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The most consistent investigation of the dynamics of strong
interactions can be made on the basis of the quasipotential ap-
proach/Y in which a dynamical equation for the scattering am—
plitude was obtained.

Within this approach the standard eikonal representation/z/
for the scattering amplitude can be found by using the hypothe-
sis of smoothness of the local quasipotentia1/3

T(s.t) = is (p dpTy (pA) (1 — e XP™, (1)

This eikonal representation was obtained for the first time
in quantum mechanics/4/. The eikonal phase y is connected with
the global hadron structure.

The energy dependence of observables specific for the small-
angle scattering (the total cross section, the slope of the
diffraction peak, the ratio of the real part to the imaginary
part of the scattering amplitude and so on) can be investigated
on the basis of the representation (1).

The experimentally observed growth of the total cross sec-
tions is usually connected with the growth of an interaction
radius and with the particle "transparency' changes with growing
energy /5’ The first of these mechanisms is called the geometri-
cal scaling model/6/ and the second the factorized eikonal mo-
del/7?/. There are, e.g., some other models in which the total-
cross—section growth is explained by the highest possible growth
of a central-part radius/8/,

In this paper we investigate a possibility of a new mechanism
of the total cross-section growth, connected with the spin ef-
fects, we have found in ref./9/. It takes place, when spin effects
decrease slowly with growing energy. We shall consider the spin
mechanism of the total cross-section growth in the case of the
nucleon-nucleon scattering and discuss some effects which can
be observed in this case.

Let us consider the scattering of two particles with spin
1/2 on the basis of the quasipotential equation for the wave
function which can be written as follows/10/:
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The matrix

A L - »
}uasipotential V can be determined in the
form’1

9 (B, D) = AE,D) + B(E, 1) [len(-e) +n(e) e 1] +
3)

+D(B.D) n(@)en(-e),

~ ->-> > > > >
n(e) =y, - ye/lel, e={(p+Kk)/2,
where'ﬁ and k are the particle momenta before and after the ‘}
scattering process. It was shown in ref./}V that the standard
eikonal representation for the helicity amplitudes of nucleon=
nucleon scattering is valid when

> - -
A(s,r) ~ B(s,r)~ D(s,1) £ const.
In this case the total cross section is constant or grows lo- ’
garithmically with energy and the spin-effect contributions to
the differential cross sections decrease as follows

T Ty, (s ] 1
I T, W01 s

In the case when the quasipotential :A and B have anomalous
terms/%/,it is possible to obtain slow changes of spin effects
with energy typical for the models/ 12/, The quasipotential (3)
takes the form:

V(s = als) + 22

alst) +[16 n(=0) + 0(8) ® 1] (b(s,1) + l%.s_,s(vs,F),) .

+1(d) e n(=8) d(s, D).
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The quasipotentials in (4) can logarithmically depend on energy.

A special investigation of this case was carried out in ref./?

for the meson—-nucleon scattering. :
The solution of equation (2) with the quasipotential (4) can i

be obtained by the same method. Here we only write the solutions !

for nucleon-nucleon helicity amplitudes valid in the casea,B<<1 '

. Xols:p)
T sy (8D =1pdpJg(pA)[1-ce ]

xo(s,p) (5) (
Tiy, 4 (8t) ==fpdp T 1(pA) x ((s,p)e , |

where
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Xo (8:p) == & J el a(sn) = Y& (B (s) + S,

_4B(s, r).

1%
's,p)= — [ dz
XI( p) % f dp

Quasipotentials a and b contribute to the subsequent terms of
1/P ~expansions of helicity amplitudes. The double spin-flip
amplitudes are suppressed in this case by a power.

Expressions similar to (5} were obtained in the case of me-
sori-nucleon scattering/gA Expressions (5) have the eikonal form,
However, Xo contains rapidly growing terms proportional, to a?
and B?.These terms are absent in the standard eikonal represen-—
tation.

It is obvious that these anomalous terms of the quasipoten-
tial become, important when 's is growing., It has been showm
that this effect leads to the total cross-section growth.

So, the scattering amplitude (5) has two different mecha-
nisms of the total cross-section growth. The first mechanism
works in the energy region where the anomalous terms of the
quasipotential are unimportant

— 2
rs .2 a’ (s,1) ) \ (6)
J'—-2 (B (s, 1) + T ) << d(s,r)

It has a standard character and is connected with the inter-
action radius growth and the particle "transparency" changes.

The second mechanism takes place in the superhigh energy re-
gion where the anomalous terms mainly contribute to the eikonal
phase, This mechanism has a spin character. Its plysical nature
is the following., The main contribution to the non-spin-flip am-
plitude comes from the terms with double change of the spin of
one or two particles proportional to BZ(S.H or a?(s,1) when the
quasipotential (4) contains the anomalous terms. The quasipoten-
tial equation permits us to sum up these terms. As a result,they

‘become exponential and contribute to the eikonal phase yq-

Let us consider now the energy dependence of the scattering
amplitude at t=0 and possible effects connected with the spin
mechanism of the total cross section growth. This can be done
on the basis of some model with anomalous terms (for example,/13é
in the most consistent manner.

