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Some important results obtained at the CERN collider SI—DDS
and future development of accelerator techniques (FNAL and UNK colli-
ders) attract our attention to the elastic hadron scattering af small
angles., It is just this process that allows the verification of the
results obtained from the main principles of quantum field theory:
the concept of the scattering emplitude as a unified analytic furc-
tion of its kinematic variables which connect different reaction
channels introduced in paper by W.N.Bogolubov on the disperion theory
/1/ and rigorous constraints and agymptotic conditions for physical
observables proved by A.A.Logunov  /2,3/. The results of J;ﬁ]Ji;
collider show a gtill continuing ;irowth of the total cross section
as ~ 8n S » the diffraction peak shrinkage and a slow growth
of Gy ./ Gyt and ReT(s,0) / Im T (S,0»

A particular interest is csused Ly a rapid growth of the diffe-
rential cross section at t| ~ 4 Gev? and energies 1/?3:(006;(3\/'
his a result, the diffraction structure has changed to a "shoulder".

The very important problem is the role of spin effects in hi h
and superhigh energy hadron scattering., In most of early models the
spin effects were supposed to be
Hawever,

unimportant at these energies.
in some models /4/ the spin-flip amplitudes which don’t
*rease with growing energy were predicted. For example, in the
lel /5/ the absence of the second diffraction minimum was explai-
| by the spin-flip contributions.
In paper /6/ the dynamical model for particle interaction which
'8 into account the hadron structure at large distancos was deve-
1. In this model a small spin-flip amplitude appearcd which does
‘ecrease with increasing energy. This amplitude is determined by
‘|<uasipotential s,7t)

. Summation of large~distance
ts performed in thls case on the basis of the Logunov-Tavkhelidze
(potential approach shows that in the eikonal phase of the gpin-
fllp amplitude a term growing as w[—ﬂ</e (s,%) . (The ano-
,s term in what follows). It was shown /8/ that this cffect may
‘e the dynamics of strong interaction at superhigh cnergles.
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;xodel describes different properties of meson-nucleon and nucleon-

o —

-eon scattering in the diffraction region, including opin effects.
1 pp -differential cross-scction picture at ISR energles was
l.itatively explained on the basis of this model. The prediction

'PP - scattering is in accordance with experiment,
i
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In this paper the role of "spin" mechanism in hadron scattering
at superhigh energies is investigated on the basis of the dynamical
It is shown that in the energy region 43?‘) 1Tev
nism is the principal one. The differential cross section at momentum
transfer o0<|t]<3 Gev?
scattering is investigated up to the energies

model, this mecha-

for proton-proton and proton-antiproton
‘ VS'= 40Tev . e
model predictions about the change of scattering process properties
at superhigh energies are confirmed by the ,§§;J§
at \ﬁgﬂ =540, 630 dnd 960 GeV and can be checked at future
rators (UNR, Spp S
the results too.

experiments
accele-
, collider FNAL) we compare our predictions with

In /9/ on the basis of sum rules it was shown that the main cont-
ribution +to hadron interaction at large distances comes from the
triangle diagrams with 27 -meson exchange in the t-channal. As a
result, the hadron amplitude can be represent as a sum of central

and peripheral parts of interaction:

T(S,t)= (1)

In /10/ we calculate the matrix element of the peripheral part

Tos,t)+ Test),

of the nucleon-nucleon scattering amplitude at high energies and
small momentum transfers. The gquasipotentials in 7 -space are deter-
mimed by the Fourier transformation. _

The solution of the quasipotentisl cquation with obtained quasi-
potentials leads to the following representation for the nucleon-nuc-
leon scattering amplitudes.

(4) (2)
'T(k,P)=i(k)@jf(—k)'{q:*(k,p)* i6, Titk,p)+ iq T(k P}} X (p)eX(-P),
where ;Z(S,g)

T+(k,p)=2'é;,z Jsdfl(s::)[i- € 1,

S,P) (2)

T (k,p) = ﬂlk P =~ JJ’ dg J, (5a)X sp)e
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(31 9)_ - ?-.51; {dc (3%) + GIP(.S’;“C) ‘;'[ﬂp(g z) *; 'L (s. ?j}‘,/g

