t h e sys tem t o m e e t t h e 
b e a m o p t i c s r e q u i r e m e n t s o f t h e i n j e c t o r c y c l o t r o n . C o m p l e t i o n o f t e s t i n g o f t h e 
p u l s e d b e a m s y s t e m a n d i n i t i a l d a t a runs a r e e x p e c t e d d u r i n g t h e m o n t h o f O c t o b e r . 

b . I n j e c t o r C y c l o t r o n 

A n e w c o o l i n g m a n i f o l d has b e e n i n s t a l l e d i n t h e l o w e r m a g n e t 
c o i l a s s e m b l y a n d t e s t e d s a t i s f a c t o r i l y . T h e c y c l o t r o n has b e e n r e - a s s e m b l e d a n d 
o p e r a t i o n a l tests w i l l b e p e r f o r m e d a t t h e e n d o f t h e c u r r e n t m a i n t e n a n c e p e r i o d 
w h i c h has i n v o l v e d e x t e n s i v e m o d i f i c a t i o n s t o b e a m l i n e h a r d w a r e b e t w e e n t h e 
i n j e c t o r c y c l o t r o n a n d t h e F N t a n d e m . 

2 . P u l s e d Beams ( F . O . P u r s e r , H . W . N e w s o n , N . R. R o b e r s o n , R. O . 
N e l s o n , T . B. C l e g g , D . E. E p p e r s o n , R. A . H i l k o , J . C l e m e n t , D . W . 
G l a s g o w , G . M a c k , * K . S t e l z e r * * ) 

a . M a s s I d e n t i f i c a t i o n o f C h a r g e d P a r t i c l e s b y T i m e - o f - F I i g h t 

Th is p r o g r a m has b e e n i n a c t i v e fo r th is r e p o r t p e r i o d . 

b . N e u t r o n T i m e - o f - F I i g h t S y s t e m 

M e c h a n i c a l i n s t a l l a t i o n o f t h e n e u t r o n s p e c t r o m e t e r system has 
b e e n c o m p l e t e d . T h e f i v e - t o n m a i n d e t e c t o r s h i e l d a n d c o l l i m a t o r , t h e c e n t r a l 
s p e c t r o m e t e r t a b l e a n d m o n i t o r d e t e c t o r s h i e l d a r e in p l a c e a n d h a v e b e e n s a t i s -
f a c t o r i l y t e s t e d . T h e a n g u l a r c a r r i a g e for t h e m a i n d e t e c t o r t r a v e r s e s a n e l e v a t e d 
i r o n t r a c k w h i c h is c o - p l a n a r t o w i t h i n ± 0 . 0 3 0 " a n d a l l o w s m e a s u r e m e n t s a t l a b o -
r a t o r y s c a t t e r i n g a n g l e s r a n g i n g f r o m + 2 0 ° t o - 1 6 0 ° . T h e m a x i m u m t i m e - o f - f l i g h t 

* S e n i o r r e s e a r c h s c i e n t i s t v i s i t i n g f r o m H e i d e l b e r g , G e r m a n y . 
* * S e n i o r r e s e a r c h s c i e n t i s t v i s i t i n g f r o m F r a n k f u r t , G e r m a n y . 
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p a t h o b t a i n a b l e is 4 m e t e r s . 

A n a n a l y s i s o f t h e b e a m t r a n s p o r t system for t i m e - o f - f l i g h t o p e r a -
t i o n has b e e n c o m p l e t e d . A f u l l y a c h r o m a t i c s o l u t i o n w a s a c h i e v e d us ing t h e c o d e 
T R A N S P O R T w r i t t e n a t S L A C a n d m o d i f i e d a t T U N L t o b e m o r e c o n v e n i e n t fo r use 
w i t h p r o t o n a n d d e u t e r o n b e a m s . T h e a c h r o m a t i c s o l u t i o n p r o d u c e d less t h a n 5 % 
b e a m s p r e a d a f t e r t r a n s p o r t t h r o u g h t w o 9 0 ° a n a l y z i n g m a g n e t s a n d a s i n g l e 7 0 ° 
s w i t c h i n g m a g n e t w i t h a r e s u l t i n g b e a m t r a n s p o r t r e l a t e d p u l s e l e n g t h o f 0 . 3 c m , 
or less t h a n 0 . 1 7 nsec a t 2 M e V . T h e f i n a l a t t a i n a b l e burst w i d t h o n t a r g e t s h o u l d 
t h e n d e p e n d o n l y o n t h e c a p a b i l i t y o f t h e b u n c h e r a n d c h o p p e r a n d not o n t h e 
b e a m h a n d l i n g o p t i c s . 

B e a m h a n d l i n g a n d v a c u u m h a r d w a r e for t h e n e u t r o n t a r g e t l e g 
a r e b e i n g c o m p l e t e d a n d w i l l b e i n s t a l l e d b y m i d - O c t o b e r . A n a l l c e r a m i c a n d 
m e t a l b e a m l i n e w i l l b e used t o m i n i m i z e b a c k g r o u n d n e u t r o n s a r i s i n g f r o m t h e 
C ( d , n ) r e a c t i o n s . 

N e c e s s a r y c a b l i n g , e l e c t r i c a l p o w e r , a n d e l e c t r o n i c s fo r 
n e u t r o n t i m e - o f - f l i g h t m e a s u r e m e n t s a r e in p l a c e a n d a r e c u r r e n t l y b e i n g t e s t e d . 

3 . P o l a r i z e d S o u r c e I m p r o v e m e n t s ( T . B. C l e g g , T . A . T r a i n o r , P. W . 
L i s o w s k i , R. L. B y r d , D . R i c k e l , T . S p r a t l i n ) 

T h e p o l a r i z e d s o u r c e has c o n t i n u e d to b e used d u r i n g a m a j o r p o r t i o n o f 
t h e a c c e l e r a t o r t i m e b y m a n y v a r i e d e x p e r i m e n t a l g r o u p s . D u r i n g o n e p e r i o d in 
J u l y a n d A u g u s t , 2 3 days o f c o n t i n u o u s o p e r a t i o n w e r e s c h e d u l e d . P o l a r i z e d b e a m 
i n t e n s i t i e s h a v e i m p r o v e d c o n s i d e r a b l y w i t h t h e i n s t a l l a t i o n o f t h e n e w s i n g l e -
a p e r t u r e d u o p l a s m a t r o n . T h e best a c c e l e r a t e d b e a m c u r r e n t s o b s e r v e d d u r i n g t h e 
p e r i o d w e r e 2 5 0 n A o f p o l a r i z e d d e u t e r o n s a n d 1 8 0 n A o f p o l a r i z e d pro tons d u r i n g 
t h e i n i t i a l tests w h e n t h e d u o p l a s m a t r o n was i n s t a l l e d . D u r i n g l a t e r use for e x p e r i -
ments a c c e l e r a t e d b e a m s o f ~ 1 8 0 n A o f d e u t e r o n s a n d ~ 1 2 0 n A o f p ro tons h a v e 
b e e n o b t a i n e d fo r s e v e r a l days o n s e v e r a l o c c a s i o n s . Beam p o l a r i z a t i o n s h a v e b e e n 
b e t w e e n 7 5 % a n d 8 5 % o f t h e t h e o r e t i c a l m a x i m u m . 

T h r e e s e p a r a t e p a p e r s a r e b e i n g p r e p a r e d for p u b l i c a t i o n d e s c r i b i n g 
t h e c o n s t r u c t i o n d e t a i l s a n d m e t h o d s o f o p e r a t i o n o f t h e p o l a r i z e d s o u r c e . 

