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Light scalars in semileptonic decays of heavy quarkonia
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We study the mechanism of production of the light scalar mesons in the D} — 777~ e™ v decays:
DY — sse™ v — [0(600) + f,(980)]etr — 7t 7 e v, and we compare it with the mechanism of
production of the light pseudoscalar mesons in the D] — (n/%')e*v decays: D] — sietv —
(9/m")e™ v. We show that the s5§ — ¢(600) transition is negligibly small in comparison with the s§ —
f0(980) one. As for the f;(980) meson, the intensity of the s§ — f,(980) transition makes near thirty
percent from the intensity of the s5 — 71, (1, = s3) transition. So, the D] — 77~ e™ v decay supports
the previous conclusions about a dominant role of the four-quark components in the ¢-(600) and f,,(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,
o (600), «(800), f,(980), and a((980), inverted in com-
parison with the classical P wave gg tensor meson
nonet, f,(1270), a,(1320), K5(1420), ¢5(1525). Really,
while the scalar nonet cannot be treated as the P wave
gqg nonet in the naive quark model, it can be easy
understood as the g?>3> nonet, where o has no strange
quarks, « has the s quark, f, and a, have the s§ 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
ay(980), f,(980), and o(600) meson production in the ¢
radiative decays [3-8], 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/i — yf,(980),
ay(980)p, f9(980)w decays in contrast to the intensive
the J/ ¢ — yf,(1270), yf5(1525), a,(1320)p, f,(1270)w
decays argues against the P wave ¢g structure of a,(980)
and £,(980) also [12].

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

As Fig. 1 suggests, the D] — sse*v — [0(600) +
f0(980)]e" v — w7 et v decay is the perfect probe
of the s§ component in the o(600) and f,(980) states
[13,14].
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Below we study the mechanism of production of the
light scalar mesons in the Dj — 7w" 7 e v decays:
D} — ssetv — [a(600) + £,(980)]etv — wt 7 ety,
and we compare it with the mechanism of production of
the light pseudoscalar mesons in the D — (n/7n)e*v
decays: D} — sse*v — (n/7m')e v, in a model of the
Nambu-Jona-Lasinio type [16].

The amplitudes of the D] — P (pseudoscalar) e v and
D} — S (scalar) e* v decays have the form

MD; (p) — P(pW* (q) — P(py)e* v] = SE V.V, Lo,

NG
MID? (p) — S(pOW* (g) — S(pre* v] = SEV, A Lo,

N
ey

where Gp is the Fermi constant, V., is the Cabibbo-
Kobayashi-Maskawa matrix element,

Vo = 2@+ pDa + L@ P = P
Ay =3P+ Pa+ 2@ P = Pe Q)
L, = 7y,(1 + ys)e,

qg=1(p—p)

The influence of the % (g?) and 5 (¢?) form factors are
negligible because of the small mass of the positron.

(a) (b)
*achasov@math.nsc.ru FIG. 1. Model of the D{ — o/ foe” v and D — (n/n)e" v
"kiselev@math.nsc.ru decays.
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The decay rates in the stable P and S states are

dU(Dj — Pe*v) G|V,
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For the ¥ (g?) and f5 (g?) form factors, we use the vector
dominance model
P(2 P my P 2
fi(g®) = f+(0)ﬁ = fL0)fyv(g%),
my —¢q

“4)

5@ =15 0)——=— = 5(0)fa(g?),

where V = D¥(2112)*, A = Dsl(2460)— [1].
Following Fig. 1, we write f£(0) and 5 (0) in the form

fi(o) = gD;'cS'FSgsESJ )

where gp: 5 is the DY — ¢5 coupling constant, g,;p and
gsss are the s§ — P and s§ — S coupling constants.
We know the structure of n and 7':

fﬁ 0) = gD;chPgssPr

n=mn,cos¢p —nsing, 1’ =mn,sing + n,cosp, (6)

= (uii + dd)/~/2 and 7, = s5. The angle ¢ =
6; + 0p, where 6; is the ideal mixing angle with cosf; =

J1/3 and sind; = /2/3, i.e., 6; = 54.7°, and 6p is the
angle between the flavor-singlet state n; and the flavor-
octet state 7g.

where 7,

G -
MDD} — ssetv— mtmetv) = LV, L*(p + p1)a8presfa(qP)es

V2

\/mg; —2md, (g* + md) + (g% — m})?

2mD:

|
So,

8ssm = ~ 8sin, Sin¢’ 8ssy’ = 8sin, COS¢. @)

The Particle Data Group [1] gives the 8p band —20° =<
0p = —10° that gives us the opportunity to extract infor-
mation about the s5 — 7, coupling constant g, from
experiment and to compare with the s§ — f; coupling
constant g extracted from experiment also. We consider
the next set of Op:

0p = —11°: . =0.72m9 — 0.697,,

n' = 0.697, + 0.727,,

0p = —14°: . = 0.76my — 0.657,,

n' = 0.657, + 0.767;, ®)
0p=—18°: n =0.8m99 — 0.6,

n' = 0.6m, + 0.87,.