= X (49)+ X (39); A =

Here X (5, 9)
phenomenologically, ;;(Qg) is the peripheral part of the eikonal
phase which includes the growing as V3"

vs'
+ X«jpm-—z— (3)

is the central part of the eikonal phase determined

terms calculated in the
model,

Representation (2) is in form equivalent to the standard eiko-
Ay (£.¢)¥8 0 (3)
and proportional to swall anomalous terms

nal representation., The difference is the term
growing as Vg
of the quasipotential squared. These terms are of a spin nature
and ¢, {g,2)

spin-flip and double-spin flip amplitude, respectively.

because the quasipotentials Jgplg,z) determine the

We want to note that the eikonal phases with the quaesipotential
squared were obtained in /11/. In the case of slow energy dependence
of spin effects on these eikonal phases the growing as .3
appear too.

terms

The anomalous terms of the eikonal phase are unimportant at low
energies., At superhigh energies they lead to a rapid total-cross-sec-
tion growth and some other effects which we discuss below.

With growing energy the terms with double spin-flip of one par-
ticle in XK (4,9)
are ‘determined by the quasipotential Jﬁ(yll)

become dominating and the helicity gamplitudes

contribution,

d,(s,%) 3
Aa(8,2) 3 oty (d,%) . (In what follow we shall omit

the u(f; (8,2)

The model permits us to calculate the quasipotentials

So, we know the magnitude of 77,}, ($.5) and X, (4, $)
(2) - .and therefore we can predict the spin effects and the beha-

viour.observables at superhigh energies having determined the parame-

ters of the central part of eikonal phase.

dr, (,Q,'l)

from the proton-proton and proton-antiproton differential cross

9.7 GeV< VE' « 546 GeV and 0.05 GeV> < 1t} <

The model predictions for polarization effects in proton-proton

The magnitude of the contribution was found

section at
scattering are in accordance with experiment.

BU5,2)

This quasipotential determines the "spin" contribution to the spin-

the calculation of . quasipotential in the model is correct.

-non-flip eikonal phase §Ep . It can essentially change the cross-

-section behaviour 'at superhigh energies,

4

contribution because _pf{s,z) D 16 e (8,2) ).

in formula

4,2 GeV2.

So, we may conclude that

Let us consider the "spin" mechanism dynamics predictions at
energies V5§ > 100 GeV. The quasipotential 3(s|z) leads to the
following exponential asymptotic behaviour of the eikonal phase at

large impact parameters /8/:

X Kepin [0) - XP (- 2M. 9. (4)

In this case for the total cross section we obtain:

Spin

(7t 2
G/ ~ ,:11 . eﬂ (E'X-S'pih (D))
tot S»coo “ ’ , (5)

Thus, at superhigh energies the model 1eads to a rapid total cross

section growth which does not contradict the Froissart bound and has a

spin character . The results for the total cross section up to
~f§"' =150 TeV are shown in fig.1.

250,

Fig.1.

The total pp -scross-sections )
are calculated in the model
with and

without

account of the "spin" mechanism.

R
Vs (TeV)
1 .
t Fig.2.

"1 The relation of the real to imagi-
o3 nary part of the scattering amplitude.

apy 0y ) 2 0

£ 1B

The main contribution to the total cross section growth at ener-
gies 'JS < 100 GeV comes from the standard mechanism related with



the effective-radius growth with energy. At higher energies the
"gpin" mechanism becomes essential and its contribution to Op,,
at ~J8 = 540 Gev is approximately equal to 6 mb. , The ratio

P = Re'T(s,o)/JmT(s,o)

for proton-proton and proton-antiproton scattering is consistent

energy as k% at /t/=0.1 GeV2 however, at t=0,2 to.s GeV2 3(9)
decreases, This effect is due to the contribution to the scattering
amplitude at small 74/ from the anomalous "spin" term in the eiko-
nal phase of a peripheral character.

The anomalous term starts to work at lowe? energies in the difﬁ-
raction minimum region., Really, the rapid change of the differential

with experiment at energies g ';: 7 GeV (fig.2). The anomalous
terms.do not change its energy behaviour,

cross section near the diffraction minimum is observed at energies
~8' Z 100 GeV as a consequence of the growth of the eikonal phase
2
with energy. The differential cross-section at 1 GeV < 1tl< 1.8 Gev?

and VS =540 GeV increases by an order of magnitude., As a result,

The model results for the diffraction peak slope and total cross

sections are as follows * the model prodicts that the diffraction structure almost disappears at

CERN pp collider energies /8,12/ and a'"shoulder"™ appears in the

. . ’ 2 2
Diffraction t . . v 3
peak slope e 0 GeV 0.1 GeV 0.3 GeV2 differential cross sections (fig.4). The results of the UA-¥¢
2 . = | . .

