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lMorenunasn sanupasis KBAPKOB K&K MPOAO/DKEHHE TeOpeTHKO—
nonesoro norenuwana Kynosma Ha Manbie pacCTOAHHS
B CNexTp MOBLIX BEKTODHHIX Me30HOB Huxe 2 [aB

Hosmft THn noresunana 3anupadHHs XBapKOB, KOTOPHIl paHee MO3IBOAA
npeackas’aTh CyWieCTBOBAHHE BEeXTOpHOA sacTHubl ¢ mMacco#t 1110 MaB,
NPEMEHSETCR QK BEHIYHCAEHHS 3MAYEHHH MACC pafdalbHbIX RO3GYXAeHHH
p »@ , &=-me3oHon, [lonyuenHbie aHaueHHa macc GIR3KH K Maccam
HeNaBHO OTKPBLITHIX BEKTOPHbIX pe3oHaHcos B ofnacre Huxe 2 [aB.

PaGora sunoasena B JlaGoparopuu Teoperuseckofit ¢uauxn OWUSAM,

[penpunar OfvenuHeHHOro WHCTHTYTa snepHbiXx uccienopanui. [Oy6ua 1878

Skachkov N.B, E2 - 11557

Quark Confinement Potential as the Continuation
of Field-Theoretical Coulomb Potential at Small
Distances and the Spectrum of New Vector
Mesons below 2 GeV

A new type of the quark confinement potential that previously
led to the prediction of the 1110 MeV veclor particle existence is
applied to calculate the masses of the radial excitations of the

p.w , ¢ -mesons. The values of the masses oblained are close

to those of the recently discovered vector resonmances below 2 GeV,

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR,
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In ret./l/ a new type of quark-antiquark potential
-l sl
V(p)=g® (4np) ctgmpMy i 0<pg Mg 1)

was introduced (see the figure). This potential confines
quarks inside the finite volume with the radius equal to
the quark Compton wave length M7 =1 ( p is the coordinate
reconed from the boundary of the s })here of the R=M7
radius to the center). It was found 1/ that the spect-
rum of the p -meson excited states contains the state
with the mass M=1110 MeV that exactly coincides with
the mass of the vector resonance detected shortly after
at DESY’2/ and confined in 1977 /2/, The potential (1)
was constructed from the symmetry considerations by

a group-theoretical continuation to the small distances of

the image of the propagator —g in the relativis-

(p k)
tic configurational representation.

The relativistic conngurational representation (RCR)
was introduced in ref.”?/ in the iramework of two-par-
ticle equations of quasipotential type ‘4’ In this equations
all the momenta of the particles belong to the mass hyper-
boloid Ef—pz-Mz whose upper sheet serve as a model
of the Lobachevsky space. Therefore it was proposed in
ref/3/ to apply here instead of the conventional Fourier
transformation the expansion over the principal series
of unitary irreducible representations of the Lorentz
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Group-theoretical potential V(p)=g*Unp) big#gM
that, confines quarks inside the sphere of the Comptortzl
wave length radius X2 =M;2
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(¥ (P - is the wave function of a relative motion of two
quarks). In nonrelativistic limit £@,7)+e!Pf and (2)
turns into three-dimensional Fourier transformation.
Thus the group parameter r in (2) (0<r <o) was trea-
ted in ref.”3/ as the relativistic generalization of the re-
lative coordinate modulus. The Kadyshevsky equation in
the c.m.s. of two quarks @,=-p,=p; E_ =BT+ M%) has
the form £

2 -3 - > 4(3
GE, ~2E ) ¥ (f)=—@n) _I’V(p,k:Eq)‘Pq(k)%%‘. @)

———————

T gedin

After performing the transformation (2) in (3) it takes
in the RCR the local form/3/*

(Hy 2B )W, @) =-VEE )Y, @) @)

The free Hamiltonian ﬁo of the two-particle system,
defined with the help of relativistic ”plane waves” ¢ ('EFT

as Hoé 1) = 2E &(D1); E p=VP® +M?, is a finite-diffe-
rence operator’3/. Using (2) we find that in a new r -
space the transform of the mass-less gluon exchange pro-
pagator, taken as a quasipotential V(i)',i";E Q= —g2 (p—k)‘2 A
has a form of the "Coulomb” attractive potential ™

Vr)=—g2@nr) lcothnrM. (5)

In addition to the principal series, used in (2), the Lo-
rentz group has the supplementary series realized by
) -Ab—v_l_pM s )

functions ¢ (;.;)-(ﬂﬁ—p—“-) (0<p<M™Y) which can be
obtained formally from ¢ (P.r) by the change r-ip.

These two series are characterized by different
eigenvalues X? of the Lorentz group Casimir operator
C, 1 MWM ., where Muv puapv P, 3o are the

o/
generators of the group %

éLf( .r):Xef(p.r); X2-M"%r2; 0<r <o

&% e « _2
C.c(.=X2¢mp): X2=M2p% 0<psml (6)

*The quasipotential V@ .KGE q) is a set of the Feyn-
man propagators’ 2%/,

**

Eq. (4) with the potential (5) and quark confinement
potential V(r)=Ar was solved in refs./3/ and ’7/, respec-
tively.



