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At the present there are two series of experiments that  have been performed in 
order to study the pion interaction on helium. The first group of measurements (1,3) 
was aimed at obtaining detailed information on the mechanism of interaction of low- 
and intermediate-energy pions with nuclei (3,4), but  the experimental apparatus adopte4 
(high-pressure diffusion cloud chamber) did not permit  to obtain high statistics. The 
second group of measurements (5.7) was started by the proposal of ST]~RNHEIM and 
HOPSTADTER (s) to study the elastic scattering of positive and negative pions on helium, 
at the same energies, to extract information on the pion electromagnetic structure. At 
the present there exist discrepancies between the results from these last measurements, 
as was also pointed out by 0ADV, S and RASCHE (9). 

In  the laboratory of nuclear problems of J I N R  our group has developed a high-pres- 
sure helium streamer chamber technique (10). Such chambers combine features of a 
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particle detector and of a gauses target and may be used for scattering experiments 
in helium (n). ~u are now studying the =• interaction on helium at 60, 100 
and 140 MeV, with a streamer chamber spectrometer (~). In  this paper the prel iminary 
results obtained from measurements of the differential cross-section for rr- and re+ 
scattering on 4He at about 100 MeV are presented. 

\.\ ~ 2) 

Fig .  1. - D i a g r e m  of  t h e  expe rdmen ta l  s e t -up :  1) b e n d i n g  i n a g n e t  w i th  t h e  h e l i u m  s t r e a m e r  c h a m b e r  
a t  a t m o s p h e r i ~  p re s su re ;  2) q u a d r u P o l e  lenses;  3) hel ium-fi l led s t r e a m e r  ehaanber  (4 a$m),  s u r r o u n d e d  
by a n  hodoscope  of sc in t i l la t ion  coun te r s .  

Figure 1 shows a diagram of the experimental set-up used at the synehroeiclotron of 
the J INR.  A high-pressure streamer chamber (50 cm diameter), filled with helium 
at 4 arm, is surrounded by an hodoscope of scintillation counters. The hodoseope covers 
a solid angle of about 1.4 sr with an angular range from 25 ~ to 170 ~ The hodoseope 
counters are placed within the steel vessel surrounding the streamer chamber itself, 
so that  the pious scattered by the helium traverse only the thin lucite chamber wall 
(about 0.4 g e m  -~ thick). A second streamer chamber, filled with helium at atmos- 
pheric pressure, is placed inside a bending magnet (Mc-4-2 type) and is used for meas- 
uring the momenta of the incident pions. In  order to obtain highly luminous tracks, 
both the chambers are operated in the method worked out earlier and the details of 
which we described in ref. (13). The filling gas is commercial helium with N~, H~ admix- 
tures smaller than 0.01~o. For the stability of the dicharge, to the helium in the cham- 
bers about 0.01~o of hydrocarbons and CCla are added. The contribution of the nuclei 
of the admixtures to the total  numbers of events is smaller than 0.5~o. The trigger 
for the chambers is given by the coincidence between a telescope counters and any 
one of the hodoscepe counters: (C1-~ Us-{- U3~ C4~- C5-~ C,) -{- Choa. The telescope, 
composed of the sintlllation counters U~--C,, forms the beam and measures the flux 
of the particles passing trough the high-pressure chamber. The monitoring of the beam 
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is stopped whenever the high-voltage pulse generators of the chambers are being re- 
charged (the recharging time is ~ 0.1 s). The average intensi ty  of the r~-meson beams, 
passing through the high-pressure chamber is of about 104 pious per second at about 
100MeV. The measured mean energy of the pions is (97• I t  was deduced both 
from absorption measurements in lucite and copper and measurements of momenta with 
the chamber in the magnetic field. The beam composition is determined by using a 
25 cm lucite ~erenkov counter, placed behind the high-pressure chamber. I t  is pos- 
sible in this way to have a continuous control of the beam. The muon and electron 
contamination is of about 50% of the beam. In  order to re4uce the background of the 
events not induced by pions, the time-of-flight technique is used, involving the C1 an4 
C3 counters, the base being 4 m. In  this manner  we obtain an ~ enriched ~ beam with 
about 75% of pions. 