I n m o r e d e t a i l t h e c o n t r i b u t i o n s a n d i m p r o v e m e n t s in t h e p o l a r i z e d 
s o u r c e o p e r a t i o n in t h e last s ix months a r e as f o l l o w s : 

( 1 ) T h e n e w d u o p l a s m a t r o n w a s d e v e l o p e d s i n c e , as m e n t i o n e d i n t h e 
last r e p o r t , t h e m u l t i a p e r t u r e d u o p l a s m a t r o n t r i e d p r e v i o u s l y w a s not success fu l 
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w h e n i n s t a l l e d o n t h e p o l a r i z e d s o u r c e . T h e m u l t i a p e r t u r e s o u r c e was r e d e s i g n e d 
w i t h a n e x p a n s i o n c u p , e x t r a c t i o n e l e c t r o d e , a n d d e c e l e l e c t r o d e , e a c h w i t h a 
s i n g l e a p e r t u r e t h r o u g h w h i c h t h e b e a m passes. T h e a c t u a l g e o m e t r y o f t h e s e 
e l e c t r o d e s is v e r y s i m i l a r t o t h a t used o n t h e p o l a r i z e d s o u r c e a t Los A l a m o s . T h e 
n e w d u o p l a s m a t r o n o p e r a t e s s t a b l y w i t h a r c c u r r e n t s up to 2 5 a m p e r e s . I n i t i a l d i f -
f i c u l t y w i t h e r o s i o n b y m e l t i n g i n s i d e t h e h o l e in t h e t i p o f t h e i n t e r m e d i a t e e l e c -
t r o d e has b e e n o v e r c o m e b y p u t t i n g a c y l i n d r i c a l t u b e m o l y b d e n u m inser t in th is 
h o l e . D i f f i c u l t y w i t h i n t e r n a l s p a r k i n g in t h e d u o p l a s m a t r o n across a n e p o x y e l e c -
t r o d e has b e e n o v e r c o m e b y r e p l a c i n g t h e e p o x y i n s u l a t o r w i t h o n e m a d e o f P y r e x . 
W i t h t h e i n s t a l l a t i o n o f t h e n e w d u o p l a s m a t r o n , t h e e n t i r e e l e c t r o n i c s r a c k for t h e 
d u o p l a s m a t r o n has b e e n r e p l a c e d r e s u l t i n g in a m u c h n e a t e r s y s t e m . 

( 2 ) A n e x t e n s i v e p o l a r i z e d s o u r c e m a n u a l has b e e n w r i t t e n e x p l a i n -
i n g h o w t o t u r n t h e s o u r c e o n , t u n e i t fo r o p t i m u m p e r f o r m a n c e , t u r n t h e s o u r c e 
o f f , a n d c h a n g e t h e d u o p l a s m a t r o n f i l a m e n t . This has b e e n t h e m a j o r e f f o r t t o w a r d 
t r y i n g to a c q u a i n t n e w c o m e r s w i t h t h e p o l a r i z e d s o u r c e a n d m a k e i t e a s y for t h e m 
t o o p e r a t e . 

( 3 ) D i g i t a l v o l t m e t e r r e a d o u t o f a l l t h e c o i l c u r r e n t s a n d v a r i o u s 
q u e n c h p l a t e a n d d e f l e c t i o n p l a t e v o l t a g e s fo r t h e p o l a r i z e d s o u r c e has b e e n p r o -
v i d e d . This a l l o w s c o n v e n i e n t l y for m o n i t o r i n g t h e m a i n c o i l c u r r e n t w h i c h p r o -
v i d e s t h e s p i n - f i l t e r m a g n e t i c f i e l d . T h e D V M r e a d i n g t e l l s i m m e d i a t e l y w h i c h 
m a g n e t i c s u b s t a t e is b e i n g s e l e c t e d for t h e o u t p u t b e a m f r o m t h e s o u r c e . 

( 4 ) E l e c t r i c a l i n s u l a t i o n has b e e n p r o v i d e d fo r t h e c e s i u m c a n a l a n d 
a p o w e r s u p p l y has b e e n a d d e d t o b ias th is c a n a l b e t w e e n ± 3 2 v o l t s . B i a s i n g t h e 
c e s i u m c a n a l has b e e n s h o w n a t L A S L t o i n c r e a s e t h e o u t p u t b e a m i n t e n s i t y b y u p 
t o 1 0 % u n d e r some c o n d i t i o n s . 

( 5 ) N i c k e l g a u z e is n o w b e i n g used f o r f i l a m e n t s in t h e d u o p l a s m a -
t r o n i n s t e a d o f t h e p l a t i n u m g a u z e used e a r l i e r . I f t h e i r l i f e t i m e c o m p a r e s w e l l 
w i t h t h a t fo r t h e p l a t i n u m f i l a m e n t s , t h e cost o f r e p l a c i n g f i l a m e n t s c a n b e c o n -
s i d e r a b l y r e d u c e d . 

( 6 ) W o r k has s t a r t e d o n a p e r m a n e n t s o l i d - s t a t e r e m o t e c o n t r o l s y s -
t e m fo r c o m p u t e r c o n t r o l o f s o u r c e p a r a m e t e r s t o m a k e q u e n c h - r a t i o m e a s u r e m e n t s 
t o d e t e r m i n e t h e b e a m p o l a r i z a t i o n , t o f l i p t h e s p i n d i r e c t i o n b y c h a n g i n g t h e d i -
r e c t i o n o f a l l t h e c o i l c u r r e n t s f o r t h e s p i n - f i l t e r a n d a r g o n c h a r g e - e x c h a n g e r e -
g i o n s , a n d to c h a n g e t h e m a g n e t i c s u b s t a t e s e l e c t e d b y t h e s p i n f i l t e r . A l t h o u g h a 
r u d i m e n t a r y system w h i c h a l l o w s c o m p u t e r c o n t r o l o f t h e s e f u n c t i o n s a l r e a d y e x i s t s , 
t h e n e w system e m p l o y i n g L E D ' s , f i b e r o p t i c , a n d p h o t o t r a n s i s t o r un i ts t o c o u p l e 
i n f o r m a t i o n f r o m t h e c o m p u t e r to t h e h i g h v o l t a g e f r a m e o f t h e p o l a r i z e d s o u r c e 



,210 

w i l l e l i m i n a t e m a n y a n n o y i n g p r o b l e m s . 

4 . H a r d w a r e A n d S o f t w a r e f o r T e n s o r P o l a r i z a t i o n E x p e r i m e n t s (R. F . H a g -
l u n d , J r . , R. J . E a s t g a t e , T . B. C l e g g , C . E. Busch) 

A f t e r c o n s i d e r a b l e d e s i g n m o d i f i c a t i o n , t h e a u t o m a t i c c h a m b e r r o t a -
t i o n sys tem has b e e n a s s e m b l e d . P r e l i m i n a r y b e n c h t e s t i n g o f t h e l o g i c c i r c u i t r y 
has b e e n s a t i s f a c t o r y , a n d a s s e m b l y o f t h e e n t i r e system o n t h e 5 2 ° - l e g r o t a t i n g 
c h a m b e r is i n progress . A c l u t c h fo r t h e d r i v e m o t o r — w h i c h w i l l b e g i n t o s l i p a t a 
t o r q u e j u s t s l i g h t l y h i g h e r t h a n t h a t r e q u i r e d t o r o t a t e t h e c h a m b e r — i s b e i n g i n -
s t a l l e d as a n a d d e d p r e c a u t i o n a g a i n s t d r a g g i n g c a b l e s a n d o t h e r s i m i l a r m i s h a p s . 

T h e d a t a - t a k i n g p r o g r a m D M A S S for t h e 1 6 K u p p e r m e m o r y o f t h e 
D D P - 2 2 4 ^ - c o m p u t e r has b e e n e n l a r g e d a n d m o d i f i e d t o i n c l u d e p a r t i c l e i d e n t i f i -
c a t i o n o f u p t o 3 p a r t i c l e t y p e s . T h e o n - l i n e d a t a a n a l y s i s i n c l u d e s 4 - p o i n t b a c k -
g r o u n d s u b t r a c t i o n , a n d c a l c u l a t i o n o f t h e b e a m p o l a r i z a t i o n f rom a q u e n c h r a t i o 
p r o d u c e d b y t h e p o l a r i z e d i o n s o u r c e , to use i n t h e e x t r a c t i o n o f t h e tensor a n a l y z -
i n g p o w e r s . T h e p r o g r a m c a n a u t o m a t i c a l l y i n i t i a t e t h e q u e n c h , c h a n g e t h e s p i n 
s u b - s t a t e , a n d f l i p t h e q u a n t i z a t i o n a x i s t h r o u g h 1 8 0 ° a t t h e p o l a r i z e d i o n s o u r c e ; 
a u t o m a t i c c h a m b e r r o t a t i o n w i l l b e i n c o r p o r a t e d w h e n t h e h a r d w a r e i n s t a l l a t i o n is 
c o m p l e t e a n d has b e e n t e s t e d . A n o f f - l i n e a n a l y s i s v e r s i o n o f D M A S S is b e i n g 
m a d e f o r t h e 1 2 K D D P - 2 2 4 a - c o m p u t e r , as o n l y o n e g r o u p in e a c h p a r t i c l e s p e c -
t r u m c a n b e a n a l y z e d o n - l i n e . A users' g u i d e t o th is s o m e w h a t c o m p l e x p r o g r a m 
has a l s o b e e n c o m p i l e d . 

