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The  to t a l  p h o t o n e u t r o n  emiss ion  f rom 
4He has  been  m e a s u r e d  f rom the  (y, n) 
t h r e sho ld  (20.6 51eV) up  to 80 MeV us ing  
an  i m p r o v e d  t h e r m a l i z e d  n e u t r o n  detec- 
to r  (l) which,  w i t h  a pa r t i cu l a r  disposi-  
t i on  of B F  a coun te r s ,  assures  a n e u t r o n  
de tec t ion  efficiency nea r ly  c o n s t a n t  for  
n e u t r o n  energies  up  to 50 MeV. A two- 
me te r  long c o m p r e s s e d  4He ( 1 4 0 a t m )  
t a rge t  has  been  i n s e r t e d  in t he  cen t ra l  
hole of the  n e u t r o n  de tec tor .  The  use 
of such a long t a r g e t  i m p l i e s  severa l  
cor rec t ions  to t h e  y i e ld  poin ts ,  n a m e l y :  
a) a b s o r p t i o n  of t he  y -beam in the  gas  
and  in the  b a c k  a n d  f r o n t  walls of the  
con ta ine r ;  b) e v a l u a t i o n  of the  <(effec- 
t ive  l e n g t h ,  of t he  t a r g e t  to accoun t  for  
t he  di f ferent  efficiency of the  de tec to r  for  
neu t rons  p r o d u c e d  a w a y  f rom t he  cen t re  
of the  coun te r ;  c) s c a t t e r i n g  of t he  
b e a m  and  p r o d u c t i o n  of p h o t o n e u t r o n s  
in the  walls of t h e  gas con ta ine r .  T he  
las t  effect came ou t  to  be t he  mos t  

(*) This  w o r k  has  b e e n  p a r t i a l l y  s u p p o r t e d  
b y  the  CNEN/EUI:CATOM c o n t r a c t .  

(*) S. COSTA a n d  F.  FERRERO: ~[[~ Accad. 
Sci. Torino, vol .  99 (1964-65) ;  G. I)AL)IIERI a n d  
G. RICCO: Nucl. Inslr. and ~lleth., 33, 120 (1965). 

i m p o r t a n t  one a n d  t he  cor rec t ion  f ac to r  
ob ta ined  by  ca lcu la t ion  has  been  checked  
measu r ing  a <( f ic t i t ious  y i e l d ,  w i th  t he  
c o n t a i n e r  filled w i t h  I t  2 a t  a b o u t  t he  
same pressure .  

The  yield curve,  w i t h o u t  a n y  smooth-  
ing, has  been  ana lysed  lip to 3 5 M e V  
w i t h  t he  m e t h o d  p roposed  by  COOK (e) 
a n d  t h e r e a f t e r  w i t h  t he  aid of the  Leiss  
a n d  Penfo ld  t ab les  (a). I n  Fig'. 1 t he  
cross-sect ion and  the  co r re spond ing  inte-  
g r a t e d  cross-sect ion are  Iclotted vs .  t h e  
p h o t o n  energies  (4). F r o m  inspec t ion  of 
t he  figure one no tes  t h a t  some s t ruc tu re s  
are p re sen t  in the  (20. ' - -30)MeV region.  
As a m a t t e r  of fac t  t he  ex is tence  of 
a 1- level, loca ted  a t  a b o u t  24 MeV, has  
been  sugges ted  b y  VLASOV and  SAMOI- 

(2) B. C. COOK: Nuel .  Ins tr .  and Melh. ,  24, 
256 (1963). 

(3) j .  E. LEISS and A. S. |'ENFOLD: Phys .  
Rev. ,  114, 1332 (1959). 

(4) G. 1I. FERGUSON, J. HALPEnX. R. NA- 
TITANS a n d  P.  F.  YERGIN (Phys. Rev., 95, 
776 (1954))  m e a s u r e d  five va lues  of t he  ~(y, n) 
in  4He f r o m  t h r e s h o l d  to  25.5 MeV wi th  a t ho r -  
r ea l i zed  n e u t r o n  de t ec to r .  O u r  c o r r e s p o n d i n g  
c ross - sec t ion  va lues  a re  in  f a i r ly  g o o d  a g r e e m e n t  
w i t h  t h e i r  resul ts .  
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LOV (5) and many levels have been found 
by MILONE (G) in the 4He (¥, p) reaction. 

