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RelathlSth Quark Model and New Expenmental Data e
on = andp Meson Resonances s :

It is shown that new expertmental data do support the theoretlcal predlctton
on pdssxble exrstence of anewnz— meson exc1ted state w1th mass in the'interval
=700 + 800 MeV. Thrs predxctlon was obtarned in’ the framework

of a covartant formahsm for two- partrcle equatlons used for constructlng
‘a relat1v1st1c quark model. New theoretlcal predxctrons on. the posmon
of the levels of possxble orb1tal excxtatlons of:r— and p mesons are presented

The mvestnganon has been performed at the Bogohubov Laboratory
of Theoretlcal Physxcs and Laboratory of Parucle Physrcs J INR
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The problem of (lescrrbmg, the mass spcctrum of mesons
o 'vcomposed of hght quarks is tightly ¢ ounected with the prob- e
- lem of relatlvmtrc systuns composed of two and more parti- -
E .vf‘»‘cles The apparatus of three~d1mensrona1 relatlvrstrc equa-

g _tions for a“two- partlcle system that has been: developed in:
the framework of qudntum ﬁeld theory (1] and admits the

formulatlon m a hhree d1mens1on<11 relativistic Conﬁguratlon f c
5 },f‘representatlon [2] has a clear geomietric analogy with the ap-
-, paratus of the three- dunenslonal Schrodinger equation. On

~its basis, a I‘eldthIStl(, vcrswn of- tho pot(‘ntml qu(rrk model

1 has bcur propose(l [3, 4] i A
' In ref. [7] the relativistic pot(‘ntml (111(111( modcl has bccu L
"\uscd f01 a suuulmnoous (1(\5(111)(1011 of the niass Spe(,trd of
- radial excitations of - (m(l P-LLICSOLS. Iu tlie saine’ paper,
= i‘the existence of the 7- meson radial (‘\utatrou with the 111<1.ss .

m the range M, = {00 8001\/IPV has been predlcted

During the last two years the srtua,tron with experlmen— :
i :tal data on the spectr(r of m-. and p-mmesons has. chdnged es-
" '~”_’"‘sent1ally ‘Thus, the ldSt year an. e}\pornuentdl ev1dence for ”
W a p0881b1e existence of thc resonan( e structure w1th T-meson
. quantum numbers and ‘the mass. My = = 749 + SOJWGV has

~ appeared [8]. "This ydar; an c\pcruu(‘ntdl work [9] has been
,-pubhshcd whelo the ‘evidence for the resouance structure
. with the mass M = 1290+ e MoV dll(l qucmtum uumbers of
| p—meson has bcen prvsentcd ‘ S :
Inview of the appcarance of th( 50 nv\v ddtd tho questlon

fl drlb(‘s of ho\v do th(‘so (ldtd d{_,l(‘(‘ \\1th fh(‘Ol(,thdl mod(‘ls ‘f ,

1lor recent, revmws of t.hc uouroldtwmmc pol( nlnl qu 1rk modcl 'xpphcat,lons sce
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" where X(r) =

describing meson spectra. Here, we shall compare new ex-
perimenta] results with the predictions made on the basis
of the relativistic quark model (7).

2 The Relat1v1st1c Potentlal Quark Model

" The formulation of -three- dlmensmnal ﬁeld—theoretlcal
two- partlcle equations [1] in the relativistic configuration .
representation [2] allows the application of the JWKB-"
method for deriving an approximate (in powers of 7' rather
than in v?/c?) solution of these equations. A quantization
condition for the case of a bound state of two quarks of

- equal masses m looks (in the case of zero orbital momen-

tum [ = O) as follows [3]

2 [T =xm3). e

Here n is the principal quantum number that numerates
radial excitations of m- and p-mesons, A = h/mc is the
Compton wave length of a quark and ry are the turning
points.. ' ‘ :

