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I. Introduction

Just after the discovery of the narrow heavy meson reso-
1,2
nances /¢ (3.1 GBV)/ 12/ and 1P’(5.7 GeV)/z/ some authors

/%9 ana references in reviews/qo-qz/) have'proposed that

(see
~ bod
these resonances are new vector mesonsw and ¥ , resp., which
were predicted in papers/qB’qu/ within thethree-triplet scheme
of Bogolubov et al./15/, Han—Nambu/16/ and Miyamoto/q7/. The ba-
sic assumptions of this scheme are given in Sec. 2.
In this paper within this scheme we consider three electro-

magnetic processes with the new vector mesonss the decay into

the lepton pair via one-photon intermediate state .
‘S UL
T/ or ¥ > ¥ > =e,M) (1.1)

the radiative transition to the usual pseudoscalar mesons

I/ - N oor ’],"'Y 3 1.2)

the photoproduction on nucleons:

C+N > T/P(or ) + N . (1.3)

The process (1.1) will be examined on the basis of the
nonrelativistic quark model with the oscillator potential/qs’qg/.
The model parameters will be determined in Sec. 3 by comparing
with experimental data. We arrive at .a main conclusion that
the sizes of new mesons appear to be essentially smaller than
those of usual mesons, and that the effective mass of quarks

constituent of new mesons is much larger than that for usual

mesSons.




The lack of any large radiative transitions of 3/? ~me—
sons to the usual bhadrons of the type of decays (1.2) was consi-
dered as one of the main arguments against the "coloured" inter-
pretation of theI-? -mesons/2o'21/. In Sec. 4 we argue against
the used in those papers estimates of probabilities of such
radiative transitions performed in the framework of the "naive"
quark model. Our arguments are founded Jjust on the above-mentioned
differences in the effective quark masses, At the same time under
the assumption of the vector meson dominance (VMD) we show that
the predictions for radiative transition (1.2) and photoproduction
(1.7) may be put in agreement with each other and with experiment.,

In conclusion we discuss the success and difficulties of

the considered model of new narrow vector mesons.

c
2. HNew iesons within the SU(3) x SU(3) Symmetzy

The basis of the considered scheme of intrinsic symmetries
of hadron is taken to be a nonet of quarks-sakatons combi~
ned into three triplets,t; {{=1,2,3). Bach of three triplets
represents a set of three quark states t==P,h.1 . It is assumed
that with respect to these states there is the physical SU(3%)
symmetry with its well known violations. Relative to new "co-
loured" degrees of freedom (numbers of triplets) the existence
of the '"coloured" SU(B)c-symmetry is assumed. Thus, as a total
hadron symmetry it is suggested to consider the direct product
8U(3) x sU(3)°,

ilesons are assumed to consist of a quark and antiquark.
The usual mesons belong to the singlet representation

V=14 =

r;__(y1+vz+v3), (2.1)

where V stands for a definite meson state: €° W oL are
knovn combinations of guark-antiquark SU(3)-states (i =1,2,3).
The new vector mesons belong to the SU(5)C octet represen-~

tation. " ithin this representation each meson state is doubled.
Two equal meson states differ only in values of the coloured
isospin, I® =0,1. The physical states (atI;=0 and Y%20 ) may
be the superpositions/6'13/:

V=cosB| 8% 1%4> +3n0°18°T%0)

=E(Vicoy -V s (0= Vysin(ren 1, (22a)
V =i 85 T4 + cor 85 8% I%=0
=V—%— [—Vﬁ:nh’ +V, cos(¥,-¥) - VS cot(¥,+¥) 1, (22b)

where 0°=¥,+¥  and ¥, =T/6 . The magnitude of the angle of
"mixing" 9° is defined by the nature of breaking of the co-
loured SU(3)° symmetry. If, e.g., the latter is assumed to
occur due to electromagnetic interaction only, then

¥=0 . (2.2)
and hence the y magnitude determines the deviation of mixing
from the "ideal" electromagnetic one.

Thus, within this scheme there arise nine neutral vector
mesons: three usual Pt yW- and @ ~mesons and three doublets of
new mesons(‘étF") ,(C’),Z) and ($,$ ).