GORBUNOV and SPImDONOV (:), with 
a cloud chamber, measured the cross- 

the experiment performed by GORBU- 
NOV and SI'I~IDONOV (7). Our inte- 
grated cross-section (up to 80 MeV) is 
(40.5-}= 3)mb-MeV;  this value is about 
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Fig .  1. - a) I n t e g r a t e d  c ro s s , s ec t i on ;  b) c ross - sec t ion  fo r  t h e  ~He(y, Tn) r eac t i on .  

section for all the photoreactions induced 
in 4He from threshold to 170MeV. 
In the case of the 4He(y, n)3He reaction, 
however, they cannot measure the cross- 
section below 27 MeV being limited by 
the experimental bias. Since our detector 
measures all the photonuclear reactions 
in which one or more neutrons are emit- 
ted, we have compared our res~flts with 
the corresponding ones obtained from 

(5) N.  V. VLXSOV a n d  P.  N. SAY/OILOV: 
R e p o r t  N 563 (1964), I n s t i t u t  of A t o m i c  
E n e r g y  I .  V. K u r c h a t o v .  A d e t a i l e d  ana lys i s  
of t h e  possible  levels in  ~He h a s  been  c a r r i e d  
o u t  b y  P .  ]~. AROAI% G. C. MANTOVANI, P .  ~I.&- 
RAZZINI, A. PIAZZOLI a n d  D. SCANHICCttIO 
(Suppl. NUOVO Cimento, 3, 245 (1965)) .  

(6) C. MILONE: Phys. Rev., 120, 1302 (1960). 
(7) A . N .  GORBUb[OV and. V. M. SPIRIDONOV: 

Sov. Phys. J E T P :  6, 16 (1958);  Zurn. •ksp. 
Trot. Fiz., 34,  596, 600 (1958). 

10% lower than the one deduced from 
ref. (7); as a consequence the absorption 
cross-section up to 170MeV, as eval- 
uated by GORBUNOV and SPIRIDONOV (7) 
((95=t=7) mb-MeV), reduces to (89=i= 
=t= 6)mb.MeV.  Being this value a li t t le 
overstimated because in our experiment 
we count the (y, 2n) reaction twice, it 
seems that  the experimental absorption 
cross-section does not allow a clear 
distinction between a Rosenfeld, Inglis 
or Serber mixture for the nuclear 
forces (s). The r.m.s, radius, Re, of the 
nuclear charge distribution (9) (corrected 
for the finite size of the proton charge 

(~) M. L.  RUSTGI a n d  S. N. MUKHERJEE 
Phys. Rev., 129, 717 (1962). 

(~) L.  L.  FOLDY: Phys. Rev., 107, 1303 
(1957);  Mu .  ]~. KHOKHLO¥: Sov. Phys. J E T P ,  
5, 88 (1957). 
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dis t r ibut ion  (10)) deduced from the brems- 
s t rahlung-weighted cross-section tu rns  
out  to be (1.54d= 0.06)fermi.  This value 
is consistent  wi th  earlier experiments  wi th  
electron scat ter ing (11) b u t  abou t  10% 
lower t h a n  the value obta ined  more 
recently (12). 

(10) R .  I-IOFSTADTER: Ann. Rev. Nucl. Sci., 
7, 231 (1956). 

(11) R .  W .  MCALLISTER, ~nd  R.  tt[OFSTAD- 
TER: Phys. Rev., 102, S51 (1956). 

(12) R .  F .  tPROSIt, R .  E.  RAND, I~. J .  VAN 

Concluding, the value of the  absorp- 
t ion  cross-section a t  abou t  27MeV 
obta ined  tak ing  in to  account  the con- 
t r i bu t i on  of the (%p)  react ion (7) is 
(3.3 =t= 0.4) mb:  this value seems to indi-  
cate tha t  a pure ~-d cluster in SLi is 
somewhat  improbable  (13). 
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