A p a p e r d e s c r i b i n g th is w o r k is t o b e p r e s e n t e d a t t h e S o u t h e a s t e r n 
S e c t i o n m e e t i n g o f t h e A m e r i c a n P h y s i c a l S o c i e t y in W i n s t o n - S a l e m . 

5 . B e a m O p t i c s C a l c u l a t i o n s fo r T h e L o w - E n e r g y End o f T h e T a n d e m A c -
c e l e r a t o r ( T . B. C l e g g , E. E d n e y ) 

A n i n v e s t i g a t i o n o f t h e t ransmiss ion o f t h e p o l a r i z e d b e a m t h r o u g h t h e 
t a n d e m a c c e l e r a t o r s h o w e d t h a t i t w a s p e a k e d a t ~ 7 5 % for t e r m i n a l v o l t a g e s o f 
2 - 3 M V a n d d e c r e a s e d s t e a d i l y t o ~ 4 0 % as t h e t e r m i n a l v o l t a g e w a s r a i s e d t o 
8 M V . T o r e m e d y th is o p t i c s c a l c u l a t i o n s w e r e p e r f o r m e d us ing t h e o f f - l i n e D D P -
2 2 4 c o m p u t e r w i t h t h e i n t e r a c t i v e d i s p l a y o s c i l l o s c o p e . T h e resul ts s h o w e d t h a t 
a n o t h e r lens w a s n e e d e d i n t h e b e a m l i n e c l o s e t o t h e l o w - e n e r g y e n d o f t h e a c -
c e l e r a t o r t a n k . A n e i n z e l lens has b e e n i n s t a l l e d a t w h a t seems t o b e t h e most 
f a v o r a b l e p l a c e d u r i n g t h e t i m e w h e n t h e l o w e n e r g y b e a m l i n e w a s b e i n g m o d i f i e d 
t o i n s t a l l t h e c h o p p e r - b u n c h e r s y s t e m . 
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6 . X - r a y S c a t t e r i n g C h a m b e r ( T . D i t t r i c h , J . F . W i m p e y , E. G . B i l p u c h , 
G . E. M i t c h e l l ) 

T h e p,y c h a m b e r in t h e 3 M V l a b o r a t o r y was m o d i f i e d t o a c c o m o d a t e 
3 " x 3 " N a l d e t e c t o r s a t f o r w a r d a n g l e s o f 3 0 ° a n d 6 0 ° . P r e v i o u s l y t h e s e d e t e c t o r s 
l o o k e d a t t h e c h a m b e r t h r o u g h a 5 " d i a m e t e r f l a n g e c o n n e c t i n g t h e c h a m b e r to t h e 
F a r a d a y c u p . This f l a n g e w a s r e m o v e d a n d a n o t h e r o n e i n s t a l l e d a b o u t 1 0 " d o w n -
s t r e a m o f t h e c h a m b e r . A l s o , a n e w a i r c o o l e d F a r a d a y c u p was d e s i g n e d a n d c o n -
s t r u c t e d . 

T h e c h a m b e r s u p p o r t b r a c k e t was m o d i f i e d t o i n c r e a s e t h e a v a i l a b l e 
room a b o v e b e a m l i n e for s h i e l d i n g purposes . 

A t a b l e w a s d e s i g n e d w h i c h suppor ts a b o u t 1 / 2 t o n o f l e a d s h i e l d i n g 
for t h e f o u r 3 " x 3 " N a l d e t e c t o r s , y e t is v e r s a t i l e e n o u g h to a l l o w a n y c o m b i n a -
t i o n o f a G e ( L i ) d e t e c t o r a n d N a l d e t e c t o r s a r o u n d t h e p , 7 c h a m b e r . 

L e a d c o l l a r s w e r e cas t t o s h i e l d t h e N a l d e t e c t o r s f rom b a c k g r o u n d 
r a d i a t i o n . T h e s e p r o v i d e a m i n i m u m s h i e l d i n g o f t w o i n c h e s o f l e a d a r o u n d e a c h 
N a l c r y s t a l . T h e c o l l a r s c a n a l s o b e used w i t h t h e G e ( L i ) d e t e c t o r . 

7 . N e w Q u a d r u p o l e a n d S t e e r e r P o w e r S u p p l i e s for T h e 3 M e V L a b o r a t o r y 
( T . D i t t r i c h , D . O u t l a w , K . W e l l s , E. G . B i l p u c h , G . E. M i t c h e l l ) 

T h e q u a d r u p o l e a n d s t e e r e r p o w e r s u p p l i e s i n t h e 3 M e V l a b o r a t o r y 
h a v e b e e n r e p l a c e d w i t h a n e w system c o n s t r u c t e d f rom w e l l - r e g u l a t e d , r e m o t e l y 
c o n t r o l l e d L a m b d a p o w e r s u p p l i e s . This n e w system r e m o v e s m a n y o f t h e i n s t a b i l i -
t i es p r e v i o u s l y o b s e r v e d in t h e p r o t o n b e a m , as w e l l as some o f those o b s e r v e d in 
t h e H H + c o n t r o l b e a m . This sys tem is a l s o e a s i e r t o use a n d s h o u l d p r o v e m o r e r e -
l i a b l e . 

8 . G a m m a R a y P o l a r i m e t e r ( J . R. W i l l i a m s , R. O . N e l s o n , C . R. G o u l d , 
D . R. T i l l e y ) 

A f i v e - c r y s t a l , N a l C o m p t o n p o l a r i m e t e r has b e e n c o n s t r u c t e d a n d its 
p o l a r i z a t i o n s e n s i t i v i t y e x p e r i m e n t a l l y d e t e r m i n e d o v e r t h e e n e r g y r a n g e 0 . 5 t o 
4 . 4 M e V b y us ing g a m m a rays o f k n o w n l i n e a r p o l a r i z a t i o n . T h e resul ts a r e in g o o d 
a g r e e m e n t w i t h s e n s i t i v i t y c a l c u l a t i o n s m a d e b y a c o m p u t e r p r o g r a m w h i c h a v e r a g e s 
t h e K l e i n - N i s h i n a s c a t t e r i n g cross s e c t i o n o v e r t h e f i n i t e g e o m e t r y o f t h e p o l a r i -
m e t e r . T h e i n s t r u m e n t has b e e n used in p a r t i c l e - g a m m a r a y c o i n c i d e n c e m e a s u r e -
ments in t h e r e a c t i o n 2 6 M g ( a , p y ) 2 9 A I . ( S e e S e c . B .8 ) A n a b s t r a c t d e s c r i b i n g th is 
w o r k has b e e n s u b m i t t e d t o t h e S o u t h e a s t e r n S e c t i o n A m e r i c a n P h y s i c a l S o c i e t y 
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m e e t i n g i n W i n s t o n - S a l e m . 

9 . D e v e l o p m e n t o f a H i g h R e s o l u t i o n S y s t e m fo r T h e 4 M e V V a n d e G r a a f f 
A c c e l e r a t o r ( D . F l y n n , F . O . P u r s e r , E . G . B i l p u c h , H . W . N e w s o n , 
G . E. M i t c h e l l , L . W . S e a g o n d o l l a r ) 

A v a r i e t y o f i m p r o v e m e n t s h a v e b e e n m a d e in these a r e a s : 0 ) t a r g e t 
c h a m b e r , e l e c t r o n i c s , 0 ) a n a l y z e r - h o m o g e n i z e r . 

( 1 ) A d e t e c t o r m o u n t a n d c o l l i m a t i o n system w a s d e s i g n e d a n d f a b r i -
c a t e d . This system ho lds four d e t e c t o r s a t 9 0 ° , 1 0 5 ° , 1 2 2 ° a n d 1 6 0 ° . T h e b e a m 
c o l l i m a t i o n sys tem w a s r e b u i l t t o a c h i e v e m u c h t i g h t e r c o l l i m a t i o n . 

( 2 ) E l e c t r o n i c s f o r 4 p a r a l l e l c o u n t i n g systems h a v e b e e n o b t a i n e d . 
A sys tem i n v o l v i n g a t e l e t y p e a n d t a p e p u n c h has b e e n e s t a b l i s h e d for r e c o r d i n g 
t h e s c a l a r r e a d i n g s . 

