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Procedure
—.ocequre

The experiment was done by the technique described in/ 1/ and/ 2/. Fig. 1
shows the experimental blayout. The internal proton beam multiply traverses the
(CH2)n target, about 10~ % g/ cm thick, Two triple telescopes ( Sl -5, - S, and
S 4" 55 - S 6 ) employing scintillation corlgters “aze used for monitoring .The
angular resolution of the experiment is 10 ~10 rad. The recoil protons are
detected by the photoemulsion stacks, The particles trave] from the target to the
detector in vacuum, For the region of very small scattering angles ( ] < 1.10_2
(Gev/ c)2 we used a 4-fold gelatine emulsion pellicles situated perpend-i;::u.lar to
the direction of the recoil protons., The latter circumstance reduced to the minimum
the error in determining the solid angle ( < 1%), and the use of the deluted emug

sions improved the energy resolution of the experiment by severa] times, In the

G-e\l2/ c2, as well as parallel ( the region for |t]> 4,10

Ge\l2/ c2).’I‘he recording efficiency of the tracks was 100 * 85 %.

tens for It| < 410"

Fig. 2a shows the range distribution of particles in the deluted emulsion for
the angle ¢ = 87.5° at the primary proton momentum of 10.9 GeV/c, The corres-
ponding value of the squared momentum transfer of the recoil protons in elastic
P-p scattering is | ¢ | - 5.0 3 (Gev /c)z. The background consisting of the
products of the proton interaction with the C12 nucleus is about 80% of the effect,
A thorough investigation of the background at d;fferer{t Scattering anglcs allows.
to take it into account Wim an accuracy of about 2%. Fig. 2b shows the range
distribution of particles for the angle ¢ « 82,2° (for elastically scattered protons
It] = 5.10"2 Ge /c2). Here the background is less than 10% of the effect, We
showed in paperj 2 on the basis of the calculation aﬁt:L indirect experiments that
the contribution of quasielastic events will be negligibly small, In order to check

this, a direct experiment was done with a target which didenot contain hydrogen,

of this target has shown that the contribution of quasielastic events is negligibly
small, It is (0.2 * 15)% of the number of elastic events in the peak,
An investigation of elastic p-¢ Scattering was made by a similar method

with the help of the deuteried polyethelene iargets, the deuterium contents was



93.1% and 95.0%, Fig. 2c illustrates the distribution of particles travelling from
the target (CD2)n at the angle ¢ =86, £, The pronounced peak corresponds to
the recoil deuterons from the process p+:d-p+d . The absolute values of the
differential cross sections were obtained by measuring in the target of the induced

11 11 [ 3/

activity of C~ in the reaction c12 (popn ) C . For this purpose we investi~

11

pated the cross section of such a reaction and the diffusion of C nuclei from

the targetj 4/. By the working exposure the major part of C11 nuclei does not
come to rest in the target due to its small thickness. ( < 1 micron). Therefore
in order to measure the absolute cross sections the gauge experiments were pen
formed (for each energy - twice) with a thicker target ( = 510> g/cmz) in

which the correction for the C11

nuclei emission due to the recoil momentum was

= 3%, The connection between the working eprsure and the gauge one could
have been accomplished by four different methods: two electronic telescopes
which detect fast particles travelling from the target and an emulsion stack in
which e.) the relativistic particles going from fhe target are recorded and b) the
peak of the recoil protons (or deuterons) corresponding to elastic scattering was
recorded, It was found that the error in the measurement of the absolute value of
the differential elastic p~p and p-d scattering cross section does not exceed
7%

The measurements were made in several angular intervals (about 10) for

each energy, the number of the detected elastic scattering events was 2 104
and, correspofzdingly, the statistical accuracy in every angular interval was

(2.5-5)%. In contrast to papexj 5/

the target was essentially modified: instead of
the capron strings holding ( CHZ) -film, the glass strings ¢ 7 microns were used,
Therefore, the correction for the admixture of the recoil protons from the strings

were excluded/ 2/ .

To decrease the effect of the magnétic field of the accelerator on the partic-
le trajectory the whole channel was protected by the magnetic screen, A careful
measurement of the magnetic field and its gradients and the calculation of their
focusing effect on the recoil protons have shown that the appearing focusings do

not cause any distortions which would exceed 0,2%,

Analysis and Results

This experiment confirmed the principal result of papexj 5/ . in the small-
angle region the differential elastic p—p scattering cross section (without the
Coulomb scattering) exceeds the cross section calculated by the optical theorem

for the spinless particles, There are two possibilities of interpreting this peculiari



ty: either we may consider that the scattering amplitude has a real part or we
may assume that the proton interaction in the singlet and triplet states is different.
Let us point out that in order to describe the experimental data satisfactorily, in
the second case it has to be supposed, just as in/ 51 that the amplitudes of the
singlet and the triplet scattering have different angular dependence, I the behav -
iopr of the crosg section is accounted for with the aid of the real part in the
scattering amplitude, then, as will be 'shown below, it is not required to introduce
the angular dependence different from the imaginary part: the specific features of
the small-angle scaftering is naturally explained by the interference with the
Coulomb scattering, Therefore, we are concerned here only with one possibility

of analysing the experimental data,

The differential elastic p-p scattering cross section is expressed in terms
of the nuciear ( A (0 ) =g +ig, ) and Coulomb ( g.) scattering amplitudes withr
the aid of the Bethe formulal

do oy 020101020 ? L o2 1.06
a (0)=ag] + g, (1+6) +a g, —2g la g T __:; ZnTh I.

