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At present interest in the elastic hadron reac.tions is caused 

by the spin phenomena both iU the range of small p~d large scatter

ing angles. At distances of an ~rder of the hadron size 1 fm. the 

constant of strong interaction grows and the methods of perturbation 

theory of QCD became inapplicable. Thus, a large number of models 

with different conceptions of the hadron structure and the role of 

contributions of the interacting components, etc., were suggested 

for the consideration of concrete processes including the interac
1/.tions at large distances/

The investi~ation pf spin phenomena in the high energy nucleon

nucleon scattering is an important verifica-Lion of th~applicability 

of the model approaches and ba.sic principles 01' QCD. 

At present there is no t h eor-e t c al, rno d e L tha t can unite a.I L t heí 

obtained material of various sorts and expose the underlying physi

cul processes (see, e.~./2,3/). 

Not e t h at most of modern conceptions a l Low us to conclude t ha t 

-Lhe physics of spin phenomena of high enerl3ins c.nd limited transfer 

momenta is relHted to the dynrunics of stron8 interactions at large 

d.i s t anc o s , In this range the inc t.ho ds , bas cd on the dynamical equa

t í.oris for 8. p hy s í ca.L qurmtity/3/, prove to 1Je t h e most effective. 

For the investiEation of the propert~es of hi~h energy hadron scat

tering at Bmall anEles a dynamical model toking into account the ha

dron structure at Large distances wus developed/4/ • 

It is shown/51 that in the model Lhe spin-flip amplitude ap

peurs naturnlly and doesri't disappeur with growing energy. The sum

mation of larEe-distance contributions by the Logunov-d'avkhe Lí.dz e 

quusipotential method makes it possible to modify the eikonal ~ep

re8entation and in the eikonal phase there appcar the terms groWlng 

as ~ , which we ca11 anoma10us. This effect changes the dynamics 

of strong interactions at superhigh energies and gives rise to a new 
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1tspin 1t rnechanism of hadron interactions. The obtained resulta were 

uspd to describe the If1caon-nucleon and nucleon-nucleon scattering in 

a wide range of transfer momenta/ 6/ 

In this work the size of the contribution of anomalous i.erms of 

the eikonal phase of the spin-flip s~attering amplitude was dütcrrni

ned by analysing the experimental data of the proton-proton scuttor

ing. On this basis we obtained predictions for polarization effocts 

and considered the proton-~ntiproton sc~ttering. Spcctal attontion 

is paid to the behaviour of Lhe differentia.l-cross sections around 

the diffraction minimum. 

The model assumes Lhe nucleon to consists of a cenL!'u.l parti 

where va.lence quarks are c o n c e n Lr-a t e d and the perturbaLion t he oz-y of 

QCD is valid. and a large cloud of a quark-gluon field, singl-ci. in 

colour. 

lt has been shown that at sina.l L angles the form of t ho wnpli.tude 

of interaction of this field àf ooe interacting nucleon with the cen

tral part of the other ia d o s c r-Lb ed by a triangular dyagram wi th the 

exchange of the lightest corrs t.i t ucn t s , JT -meso.ns/ 4/ . If spins of 

interacting hadrons aro taken into account in this model , thoro appear 

spin-flip amplitudes I whi ch do no L disappear wi th growing c not-gy , 

And the interaction quasipotential can be representcd in the follow

ing general forr/ 5/ : 

.A V~ 1\ '" 

V(~ s)==' f c{(G$) + QCG,s) +[T@M(-ê)-+h(t)@i l 
• ~ p p - i1) 

~ [r (3 pcr) s)+ bp(r: s)] + ~ (ê)® ; (-ê) dp ( ri S); 

where' - -I ;1 -p 71 e == ~ h (e ) .z: d"o - Iê I )
R. 

and ri.. I a. I f3. &I d. are scalar functions weakly (1 o[';13.1'i t hmí caL> 

ly) dependent on energy. 

The summation of larr;o-uistance contri1Jutions of :t:orm (1) car
" . 

ried out in the framework of the quasipótential method leads to the 

following form of the eikonal pheses for spin-non-flip scuttering 

amp Lí, tudes : 
00 ()C 

:ip ([>,$) = - tf_Lc{p(r, ;:;)J.:t - rjoof3~( ?,~) 0/'1.]: (2) 

= :;p (f I s ) + 1: 'X a n ce I S) 

2 

nnd for spin-flip scattering amplitudes: 

00 

iJf .-, d. clr"V
'XJ (f I s ) = .2: dl'_~ ,(3 p ( ri S) ~ -= dP ';ti( ~ I $ ) . 

