
.. 

. IL~kach kov 

(.H JAHK ( ONFINEMENT POTENTIAL 

S THE CONTINUATION OF 

fo" ":LIl-THEORETICAL COULOMB POTENTIAL 

AT SMALL DISTANCES AND THE SP ECTRUM 

OF NEW VECTOR MESONS BEL()W 2 GEV 

1978 
~13A8'1'eI1bCKHIl OTnen 06'benllHeHtlOrO HBCTI1TYT8 MepHhlX II CCII 011 081l II II II . 
3SKsa 25105. Tnpa>K 650. YIJ.-H3n. nJlcTonO,56. 
Pe.n8xTop 3.BJ1BawxeSB'I. nonnllC8HO II ne'lBTH 13.7.78 I'. 
K oppel!: TOp T.E .)i(I!.1lbIlOBa. 



E2 - 11557 

N .B.Skacbkov 

QUARK CONFINEMENT POTENTIAL 

AS THE CONTINUATJON OF 

FIELD-THEORETICAL COULOMB POTENTIAL 

AT SMALL DISTANCES AND THE SPECTRUM 

OF NEW VECTOR MESONS BELOW 2 GEV 

Subm itted to Phys.Lett. and to the XIX Internati ona l 
Confer ence on High Energy Physics (Tokyo, 1978) 



CIt8'lItOa H. 6. E2 • 11557 
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P • OJ • ¢> -MeaOHOB. nO/Ty'teKHble 3 HB'IeRHR MBCC 6nll3KK It MBCC SM 


RelllU'lYO orKpblTblX BeKrop liblx pe30Kailc o B B 05JlBC1'" KK>Ke 2 r 3B . 
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Skachkov N.B. E2 . 11557 
Quark Confinement Potential as the Continuation 
of Field-Theoretical Coulomb P...,l.-.ntiai <It Small 
Distances and the Spectrum oC Npw Vector 
Mesons below 2 GeV 

A new type of the quark confineme nt polpntial that previously 
led to the prediction of the 11 10 MeV vector particle existen ce is 
applied to c alculate the mas s es of the radiol "'xcitalions o f the 
p • w • ¢> -mesons. The valu es of the masses obtained are close 
to those of the recently d iscovered vector resonances below 2 GeV, 

'The investiga ti on has been performed a t the Laboratory 
of Theoretical P hys ics, JINR. 
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In ref/ ll a new type of quark-antiquark potential 

2 -1 -1
V(p)-g (47T p ) c tg7T p Mq ; O < p~ Mq (1) 

was introduced (see the figur e). This potential confines 
quarks i.nside the finite volume with the r adius equal to 
the quark Compton wave length Mql ( p is the coordina te 
reconed from the boundary of the sfthere of the R_Mql 
radius to the center). It was found 11 that the spect
rum of the p - meson excited states contains the state 
wi th th e mass M-IllO M eV that exactly coincides with 
the mass of the vecto r 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 _g2~ in the relativis
(p-k) 

tic configurational representation . 
The relativistic configurational representation (RCR) 

was introduced in ref. /3/ in the framework of two-par
ticle equations of quasipotential type /4/. In this equations 
all the momenta of tbe particles belong to the mass byper
boloid E: - p 2 _ M2 whose upper sheet serve as a model 
of the Lobachevsky space. Therefore it was proposed in 
ref/3/ to apply bere 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 Vc?)~ g2(471 p)-htgiTpM qthat, confines quarks inside the sphere of the Compton 
wave length radtus X2 = Mq2 

group' 5.61 - the group of motions of the Lobachevsky 

space 


3 d(3~
Ip (r) - (2" ) - Je (P.t'> 'I' (it) - (2) 

E p ..,..... 
• - E -pn - l -LrM ! 2 2" ~ _ 

e(p,r)-( p) ; E "\I P +M ; r-rn; n 2 .1M P 

('I' (p) - js the wave function of a relati ve lqq.tion 01 two 
quarks). In nonrelativistic limit ecP,1)-.e 1pr and (2) 
turns into three-dimensional Fourier transformation. 
Thus the group parameter r in (2) (0 ~ r <"" ) was trea
ted in ref/ 31 as the relativistic generalization of the re
lative coordinate modulus. The Kadyshevsky equation in 

.... ... +
the c.m_s. of two quarks <P 1--P:r-P; E _v'if2+M2) has 

the form p 


~ -3 _~ -. d(3't
(2E p -2E q) lJl q(P)--(2") JV(p,k :Eq)'P q(k) - . (3) 

Ek 
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After performing the transformation (2) in (3) it takes 
in the RCR the local form 131 * 

~ ~........... 


