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P a r t  I 

I n t r o d u c  t i o n  

Research i n  neutron spectroscopy,  emphasizing resonances 

o f  neutron-nuclei  i n t e r a c t i o n ,  was begun - 1941 by James 

Rainwater and W. W. Havens, Jr. using the  smal l  cyc lo t ron  

i n  t h e  basement of  t h e  P u p i n  Physics Laboratory. This w o r k  

w a s  under t h e  d i r e c t i o n  of D r .  J. R. Dunning and a t  var ious  

t i m e s  included o t h e r s  such as D r .  C. S .  Wu, and Edward 

Melkonian. By t h e  e a r l y  1950's, t h i s  f a c i l i t y  w a s  obsolete. 

The N e v i s  Synchrocyclotron, o r i g i n a l l y  0. N. R. funded, was 

recognized from the s t a r t  as a p o t e n t i a l l y  superior source 

fo r  p u l s e d ,  moderated, neutron resonance spectroscopy.  F i r s t  

u s e  of  it f o r  t h a t  purpose began - 1955 and i s  descr ibed  i n  

t h e  a r t i c l e  "Resonance Processes wi th  Neutrons" by J. Rainwater 

i n  V o l .  40 of the Springer-Verlag "Handbuch d e r  Physik'lin 1957. 

I n  t h e  e a r l y  1960 ' s ,  a 200 m e t e r  t ime-of - f l igh t  t unne l  

f a c i l i t y  and d e t e c t o r  s t a t i o n  w a s  funded by t h e  A.E.C. and 

g r e a t l y  improved ope ra t ion  began - 1963-4 us ing  w h a t  was t h e n  

an  advanced 2000 channel ana lyzer  system (electrostat ic  

s t o r a g e ,  f a s t  storage-magnetic drum s l o w  his togram s t o r a g e ) .  

This l e d  t o  a number of papers on 232Th, 238U, Ta, Au, Ag, 

A s ,  B r ,  V, Nb, I, C s ,  M o ,  Sb, Te, and P r ,  i n  a d d i t i o n  t o  

many of t h e  d e t a i l e d  u vs E plots  of the t o t a l  neutron cross 

s e c t i o n  vs E fo r  l a r g e  numbers of elements which w e r e  publ i shed  

- 1966 i n  BNL-325. 
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The o l d  ana lyzer  was becoming u n r e l i a b l e  and obsolete, 

however, so, support  w a s  obtained from t h e  A.E.C. f o r  

ob ta in ing  an EMR 6130 on-l ine computer - w i t h  a s s o c i a t e d  

t ime-of - f l igh t  c i r c u i t r y .  A major “ run”  i n  1968 u s e d  a 

s u b s t i t u t e  EMR 5050 computer, fo r  an  8000 channel ana lyze r  

opera t ion .  I n  1970, a 16,000 channel better system used the  

6130 computer .  These runs c o l l e c t e d  v a s t  amounts  of h igh  

q u a l i t y  d a t a  which has  r equ i r ed  t h e  subsequent t i m e  f o r  

i t s  (almost)  complete a n a l y s i s .  I t  has led t o  n e a r l y  t h i r t y  

publ i shed  papers  on t h e  r e s u l t s ,  which u s u a l l y  inc reased  the  

amount of  information available on the  neutron resonance 

parameters  of the  elements and i so topes  s t u d i e d  by factors  

- 10 o r  m o r e .  

I n  1965, i t  was noted t h a t  t h e  N e v i s  Synchrocyclotron ( S . C . )  . 

w a s  on t h e  verge of obsolescence f o r  i t s  main research u s i n g  

p ions  and muons, i n  spite of t h e  many h i s t o r i c  r e s e a r c h  

d i s c o v e r i e s  made using it s i n c e  1950. 

A plan was m a d e  to convert the S . C .  to a sector-focused 

S.C. w h i c h  w o u l d  (a) i n c r e a s e  the  p ro ton  energy f r o m  

- 380 MeV t o  560 MeV, and i n c r e a s e  the b e a m  c u r r e n t  by an 

o r d e r  of magnitude, and (b) provide a long du ty  factor  

e x t e r n a l  pro ton  beam for in t e rmed ia t e  energy phys ic s  research .  

