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Some important results obtained at tbe CERN collider 5 pp$
 
and future development o f accelerator t ec hn.í qu ee (FJJAL and um\: c oLl í>
 

ders) at t r-ac t our attention to t ho e Las t c ha dr-on scattering a~ srna Ll
í 

angles. It is just this process that allow8 the verification Df the 

results obtained from the main principIes of qu~ntu~ field theory: 

the coneept of the scattering arnp Lí tude as a unified analytic furc

t í.ori of its kinematlc va rí a bLes wh í c b connect different r-eac t on í 

channels introduceà in paper by H. TJ.B:::>fOlul'JV on t be dispcrian t he ox-y 

/1/ and rí gc r oua constraints and acyn.p t o t í c conditions for physical 

obs erva bles pr-cv ed by A•.\. LDf"Unov /2, J/. ThE' resulta or S j5 p S 
collider ahow 8 otill c on t nu í ng ::rowtrl o f the t ot a L cross s ec t Lcní 

1. 
as .... ev.. .5 , th e d iffrac t j on peuk shrinkage and a slow growth 

of Gd / u;."e ond.J ..:: ReT( S,O) / Jm I( 5,0) 

A particular Lnterest is c8useô uy a repin Erowth of thc àlffe

renti.al cross section at Itl "- 1 Gi ev 2 and energics R.?d.OOG,eV, 
hs a result, the diffraction structure has chan[ed to a "shouldcr". 

The very important problem is the role af spin effectfl in hi, lJ 

and superhigh energy hadron scatterin[. In most Df early modele thc 

spin effects were supposed to be unimportant at these enerGics. 

T1n~ev~r, in some models /4/ the spin-flip amplitudes which don't 

::rease witb growí ng energy ne x:« pred i.c t e d , For example, in til'? 

3el /5/ the absence ~f the second diffraction minimum wa~ explai
I by the spin-flip contributions. 

In paper /6/ the dynamical OIodel for partiele interaetion which 

'8 into account the hadron structure at laree distonoos was deve

~. In this model a small spin-flip amplitude appearcd wh1ch does 

leorease with inereasing energy. This amplitude ia determined by 

:1 (Iuasipotential ..J3 ( ,5~ 'l:) • Summa t i on o f La r'gc -d Ls t anc e 

il~ts performed in this case on the basis Df the Locunov-Tavkhelidze 

I(potential approaeh ShOW8 that in the eikonal phaoo Df the spin-

i:; flip amplitude a term Erowing as ...J;5'·fl2(S."C.) • (The ana

l ~s term in what follows). It was shown /8/ thBt thia orfect may 

:\ e the dynam í.c e of s t r-ong interaction at aup e rh gh energias.í 

~ IDdel'deseribes different propertles Df meson-nueloon and nuclRon

.~,eon ac a t t e r ng in the diffraetion r eg on , including np í n e f'f'e c t s , í í 

~~p -differential cross-scetion pieture at ISR encrglen waa 

~,1tativelY explalned on the Lasis Df this modelo The p~cdietion 
jlpp - aca t t e r ng I e in aeeordance with experimenLí 

2 

In this paper t'he role of "spin" mechanism in hadron sea-ttering 

at superhigh energies is investigated on the basis Df the dynamical 
modelo It is shown that in the energy region -J5 ~ .17eV this meeha
nism is the principal one. The differential cross section at momentum 

t r-ansf'e r O~ J i: I ~ 3 GeV 2. for pr-o t ori-pr-ot on and proton-antiproton 

scattering is investigated up to the energies --fS'= ItO'TeV • The 
model predictions about the ehange of scattering process properties 

at superhigh energies are eonfirmed 'by the 515 p $ experiments 

at ~ =540, 630 ánd 960 GeV and can be checked at future aeeele
rators (UNR, SppS , collider FNAL) vte c ornpa r'e our predictions with 
the results too. 