( 3 ) T h e e n e r g y c a l i b r a t i o n is v e r y s t r o n g l y d e p e n d e n t on t h e a n a l y -
z e r t e m p e r a t u r e . I n a d d i t i o n , t h e e n e r g y c a l i b r a t i o n v a r i e s for as m u c h as 1 2 hours 
a f t e r t h e b e a m is i n i t i a l l y p l a c e d in t h e a n a l y z e r . T h e s e p r e s e n t p r o b l e m s a r e 
m o r e s e v e r e t h a n those o b s e r v e d w i t h t h e h i g h - r e s o l u t i o n system o n t h e 3 M V a c -
c e l e r a t o r , d u e t o a m a j o r d i f f e r e n c e in a n a l y z e r d e s i g n . These i m p r o v e m e n t s ( a n d 
tests) f o r m e d t h e b u l k o f t h e e f f o r t s o n t h e 4 M V h i g h r e s o l u t i o n s y s t e m . T h e p r i -
m a r y e f f o r t s a r e s t i l l t o w a r d s i m p r o v i n g s t a b i l i t y a n d r e l i a b i l i t y o f t h e c o m p o n e n t s . 

1 0 . H o m o g e n i z e r M o d e r n i z a t i o n ( D . O u t l a w , T . D i t t r i c h , J . D . M o s e s , 
E. G . B i l p u c h , G . E. M i t c h e l l ) 

P r e l i m i n a r y tests a r e u n d e r w a y t o u p d a t e t h e h o m o g e n i z e r system in 
t h e 3 M e V l a b o r a t o r y . T h e c u r r e n t v e r s i o n w h i c h is n o w u n d e r g o i n g tests consists 
o f a h i g h - g a i n d i f f e r e n t i a l a m p l i f i e r c o u p l e d t o a t a r g e t - v o l t a g e d r i v e r f rom t h e 
T a n d e m s y s t e m , ' as w e l l as m o d i f i c a t i o n s t o t h e e x i s t i n g e q u i p m e n t . P r e l i m i n a r y 
resul ts i n d i c a t e b e t t e r r e s o l u t i o n t h a n t h e p r e v i o u s h o m o g e n i z e r , i n a d d i t i o n t o i n -
c r e a s e d r e l i a b i l i t y . W o r k is c o n t i n u i n g t o c o m p l e t e t h e d e s i g n for a n e w h o m o g e n i -
z e r b a s e d o n t h e s e tests . 

1 T . G . D z u b a y , E. G . B i l p u c h , F . O . Purse r , J . D . M o s e s , H . W . N e w s o n , a n d 
G . E. M i t c h e l l , N u c l . I ns t r . a n d M e t h . 101 ( 1 9 7 2 ) 4 0 7 . 
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1 1 . H i g h R e s o l u t i o n o n T h e T a n d e m A c c e l e r a t o r (E . G . B i l p u c h , F . O . 
P u r s e r , J . D . M o s e s , H . W . N e w s o n , T . D . H a y w a r d , * G . E. M i t c h e l l , 
D . A . O u t l a w , R. O . N e l s o n ) 

H i g h r e s o l u t i o n m e a s u r e m e n t s o n t h e t a n d e m h a v e b e e n g r e a t l y i m -
p r o v e d w i t h t h e a d d i t i o n o f t h e d i r e c t e x t r a c t i o n s o u r c e . W i t h v a s t l y i n c r e a s e d 
b e a m c u r r e n t s , t i g h t e r c o l l i m a t i o n w a s p o s s i b l e a n d t h e o v e r a l l r e s o l u t i o n r e d u c e d . 
I n a d d i t i o n , t h e a s y m m e t r y p r e v i o u s l y o b s e r v e d is n o w s h a r p l y r e d u c e d . D a t a o n 
9 2 M o w e r e t a k e n w i t h th is system (see s e c t i o n B . l . f . ) . A p a p e r d e s c r i b i n g resul ts 
w i t h t h e n e w sys tem has b e e n a c c e p t e d b y N u c l e a r I n s t r u m e n t s a n d M e t h o d s — 
" N o t e o n H i g h R e s o l u t i o n M e a s u r e m e n t s W i t h a T a n d e m A c c e l e r a t o r " . 

1 2 . Beam T r a n s p o r t C o m p u t e r C o d e D e v e l o p m e n t ( J . C l e m e n t , F . O . P u r -
s e r , J . R. B o y c e ) 

T h e c o m p u t e r c o d e T R A N S P O R T / 3 6 0 w r i t t e n a t S L A C has b e e n m o d i -
f i e d t o b e m o r e s u i t a b l e for use o n a t a n d e m a c c e l e r a t o r . F i rs t t h e a c c e l e r a t i o n 
c a l c u l a t i o n , w h i c h f o r m e r l y h a n d l e d o n l y f u l l y - r e l a t i v i s t i c p a r t i c l e s , was c h a n g e d 
to h a n d l e n o n - r e l a t i v i s t i c p r o j e c t i l e s as w e l l . A n e w a r b i t r a r y , s y m m e t r i c a l -
f o c u s i n g e l e m e n t has b e e n a d d e d . This n e w e l e m e n t m a y b e used for f i rs t o r d e r 
c a l c u l a t i o n s i n v o l v i n g such e l e m e n t s as E i n z e l , or g a p lenses . F i n a l l y t h e c o d e 
w a s m o d i f i e d t o p r i n t t h e e n e r g y w h e n e v e r i t p r i n t s t h e m o m e n t u m o f a p a r t i c l e . 
This i n c r e a s e s t h e usefu lness o f t h e c o d e for cases w h e r e E is not e q u a l t o P c . T h e 
m o d i f i e d v e r s i o n o f T R A N S P O R T w a s t h e n used t o c a l c u l a t e t h e t a n d e m o p t i c s fo r 
b e a m s i n j e c t e d a t h i g h e n e r g i e s f rom t h e c y c l o t r o n . 

C . T H E O R Y 

1. 9 B e ( p , p 0 ) a n d 9 B e ( p , p 2 ) 9 B e a n d T h e S t r u c t u r e o f 9Be ( H . J . V o t a v a , 
W . J . T h o m p s o n * * ) 

I n a c t i v e . 

2 . E x c i t e d - S t a t e - T h r e s h o l d R e s o n a n c e E f f e c t s in 9 B e ( p , p 0 ) 9 B e a n d 
y B e ( p , n ) y B ( H . J . V o t a v a , W . J . T h o m p s o n ) 

I n a c t i v e . 

* N o w a t Los A l a m o s S c i e n t i f i c L a b o r a t o r y , Los A l a m o s , N e w M e x i c o . 
* * W . J . T h o m p s o n is v i s i t i n g for t h e y e a r a t Kansas S t a t e U n i v e r s i t y . 
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3 . P r o t o n O p t i c a l - M o d e l P o t e n t i a l N e a r T h e C o u l o m b Bar r i e r ( J . S . Eck 
([Kansas S t a t e U n i v e r s i t y ) ) , W . J . Thompson) 

I n a c t i v e . 

4 . C o m p o u n d E las t i c S c a t t e r i n g a n d Tensor P o l a r i z a t i o n s (R. J . E a s t g a t e , 
W . J . Thompson) 

I n a c t i v e . 

5 . C o m p a r i s o n o f ( d , t ) or ( d , 3 H e ) V e c t o r A n a l y z i n g Powers w i t h Those 
for ( d , d ) (S. K . D a t t a , W . J . Thompson) 

I n a c t i v e . 

6 . R e a c t i o n M e c h a n i s m S tud ies in 2 4 M g ( a , a ' y ) 2 4 M g ( G . S . M c N e i l l y , 
W . I . v a n R i j , N . P. H e y d e n b e r g ( ( F l o r i d a S t a t e U n i v e r s i t y ) ) , W . J . 
Thompson) 

I n a c t i v e . 

7 . C l u s t e r E f fec ts in E l a s t i c a S c a t t e r i n g U s i n g a N e w a - a I n t e r a c t i o n 
( W . J . Thompson) 

I n a c t i v e . 