In  the preliminary runs about 40000 pho~ographs with =- and about 10000 pho- 
tographs with ~+ were taken and a total number of about 1250 elastic scattering events 
were obtained. Figure 2 presents a typical photographs of a (~+, 4He) scattering. As 

Fig.  2. - P i c t u r e  of a t y p i c a l  (=, 4He) e las t ic  s c a t t e r i n g  even t ,  o b t a i n e d  w i t h  t h e  h igh -p re s su re  s treamer  
c h a m b e r .  

a result of scanning all two prongs stars were selected for further measurement. The 
efficiency of the double scanning is ~> 99%. The scattering angles of the pion and of 
the recoil nucleus were measured (the track image of the recoil nucleus differs greatly 
visually from that of the pion). When the scattering angle of the pion is -<< 80 ~ the 
range of the recoil nucleus is measured also. Due to the geometry of the hodoscope, 
the events in the chamber are located in planes close to the horizontal one, and the 
dip angle of the scattered pion is not grater than 20 ~ The final results were deduced 
by measuring about 800 events of elastic (r~-, 4He) scattering and about 200 (re+, 4He) 
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events. Corrections, tak ing  into account the  geometry  of the exper imental  set-up and 
the l inear dimensions of the ta rge t  were carr ied out. 

In  Fig. 3 and 4 are  the differential cross-sections for (u-, 4He) and (~:+, ~He) scat- 
tering,  respectively.  The behaviour  of the (~-, 4He) differential cross-section agrees 
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Fig. 3. - Differential cress-sect ion for (=-, 'He) elastic scattering (e.m.s.). The dashed line is the best 
fit  from the phase~ldft analysis. 

Fig. 4. - Differential cross-section for (~*, *He) elastic scattering (c.m.s.). The dashed line is the best 
fit  f rom the  pl~se-shift analysis. 

v e r y  we l l  w i t h  t h a t  r e c e n t l y  o b t a i n e d  a t  110 M e V  a t  C E R N  b y  STROOT et al. (~4). T h e  
d a s h e d  c u r v e s  a r e  t h e  t h e o r e t i c a l  b e s t  f i t s  d e d u c e d  f r o m  a p h a s e - s h i f t  ana lys i s .  T h i s  
a n a l y s i s  w a s  c a r r i e d  o u t  a c c o r d i n g  to  re f .  (15). T h e  d i f f e r e n t i a l  c r o s s - s e c t i o n  w a s  t a k e n  
to  b e  d a / d l 2 =  I f~(0)+/~(0) ]  ~, w h e r e  /~(0) is  t h e  C o u l o m b  s c a t t e r i n g  a m p l i t u d e  a n d  

TABLE I .  -- Resul t s  o/ the phase-sh i l l  analys i s  w i th  s ix  parameters .  T h e  c o n t r i b u t i o n  of  
I m a  2 is neg l ig ib le  (a f ive  p a r a m e t e r s  b e s t  f i t  g i v e s  e s s e n t i a l l y  t h e  s a m e  r e su l t s ) .  

7~- 7g § 

Re(~ o - -  8 . 7 4 q -  2.50 - -  8.69~= 5.47 

Im(~o 5.04 q- 3.43 4.12 ~= 9.42 

R e ~ z  20.05 ~ 0.52 17.73 =~ 1.00 

I m  ($z 8.35 =]= 5.02 6.32 =L 10.30 

R e ~  6.38 q- 0.99 5.74 =L 1.86 

I m 8 2  0.1 -/- 27.14 0.1 =J= 45.33 

g ~ 20.95 10.47 
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]"(0) is the nuclear-scattering amplitude.  The ampli tudes were chosen to have the usual 
form (le). Three complex phases for the elastic scat ter ing were considered and the S, P ,  D 
waves were taken  into account. In  Table I the phase shifts (~1 (corresponding to the 
Tl-phases of ref. (9)) are  given. As one can see the  Re(~l, as in the  case of pion-nu- 
cleon scattering, is the largest  phase shift. 

