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These notes concern the proposed several
months ago a theoretical mode 1Y that predicts the
existence,in the spectrum of the vector mesons,
of a particle with mass equal to that of the par-
ticle discovered exnerimentally in July 1976 at
DESY (the communication about this experiment is
presented by DESY group at the section "New par-
ticle production in hadron collisions"*},

The main feature of the model (1) is the use
of the new type of the potential that binds two
quarks inside a meson (M-quark mass):

V(o)= o—=ctgmoM; 0< pel . (1)
The parameter o in (1) is connected with the squa-
red relative distance X? between two quarks by for~
mula X2= )’ -0l and
p< I/M.

varies in the interval 0«
The potential(1) confines quarks in-
side a shere of the radius equal to the Compton
wave length (see Fig.l)
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We shall consider the probiem of the quark-
antiquark bound states in the framework of the re-
lativistic three- dimensional two-body cquation of
the quasinotential typez,namely,the Kadyshevsky
cquation for the wave function of a two-particle
relative motion. In e.m.s. this eguation is

-

VI *ng-_k. *»: b
(Ep Eq) wq(p) 5, V(p,k,Lq) ¢q(k) (2)

 Egm o <MTETG B £ B,
{Here, p is the guark momentum in the c.m.s.p; =
.ﬁz =p and the quasipotential V(p,k3Eq) is const-
ructed from the Feyhman diagrams). In the quasi-
potential equations,in contrast to the Bethe-Sal-
peter equation,the momenta of altl the particles
are on the mass shell Ko - X2 aM?, Thercfore it is
natural to use here the expansian on the Loventz
group,i.c. the svstem of functionss/

*Sec alsa Denisoy's rapporteur ralk,
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complete with the volume element dﬂk= g%? on the
K

hyperboloid k2 - k2 =Mm2,

Ind the grnnsform with the functions
(¥ J=._-I.;S f(FF ) wh 90 (H
In p*
was considered as a transform to a new ryelativis-
tic confipurational renrcsentation (RCR)., It was
shown that after this transformation eq.(2) takes
the form

By + V(B ¢ (P = 2Ea u (B Q)
where the free Hamiltonian ﬁo (Ilog(’f),i’)=2!‘;pg(b',i-'5
is the differential~-difference operator

H°=2Mch_i..?;+.2__shi@_-_4_‘yeﬁ%2; (6)
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the step proportional to the Comnton wave

length I/M. £q,(5) can be solved exactly for a

class of potential,e.g. for the relativistic Cou-

lomb potential

with

Vir) = - 3%; cothMr M '

V(r)isthe transform of the quasipotential V(p,k)=

= =1
(p - K)?
change propagator (the sign "minus" corresponds to

corresponding to the massless gluon ex-

an abstractive potential)!*.

The transformation (4) has the group-theore-
tical meaning of the expansion in principal scries
(PS)of the unitary representations of SO (3.I).
In the non-relativistic iimit ¢ (p,T)~ el P71 gng
(4) is reduced to the ordinary Fourier transfor-
mation. Owing to (4) the group parameter r stands
for a relativistic generalization of the relative
distance between two particles, It is connccted
to the eigenvalue ¥ of the invariant Casimir ope-
rator of S0(3.1) EL =4 M, M"Y (here, Muv
generators of s0(3.1) derived by formula

arc the

A - - o
¢, &(p,1) =,r) 2 = —%F- + 12, Qeree (7)

Thus, the modulus of the relativistic relative
8/ that
the invariant mean-sguare radius definition <rgv
4 -3giﬁl/v0 has also the group-theorctical mea-
ning3

coordinate r is invariant.It was shown in

of the eigenvalue of the Lorentz group
Casimir operator for the invariant form f{actor of
the system F(t):( .

2, . _AF(t - .
i os '3?"1”/ te=l =1C F(t) ) h g (8)

So, if we describe the particle strusturc in terme
of the relativistic coordinate r,i.c. if we perfom

t The solution of this cquation and the encrgy spec-

trum in cngse of the confinement potential V(r)s ar was ob-
tained tn /. See also mini-report by Mir-Kasimov.



the transformation (4) of the form factor F(t),
then due to (8) and (7) it follows that the distance
from the center of the system is measurei in terms
of. cigenvalue Y?of the Casimir operator CL’ In
case when the transform of the form factor T(r) in
RCR is the function of the constant sign the new
coordinate r specifies only the distances beyond
the Compton wave lenght I/y as is shown ins/(see
also mini-report by Skachkov at section A7)}.

