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Abstract

We study the mechanism of production of the light scalar mesons in the DF — 77~ eTv
decays: DF — ssetv — [0(600) + fo(980)]etvy — wt7m~ etr, and compare it with the
mechanism of production of the light pseudoscalar mesons in the DI — (/1) eTv decays:
D} — ssetv — (n/n') etv. We show that the s5 — o(600) transition is negligibly small
in comparison with the s§ — f3(980) one. As for the the f5(980) meson, the intensity of
the 3 — fp(980) transition makes near thirty percent from the intensity of the s5 — 7,
( ns = 85 ) transition. So, the D} — 777~ eTv decay supports the previous conclusions
about a dominant role of the four-quark components in the ¢(600) and fo(980) mesons.
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At present the nontrivial nature of the well-established light scalar resonances f((980) and
a(980) is denied by very few people. As for the nonet as a whole, even a cursory look at PDG
Review [1] gives an idea of the four-quark structure of the light scalar meson nonet, ¢(600),
x(800), f0(980), and ap(980), inverted in comparison with the classical P wave gg tensor meson
nonet, f2(1270), a2(1320), K5(1420), ¢5(1525). Really, while the scalar nonet cannot be treated
as the P wave ¢@ nonet in the naive quark model, it can be easy understood as the ¢2g? nonet,
where o has no strange quarks, x has the s quark, fg and ag have the ss pair. Similar states
were found by Jaffe in 1977 in the MIT bag [2].

By now it is established also that the mechanisms of the a((980), fo(980), and ¢(600) meson
production in the ¢ radiative decays [3, 4, 5, 7, 8], in the photon-photon collisions [9, 10], and
in the 77 scattering [7, 8] are the four-quark transitions and thus indicate to the four-quark
structure of the light scalars [11].

In addition, the absence of the J/¢¥ — 7 f(980), ap(980)p, fo(980)w decays in contrast to
the intensive the J/1 — 7 f2(1270), vf5(1525), a2(1320)p, f2(1270)w decays intrigues against
the P wave ¢q structure of ap(980) and f((980) also [12].

It is time to explore the light scalar mesons in the decays of of heavy quarkonia [13, 14, 15,
16]. The semi-leptonic decays are of prime interest because they have the clear mechanisms,
see, for example, Fig. 1.

As Fig. 1 suggests, the Df — ssetv — [0(600) + f0(980)] eTv — ntn~ eTv decay is the
perfect probe of the ss component in the o(600) and fp(980) states [13, 14].

Below we study the mechanism of production of the light scalar mesons in the D —
mtr ety decays: Df — ssetv — [0(600) + fo(980)]e*v — 7Fn~ v, and compare it with
the mechanism of production of the light pseudoscalar mesons in the D — (/1) e™v decays:
Df — ssetv — (n/n')etv, in a model of the Nambu-Jona-Lasinio type [17].
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Figure 1: Model of the D} — o/foeTv and DI — (n/n') eTv decays

The amplitudes of the D — P(pseudoscalar) etv and DI — S(scalar) et decays have
the form

MDD} (p) = Plp)W*(q) = P(p1) etv] = GEVeaVaLl®,
M[D{ (p) — S(p1)W*(q) — S(pr) etv] = TEVisAaL®, (1)

where G is the Fermi constant, Vs is the CKM matrix element,

Vo =L@ +p1)a+ L) —p)a,
Ao = 3@ (0 +p1)a + [HEP) (0~ p1)a
Lo = rya(l+5)e, q¢=(p—p1)- (2)
The influence of the f¥(¢?) and £9(¢?) form factors are negligible because of the small mass

of the positron.
The decay rates in the stable P and S states are

dr(Dy —Pet G3lVes|? dr(Df —Set G2 |Ves|?
O = SRl L), TP = S ) )

dq? 2473 dq? 2473
m | —2m? | (g2 +mp)+(q2—m})? m? | —2m? | (¢*+m)+(q?—m%)?
Dy pF P P pf ¥ o s
pi(e®) = \/ Ty , or pi(g?) = \/ P (3)
For the f£(¢?) and f¥(¢?) form factors we use the vector dominance model
P2y — £P(0 m%/_PO 2 S(g2) = £5(0 mi_so 2 4
f+(Q)—f+() 3 2—f+( ) fv(a®), f+(Q)—f+() 2 2—f+( )falg®), (4)
my —q m5 —q
where V = D?(2112)%, A = D,;(2460)*, [1].
Following Fig. 1 we write f£(0) and f7(0) in the form
f—f(o) = ngchPg.SEP ) f—f(o) = gD;rchSgS.§S ) (5)

where g+ - is the D} — ¢5 coupling constant, gssp and gszs are the ss — P and s§ — S
coupling constant.
We know the structure of n and n’

1 =1q COSH — 15 sing, n':nq sin ¢ + 15 cos ¢, (6)



where 7, = (utt + dd)/v/2 and s = s5. The angle ¢ = 0; + 0p, where 6; is the ideal mixing
angle with cosf; = \/1/—3 and sinf; = \/2/—3, ie., 6; =54.7°, and Op is the angle between the
flavor-singlet state n; and the flavor-octet state nsg.

So,

9ssn = —Usans sin ¢7 9ssn’ = YGszns COS (;b . (7)

Particle Data Group [1] give the 6 p band —20° < 6p < —10° that gives us the opportunity to
extract information about the ss — 7 coupling constant, gz, , from experiment and to compare
with the s5 — fo coupling constant, g.ss,, extracted from experiment also. We consider the
next set of Op.

