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Quantum chromodynamica (QCD) plays an important role in the 
modern theory of strong interaction. The hypotheses about colour 
quarks/1/ and local gauge-invariance make the basia of QCD. The most 
important results in QCD are obtained for the processes where an ap
proximate separation of long and short distances is achieved. How
ever, there are some troubles in QCD for elastic hadron-hadron scat
tering and.polarization phenomena. For example, QCD models lead to a 
zero value for the polarizatio~ parameter. This difficulty is essen
tial. Really, the vector interaction in QCD leads to the scattering 
amplitude which obeys the ~~ -invariance/J / for the massless-qu
ark limite In this case the polarization is zero. When we take into 
account the quark masses, a small polarization ~ '" tf1lJ/Vili'is pos
sible in contradiction with the experiment. Most models of hard 
scattering obey the' ~~ -i~~ariance at short distances. So, the 
polarization is zero in these models. 

We want to emphasize that in high-energy large-angle scattering 
one must take into account soft rescatterings which occur at the 
ssme collision. The following physical pictureof scattering is true 
for every hard scattering modele Soft rescatterings of particles 
take place betore and after a hard acattering process/4/ . These ef
fects of long distances caused by particle interaction in initial 
and tinal states lead to a large polarization at finite energies/5/ 
tor every t~ -invariant model. 

In this paper, following ref.~5/ we thoroughly investigate the 
spin effects in large-angle pp -scatteril'l.g. As a result, we explain 
the behaviour of different spin corr~lation fUnctions and obtain the 
information about the propertiea of hadron interaction at short· dis
tances. 

Consider the elastic hadron scattering at large angles. The in
vestigation of these processes ià not possible in QCD in a model-in
dependent way. In QCD diagrams describing the hard scattering are 
some nonplanar graphs with "pinch" aingularitiea/G,7/. They have 
~ark massas as dimensional parameters. If the contribution 'of these 
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diagrama to the. acattering amplitude ia sufficiently small, the di
mensional parametera are unimportant in the asymptotic region. As a 
result, the acattering amplitude obeys the ~~ -invariance. 

Below we ahall Use the .following repreaentation for the '6s 
invariant asymptotical amplitude of large-angle pp -scattering/4/: 

Tos (SJ -tJ = V ($1 -t) ~;t}r/l(2"4. A(s. f:,)tKsKf)'~) (is Y~f2; (1) 

where V zs, t.) and A(S/tJ are vector-vector and axial-axial parts 
of interactfon, respecti~ely. Other matrix structures in the AIA! 
scattering amplitude'8/ are not 'tS -invariant. They must be sup
preaaed as a power of S wi th growing energy. 

It ia eaaily ae~n that amplitude (1) leada ~o the following 
asymptotic forma of the helicity proton-proton scattering amplitude: 

e:pJ. (s/i) = (++1++)= 2[V{$,i)+ V($~U.)-lJts,+.)-I/($,u)j)· 

cP3 (s)i) ==<+-1+->= (,i+ CDs eJ[ V(S,i. ) -4- llcs,-tJl; 
(2) 

cfJLt ($,i) =<+-/-+> =.:..(~- cose)[v(s,u)+A(S/U)]; 

</>2. (Sli) ~ <++I-->:=-O ; C/>5"'CS,t)== (++/+-) == o. 
As aresult of ~S -invariance, at short distances the ampli

tude <Ps and polarization are zero. 

A consistent calculation of long-distance contributiona/4,5/t o 
the hard scattering amplitude can be done on the basis of the Logu
now-Tavkhelidze quaslpotential method. It leada to the preasymptotic 
coz-re ct.í.ona of ordera ~/p ,i/p~ and 80 on where p ia the c.m. a, 

momentum of colliding particles. For the helicity amplitudes we have 

U} 1. (02)(, i)~ (3) 
dv • . (S t) = cp.(O~c!...L) + J:.. cp. '($ i) + a <1', P, .,.,
't'1.(1=1.3/.)' L l..,il:- P L , P 

,..... (o) . Ao.. 0.2)·
where ~~ is the asymptot~c term (2) ~~ are firat-and ae
cond-order corrections to the leading contribution. Theae corrections 
contain the contributions of long distances. They were calculated 
and summed up in/5/, where one may find their explicit formo 

The correction terma contain the hadron masses and other dimen
aí.oria], parameters, which leads to the violation of ~~ -invariance 
of interaction at finite energies. It can be shown that this effect 

leads' to the spin-flip amplitude of the order ~N/P /5/. 