This program was supported by t h e  N . S . F .  as a n a t i o n a l  

i n t e rmed ia t e  energy f a c i l i t y .  P l a n s  w e r e  inc luded  t o  

cont inue  t h e  neutron t i m e - o f - f  l i g h t  spectroscopy program 

w i t h  g r e a t l y  improved e f f e c t i v e n e s s .  “he mod i f i ca t ion  program 
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has occupied m o s t  of Professor Rainwater's time since 1965. 

The machine opera-ion was stopped i n  l a t e  1970 for  t h e  majo: 

modification. The completion of the modification has gone 

slower than expected, b u t  i s  ROW i n  i t s  f i n a l  s tages ,  w i t h  

research expected i n  l a t e r  1976. The machine has been 

operated successfully i n  the external  beam mode fo r  exploratory 

experiments. I n  1 9 7 1  a decision was made t o  s p l i t  up the 

A.E.C. Gen 7 2  contract  which Professor Havens had administered. 

The Nevis neutron spectroscopy program under Professor 

Rainwater became A.E.C. Contract A T ( 1 1 - 1 )  2174. Progress 

reports  on the r e s u l t s  of the  analysis of the 1968-70 data 

have been submitted fo r  one year in te rva ls  from Ju ly  1, 1 9 7 1  

through June 1974. The various renewal proposals and progress 

reports  a l so  l i s t  the logic  as  t o  why the modified S .C .  should 

be such an e f fec t ive  source f o r  neutron resonance time-of-flight 

spectroscopy, and the new hardware systems prepared fo r  such 

operation. The support of t h i s  research has now been taken 

over by t h e  main N.S.F. g r a n t  for t h e  S I C .  program, and 

preparations are continuing for the u s e  of the S.C. for such 

research, e s sen t i a l ly  as described i n  e a r l i e r  A.E.C. 

contract  proposals. 

Because of the unexpectedly delayed time schedule fo r  

completion of the  machine modifications and b r i n g i n g  the 

modified f a c i l i t y  i n t o  f u l l  research operation, t h e  n e t  

r e s u l t s  of the  contract  AT(ll-1)2174 e f f o r t s  have been i n  
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I 

t h e  s u c c e s s f u l  completion of a l m o s t  a l l  of t h e  a n a l y s i s  

I 

I 

t o  p u b l i c a t i o n  of t h e  v a s t  amounts of  d a t a  from t h e  1968 

and 1970 cyc lo t ron  ' ' r uns  'I . 
This s e c t i o n  concludes wi th  a summary paper  which 

was given a t  t h e  March 3-7, 1975 conference on "Nuclear 

C r o s s  Sec t ions  and Technology", which d e s c r i b e s  t h e  gene ra l  

a s p e c t s  of t h e  r e sea rch  and t h e  s i x t e e n  papers  publ i shed  i n  

Phys ica l  Review C beginning i n  1972, a l l  on t h e  r e s u l t s  of 

t h e  1968-70 d a t a  a n a l y s i s .  S i n c e  t h e  l a s t  p rog res s  report 

i n  June 1974, Phys ica l  Review C papers  have been publ i shed  

on o u r  r e s u l t s  f o r :  

1. The i so topes  of Cadmium. l l0Cd (79 resonances b e l o w  

10 keV)  , '"Cd (98 resonances t o  2300 e V ) ,  '12Cd (98 

resonances t o  11,500 e V ) ,  '13Cd (37 resonances t o  2250 e V ,  

Cd ( 2 1  resonances 'I4Cd (55 resonances t o  3030 e V )  , and 

t o  10 k e V ) .  

2. The i s o t o p e s  of  Indium. 

2 keV), and ' l5In ( 2 3 3  resonances t o  2005 e V ) .  

