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The three-triplet quark model of Bogolubov,Struminsky and
Tavkhelidze 2 and Han and Nambu /e/ is suggestive on the new
hadron symmetries and the new particle pattern. It is natural,

/3,4/

therefore,to attempt an interpretetion of 1P;mesons as a

manifestation of the new hadronic degree ‘of freedom offered by

/5/

the model. Earlier we have proposed to interpret the Y ’s

within SU(3) X S5 symmetry atudied by one of the authors /6/ .
The aim of this note is to demonstrate that the same result can
be obtained in the SU(3) X SU(3)° symmetry /e/ ("c" = color)
and to discuss in more detail the predictions corcerning the de-
cays of new particles,
The bagic assunptions we adopt are as follows:
1) The hadrons src classified according to the SU(3) X su(3)¢
symmetry.
2) Masses of the particles related to higher SU(3)¢ - repre-
sentations differ substantially (am 2 2 GeV ) from those of
"usual” hadrons assumed to be SU(3)c - singlets.
3) The SU(3)® is broken by the electromsgnetic interactions.
In particular,the electromagnetic interactions are respon-

sible for decays of new hadrons into "color"-singlet ones.



4) The electromagnetic current has the following structure

J = (8,1%) + Iu (1,8%

= tp2 Yptp2 * tp3¥ptps T tni Ypto T tan Yetar, (1)
where t g (o= pyny,A; i = 1,2,3) stands for the fundamen-
tal quark nonet,

5) The mesons are the tt - bound states and transform according

to

t®t = (3,3°) ® (3,8°) = (1@8,1%) + (1@ 8,8%). (2)

Together with the quantum numbers 1,15 and Y of the usual
SU(3) the meson multiplets are labelled by Ic,Ig and Y® of the
su(3)¢.

Consider now the hyperneutral vector mesons with Ip=Y =
= Ig = Y® = 0. Our main dynamical assumption is the degeneracy
of the mesons with I%= 1 and I%: O when the electromagnetic in-

teractions are absent. "Switching-on" the electromagnetism re-

sults in the "physical" gstate vectors in the form of superposi-

tion
~ 3 1 1 - - -
o _ C_4.aC —11%20-a° = — _ =
v- = 1I1°=1;8"> + 5 117=0;8"> TE‘(Ztltl tztz tsts), (3)
:7"° = - i|1°=1-a°> + -3—u°—o-s°> = -1—(t To= tata) (4)
o 4 2 g ’12? 2°2 33’ *

Accepting the SU(3) breaking to be due to relative increasing
of wmass of the A-quark (but this increase is not necessary the
same in different SU(3)¢ - representations!) we have the usual

vector nonet structure with near "ideal™ singlet-octet mixing.

Hence,the existence is predicted of 3 "doublets"” of new hyner-
neutral vector mesons: (§°,§°),((I)°,ﬁ°) and (?éo,tzo). The
mass splitting of thc doublet members should be of the order of
a few MeV (i.e.,of the order of the meson mass splitting in the
isospin multiplets).

It is of primary importance that by virtue of Eqs.(1),(3)
and (4) only two new mesons,ca and q ,are produced in the ete” -
annihiletion considered in the one-photon approximation. We iden-
tify them with the observed Y ’s: 1{)1(3105)5(:‘) , P 5(3695)= $ .
In the "ideal" @ -(.Af mixing approximation,whenq)' consists of the

A ~quark only one obtains the following relation of the leptonic

decay widths /8/

[w=y 8105) »ee™) : [T ( @ =p,(3695) = ee™) = 2:1. (5)

The data analysis 77,8/ gives for this ratio *)

(5.3 % 0.2 kev):(3.3 0.5 kev) = 1.6% 0,25 ,

*)Ip the ratio =2 . =% = 2:1 is adopted for dimensionlcss
constants of the "Sﬁoton—vector meson" transition then,instead
of (5),for the ratio of leptonic widths we have the following
value 2m(“¥1)/m(‘22) = l,g? ;zIt_is also of interest Fo notice
that the ratios g;, :g;:g; - :gé—‘ = 9:1:2:8:4 including both
constants gy and gy Aare strongly violated. If,however,these ra-
tios are rewritten in terms of widths themselves we obtain un-

expected good agreement with experiment

il P ete™): [ (w->e+e_):lr(kp +ete )t (D »ete) i (Fre'e™)
9 2 8 4

=(0.72% 0.10):(0.76% 0.08):(0.67% 0.07):(0.66 % 0.07):(0.82% 0.12)
(II"1 = keV).In the framework of the SU(4)-model with the "charmegd"
querk these ratios have been noted by Yennie 7/,of course,with

exception for 1P2(3695) prediction for which is a peculiarity of
the model under consideration.



The isosnin selection rules follow from unitary structure

of the electromagnetic current

G217y, x

§ >y x(M11 T A Agyees (6)

~s ~o " " 3
0,9+ ¥+ x(,1% =

>
)

=M,%,... (7)

The critical point for the model is the necessity of explajining

very small width of Y, (3105):
I (¢, hedrons +¥ ) £ 80 - 100 kev.

Qualitatively we relate this phenomenon with the very large mass
difference of particles involved (e.g., in the channel & =
= ‘\|)1(3105)—¥ Y + N(550)). The "effetive" mass of quarks com-
posing the new (‘l\)) and the "usual" (for instance, 1‘| ) mesons
may be considered to be quite differcnt (for the A -querk it is
seen from inequality mq,, - W > mw -m, ). This fact,in
turn, may result in a strong suppression of the Dirac transition
current,hence,in the suppression of the radiative widths of
(,~u~> X+7, ’]',etc.(the Pauli current of quarks is commonly ac-
cepted inaignificant). However,the virtual photon transitions,
like G’)—» n+ X*—+ 7] +P — 5JX ,may proceed with significant
probability.