(3) 

A'$ the model-calculáted expressions of the eikonal phases Xpand Z:f 
are rather cumbersome for calculations. we employ the folloging ap

proximation in analysing the· experimental data: 

s; (fl~)::: Ap(I/{~)i-fl.),re}fp(nVg~t:;Jtf1.1 + h e-~s{$)t/R:i;($)ff-i7, 
f l' Q~ 1(4) 

(5) 

1:a 11 (f, ~ ) .: (1._(') 1-1 "l(8 'l.+f z) ih I{~ (H v'13 2 + f 2.') . 
Bere the cross-symmetric combination ( 1.. - ,. ) has been introduced 

Qecause of the account of $~ U cross-symmetric di~gram in the 

scattering amplitude. This leads to the asymptotic equality of the 

p,~ - and p P cross-sections as $ '-900 • 

The totaleikonal phase contains Lhe central eft~cts due to the 

hadron-centre interaction, which we put on fi distinct s~atus and ap

proximate as follows: 

2 (6)xC (9, S) = hC e»P (- fte (S) tigc +f L }I ) 

where f1c- ( S.) and t e, are the effective mas s arid radius of the 

interaction of central parts of hadr-on s , 

'I'h e use of the maximal acc e s s í, ble. experimental data allows a 

more accu ra bLe d e t ermination of 'lhe corrtri Lu t.ion of the anomalous 

terms, the spin-flip scat.terinr; mnplitudc and 'lhe prediction of the 

polarization phenornena o.nd differential cross-sections at h;igh a,nd 

uuperhi~h enereies. 

To d e t e r-m.í.n e the crie rgy dependence o f lhe effective masses arrd 

in t e r-u c t ion .rad i u s I we hav e used t h e hyp o t hc s í s of 8eometri cal s'c a I-, 
7/ing/ Wllich must be fulfjlled approximately in the energy range of 

TSR/ 8/ und lhe local dispcrsion reJations/9,10/. As a result,for~p(J)t) 
\'ia ryave: 

~ ~ I!V "Xp (fVg;(S))j g/~) = Co' ~/O; êf?J($)=(Jtol1({{.!)-f~·Xp{f,S) -::: 
(7) 

But for ~c (f/~) we consider the enerr;y dependence only for the 

effecLive mo.ss: 
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I. 
f1c.(~) = fiCo/tt!2(S) j ~2(rS)=(1.+et2(~s-il'))~ 

In the model the form of th~ peripheral part of 1/~ term of 

the eikonal phase resembles (4). This permits us to use for the j/if,S? 
term the saroe form of the eikonal phase. As a result, for the total 

eikonal phase of the spin~non-flip scattering amplitude we have: 

~ 2\/,§'
X (Pl~) z: 'f:c (9J$)(1 - i Xc (Ç',$)) + ~j Zp(f'~.) + ~'l Z %(1}1. (P,!5) 

-A t ('8 (8) 
+ VS' (ZC{P,~) + 'Xp(f,(})) 

and for the phase Vlith spin-fl:i,p which slowly changes with energy: 

X.1(f,S) =~<.pH M Ko(M{B2-t ~'2.-I),. (9) 

The coefficients ~j and ~~ take into account a possible de

viation of the eikonal phase due t,o other exchange effects, and the 

coefficient r in (8) is determined by the inelastic interaction of 

the central part of the hadron. 

For the falling with energy terms of the spin-flip amplitude We 

use the simplest Gaussian forrn: 

/ T~ f ($, -/;Jr= JI h~~, e ~ l Y.r,. -1:., 

The"free parameters in (8,9) were obtained from the analysis of 

the pp -differential cross-s'ections in, the energy range' 

't, se«: s (Sl.:s sço s ev (;(2/ :;x'l. =01 .9 8 ,) Nexp == i 227) 

(see Table I). 

o 1;= (0.751 : 0.007) GeV; b = (2.252 :!:: 0.017) GeV/'f~ c 

o(p = (0.126 :!:: 0.006); cX. c = (0.045 :!:: 0.0015);
 

J3 = (4.341 :!:: 0.04) GeV; .A = (2.02 ~ 0.02) GeV;
 

,n
c = ( 4. 91 :!:: o. 06) ; -O = (0.222 :!::.0.002);
 

= 1. O = 0.85·
lJt 31. 
" 

4 

As is seen from 'l'a b l e 11, in the energy range the ideaof I,s R. 
of approximately geometrical scaling is really correct: 

B{o) d6/d-6 (seco ... d IM"-", 
~ COlrIs-I:. ~ C-OY1 S { • 

~'6-60-1; b{~{ 

.Howe ve r , at energy ~= 540 GeV essential difference is a.l r eady . ob

L served, e~pecially, for the second relation. 

