
I 

I MEASUREMENT OF THE TRANSVERSE SPIN TRANSFER COEFFICIENT DNN(OO) FOR (p ,n)  HACTIONS AT 160 MeV 

T.N. Taddeucci 
Ohio Univers i ty ,  Athens, Ohio 45701 

and 
Indiana Univers i ty  Cyclotron F a c i l i t y ,  Bloomington, Indiana 47405 

T.A. Carey 
Los Alamos National Laboratory,  Los Alamos, New Mexico 87545 

C. Gaarde and J. Larsen 
Univers i ty  of Copenhagen, DK-2100 Copenhagen 4,  Denmark 

C.D. Goodman 
Indiana Univers i ty  Cyclotron F a c i l i t y ,  Bloomington, Indiana 47405 

D.J.  Horen 
Oak Ridge National Laboratory,  Oak Ridge, Tennessee 37830 

T.G. Masterson 
Univers i ty  of Colorado, Boulder, Colorado 80309 

J. Rapaport and T.P. Welch 
Ohio Univers i ty ,  Athens, Ohio 45701 

E.K. Sugarbaker 
Ohio S t a t e  Univers i ty ,  Columbus, Ohio 43214 

I A d i r e c t  measure of t he  sp in - f l ip  character- of a i n t e rmed ia t e  energy (p ,n)  r eac t ions .  Data have been 

I (p ,n)  t r a n s i t i o n  i s  provided by the  t r ansve r se  sp in  obta ined f o r  (p ,n)  r eac t ions  on 6 ~ 7 ~ i  and 1 2 9 1 3 ~ 1 4 ~  a t  

I t r a n s f e r  c o e f f i c i e n t  DNN(8) [o r ,  equ iva len t ly ,  t he  Ep = 160 MeV. The bombarding energy was chosen t o  be 

I t r ansve r se  sp in - f l ip  p r o b a b i l i t y  SNN = (1 - DNN)/2]. a s  high a s  poss ib l e  t o  minimize L > 0 con t r ibu t ions  t o  

I Cornel ius ,  Moss, and Yamaya have shown t h a t  t h i s  t h e  t r a n s i t i o n  amplitudes a t  0°, while s t i l l  

I q u a n t i t y  takes  on d i s t i n c t i v e  values f o r  t r a n s i t i o n s  maintaining the  experimental  energy r e s o l u t i o n  

I having a unique o r  s i n g l e  dominant value f o r  t he  required.  The t a r g e t s  chosen a l l  e x h i b i t  GT 

o r b i t a l  angular  momentum t r a n s f e r . l  I n  p a r t i c u l a r ,  GT t r a n s i t i o n s  l ead ing  t o  we l l  resolved f i n a l  s t a t e s  wi th  

I t r a n s i t i o n s  ( J = l ,  L=0,2, S=l)  should have Dm(OO) = minimal i n t e r f e r i n g  background and a r e  thus  s u i t a b l e  

-1/3 i f  L=O dominates, Fermi (F) t r a n s i t i o n s  (J=0, L=O, t e s t s  f o r  e s t a b l i s h i n g  the  v a l i d i t y  of the  experimental  

S=O) have DNN(OO) = 1, and spin-dipole t r a n s i t i o n s  technique and the  a p p l i c a b i l i t y  of t he  simple 

(J=0,1,2,  L=1, S=l) should have Dm(OO) = -1, 0,-2/5, p red ic t ions  f o r  Dw(OO). We have a l s o  obta ined d a t a  

r e s p e c t i v e l y ,  where J, L, and S a r e  the  t o t a l ,  o r b i t a l ,  f o r  t he  9 0 ~ r ( p , n )  r e a c t i o n  and i n t e r p r e t  these  d a t a  

and s p i n  angular  momenta t r a n s f e r r e d  i n  the  react ion.  wi th  r e spec t  t o  the  "benchmark" measurements obtained 

Recent measurements and analyses  of t he  sp in - f l ip  on the  l i g h t  t a rge t s .  

p r o b a b i l i t y  i n  in termedia te  energy ( p , p f )  r eac t ions  The da ta  were obtained us ing the  beam swinger 

have a l s o  shown t h a t  DNN a t  small  momentum t r a n s f e r  is f a c i l i t y .  Polar ized protons with energy Ep = 160 MeV 

r e l a t i v e l y  i n s e n s i t i v e  t o  d i s t o r t i o n  e f f e c t s  and bombarded se l f -suppor t ing t a r g e t s  wi th  th icknesses  

d e t a i l s  of the  t r a n s i t i o n  dens i ty ,2  i n  c o n t r a s t  t o  ranging from 107 - 232 mg/cm2. The t ime-of-fl ight 

o t h e r  q u a n t i t i e s  such a s  the  analyzing power. (TOF) of neutrons emit ted  a t  0' was measured over a 60 

We have made t h e  f i r s t  measurements of t he  m f l i g h t  path. Time r e s o l u t i o n  ( inc lud ing  beam and 

t r ansve r se  s p i n  t r a n s f e r  c o e f f i c i e n t  DNN(OO) f o r  t a r g e t  con t r ibu t ions )  va r i ed  from 0.7 ns t o  1.1 ns  
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depending upon the  t a r g e t ,  with corresponding energy 

r e s o l u t i o n  of 0.7 MeV t o  1.1 MeV. 

