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Introduction 

A study of nuclear exci ta t ion  functions with 
high energy resolu t ion  reveals many f luc tuat ions .  
According t h e  s t a t i s t i c a l  theory of nuclear 
reac t ions  these  f luc tuat ions  a r e  r e l a t ed  t o  the  
proper t ies  of the  compound nucleus formed during 
the  reaction.  For instance,  t he  w i d t h r o f  t he  
f luc tuat ions  i s  a  d i r ec t  measure f o r  t he  l i f e t ime  
of the  compound nucleus. 

The s t a t i s t i c a l  theory can be applied t o  a 
measured exci ta t ion  function i f  the  following 
conditions a re  sa t i s f i ed :  

i )  The exci ta t ion  energy of the  compound nu- 
cleus i s  so high t h a t r  >> D, where D i s  
the  l eve l  distance of t he  compound nucle- 
us.  For proton excited reactions t h i s  
means t h a t  E > 7 MeV. 

P 
i t )  The energy resolu t ion  AE i s  l e s s  t h a n T .  

Characterist ic  values of a re  50 keV i n  
the mass region around A = 28 t o  5 keV i n  
the mass region around A = 50. 

iii) The exci ta t ion  function i s  measured i n  
energy s teps  smaller t h a n r  . 

Up till now t h i s  kind of experiments has been 
performed exclusive1 with tandem accelera tors  
(with one exception 'l), which means t h a t  the  pro- 
ton energy i s  r e s t r i c t e d  t o  about 12 MeV. Exten- 
sion of these  measurements t o  higher energies can 
give valuable information, f o r  instance about the  
energy dependence of . 

Many f luc tuat ion  experiments leading t o  t h e  
compound nucleus 2 8 ~ i  have een performed, a s  i s  
i l l u s t r a t e d  in  f igure  1 2-47. The exp l i c i t  aim of 
the  present experiment was t o  ge t  an overlap i n  

on energy with the  12c ( 1 6 0 , a ) 2 4 ~ g  exper- 
z::i:aEj which means t h a t  the  exci ta t ion  function 
should be measured from 11 t o  about 20 MeV. The 
energy resolu t ion  should be 10 t o  20 keV and the  
step s i ze  about 25 keV. It i s  an extension of t h e  
work of A ardyce e t  . a l .  who measured the 

"Mg reaction i n  the  range E = 9 t o  
P 

Experimental arrangement 

Figure 2 shows the  experimental arrangement. 
The cyclotron i s  the  30 MeV yjototype developed 
a t  the  Phi l ips  Laboratories . It has a pole 
diameter of 130 cm, protons can be accelerated 
from 3 t o  30 MeV. 

The extracted beam i s  focused by means of a 
t r i p l e t  of quadrupoles on the  entrance s l i t  of a 

60' analyzing magnet. This beam has an energy 
spread of about 50 keV FWHM. The analyzed beam 
has a calculated energy spread of 10 t o  15 keV i n  
the  energy range 11 t o  20 MeV. Under normal 
running conditions about 200nA analysed beam was 
focused by means of a doublet on the  t a rge t .  This 
i s  about 3% of the  in t e rna l  cyclotron beam. No 
attempts were made t o  maximize t h i s  number. 

The magnetic f i e l d  of t he  analyzing magnet 
was monitored with a ca l ib ra t ed  Hall probe with 
an accuracy b e t t e r  than 1 : 5. 103. 

The beam current  was l imi ted  because of in- 
su f f i c i en t  shielding around the  e x i t  s l i t  and the  
Faraday cup i n  which the  beam was dumped. The 
beam was focused t o  a 3 mm diameter spot i n  the  
cent re  of a small 25 cm diameter sca t ter ing  cham- 
be r .  Around t h i s  cen t r a l  spot t he re  was a much 
l a rge r  one, presumably due t o  s l i t - s ca t t e r ed  par- 
t i c l e s .  This sca t tered  beam had an in t ens i ty  of 
about 5% of the  beam i n  the  cen t r a l  spot which 
was too small t o  e f f ec t  t he  r e s u l t s  of the  meas- 
urement s  . 

The &-part icles were detected with 4 surface 
b a r r i e r  counters a t  respectively 60°, go0, 138' 
and 160° t o  the  beam di rec t ion .  Their thickness 
was ju s t  su f f i c i en t  t o  s top  t h e d - p a r t i c l e s  com- 
p l e t e ly  while the  protons and the  other reac t ion  
products l o se  only pa r t  of t h e i r  energy. 

The exci ta t ion  function was measured i n  
25 keV s teps .  Such an energy change was brought 
about i n  t h e  following way: 
The magnetic f i e l d  of the analyzing magnet was 
adjusted t o  i t s  new value. Due t o  the  energy 
spread of t he  beam t h i s  resul ted  sometimes a l -  
ready in  a su f f i c i en t  beam current  on the  t a rge t .  
More of ten  however it was necessary t o  s h i f t  the  
energy of the cyclotron beam by changing the  
R.F.-frequency roughly proport ional  t o  the  change 
i n  momentum required. The current  through the  
main c o i l  was than adjusted f o r  optimum ta rge t  
beam current .  The outer concentric c o i l  was used 
as  well  for  f i ne  adjustment of themain magnetic 
f i e l d  as  f o r  keeping the  d i rec t ion  of the  ex- 
t r ac t ed  beam constant. This whole procedure took 
about 1 t o  2 minutes which may be compared with a 
measuring time of 10 t o  15 minutes. 

