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There are three contributions to this con
ference in which the high energy p - p and 
p - d 1 as well as 7 r~~-p 2 ' 3 elastic scattering has 
been studied in the Coulomb-nuclear inter
ference region. 

In the Fermilab experiment 1 the ratio ppp 

a n d ppd of the real to imaginary parts of the 
forward scattering amplitude has been deter
mined for incident laboratory energy from 50 
t o 400 GeV. The experimental technique 
was similar to tha t used by this group earlier 4 , 
i.e., silicon detectors measuring the energy 
a n d the angle of the particles recoiled from 
a hydrogen-jet target. However, the angular 
resolution was improved considerably (up to 
± 0 . 8 mrad) and also the absolute value of the 
recoil angle was measured which made it 
possible to calibrate the |f |-scale down to very 
small I ̂ -values. The |/[-values studied were 
O .0005< | / |<0 .03 (GeV/c) 2 for hydrogen and 
0 . 0 0 0 8 < | r | < 0 . 0 3 (GeV/c) 2 for deuterium. The 
da t a on p - p scattering were analyzed using 
the Bethe interference formula with fixed slope 
parameter fipp while ppp and overall normali
zation were free parameters in the fits. The 
statistical errors in ppp are typically dppp=0.0l. 
A shift in the value of ppp by 1 (GeV/c) 2 produces 
a shift in ppp about dppp=0.03. The results 

F i g . 1. T h e ra t io of the real to the imaginary p a r t s 
of t he fo rward p - p nuc lea r ampl i tude . T h e sol id 
line is a d ispers ion re la t ion ca lcula t ion , a n d the 
da shed l ine is a o n e - P o m e r o n fo rmula . 

for ppp are shown in Fig. 1. They agree with 
the earlier measurements at the same energies 4 

and join smoothly the high energy ISR da ta 5 

as well as low energy Serpukhov da ta . 6 There 
is a good agreement between the experimental 
da ta and the dispersion relation calculations 
(the solid line in Fig. 1) in which a t o t ( p p ) was 
assumed to continue increasing up to at least 
/ > i a b = 4 0 . 0 0 0 GeV/c. The dashed line repre
sents the prediction obtained from a simple 
vacuum exchange model. The comparison 
shows the importance of other exchanges. 

The p - d data were analyzed in a similar way 
treating the deutron as a single particle. An 
empirical expression was found to be valid in 
the energy range covered by this experiment: 

^ = ( - 0 . 4 5 0 ^ 0 . 0 3 5 ) 

+ (0 .070±0 .006) In ppp. 

ppp and ppd bo th cross zero at about 335 GeV. 
The p - d da ta were analyzed also using the 
Glauber approach, and the values of ppn have 
been obtained with statistical errors âpp%~ 
0.015. Within the errors, ppn~ppp thus sup
port ing the isospin invariance in nuc leon-
nucleon collisions at high energies. 

Recently, a new method for detection of 
the low energy recoils (p, d, He) has been 
developed in the Leningrad Nuclear Physics 
Insti tute. 6 Here, the kinetic energy and the 
polar angle of the recoiled particles are 
determined with an ionization chamber filled 
with hydrogen (helium) which serves both 
as target and as ionization medium. The I r 
resolution in the Coulomb interference region 
is dt=l0~Y (GtV/cy. The essential features 
of the new recoil detector are : 

i) It can be used to study not only the 
small angle scattering of protons but also that 
of pions from p , d, He-targets, 

ii) It provides absolute normalization of the 
differential cross sections with the accuracy 
± i % , 
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iii) I t can be combined with a forward par
ticle spectrometer , such a combina t ion being 
very efficient in the background rejection even 
at the highest energies. 

The recoil detector combined with a forward 
particle spectrometer has been used at Ser
p u k h o v 2 to study rc~p elastic scattering at the 
m o m e n t u m 40 GeV/c and at C E R N 2 to study 
TC~p scattering at the m o m e n t a from 30 to 
140 GeV/c . The | g r a n g e covered in the 
Serpukhov exper iment was 0 . 0 0 2 < | r [ < 0 . 0 0 8 
(GeV/c) 2 while tha t in the SPS experiment was 
0 . 0 0 2 < \tI < 0 . 0 4 (GeV/c) 2 . A s an example a 
differential cross section measured at 120 GeV/ 
c is shown in Fig. 2a, b . The da ta were 

Fig . 2. T h e differential c ross sec t ion for f o r w a r d 
TT~P elas t ic sca t t e r ing m e a s u r e d a t 120 G e V / c . 
a) t h e \t I - reg ion used t o d e t e r m i n e b o t h p%v a n d 

b) t h e | / | - reg ion used t o d e t e r m i n e on ly pKp w i th 
fixed va lue of pKp. 
T h e sol id l ine r ep re sen t s t h e bes t fit t o t h e exper i 
m e n t a l p o i n t s . 

fitted wi th the Bethe interference formula. 
W h e n all the exper imental points (Fig. 2a) 
were used in the fit it was possible to determine 
b o t h pKp and fZxp. The evalua t ion of the slope 
pa ramete r over such a small \t[-interval be
came possible due to absolute normal iza t ion 
of the cross sections. The value of pKp could 
be determined also using only the da ta at the 
lowest 11[-values (Fig. 2b), in the latter case 
pxp p roved to be practically independent on 
^ p : a shift of + 1 (GeV/c) 2 in fi„p corresponds 
to a shift Ap= + 0 . 0 0 3 in pKP. 

The result from the Serpukhov experiment is 
^ , = - 0 . 0 3 7 + 0 . 0 1 7 at 40 GeV/c . In the SPS 
experiment pxp was found to be equal to + 0 . 0 4 
± 0 . 0 2 ; - 0 . 0 0 3 + 0 . 0 1 3 ; + 0 . 0 1 7 + 0 . 0 1 3 ; 
+ 0 . 0 2 3 + 0 . 0 1 3 ; + 0 . 0 5 2 + 0 . 0 1 3 ; and + 0 . 0 3 + 
0.02 a t the m o m e n t a 30, 50, 80, 100, 120, and 
140 GeV/c , respectively. The experimental 
da t a are presented in Fig. 3. In the discussion, 
one should poin t out first a good agreement 
of the exper imental da ta at 30 and 40 GeV/c 
with the dispersion relat ion calculat ions, 9 

cont ra ry to the previous observat ions m a d e by 
the Brookhaven g r o u p . 8 As to the asymptot ic 
behaviour of the ?rp ampl i tude , it is evident 
from the presented da ta tha t the real pa r t 

momentum K, GeV/c 

Fig . 3 . T h e r a t i o of t h e rea l t o i m a g i n a r y p a r t s of 
t h e f o r w a r d 7 r ~ p n u c l e a r a m p l i t u d e a n d t h e to t a l 
7rp c ross sec t ion as func t ions of t he inc ident par t i c le 
m o m e n t u m 

T h e sol id l ine in t h e JO - p l o t is t h e d i spe r s ion r e l a t ion 
ca l cu l a t i ons m a d e by H o h l e r etal.9 in w h i c h o+

tQt{a) 
w a s o b t a i n e d f r o m t h e fit t o t h e F N A L exper i 
m e n t a l p o i n t s a n d is s h o w n by t h e so l i d -dashed 
l ine in t h e tf+

tot p l o t . 


