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ABSTRACT

It is shown that i the ay(980)- and [s(975)-mesons

are the four-quark (g°§*) states then they must be

produced intensively enough in the decays ®—n"ny

and ®-—nany respectively, Br(®—>ya;—>n"ny)=

=20-107" and Br(®—vyji—>nny) =26-10"". In the

case of their two-quark (gg) nature the decay inten-

sity is an order of magnitude less at least. That is

why the experimental study of the ®—a"ny and 1. INTRODUCTION

O—-nany decays allows essential advance in the

solution ol the question about the four-quark nature of

the a,(980)and f,(975)-resonances. [t is common knowledge that @ (1020)-meson studies have made

an outstanding contribution to the present particle physics notions
such as the SU(3)-symmetry, the quark model, the Okubo-Zweig-
lizuka (OZI) rule and so on. The ®-meson investigations were car-

ried for a quarter of the century but up to now the interest in this

resonance is far from being exhausted. Only relatively not long ago
“Institute for Mathematics, USSR, 630090, Novosibirsk 90. the rare decays ®—ntan— [I, 2] and ®—+nete” [2] were discove-
red with the branching ratios of an order 10~*. The modernization
of the VEPP-2M [3] and the starting of the new detectors CMD
[4] and SND [5] will give the possibility to study in detail the
®-meson decays with branching ratios of an order 10~* and under
favourable circumstances 1077,

The aim of the given paper is to show that planned perestroika
will allow to obtain the worth-while information on the nature of
the a(980)- (former §(980)) and [o(975)- (former S(975))-me-
sons studying the decays ®—a’ny and ®—nay respectively.

There are rather serious arguments for the four-quark (g%3%)
nature of ao(980)- and [o(975)-mesons [6—11] with a symbolic

structure
Al uu—f—_ddi foskss uﬁ+dd‘ (1)
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© Hucruryr sdeproi duauxy CO AH CCCP r [t is natural from qualitative point of view that if these mesons

are the quark-antiquark (gg) states
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then the ®—ya, and ®—yfo decays must proceed considerably less
intensively than in the gg-case for the OZI-rule. The fact is t}le
®-meson consists of the strange (s5) quarks almost entirely while
the final ao and fo states do not contain the strange quarks.

Below in Section 2 the model of the ®—vya, and ®—7yf, decays
is constructed which is rather reasonable as we believe. In Section 3
it is shown that their branching ratios are expected to be about
9.10~* in the g?%-case and at least an order of magnitude smaller
in the gg-case” . In Section 4 the experimental verification perspec-
tives of obtained results are discussed. Here the unresonant
backgrounds for the decays ®—n'ny and ®—mmuy are estimated
and it is shown that the n’n and mn mass spectra have the clearly
expressed resonance character caused by the ap- and fo-mesons res-

pectively.

2. MODEL OF ®—yao(980) AND ®—>7/o(975) DECAYS

We intend to describe the ®—yao and ®—yfo decays with the
help of the diagrams plotted in Fig. 1. The diagram of Fig. 1,c en-
sures the gauge invariance of the imaginary part of the dﬁca}i’ am-
plitude. A more detailed and refined motivation of the necessity to

{
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Fig. 1. Model of decays ®—yas and ®—7/o.

*) When we call the decays with the branching ratios of ar order of 11 iy intepswe
enough, it should be minded, thal the ®-meson decays into the y-quantum with a
w-energy and a heavy state, close to the ®-meson in mass, are suppresseq by the
factor @ due to the gauge invariance independent of the final products are in the s-
or p-wave. It will be recalled that for the Oy’ (958) decay allowed by the

OZI-rule theory expects Br (®—yn’) = (0.5+-1.0)-107%
4

take into account this diagram one can connect with the correct
construction of the vector meson dominance model [12].