However, we shall use the simple gaussian form of the eikonal

phase. Taking into account the 's-»u crossing symmetry of the main

asymptotic term of the scattering amplitude, we obtain for Xxo:
2
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Xo (s:p)=~xe ' /800 -i)—‘f; ae P /S
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and
X=1, ag=34 GeV™2 4=0,075. ' Gtot (mb) ‘
With these parameters-we have a good description of o, -

in the ISR energy region, 100L

The radius of anomalous terms is unknown and depends on
the model. Note that in/1%and in some models’/!? the anomalous
terms have a peripheral character and are determined by the \ '
two-pion -exchange in the t-channel, In this case their radius -
is equal to/or larger than a, the radius of the main term of J
eikonal phase. So, let us suppose that

a<b<2a, 50 Y

- \ - b’
The coupling constant of the anomalous term can be determined &‘XM
. — P

from the condition that the total cross-section for pp -scat-
tering does not exceecl the pp total cross-section at the CERN + + ,
pp collider energy \/'s =540 GeV. In this case :

201 B(s,0)(GeV?)

T

£
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<+~

-3, -3
A= 24107° Ay o =1,0107°. (8)

The Figure shows the total cross-section, the diffraction peak

slope B(s,0) and the ratio ReT(s,0) /ImT(s,0),obtained in the

model with and without spin mechanism of the total cross-section 1
growth (A=0), the results of model/8/, and experimental data from
accelerators/14-~16/and cosmic data’'’ 1t can be seen from the
picture that the spin mechanism of the total cross section
growth appears at an energy-s = 105 GeV 2 for the A determined

in (8). The main contribution to the total cross section growth - L

-
-+~
-+~

at lower energy comes from the standard mechanism. It is eaky WA _ReT(S,O)
to see that results of this simple model with the spin mecha- JmT(S,O) . b=2a
nism are similar to predictions of the model/8/ without spin ef- 3t
fects up to an energy s ~ 107 GeV 2 2
As has been shown, the spin mechanism is connected with slow- T - —— s
ly changing spin effect that is in the case: , 1L
T++ +_('S.t) 13 1 L i 17 - 2
T = ), . ' 10 10t 105 100 107 S(Gev4)
e,
where f(s,t) 1is a logarithmic function of energy. Appearance ‘ ’
of the contributions of this kind can be checked in polariza- f ' d g ¢ s) . B(s,0) Re T(s,0) | th
tion experiments. In this case polarization must be large and H Energy dependence of oy, () , '/ ImT(s0) ‘0 the
slowly change with energy in the diffraction minimum region . } . _ . .
(see /12/Y, R model - - - - without spin mechanism, ——— - with spin
N . . . . . . hanism of the tgtal cross section growth; ——'—— re-—
Another typical effect determined via the spin mechanism is mec 98;1 : : , 714,15/,
a rapid energy change of the eikonal phase Xo .It is well known sults of the model '/%6— data frmfl CERN PP collider/ ™75/
x = accelerator data i - consmic data,
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that a similar dependence in the factorized eikonal model leads
to the ratio growth

-

" do: S70) = fs)

“dt I2--ndmnx dt )

with growing energy. In the geometrical scaling model the ratio
(9) does not depend .on energy. Measurement of this ratio at super-
high energies is an- 1nd1rect indication of the spinymechanism

of the total cross section growth So, in this paper a possibi-
lity of the spin mechanism. 1s established for the total cress-
section growth which may be’ important at very high energles. We.
discuss here some physical effects which must be typical in this
case. These can be estimated within a dynamical model with this
mechanism (for example, /137y,

The authors express their deep gratitude to S.P.Kuleshov,
V.A, Matveev, V.A.Meshcheryakov, A.N.Tavkhelidze for interest in
work and useful remarks.
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l'onockokos C,B., TemnsixoB B.T. E2-82-821
O BO3MOXHOM CYmMeCTBOBAaHHH CHHHOBOT'O MeXaHH3Ma

pocTa IOJIHBIX CeYyeHHH

YkasaHo Ha BOSMOXHOCTBH CYMEeCTBOBAHHS CIHUHOBOTO MeXaHH3Ma
poCTa MOJHBIX CevdeHMil, Oo6CyxOeHbl 3ddexTH, K KOTOPbIM OH [OJIKEeH
NPHBOOHUTS .

PabGora BhmoJiHeHAa B JlaGopaTopuu TeopeTHYeCckod ¢usukH OUAH.
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A possibility of the spin mechanism is indicated to exist
for the growth of total cross sections, and related physical
effects are discussed.

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1982