Figures 5 and 6 show our u-  and  ~+ elastic scattering cross-section values and those 
obtained by  other authors (~.e,7) at  different pion energies. These cross-section values 
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Fig .  5. - E n e r g y  b e h a v i o u r  of t h e  (~-,  "He) e las t ic  s c a t t e r i n g  c ross -sec t ion  in  t h e  ( 2 5 + 1 6 5 )  ~ a n g u l a r  
i n t e rva l :  e ,  ref .  (~); A, ref .  (7); B, ref .  (2); o ,  p r e s e n t  w o r k .  The  d a s h e d  l ine h a s  been  d r a w n  to  gu ide  
t h e  eye.  

F ig .  6. - E n e r g y  behav iou~  of t h e  (~+, ~He) e las t ic  s c a t t e r i n g  c ress - sec t ion  in  t h e  (25--165)  ~ a n g u l a r  
interval." o ,  ref .  (e); A, ref .  (7); o,  p r e sen t  work .  The  d a s h e d  l ine h a s  been  d r a w n  t o  g u i d e  t h e  eye.  
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Fig.  7. - D e p e n d e n c e  of t h e  phases  a)  R e  ~0, b) IMP0, c) R e  Ot o n  t h e  pos i t ive  p ion  e n e r g y  (open 
symbo l s )  a n d  o n  t h e  n e g a t i v e  p i o n  e n e r g y  (full symbo l s ) ;  x ,  ref .  (e); o a n d  e ,  ref .  (17); ~ a n d  A, 
ref .  (7); [] a n d  m, p r e sen t  w o r k .  
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were  o b t a i n e d  i n t e g r a t i n g  t h e  d i f fe ren t ia l  c ross-sect ions  b e t w e e n  25 ~ a n d  165 ~ As  one  
c a n  see t h e r e  ex is t s  a s y s t e m a t i c  d i s c r epancy  b e t w e e n  t h e  va lues  q u o t e d  b y  d i f fe ren t  
a u t h o r s  (~'~), w h i c h  m a y  be  r e so lved  on ly  b y  f u r t h e r  e x p e r i m e n t s .  I n  Fig.  7 a n d  8 t h e  
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b) Re ~ ,  c) Im ~2 on the positive pion energy (open 
symbols) and on the negative pion energy (full symbols); • ref. (e); o and e, ref. (17); A and a, 
ref. (~); ~ and m, present work. 

e n e r g y  b e h a v i o u r s  of t h e  p h a s e  shif ts ,  d educed  f r o m  d i f fe ren t  meas t t r emen t s ,  a re  showed  
I n  t he  case of Crowe 's  d a t a  (~), also t h e  r e su l t s  of t he  ana lys i s  p e r f o r m e d  b y  ~t~OTTHER- 
SHEAD (17) a re  g iven .  T h e  d o m i n a n t  p h a s e  Re61 is t h a t  m o s t  a c c u r a t e l y  deduced .  

Th i s  c o m p a r i s o n  of d a t a  f r o m  d i f fe ren t  e x p e r i m e n t s  shows s igni f icant  d iscrepancies  
a n d  a d d i t i o n a l  m e a s u r e m e n t s  a r e  necessa ry .  A t  t h e  p r e s e n t  t h e  resu l t s  a re  too  inac-  
c u r a t e  to  g ive  a r e a s o n a b l e  e s t i m a t e  for  t h e  e l e c t romagne t i c  f o r m  fac to r  of t h e  p i o n  (is). 
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