The electric charge is suggested to be the folloving ge-
neralization of the Gell-Mann-Nishijima formula

Ye (2.4)
2

Y

[
‘z + Is +

Q=1,+



The nonet of quarks-sakatons is assumed to be transformed
according to the representa‘tion{lg‘} « Therefore for them

the electric charges take the integer values/15'17/: Qpy=Qp; =
=Q12.=Qh3 =Qk3=0: QPz'QPS.--Q'“ =_Q)~4 =4 .,

The electromagnetic current is the sum of usual and 'coloured" cur-

rents

em

. e c e
T o= Ir<3.4)+1'.(1:8 ) (2.5)
The usual electromagnetic current is the SU(3)~octet and SU(3)C-

singlet

(3,9)

(8,0)
8:4%) = :
Tr( ) Ir 7

+
3» M (2.6)

while the coloured one is the 3U(3)=-singlet and SU(B)C—octet

gty (0,3) (0,8)
T8 =- 7, ~r—1_?— T ) (2.8)

The latter has an important consequence: in the ete -ancihila-
tion via the one-photon intermediate state there can be produced
only isosinglets(i.:;,(i) or (C;,‘%) and cannot be producci the
isotriplet states (F", F') . Therefore it is natural %o identify
the observed I-¥ ~particles with the above doublets

Tllp(sog'a‘):(ai,i;) . (2.8)

~ X
$(368¢) =(§,9) |
(2.9
«t the present time it is impossible tc determine which of two
components of each doublet corresponds to bthe experimentally

£

. c
observel resonances. The latter depends on the angle 8~ of

mixing of states with coloured isospins I_c =0,1, and of the

singlet-octet SU(3)-states for the new mesons

~r ~ ~
W = W, cond 4 Potind

~ 'y (2.10)
@ 2-w,tind + @ cnl |
where w, and ¢p, are the "ideal" superpositions
w, =1 (P" +nh)
° S5 P .
- (2.11)
®, =-AR

(Analogous expressions may be written for(.?) and g and hereafter
we will put §=§ e

In the quark model the quantities characterizing the
transition of a vector meson into a virtual photon are propor-

tional to the sums

v .
Q, -{- ¢y Q, (2.12)

vhere Q.‘ is the charge of the quark-sakaton constituent of the
vector meson V with the Clebsch-Gordan coefficient qu defi-
ned from the"direct" product of eq.(2.2) and eq.(2.10). The
expressions for Qv are given in Table 1, In the case of only

electromagnetic viclation of the SU(3)®-symmetry (¥=0 ) and



Table 1.

Vo'

Qv =4 C:Q1

p° 3I/V¢

w (coad +\Z nd )/NG

¢ (-4ind +(Z cr§ YT
2 0

I -Zcm((ﬁeo‘s§~un§)/r€-
G 2 coay (VZ sind +eos®I/(E
zQ

P o}

~ ~
b 2 Wny (VTceoad - sind /G
] & o~
¢ ~- 2 siny (V2 sind + cnd )/VE

ideal SU(%)-singlet-octet mixing(§=0) in e*e -annihilation -
a.nd$ -mesons, cannot be produced, but only the & - and C(; -me—
SOns.
Ve will keep the view point cf the electromagnetic nature

of breaking of the SU(B)c-symmetry. It should be emphasized that
the scheme presented differs from the scheme proposed first by

Han and Nambw/ "% and Miyamoto’ 17/ in which the physical SU(%)-
-symmetry was treated as the diagonal subgroup of the G -group=
SU(3)6S\K3fEnd in which the SU(B)” was broken in the strong way.
The arising in such a scheme heavy states in general are unstable
and decay into lower (usual hadronic) states by strong interacti-
ons/16/. A modification of this scheme with the conservation of co-
loured isospin I” in strong interactions and with the presence

of narrow meson resonances (as a result of that conservation)
/4,127

was considered by many authors (see refs. and references in

reviews/qo’qq/).

2, Decay into Lepton Pair and liodel Parameters

The width of decay of the neutral vector mesons into the
lepton pair through the intermediate one-photon state is defined
by the expression
97y 4m 3, (72

Tv=t1) = 3 « m,fy o (3.1)
where i, is the mass of the vector meson, the quantity §3/4!T
characterizes its transition to the virtual photon,otiezﬂoﬂ’zl/ﬂﬁl.
. . 22,24-26
The quantities ff/#ﬁ'obtained from the experimental widths/ 2% /

are given in Table 2.