Re A(0) 8
Ay '

introduced for descriﬁing a possible exceeding of the cross section over the

Here ¢ is the scattering angle in the cm.s, a= is the parameter

optical point and which is not associated with the real part, g ¢ is the proton

velocity in the lab, system, k is the wave number of the proton in the cam s, ’
a= 1,10 13c.m is the nucleon radius, For the region |t|. < 0,2 Ge\lz/ c2 the

angular dependence of the amplitudes can be represented with a good accuracy

as
: 2
8,2 @ V() Lep (- 202 )
a0 » 26!. B
2 1 6’ 2
g, (0= 2~ e [-=_._,__n 1.
° 137k /Sz 0 a 2, ol )
The parameters ¢« , 5 , 0l N 0kR characterizing the scattering amplitude
A are determined from the experiment, As far as it turned out within the
experimental error that 0l =0r¢ , then the final analysis of the experimental data

was made under the assumption that 6§ =6 ..

The resulis of the experiment are presented in Table I:



Table L

2

__bpc GeV —a 6=0p 8
2,78 0.17 + 0.07 18.1 + 0.6 -0.09 + 0.09
6.87 0.26 + 0.09 9.4 + 0.2 0.0 + 0.1
8.89 0.20 + 0.09 78 + 0.2 )

10.90 0.25 + 0.07 7.5 + 0.2 0.0 + 0.1

It is seen from the Table, that throughout the investigated energy region the
scattering amplitude has a negative real part { the constructive interference

is observcd, i.e, the forces have a repulsive character). The di.iff—:-r‘entiﬂl cross
section for the proton scattering with pe «10,90 GeV is shown in Fig.3. The
solid curve ( 2 = 10.9 for 11 degrees of freedom) approximates well the
experimental data by the Bethe formula with the parameters given in Table 1.
If one tries to choose, by the Beéthe formula in which a=10 is fixed, ‘a
curve passing through the experimental points, then y2=141 at 16 degrees of
freedom points out that the hypothesis =0 is not valid, The results for

other energies under investigation are similar, Papers/ 7,8,9,14/ in which
other methods were used, confirmed also the presence of the real part in the

p—-p scattering amplitude with a<0

Fig. 4 shows the energy dependence of the real part of the scattering
amplitude for pc > 1.5 GeV/ c. The experiments are in agreement with the
results of the calculation of the real part on the basis of dispersion rela~
tions /11,12 .

The parameter ,’)2 is equal to zero wiﬂiin.\fhe experimental error, In
other words, an exceeding of the cross section over the optical point is due

to the real part of the scattering amplitude.

Fig. 5 shows the differential scattering cross sections at 2,78, 6,87 and
10.90 GeV/c. The curves approximate the experimental data by the Bethe
formula at 10,90 GeV/c (solid) and 2,78 GeV/c (dashed), One can see that
for the small momentum transfers (0,002 <|t]| < 0.14 G—evz/ c2) as well
as for |t] > 02 Gevz/ c? ( e.g.,/ LTI shrinkage of the diffraction cone
takes place)., The corresponding slope parameters of the differential cross

section and the interaction radii are shown in Fig., 6a.

Fig. 7 shows the differential elastic p-d scattering cross section for the



proton momenta in the lab, system of 2,78, 4.67, 6,87, 8.89 and 10,90 GeV/c, The
slope parameters of the differential elastic pd scattering and the corresponding
values pf the mteractlonr- radius are given in Fig, 6b, Table 2 presents the

values of the total cross section for elastic p-d scattering,

Table 2
Lev 2,78 6.87 8.89 10,90
lab ¢
. (p-dy  10.6 + 0.7 10.0 + 0.7 115 + 1.5 115 + 0.8
Wt o)astic ’

Just as for p-p scattering, there is observed an exceeding of the
cross section over the optical point in the small-angle region, A detailed ana-

fysis of the experimental data on p-d scattering will be made in another paper,

In conclusion we would like to thank the Director of the High Energy
Physics Laboratory Veksler VI, for providing the experimental facilities .,
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Fig.3. The differential elastic p-p scatferi.ng cross section at Pc = 10,90 GeV,
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