Despi te that the contribution of the anomalous t e rrn 'tias appreci

able only in the range 0.8 ~ li:. I !- 3 GeV wrien a na.Ly s i.ng the experi

mental data by formula (8), the constant of this term is determined 

sufficiently correctly, Vlith a ~ro accuracy, which confirms the 

presence of this term in the eikonal phase. 

The contribution to the ddfferential eross sections is near 
-5" , rnr 

1·10 rnb at vS = 62.2 GeV, i.e. approximately 30%.This result per

mit us to extend the predictions of the morlel to rnuch higher energi

es, where the contribution of the anomalous tcrm is lar~e, and in 

Ll18 range of the diffraction minimum i t b e c ome s dorní narrt , 

An important p r ope r t y- of this mod e L is t ha t i t can be applied 

to the proton-antiproton scattering at sufficiently low energies. Re

a] Ly, the obtained. ~ ---.. lA crossing amplitudes o f P? -scattering 

are in agreernent wí th the recent expecimental data on pp 
scattering a t PL = 50 GeV/'12/ and p = 1850 GeV/ 16/ (Fig.1). 

, L ~ 
Note that they hav e a shar p diffraction minimum a t 1/~ = 9.78 GeV 

and a slightly rna.r ked , in contrast to the pp -cross-section, mini

mum a t - € = 52.8 GeV. This is due to the fact that vie h av e used . 

t h e local dispersion relations and the real part of PP -amplitude 

is less than tha t of p P - amplitude when .['$1 = 9.78 GeV, but lar

ger at JS' = 52.8 GeV,- both at t = O and in the range of diffrac

tion minimum. Then Vle have the following ratios for differential 

cross-sections in the range Df the dif.fraction miniinum: 

(JfS/cJ-t,) PP I ,-.., 2 ) ('!6/di)PP I ,." .:4 
( d6 / J. t ) P r ~= q, '1 &G-llV ~)pp vr=S-2,p.r;.e: Z 

that are in agreement with the experimental data. 
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F i g. 1. The d i f'f e r c n t i a l cross sections pp - and pp -scat

terting in the range of lar~e transfer momenta : 

for pp -seattering 

- - - - - - - - - predictions for p p -scattering. 

The compatibility of the model predictions with the experimental 

dat~ on proton-antiproton scattering is an indication of the small 

eontribution of the spin-flip amplitude to the differential hadron 

cross-sections in a wide runGe of transfer momenta. 

As is seen from Fig. 2. the ~odel quite well reproduces Lhe dif 

ferential nucleon-nucleon cross-sections not only at large but also 

at small transfer momenta. Now let us examine the model predictions 

for the po Lar.í zat í on ph enomoria at PL ~ 100 GeV. As is no t e d abo v e , 

the spin effeets falling with energy is incssuntial in this ener

gy range and the behaviour of the s p in-if'Ldp wnpli tude .and , consequent

ly, the polarizatio~ is defined ~y the anomalous term of the quasi

potential (3(~IS). 

The predictions obtained in the model 

nomena, based on the parameters deterrnined 

tial cross sections, are shown in Fig. )a 

On the whole, they correctly reproduce the 

for the polurization phe

by analysing the differen

(for PL=100 and )00 GeV). 
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transfer mornenta:. - - ...:.. - - - - PP 

ing; predictions for ]5p 

ing. 

small 

- scatter

-scatter

viour of the experimental data. Note t}mt the polarization is posi" 2 
tive at small l-tl and changes sie;n a t ItI = 0.4 - 0.5 GeV • The 

change of sign of the polarizatíon in l.h í s t r-ans or-cnoment um range isí 

observed expcrirnentally at PL = 45 GeV and t ha t sign remains at 

11igher energies. 

In the considered model this e f'f'e ct is cau s od by the passage, 

t.hrough zero, of the leading asymptotic t e rrn of the spin-flip ampli

tude w11ich is esscntially determined lJy an I1nolOalously growing part 

of the quasipotential. 

In the range of low energies t hr; con Lrí, Lu t í.o n of 1/~ terms of 

t h e spin-flip amplitude leads, to po s.í t Lv o polarization at I-t.f~ 1 GeV
2• 

1 
The predictions af the model for the proton-antiproton polariza

tion at Pt = 100 and )00 GeV are shown in Fig.) and from the Figure 

i t is c Le a r that already at these elJurcies t h e polarization of PP 
scattering is similar to the polarization of pp -scàttering and 

\'Iith futher Cl'owing enere;y they will coincide. 

The model predictíons for the polarization at higher energies 

are shown in Fig. 3c. Note that a weak energy dependence of the pola

rization at	 fixed 1~1-0.18 GeV2 (Fig. 4) 1s due to the behaviour of 
the spin flip-amplitude by the calculated potential -j3(j,Z) ). 