Treating the same process as the annihilation of quark and




Table 2.

The "vector meson-photon" transitions and oscillator

paraneters
[ /
P w ' T ¥
2 . P
PN 2.56%) | 18,4 12,2%) 1.5 30,0
4 +0.24 +2.0 +1.0 +1.5 +4.0
i -
QZ £, 3,84 2a U 3.62 16.9 15.9
v Z; +0.76 +0.40 +0. 30 + 2.2 + 2.7
B, 0.33 0.35 0.45 0.82 1.00
(cav) | +0.07 +0.01 +0.071 +0,04 0,04
2.4/
<eBH 1 6,50 0,49 0.38 0.21 0.17
(gmy | %002 | 0.0 +0.07 40,01 +0,004
a) We introduce the correction on the finite width of
mesons.

antiquark into the intermediate one-photon state, we arrive at
the following expressions for the "vector meson-photon' transition
quantities:

4T 16T ¥ (O)lth, (5.2,
2 A 3 v /
Tv my

where (Qv is defined by eq. (%.1) and '?}(O)is the value of the
quark-antiquark wave function at zero relative distance.

““e regard the moticn of quark and antiquark inside tie me-
son as nonrelativistic and describe it within the hadronic oscil-

lator model/qa’qg/. Then the energy levels are
E=VZwlan+l+z/z), (3.3)

where W 1s the oscil.ator frequency, n and £ +the radial and

10

S S

o casll.

orbital quantum numbers, respectively. The graund-state wave

function is
/
Wier=(p/Nam) Cexp (-pr V2 ), Gy

- > =
where T=(f, -rg Y/¥Z  is the relative coordinate.
Note that the wave function of the harmonic oscillator de-

pends on the only parameter
2
B =2Zmw, (3.5)
where "\ is the quark effective mass. Thus, we have

i/ 2
f: /4T = (W/52) sz /Fj Q, . (3.6)

Under the assumption that @y~M, the dimensionless quantities

fvz /4T should obey the condition
$2/41)QE =comt . (3.7)

For the usual Pﬂ y W- and @ -mesons this relation is well

1
fulfilled for & =4%20 (this value foliows from the, quadratic
mass formulae/27/). For the new mesons the constancy (3.7) pro-

ceeds from the assumption that the angle3 is opposite in sign

to 8 :
- 7
§=-8:-4"20". (5.8)
The check of eq. (3.7) is presented in Table 2. ‘e see that this
relation holds separately for the usual and new mesons., This

means that the parameters of the harmonic oscillator are different

for the usual and new nesons, Table 2 gives the values of GV also.

1



Under the assumption that quarks are point-like particles
the mean square radius of the meson electromagnetic form factor

is

2./2 .
<. =37 (3.9)

Its values also can be found in Table 2, For the usual mesons
these values appear to be somewhat smaller than the experimental
pion radius 0.68+0.05 F/28/, that possibly hints at the presence
of the proper sizes of gquarks. In any case, in the model under consi-
deration the new vector mesons have sizes essentially smaller
than those for the usual mesons. This conclusion is supported by
the decrease of the slope parameter of the diffractional cone
observed in experiments on photoproduction of the new mesons/29"50/.
Within the impact paraméter approach this slope may be connected
with the characteristic dimensions of the overlap function

B~ R

overlap of two Gaussians characterizing the distribution of hadron

. If this function is supposed to result from the

matter inside the colliding mesons and nucleon, then it is also
2 2 - -
a Gaussian and R ~<rz>"*<r >N ~ (!M +P : . From Table 2, assuming
the w -meson slopeBlw)= 8+1 (Gev/c)'zl'zz’/ we obtain the fol-
lowing 3/% -meson slope
-2 -2 -2
B(3/y)= Bw) (PTW* Bo,d/20,,
-2 (3.10)
% 4.7+0.6 (Cev/c)
that is in qualitative agreement with the experimental values
- - 0)
~ 4(Gev/c) 2 /29/ and 2.9+0.3 (Gev/c) 2/3 /.
Now let us estimate the effective mass of quarks constituent

of the new mesons. Assume that the observed in ete —annihila-

12

e e

. ”
tlon/51'52/ broad resonance Yy (4#100) is the radial excitation of
the¥/¥(3095)-meson. Then from egs. (3.3) and (3.5) we have

2
~ ?_E CI/y)
m = 4.3320.12 GCev . (3.11)

V m(p*y-m (/)

This value is close just to half mass of the 3/¥ -meson. Thus,
the effective mass of quarks constituent of the new mesons appears
to be essentially larger than that for the usual mesons.

