Is there evidence for the four-quark nature of the 5 meson?
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It is shown that experimental data for the scalar § meson can be interpreted in favor
of the four-quark model (gq7q).

PACS numbers: 12.40.Cc, 14.40. — n

The title of this paper has been put in the form of a question because all the
analyses'™ of the experimental data for the § [I¢(J ") = 1~(0%)] 980-MeV meson"’
thus far have contradicted the four-quark (g¢gg) model® of the & resonance. This
statement must be clarified, since no such conclusions have been reached. The fact is
that the four-quark model definitely predicts the relation®:
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for the coupling constants of the § meson with pseudoscalar mesons. All analyses
taking into account the relation (1) (see Refs. 1-4) give I, = 80 MeV and a relatively
smallei value I' . =50 MeV for the total effective width, because of the influence of
the KK channel. It is clear that in this case we cannot regard as “superallowed” the
8—mm decay, which is not suppressed because of the phase volume of the decay pro-
ducts. Such assumption contradicts the spirit of the four-quark model, which predicts
a “superallowed” (i.e., strong) coupling of scalar mesons with pseudoscalar mesons.®
The scalar mesons in the four-quark model “consist” of pseudoscalar mesons® in some
sense; for example,

6" =ssnp,andK~ @ K° = ps & 5n, o= X n = pn & ‘pp - nn
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Therefore, the total widths of the scalar mesons should be of the order of 500 MeV, if
their “superallowed” decay channels are not suppressed because of the phase volume.

In this paper we show that the experimental data' (see Fig. 1) indeed are in
agreement with the four-quark model. How is the information extracted from the data
of Ref. 1? We assume at the outset that the data for the 7 mass spectrum (Fig. 1a) are
described by a narrow resonance above the high background that is proportional to the
77 phase volume.'™ In this case a high background is needed to account for the KK
spectrum. Such an analysis, however, cannot be used to look for the tracks of the
(g9qq) states. We must attempt to explain the data by assuming a strong coupling
(“superallowed”) with the 7n.and KK channels. The peak in the 77 mass spectrum in
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FIG. 1. Mass spectra of (a) 777 and (b) K "K° systems in the reaction
K " p—>073 Ye—m 1K “K 3 . The solid lines represent our results and the dashed
line shows the fit of the data from Ref. 1, which were obtained by assuming that the &
resonance is narrow {I",,, =72 MeV) and the background is large (see ----- curves) in the
7~ 1 and K°K ~ mass spectra.

this case must be related to the KK threshold situated next to the resonance mass. We
have performed such an analysis in this paper by using the following mass spectra:

dN 2 '"sFa_"_
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. 2
We assume that m, >m,, m , =m, + m,; thus for s>m”,

*
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IT5s) for s<m?_ can be obtained by analytical extrapolation. (ab) = (my, KK, 7).
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IT 2(s) — Rell *(m}) is the contribution from the (ab )-loop to the self energy of the &
resonance. This value takes into account the corrections for the finite width of the
8—ab decay. We should emphasize that the corrections for the finite width are highly
important for scalar mesons, since we are dealing here with “superallowed” coupling
constants for the first time.

The results of our analysis are shown in Fig. 1. As seen in Fig. 1, a completely
satisfactory description is obtained without the introduction of any background. We
have also taken into account the 75’ channel which has a noticeable influence on the
KK spectrum for s'/2>m,, + m,, = 1.1 GeV. We used for this channel the prediction
of the (99qq) model, g;,,, = gs-x-x°/V'3 [see (2)]. We obtained the parameters

g5 - K-K°
m = 985 Mev, ——* K7 _ 966 (ev)?s

7

T5mq (m5 ) = 280 MeV, T5_p-xo (s = 1.2 (GeV)? ) =250 MeV.  (8)

With the existing statistics a choice cannot be made between our description and that
using a narrow & resonance and a large background.

We have recently obtained evidence favoring the four-quark model of the S*
meson.’ The (gq3q) model predicts that gg.x+x- = gsx +x-. The value obtained in
this investigation for gk - is in good agreement with our results for the S * meson
(see A, C, H', E, and G in Ref. 7).
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In the near future, we shall investigate at Serpukhov the rare decays of the
D[1285,0%(17")]-meson. It would also be extremely interesting to investigate the 7y
and KK mass spectra of the basic decays D—87—KKr, 7 in connection with an

analysis of the scalar mesons.

We thank 8. B. Gerasimov, A. V. Efremov, V. 1. Zhuravlev, A. M. Zaitsev, L. G.
Landsberg, V. A. Meshcheryakov, and D. V. Shirkov for their discussions.

'J. B. Gay et al., Phys. Lett. B 63, 220 (1976).

’S. M. Flatte, Phys. Lett. B 63, 224 (1976).

3A. D. Martin, E. N. Ozmutlu, and E. J. Squires, Nucl. Phys. B 121, 514 (1977).

‘A. C. Irving, Phys. Lett. B 70, 217 (1977).

SParticle Data Group, Phys. Lett. B 75, 1 (1978).

°R. L. Jaffe, Phys. Rev. D 15, 267, 285 (1977).

'N. N. Achasov, S. A. Devyanin, and G. N. Shestakov, Preprint, Institute for Mathematics TP-109, Novosi-
birsk, 1980; Yad. Fiz. 32, No. 4 (1980) [Sov. J. Nucl. Phys. 32, No. 4 (1980)].





