
handle higher r a t e s .  We concluded t h a t  a NaI de t ec to r  d a t a  c o l l e c t i n g  r a t e  by al lowing us  t o  run wi th  

system would be much more complicated than t h e  present  higher beam i n t e n s i t i e s .  We then plan t o  t ake  more 

system and most l i k e l y  not  j u s t i f i e d  a t  t h i s  time. da t a  on oxygen t o  improve t h e  s t a t i s t i c a l  accuracy 

We hope t o  t ake  a few more s h i f t s  i n  t h e  spr ing  of our measurement of t h e  angular  d i s t r i b u t i o n  para- 

t o  fu r the r  improve t h e  proton beam focus.  A modest meters. 

time i n  studying t h e  beam could g rea t ly  i nc rease  our 1)  C.A. Heusch, R.V. Kline,  and S.J. Ye l l i n ,  Nucl. I n s t .  
and Meth. 120, 237 (1974). 

MEASUREMENTS OF (p , IT-xn) ANB ( 3 ~ e ,  a-xn) TOTAL CROSS SECTIONS BY ACTIVATION TECHNIQUES 

M. Rickey, P. Singh, and J. Wiggins 
Indiana University CycZotron Facility,  BZoomington, Indiana 47405 

I n  t hese  measurements we hope t o  t ake  advantage of 7 ~ e  [ i .  e .  , 160 (p,  IT-) 17Ne; *0 (p,  IT-2,) 7 ~ e  ; 

t h e  d i s t i n c t i v e  p rope r t i e s  of delayed proton emitter 1 4 ~ ( 3 ~ e , ~ ' )  17Ne; and ~ ' N ( ~ H ~ , I T - ~ )  17Ne]. 

s p e c t r a  a s  a h ighly  s e l e c t i v e  i nd i ca to r  t h a t  t h e  It was hoped i n i t i a l l y  t h a t  counting on one 

r eac t ions  under s tudy have taken place.  t a r g e t  could proceed while t h e  next  was undergoing 

The i n i t i a l  r e a c t i o n  of i n t e r e s t  is bombardment. This proved t o  be no t  pos s ib l e  because 

2 4 ~ g ( p , n - ) 2 5 ~ i  4' 25~!?,* -+ 2 4 ~ g  + p of background probably a r i s i n g  from neutron induced 

with measurements of t h e  6-delayed proton spectrum reac t ions  i n  and near t h e  de t ec to r s .  A mechanical 

and t h e  l i f e t i m e s  of t h e  var ious  peaks being used t o  chopper was then designed and i n s t a l l e d  between t h e  

s e l e c t  events corresponding t o  t h e  decay of 25~i .  I f  pre- in jec tor  and the  i n j e c t o r  cyc lo t ron  t o  provide 

adequate signal- to-noise r a t i o s  and high counting e f -  convenient, c l ean  beam puls ing  on a time s c a l e  

f i c i e n c i e s  can be achieved,  c ross  s ec t ions  (which - > 10 m s ec .  The t a r g e t  wheel, i ts  d r i v e  motor, 

correspond t o  t h e  production of 2 5 ~ i  i n  any of i ts  and the  associa ted  d e t e c t o r s  a r e  p re sen t ly  being 

seven pa r t i c l e - s t ab l e  s t a t e s  below t h e  3.42 MeV proton i n s t a l l e d  f o r  runs i n  t h e  64" s c a t t e r i n g  chamber; and 

separa t ion  energy) w i l l  be measured a s  a funct ion  of t he  chopper motor, t a r g e t  motor, and counting system 

energy. These d a t a  a r e  intended t o  complement r a t h e r  c o n t r o l  pulses  a r e  provided by a 6800 microprocessor. 

than r ep l ace  spectrometer  da t a .  Using t h i s  t a r g e t ,  Two runs have provided d a t a  u se fu l  f o r  d i agnos t i c s  

i t  might a l s o  be poss ib l e  t o  observe t h e  production and evalua t ion  of t h e  p r a c t i c a l i t y  of t h e  technique.  

of 2 4 ~ i ,  produced by the  24#g(p ,r'n) 2 4 ~ i  reac t ion .  

Other t a r g e t s  and r eac t ions  i n  which the  pro- 

duction of 2 5 ~ i  would provide t h e  s igna tu re s  a r e  

2 5 ~ g ( p , ~ - n ) 2 5 ~ i ;  2 6 ~ g ( p , ~ - 2 n ) 2 5 ~ i ;  and 2 3 ~ a ( 3 ~ e , ~ ' n ) 2 5 ~ i .  

Among the  a d d i t i o n a l  p o s s i b i l i t i e s  f o r  use  of t he  

apparatus we a r e  developing a r e  s t u d i e s  of t h i s  family 

of r eac t ions  leading  t o  t h e  production of 

2 1 ~ g [ i . e . ,  1 9 ~ ( 3 ~ e , ~ ' n ) 2 1 ~ g ]  and of 

Figure 1 shows t y p i c a l  d a t a  summed over t h e  t i m e  

channels. The background present  comes from t h e  

comparatively l a r g e  amounts of lMg and 1 7 ~ e  produced, 

together  with t h a t  a r i s i n g  from continuum low energy 

protons and from t h e  energy l o s s  of t h e  more ene rge t i c  

9~ delayed protons passing through the  500 urn S i  de- 

t e c t o r  (which l o s e  from 3 t o  8 ?lev i n  t he  d e t e c t o r ) .  