In /9/ on the basis Df sum rules it was shown that the main cont
ribution to hadron interaction at large distances comes from the 

triangle diagrams wi th 2,'Ji -meson exchange in the t-channalo As a 

result, the hadron arcp Lí.tude ean be represent as a sum of central 

and peripheral parts of interaetion: 

T( S, t ) = 1:. (5 J i) + 'I: (~) -t ) " 
(1 ) 

In /10/ we calculate the matrix element of the peripheral part 
Df the nueleon-nueleon scattering ampli~ude at high energies and 
small momentum transfers. The quasipotentials in '"l-space are deter

mimd by the Fourier transformation. 
The salution af the quasipatential cquation with abta~ned quasi

potentials leads to the following representation ~or the nueleon-nue

leon séattering amplitudes. 

+ { (2)]
T(k,p):=. x,(k)@i(-k). 1:1kJp) + iC;;

IJ)

1~ kJp) + ~~ T! k, p) .;x (p)@X-(- P)) 
++ ++ +

where ;, J ~(.sJj) 
1:-t (k}p) :: 2:Jj2. 3 cAg J CS' 6) [i - e Jo .J 

+ + 

./. (2)
1'_(k,p)= 1:i"lk,p) := - ,2Jj1. JJ JS Jj (j A )Xl($'f)eX(~)f) 

• ..... +

3 ~ Bb'be~ó~ttjijPil ~1x:rmyr', 

~ C~~~~~'~:v r~,~~GJ ~ 
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0-0 

X(.1, 'I): - 7~l ['v,;, ,) + dp (!f,~) - ~.[fi: CP) + I~ -<,>j',:<.]J h 

= xcJ~,j)+ ~f'(.d,l)j "'" - "+- ,v$'xp - ';tp j( Sp.,. "2 (3) 

Her e 'Xc ($,g) is the central part of the eikonal phase determined 

phenomenologically, ?Cp(~j) is the peripheral part of the eikonal 

phase which includes the growing as -.Fff' terms calculated in the 

model. 

Representation (2) is in form equivalent to the standard eiko

na L r'ep r'e s en t a t Lon , The difference is the term Ã sp;.. ($, f) v~ in (3) 

growing as -JS"' a nd proportional to small anomalous t~rm8 
of the quasipotential squared. These terms are of a spin nature 

because the quasipotent ials ;G P 19,"2) and c<.p (f,~) àet ermine the 
spin-flip and double-spin flip amp~itude, respectively. 

We want to n~te that the eikonal phases with the quasipotential 

squared were obtained in /11/. In the case of slow energy dependence 
of spin effects on these eikonal phases the growing as ~ terms 

appear too. 

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. 

Wi th growing energy t h e. terrr:s wi th double spin-flip of one par

ticle .í.n i (s, g) become domina ting and the helici ty arnpI í. tudes 

are 'd~termined by the quasipotential JG(J'~) contribution. 
The model permits us to calculate the quasipotentials dp(~,~) 

fi,.(fJ,~) ; o{p(s,1.) • (In what follow we shall ornit 

the b{~(S,"t) contribution because J3:ts,"l.»> 1/J6c<.;(.s',~) ). 

So, we know the rnagni tude of Jep (s ,S) and?<~ i s, f) in formula 
(2.) '. and therefore 'Iie can predict the spin effects and the beha

viour·observables at superhigh energies having determined the parame

ters of the c~ntral part of eikonal phase. 

The magnitude of th~. oIe.- ( .1, ~ J contribution was found 
from the proton-proton and proton-antiproton differential cross 

section at 9.7 GeV~R ~ 546 GeV and 0.05 Gev2 ~ li: I ~ 4.2 Gev2. 
The model predictions for polarization effects in proton-proton 

scattering are in accordance with experimento So, we may conclude that 

the calcula tion of . ...J3 (~, ~) quasipotential in the model is c orrect. 