2 

We shall consider a particular example wi th V($,i) and 11 rs,i)
 
in (1) that obey the dimensional quark-counting rule (~).They have a
 
power behaviour in ,e and U variables:
 

L ( I S Jnj. (S IrlS)'V($,i-) = SS 81 -I;-d + 83 777 , 
(4) 

A .J.. ( I S Ina I $ th lf 
)(s,i) :: Ss 82 i -o( + Blt u:cr . 

In (4) an approximate consideration of higher-order corrections to
 
the harrí part of int_eraction is achieved by the paraméter d . We
 
obtain the following expression for the helicitY-f11p amplitude
 

'~ê. X(o) r{ s I"s / S /"17i {<Ps-(s, i) = e ... It" Yt-COS~9 B~ t -c1 - t:i=d JFrnt) 

l
+ B2[ If.á In _ / f,(~d I t1JP(n~)tB3[/h Itt1-1u~~ 1"~1 Jr 

(5) 

Ir f'(h~) +B"ffb' n., -/ u~~ /"1P(tlltl] 

where the function 

fIYI N (6)F(n) = 2p + ~;: [n - ~12) Q 

"" 
contains the preasymptotic contributions. The coefficient C( and 

the eikonal faetor eXP(2iXtoy depend on the 80ft par t of interac
tion. As a reault, for the hadron interaction in initial and final 
8tates we obtaine the helicity-flip amplitude 4's- of the order 

t'l'lN/p . It can be shown that the polarization for different .models 
of hard eoatt ering at P L. '" 1O GeV is 10 - 40%/5/ and decreaaes 
with energy as ilS . 

The calculationa show that the long-distance effects don't 
change the amplitude d'2 which ia equal to zero as in the asympto
tic limit (2). 

The experimental ln:f:ormation about PP -polarization at large
10 

angles at PL • 28 GeV/ / permits us to determine the form of 
hard part of the scattering amplitude. To solve this problem, we use 
experimental data for d~/Jt.. at coa e ~ 0.7 and P < 7 GeV/11/ , 
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for the polariiation at PL = 28 GeV, for spin correlat10n para
We want to note that the preasymptotic terms of the scatt~ring 

metera Âl.L at PL = 11.75 Gey/ 12/ and A1V,.)900 ) atA.> 6 Gey/1~/ amplitudes are approximately equal to the maln asymptotic term at 

Only the hard part of interaction was f1tted when we analysed PL ::: 5GeV. As a result, they compensate leading contribution to t$3 

the experimental data. The aoft part which determines the preasymp

totic effects to the helicity amplitudes (3,5) was fixed on the ba

sis of the small-angle scattering analysis. So, this does not lead 

to additional freedom in the scattering amplitude. 

The best description of the experimental data was obtained for 

the following values of parameters in (3) 

BI =-[162J3 ±14] (GeV2)4 n~ 4 

82.= [8235±9lt1(GeV2
/ ' n2

•83=[i 586:t 300] (oe V2)1t na= 
Bit -= [1938 t 260] (GeV~-)'1 h't = 2 

d -: (2J5" ± o.r) (GeV2
) 

~ (mb/(~t) 
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F i s 1. Differential cross-section of PP -scattering. 

Theoretical curves for differential pp -cross-sections at large 
angles are shown in figo 1. The obtained results for polarization and 

AN~(900) are presented in figa. 2,3. The.polarization at JOL 
028 GeV and eCm= 55 is of order 35%. 

at PL'V 5 GeVand Q = 900 
• Th:Ls leads to a dip at AIV~90o) in 

'1[0 ~ this energy region (fig.3). At lower energies the behaviour of AN~(~ 

It, 1s determined by preasymptotic terms. It is interesting that' 

Il 
the theory predictions are in accordance with experiment at very low 
energies PL"" 2 GeV (fig. 3). 
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F i g. 2. Desoription of pp - F i g. 3. Ene~gy dependence of 

polarization at PL • 28 GeY ANIII(900 
) . 

In fig. 4 the ratio of cross sections with parallel and antipa
rallel apins ia shown. The obtained angular and energy dependences of 
different sp1n-correlation parameters at PL from 12 GeY to 100 GeY 
are plotted 1n f'1g.5. A rapid change of As,S , A I-L , AA'N at 
f) "" 600 1a oonnected wi th the zero asymptotic amplitude <13 • The 
preasymptotio terms amooth this effect at 'low energies. Like the po~ 

larization, the parameter A~ L is determined by the preasymptotic 
effecta and decreaaes wi th energ.y as J./v"i"'. 