The neutron polar imeter  cons i s t s  of s i x  15 cm x 

15 cm x 100 cm p l a s t i c  s c i n t i l l a t o r s  arranged i n  two 

p a r a l l e l  s t acks  of three.  The long axes of the 

s c i n t i l l a t o r s  a r e  p a r a l l e l  t o  the hor i zon ta l  plane and 

perpendicular  t o  the  inc iden t  neutron f lux .  The 

sepa ra t ion  between s t acks  is approximately 1.4 m. 

Neutrons a r e  p o l a r i z a t i o n  analyzed by s c a t t e r i n g  from 

hydrogen [IH(; ,n)lH] and carbon [l2c(;,n 'x) 1 nuc le i  i n  

one of the forward s c i n t i l l a t o r s .  The s c a t t e r e d  

neutrons a r e  subsequently detected by one of the  

t r a i l i n g  s c i n t i l l a t o r s ,  which serve a s  the polar imeter  

"arms." A t h i n  (2.5 cm) p l a s t i c  s c i n t i l l a t o r  between 

t h e  s t acks  is  used t o  veto  events  caused by 

forward-scattered protons. Time s i g n a l s  derived from 

each end of the  de tec to r s  f u r n i s h  both the  TOF of the  

i n c i d e n t  neutron and pos i t ion  information from which 

-*""'2~ " ' 2 0  " ' I ~ ' " ' I o '  " ' 5 " " o " '  " 
excitation energy Ex  (MeV) 

the  event may be reconstructed and cha rac te r i zed  a s  a 

l e f t  o r  r i g h t  s c a t t e r .  Neutrons t h a t  s c a t t e r  a t  polar  

angles  of 14" < 8 < 31°, azimuthal (out-of-plane) 

angles  of C$ < 145'1, and with ve loc i ty  vn'/cos8 > 

0 . 9 1 ~ ~  a r e  accepted a s  va l id  events.  The ins t rumenta l  

analyzing power f o r  these  condi t ions  is  A - 0.34 + 0.02 

and is  pr imari ly  due t o  s c a t t e r i n g  from hydrogen. 

Energy spec t ra  f o r  the summed y i e l d s  (NL+ + NL- + 
NR+ + NR-) and d i f f e rence  of y i e l d s  

(NL+ - NL- + NR- - N ~ + )  f o r  double-scattered neutrons 

produced by (p,n) r eac t ions  on 13c, 14c, and 9 0 ~ r  a r e  

shown i n  Figs. 1-3. The d i f f e rence  s p e c t r a  show 

p o s i t i v e  peaks f o r  t r a n s i t i o n s  wi th  r n ( O O )  > 0 and 

negat ive  peaks f o r  t r a n s i t i o n s  wi th  DNN(OO) < 0. Most 

of the  peaks i n  these  s p e c t r a  correspond t o  GT 

t r a n s i t i o n s  and thus e x h i b i t  negat ive  peaks i n  t h e  

d i f f e rence  spectra .  The exceptions a r e  the  0+ -+ 0+ 

1 4 ~ ( p  ,n )  and 9 0 ~ r ( p  ,n)  IAS t r a n s i t i o n s ,  f o r  which 

- l o t '  a ';is' '20" '15' " '10' ' " 5 "  " o " ' "  
excitation energy Ex (MeV) 

Figure 1. Energy spec t ra  f o r  the  sum (NL+ + NL-+ NR+ Figure  2. Energy s p e c t r a  f o r  t h e  sum and d i f f e rence  
+ NR-) and d i f f e rence  (NL+ -NL-+ NR--NR+) of y i e l d s  of of y i e l d s  of double-scattered neutrons produced by the  
double-scattered neutrons produced by the 1 3 ~ ( p , n ) 1 3 ~  1 4 ~ ( p , n ) 1 4 ~  reac t ion  a t  160 MeV and 8 = 0'. 
r e a c t i o n  a t  Ep = 160 MeV and 8 = 0'. 
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Figure 3. Energy spec t ra  f o r  the  sum and d i f f e rence  
of y ie lds  of double-scattered neutrons produced by the 

I g 0 ~ r ( p , n ) 9 0 ~ b  reac t ion  a t  160 MeV and 8 = 0". 
I 

Dm(OO) = 1, and the  1/2- + 1/2- 1 3 ~ ( p , n ) 1 3 ~ ( g . s . )  

t r a n s i t i o n ,  which is a mixture of Gamow-Teller and 

Table I. Transverse sp in  t r a n s f e r  c o e f f i c i e n t  DNN(OO) 

f o r  (p,n) r eac t ions  a t  160 MeV. 