This quasipotential determines the "spin" contribution to the spin

-non-flip eikonal phase?lp • It can 8ssentially change the cross

-section behaviour"at superhigh energies. 
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Let us consider the "spin" mechanism dynarriics predictions at 

euergies ~:::> 100 GeV. The quasipotential fl(s',"l.) leads to the 

following exponential asympt9~ic behaviour of thB eikonal phase at 

large impact parallieters /8/: 

X~p;", ~ X$'p;" (o). exp (- 2.. Ma".!). (4 ) 

In this case for the total cross section we obtain: 

?I ... 
........." . fk 2.( r; .Ã s'p;" (o) ) .
G' 

-tot M~-S_o<:> (5 ) 

Thus, at superbigh energies the model leads to a rapíd total cross 

section growth wbich does not contradict the Froissart bound and bas a 

spin character • The results for the total cross section up to 

..J5f' =150 TeV are shown in fig.1. 

250, 

Fig.1.
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The total pp -scross-sections ~
 

are calculated in the model
 
with and Ê150
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account of the "spin" mechanism. 
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Fig.2.
 
The relation of the real to imagi

nary part of the sca ttering amplitude.
 

opl D' 
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The main contribution to the total cross section growth at ener

gies ~~ 100 G~V comes frolll the standard mechanism related with 
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the effective-radiu8 growth with energy. At higher energies the 

"spin" mechanism becomes essentia1 and its contribution to ~Ct 

at .JS ::: 5'40 Gev is approximate1y equa1 to 6 n'lb. • The ratio 

y = Re T i s I O) / JmT cs, O) 

for proton-proton and proton-antiproton scattering is consistent 

energy as~) at /t/:::0.1 GeV2 however, a t t:::0.2 ~ 0.5 GeV2 130J) 

decreases. This effect is due to the contribution to the scattering 

amplitude at small 'Ii/ from the anolJ!alous "spin" term in the eiko

nal phase Df a peripheral character. 

The anomalous term starts to work at lowe~ energies in the dif~
raction minimum region. Rea11y, the rapid change Df the differential 

w1th experiment at energies ~ ~ 7 GeV (fig.2). The anoma10us cross section near the diffraction minimum is observed at energies 

terms.do not change its energy behaviour. ~ ~ 100 GeV as a consequence of the growth Df the eikonal phase 

with energy. The differential cross-section at 1 Gey2 ~ lil ~ l"S Giev.l 
The model results for the diffraction peak slope and total cross and ...r7J1 :::540 GeV increases by an order of magnitude. As a resul t, 

sections are as follows 
l
 

the model prodicts that the diffraction structure almost disappears at 

CERN pp collider energies /8,12/ and a "shoulder" appears in the
 
Diffrac tion Itl O. GeV2 0.1 GeV2 

0.3 Gev2
 differential cross sections (fig.4). The rcsul ts of the U A - ilpeak slope 
experiment (CERN PP collider) are shown in the figure too. They are(GeV2 ) th 16.0 15.2 i3 .6

(R :::540 GeV)
 

exp 15.3 ~ 0.2 13.4 ~ 0.3
 

540 GeV' 630 GeV 960 GeV-{5'Total cross 

section 60.4 61.2 66.6Th
 
(~ct: )
 

'"YYl b exp 61.1 ~ 1.8 66. 6 ~ 3
 

Here the experimental data are shown for compal'ison. We want to note
 
the nonstandard behaviour of the diffraction peak slope with changing N>
 

S and t-variables (fig.3). 
~
 

..o
 
S 

Fig.). Ü25 \i) 

The dependence Df the slope of "0
 

20
 the diffraction peak J3 (5,t) 

on ,s':"~ 15 
at /t/::: 0.05 Gev2 

~ 10l"--:--·-:;:::..-'- - - - - - - a t / t /::: o. 15 Gev2 

-' - _._ ..- at ·:/t/::: 0.3 Gev2 
Q.1 1 10 100
 

lS(TeV)
 

TheJ3 grows with energy as ~s at.J5 ~100 GeV and at t approximately 

equal to zero. At higher energies f3 (o) grows wi th energy as e." 2{!J). 