(H 0 --2E q) 1(1 q (r) '" - V (r ; E q) 'l'Q (r) . (4) 

The free Hamiltonian Ho of the two-particle system, 
defined with the help of relativistic "plane waves" e(p,r) 

as Hoe (p,i) "" 2 Epecp.r); E P-v'p2 -tM 2 , is a finite-diffe
rence operator/3/ . Using (2) we find that in a new t 

space the transform of the mass-less gluon exchange pro
pagator, taken as a quasipotential V <p. k; E q)" _ g2 (P-k)-2 , 
has a form of the "Coulomb" attractive potential ** 

V (r ) _ - g2 (4 71 r )-1coth 71 r M . (5) 

In addition to the principal series, used in (2), the Lo
rentz group has the supplementary series realized by 

~ -+0 E -pn- -I-pM l...
functions (P.p )-( PM) (O<psM- ) which can be 

obtained formally from e(P . r) by the change r --> ip . 
These two series are characterized by different 

eigenvalues X2 of the Lorentz group Casimir operatol' 
C ~ 1-M MJlv. where M ..p L - p -L are the

L 4 JlI1 /LV Il cJ pi" II J p.ll 
, 1 6 / . t 

generators of the group . 

- - - 2 - - 2 -2 2 o~ r < 00C L ( (p , r ) '" X e ( p . r ) ; X .. M +r 

- .. - 2 )' -- - 2 ·2 .. (6)CL ( (p, p ) .. X <, (p, p ); X '"' M - p ; 0< ps ~~ 

------------------------.~.. * The quasipotential V (p ,k ; E q) is a set of the Feyn
man propagators /3 ,4 / . 

** Eq. (4) with the potential (5) and quark confinement 
potential V (r) ", ,\ r was solved in refs. 13 1 and 17/ , respec
tively. 
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In the nonrelativis tic limit C L transforms to the Casi 

mir operator of the Euclidean group CL... CE --(i : p-)2 

whose eigellval~.e.5 are .~e square of the nonrelativis tic 
e1prcoordinate C

E 
_ r2e Ipr . 

. h " f 18 / th · . t d'A s IS s own 10 re . e mvanan mean-square ra I-

us of a system <r02>= 6 aF(t) I has also the group-theore
a t t - 0 

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 

<r~ > =6 .iKill.. I - ! eLF (t) II .at taO t:-O 

Thus fr om this expression and (6) it follows that the co
ordinate r (O ~ r < .., ) describes the distances larger 
than the Compton wa ve length M- ~ and p (0 <p ~ M-l ) is 
the relative coordinate reconed from the boundary of the 
sphere with the X .M-1 radius to its center, so that 
p .. M- 1 corresponds to the center X2 _ O. 

The wave functions of two-particle bound systems, 
the constituents of which can be observed in a free s tate 
(like hydrogen atom or positronJum),ar e usually chosen 
as square - integrable by analogy with the nonrela tivistic 
quantum mechanics. According to 16 1 such functions of 
the L 2 class are expanded over the representations of 
the princip1t series of 80(3.1 ) only. The functions 
«(P, p) 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- ~ :!'\ - + ..,. dp dkduct ('PI' '1'2) - I'll 1(PJk (p, k)'I'2(k)- - contains thea 

Ep Ek-- ....regularization kernal ka (P,k). 
The free Hamiltonian for the supplementary series 

H~ found in ref/ll from the relation He 'cP,P)~E ,C;,pj 
is also the finite difference operator. By analogy wfth 