>V . experiment (CERN PP collider) are shown in the figure too. They are
(GeVv®) th 16.0 15.2 13.6 P
(V87 =540 GeV) 5

+ + Fig.4 10} 10
exp - 15.3 - 0.2 13.4 - 0.3 10° d1Zefe
540 GeV' 630 GeV 960 GeV The differential cross-gections )

Total cross N.S . N € 7 ¢ of Pp- scattering at Js =
section h 60.4 61.2 66.6 102 = 546 GeV and 630 GeV.
(Gt’ot ) +

mb exp 61.1 % 1.8 - 66.6 £ 3

Here the experimental data are shown for comparison. We want to note
the nonstandard behaviour of the diffraction peak slope with changing
S and t-variables (fig.3).

Fig.3.
2

The dependence of the slope of . HI(GeV?)
the diffraction peak /3(st)
on S

at /t/= 0.05 GeV®
—————— at  /t/= 0.15 GeV® ' Fig.5.
—— - 7 at :/t/= 0.3 GeV2

The role of "apin"

mechanism in diffe-

rential cross-

The B grows with energy as Mg at V& €100 GeV and at t approximately -gections at su-

equal to zero. At higher energies (o) grows with energy as f.%s), per high energies. -
The di¥fraction peak slope has a complicated behaviour at NS> L Tey 05 10 15 20 from 0.8 TeV up
in a different momentum transfer region. For example B grows with 1t1GeV? to 40 TeV.



in full agreement with our predictions. Predictions of the dynamical
model without "spin®" mechanism /15/, the standard factorized eikonal
model /16/ and some other model /17/ are in disagreement with experi-
ment at It] ~1.0+4.2 G.ev2 by one or two orders of magnitude.

The "spin" mechanism effects can be observed in fig.5.

The questions are the following : How uniquely is fthe "gpin"-
_mechanism influence determined and in what case can the existence of
this mechanism be considered to be proved in hadron interactions. To
answer these questions, we compare our predictions with other efficient
models predictions.

Now there are obtained theoretical values for pp - differential
crogs sections at \KE“ =540 GeV in some models as a result of diffe-
rent modifications.

In model /18/ a gqualitative description is obtained of experi-
ment with a weakly marked diffraction minimum and maximum. The model
is based on the assumption that in a small-angle region there are
two different mechanisms: the first 1is the diffraction and the second
is the "hard" mechanism connected with the two-quark exchange in the

W -weson form, The main prediction of this model is that at higher
energies up to J&' =40 TeV the differential cross sections change
slowly and the diffraction miniwum slowly disappears.

The Regge-eikonal model with a large three-gluon contribution
in the diffraction-minimum region is proposed in /19/. The model
leads to ‘the diffraction miniwum in pP -scattering at superhigh
energies and its absence in PP at energies higher than §o GeV,

This is a consequence of the negative signature of the three~gluon
exchange amplitude, As a result, this amplitude is compensated by
the real part of the pomeron exchange in pp -scattering and is
added to it in the Pp scattering case.

The results which rather well describe the experimental data
at 1{54\ « 540 GeV were obtained in /20/. The model reproduces the

pp -polarization behaviour at sufficiently low energies and predicts
large polarization effects at superhigh energies. Note that like in
all modifications of the Chow-Yang model, it predicts the appearance
of a strongly marked diffragtion structure at superhigh energies.
Thus, it is clear that most distinctive predictions of different
models belong to the rangg of /t/ ~1 GeV (see for example the table).
It is just in this range that the measurement of the differential
cross sections at future accelerators will give a final conclusion
abSut the validity or other representations about the strong
interaction dynamics at superhigh energies. Note that the continuous
suffrecently fast growth of the cross gection in this range,

8

Table
The comparison of the predictions  at superhigh energies for PP (Bp)-
-scattering. I - our predictions, II - work /12/. A P

