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Quantum chromodynamics (QCD) plays an important role in the
modern theory of strong interaction. The hypotheses about colour
quarks/1/ and local gauge-invarience make the basis 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-hedron scat-
tering and polarization phenomena. For example, QCD models lead to a
zero value for the polarization parameter. This difficulty is essen~
tial. Really, the vector interaction in QCD leads to the scattering
amplitude which obeys the J%' -invariance/B/ for the maessless-qu-
ark limit, In this case the polarization is zero. When we take into
account the quark masses, a small polarization @qu/m:l-'is pos-
sible in contradiction with the experiment. Most models of hard
scattering obey the XS -invariance at short distances. So, the
polarization is zero in these models.

We want to emphasize that in high-energy large-angle scattering
one muat take into account soft rescatteringe which occur at the
game collision. The following physical picture of scattering is true
for every hard scattering model. Soft rescatterings of particles
take place before and after a hard scattering process 4 + These ef-
fects of long distances caused by particle interaction in initial
and final states lead to a large polerization at finite energies/5
for every Xs -invariant model.

In this paper, followling ref.(S/ we thoroughly investigate the
spin effects in large-angle PP -scatiering. As a result, we explain
the behaviour of different spin correlation functions and obtain the
information about the properties of hadron interaction at short dis-
tances.

Consider the elastic hadron scattering at large angles. The in-
veastigation of these processes is not possible in QCD in a model-in-
dependent way. In QCD diagrems describing the hard scattering are
some nonplanar graphs with "pinch" singularities/6'7/. They have
quark masses as dimenaional parameters. If the contribution ‘of these
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diagrams to the. scattering amplitude is sufficiently small, the di-
mensional parameters are unimportant in the asymptotic region. As a
result, the scattering amplitude obeys the 35 -invariance.

Below we shall use the following representation for the Xs -

invariant asymptotical amplitude of large-angle PP -scattering/4/:
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where V(S,t) and A(S,'b) are vector-vector and axial-axial parts
of interaction, respectively. Other matrix structures in the NN -
scattering amplitude/a/ are not Xs -invariant. They must be sup-
pressed as a power of S with growing energy.

It is easily seen that amplitude (1) leads to the following
asymptotic forms of the helicity proton-proton scattering amplitude:

B (st) = rlrad=2[ Uist )+ Visw) - Ast)- At ;

b3 (s,t) =<+-l+-> = (4+cosO) V(s L)+ Als,t)]; o
' 2

Py (5,4) = (-l-+> =~ (4-cos Q[ Vs, )+ A, w]:

P2 (8,1) = (++[-=> =0 ; Ps(S,t)= (44]+->= O,

As a result of XS' -invariance, &t short distances the ampli-
tude ¢5- and polarization are zero,

A congistent calculation of long-distance contributions“”S/to
thé hard scattering emplitude can be done on the basis of the Logu~
now-Tavkhelidze quasipotential method. It leads to the preasymptotic
corrections of orders i/p , i1/p? and S0 on where P  is the c.m.s.
momentum of colliding particles. For the helicity amplitudes we have
(3)
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where 4’;(0) is the asymptotic term (2) d)‘-_( 2) are first-and se-
cond-order corrections to the leading contribution, These corrections
contain the contributions of long distances. They were calculated
and summed up in/5/, where one may find their explicit form.

The correction terms contain the hadron masses and other dimen-—
slonal parameters, which leads to the violation of b’b— -invariance
of interaction at finite energies. It can be shown that this effect
leads to the spin-flip amplitude of the order mN/p /5/.

2

We shall consider a particular example with V(s,t) ana #(S,‘{.)
in (1) that obey the dimensional quark-counting rule (9).They have a
power behaviour in 4 and U variables:

vist)= & (8. [75]™ 855 [™),

At) = (8. 755" + By 75 1™),

In (4) an approximate consideration of higher-order corrections to
the herd part of interaction is achieved by the paraméter d .« We
obtain the following expression for the helicity-flip amplitude

(4)
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where the function

~ m (6)
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contains the preasymptotic contributions. The coefficient @ and
the eikonal factor exp(aiZ(O)) depend on the soft part of interac-
tion., As a result, for the hadron interaction in initial and finsl
states we obtaine the helicity~flip amplitude ¢5— of the order
My /P . It cen be shown that the polarization for different models
of hard scattering at PL ~ 10 GeV is8 10 - 40%/5/
with energy as 1/g.

and decreages

The calculations show that the long-distance effects don't

change the amplitude ¢.a which is equal to zero as in the agympto-
tic limit (2).

The experimental information about PP -polaerization at large
angles at Pp = 28 gev/ 19/ permits us to determine the form of
hard part of the scattering amplitude. To solve this problem, we use
experimental date for dé/dt at cos @ £ 0.7 and Pr <1 GeV/”/,




for the polarization at P. =28 GeV, for spin correlation para-
meters Au at pL = 11.75 GeV/12/ and ANN(SOO) atR>6 Gev/1§/

Only the hard part of interaction was fitted when we analysed
the experimental data, Thfe soft 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)

B,=-[162,3+14](Gevd" Ne =4

B.=[8235+941(cev3)! Ny = 1

Ba=[i§86tsoc;] (GeVe)* Ng= 1

By =[1938+260] (GeV)?  hy=2
d= (2,5%01) (ev?)
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Fig. 1. Differential cross-section of PP -scattering,

Theoretical curves for differential PP -cross-gections at large
angles are Shown in fig. 1. The obtained results for polarizetion and
An/g(90°) are presented in figs. 2,3. The .polarization at Pr =

28 GeV: and Bempm=55° 1s of order 35%.

We want to note that the preasymptotic terms of the scattering
amplitudes are approximately equal to the main asymptotic term at
PL = 5GeV, As a result, they compensate leading contribution to ¢3
at Py~ 5 GeV and 9 = 90°, This leads to a dip at A/WV(QOO) in
this energy region (fig.3). At lower energies the behaviour of 74”0(90j
i1s determined by preasymptotic terms, It is interesting that
the theory predictions are in accordance with experiment at very low
energies Py~ 2 GeV (fig. 3).