How good is the suggested model? The model seems to describe
the imaginary part of the ®—vya;, and ®—yf; decay amplitudes
practically exactly. It is simply not clear what intermediate states
other than KTK~ could give a visible contribution. Note that the
imaginary part of the Fig. 1,c diagram arises only il the invariant
mass of the n’n (am) system, into which the ay (fy) decays, is more
than 2my. .

The sum of the Fig. | diagrams converges and gives the finite
real part. But as in the case of yy-scattering it is determined in ad-
dition according to the gauge invariance condition that the ampli-
tude vanishes when the y-quantum energy vanishes. Of course, this
property takes place for the imaginary part of the sum of the Fig. |
diagrams from the very beginning.

Generally speaking, the more heavy intermediate states
K'K4+ K'K, K'K" and so on could change the real part of the decay
amplitude. Besides that taking into account the K* K~ intermediate
state with help of the Fig. I diagrams is approximate because in the
dispersion integral language we describe the integrand with the
help the K™K~ —vyao (fo) amplitudes in the Born approximation in
the whole energy region that is justified near the K* K~ channel
threshold only. Therefore the decay amplitude real part calculated
here must be regarded as a guide. But at the same time we have
grounds to hope that the approximation is good enough if ao and fo
have the ¢?g? structure. This hope is supported in particular by the
circumstance that in the g°g*-case the ao production by the yy colli-
sion is described well by the yy—K*™ K~ —a, model [11] connected
with one under consideration here through the analytical continua-
tion in the frame of the vector meson dominance model.

Let us introduce the amplitudes

M(D—yR; m)= gg(m)-(ED)-&ly)),

3

R =aq, fa, ()

e(®) and €(y) are the ®-meson and y-quantum polarization vectors
in the ®-meson rest frame.

ST AR el 2 mE 4

I(®—yR;, m)= 50 o (l mf:.) (4)

m is the invariant mass of the ab state into which the R-meson
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decays, m=mgq, a and b are the pseudoscalar mesons. Using this
amplitudes one can find the width :

; e A mU(R—ab; m) I(D—yR; m) 5
L m.,j Gk [ Da(m)I? S
l/DR(m} is the R-resonance propagator, see (9)— (11) below.
I'(R—ab; m) is the width of the R-meson decay into the ab state
w1th the invariant mass m, see (10).
The calculation of the Fig. 1 diagrams gives for m <Z2my.

il e L 1 —p*(m) O
grlm)= Sy oK K~ BRK*K {H— o) — o) [2|p{ )larctg —— oy
— p(mg)- Mme)+inp(mg ) — (1 — p*(me)) X
@+iMmolf (g 1Y .
S (arcte Ip(m)l) )]} (©)
here

i 4m,{"." i 1 4 plm) ﬁ_ giinli
il Vi"_ ot gy T I—p(m)’ 4= . 137’

D(M—> K+ K~)= ; g“;’fﬁ K 1 p%(Mey) -

For 2my. <m

gr(m)= 5 ok gk k- { 1 =S [olm)-(m) i) —

My )

— (g (Mmg)—im) — =2 (- idlmg ) — (- Mm)P)]} . (®)

9(2n)?

3. NUMBERS AND OTHER DETAILS
IN g°3> AND ¢g-MODELS

In the table we present the branching ratios of decays
D—>yag—>n'ny, ®—>yfo—>nny and ®—y(ao+fo)>yKK for the ¢°g*-
and gg-schemes.

We used
Di(m) = mp — m?®4 Re p(mg)— Ig(m), (9)

where the term Rellp(mg)— Il (m) takes into account the finite-width
corrections [9]

lgm) = Y11(m).

Im I1§’ (m) = mI(R—ab; m) = ‘?M ~ par(im), (10)

o) =\ J(1-"5) (1 —52). me=mum

The final particle identity is taken into account in the determina-
tion of graa.
Let me=> my, then for m=m

”E%m}: E?eu.!: I:m+m~~ 1nmb_|_

2

16m 1 90/) Ty
2 2 2
3 e Vm? —m? = —m} : 11
+ ool i Tt k) | i

For m< m, the analytic continuation determines ITg (m) [13].