-20--- from 0 •.8 TeV u~The diYfraction peak s10pe has a complicated behaviour at ~ > J nv '05 10 15 
to 40 TeV.in a dí.f'f'e r ent moraerrtum transfer .region. For example J3 grows wi th ItlGeV2 

6 7 

16) 

Fig.5. 
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Fig.4. 

The differential cross-~ections ~ 

of pp- scattering at JS::: 
::: 546 GeV and 630 GeV. 
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in full agreement wi~h Dur predictions. Predictions of the dynamical :1
model without "spin u mechanism /15/, the standard factorized eikonal 

model /16/ and so~e other model /17/ are in ~isagreement with experi j.
ment	 a t 'ti -1.0 ~ 1.2 GJev1by one o r two orders of magnitude. .1 

The "spin" mechanism effects can be observed in fig.5. '! 
r'IThe questions are the following : How uniquely i8 the "spin"


-mechanism influence determined and in what case can the existence of
 

this mechanism be considered to be proved in hadron interactions. To
 !il 
\1,

answer tbese questions, we compare our predictions with Dther efficient I' 
! 

models predictions.
 
Now there are Dbtained theoretical values for pp- differential
 

cross sections at ~ =540 GeV in sDroe models as a result of diffe
: . 
- .rent	 modifications. 

In moael /18/ a qualitative description is obtained of experi

ment witb a weakly marked diffraction minimum and maximum. The model 

is bas ed on tbe assumpti-on tha t in a small-angle region there are 

two different mecbanisms: the first is the diffraction and tbe second I 
is the "bard" mechanism connected with tbe two-quark exchange in the 'I 

W -meson formo The main prediction of tbis model is that at higber 'f 
energies up to ~ =40 TeV the differential cross sections cbange 

slowly and the diffraction minimum slowly disappears. 
Tbe Regge-eikonal model with a large three-gluon contribution 

in the diffraction-minimum region is proposed in 1~9/. The model 

leads to 't he diffraction urí.n mum in p p -scatteri~g a t su~erbigbí 

energies and its absence in j5p at energies higher than 50 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 Df the pomeron exchange in pp -scattering and is 

a dd ed to it in the pp scatt-ering case. 
The results which rather well describe the experimental data 

at ~:= 540 GeV were Dbtained in /20/. The model reproduces the 

pp -polarizatiün behaviour at sufficiently low energies and predicts 

large polarization effect~ at superhigh energies. No~e that like in 

alI modifications Df the Chow-Yang model, it predicts the appearance 

Df a strongly marked diffraption structure at superhigh energies. 

Thus, it is clear that mQst distinctive predictions Df different 

modela belong to the rang~ Df /t/ -1 GeV (see ~or example the table). 

It is just in tbia range that the measurement Df the differential 

cross sectionB at future accelerators will give a final conclusion 

ab~ut tbe validity or otQer representat10ns about the strong 

interaction dynamics at superhigh energies. Note that the continuous 

suffrecently fast growth Df the cross section in tbis range, 

8 

Tab1e 
The comparison of the predictions' at Buperhigh energies fqr PP [PP)
-scattering. I - Dur predictions, 11 - work /12/.
 

.JT 'T'eV .540 2 10. 20. 40 r
 
-

I 60.4. 67.2 78. 118 140 167 
V;~t )'»1 b 11 62. ~7.9 76.1 98.4 109.4 121.2 

q1 > -mb 
I 

11 

12.4 15.3 

14.9 

19.0 

17.9 

39.7 

26.8 

51.32 

31.4 

63.8 

36.4 

e>;'e I 0.2 0.22 0.24 0.34 0.37 0.38 

~Dt 11 0.21 0.22 0.235 0.27 0.287 0.3 

s I 

11 

0.14 

0.13 

0.16 

0.128 

0.19 

0.128 

0.198 

0.122 

0.196 

0.118 

0.17 

0.114 
--- 

dó 3 '»1b 
;;rt' /0; G,'7v z 

Itl'" t c ev? 