Following 8/ the transition to the distances
smaller than the Compton wave lenght )?<-%7 may
be achieved by including the supplementary series
(8S) of SO(3.1) into the wave function expansion
{4). The supplementary. series are realized by fun-
ctions

LB, = (gg‘lfi‘?M

that can be formally obtained from the "plane waves"

(9}

for PS e(ﬁ,?) by changing r+ io. The eigenvalue of
the Casimir operator for the supplementary series,
i.e. the square of the distance from the center,
take the following values:
e (0,8 = X@B ) Y“}I;i—z-oz, 0<o<,1,1— ©)

The group parameter p may be then interpreted as a
coordinate reckoned from the boundary of the
sphere R2 =X =ﬁ% to its center, so that p=I/M
corresponds to the origin of the coordinates ) =0,

nl/ the quasipotential equation was written
for the wave function y(®) describing the relative
motion of the quark-antiquark in the range of the
relative distances 0<¢ <z
analogue. }:

(Hy + V() w (s) = 2E w

{(no nonrelativistic

(o) (10)

where the free Hamiltonian Ho(Hoz(p,b) = ZEp;(E,BQ
is the differential-difference operator(as in case
of r-space)
zM .Ag;gn an
Now let us consider the analogue of the rela-
tivistic Coulomb potential (6) for the distances
smaller than é.(We choose this potential because
the Coulomb potentisl contains the maximal symme-
try, and thercfore the equation can be exactly
solved) .Since the transition to the distances Y2«
<—é7 may be realized by passing to the supplemen-
tary scries, we shall make use of the group-theo-
retical meaning of the modulus of the relativis-
tic coordinate r and we shall obtain the potential
Vie) for'y?<%— by changing r »ip in (6). Thus we
arrive to the potential (I) which confines quarks
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ement with that obtained from the e¥e”

ohtained in case of the potential (I),It was found
that there may exist only three energy levels in
the quark-antiquark system which moves with £=0

in the field of the potential(I). The latter may
be identified with masses of excited states of one
particle:

MLz -
bound

& = 26" 1= 2
= 2,96750 Mg

1.39798 Mg %

11, o I (12)
M ound” ZEq

[Mq is the quark mass).

Let us Lons1der the p-meson excited state
spectrum. Taking mls Mp = 773 :3MeV we obtain from
(I2) the value of the quark mass Hq= 553 £2MeV.1It

gives the following masses of the second and
third radial excitations M ) = MII = 1106 +4MeV,
My, = MY o 1645 s6Mev.

0 P

At the time when the spectrum was obtained

I 111,

in /only the second excited state ofy with M
1645 :6MeV could be identified with the prevxous-
ly observed p'' (IéSO)meson(rp,.>200 MeV), and
there was no experimentally found candidate for
our first radial excitation of the p-meson with
Mg1= 1106 :4MeV, The discovery at DESY of a new
vector meson with the mass M=III0 MeV(r ~20-30 MeV)
shows that all three particles appearing in the
mass spectrum of our model exist in nature pro-
vided that the quantum numbers (isospin,parity,etq
of this vector meson coincide with the quantum
numbers of the rho-meson as our model predicts.
Now let us apply this model to the J/w par-
ticle mass spectrum. Equating ml= w(3095) we ob-
tain the heavy quark Q with the mass M.= 2216 MeV.
For the radial excitations ¢(3095) it gives the
masses M <4432 mev, MI1T= 6576 Mev with the
help of (I2). It is seen that in case of our con-
finement potential (I) the first radial excita-
tion of the ¥ {3095) is not ¥'(3685) but is close
to ¢(4414). Then the y'(3685) should be interpre-
ted as a bound state of other two heavy quarks Q’
with mass My,= 2635 MeV. With the help of (I12)
the valves MLl = 5270 Mev and MTE = 7820 Mev
may be given for the masses of the y'(3585) pos-
sible excitations. Thus our model rrquires more
than one(charred)heavy quark in order to des-
cribe the J/w particle spectrum. This is consis-
tent with other schemes including five or six
quarks, Note that the mgss of the heavy quark
MQ-2216 appearing in our spectroscopy is in agre-
data analy-
sis in the framework of 6 quark model with the

account of heavy lcntonsjo/
1 express my sincere gratitude to Profs.Schopper and

inside the sphere R2= 3€=1/M2-

1/ lithler for the information about the DESY experiment at the
In an cxact solution for eq.(I0) has been

beginning of the Confecrence,
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SCATTERING PROCESSES IN REBLATIVISTIC COMPOSITE
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The successes in study of partiocle structu~
re make us to belleve in compositness of
hadrons. Therefore the investigation even of
two hadron system represents in fact the
many-body relativistic problem,

In this talk we present the three dimen~
sional approach to many-body problem in guantum
field theory 2/ o« This approach allows
one in partionlar to counstruct exaoct expresalo-
ns  for relaliviatic scattering amplitndes
cerreaponding to any precess of composite
syatem colllision, Some simplest approximations
repreduce the well-imown expressions obtained
in naive quarkparton modal,

We perform our consideration in the null
rlane quentum field theory, taking into account
the faot that it 1s very useful to avoid some
speoiflc many-body prohlem difficulties
erlsting in usual quantum field theoxy.

Following to /23354/ let us start
with “wo~time® Green function of n~particles

CHIAY Y b)) l) 1)
gt (y#
mere s Z vy pesiii,)

7} {8 XV etimer ordering operator ;{"/J), }f&)
are conjugate to each other Heisenberg fleld
operators of f ~th particle,
It in convenignt to introduoce in the
momentum space the following notatlions
/O'ta ,02‘/93, !”/ﬂt &) then
pr=PYPURN, = PY LY
Determine the Fourier transform of the
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