In the nonrelativistic limit (fL transforms to the Casi-

. . ol . d 2
mir operator of the Euclidean group CL - CE—(I -33;) ,
whose eigenvalugg are the square of the nonrelativistic

coordinate cEeipr -r2e/\;/r )
As is shown in ref.””  the invariant mean-square radi-

us of a system <f§>=.- 6 %f_'.(.tl[t_ohas also the group-theore- -

tical meaning: it is an eigenvalue of the Casimir opera-
tor of the Lorentz group on the invariant form factor
F(t) of the system

2 _ aF(t A
<r0>=6~aTQ.{t'0 =16 FOIl_, -

Thus from this expression and (6) it follows that the co-
ordinate r (0<r <) describes the distances larger
than the Compton wave length M~1 and p (O<p<M-1) is
the relative coordinate reconed from the boundary of the
sphere with the X =M~! radius to its center, so that
p= M1 corresponds to the center Xl

The wave functions of two-particle bound systems;
the constituents of which can be observed in a free state
(like hydrogen atom or positronium),are usually chosen
as square - integrable by analogy with the nonrelativistic
quantum mechanics. According to’®’ such functions of
the L , class are expanded over the representations of
the principle series of SO(3.1) only. The functions
¢(p, p5 of the supplementary series are not square-in-
tegrable.

Let us extend the class of the used functions to
describe the quark dynamics. We shall pass to the space
of the non square-integrable functions but its scalar pro-

B -3
duct (¥, .Wz)-fwl(ma(s,t)wg(k)%?_ _dé‘;
p

contains the

=
regularization kernal ka(-;.k).
. The free Hamiltonian for the supplelpentary series
Hf found in ref.”! from the relation A ¢ @.7)=2E (®.0)
is also the finite difference operator. By analogy wfth

(5) it is possible to write down the equation for the wave
function ¥ 4 c{f quark-antiquark relative motion in the
region X* <M~

(ﬁg —2Eq)‘l’q (p‘ﬁrv(P)‘Pq(m- )

In ref.”!/ the quasipotential V(y) in (7) was chosen to
be the analog of the relativistic Coulomb potential (5) at
the distances smaller than the Compton wave length, i.e.,

the potential (1). In fact, since in (5) the coordinate r

has a group-theoretical meaning and the distances smaller
than M~1(X2<M~2) can be described according to (6)

by passing from the principal to supplementary series,
then the change r+ip in (5) leads to the potential (1).

Eq. (7) with the potential (1) has been explicitly solved
in 71/ The requirement of wave function finiteness at points
p=M~! andp=0 defines the energy spectrum. It has been
found that in the field of the potential (1) the quark-anti-
quark system in the state ¢ =0 has only three energy

levels, i.e., the ground state of a particle and two its

radial excitations
| 5 . 1
M =2Eq~1.098Mq. M _2Mq, M= 2,967 Mq (8)

(the quark mass M is the model free parameter).
The masses of the radial excitations of ¢.« and
¢ -mesons in f= 0 state obtained by using (8) are listed
in the table. Thus, due to our model in the region of
anew M =1110 MeV resonance ’2?/ there must exist
two particles p (1106 #) and «’(1120). Probably the
analog of p-w -interference effect can be also valid for
this p"@”. The »’(1120) width may be less than the width
of the p’(1106 #4), what leads to a relatively small width
of the resonance structure observed at M = 1110 MeV.
(The same picture was seen in the p,»  photoproduction
experiments’®’ ).
The masses of the second p.© radial excitations
p (16451 6) and » "(1662) with account for the experi-
mental errors and [ -degeneration of the levels in the
Coulomb-like potentials (5) and (1) can be identified with

7



Table

The masses of the radial excitations of the ordinary
p ,w® , ¢ -vector mesons in the state with £ = 0,
obtained in our model.

Meson mass | p(773 #2) | w (783) $(1020)
(MeV) 16 = 1+ 1% o™ 1€ =0
First p'(II06 £4)|w'(1I120) ¢'(1460)
excitation

Bgcnd o™ ( 1645:6) | w"'(1662) &" (2164)
excitation

Quazk M =553 | M =560 | M =730
mass(MeV) ® 1 1

the resonance structures M°*£1676 +35 MeV, I' =170+62 MeV
(1°<1t)and M®*P = 16625 MwV, I'= 25 + 13 MeV (1%-07)
being found in 1977719/,

The masses of ¢-meson radial excitations, obtained
by assuming that ¢ -meson concists of the strange quarks
only, are close to those of two new (narrow) resonances
M®*P. 1498 MeV, I' ~ 4 MeVand M"*" = 2130 MeV,
=30 MeV/11/.

The confining potential can be obtained by the above-
mentioned group-theoretical method (changing r-ip )
from the relativistic analog of the Yukawa potential

2_om2
V({@)=[4#r-sinhsrM q]_'1 xcosh[rMarccos(-#——gﬂ-)l. i.e., the

2My
transformation of the massive gluon exchange propagator
(12-t)"% in RCR. In the nonrelativistic limit X*-M~20
and the potential (1) turns into the 6(r) (or é°(r) )-type
potential.

Two recently observed resonance structures at

125 GeV (the third ref. of "*/ ) and 1.82 GeV’/W  (the

G -parity of 1.82 resonance is not yet established’ 117y
do not appear as radial excitations of ordinary vector
meson states. We hope that after including the spin-orbit
and spin-spin interactions with the help of the formalism
developed in RCR in ref. "'/, it will be possible to in-
clude these states in our scheme with the potential (1).

The author expresses his sincere gratitude to V.G.Kady-
shevsky, P.N.Bogolubov, D.P.Jelobenko, J.Niderle, I.L.So-
lovtsov and G.Wolf gor useful discussions.
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