‘The integrand X(r) is

x(r) = Arch X(r) = ln[X )+ VX( @)
[Mc2— V(r)]/2mc% (M-is a-mass of a bound
state of two quarks) has the physical meamng_of rapldlty
of -a particle ’Qha’c moves in the field of the potenti_al.V(r)
defined in the relativistic configurational representation [2,
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~The mass spectra of m--and p‘-meson radial excitations
with® the ‘zero orbital moment ( 0) has been calculated:
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in' [7] by formula (1) with the potential V(r) chosen as a
sum' of two' parts: V(r) = Vientr(r) + (8162)Vss(r), where
Veentr(1) is the central potential and V(r) describes the
form of a spin—spin interaction (the contribution of tensor

forces responsible for the transition between the states with,
different [ was neglected). For 7- and p-mesons those po- -

tentials had the following form: V7(r) = VI , (1) — 3V4(r),
Ve(r) =V, ..(r)+ Vis(r). The central potential in the rela-

tivistic configurational representation was chosen as a sum

of Coulomb and confining potentials:
‘/;entr(r) = _% +)‘rﬁ (3)

The confining part was considered in two variants: either
as a linear potential (3 = 1) or as an oscilator one (3 = 2).
It is to be mentioned that the Coulomb potential given in
the relativistic configurational representation has a ” Fourier
transform” in the momentum space with asymptotics [4]:

8ra
- : 4
Q@) W
This form reproduces the ”asymptotically free” behaviour

of the one-gluon exchange amplitude including the running
coupling constant c,(@?) of QCD.

VCoul(QQ)Qz—»oo =

3 The Model Predictions and Experiment

»Formular(ll) has been used in ref. [7] to fit experimen-

tal data on the excited states of m- and p-mesons known at-
the moment of publication. It is to be remind that at that

time two resonances with the quantum numbers of m-meson

and masses M,z = 1240MeV and M, = 1770MeV were
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found [10] and threc excited states of p-meson with the
masses Mo = 1250 MeV, My = 1600 MeV and Mym =
2150 M eV were known.

Calculation by (1) has shown that with the numeration
of the levels shown above one cannot well describe the data
with any meaningful values of parameters. Thus, it was
natural to study the dependence of fit quality on the clhoice
of the numeration of levels. It turned out that if the level
p(1250) was omitted, i.c. the following sequence for p-
meson took place: n = 1: p(770); n = 2: p(1600); n =
3: p(2150); and for wm-meson: n = 1: w(139); n = 2:
7(1240); n = 3: w(1770), a satisfactory quality of the fit
would be achieved. ‘ ‘

Another possibility of the numeration studied in [7] sug-
gests that the resonance p(1250) exists but the state 7(1240)
is not. the first radial excitation (see Table 1).

Table 1
=0 MM (MeV) M (MeV)
n=1 139.6 770
n=2 ? 1250
n=3 1240 1600
n=4 1770 2150

In this case, the position of the suggested pion’s first radial
excitation depends on the following dSbuIllpthIlS used in
fitting: ‘
1.If the mass of the third excited level of m-1neson is fixed
at the value M, = 1770 MeV, the fit. glves 110 MeV for
the first excitation of m-meson.

2.If the position of M ) is not ﬁxcd, the fit gives 760 A eV
for M, and 1700 MeV for M. Nowadays, the resonance
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state 7(1770) exists [11] and has been independently con-
firmed [12]. That is why the first value (710 MeV) scems
to be more preferable.

For further counsideration it is 1mp0rtdnt to emphasize
once more that the prediction of the position of the first

radial excitation of m -meson as 7(710) is a conscquence of
the physical supposition that the first radial excitation of

p-meson is p(1250).

As it has been mentioned in the Introduction, new exper-
imental data on 7- and p-meson cxcitation states have ap-
peared since 1983. Thus, the data of ref. [8] are interpreted
as the indication of existence of the resonance state with
the m-meson quantum numbers found in the pion diffrac-
tive production on nuclei

T4+ A —7aT+a1 + 7+ A.

