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0 MOQENUMPOBaHMM afPOHHHX B3aUMOAENCTBMY

Ha ocHose NOHATUAR 06 3dPeKTuBHOM paguyce B3aumoged-
CTBMA A3HO onucaHue NONHBIX CeueHui AANOH~aAPOHHBIX
B3auMOnencTBuiA, Wceneposana 3aBmcuMOCTb nonHux ce-
UeHUn oT KBAHTOBLIX uncen CTanKMBABWUXCA EADOHOB.nDEACKa‘
3aHO NOBeAeHUue NONHBIX CeHeHMﬁ, B TOM uucne v agpoH-RAepHLiX
B3AMMOAECACTBUNA, NPU 3IHEPTUAX, HEAOCTYMNHLIX Ha COBPEMeHHBIX
YCKOPUTENAX .

Pabota sutonneHa B NaGopaTopuM TeopeTuuecKod
Grankw OMM7H
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On krdelling of Hadron iInteractions

On the basis of the idea about the effective radius
a description of the total cross sections of the hadron
interactions is given. The deperndence of the tota! cross

sections on the quantum numbers of the co''. ~ _ ...uns
is investigated. The behaviour of the total cross sections:
including *to @ o?ve--ntciear interactions is predicted

at the energies that are imnossible for the modern acce-
lerators.

The investigation has been performed at the
Laboratory of Theoretical Physics, JINR.
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The problem of understanding the elementary particle
dynamics puts forward alongside with the development of the
general ideas of quantum field theory also the preliminary
problem of the systematization of the elementary particlesq/
and the experimental data of their interaction.

In this paper a possibility is considered for a simple
and physical clear modelling of hadron interaction. It is
based on the geometrical generalization of the Rutherford
formula:

T(§)=- -2 [d3 T(F)e~1Of
47

where T is the relative coordinate, § is the relative
momentum, and T(%) , T(?) are the elastic scattering ampli-
tude in momentum and coordinate representation. The connec-
tion between three-dimensional relative momentum and coor-
dinate spaces has a simple group-theoretical sense. It is

a reduction of the regular representation of the group of
motion of momentum space into irreducible representations
defined in the coordinate space. Consequently, if the geo-
metry of the relative momentum space for some two-particle
problem is known the above group theoretical construction
can be used to define the relative coordinate space.

In agreement with the quasipotential approach/zﬂf we
shall assume’4/ that the relative momentum of hadron inter-
action 1s three-dimensional and belongs to the Lobachevsky
space. So, there is a relativistic analog of the Rutherford
formula

+
s, 0== 2L paureshEe R, .
dn

where £(%,tr)is the relativistic plane wave, m(s) is the
effective mass of the problem, § and t are usual Mandelstam's

variables.
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Roughly speaking, in the dynamical relativistic Fourier

analysis there appears the relative rapidity/3'4
2 2
= mYm+a®sg
m

instead of the relative momentum in nonrelativistic Fourier
analysis. So the relativistic analog of the Heisenberg re-
lation for momentum and coordinate is the uncertainty re-
lation for the rapidity and relativistic relative coordi-
nate

1 b
Ax Ar> T mo

The exponential ~power behaviour of the elastic scattering
amplitude with increasing momentum transfer has a simple
geometrical origin due to the well-known statement: the
Euclidean geometry is the local geometry of the Lobachev-
sky space.

Because of the clear quantum-mechanical meaning of for-
mula (1) we can start to model the elastic scattering am-
plitude in the relative coordinate space. Comparing with
the experimental data in momentum space by the numerical
analysis it is possible to construct the elastic amplitude.

I1f we propose that T(s,7)has the form

-t (8) ~ftols) T
Aj(s)e Fater Ag(s)e 2
T(s,1)=—3 + , 2)
Ri(s)+ r? REs)-¢?
then T(s,t)factorizes in the form’5/
T{s.t)=T(s,t,4,R(s), 3
where A4 is a set of unknown parameters and
R
R(s)=R,+ Ry /s®8 4 R, (ms/Ry)"® . (4)
The optical theorem gives’®’ from (3)
o, (s):.?.rrR2 (s) (5)

So, the function R(s) can be interpreted as an effective

radius of hadronic interactions.
The effective radius of hadron-hadron interactions above
the threshold energies has been obtained /7 in the form
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R(s)= X : + R In#(s/ so). (6)

I=1 (5, )% ST

The unknown functions and parameters have been found by
solving the overdetermined nonlinear system of equations

ot (510 = 20 RP(s)), 0

where a!expt(s) are the experimental total cross sections for
the processes pp, pp , nt, Kt p. The autoregularized itera-
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tion processes of the Gauss-Newton type/SJ in the numerical

analysis were used.

