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Abstract: In the case of diffraction scattering of hadrons by hadrons, a nonzero polarization of the scattered
particles arises, which is related to the logarithmic derivative of the differential scattering cross section.
Polarization changes sign in those reactions whose angular distributions contain the second diffraction
maximum. On the basis of the assumption on the diffraction behavior of the quark amplitudes, it can be
concluded that the quark scattering amplitude on the quark exhibits only the first principal maximum, the
amplitude of annihilation scattering of quarks exhibits two maxima. This fact allows the behavior of
polarizations of finite baryons as a function of the momentum transfer, and also obtains a relation between the
polarizations of baryons in various reactions. The polarization sign is determined by the nature of the spin-orbit
interaction: for the repulsive and attraction potential, there must be opposite signs the polarization. The
polarization of the recoil particles vanishes, where the differential cross sections have a minimum.
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Hadron-Hadron Sac¢ilimlarinda Polarizasyon Etkileri

Ozet: Hadronlarm hadronlar tarafindan kirmim dagilmasi durumunda, dagimik pargaciklarin sifir olmayan bir
polarizasyonu ortaya ¢ikmaktadir ki bu, diflizyon sagilma kesitinin logaritmik tiirevi ile ilgilidir. Polarizasyon
degisiklikleri, agisal dagilimlar1 ikinci kirtlma maksimumunu igeren reaksiyonlarda imzalar. Kuark
amplitiidlerinin difraksiyon davranisi iizerine yapilan varsayimlara dayanarak, kuarktaki kuark sagilma
genliginin sadece ilk ana en yiiksek degeri, kuarklarn imha sagilmasinin genliginin iki maksimuma sahip
oldugu sonucuna varilabilir. Bu gergek, sonlu baryumlarin polarizasyonlarinin momentum aktariminin bir
fonksiyonu olarak hareket etmesine izin verir ve ayrica c¢esitli reaksiyonlardaki biyonlarin kutuplasmalar
arasinda bir iligki kurar. Polarizasyon isareti spin-yoriinge etkilesiminin dogasiyla belirlenir: itme ve ¢ekim
potansiyeli i¢in, kutuplagsmanin zit isaretleri olmalidir. Diferansiyel kesitlerin minimum oldugu yerlerde, geri
tepme partikiillerinin polarizasyonu ortadan kalkar.

Anahtar Kelimeler: Kirinim, polarizasyon, hadronlar, kuark, diferansiyel kesit.

1. INTRODUCTION polarization research on the future accelerators
will provide information about the structure of

At the present time the theoretical and ] : )
the nucleon interaction at large distances.

experimental research leads to the conclusion
about the essential role of the spin of particles
in the high energy scattering. The specific
feature of this kind of reaction is that the

The analysis shows that when the preasymptotic
corrections are absent, we have zero

transition amplitude is in general a sum of
several nucleon contributions, each with its own
phase and amplitude. This makes a basis for the
hypothesis about the existence of a non-zero
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polarizations. The parameters in the spin-flip
amplitude determined from one reaction, for
example nucleon-nuclei scattering, allow us to
obtain a wide circle of results for the
polarization effects of elastic, nucleon-nuclei,
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pp or meson-nucleon scattering at high
energies. In this paper we consider the model
results for the polarization effects of proton-
nuclei scattering at high energies. The spin-
polarization effects are used not only as battle
probes for determining the accuracy of the
model employed, but also play a critical role in
understanding the spin-dependent interactions
involved in the collision dynamics [1, 2].

Early, it was shown [3] that the calculated real
and imaginary parts in the quark cluster model
of the leading asymptotic term of the spin-flip
amplitude of the charge exchange reactions
agree sufficiently well with the amplitude
reconstructed by the model independent
approach from the experimental data. In the
framework of the hypothesis concerning the
existence of quark bag in nuclei we managed to
describe the behavior of the formfactors of
nuclei at large q and structure functions of
nuclei.

2. THE MODEL FORMALISM

At intermediate energies (from hundreds of
MeV to 1 GeV) the interaction of hadrons with
nuclei can be studied as the optical model and
in the framework of the diffraction theory of
multiple scattering Glauber-Sitenko (GS) [4].
GS theory is limited by two main
approximations: eikonal and adiabatic, which
allows applying it only to the scattering of high-

energy particles in the front range of scattering
angles.

We use the term ‘spin-flip” above to denote the
abrupt (discontinuous) change in the spin state
which can occur when a particle emits a photon.
There is no deterministic time evolution linking
the spin states before and after a spin-flip
photon emission. If one runs time backwards,
the spin does not return from the ‘down’ to the
‘up’ state. There is, however, another widely
employed usage for the term ‘spin-flip’. This
alternative usage is generally employed when
discussing nonradiative polarization. It simply
means a reversal of the spin direction, i.e. a
180° spin rotation, but not a discontinuous
change of the spin state. In this case, there is a
deterministic time evolution linking the final
spin state to the initial spin state, although it
may be complicated to calculate. If one runs
time backwards, the spin does return to its
original state. Indeed, the classical spin model
is used to describe the spin motion throughout
such a spin-flip process.