The mass value of the found structure is 749 + 30 MeV,
that agrees well with the theoretical prediction M ) =
710 MeV. Nevertheless, due to the fact that the resonance
p(1250) was omitted by the Particle Data Group during the
last 10 years, this result, in our opinion, could not be inter-
preted alone as a support of the prediction made in [7] on
the basis of the rélativistic quark model.

The publication of the LASS spectrometer collabora-
tion from SLAC [9] which appeared this year does present
the clear evidence for the resonance p(1300) with the mass
1290 4+ 30 MeV and the width 12075 MeV.

Despite the fact that the experimental data used in’ [7]
have slightly changed from (1240 £ 30) to: #(1300 £:100) -

and from p(1600+60)) to p(1700+20), we conclude that the

evidence for a new state p(1290) can be treated as’a strong’
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argumrent in favor of the interpretation of the resonance
7(749) as a state predicted in ref. [7] on the basis of the
relativistic formulation of the potential quark model. -

4 Orbital Excitations of 7- and p-mesons

Formula (1) should be changed in the case of a non-zero
orbital momentum. The formula for [ # 0 has been derived
in [3]. Here we use the formula

%/‘r{dr x(r)=A(n+ l/2 +3/4), n = 1,2,3... (5)

which is a relativistic analog of the "modified” quantiza-
tion condition, widely used in quantum mechanics [13, 14].
Its main meriﬁ despite some approximations done in its
derlvmg (qulte analogous to the approximations used in a
nonrelativistic theory 2), is the elimination of the depen-
dence on the angular momentum [ from the integrand, and
its localization in a simple form in r.hs. of (5).

‘Here, we shall use this simple form of the quantization
condition (leaving application of a more sophisticated for-
mula for further publications) because it makes the physical
picture of orbital excitation levels very transparent. Really,
comparing formulae (5) and (1), we find that in the r.h.s.
of (5) the orbital momentum [ appears in a combination
n + /2. To this end, the position of the levels with | = 2
can be estimated from Table 1 (with { = 0) by’ shifting the
value of the prlnC1pal quantum number n by -1. So, we get
Table 2 that can be treated as a rather approximate indica-
tion of the p051t10n of orbltal exatatlons It s interesting to

2For details see [13, 14].



note that for part of the levels of Table 2 there already ex-
ist candidates for these states? in the tables of the Particle
Data Group [11].

: Table 2
=2 Miheor(MeV) MUeor(MeV)
n=1 710 1250
n=2 1240 1600 *
n=3 1770 2150*

Thus, for the state of m-meson with [ = 2 and n = 3 one
can find, in these tables, an analog m3(1670) with the total
moment J = 2 (JP¢ =277), and to the states of the p-
meson with [ = 2 and n = 2,3 there correspond states
p3(1690) and p3(2250) with J = 3 (JPC = 3-).

It is evident that if one would use in the fit a new value of
the mass of the first radial excitation of p-meson, i.e M o) =
1300 MeV [11] instead of the one assumed as an input in
the old fit [7] M, = 1250 MeV, it would lead to increasing
values of theoretical predictions for radial excitations of the
state with [ = 2 and thus to a better agreement with the
experimental values.

5 Conclusions

So, from our pomt of view, the new data on 7(749) [§]
and the evidence for p(1290) [9]4 can be considered as a se-

rious indication that the picture of the sequence of levels of

7-meson radial excitations, proposed in [7] and having pre-

dicted the ex1stence of 7r(2)(700 800) can be correct. New

3They are denoted in Table 2 by * ; ool
“See also section 5 of ref. [15], where a certain structure around M4,, 1300‘ MeV
(named as ”data excess”) is mentioned. : =

theoretical predictions for the position of orbital excitations
of 7- and p-mesons open wide possibilities for checking the
theoretical scheme for 7- and p-meson spectra proposed in
[7]. In subse quent publications. this question will be con-
sidered in more detail and on the basis of new calculations.
The authors express their gratitude to V.G.Kadyshevsky
and A.A.Tyapkin for interest in the work and fruitful dlS—
cussions. '
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