8 . C o m p u t e r C o d e s for L a r g e C o n f i g u r a t i o n - S p a c e S h e l l - M o d e l C a l c u l a -
t i o n s ( S . M a r i p u u ) 

The O a k R i d g e - R o c h e s t e r s h e l l - m o d e l codes a r e p r e s e n t l y b e i n g i n -
s t a l l e d a t t h e T U C C c o m p u t e r . W i t h these programs i t w i l l b e poss ib le to c a l c u l a t e 
v a r i o u s o b s e r v a b l e s in a l a r g e s h e l l - m o d e l bas is , e . g . , e x c i t a t i o n e n e r g i e s , g a m m a -
r a y t r a n s i t i o n p r o b a b i l i t i e s , log f t v a l u e s for p - d e c a y , s t a t i c m u l t i p o l e moments 
a n d s p e c t r o s c o p i c f ac to rs for n u c l e o n t rans fe r r e a c t i o n s . 

A s u p e r - l a r g e c o n f i g u r a t i o n s p a c e p r o g r a m w h i c h makes use o f t h e 
m - s c h e m e fo r t h e c o n s t r u c t i o n o f t h e s h e l l - m o d e l basis s ta tes is a l r e a d y i n use. 
So fa r this p r o g r a m c a n o n l y c a l c u l a t e e i g e n v a l u e s . 
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9 . C o m p u t e r C o d e s fo r A n a l y s i s o f F iss ion D a t a ( J . R. B o y c e , R. Bass, 
F . O . Purser ) 

T w o c o m p u t e r c o d e s , d e v e l o p e d a t T U N L , a r e b e i n g u s e d t o a n a l y z e 
p r o t o n - i n d u c e d f i ss ion cross s e c t i o n d a t a t a k e n a t T U N L . H o w e v e r , b o t h p r o g r a m s 
h a v e b e e n w r i t t e n so t h a t n e u t r o n - i n d u c e d f iss ion cross s e c t i o n s c a n a l s o b e 
a n a l y z e d . T h e f i r s t , M E R L I N , u t i l i z e s m a s s - a n d e n e r g y - d e p e n d e n t o p t i c a l m o d e l 
p a r a m e t e r s t o c a l c u l a t e t o t a l r e a c t i o n cross s e c t i o n s for i n c i d e n t p ro tons or n e u -
trons o v e r a n e n e r g y r a n g e 0 . 1 2 5 M e V < Ep < 4 0 . 0 M e V . P r e l i m i n a r y resul ts i n d i -
c a t e t h a t f o r p r o t o n e n e r g i e s b e l o w t h e C o u l o m b b a r r i e r t h e r e a c t i o n cross s e c t i o n 
c a l c u l a t e d b y us ing c o n v e n t i o n a l o p t i c a l - m o d e l p a r a m e t e r s does n o t p r o p e r l y d e s -
c r i b e t h e c o m p o u n d n u c l e u s f o r m a t i o n cross s e c t i o n . T h e r e a c t i o n cross s e c t i o n is 
e m p i r i c a l l y m o d i f i e d t o o b t a i n t h e c o m p o u n d n u c l e u s cross s e c t i o n used i n o b t a i n -
i n g " e x p e r i m e n t a l " f i ss ion p r o b a b i l i t i e s , a p ( e x p . ) / c r c ( o . m . ) . 

T h e s e c o n d c o d e , P H R O G , is b a s e d o n a s t a t i s t i c a l d e c a y m o d e l w h i c h 
assumes e i t h e r f i ss ion or n e u t r o n e m i s s i o n as p r i m a r y d e c a y c h a n n e l s . C o n t r i b u t i o n s 
t o t h e t o t a l f i ss ion p r o b a b i l i t y f rom f i rs t t h r o u g h t h i r d c h a n c e f iss ion a r e c a l c u l a t e d 
for a c o m p o u n d n u c l e u s w i t h i n i t i a l e x c i t a t i o n e n e r g y E * . R e c e n t m o d i f i c a t i o n s 
h a v e m a d e i t p o s s i b l e to u t i l i z e a n y o n e o f t h r e e l e v e l d e n s i t y p r e s c r i p t i o n s ( F e r m i 
g a s , c o n s t a n t t e m p e r a t u r e , or G i l b e r t a n d C a m e r o n 1 ) i n t h e c a l c u l a t i o n s o f t h e 
c h a n n e l d e c a y w i d t h s a n d [~f. P a r a m e t e r s for t h e t w o l e v e l d e n s i t i e s used c a n 
b e v a r i e d i n d e p e n d e n t l y thus i n t r o d u c i n g a f l e x i b i l i t y n o t p r e s e n t in t h e o r i g i n a l 
v e r s i o n . T h e resul ts o f th is c o d e a r e c o m p a r e d t o t h e resul ts o f M E R L I N t o o b t a i n 
a s e l f c o n s i s t e n t se t o f f i ss ion t h r e s h o l d s a n d f ^ / T f c u r v e s for t h e isotopes s t u d i e d 
a n d o v e r t h e e n e r g y r a n g e 0 < E * < 3 0 M e V . 

1 0 . P r o t o n 2 p - l h a n d P a r t i c l e - V i b r a t i o n D o o r w a y s ( M . D i v a d e e n a m , W . P. 
B e r e s , A . L e v , H . R. W e l l e r , E. G . B i l p u c h , H . W . N e w s o n , K . R a m a -
v a t a r a m ) 

4 0 C a + p : T h e 4 , S c c o m p o u n d n u c l e u s is b e i n g c o n s i d e r e d for p r e d i c t i n g 
2 p - l h a n d P a r t i c l e - V i b r a t i o n d o o r w a y e s c a p e w i d t h s to c o m p a r e w i t h t h e e x p e r i -
m e n t a l l y o b s e r v e d r e s o n a n c e s t r u c t u r e i n ^ C a p r o t o n s c a t t e r i n g e x p e r i m e n t s . T h e 
s h e l l m o d e l ( 2 p - l h ) c a n o n l y p r e d i c t p o s i t i v e p a r i t y s ta tes for 4 1 S c h o w e v e r t h e 
P a r t i c l e - V i b r a t i o n M o d e l c a n p r e d i c t b o t h p o s i t i v e a n d n e g a t i v e p a r i t y s t a t e s . 

' A . G i l b e r t a n d A . G . W . C a m e r o n , C a n . J . Phys. 4 3 , 1 4 4 ( 1 9 6 5 ) . 
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2 0 8 P b + p ; T h e l a t t e r m o d e l is b e i n g a p p l i e d t o t h e 2 0 8 P b - p l u s - p r o t o n 
c a s e to c a l c u l a t e t h e s p r e a d i n g w i d t h s o f t h e a n t i a n a l o g s ta tes ( 2 g 9 / 2 / ^ ' n / 2 / ' j ' 15 / ' 
3 ^ 5 / 2 ' ^ s ] / 2 r ^ 9 7 / 2 a n < ^ ^ 3 / 2 ) w h i c h a r e in t h e c o n t i n u u m r e g i o n . A p a p e r g i v i n g 
d e t a i l s o f t h e c a l c u l a t i o n a n d c o m p a r i s o n w i t h t h e a v a i l a b l e e x p e r i m e n t a l resul ts 
w i l l b e w r i t t e n fo r p u b l i c a t i o n . 

28 28 
S i + p : T h e S i + p r o t o n c a s e is b e i n g c o n s i d e r e d for c a l c u l a t i n g 

2 p - l h d o o r w a y e n e r g i e s a n d t h e i r e l a s t i c e s c a p e w i d t h s . I n a d d i t i o n t h e s c h e m e 
o u t l i n e d in r e f . 1 w i l l b e a p p l i e d to 1 / 2 " , 3 / 2 " a n d 5 / 2 " spins i n 2 9 P c o m p o u n d 
n u c l e u s . T h e p r e d i c t e d resul ts w i l l b e c o m p a r e d t o t h e p u b l i s h e d e x p e r i m e n t a l 
d a t a a n d a l s o w i t h t h e resul ts o b t a i n e d b y R a m a v a t a r a m ' s g r o u p a t L a v a l U n i v e r -
s i t y . 