3. The isotopes of Gd. 

158Gd (95 resonances t o  10 k e V )  and lFj0Gd (56 resonances 

t o  10 k e V ) .  

4. Natura l  Chlor ine,  measured at vs E t o  400 k e V  wi th  

r e s u l t s  f o r  35 resonances b e l o w  200 keV.  

5. Natura l  Ca lc ium,  measured ut vs E t o  550 e V  (with a 

m u l t i - l e v e l  R-matrix f i t  f o r  t h e  9 main s t rong  s levels ,  

116 

'131n (50 resonances below 

154Gd (48 resonances t o  1 k e V ) ,  

and a n a l y s i s  f o r  22  weak (mainly R = 1) l e v e l s .  
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6. N a t u r a l  F l u o r i n e .  R m a t r i x  f i t t i n g  t o  the three resonances 

b e l o w  200 k e V ,  for  a t  vs E. 

7.  N a t u r a l  M a g n e s i u m .  R m a t r i x  f i t t i n g  of the m e a s u r e d  0 vs 

E b e l o w  500 k e V  t o  4 resonances. 

8. The isotopes of Dy. 
163 (251  levels t o  1 k e V ) ,  162Dy (142 levels  t o  1 6  k e V ) ,  

(114 levels  t o  1 k e V ) ,  and 164Dy (116 levels t o  2 1  k e V ) .  

9. N a t u r a l  Argon. Measured o t  vs E t o  600 k e V ,  R m a t r i x  

f i t t i n g  for  5 A = 0 levels b e l o w  300 k e V ,  and l e v e l  p a r a m e t e r s  

f o r  18 4 = 1 levels and 1 m o r e  B = 0 leve l  t o  600 k e V .  

10. Separated 175Lu (446 levels t o  3 k e V ) .  

11. N a t u r a l  A l u m i n u m .  

m a t r i x  f i t t i n g  b e l o w  220 k e V  and p a r a m e t e r s  fo r  4 A = 0 ,  

and 3 k = 1 levels t o  202 k e V .  

1 2 .  Separated 177Hf. 

13. The isotopes of T h a l l i u m .  

n a t u r a l  Ti. 25 B = 0, 11 

and 6 6 = 1 levels in *05T6, p l u s  agrn and E for 44 R = 1 

and I ' m  r values for  29 R = 0 levels above 20 k e V  for the 

e l e m e n t  . 
14. N a t u r a l  B i s m u t h  ( 2 0 g B i )  

f i t t i n g  t o  9 R = 0 levels,  and p a r a m e t e r s  for  18 4 = 1 levels) .  

15. N a t u r a l  L a n t h a n u m  (13'La) (ot  vs E t o  75  k e V  p a r a m e t e r s  

for 150 levels  t o  2 6  k e V ) .  

DY 
161 l6ODy (64 leve ls  t o  2 k e V ) ,  

DY 

Measured  a t  vs E t o  450 k e V .  R 

(176 leve ls  t o  700 e V )  . 
( a t  vs E t o  160 k e V  fo r  

= 1 levels i n  *03TR and 5 R = 0 

n 

( u t  vs E t o  75  k e V  w i t h  R m a t r i x  
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16. We a re  now completing the analysis  for  over 300 

resonances i n  Ta below 2 keV (1970 da t a ) .  Later analysis 

of our 1964 data a t  SUNY-Albany by Professor Garg, w i t h  

spurious leve ls  deleted by D r .  Rahn based on some 1968 r u n  

Ta data,  cons t i tu tes  the resonance parameters from - 300 eV 

t o  1400 eV i n  the l a t e s t  BNL 325 compilation. The 1970 data 

was analyzed by an area method, p a r t i a l  shape analysis ,  and 

present ly  by a f u l l  shape f i t t i n g .  The r e s u l t s  w i l l  be 

submitted for  publication when completed. 

I n  conclusion, i t  i s  believed tha t  t h i s  s e t  of papers 

represents a major contribution t o  our knowledge of 

resonance neutron spectroscopy below 100 keV. 