A nucleus in the quark cluster model is
described as a system of many clusters-
completely anti summarized with respect to the
quark variables. Non-antisymmetrized wave
function for the *2C can be written as

Wie =dn, (15, 15) @y, (T4 Tas T36) 1 (Re, Ro e Ryp) 1)

where the nucleus is pictured as a bag with radius R, located at Ra enclosing A nucleons. Using the

relations
and
#(r) = TR exp(-r®/RY). X

Fourier transform of the amplitude has the following form [5]:

F(q) = (ik/27)[ dbexp(igh)(Jmdwn ) - De"@m%w - <M |

ﬁa—ym—&+n»|N>

1j=1

: (4)
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Here q is the momentum transfer, k is the value
of the wave vector of the nucleon, b is the
impact-parameter vector, y(b—s+r)is the

profile function for the nucleon-nucleon
interaction, brackets <||> mean interactions over

the nucleon coordinates. The matrix element of
the profile function between the single particle
states described by the quantum numbers M and
N.

At sufficiently high energies of the relative
motion of the colliding nucleons, we can
confine ourselves to the first Born
approximation. The scattering amplitude f is

elements of the 2 x 2 matrix, which can be
expressed in terms of the Pauli matrices < and
the identity matrix E

f = gE + (ho). ()

In (5), the factor g corresponds to an interaction
independent of spin, and the vector h to the

interaction causing the reorientation of the spin

[6].

Assume that the particle beam with the wave
vector k is scattered by the nucleus A in the
direction and the angle between the direction of
the vector k and k' equal to 4,. The scattered
beam is polarized in the direction of ni, which
is perpendicular to the plane k and k’. Broken
particle falls on the second core B in and
dispersed in the direction K"(6,,¢,), where

6, - the angle between the vectors k’and k",
and ¢, , - the angle between the vectors n; and

n;, and perpendicular to the planes,
respectively. Because after scattering on the
target A the average spin of the particles is
equal (o), =Pn;, where P is polarization
vector, then the target of the incident beam of
particles polarized with (o), spin. Therefore,

the double scattering cross section can be
expressed as:

0(61,60,,015) = (1+ P2n2<°'>1)|2(92)|1(‘91) = {L+P,(6,)R(6) cos i, 11 (61)1,(6,) (6)

where

16)=|9(6) +|h(®)". (7)

The model prediction for the polarisation of
elastic p*C scattering, corresponding to the
experimental data at p.=70 GeV [6] is shown
in fig.1. Note that the model predicts a large
polarisation at high energies in the range of the
diffraction peak.

The polarization vector of particles scattered on
nuclei with zero spin is always directed
perpendicular to the scattering plane. It should
be noted that the polarization parameter
decreases with increasing energy at small
momentum transfers, since with increasing
energy the region of small momentum transfers
increasingly corresponds to the collinear
configuration of the scattered particles, and the
polarization must be zero. The analysis shows

that when the preasymptotic corrections are
absent, we have the zero polarisations. It is
important to emphasise that the case of the
nucleon-nuclei scattering the leading
asymptotic terms of the spiral amplitudes is also
determined by the contribution of the quark
cluster with the evident replacement of f(q)

by the pion-nucleon scattering amplitudes.
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Figure 1. The polarisation of the proton in p 2C reaction

The solid line corresponds to the theoretical data, point
data from [7].

Y

Large values of the degree of polarization (the
absolute value of the polarization vector is
called the degree of polarization) are possible in
the case when the interference value is
comparable with the scattering cross section.

The analysis performed shows that in this case
the reliable results of the predicted spin effects
should be expected at an energy above p.
=100Gev. At a lower energy the agreement of
the theory with experiment can be only
qualitative.

3. CONCLUSION

The polarization of particles - a characteristic of
the state of the particles associated with the
presence of their own angular momentum -
spin. microparticle system is called polarized if
the spatial distribution of spin orientations of
the particles in the system is non-isotropic.
Using different hypotheses about the property
of the nucleon interaction at large distances a
number of model approaches lead to the
nondisappearing polarization in high -energy
processes at small transfer moment.

If hadron interactions with nucleons of the
target depend on the spin, the average cross-
section of interaction with nucleons polarized
target for hadrons, polarized parallel and

antiparallel to the direction of polarization of
the target will be different from each other. This
means that the filtration of unpolarized beam
through a polarized beam of the target will be
relatively — enriched hadrons  with  the
polarization direction for which the interaction
cross section of the smaller; there will be a
polarization of the beam in this direction. It
should be noted that the polarization parameter
decreases with increasing energy at small
momentum transfers, since with increasing
energy the region of small momentum transfers
increasingly corresponds to the collinear
configuration of the scattered particles, and the
polarization must zero. If polarization
measurements were performed as a function of
energy, it was found that the sign of the
polarization varies between the quasielastic and
deep inelastic regions of energy. This is
explained by the interference of spin transfer
from positive and negative scattering angles [8].
Different polarization signs are associated with
positive and negative scattering angles and the
polarization can be zero if there is a balance of
scattering from both sides.

It should be noted that the mechanism
producing the polarization in this model is
basically a soft process, where gquark-antiquark
pairs are produced by a tunnelling process in
the colour field and where perturbatice
Quantum Chromodynamics (QCD) is not
applicable.

The parameters in the spin-flip amplitude
determined from one reaction allow us to obtain
a wide circle of results for the polarization
effects of elastic meson-nucleon scattering and
charge-exchange reactions at high energies.

We consider the case when the helicity of the
nucleus is not taken into account, ie, the nucleus
is not polarized. It is important to emphasize
that for nucleon-nuclear scattering the
asymptotic terms of the amplitude helicity are
also determined by the contribution of the quark
cluster [9].
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