Figures 1-6 represent the experimental data and our
description of the above-mentioned total cross sections,
the corresponding effective radii, and their constituents
(see (6)). The quantity X?/N equals 1.11 for nucleons;
1.01, for pions; 1.06, for kaons. The formula (6) shows
that the effective radius is a sum of the "effective radii"
of successively opening with the increasing energy "channels"
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and the Froissart term. Starting from s 2 100 Gev ? the
Froissart term gives the main contribution to the effective
radius. The asymptotic behaviour of the effective radius is

R_(s)=Ry+ R Inf(s/s ),
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Obviously, comparing the behaviour of the total cross sec-—
tions and the asymptotical ounes the value of the Froissart
energy can be estimated. The asymptotic behaviour for all
total cross sections is reached (see Fig. 7} in the energy
range 'S =109+ 108 Gev? (V'§=300-1000 GeV, 10®+10'17cm).
1f one compares the Froissart energy with the unitary limit
energy for the weak interactions, then it is possible to
interpret the Froissart energy as the threshold energy of

new structures of matter.
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Figure 8 shows that the theoretical description confirms
the Pomeranchuk theorem. The solid curve represents the
lower bound; and the dotted one, the upper bound of the
corresponding cross sections.

The dependence of the effective radius on the guantum
numbers has been obtained in’%/. The total cross sections
of B,p,n% ., K+ with proton, neutron, deutron for s2100 GeV"~
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can be described as functions of the guantum numbers with
the formula (5) and

R
R(s,A,a)=R +R,/(s/Ry) °+R, In(s/R ), (@)

where @ is a set of quantum numbers and 4 , 2 set of para-
meters. The functions R;(i=1,....5) have the form
R =AM +A4,0 + A0 +4,S

Ry =Ag + 45K + 4B+ Ag1Q] + Ag 1B} + 4 ,ly]
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R(} -:-A11+ AEM +A13.7+ A14|Ql+ A15{ +A18|l3l + A17 | S}

Ry =d g +4.9K + Ayl

R

=14+ 4

5 = 21
where

M= m + My miss

B =b, +b, baryon number

J o=@+ )y +d 4 1) spin

Q= 9,0, charge

I =(1,+13 Hlg+ g+ 1) isotopic spin

13=13, 413, third projection
of isotopiz spin

K = k1-+k2 SU(3) quark
number

Y= Y, v ¥, hypercharge

S = S$, 1+ 8 strangeness
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The Table represents the values and the errors of the para-
meters 4. The quantity y2/N is 1.11. Figures 9-11 re-
present the obtained description of the experimental data.

Table

N 4 +f - A4; N 4, +/= AA,
1 « 7111 ] = 20146 11 «3218 +/— 0103
2 - 2319 /= 0122 12 +0479 fem «0070
3 20226 b= »0023 13 -,0708 /= «0034
a 3744  #/~ 40110 14 ~,0184 +/— 0003
5 24850 +/ = .0388 15 «0329 4/ = +0017
6 .1872 +/- <0037 16 20250  4/= »0011
7 0171 4 - «0022 17 +0705 /= 0028
8 3796 +/= 20092 18 1762 +/= «0015
9 +4035 +/= 0217 19 #0055 4/~ «0001
10 - 2193 - +0034 20 -,0049 +/= + 0005

21 »8100 +/= «0570

(For the dimensions of the parameters see formula {8))

AP.P.PI_.PI" K~ .K* POMERANCHUK ENERGIES

G, mb
100
a0 |-
174
&0
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70
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Figure 12 represents tne predictions for the total cross
sections of A , =V hyperons with proton. Figure 13
represents our predictions for the total cross sections
of Tr, “He, He with proton and of atr* interaction. Figure 14
represents the behaviour of the following quark sum rules’10/

PR : 62N = 3KN + 2NN
L1: 6n=p +3K¥p =2pn + 6K p
L2: pp+ 2 p=Ap+ pn

JIN: 4ntp =22=p + 78 K¥ p+ 374 pp.

In conclusion it should be mentioned that our predictions
have about 10% uncertainty. The future measurements of the
hadron-hadron total cross sections at § = 400 to 1000 Gev 2
would decrease this uncertainty.
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