On the basis of egs, (3.,1) and (3.2) with the additional
factor 3/2 for the value at zero of the wave function of the
oscillator first radial excitation we estimate the decay width
of 1Phk4100)—meson into the lepton pair

’” 9= 2 *p~
r(,*,..g 4 )=_;_[E%3] r(r/q;—»E £)= 414205 kev . (3.12)

This estimate correspondgto the experimental value/aq/.

There must exist also the orbital P -excitations of the

J/¢ -meson with total momentum,parity and charge conjugated parity

IPC=-O~*,4*'! 2" . These states are situated in the range of
mass 3.6 Gev between the ground state and first radial ‘excitation.
At present it is difficult to establigh whether these levels
relate to the intermediate levels observed in ¥y ~decays of the
q:’(5684)—meson/55’54/. It should be noted that in this scheme
such ¥y -~transitions are highly suppressed due to the factor
sin? 8 2 5-10_5. There should occur also analogous ¥ -transitions
of $/(3684)-meson to the P -states of Fo—meson with the subsequent
decay of these states mainly in the odd number of pions.

And finally, it is natural to expect the presence of the
radial excitation of the‘¢'(5684)-meson. It,probably, is related
to the enhancement of ete —annihilation observed at 4.45 Gev/52/.

13




The lepton width of this resonance should be about half lepton

width of the w”(4100) and equal to ~ 2 keV. The direct decays
¥4

(not to P (3684)-meson) of this resonance to hadrons should be

accompanied by the kaon production.

4. Radiative Decays to Hadron and Photoproduction of New Vector
Mesons

The electromagnetic current (2.5) contains both the usual
singlet and unusual octet in "colour" components. As a result,
the ¥ -transitions are possible of the new vector mesons to the
usual pseudoscalar ones., The ispspin selection rules following
from the unitarity structure of the electromagnetic current per-

/7/

mit the transitions
TPED) o $EG) -y N0 1% 0%, Aann'e )

Note that within this scheme the decay ¥/ -» Wy is forbidden
and the widths of decays to W-and ﬁ'-mesons obey the following

ratios

(T =>yn "y T/ =¥n): TS yn'y: MY yn)

4.2

=2:4:4:2 (4:2)
Estimates for the widths of transitions (4.1) on the basis

of the '"naive'quark model are of the order of a dozen or several

dozens of ueV/9111920,2V/ g0y decays are treated as HMI-transiti-

ons due to the spin flip of one of gquarks. The transiticns of

the usual to usual mesons, e.g., the decay w» W%y , are not

followed by the change of effective mass of the excited quark

and occur due to the normal Dirac magnetic moment of a guasi~free

14

quark., On the contrary, the radiative decays (4.1) of the new
vector mesons to the usual pseudoscalar oneé in our model should
be followed by changing effective mass of the excited (and
"spectator") quark and may proceed only due to the anomalous
transitional magnetic moment/7/. The value of the latter is not
known and one may only conjecture that it is essentially smaller
than the value of the normal magnetic moment (see also réf./Bs/).
It should be noted that an additional suppression of transitions
(4.1) arises due to the smallness of the wave length of the emit-—
ted photon in comparison with the meson dimension and it may
appear to be very significant as has been supposed by some authors
who used empirical form factors/9’11/.

For the above reasons we cease to calculate the radiative
transitions (4.1) within the quark model. Instead, we consider
them within the vector meson dominance (VilD) model., Then we

arrive at the following ratio of widths

(T >n+¥) 'gz,c;f‘,(om.f

FT(wT%Y) 2797.)(;?. (o) K

s (4.3)

where g and 5 are the constants for the strong interaction vertex
for the usual and new wector mesong, resp.,f;ﬁg)the transitions
"vector meson-photon" on the photon mass shell(qzzo) , K,.I and
K’—ﬂwmmmmofﬂmpmwwdn—mﬂﬂ-mmm.Mwe@uh
mental (preliminary) value is[(T/4-»N¥)x95+23aev 736/, Using
“he valuel;’no,“O.S?p(.%]/, from eq.(4.3) we get

