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1. INTRODUCTION 

A series of measurements of p—p elastic and near-

elastic scattering have been made in the energy range 

8 to 26 GeV. For some of the measurements C H 2 

and C targets were used in the internal beam of the 

CERN proton synchrotron. In order to obtain the 

p—p cross section, a subtraction method was used, 

based on the Be 7 activity produced in the targets. 

This technique was employed for several energies at 

scattering angles of 20 and 110 mrad and was similar 

to that reported previously for 56 and 60 mrad x ) . 

Cross sections have also been obtained from measure

ments of the scattering of an external proton beam 

from a liquid H 2 target for 5 energies in the range 

12-26 GeV and for scattering angles of 10, 20, 30, 40 

and 50 mrad. For all measurements a momentum 

analysis was made of the scattered particles in order 

to separate elastic and inelastic scattering. 

The measurements of the differential elastic cross 

sections have covered a range of — t values (square 

of four-momentum transfer) from 0.011 to 5.4 (GeV/c) 2 

and s values (square of total C M . energy) 18 to 

52 (GeV) 2 . The development of the structure found 

previously x ) in the near-elastic scattering has been 

followed from small -t values up to 2 (GeV/c) 2 . 

2. EXTERNAL BEAM MEASUREMENTS 

The experimental layout is shown in Fig. 1. The 

external beam was quasi-elastically scattered at an 

angle of 20 mrad from an internal PS target and was 

collimated to 1 X 6 cm at its exit from the shielding 

wall. Its intensity was ~ 1 0 6 protons/pulse and its 

divergence was 0.6 mrad in the horizontal plane and 

2 mrad vertically. Momentum analysis of this beam 

gave typically 70% of the intensity concentrated in 

a band less than 200 MeV/c wide, with the remaining 

30% in a low-momentum tail stretching to 1 GeV/c 

below the main peak. 

The beam was monitored by two small scintillation 

counters in coincidence placed in the beam and its 

total intensity was obtained by scanning the counters 

across it. 

Fig. 1 Exper imenta l layouts for e x t e r n a l and internal beam 
m e a s u r e m e n t s . 

(*) O n l e a v e o f a b s e n c e f r o m t h e A t o m i c E n e r g y R e s e a r c h E s t a b l i s h m e n t , H a r w e l l , E n g l a n d . 

<**) O n l e a v e o f a b s e n c e f r o m the N a t i o n a l Ins t i tu te for R e s e a r c h in N u c l e a r S c i e n c e . H a r w e l l . E n g l a n d . 
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The beam was incident upon a liquid H 2 target of 
1.26 g cm""2. Protons scattered at angles of 10, 20, 
30, 40 and 50 mrad were momentum analysed and 
detected simultaneously by a magnetic spectrometer 
involving five triple coincidence counter telescopes 
arranged as shown in Fig. 1. The momentum spectra 
were obtained by varying the magnetic field. 

Results 

The elastic differential cross sections were obtained 
by fitting the theoretical spectrometer resolution func
tions to the experimentally determined momentum 
spectra. Because of the poor momentum resolution 
it was possible for inelastic contributions to affect 
seriously the fitting procedure at the larger angles 
where the elastic cross sections were relatively small. 

To study the effects of such uncertainties the resolution 
functions were folded into spectra taken from the 
internal beam experiments in which the elastic and 
inelastic contributions were clearly separated. Com
parison of the calculated and experimental spectra 
gave estimates of the possible errors in the elastic 
cross section from inelastic contributions; such errors 
were never more than 20%. 

The elastic differential cross sections are given in 
Table I. The errors arise from uncertainties in estimat
ing the incident flux and spectrum of protons, in align
ment of counters and beam and, at the larger angles for 
the highest energies, in estimating the inelastic conta
mination as outlined above. Since it is of interest to 
determine both the t and the s dependence of the cross 
section, the errors have been separated into relative 
errors for each energy, and absolute errors. 

TABLE I 

Elastic p—p Cross Sect ions 

T h e va lues o f &c.m. a n d — / for / ? 0 = 1 8 . 6 GeV/c have been corrected s ince the c o n f e r e n c e . 
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3. INTERNAL BEAM MEASUREMENTS 

The technique used with the internal C H 2 and C 
targets has been described before 1 } and therefore only 
the results are reported here. Since the beam scat
tered at 20 mrad passed through the walls of the 
vacuum chamber and was subject to strong focusing 
in the fringing field of the PS, it is impossible to obtain 
reliable values of the elastic cross sections for this 
scattering angle. It is possible, however, to compare 
the near-elastic scattering with the elastic scattering 
and observe the change in its structure for different 
energies. The spectra can be put on an absolute 
scale by normalizing to the elastic cross sections found 
in the external beam measurements. These objec
tions do not apply to the 110 mrad data from which 
the absolute cross sections were obtained by compa
rison with the Be 7 activity induced in the targets. 