1 4 C + p : T h e c o m p o u n d n u c l e u s , 5 N has b e e n c o n s i d e r e d to p r e d i c t 
2 p - l h d o o r w a y e n e r g i e s fo r v F = 1 / 2 + , 3 / 2 + , 5 / 2 + , 1 / 2 " a n d 3 / 2 " . A n a l o g s 
o f 2 s a n d l d 5 / 2 1 5 C s ta tes a r e a l m o s t u n f r a g m e n t e d w h i l e t h e a n a l o g o f t h e 
Id3/2 C p a r e n t s t a t e is f r a g m e n t e d . E l a s t i c p r o t o n e s c a p e w i d t h s a r e c a l c u l a t e d 
up t o 6 . 0 M e V p r o t o n e n e r g y . D e t a i l s o f c o m p a r i s o n o f e x p e r i m e n t w i t h t h e o r y 
w i l l b e p r e s e n t e d a t t h e f o r t h c o m i n g B l o o m i n g t o n m e e t i n g . 

1 1 . A C o r e - P l u s - P a r t i c l e M o d e l a n d S h e l l M o d e l I n v e s t i g a t i o n o f N i I s o -
t o p e s ( M . D i v a d e e n a m , C . R. G o u l d a n d K . R a m a v a t a r a m ) 

5 7 ' 5 9 N i : W e a r e e x t e n d i n g t h e a p p l i c a t i o n o f t h e T r u e a n d T h a n k a p -
p a n ' s M o d e l t o s t u d y 5 7 N i a n d 5 9 N i l e v e l s . These n u c l e i h a v e b e e n i n v e s t i g a t e d i n 
th is l a b o r a t o r y . ( S e e S e c t i o n B - 9 ) Both p o s i t i v e a n d n e g a t i v e p a r i t y s ta tes w i l l b e 
c o n s i d e r e d to s t u d y t h e i r g a m m a d e c a y p r o p e r t i e s . 

1 2 . S e l f - C o n s i s t e n t K - M a t r i x M o d e l C a l c u l a t i o n f o r F i n i t e A n d S u p e r 
H e a v y N u c l e i (R. Y . C u s s o n , H . W . M e l d n e r ( [ U . C . S . D J , M . S . 
W e i s s ( ( L i v e r m o r e ) ) , H . P. T r i v e d i ) 

A p a p e r d e s c r i b i n g th is w o r k has b e e n s u b m i t t e d t o N u c l e a r Phys ics . 
T h e a b s t r a c t f o l l o w s : 

" T h e B r u e c k n e r - H a r t r e e F o c k T h e o r y is used to o b t a i n 
a n e x p r e s s i o n fo r t h e ( r e a c t i o n ) K - m a t r i x i n n u c l e a r m a t t e r as 
a sum o f s e p a r a b l e t e r m s . A t w o - t e r m m o d e l c o n s i s t i n g o f a 

' M . D i v a d e e n a m , R. Y . C u s s o n , S u b m i t t e d to t h e I n t e r n a t i o n a l C o n f e r e n c e O n 
N u c l e a r P h y s i c s , M u n i c h , A u g . 2 7 - S e p t . 1 , 1 9 7 3 . 
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z e r o - r a n g e r e p u l s i v e a n d d e n s i t y d e p e n d e n t fo rm plus a 
f i n i t e r a n g e n o n - r e n o r m a l i z e d p a r t is used in a n a v e r a g e d 
l o c a l - d e n s i t y a p p r o x i m a t i o n for f i n i t e n u c l e i . R e a l i s t i c 
v a l u e s for t h e n u c l e a r m a t t e r p a r a m e t e r s l e a d t o r e a l i s t i c 
v a l u e s for t h e b i n d i n g e n e r g i e s r a d i i a n d s i n g l e - p a r t i c l e 
p r o p e r t i e s o f f i n i t e n u c l e i . A n e x t r a p o l a t i o n t o s u p e r 
h e a v y n u c l e i is p r e s e n t e d a n d a d iscuss ion o f f i ss ion p r o -
p e r t i e s in th is m o d e l is g i v e n . " 

C o m p u t e r C o d e s fo r H i g h A c c u r a c y S i n g l e P a r t i c l e S t a t e s (R. Y . 
C u s s o n , E. G . B i l p u c h , H . P. T r i v e d i , D . K o l b ) 

A P h . D . d i s s e r t a t i o n o n this t o p i c is n o w in p r e p a r a t i o n b y H . P. T r i -

S i n g l e - P a r t i c l e W g v e f u n c t i o n s a n d E n e r g i e s fo r S t r i p p i n g a n d P i c k u p 
R e a c t i o n s (R. Y . C u s s o n , G . R. S a t c h l e r ( ( O R N L ) ) ) 

T h e r e p o r t e d s e n s i t i v i t y o f o n e - p a r t i c l e t r a n s f e r r e a c t i o n s to t h e p r e -
c i s e v a l u e o f t h e sp e n e r g y has b e e n t a k e n i n t o a c c o u n t our r e a l i s t i c s h e l l - m o d e l 
sp p o t e n t i a l c o d e s b y a l l o w i n g s m a l l a d j u s t m e n t s ( < 1 % ) in t h e n u c l e a r f o r c e p a r a -
m e t e r s . These s m a l l c h a n g e s a f f e c t o n l y t h e e x p o n e n t i a l t a i l a t l a r g e d i s t a n c e a n d 
m a i n t a i n t h e s t r u c t u r e a t n e a r t h e n u c l e a r s u r f a c e . A p a p e r d e s c r i b i n g t h e s e r e -
sults is b e i n g w r i t t e n . 

1 5 . R e a l i s t i c S i n g l e P a r t i c l e H a m i l t o n i a n fo r F iss ion C a l c u l a t i o n ( D . K o l b 
R. Y . C u s s o n , H . W . N e w s o n , H . W . S c h m i t t ( [ O a k R i d g e ) ) ) 

A p a p e r has b e e n s u b m i t t e d t o N u c l e a r Phys ics . T h e a b s t r a c t f o l l o w s . 

" A l o w o r d e r a p p r o x i m a t i o n t o t h e B r u e c k n e r - G o l d m a n 
d e n s i t y - d e p e n d e n t s i n g l e - p a r t i c l e r e a c t i o n m a t r i x is used . T h e 
e f f e c t i v e s i n g l e - p a r t i c l e h a m i l t o n i a n is n o n - l o c a l a n d d e p e n d s 
o n a s m e a r e d d e n s i t y . T h e isospin d e p e n d e n c e , s p i n - o r b i t , 
c e n t e r - o f - m a s s a n d C o u l o m b c o r r e c t i o n s a r e p e r f o r m e d i n a 
r e a l i s t i c m a n n e r . A l a r g e o r t h o g o n a l ( s p h e r i c a l / d e f o r m e d ) 
o s c i l l a t o r basis or a n o n - o r t h o g o n a l basis c o n s i s t i n g o f t w o 
o v e r l a p p i n g h a r m o n i c o s c i l l a t o r s is used t o d i a g o n a l i z e t h e 
h a m i l t o n i a n i n a n i t e r a t i v e s e l f - c o n s i s t e n t s c h e m e . T h e n o n -
l o c a l i t y , t h e d e n s i t y d e p e n d e n t terms a n d t h e C o u l o m b terms 
a r e e x p a n d e d in G a u s s i a n forms b y us ing a l i n e a r i z e d h i g h 
s p e e d t e c h n i q u e . Resul ts for t h e t o t a l B . E . , s . p . e n e r g i e s , 

1 3 . 

v e d i . 

1 4 . 
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q u a d r u p o l e m o m e n t s , r a d i i , p r o t o n a n d n e u t r o n d e n s i t y d i s t r i -
bu t ions o f l i g h t n u c l e i a r e f o u n d to b e in g o o d a g r e e m e n t w i t h 
e x p e r i m e n t . Fission e f f e c t s in the r e a c t i o n s 8Be a + a a n d 
32S _ 1 6Q + 16Q a r e s t u d i e d > " 

1 6 . N e w D e e p M i n i m a in The Fission C u r v e o f 2 3 6 U (R. Y . Cusson , D . Kollqf 
H . W . S c h m i t t ( [ O R N L ) ) ) 

U s i n g t h e r e a l i s t i c M e l d n e r - 6 9 r e a c t i o n m a t r i x a n d t h e a t o m i c physics 
t e c h n i q u e o f M o l e c u l a r O r b i t a l s , a n e w t h i r d m i n i m u m in t h e f ission c u r v e o f 
23 6 * 

U has b e e n i d e n t i f i e d . I t l ies 7 5 M e V b e l o w t h e g n d s t a t e ; has a d e f o r m a t i o n 
p a r a m e t e r o f |3 = 1 .1 a n d is s h a p e d r o u g h l y l i k e t w o h a l f - m e s h e d spheres; i t has a 
10 M e V d e e p , 3 Fe rmi t h i c k b a r r i e r for e s c a p e in to t h e f ission c o n t i n u u m . B e -
c a u s e o f o v e r l a p fac to rs t h e t r a n s i t i o n r a t e f rom t h e g r o u n d s t a t e is ~ z e r o . H e a v y 
ion r e a c t i o n s to o b s e r v e this n e w poss ib ly m e t a s t a t e form o f 2 3 6 U a r e b e i n g discussed. 