§z’(;/zw(°m §x10 °g % £ 2 (o) (4,4)

From eq. (4.4) it follows that the strong suppression of radiative

15




transitions (4.1) can be due to the two reasons:
1) The strong interaction of new mesons with usual hadrons

is suppressed in comparison with that for usual mesons/8'57/

; 4,
,%“v"vi’n R (43

2) The "vector meson-photon" transitions on the photon

nass shell obey the inequality/7:57/

2 -z
fnw“’)«fww)' (4.6)

Obviously, for analogous reasons there is a suppression
2
of the photoproduction of new mesons on nucleons/)7/. Consider

this process as the diffraction production in the ViD framework

d& oL 2

— (¥N=>VN) = G (VN)
2 tot ’ €D

dt 4520

whereG&d(VN) is the total cross section for a mesonV on a

nucleon N . Our basic assumption is that the same constant

(3 or § ) defines both the strong vertex in radiational transi-

tions (%vvn or%VVn ) and the amplitude of diffraction scatte-

ring of vector mesons on nucleons (SVVP or %, ) Then, on

We
the basis of the optical theorem for the latter process we may

suppose the validity of the following relation

~2 2
g /e, (TI¥N) = g*/6  (wN) | (4.8)

Using egs. (4.3), (&4.,7) and (4.8) we can compose the ratio in-

volving only the experimentally measurable quantities

3
Carpsny)  [de(yN->3/9N)/dt], o Ky

_ . (*.9)
FCw>T%) o3 de(yN>wN) /dt lteo ks

16

Inserting the experimental data

[dEUN+THN Wt Teao = 47.8 +1.5nb/(Cev/e)® at 24cev’ Y |
LB WNI/AY],, = 1275 2.4pb /(0evic)® st g 30av
we evaluate the radiative transition width [(3/Y4-»n¥)x2.8* 0 6kev.
The above estimate could be valid cnly in the order of nagnitude.
The fact that it is by an order larger than the preliminary
experimental value (95+29) V2% may imply that our initial
assumption (4.8) holds with the same degree of accuracy. Note
that for the first relation (4.2) experimantally there are
found the values:~a5/36/ and 432.5/38/.
Finally, we can estimate the ratio of photoproduction

cross sections for I/%-and ﬂﬂ’l-mesons. We consider the first of
them to cousist mainly of the nonstrange and the second of the
strange quarks. Therefore we assume that elastic cross sections
for !'/1.’- and qv’-mesons relate to each other in the same way as
those for W - and Y -mesons, and the ratio of the "vector
meson~photon" transitions on the photon mass shell are the same

as on the meson mass shell, Then we have

Ldstn>7¥03/dtlseo 30,0 30pb/(Gev/er?
5} x
Hecru»w'um\f],‘:o 4.5 G p/(Gevre)®

='{9.5

The experimental ratio is 5.2+1,8 (under extrapolation fromﬁth;h
to t, =0 with the slope B=2.9(Gev/c)?) >, Note the significant
Uncertainty in our estimate due to the lack of available data

on  -meson elastic scattering.

5. Conclusion

We conclude that in the framework of the above J-¥ -meson

interpretation the presence of only two heavy narrow meson reso-

17




can naturally be explained. At the same time the
doublet splitting of these resonances (and, possibly, their
radial and orbital excitations) is predicted, but either it is
within the limits of experimental resolution, or one of the
doublet componénts is not produced at all in the e*e -annihilation.
!ithin the presented scheme also the prediction is unavoi-
dable on the new isotriplet of heavy "Sw, 'é': ~-mesons with masses
approaching thell?-—meson mass. The neutral €°-—meson cannot
be produced in the e*e -annihilation., Nevertheless its P —-ex~
cited states can be produced in ¥ -decays of the1¥'(3684)-meson
with their subsequent decay mainly into the odd number of pions.
The charged heavy mesons could be observed in the decays
xp’ (3684)->th 1‘: /7'10/. The absence of the monochromatic signal
in the spectrum of charged pions in the decay W'(3684)/36/ is
an essential difficulty for the above scheme. At present, however,
the strong interaction of the new mesons with usual ones is unknown.
On the other hand, as we have seen, the considered electromagne-
tic processes can be fairly and consistently described within

that scheme,

The author is sincerely grateful to Dr. S.B.Gerasimov for

numerous discussions of the work,
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