)
3 rev .540 1 2 10. 20. 40,
I 60.4, 67.2 8.
G;t )ynb o ; T 118 140 167
2. 67.9 76.1 98,4 109.4 121,2
o I 12.4 15.3 19.0 39.7 51.32 63.8
d » ’h’lb II —
, 14.9 17.9 26.8 31.4  36.4
Gee I 0.2 0.22 0.24 0.34 0.37 0.38
Ghe 1I 0.21 0.22 0.235 0.27 0.287 0.3
P I 0.14 0.16 0.19 0.198 0.196 0.17
11 0.13 0.128 0.128 0.122 0.118 0.114
dg 3 mb
ZLI0, Gevt I 1.35 4.7 21.3 330. 390. 600,
L t1 - 4 Gevt LT 1.92 3.47 11,2 38.6 49.9  53.7
-2
3(t,8), Gev I 15.5 16.1 16,6 18.7 21.1  24.6
II 15.6 — - 18.6 19.6.  20.7

O It] € 0,15 cev?

predicted in our model and caused by the spin mechanism is at pre-
sent confirmed by experiment at \E§1 =630 GeV, It can be seen from
the Table that the differences in the model predictions also are for
the relation of the real to imaginary part of the scattering amplitude
and for the relation of the elastic to total cross sections. Note

that in our model the value P reaches its maximum in the

range Vg '~ 10 TeV , where it is sufferently different from

the prediction of the model /20/.

Thus? on the basis of a unified eikonal representation a con-
sistent account of the spin structure of interacting particles leads
to a new "spin" mechanism in the strong interaction dynamics which is
leading in the range of small-angle scattering at superhigh energies,
On the basis of this mechanism in the framework of thé model, which
takes into account the hadron structure, a self-consistent picture
of hadron scattering at high and superhigh energies is obtained.We can
clearly conclude that the obtained at CERN experimentél data at
/S = 546 GeV and 630 GeV are the first confirmation of this
new "spin" mechanism, Such a picture of the strong interact%on at
super high energies leads to new effects which can be verified.
at future accelerators.



The authors express their deep gratitude to V.A . Matveev,
V.A.Meshchryakov, A.N, Tavkhelidze, D.V.Shirkov for interest in the

work and fruitful discussion.
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losmockokoB C.B., K&nemOB C.II., Cemoruu 0.B, E2-36-497
lIpegckasaHusa MexaHusMa ''‘cniuHoBOH' OHHaMUKH

0711 B3aUMOOEHMCTBHUSA AJPOHOB CBEDPXBBHICOKHUX 3HeprH#

llokasaHo, UTO MOCJELOBATENbHHH YUeT CIHMHOBOH CTDYKTYphl B3au-
MOHAEHCTBYIOILHX afpOHOB, Ha OCHOBE eOHHOIO 3:iKOHAIbHOI'O HpesCTaB-
JIeHHs, TNPUBOAHT K BO3MOXHOCTH BO3HHUKHOBEHHs HOBOI'O MeXaHU3Ma
"cnuHoBO#H'" pHHAMHKH B3aHMOLEHCTBHUSA, KOTODbII IIDH CBEDXBLICOKHX
"S3HEPTHAX B OGJIACTH MaJjblX yINIOB PACCEsHHA CTAHOBUTCH OIpejensio—
wuM, IIpOABIEHHs] 3TOrO MeXaHM3Ma B DACCEAHHH NpPH CBEPXBBICOKHX
9HEpPrHUsaX DPaCCMOTDEHb B DPAMKaX MOJENH, YYUTHBaweHd BHYTDEHHIOn
CTPYKTYpPY HyKIOHA. -llpefckasaH psapg sipKO BhIpAXeHHbIX 3bOEKTOB LA
$H3MUYECKHX BEIIHYHH, KOTODble MOTYT GBITh HPOBEPEHBl Ha YCKOpPHTE—
aax chaenymomero noxkonenus /YHK, SppS, FNAL/.

Pa6ora BblimosiHEHa B JlabopaTopHH TeopeTHuecKod dusuku OUAH.

ITpenpunt O6GbenuUHEHHOTO MHCTHTYTa ATlepHbIX HccCiefoBaHuit. lyGua 1986
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It is shown that on the basis of unified eikonal represen-—
tation a consistent account of the spin structure of interac—'
ting particles leads to a new "spin" mechanism in the strong
interaction dynamics which governs small-angle scattering at
superhigh energies. On the basis of the model which takes into
account the hadron structure at large distances the manifesta-
tion of this mechanism is investigated at superhigh energies.
Some clear -effects for observable values are predicted to be
verified at future accelerators (UNK, SppS, FNAL).

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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