1 7 . C o r i o l i s A n t i - S t r e t c h i n g in ^ N e a n d a W i d t h s ( H . C . L e e a n d R. Y . 
Cusson) 

I n a c t i v e . 

1 8 . A p p l i c a t i o n s o f G r o u p T h e o r y to R o t a t i o n a l Bands in N u c l e i ( L . C . 
B i e d e n h a r n , R. Y . C u s s o n , O . L . W e a v e r ((Kansas S t a t e U n i v e r s i t y ) ) ) 

I n a c t i v e . 

1 9 . Do Protons a n d N e u t r o n s H a v e I n t e r n a l R o t a t i o n a l V i b r a t i o n a l E x c i t a -
t i o n s ? ( L . C . B i e d e n h a r n , R. Y . C u s s o n , O . L. S t a u n t o n ) 

I n a c t i v e . 
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RADIATION LABORATORY 

A. NEUTRON PHYSICS 

The new smal l -angle s c a t t e r i n g c o l l i m a t o r has been e x t e n s i v e l y 
t e s t e d . The o v e r a l l background l e v e l i s approximately a f a c t o r o f f our 
lower than that a t ta inab le with the o ld c o l l i m a t o r . A p a r t i c u l a r l y 
meaningful way t o charac te r i ze the improvement i s t o note that our 
s ignal - to -background r a t i o f o r an H 0 sample with the new c o l l i m a t o r i s 
comparable with the s ignal - to -backg^ound r a t i o obtained with a lead 
s c a t t e r e r and the o ld c o l l i m a t o r . A d e t a i l e d d e s c r i p t i o n o f the smal l -
angle s c a t t e r i n g technique has been p u b l i s h e d . 1 

1. Small-Angle E l a s t i c Scat ter ing o f Fast Neutrons (W.P. Bucher, 
C.E. Ho Hands worth, and J . Youngblood) Relevant to USNDC-6 
Requests 64, 65, and 69 

Measurements have been completed f o r the s c a t t e r i n g o f 10.95 and 
14.00 MeV neutrons from n i t rogen and 10.95 and 14.10 MeV neutrons from 
oxygen. These measurements supplement e x i s t i n g n i t rogen and oxygen data 
at larger ang les . 

To prov ide information on the behavior o f the forward s c a t t e r i n g 
in the v i c i n i t y o f s t ruc ture in the t o t a l c ross s e c t i o n s , several 
add i t i ona l smal l -angle s c a t t e r i n g measurements were car r i ed ou t : 
Nitrogen at 7 . 6 5 , 7 .88 , and 8.11 MeV; and Oxygen at 10.25, 10 .75, and 
11.25 MeV. The n i t rogen measurements span a maximum in the t o t a l c ross 
s e c t i o n and the oxygen measurements are centered about a minimum. These 
data are c u r r e n t l y being p r o c e s s e d . 

2. Small-Angle E l a s t i c Scat ter ing o f Fast Neutrons from Be, C, A l , 
Fe, Cu, Sn, and W (W.P. Bucher, C.E. Ho Hands worth, A. N i i l e r , 
and J . Youngblood) Relevant t o USNDC-6 Requests 44, 45, 56, 57, 
58, 88, 147, 148, 182 and 381 

Absolute c ross s e c t i o n s f o r the small angle s c a t t e r i n g o f 7.55 
MeV neutrons from the above seven elements are now a v a i l a b l e on reques t . 
Further measurements have been s tar ted at 11 MeV neutron energy. With 
the increased s e n s i t i v i t y provided by the new smal l -angle c o l l i m a t o r , i t 
appears that i n e l a s t i c s c a t t e r i n g measurements are a l so f e a s i b l e . 

3 . Forward-Angle E l a s t i c Scat ter ing Cross Sect ions f o r Pb (W.P. 
Bucher, u.fc. ttoiiandsworth, and J . Youngblood) 

1 Nucl . I n s t r . Methods, 111 237 (1973) . 
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An angular d i s t r i b u t i o n o f the E l a s t i c Scat ter ing o f 7.00 MeV 
neutrons from Pb has been measured in r ing geometry. These data as wel l 
as angular d i s t r i b u t i o n s at 11 .0 , 12 .5 , and 14.0 MeV have been processed 
and are a v a i l a b l e . 

B. BREAKUP NUCLEONS FROM THE D+d REACTION (A. N i i l e r and Y.S. Park) 

The c r o s s s e c t i o n o f breakup nucleon product ion fr'om the D+d 
r e a c t i o n has been measured from 10-16 MeV in the angular range 0° t o 80° . 
Proton c r o s s s e c t i o n s have been measured at 10, 12, 14 and 16 MeV in the 
angular range o f 10-80° using E-AE s i l i c o n sur face b a r r i e r d e t e c t o r 
t e l e s c o p e s . Neutron spectra have been measured with a r e c o i l - p r o t o n 
t e l e s c o p e at 0° and 10° at 12 and 16 MeV. Energy d i s t r i b u t i o n s o f the 
breakup nucleons are obtained at a l l measured ang les . The proton and 
neutron r e s u l t s are in very good agreement with each o t h e r . In a d d i t i o n , 
these data agree we l l with recent Lawrence Livermore Laboratory neutron 
r e s u l t s but both o f these c ross s e c t i o n s are 60% higher at 16 MeV than 
e x t r a p o l a t i o n s o f o ther e a r l i e r measurements. 

Knowledge o f the c ross s e c t i o n s and energy d i s t r i b u t i o n s o f 
neutrons from the D+d r e a c t i o n i s important t o the planning o f cancer 
therapy by f a s t neutron i r r a d i a t i o n . 

C. ERODED GUN BORE SURFACE DIAGNOSTICS (A. N i i l e r , T . J . Rock and J .E . 
Youngblood) 

Gun barre l e r o s i o n and the r e s u l t i n g wear l imited l i f e t i m e f o r 
most high performance gun b a r r e l s has been a long standing problem f o r 
the Army. Character izat ion o f some elements in the sur faces which have 
been exposed t o the e r o s i v e environments o f burning p r o p e l l a n t s i s 
expected t o provide new information about the e ros i on mechanism. Most 
o f the high-performance p r o p e l l a n t s in use today burn at temperatures 
where i ron oxide i s formed in pre ference t o the n i t r i d e s and carbides o f 
i r o n . Thus the bore sur face can be charac ter i zed in terms o f the depth 
p r o f i l e o f oxygen immediately under the surface and extending t o depths 
o f severa l microns. This depth p r o f i l i n g o f oxygen can be done by using 
the 1 6 0 ( d , a o ) 1 ^ N r e a c t i o n at deuteron energ ies which may be l e s s than 
1 MeV. As long as the a - p a r t i c l e s are detec ted on the same s ide o f the 
sample as where the deuterons enter , the a energy spectrum uniquely 
i d e n t i f i e s the oxygen depth concentrat ion p r o f i l e . Several hundred 
Angstrom depth r e s o l u t i o n can r e a d i l y be obtained with high r e s o l u t i o n 
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s i l i c o n sur face b a r r i e r d e t e c t o r s . At increased deuteron e n e r g i e s , 
carbon and n i t rogen can be s i m i l a r l y p r o f i l e d . 