The amplitude of the D} — ssetv — [o(600) +
£0(980)Jet v — wtr~e™ v decay is

A( ) (rgserfo(m)grnr T

+ F(Tgsia'na'fo(m)gf()ﬂ*ﬁ’ + Ffogﬁfonfoa'(m)grrﬂ' T + Ff(JgS§f0D0'(m)gf07T+777)’

where m is the invariant mass of the 777 system, A(m) =

inverted propagators of the o and f, mesons, and I, (m) =

Dy,(m)D ,(m) —

9

I ,(m)Il, . (m), D,(m) and Dy (m) are the
Il ,(m) is the off-diagonal element of the polarization

operator, which mixes the o and f; mesons. All the details can be found in Refs. [7,8,10].
The double differential rate of the D] — sse™ v — [o(600) + £,(980)]e™ v — 7+ 7~ e™ v decay is

d’T(D} - 7t etv)
dg*dm

_GilVal
2477

UlfA(qz)lZ (q m) mp7T7T(m)|A( ) | |Fo'gsvan0(m)g(r7T T

+ FngSf‘TH‘Tfo(m)gfoﬂ'”f + EfogsifuHfoff(m)go'ﬂ'”f + Ffogsiqu‘T(m)gfoﬂ'”f|2’ (10)

V1 —4m2/m?.

where p.(m) =
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FIG. 2. The CLEO data [13] on the invariant 77+ 77~ mass (m)
distribution for D} — 7" 7 e v 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; —
£0(980)e* v)BR(f((980)— 77+ 77~) = (0.20 = 0.03 = 0.01). Our
theoretical curve is the solid line.

When 11, (m) = Il ,(m) = 0 and g, = O:
d’T(Df -7 7 et v)
dqg*dm
_ GV, [P
2473

2m* T (fo— 7 7 m)
7 Dy (m)?

(1D

When fitting the CLEO [13], we use the parameters of
the resonances obtained in Ref. [8] in the analysis of the
mar scattering and the ¢ — y(o + fy) — 7070 decay.
So the 44 events in Fig. 2 determine only one parameter
f2(0)/ f‘i”(O). In this case the Adler self-consistency con-
dition [the Adler zero at m? near (m2)/2] determines
FLO/ L0 = (Fyg550)/(Fy,8557,) =0.039, 0.014, 0.055,
0.058, 0.032, 0.055 for six fits from Ref. [8]. So the
intensity of the ¢ (600) production is much less than the
intensity of the f;(980) production [(fZ(0)/ f’io(O))2 =
0.003]. That is, we find the direct evidence of decoupling
of o(600) with the s5 pair. As far as we know, this is truly
a new result, which agrees well with the decoupling
of o(600) with the KK states, obtained in Ref. [8]

g5 sl F 4@ i (g% m)

TABLE 1.
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FIG. 3. The ¢? distribution for BR(D; — f,(980)e* »). The
axial-vector dominance model, see Eq. (4), describes the CLEO
data [13] quite satisfactorily.

ngKJ,K_ /gza7+7r_ = 0.04, 0.001, 0.01, 0.01, 0.003,
0.025 for six fits. The decoupling of ¢(600) with the KK
states means also the decoupling of ¢(600) with o, =

(uii + dd)/\/2 because o, results in g2 . /g2 . =
1/4. Results of our analysis of the CLEO [13] data are
shown in Table I and on Figs. 2 and 3. The parameters
of the o(600) and f(980) mesons are taken from fit 1 of
Ref. [8], which describes the spectrum on Fig. 2 better than
others ((Fags?o')/(Ffog\?fo) = 00397 g,z,-KJrK*/g%,-ﬂHrﬂf =
0.04). So, the CLEO experiment gives new support in favor
of the four-quark (udii d) 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,
L.€., &ssm, = &ssf,,» Where fo, = s5. In approximation when
the mass of the strange quark much less the mass of the
charmed quark (m,/m, < 1) Fy, = F, [17] and we find
from Table T (see the last line) that g7 . /g7;, = 0.3. So,
the fo, = s5 part in the f,(980) wave function is near
thirty percent. Taking into account the suppression of
the f;(980) meson coupling with the 77 system,

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

Br(D] — foe™ — wtaretyv) = 0.17%

(Fogs§a')/(Ff(,gs§f'0) (F;zfogfgfo)/(F%]ggin)

(F)z’ogfifo)/(F?y’gffnf) (F%zggfn)/(Fzﬂgffﬂ')
0.49 0.73

The n — 7' mixing

0.039 0.67

Op —-11°
2 52 2 2

(Ffogsifo)/(Fn'ng‘r/‘\.) 0.27

—14° —18°
0.29 0.24
0.28 0.31
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gj%oww, /g?OKW, = (0.154; see fit 1 in the Table I of
Ref. [8], one can conclude that the f, = (uit + dd)/2
part in the f,(980) wave function is suppressed also. So,
the CLEO experiment gives strong support in favor of the
four-quark (sd5 d ) structure of the f,(980) meson, too.

Certainly, there is an extreme need in experiment on the
D} — 7t 7~ e* v decay with high statistics.

Of great interest is the experimental search for the
decays D' —diie* v—a; (980)e* v— 7 netvand D* —
dde* v— al(980)e* v— 7One™ v (or the charge conjugate
ones), which will give the information about the a;, = dit

PHYSICAL REVIEW D 86, 114010 (2012)

(ora, = ud) and ag = (uit — dd)/~/2 components in the
a; (980) and aj wave functions, respectively.

No less interesting is also the search for the decays
Dt —ddetv—[o(600) + f,(980)Je" v— a7 et v (or
the charge conjugate ones), which will give the informa-
tion about the o7, = (uit + dd)/~2 and fog = (uin + dd)/ 2
components in the ¢(600) and f,(980) wave functions,
respectively.
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