We considered the finite-width corrections due to the n’y-, KK-,
n'n’-channels for the ag-meson and the mnn-, KK-, nwm-, wm’-,
n'n’-channels for the fy-meson.

In the ¢*g*-model the ao- and [o-mesons are coupled to the
KK-channels strongly (in the Zwieg superallowed way) [6, 7, 9, 11,
13} : We put in [7, 9, 11 13]

2 2 .
Cak " __ Bul'K _9 3 GeV2. (12)

4n 4x

Besides that, in the ¢®§*-model the following equations [6, 7]
are valid:

B = V2 Bt x-S (Bp4-05)= 085G, 00 -,

Zover = V2 Bakrk- €08 (Bp4-0,) = — 1.13 goorr k-
Gk = —Gak K G = — G » (13)
Lo = Lrox+ k- Sin2 (0,4 0,) = 0.96 gf x+x- ,
G = — V2 Gk C0S2(B,+0,) = — 0.40 gk~ -

It follows from (10), (12) and (13) that I'(ap—>a"n; 0.983) =
=275 MeV. It will be recalled that in the four-quark interpretation
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the narrow structure with the 54 MeV width, observed in the
n’n-channel, arises against a background of the broad resonance
due to the KK-channel opening whose threshold is situated near the
resonance mass [7, 9, 11, 13].

The caku!atmns were carried out for R= gM K /gfm —8. The
processes mm—nm and mn—KK permit the wide enough range of
R=4-=10 [9, 13], but it does not influence our result. For
example, if R=5 then Br(®—yfi—nny) increases by 2304

In the gg-model (2) we used according to the quark counting
rule for the ag-meson

gﬂunq Qgﬂuf{ K7, cas (ﬂ —I—ﬂ ) = 16 gﬂnﬂ' F KT

(14)
Bagn' = zgﬂnﬁ+f(_ Sln{ﬂp'"l_aﬁl‘] = 1.2 BaoK K~ -

For the fy-meson
Gfontn~ = 28K+ K~ »
n= V2 Gkrk- €052 (8p00) = 0.91 g k-

gﬂlf‘f'l'ff_ e gﬂnf‘f" KTy

oy = Ejox+ k- SIN2(0,40,) = 0.96 g x+x- - L
o'y’ \/7 k- sin®(0p+0g) = 0.51 gj,x+x- -
Besides that, we put in
gl /An=0.33 GeV2,  D(ag—>mn; 0.983)="54 MeV . (16)
In (13) — (15) it is used 0,= —18° which seems to be most

grounded at present, 8,=054°.74. It will be mentioned that the naive
gg-model (2), (14) and (15) not only is unable to explain the pri-
mary coupling of fy to the KK-channel, R>>1, but also predicts, as
it follows ‘from (10), " (14), (15) and (16), T (Jo—>nn;0.97d) =
=190 MeV in disagreement with the experiment. That is why we
considered one more version of the gg-model with

o =58 (17)

which explains the suppression of the fo-meson coupling to the
nn-channel but, of course, is doubtful for almost exact degeneracy
of the ap- and fy-meson masses.

From (2) and (17) by the quark coupling rule it is obtained in-

stead of (15)
Bkt i \/—.-‘_E.‘amwr'

8o = \/2 gkt k- Sin®(0,40,) = 0.51 g k-,
Lo = — o+ k= 5N 2(0p+0g) = —0.96 gox+ k-

iy = {gfu.f{ 'K cos’ { H+BU T Oglgfnﬁ’*ﬁ_

(18)

The equations (14) and (16) take place as before. Besides, we used
R=4 which correspond to I (f—nn;0.975) =24 MeV as it follows
from (10), (16) and (18).

It is of interest that both versions of the gg-model gives practi-

cally the same results for the f,-meson, see table.