We turn now to the strong decays of the ‘l{) 2(3695). The

following transitions

""Pz(z\p)—v P (zw) + 2T, (8)
~ ~ % O 3,0
- -
‘L\Jl(= ¢)— e + TC (3)
are possible. Relying on the Okubo-Iizuka-Zweig rule /9/ we con- .

sider the decay modes (8) and (3) to be due to small admixture of

the nonstrange quarks to the state vector of 1‘! 2 yi.e.,due to the

deviations =0 -9 # O of the singlet-octet mixing angle 0 from

1 X
its "ideal" value 0 35° (tg 9 —1.-5-.-). As a dynamical reason
A
for 9 # 90 we agsume some effective potential V(AS # 0) with
2

dimension either of "msss“" or of "mass", which yields the quark

hypercharge exchange: A - pp(nn), Taking @ = - AX and

w P + n1) as a zero-range wave function we obtain the

o 1‘2‘(p
correction in the first order of perturbation theory (hereafter

2y

we usc the "mass - prescription)
P

[1H]

W

W, + sind- ¢,

(13

@ %@ - sind-w, ,

<Wo\";asl "‘po> <wo\ vAS‘ q)o>
sing = = . (10)

~ ~r ~ ~
Putting spproximately W IV ol @ =<wo| Vael ®.7s

o
we gzet
I 2 2
ains mq; P
3 = = 0.1 . (11)
8in m2~ _ m2~
w
Assuming further g . . =g one ohtains
Pwn (:)wn
1n8 k ol 3 .
U= F o100 Il am) —g ( =527 = 0.2 wevs 22)
=8 Ko

where X is the pion momentum in the c.m.s. of an appropriate

channel and we believe ¢+ 3Jt goes via Q—,PT‘ - 37,



The estimate obtained is in accord,by the order of megnitude,with
data /4/ . (Note that using the linear messs relations in Eqs.(10)
and (11) would give the result as large as 2.5 MeV in xq.(12),
which appears to be also within the experimental limits for

Dot C¥ ) e

To estimate the branching ratio of the three-particle mode
(8) we assume the decay goes via appearance of theG-meson
(JP= O+,IG= 0%) in the intermediate state: 'Cé» C+G> 0+ 2N,
¥We consider the vector fields in the effective Lagrangians to be
taken in the form of the proper contraction of the strength ten-

sors. Accepting roughly g 55 and making use of the

wG-gG&t
Breit-Wigner mess distribution for the G with the parameters

me = 700 MeV and I&.= 400 MeV one gets

Cy,H - ¢ z0 +mr+107)

"e

0.3 (13)

Dy —p+m

in qualitative sgreement with experiment.

Whatever the numerical values might be we should stress
that the main consequence of our model is that the two-particle
mode (9) with the 'f\)'t‘o ~ emission (m.‘s. ?ma; = 3.1 GeV) should
be dominant decay mode of ﬁp 5(3695). The ? ’s from the decay
QP23~> F * +thcould be observed by search for maximum
at ~ 530 MeV/c in the charged pion one-particle distribution

spectrum. (It is of relevance to point out here an independent

evidence/lo/ for the meson resonance X (3145) with ["ot< 10 MeV).

Application of the Okubo-Tizuks-Zweig rule and our results(5)

snd (11) leads to a large suppression factor of order

-——

T

~

1 ain?d = 107 -4

- 10" ° for the cross-section of P> P, + ..
—~e'e” + ... in comparison with the reaction pp— Y 1t e
—ee™ + +eey in agreement with experiments on the (non-asso-

ciative) q)-production in p - Be collisions /11/

Concluding remark will refer to the broad q)3(4150)-reao—
nance with the leptonic width [ ( ¥ ,(4150) e'e”) T 4 kev dis-
covered quite recently in ete” - annihilatiog}%a is naturslly
to suppose the TP 3(4150) = G3Ibeing a radial excitation of the

~

W = 1P1(3105). Then the main decay modes will be as follows:

& (3105) + 27T

\P3(4150)\" N (14)
p =+ T

and the multi-pion configurstions should mainly be observed in
the final states. The symmetry arguments require the existence
of an analogous excited state of the (F = 1y2(3695) with a mass
in the region 4.6 - 4.8 GeV and with the leptonic width equal
to one-~half that of 413(4150). This resonance being composed of
X-quarks will decay predominantly into channels where the
K-mesons should be present.
Finally we would like to state the principal difference

/57

between two new "colored"” symmetries, sU(3)¢ and Sg , with

respect to other vacant states. The SU(3)% admits of the exis-
tence of the long-lived weakly decaying "colored" particles
(with Ig # 0 and Y° # 0) and even the quarks may appear in the
free states/ 2/, while the Sg rules out such particles /6/.
As this note was in preparation, our attention was drawn to

/13/

the preprint by M.Krammer et al. who used the approach ane-—

logous to ours, The substantional differernce between two



/13/

approaches is that contrary to we do not assume the coupling
constants in the vector—vectdr—pseudoscalar vertices to be very
different for the new and "usual" vector mesons (see derivation
of Eq.{(12)). Tn suppress the radistive decays (7) M.Krammer

et al. /18/

made the assumption g F9p << 8 yyp * Other possible
mechanism for the required suppression without using this con-

dition was mentioned in the text.
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