A recent determination of the C 1 2 (p, 3p3ri) Be 7 

cross section 2 ) gave a value of 7.7±0.4 mb at 28 GeV 

compared with the value of 11 mb assumed in the 
previously reported results of 56 mrad. In determin
ing the cross sections at 110 mrad this new value has 
been used and the cross sections for 56 mrad used 
here have been changed accordingly. Small changes 
in the 56 mrad cross sections at the largest and at the 
two smallest momentum transfers have been made as 
the result of a reconsideration of the subtraction 
procedure. 

4. ELASTIC DIFFERENTIAL CROSS SECTIONS 

The values of the differential cross sections obtained 
from the internal target measurements are given in 
Table II, and shown in Fig. 2 together with those 
from the external beam measurements. This diagram 

shows the dependence on — t of 

Within the accuracy of the data, the two smallest 
momentum transfer cross sections for all five energies 

TABLE II 

Elastic p—p Cross Sec t ions 

T h e error in the differential c r o s s - s e c t i o n is e s t i m a t e d t o be ± 5 0 % . 

<9, P0 are the scat ter ing a n g l e a n d i n c o m i n g m o m e n t u m , s i s the s q u a r e o f the to ta l c m . energy , M t h e 
n u c l é o n m a s s a n d — t o f the s q u a r e the f o u r - m o m e n t u m transfer . aT is the t o t a l p —p c r o s s - s e c t i o n a n d k t h e c m . 
w a v e n u m b e r . 

*) 9 5 % conf idence level . 
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Fig. 2 Elastic differential cross sections normalized to the 
forward scattering cross section given by the optical theorem 
and plotted as a function of —t. 

For increasing values of s there is a definite shrinking 
of the width of the diffraction pattern and this is 
shown most clearly in Fig. 3. Here the normalized 

is plotted against SjlM2 cross section 

for various values of —/. The cross sections related 
to the external beam measurements were obtained by 
interpolation, while for larger values of ~t direct 
cross sections from the internal beam measurements 
are plotted. Also included in the figure are inter
polated data for representative lower energies 4 ' 5 ) . 

If, as has been suggested 6 ' 7 ' 8 ' 9 ) by the Regge pole 
theory of strong interactions, the cross section can be 
put in the form 

of the external beam experiment extrapolate to an 
average value of 1.2±0.2 at t = 0. As this value is 
not significantly different from unity, the value given 
by the optical theorem for a purely imaginary scatter
ing amplitude, one may put 

This initial slope of the curve corresponds to putting 

whereas the initial slope predicted by Amati et a/. 3 ), 
from the " strip approximation ", is exp (+12.5/). 

The smallest cross section obtained at 110 mrad 
and 21.9 GeV from the internal beam experiment 
corresponds to 2 x l 0 " 3 2 cm 2/st at 43° in the C M . 
system. In this region the cross section still appears 
to be decreasing but with a slope «1/5 of that at 
smaller momentum transfers. 

Fig. 3 Normalized elastic differential cross sections for constant 
t values plotted against S/2M 2 . 

then both the functional dependence of F and a upon 
t can be obtained from Fig. 3. The slope of 

with In {SjlM2) gives the value 

of 2(a(f) —1) and the intercept at SjlM = 1 gives 
lnF(t). For 0 < - f < 1 . 0 (GeV/c)2, it is found that 
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a single value of a(t) and F{î) can be used in the energy 
range 3-30 GeV. For larger momentum transfers a 
and F can only be obtained by comparison of either 
one low-energy and one or two high-energy cross 
sections or by comparison of the two internal beam 
measurements at 56 and 110 mrad. The parameters 
thus obtained have large uncertainties. 

The dependence of a on —t is given in Fig. 4, 
which is split into two parts showing the a(0 obtained 
by taking all the data in Fig. 3 and that found by 
taking only those at energies above 9 GeV in the lab 
system. In the first case the function is quite well 
determined; it decreases essentially linearly from 1 
to zero at —t& 1.0 (GeV/c) 2 and approaches —1 
for larger momentum transfers. The determination 
of a(t) from the high-energy data alone is poor, but 

Fig. 4 T h e t d e p e n d e n c e of t h e Regge t e r m a(t) der ived from 
Fig. 3 . 

(a) s h o w s t h e funct ion obta ined by taking all t h e data in Fig. 3 ; 

(b) g ives t h e funct ion found by using only t h e data taken at 
e n e r g i e s a b o v e 9 GeV in t h e lab s y s t e m . 

P ( G e v / c ) 

Fig. 6 Various m o m e n t u m spectra exhib i t ing t h e d e v e l o p m e n t 
of t h e s t ruc ture in t h e inelastic scat ter ing . 

the same general shape is found. There appears to 
be a tendency for the function at higher momentum 
transfers to remain somewhat higher than is apparent 
from the <x(j) determined by data from the whole 
energy range. 

The experimentally determined function F(t) as 
given in Fig. 5 was obtained using the data from the 
whole energy range. 