It goes without saying that in both cases Br((b——»?aﬂ—av:rr, 'rnr) is
the same and overestimated for sure because the K’K+ K'K, K'K"
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and so on heavier intermediate state contribution to the real part of
the ®—vyay decay amplitude must compensate the KK~ -state one
to realize the OZI veto. The last observation is also true for the
real part of the ®—yf, decay amplitude in the gg-model (2) in its
naive understanding, that is without taking into account the transi-
tions between the quark and gluon freedom degree which are pos-
sible in the isoscalar scalar channel.

At the calculation of the ®—vy(ao+fo)—=>yKK decay amplitudes
the equation (5) was modilied with due regard for the a, and
fo-meson interference. According to our model (Fig. 1) the a,- and
fo-mesons interfere destructively in the ®—y(ap+fo)—>yK'K® decay
owing to the isotopic invariance, ¢, x+x- = — Qoo » G’ k- = k'R »
which leads to its extremely small branching ratio, see table.

4. CONCLUSION. EXPERIMENTAL PERSPECTIVES

The backgrounds of the decays ®—n’ny and ®—nny, unreso-
nant in n’n and an invariant masses, are determined by the proces-
ses O—>p’n">n"ny and ®—>pr—nny (Fig. 2), which we calculated
using the standard characteristics of the vector mesons [l4], the
quark model and the vector meson dominance model. As it is seen
from the table, the intensity of the background processes is about
an order of magnitude smaller than that of resonance ones in
four-quark case. Moreover, in this case the mass spectra of the re-
sonance and background processes do not intersect practically (Figs
3, 4). That is why there is no visible interference between the reso-
nance and background amplitudes and on the whole the n’y and sn
mass spectra have the pronounced resonance character. It is impor-
tant to note that the resonance shape of the spectra is due to
Img, (m), which, as was mentioned above, are calculated practically
exactly and contribute 20 —259% of branching ratios (Figs 3, 4).

In the gg-model it does not seem possible to extract the ag- and
fo-resonance contribution from the background in the decays
®d—->n'ny and P—-nny.

Unfortunately, even if the experimental possibility is very good,
one can not use the ®—>yK" K~ decay to study the ao and f, nature
because the bremsstrahlung determines this decay completely. Its
intensity is more than two orders of magnitude larger than the re-
sonance decay one in the g”g-case. And nevertheless, the absence of

10

Fig. 2. Backerounds unresonant in n’n and nin invariant masses.
- 1

the decay ®—>yK°K" (its extremely small value) is the sign in
favour of our model.

It will be noted that the bremsstrahlung does not prevent from
studying the ®—ntn~y decay because the decay ®P—ata™ is
small, Br(®—n*tn~)~10"* [14] and, in consequence, the brems-
strahlung is two orders of magnitude less intensive than the reso-
nance decay in the ¢*g*-model.

Let us sum up. From the experimental point of view the study of
the ®—n"ny and ®—nny decays with a branching ratio of an order
10~* will be the practical problem in the near future. From the
theoretical point of view this problem is rather tempting because the
search of the ap- and f[o-resonances in tne ®—ypa, and P—7fo
decays is if not the experimentum crucis in the true sense of the
word, then, at any rate, permits to advance essentially in the
solution of the question about the four-quark nature of the a(980)-
and [p(975)-mesons. Particularly, the most important consequence
of the four-quark interpretation, namely the strong coupling of the
a0(980)-meson to the KK and n’y-channels (see (12) and (13)),
the «broad» ag(980)-meson [6, 7, 9, 11, 13], can be finally checked
practically conclusively.
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Fig. 3. n'n-mass spectrum. A solid line is d—yag—>n"ny process, a dashed line is
d—>yfo—nay process, a dashed-dotted line is the contribution due to Img,(m) only,
see (6) and (8) in the text.
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Fig. 4. nm-mass spectrum. A solid line is ®—yf; —nny process, a dashed line is
®—pn—>nny process, a dashed-dotted line is the contribution due to Img; (m) only,
see (6) and (8) in the text. '
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