I 

11 
1.35 

1.92 

4.7 

3.47 

21.3 

11.2 

330. 

38.6 

390. 

49.9 

600, 

53.7 

-2,
53 (-t, ~ ) ) Ge V I 15.5 16.1 -16.6 18.7 21.1 24.6 

11 15.6 18.6 19.6, 20.7 
0< lil ~ O,Is-,'H2. 

predicted in our model and caused by the spin mechanism is at pre

sent confirmed by experiment at R =630 GeV. It can be seen from 

the Table that the differences in the model predictions also are for 

the r~lation of the real to imaginary part Df the scattering ampli~ude 

and for the relation of the elastic to total cross sections. Note 
that in Dur model the value JP reaches its maximum in tbe 

range -R ..... .i O 'I' e. V ,where i t is sufferently different from 

the prediction Df the model /20/. 

Thus, on the basis of a unified eikonal representation a con

sistent a~count Df the spin structure Df interacting particles leads 

to a new "spin" mechanism in the strong interaction dynamics which i8 

leading in the range Df small-angle scattering at su~erhigh energies_ 

On the basis Df this mechanism in the framework Df the model, which 

takes into account the hadron structure, a self-consistent picture 

of hadron scattering at high and superhigh energies'ia obtained.We can 

clearly conclude that the obtained at CERN experimental data at 

~ = 546 GeV and 630 GeV are the first confirmation of this 

new "spia" mechanism. Sucb a picture of the strong interaction at 

super high energies leads to new effects which- can be verified. 

at future accelera~ors. 
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fOJIOCKOKOB C.B., KYJIeIlIOB C.IT., Cernor-na O.B. E2-36-497
 
Ilpencxaa aaaa MeXaHI13Ma "CnI1HOBOH" AI1HaMHKI1
 
P;JIR B3al1MOAeHCTBI1R aAPoHoB cBepXBWCOKI1X 3Heprl1H
 

IIoKa3axo , l..ITO nOCJIeAOBaTeJIbHhlH Yl..IeT crrauoaoü CTpYKTYPbl B3aH 
Mop;eHcTByw~HX aAPOHOB, Ha OCHOBe eAI1HOrO 3rlKOHaJIbHOrO npeAcTaB 
JIeHI1H, npHBOAI1T K B03MO~HOCTH B03HI1KHOBeHHH HOBoro MexaHH3Ma 
"CIlHHOBOH" AHHaMHKI1 B3aHMoAeHcTBHH, KOTOPblH npn caepxastcoxax 

.3HeprHHX B 06JlaCTH MaJIblX yrJIOB pacceauaa CTaHOBHTCH OIlpeAeJIHW
IIU'iM. ITpoflBJIeHI1H ar-or-o MexaHH3Ma B 'pac ceaana npn CBepXBblCOKHX 
3Heprl1RX p ac cuo rpeasr B p axxax MOAeJIl;I, Yl..IHTbIBaW~eI1 EHYTpeHHWw 
CTPYKTYPY HYKJIOHa. ·ITpeAcKa3aH PRA RpKO asip azcennsrx 3qxpeKToB AJIR 
lÍll1311l..1eCKI1X BeJIHl..II1H, xo r opsre MorYT 6blTb npoaepensi aa YCKOpI1Te
JIRX CJIeAyw~ero nOKOJIeHHR /YHK, SppS, FNAL/. 

Pa60Ta BblnOJlHéHa B na6opaTopHI1 TeOpeTHl..IeCKOH lÍlH3I1KI1 OHHH. 

Ilpenpxar 06'beAHHeHHoro aacraryra anepasrx accnenoaaaaã. Ilyõna 1986 

GoLoskokov S. v., Kuleshov S _P., Selj ugin O. V. E2-86-497
 
Predictions -of "S pin" Dynamics Mechanism
 
for Hadron Interactio~s at Superhigh Energies
 

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 energie-s. 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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