This background obscures t h e  region  i n  which t h e  



TIPI-2 rms 
FILE . 3. 

CHANNEL NUUBER 

Fi-qure 2. ~e Zayed proton spectrwn observed fo ZZowing 
f 75 MsV proton bombardnent of  2 4 ~ g .  The energies 
Zisted are the Zaboratory proton energies associated 
with the various peaks. The 5.40 MeV peak appears t o  
decay a t  a ra te  consistent with tha t  of 2 5 ~ i .  

dominant 2 5 ~ i  peak a t  4.089 MeV should be seen.  I n  

t h e  next run,  use of a  1000 um t h i ck  de t ec to r  and 

modificat ion of t he  t a r g e t  assembly geometry t o  take 

advantage of t h e  unique kinematics of t h e  (p,n-xn) 

r eac t ions  near threshold  a r e  expected t o  improve the  

signal- to-noise r a t i o .  Rela t ive ly  c lean  2 5 ~ i  peaks 

have been observed with lower background by using 

longer delays p r i o r  t o  t he  i n i t i a t i o n  of counting. 

This al lows t h e  s h o r t e r  l i ved  2 1 ~ g ,  17Ne, and 9~ 

a c t i v i t i e s  (Q 110-130 ms) t o  decay t o  a g rea t e r  

ex t en t  than the  2 5 ~ i  a c t i v i t y  (220 m s )  . This,  how- 

ever ,  reduces t h e  o v e r a l l  counting e f f i c i e n c y  con- 

s ide rab ly .  We bel ieve  t h a t  t he  planned s t e p s  w i l l  

make a s i g n i f i c a n t  improvement of t he  da t a  q u a l i t y  i n  

our next  run. I n  add i t i on ,  we p lan  t o  i n s t a l l  160 

t a r g e t s ,  i n  which case t he  only background protons 

w i l l  a r i s e  from 9~ and the  17Ne a c t i v i t y  and should 

be correspondingly e a s i e r  t o  de t ec t .  I n  t h i s  case,  

only two s t a t e s  of 7 ~ e  a r e  p a r t i c l e  s t a b l e .  

RECOIL DETECTION OF THRESHOLD PION REACTIONS 

R.E. Pollock, M. P ickar ,  P.H. P i l e ,  S. Kai las ,  and D.L. F r i e s e l  
Indiana University Cyclotron Faci l i ty ,  BZoomington, Indiana 47405 

The technique of observing the  (p ,nO)  r eac t ion  the  r e c o i l  experiment can provide information on t h e  

threshold by de t ec t ion  of t he  product nucleus 0' r e c o i l  exc i ted  s t a t e  c r o s s  s ec t ion  independent of absolu te  

was described i n  t he  I U C F  1978 r epo r t .  During 1979 normalizat ion of t he  r e c o i l  de t ec t ion  e f f i c i ency .  

t h i s  technique was appl ied  t o  t he  r eac t ions  The e x c i t a t i o n  funct ion  f o r  t he  r e c o i l  y i e l d  is 

g ~ e ( p , n O ) l  O B ( ~ .  s . )  and 9 ~ e ( p , n 0 )  OB*(E~ =1.74 MeV). The shown i n  Fig. 1. The method used t o  change cyclo t ron  

exci ted  s t a t e  is of p a r t i c u l a r  i n t e r e s t  a s  t he  t h i r d  energies  by a f r a c t i o n  of an MeV requ i r e s  only a few 

+ 
member of an i sosp in  t r i p l e t  f o r  which t h e  ' ~ e ( ~ , n  ) l O ~ e  minutes so t h a t  many da t a  po in t s  could be taken i n  a run 

cross  s ec t ion  has been r ecen t ly  determined wi th in  2 MeV of 2 o r  3 s h i f t s .  The r i g h t  s i d e  of t he  f i g u r e  shows 

1 
of threshold  , and f o r  which t h e  9 ~ e ( p , ~ ' )  ~ O C ( ~ .  s  ,) c r o s s  a search f o r  t h e  threshold  ' B ~ ( ~ , I T - )  O C ( ~ . S )  r e a c t i o n  

sec t ion  is known a t  higher energy. The by the  same apparatus.  The de t ec to r  i n  t h i s  run was 

9 ~ e ( p , n 0 ) 1 0 ~ e ( g . s . )  c r o s s  s ec t ion  has  r e c e n t l y  been in-  s e t  f i r s t  f o r  mass-10, charge s t a t e  5+, f o r  which i t  was 

dependently determined by a d i f f e r e n t  technique2 so t h a t  s e n s i t i v e  t o  a l a r g e  background from the  t o t a l  (p,nof 