Reaction Ex (MeV) DNN( O0 

Fermi components. 

Values of DNN(OO) ex t rac ted  from these  spec t ra  a r e  a Ca l ib ra t ion  t r a n s i t i o n .  

given i n  Table I, along with r e s u l t s  f o r  6 ~ i ,  7 ~ i ,  and I sobar i c  analog s t a t e  (IAS). 

12c. S i g n i f i c a n t l y ,  a l l  of the pure GT t r a n s i t i o n s ,  

such a s  6 ~ i ( p , n ) 6 ~ e ( g . s . ) ,  1 2 ~ ( p , n ) 1 2 ~ ( g . s . ) ,  

1 3 ~ ( p , n ) 1 3 ~ ( 3 . 5 1  MeV), and 1 4 ~ ( p , n ) 1 4 ~ ( 3 . 9 5  MeV), 

e x h i b i t  values of DNN(OO) c lose  t o  the  expected value 

of - -1/3. Large systemat ic  devia t ions  from t h i s  value 

would be i n d i c a t i v e  of unexpectedly l a r g e  L=2 

amplitudes a t  O0 or  f a i l u r e  of the assumed s ingle-s tep 

d i rec t - r eac t ion  mechanism. 

Having es t ab l i shed  t h a t  DNN(OO) -1/3 is  a 

d e f i n i t e  s igna tu re  of GT t r a n s i t i o n s ,  we can attempt t o  

i n t e r p r e t  the  r e s u l t s  f o r  9 0 ~ r ( p , n ) .  The values 

obta ined f o r  the  9 0 ~ r ( p , n )  t r a n s i t i o n s  represent  the  

summed s t r e n g t h  i n  the  energy region ind ica ted ,  L.2 no 

"background" has been subtracted.  The value obtained 

C Giant Gamow-Teller resonance. 

f o r  the  region of the g ian t  GT resonance is  cons i s t en t  

wi th  t h a t  expected f o r  a pure L=O GT t r a n s i t i o n  and 

thus  i n d i c a t e s  t h a t  near ly  a l l  of the  s t r e n g t h  observed 

i n  t h i s  region has the  same GT-type sp in  t r a n s f e r  

s ignature .  Note t h a t  I D ~ ~ ( O O )  1 f o r  the  region of the  

T=5 s t a t e 3  (13.2 MeV < Ex < 17.3 MeV) is s i g n i f i c a n t l y  

l e s s  than 1/3, i n d i c a t i n g  t h a t  GT s t r e n g t h  is not the  

dominant component i n  t h i s  region of exc i t a t ion .  The 

value obtained f o r  the  IAS + background i s  cons i s t en t  

wi th  DNN(OO) = 1 f o r  the  IAS t r a n s i t i o n  and 

DNN(OO) = -1/3 f o r  the  background. 



I n  summary, measurements of the t r ansve r se  sp in  

t r a n s f e r  c o e f f i c i e n t  DNN(OO) have been made f o r  (p ,n)  

r eac t ions  on s 7 1 i ,  l2 913 ,14c, and 9 0 ~ r  a t  Ep = 160 

MeV. These measurements r evea l  t h a t  most GT 

t r a n s i t i o n s  e x h i b i t  values  of DNN(OO) close  t o  the  

expected nominal value of -113. This observable may 

the re fo re  be a use fu l  means of cha rac te r i z ing  f e a t u r e s  

observed i n  (p,n) spec t ra .  I n  p a r t i c u l a r ,  the  r e s u l t s  

obtained f o r  9 0 ~ r ( p , n )  suggest t h a t  the re  is very 

l i t t l e  background i n  the  region of the  g ian t  

Gamow-Teller resonance. Addi t ional  da ta  on t h i s  t a r g e t  

should help resolve t h e  quest ion of whether t h e r e  i s  

s i g n i f i c a n t  GT s t r e n g t h  a t  higher e x c i t a t i o n  energies .  
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The (p,n) r eac t ion  on 1 9 ~  and 3 9 ~  t a r g e t s  has and 160 MeV, while i n  Fig. 2 s i m i l a r  s p e c t r a  f o r  the 

been s tud ied  a t  120 MeV and 160 MeV using the  IUCF beam 3 9 ~ ( p , n ) 3 9 ~ a  reac t ion  a r e  shown. A t o t a l  in t eg ra ted  

swinger f a c i l i t y .  S t a t e s  wi th  up t o  12 MeV e x c i t a t i o n  B(GT) = 2.0 + 0.06 has been obtained f o r  the  

energy have been observed f o r  which GT s t r eng ths  have 1 9 ~ ( p , n ) 1 9 ~ e  reac t ion  while a t o t a l  B(GT) = 1.02 4 0.12 

been obtained. I n  Fig. 1 a r e  presented the  zero-degree has been obtained f o r  the  3 9 ~ ( p , n ) 3 9 ~ a  reac t ion .  

s p e c t r a  observed f o r  the  1 9 ~ ( p , n ) 1 9 ~ e  reac t ion  a t  120 