D. SENSITIVITY OF ATMOSPHERIC NEUTRON TRANSPORT TO PERTURBATIONS IN THE 
NITROGEN CROSS SECTIONS (A. N i i l e r , W.B. Beverly and N.E. Banks) 

The e f f e c t o f the u n c e r t a i n t i e s in the neutron c r o s s s e c t i o n s o f 
Nitrogen on the t ransport o f neutrons through uniform a i r t o 10 mean 
f r e e paths has been s tud ied . The base s e t o f Nitrogen c ross s e c t i o n s was 
taken as the ENDF/B-III evaluated s e t . The e l a s t i c c r o s s s e c t i o n was 
al lowed t o vary within the 10% assigned uncer ta inty l i m i t s while at the 
same time keeping the t o t a l c ross s e c t i o n i n v a r i a n t . Consequently, any 
change in the e l a s t i c was f o l l owed by a change in the i n e l a s t i c or 
absorpt ion o r both so as t o keep the t o t a l constant . E l a s t i c angular 
d i s t r i b u t i o n s were perturbed by varying the 2nd and 3 r d Legendre 
c o e f f i c i e n t s (a^ and a2) so as t o g ive more or l e s s pronounced forward 
peaking and minima. In one case , the t o t a l c ross s e c t i o n was allowed 
t o increase by 2%. A l l per turbat ions were appl ied over the 5 .5 t o 14 MeV 
energy range and a p o i n t i s o t r o p i c 14 MeV neutron source was used. Cal -
c u l a t i o n s were done by the c o r r e l a t e d sampling Monte Carlo code SAMCEP. 

The most pronounced e f f e c t on the neutron t r a n s p o r t , more than a 
f a c t o r o f 2 at 1500 meters , was found f o r s ca t te red neutron energ ies in 
the 6 -9 MeV energy b in f o r the f o l l o w i n g c r o s s s e c t i o n per turbat ion con -
d i t i o n s . Tota l remained unchanged. E l a s t i c was increased by the f u l l 
10%. The f u l l e l a s t i c change was compensated f o r by equal changes in 
the absorpt ion and i n e l a s t i c c r o s s - s e c t i o n s . The change t o the 
i n e l a s t i c t o t a l was equa l l y p o r t i t i o n e d among a l l the i n e l a s t i c l e v e l s . 
The e l a s t i c angular d i s t r i b u t i o n s were changed by increas ing a\ by +20% 
and a2 by +10%. 
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Y A L E U N I V E R S I T Y 

A . F A S T N E U T R O N P O L A R I Z A T I O N S T U D I E S ( F . W . K . F i r k , J . E . 

B o n d , G . T . H i c k e y , R . J . H o l t , R . N a t h and H . L . S c h u l t z . ) 

1 . P o l a r i z a t i o n of N e u t r o n s in n - 1 6 0 S c a t t e r i n g 

A s y s t e m a t i c , h i g h - r e s o l u t i o n study of the p o l a r i -

z a t i o n of n e u t r o n s e l a s t i c a l l y s c a t t e r e d from 1 6 0 has b e e n 

c o m p l e t e d a t n i n e a n g l e s and a t e n e r g i e s b e t w e e n 1 and 

4 M e V . T h e e x p e r i m e n t u s e d the a b s o l u t e l y c a l i b r a t e d 

s o u r c e of p o l a r i z e d n e u t r o n s f r o m the r e a c t i o n 1 2 C ( n , n ) 1 3 C . 

T h e r e s u l t s h a v e b e e n a n a l y z e d u s i n g a g e n e r a l R - f u n c t i o n 

r e a c t i o n theory and the t o t a l and d i f f e r e n t i a l cross 

s e c t i o n s have b e e n p r e d i c t e d . E x c e l l e n t a g r e e m e n t is ob-

tained b e t w e e n the p r e d i c t i o n s and the m o s t r e c e n t 

m e a s u r e m e n t s . A c o m p l e t e p h a s e s h i f t a n a l y s i s has a l s o 

b e e n c a r r i e d o u t . T h e m e a s u r e d p o l a r i z a t i o n s a r e s h o w n 

in F i g . A - l . 

2 . P o l a r i z a t i o n of N e u t r o n s in n - 4 H e S c a t t e r i n g 

P r e l i m i n a r y m e a s u r e m e n t s of the p o l a r i z a t i o n of 

n e u t r o n s e l a s t i c a l l y s c a t t e r e d f r o m a liquid He t a r g e t 

h a v e b e e n m a d e a t six a n g l e s and a t e n e r g i e s b e t w e e n 2 and 

5 M e V u s i n g the t e c h n i q u e o u t l i n e d a b o v e . T h e data are 

b e i n g a n a l y z e d and a s s e s s m e n t s of the e f f e c t s of m u l t i p l e 

s c a t t e r i n g and of f i n i t e g e o m e t r y a r e b e i n g m a d e b e f o r e 

f u r t h e r m e a s u r e m e n t s a r e u n d e r t a k e n . 

B . S L O W N E U T R O N S T U D I E S ( F . W . K . F i r k and J . S e l t z e r * ) 

1. A S t u d y of the 2.8 keV N e u t r o n R e s o n a n c e of S o d i u m 

and a n A n a l y s i s of the T o t a l N e u t r o n Cross S e c t i o n 

up to 50 keV 

* P r e s e n t a d d r e s s : S t a n f o r d U n i v e r s i t y M e d i c a l S c h o o l , 

S t a n f o r d , C a l i f o r n i a 94305 
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T h e f o l l o w i n g is the a b s t r a c t of a p a p e r a c c e p t e d 

for p u b l i c a t i o n in N u c l e a r S c i e n c e and E n g i n e e r i n g : 

"The t o t a l n e u t r o n cross s e c t i o n of s o d i u m has b e e n 

m e a s u r e d in the v i c i n i t y of the 2.8 keV r e s o n a n c e w i t h the 

h i g h r e s o l u t i o n t i m e - o f - f l i g h t s p e c t r o m e t e r a s s o c i a t e d w i t h 

the Yale U n i v e r s i t y 7 0 - M e V e l e c t r o n linear a c c e l e r a t o r . 

T h e s p i n o f the r e s o n a n c e is u n a m b i g u o u s l y i d e n t i f i e d to be 

J = 1 . A l e a s t - s q u a r e s a n a l y s i s of the cross s e c t i o n has 

b e e n c a r r i e d out up to a n e n e r g y of 50 keV u s i n g a m o d e l 

that takes into a c c o u n t the e f f e c t s of local and d i s t a n t 

l e v e l s . T h e o b s e r v e d t o t a l cross s e c t i o n is w e l l - d e s c r i b e d 

t h r o u g h o u t the e n t i r e r a n g e w i t h a s p i n - i n d e p e n d e n t inter-

a c t i o n r a d i u s of 5 . 8 fm and w i t h r e a s o n a b l e v a l u e s of the 

R - f u n c t i o n s ( d i s t a n t l e v e l e f f e c t s ) for b o t h s p i n s t a t e s . 

T h e r e s o n a n c e e n e r g y , the n e u t r o n w i d t h and the e f f e c t i v e 

n u c l e a r r a d i i d e r i v e d f r o m the a n a l y s i s a r e , r e s p e c t i v e l y : 

E d = 2805 ± 30 e V , F _ = 376 ± 15 e V , a T . = 5.3 fm and K nK J—I 
a j = 2 ) = 5 , 7 + L 2 x 1 C ) 8 / ( e + 1 8 5 0 0 ) 2 ] f m ' " T h e f i t t o 

r e p r e s e n t a t i v e data p o i n t s is s h o w n "in F i g . B - l . 

C . A C C E L E R A T O R I M P R O V E M E N T S ( H . L . S c h u l t z , P . J e w e t t ) 

T h e o r i g i n a l 100 K V C o c k c r o f t - W a l t o n F r e o n 

p r e s s u r i z e d DC power s u p p l y s y s t e m for the e l e c t r o n g u n 

has b e e n r e p l a c e d by a h o m e - c o n s t r u c t e d p u l s e d s u p p l y of 

p u l s e w i d t h 0.5 p s e c . T h i s a l l o w s i n j e c t i o n v o l t a g e up 

to 130 K V to be a t t a i n e d . T h e g r i d d e d h i g h c u r r e n t A R C O 

M o d e l 12 g u n is turned o n by a 20 ns p u l s e r w h i c h is 

located in the h i g h v o l t a g e t e r m i n a l b o x . T h i s new s y s t e m , 

b e s i d e s a c h i e v i n g h i g h e r i n j e c t i o n v o l t a g e , e l i m i n a t e s the 

F r e o n c o r r o s i o n p r o b l e m e x p e r i e n c e d w i t h the o r i g i n a l DC 

u n i t , is m u c h e a s i e r to s e r v i c e , and has b e e n h i g h l y 

r e l i a b l e . A s u b s t a n t i a l i m p r o v e m e n t in b e a m c u r r e n t in 

the 20 ns m o d e , a p p r o a c h i n g a factor of t w o , has b e e n 

a c h i e v e d . 
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