Pl . R=206e

PlGev/c )

P ig. 2, Desoription of PP - F i g. 3. Energy dependence of
polarization at P, = 28 GeV Anvn(90°).

In fig. 4 the ratio of cross sections with parallel and antipa-
rallel spins is shown. The obtained angular and energy dependences of
different spin-correlation parameters at P, from 12 GeV to 100 GeV
are plotted in fig,5. A rapid change of As,g , AL ’ ANN at
0 ~ 60° 1is comnected with the zero asymptotic amplitude ?53 . The
preasymptotic terms smooth this effect at low energies. Like the po~
larization, the parsameter A,SL is determined by the preasymptotic
effects and decreases with energy as i//s—'

So the dynamical mechanism which is connected with the long-dis-
tance effects discussed here leads to important conclusions about the
energy dependence of aspin-correlation functions. The functions
ASS, AL R ANN must go to their nonzero asymptotic limits when
§ —» o o At the same time the polarization and

se with energy as
' P~ Ass; As~ VS
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F1 g. 4. The obtained ratio for
cross~gections with parallel and
antiparallel spins,

F 1 g, 5. Predictions for the
energy dependence of spin corre-
lation. functions Age , A

ANN and polarizatisgn at ff’:;:'
12 GeVy ——= - P, = 28 GeV;
' =P, =50 GeVy ere- P2
100 GeV.

The large-angle polarization experiﬁentsin.PP-scattering at

suffiociently high energies are needed in order to ch

eck th
tione, ese predic-

The information about the form of asymptotic terms of vector-
vector and axial-axial parts of PP 1interaction at short distances
can now be obtained; they are shown in fig.6. The vector-vector part
of interaction is lergest near €@ ~0° ., In this case the harg
parts of helicity amplitudes Pt and ®3 are approximately
equal at @ ~» 0° o each other in accordance with experiment,Thig
vector-vactor part of interaction has zero at & A 60°, This le;,ds

t
© 2ero of the helicity amnplitude ¢53 that was discussed above,

The obtained hard part of interaction explains all physical ef-
fects in large angle PP -scattering with taken into account Prea-
symptotic corrections caused by the soft rescattering of hadrong ip
initial and final states. So, such a behaviour of vector-vector and
axial-axial perts of interaction shown in fig.6 should take place i

all realistic ¥$  -inveriant models of hard hadron scattering
including Qcb,

Fig. 6. Asymptotic angular de-
pendences of hadron interaction at
ghort distances:

- vector-vector part at
interaction,

— —— -~ gxial-axial part of in-
teraction.
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lonocxoxos C.B., Kymnemos C.Il., Cemerun O0.B. E2-86-383 1
Pony psammMomelCTBHA Ha OONBMHX PaCCTOSAHHAX
B MMONAPDHSAUMOHHEX 3@deKTaX B KECTKOM pacCesiHUHd alJpOHOB

lloxasaHo, UTO yYeT B XeCTKOM pacCesHHH anpoHoB sddexToB Gomb—{
WMX PAacCTOSAHHN NMO3BONAET KOJIMYeCTBeHHO OGBACHUTH IIOBefeHHe
MONAAPH3aNMHY H CIHHOBLIX KOPPENAUHOHHLKX IlapaMeTpoB B pp—paccen-—
HuM Ha Oonpmue yrinl, M3BiledueHa HMHOOPMaiHsa, O CBOHCTBAX BEeKTOD—
BEKTOPHOH M aKCHaNl-aKCHailbHOH uacTell BsauMopgeidCcTBHUA INPOTOHOB
Ha ManelX pacCCTOAHUAX {IpH BHICOKHX 3Heprusx. ChenaH BbBOL, YTO
TakKHe YCJIOBHUA 3aBHCHMOCTH AOJIDKHBI NOJIYYAaTBhCA BO BCeX peallMcTH—
YeCKHX Y “HHBapHAHTHHKX MOMENAX XEeCTKOro CTOJIKHOBEHHS afpOHOB,
B ToM uHcne u B KX]I.

PaBora BumonHeHa B JlaBopaTopHH TeopeTHYecKo# dusuxku OUAU

[ponpimt OGbemMICHHOrO MHCTHTYTA SHEpHRIX HccnenoBauui. dyGua 1986

Goloskokov S.V., Kuleshov S.P.,Seljugin 0.V, E2-86-383
Polarization Phenomena in Hard Hadron Scattering :
and Strong Interaction at Large Distances

It is 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 interaction at small distances is obtained.
The conclusion has been drawn that such conditions of depen-
dence could take place in all realistic ygs~invariant models
of hard hadron scattering including QCD.
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