Op=—11°: n=0.72n9 —0.69ns, n = 0.69n9 + 0.72n;
Op=—14° :  n=0.76n — 0.65175, 1 = 0.65n9 + 0.767;
Op=—18°: 1 =08 —0.6ns, n =0.6ny+ 0.8ns. (8)

The amplitude of the the D — ssetv — [6(600) + fo(980)] eTv — decay is

_ _ G
M(D} = ssetv - atr etv) = LV LY (p + p1)a ID%es fa(d®)

V2

s ST
XGZ(SB

1
A(m) (Fagsgono (m)gmr+7r* + Fags.§a]-_-[crf0 (m)gfmrer*

+ Ffogsgfonfoa(m)gaw+7r* + Ffogs§f0DU(m)gf07r+7r*> ’ (9)

where m is the invariant mass of the 77w system, A(m) = Dy (m)Ds(m) — 1,6 (m)I, ¢, (m),
Dy(m) and Dy (m) are the inverted propagators of the o and fy mesons, I, (m) = Il,s(m)
is the off-diagonal element of the polarization operator, which mixes the o and fy mesons. All
the details can be found in Refs. [7, 8, 10].

The double differential rate of the D} — ssetv — [0(600) + fo(980)] ety — 7t~ etv
decay is

d’T(Df - ntn=etv) G|V 5
dg?dm = " 9473 Iptes

1fa(d®))? pi(q% m)

st

Fags§ano (m)gmﬁ'w— + Fagsgonafo (m)gfmﬁ‘w—

2
+ Ffogs§f0Hf00(m)ga7r+7r— + FfogS§f0DU(m)gfo7r+7r— ) (10)

where prr(m) = /1 —4m2 /m?2.

When Il; 4 (m) = Il,5(m) = 0 and gsse = 0

d*T(D} — atn=etv) _ G2 |Ves|?
dg%dm 2473 7Dics

2012, 3,2 2 m*T(fo — 7" n~m)

(11)

Results of our analysis of the CLEO [13] data are shown in the Table and on Figs. 2 and 3.
The parameters of the ¢(600) and f((980) mesons are taken from Fit 1 of Ref. [8] which describes
the spectrum on Fig. 2 better than others. When fitting the spectrum shape, we found f7/f fo =
(Fr9sso)/(Ff,9s5f,) = 0.039, that means the practical decoupling of ¢(600) with o4 = s5 [18]

and agrees well with the decoupling of ¢(600) with the K K system, 93K+K: /ggﬁﬂ_ = 0.00177,
see Fit 1 in the Table I of Ref. [8]. The decoupling of o(600) with the K K system means also
the decoupling of ¢(600) with o4 = (uti + dd)/v/2 because o4 results in g2, /9>, — =1/4.
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So, the CLEO experiment gives strong support in favour of the four-quark (udud) structure of
the o(600) meson.

In the chirally symmetric model of the Nambu-Jona-Lasinio type the coupling constants of
the pseudoscalar and scalar partners with quarks are equal to each other, i.e., gsz;, = Gssfo.»
where fps = s5. In approximation when the mass of the strange quark much less the mass
of the charmed quark (m,/m. < 1) Fy, = F [19] and we find from the Table (see the
last line) that gigfo/gigns ~ 0.3. So, the fos = s5 part in the fy(980) wave function is near
thirty percent. Taking into account the suppression of the fy(980) meson coupling with the 7
system, gj%oﬁr /gJ%OKH{, = 0.154, see Fit 1 in the Table I of Ref. [8], one can conclude that

the fo, = (vt + dd)/+/2 part in the fo(980) wave function is suppressed also. So, the CLEO
experiment gives strong support in favour of the four-quark (sdsd) structure of the fo(980)
meson, too.

The CLEO collaboration selected only near 44 events of foetv (near 90 efficiency corrected
ones). So, urgently requires an experiment with higher statistics.

Of great interest is the experimental search for the decays D° — ag (980) ety — m ety
and DT — a8(980) eTv — 7% et (or the charge conjugate ones), which will give the informa-
tion about the a; = du (or af = ud) and ag = (uti — dd)/+/2 components in the ay (980) and
a8 wave functions respectively.

No less interesting is also search for the decays Dt — [0(600) + fo(980)] et — afn~ etv
(or the charge conjugate ones), which will give the information about the o, = (u + dd)/v/2
and fo, = (uti + dd)/+/2 components in the ¢(600) and fo(980) wave functions respectively.

Creating a super-b-factories will give opportunity to study the production of light scalar

mesons in semileptonic decays of bottomonium, whose mechanisms are more transparent.

Table. Results of the analysis of the CLEO [13] data. All quantities are defined in the text.

Br(D} — foetv — ntn~etv) =0.17%
(Fo9sso) [ (Fogssfy) (Fjgogggfo)/(Fggggn) (Ffogggfo)/(Fgfgggn') (Fﬁgggn)/(FiQén/)
0.039 0.67 0.49 0.73
The n — ' mixing
0p 11 140 —18°
(F;, 9235 1)/ (7 gs;ns) 0.32 0.29 0.24
(F2 %)/ (F2 g2, 0.27 0.28 0.31
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Figure 2: The CLEO data [13] on the invariant 77~ mass (m) distribution for D} — n#fr~etv
decay with the subtracted backgrounds, which are calculated in Ref. [13]. The dotted line is
Fit from Ref. [13], Fig. 9, corresponding to BR(D} — fo(980) e™v) BR(fo(980) — 7+ 7~ ) =
(0.20 £ 0.03 £ 0.01). Our theoretical curve is the solid line.
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