6	 7 



essential information is obtained about the size of the potentialÇjJ ~=50GeV 
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ing. 
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123 
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Fig.). qomparison of dynamical-model prodictions for polarization 

wit~ experiment: a) pp-scattering for Pt, 50; 200 and 300 geV; 

b) pp -scattering for P 50 GeV and 200 GeV; c) pp(pp) -8cattering
L 

for ~:=)O GeV and ~:= 200 GeV. 

In the range of transfer momenta corresponding to the position 

of the diffraction minimum the predicted spin correlation parameter 

ANN becomes essentially large. It i8 seen from Fig. 5 that for 

pp -scattering A/V'N reaches its limiting value at PI.
500 Ge'V, i. e. in the range where the diffraction minimum is rnos t de

ep , Such a large size of Â NII/ allows a sufficiently reliable expe

rimental check of our model predictions. Ahd, accordingly, furtner 

L------- - 
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Thus, the dynp~ical model leads to a lo~ of predictions concern

ing the behaviour of spin correlation parü.meters at high energies to 

se verified experimentally at an energy PL = 500 GeV. Since the ob

tained results are in 800d agreement with experimental data in the 

investigated energy range, we may conclude that in the model the qua

sipotential f3 t c , S) has been calculated exac t Ly , Just i t defines 

the spin contribution to the eikonal phase ;;rrr I .s ) ,the spin-

non-flip amplitude, and may essentially change the behaviour of the 

cross sections at superhigh energies. Note that in the range of small 

transfer momento. the mode~ le~tls to a smooth change of the slope with 

growíng I t. I . It is a common behaviour of the slope of the diffrac

tion peak for different reactions at high energies, which is confir

med experimentally a t PL = 70 GeV (Serpuchov), PL = 200 GeV (FNAL), 

a nd V~;= 540 Ge V (CERlIJ). Thus, the dy.nanri c a L model deveIoped here, 

which takes into account the effects of the meson cloud of hadrons 

and spins of the interacting particles r o.llows us to reproduce alI 

t he known properties of high eneT'gy hadron scattering in a wide mo

mon t um transfer Tegion. A coris e quen c e of the model is small in si z.e 

é3JJOma~Ous tel'ms of the scattering amplitude w,hich lead to the spin 

effect slowly changing with growing energies. 
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fonocKoKoB G.B., Kynewoa ~.IT., Cen~rHH O.B. 
CnHHOBbie 34J4JeKTbi a pp- H pp-pacceHHHII 
rrpu /s < I 00 f3B 

EZ-86-496 

licCJ1e,[IOBaHO Bni1HHHe B3aHMO,[IeHCTBHH Ha 6onblllliX paCCTOHHHHX 
C y'-!eTOM CITIIHOB '-laCTHIJ; Ha rrpou;eCCbl BbiCOK03HepreTH'-!eCKOrO a,[l
pOH-a,[lpOHHOrO pacceHHHH B o6nac TH M3nblX y !'nOB. Ha OCHOBe aHa
m13a ,[laHHblX ITO rrpOTOH-rrpOTOHHOMY pacceHHHIQ orrpegeneHbl BKna,[\bl 
"cm!HOBOro" MeXaHH3Ma B AH<f>llJepeHu;HanbHble Ce'-!eHHH ITPH Bb!COKHX 
H caepXBbiCOKHX 3HeprHHX. ITony'-leHbi n;;e;~cKa3aHHH ,[IJIH rronrrpH3a
IJ;HOHHbiX HBneHHfl 11pOTOH-npoTOHHOro 11 rrpOTOH-aHTHITpOTOHHOrO pac
CeHHHH. 0co6oe BHHHaHHe ygeneHO rroBe,[leHHIQ ,[IHqxpepeHu;HanbHblX 
ce l!eHHH B o6nac TH ,[IHtPP aKIJ;HOHHOrO ~!HHHHYHa. 

Pa6oTa Bbll10JIHena B J1a6opaTopHH TeopeTH'-!ecKoi'! 4>H3HKH OlliU1. 

fiperrpHHI 06oeAHHeHHOfO HHCTHryra .IIAepHblX HCCIIeL(OBaHHH. Jly6Ha 1986 

Coloskokov S.V,, Kuleshov S.P., Selyugin O.V. 
Spin Effects in pp- and pp-Scatterin~; 
at /s < 100 GeV 

EZ-86-496 

The influence of long-distance interaction with the account 
of sp1ns of particles on the processes of high-enegry hadron
hadron scattering at small anr,les is investigated. The contri
bution of "spin" mechanism into different cross sections is 
determined at high and superhigh energy by analysing the ex
peri(Tlental data on the proton-proton scattering. On this basis 
predictions are obtained for polarizatioll effects and proton
antiproton scattering. Special attention is paid to the be
haviour of the differential cross sections around the diffrac-
tion minimum. • 

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