6 

(5) it is possible to write down the equation for the wave 
function 'll q(f'j of quark-antiquark relative motion in the 
region X2 < M-1 

d1P - 2E ) ql (pj=V( p )'¥ (p).
0 q q q (7) 

In r eC ll the quasipotential V(P) in (7) was chosen to 
be the ana log of the rela tivistic Coulomb potential (5) at 
the distances smaller than the CoDlP.ton wave length, I.e., 
the potentia l (1). In fact, s ince in (5) the coordinate r 
has a group- theoretical m eaning and the distances smaller 
than M- 1 (X 2$;M-2 ) can be described according to (6) 
by paSSing from the principal to s upplementary series, 
then the change r ... ip in (5) leads to the potential (1). 

Eq. (7) with the potential (1) has been explicitly solved 
in I ll, The requirement of wave function finiteness at points 
p zM-l andp-O 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 

M I = 2 E '" 1 '98 M • M II = 2M . MIll = 2 967 M- q . q' q' ' q (8) 

(the quark mass Mqis the model free par a meter). 
The masses of the radial excitations of p. wand 

¢ -mesons in e.. 0 state obtained by using (8) are listed 
in the table. Thus, due to our model in the region of 
a new- M .1HO MeVresonance/21 there must exist 
two particles p' (1106 ±4) a.nd w' (1120). Probably the 
analog of p - w -interference effect can be also valid for 
this p', w ' . The w ' (1120) 'width may be less than the wid th 
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, w photoproduction 

.l 
) , experiments 19/). 

The masses of the second p ,w radial excitations 
p "(1645 ±6) and w "(1662) with account for the experi
mental errors and P -degeneration of the levels in the 
Coulomb-like potentials (5) and (1) can be Identilied with 
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Table 

Tbe masses of the radial excitations of the ordinary 
p , w , ¢ -vector mesons in tbe state with e = O. 
obtained in our model. 

Meson mass 

(MeV) 

p(773 ±2) 

IG • 1+ 

w (783) 

G 0I ,. 

4t (IO 20) 

I G = 0

First 

excitation 

p'(1106 t.4) w' (1120) 4t' (1460) 

Second 

excitation 
p"( 1645±6) w"(1662) 4t" (2164) 

Quark 

ma8s(MeV) 
-

H
qP 

-553 

-

K qw 
-560 M 

qs 
-730 

the 	resonance structures Mexh676 ±35 MeV, r ",,170±62 MeV 
( rO ", l+ )and Mp.xP = 1662 ± 5 MwV, r'"" 25 ± 13 MeV (10=0 - ) 

being found in 1977 / 10/. 

Tbe 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 
Mexp .. 1498 MeV, r '" 4 MeVand MtlXp = 2130 MeV, 
"" 30 MeVl tl / . 

The confining potential can be obtained by the above
mentioned group-theoretical method (changing r ... i p ) 

from the relativistic analog of the Yukawa potential 
-1 ~2_2M2 


V(r):[4rrr.sinb7TrM ] xcosldrHarccos(---2:.9..»). i.e., the 

q	

2M q 

transformation of the massive gluon exchange propagator 
(~2_ t)-2 in RCR. In the nonrelativistic limit X2 = M-q2. 0 
and the potential (1) turns into the oCr) (or 0 ' (r ) )-type 
potential. 

Two recently observed resonance structures at 
J.25 	GeV(the third ref. Of!2/) and 1.82 GeVIW (the 
G -parity of 1.82 resonance 1.s not yet established 1111) 

do not appear as radial excitations of ordinary vector 
meson states. We hope that after including tlle spin-orbit 
and spin-spin interactions with the belp of tlle formalism 
developed in HCR in ref. 112 / . it will be possible to in
clude these states in our scheme with the potential (1). 

The author expresses his SlDcere gratitude to V .G . I<a~y
sbevsky, P.N.Bogolubov, D.P.Jelobellko, J.Niderle, l.L.So
lovtsov and G. Wolf gor useful discussions. 
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