Inelastic scattering 

Fig. 5 T h e t d e p e n d e n c e of F (t) der ived from Fig. 3. 

In the previously reported inelastic spectra for p—p 
scattering at 56 mrad 1 } , a double bump structure 
was observed. This is again evident in the spectra 
measured at 20 and 110 mrad, examples of which are 
shown in Fig. 6. As before, the positions of the bumps 
correspond very closely in the missing mass to the 
second and third n—p resonances; the actual values 
obtained for the missing masses were 1.51 ±0.01 and 
1.69±0.01 GeV. The spectra show no evidence for 
the production of a mass corresponding to the (3/2, 3/2) 
state, which would appear as a bump about 300 MeV/c 
below the elastic peak. 

It is clear that for the smallest value of — t 
(0.03 (GeV/c) 2) there is little evidence of any structure 
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and the relative amount of near-elastic scattering is 
much lower. On increasing the momentum transfer 
to —t = 0.055 (GeV/c) 2 structure now appears. Drell 
and Hiida's interpretation 1 0 ) of this structure in terms 
of a peripheral interaction in which the incident pro
ton is diffracted by a virtual pion implies that the sepa
ration of the bump should change from 0.35 to 
1.5 GeV/c for the — t values where structure is seen. 
However, such an explanation needs to be supplement
ed to produce the double bump structure at constant 
separation from the elastic peak. 

The dependence in magnitude of this structure on 
—t is shown in Figs. 7a and 7b where two different 
assumptions have been made. In Fig, 7a the whole 
cross section below the structure is compared with 
the elastic cross section, whereas in Fig. 7b it was 
assumed that this structure was sitting on top of a 
background. Under the first assumption, there is an 
approximately constant ratio for —1<0.3 (GeV/c) 2 

and then a rather rapid increase, roughly as t2. In 
the second case the rate of increase of the ratio for 
—f>0.3 (GeV/c) 2 is about the same as before but the 
magnitude of the ratio is about a factor of 10 less. 
Although the elastic cross-section changes by a factor 

Fig. 7 (a) Ratio t o t h e e last ic of t h e cross s e c t i o n associated 
w i t h t h e s t r u c t u r e in t h e inelast ic s ca t t er ing w h e n 
no background effects are a s s u m e d ; 

(b) Ratio t o t h e e last ic of t h e cross s e c t i o n assoc iated 
w i t h t h e s t r u c t u r e in t h e inelast ic s ca t t er ing w h e n 
t h e s t r u c t u r e is a s sumed t o s i t upon t h e background 
indicated. 

Fig. 8 Angular corre la t ion b e t w e e n reco i l ing charged partic les 
and a p r o t o n sca t t ered at 20 mrad w i t h an inelast ic i ty of ^ 1 G e V . 

10 5 in this range, these ratios have only changed by 
a factor 30. 

The constancy of the separation of the double bump 
structure and the equality in missing mass with the 
second and third n—p resonances is suggestive of the 
formation of nucléon isobars. From a general con
sideration of a Regge pole theory of the production of 
excited T = \ nucléon states, Frautschi et al. 9 ) ob
tained a dependence on t of the ratio of inelastic to 
elastic scattering which is shown in Fig. 7. In this 
theory the excited states are produced by an inelastic 
diffraction process and provided that the isotopic spin 
cannot change in diffractive processes, suppression of 
the (3/2, 3/2) state is guaranteed. This remark is true 
also for the diagram calculated by Drell and Hiida 1 0 ) 

if a final state interaction leads to the excited 
states. 

The model of Drell and Hiida, calculated without 
a final state interaction, gives a definite prediction for 
the angular correlation of the recoiling system. A 
rough measurement was made of the angular corre
lation between the recoiling charged particles and pro
tons scattered at 20 mrad with an inelasticity « 1 GeV/c. 
The results are shown in Fig. 8, where it is apparent 
that the simple model predicts a peaking at too large 
an angle. Whether the inclusion of final state inter
action would alter the correlation as well as producing 
the double bump structure is not yet known. The 
correlation is not inconsistent with the direct formation 
of nucléon isobars however. 
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The aim of this investigation is the measurement and 
analysis of differential cross-sections of elastic p—p 
scattering at the proton energies 6 GeV and 10 GeV. 
The knowledge of these cross-sections with sufficient 
accuracy permits us to calculate the universal Regge 
function L(t). The scheme of the experiment is shown 
on Fig. L 

A thin polyethylene target of 2 micron thickness was 
used in the internal proton beam of the synchro
phasotron, to reduce the energy spread and multiple 
Coulomb scattering. The recoil protons were detected 
by nuclear emulsions. 

In these experimental conditions, there exists a possi
bility of measuring the differential cross-section of 
elasticp —p scattering with good accuracy. The angular 
resolution of the experiment is less than 3 milliradian. Fig. 1 Scheme of t h e e x p e r i m e n t . 