1 
I ~ 

So the dynamical meohanism which is oonnected with the long-dis
tance effects disousaed here leads to important conclusions about the 
energy dependence of spin-correlation functions. The functions 
Ass I AI.L ,AN N muat go to their nonzero asymptotic limi ts when 
~ -.. 00 • At the aame time the polarization and A~L must deorea

se with energy as 

'P ~ i/S ; A$L ~ 1/~. 
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4. The obtained ratio for 
eross-sections with parallel and 
antiparallel spins. 
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F i g. 5. Predictions for the 
energy dependence of spin corre

lation. fUnetions ' ASLJAI.l,ASS 
A"'N and polarization at-.p,-= 

12 GeV, --- - PL = 28 GeV; 
- · - - Pt. = 5O GeV, •••• - PI. ~ 

100 GeV. 

The large-angle polarization experiments in PP- scattering at 
sufficiently high energies are needed in order to eheck these predic
tions. 

The information about the form of asymptotie terms of vector
vector and axial-axial parts of pp interaction at short distances 
ean now be obtained; they are shown in fig.6. The veetor-veetor part 
of interaction is largest near e "'" oo • In this case the har-d 
parts of helieity amplitudes ~1 and 1>3 are approximately 

~qual at e 'V 0
0 

to each other in aecordance wi th experiment. This' 
veetor-veetor part of interaction has zero at B "" 60 0 • This leads 
to zero of the helicity fu~Plitude ~3 that was discussed above. 

The obtained hard part of interaction explains alI physical ef
feeta in large angle PID -scattering with taken into account prea
symptotic corrections caused by the soft rescattering of hadrons in 
initial and final states. So, such a behaviour of vector-vector and 
axial-axial parts of interaction shown in fig.6 should take place in 
alI realistie (/ S- -invariant models of hard hadron scattering . 
including ~CD. 
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o F i g. 6. Asymptotic angular de
pendences of hadron interaction at 
short distances: 
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ronOCKOKOB C.B., KynemoB C.IT., CenmrHH O.B. E2-86-383
 
Ponb DgaHMO~eficTBHH Ha ôonbmHX paCCTOHHHHX
 
B nonHpH9a~HoHHWX 3~eKTax B *eCTKOM pacceHHHH a~pOHOB
 

l1oK89aHo, l.ITO yqeT B JKeCTKOM pacceHHHH ap;pOHOB 9<PcPeKTOB ôonb
IDHJC paCCTOH:HHH rr03BonHeT KO!IHl.IeCTBeHHO OÕ'bH:CHHTb rrOBep;eHHe 
nOnHpH3a~HH H CIlHHOBWX KOppenH~HOHHbOC napaMeTpOB B pp-paCCeH
HHH Ha ÔOnbIDHe yrnw. H3Bnel.leHa HH~OpMaQHH.O CBOHCTBaX BeKTOp
BeKTOpHOH H aKCHarr-aKCHanbHOH l.IaCTen B3aHMO~eHCTBHH npOTOHOB 
lia MaJIbIX paCCTOHHHírX rrpa BblCOKHX 9HeprHHX. C~enaH asraon , l.ITO 
TaKHe ycnoBHH 3aBHCHMOCTH P;O~HW rronYl.laTõCH BO Bcex peanHCTH
qeCKHX YS'""=fiHBapHaHTHbIX MOnenírX :>KeCTKOro CTonKHOBeHHH ap;pOHOB, 
B TOM qHCne H B KXA. 

Pa60Ta BbIlIonHeHa B naôopaTopHH TeOpeTHl.IeCKOH <PH3HKH OllilH 

npenplDlT 06'heAmICIDloro IUICTHTyrll JIJJ.epHhlX RCCJJCAooaHHH. Jly61la 1986 

Goloskpkov S.V., Kuleshov S.P.,Seljugin O.V. E2-86-383
 
Polarization Phenomena in Hard Hadron Scattering
 
and Strong Interaction at Large Distances
 

It ia shown thaz making allowance for the large-distan
ce effects hard hadron scattering.provides a quantitative 
description of the polarization behaviour and of spin-.corre
lation parameters in large-angle pp-scattering. The informa
tion about vector-vector and axial-axial parts of proton-pro
ton high-energy interacti~n at small distances is obtained. 
The conclusion has been drawn that such conditions of depen
aence could take place in alI realistic ys-invariant models 
of hard hadron scattering including QCD. 

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