Only once every MeV it turned out t o  be nec- 
essary t o  readjust  a l l  the  se t t i ngs  of harmonic 
c o i l s ,  concentric c o i l s  and quadrupoles. This 
took about 30 t o  60 minutes. Most of t h i s  time 
was used fo r  realignment of the  external  beam. 
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Result  S 

Figure 3 shows t h e  spectrum o f & - p a r t i c l e s  
de tec ted  with t h e  138' counter  a t  19.7 MeV. The 
ao, a , ,  a , a4  and a peaks can be  c l e a r l y  d i s -  
t ~ n g u ~ s h e $ + ~ ~ h e  backgr2und is  presumably due t o  
pi le-up of  s c a t t e r e d  pro tons .  

Up till now t h e  a and a l  e x c i t a t i o n  funct ions 
have been analyzed. Figure 4 shows t h e  a exc i t -  
a t i o n  func t ion  from 11 t o  19.7 MeV a t  1380. The 
i n t e r v a l  from 11.3 t o  12 MeV o f  t h i s  e x c i t a t i o n  
func t ion  was used f o r  a r e l a t i v e  energy c a l i b r a t -  
i o n  by comparing t h e  shape o f  t h e  e x c i t a t i o n  
func t ion  with t h e  one measured i t h  a tandem ac- 

37 c e l e r a t o r  by Allardyce e t . a l .  . 
Espec ia l ly  i n  t h e  energy range below about 

16 MeV t h e  f l u c t u a t i o n s  can be seen c l e a r l y .  From 
t h e  a n a l y s i s  of  s e v e r a l  e x c i t a t i o n  func t ions  we 
t e n t a t i v e l y  conclude t h a t  r does not  increase  w i t h  
energy over t h e  range s t u d i e d  i n  t h i s  experiment. 
The measured value of  50 keV i s  considerably 
$ g a l l  r t h a n  t h e  value of  110 keV found i n  t h e  

l % C (  r e a c t i o n  f o r  s i m i l a r  e x c i t a t i o n  
energ ies  4 ) .  This  discrepancy i s  presumably due 
t o  angular  momentum e f f e c t s .  

Conclusion 

It i s  our experience t h a t  such an AVF cy- 
c l o t r o n  i s  a very s u i t a b l e  t o o l  f o r  high reso-  
l u t i o n  nuc lear  physics  experiments. 
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F i g .  2 .  E x p e r i m e n t a l  a r r a n g e m e n t :  
1 )  e l e c t r o s t a t i c  d e f l e c t o r ,  2 )  m a g n e t i c  
c h a n n e l ,  3 and 9 )  q u a d r u p o l e  magne t s ,  4 )  
bending  magnet ,  5 )  e n t r a n c e  s l i t ,  6 )  beam 
t u b e ,  7) . a n a l y s i n g  magnet ,  8) e x i t  s l i t ,  
10) s c a t t e r i n g  chamber ,  1 1 )  s o l i d  s t a te  
d e t e c t o r s ,  1 2 )  Faraday c u p  

2 7 ~ 1  ( p . a ) 2 4 ~ 0  Ep . 19 7 MeV 138' lab 

Channel 

F i g .  3 .  Spectrum o f a - p a r t i c l e s  d e t e c t e d  
a t  1380 t o  t h e  beam d i r e c t i o n .  The e n e r g y  
o f  t h e  i n c i d e n t  p r o t o n s  i n  19 .7  MeV. The 
background is  presumably due t o  p i l e  up o f  
s c a t t e r e d  p r o t o n s .  

Proceedings of the International Conference on Isochronous Cyclotrons, Gatlinburg, Tennessee, 1966

F-006 Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 c© IEEE 1966



IEEE TRANSACTIONS ON NUCLEAR SCIENCE August 

n Al(p.  a , ) P 4 ~ o  138' lab 

V v -  
0 1 l o  s 1:0 s 1A0 1;. o s ($ (is d o  n s  

energy (M-. . 

Fig. 4. Theu, excitation curve measured 
at 138' to the beam direction from 11 to 
19.7 MeV. 

DISCUSSION 

POLLOCK: How long did i t  take to change energy 
between s t eps?  

HAGEDOORN: We made  25-kV s t eps  in about 10 
seconds,  if we were  lucky, one minute if  a b i t  
unlucky. I t  took l e s s  t ime to v a r y  the energy 
than to r ead  out the data f r o m  the 400-channel 
analyzer .  

Proceedings of the International Conference on Isochronous Cyclotrons, Gatlinburg, Tennessee, 1966

Reprinted from IEEE Transactions on Nuclear Science NS-13 (4), Aug 1966 c© IEEE 1966 F-006


