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ABSTACT
o -

We study the mechanism of production of the light scalar mesons in
the D} — wtw~ etw decays: D — ssetv — [0(600) +
fo(980)]eTv — wTw~ eTwv, and compare it with the mecha-
nism of production of the light pseudoscalar mesons in the D;“ —>

(n/n’) etv decays: DS — ssetv — (n/n') et v.
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ABSTACT
-

We show that the ss — o (600) transition is negligibly small in
comparison with the s5 — f(980) one.

As for the the f(980) meson, the intensity of the ss — f(980)
transition makes near thirty percent from the intensity of the
8$S — Ms (Ms = 8S) transition.

So, the D;," — T ety decay supports the previous conclu-

sions about a dominant role of the four-quark components in the

o (600) and fu(980) mesons.

|

PHIPSI13, September 9-12, 2013, ROME - p.3/22



Introduction

o N

At present the nontrivial nature of the well-established light scalar
resonances fo(980) and ag(980) is denied by very few people.

As for the nonet as a whole, even a cursory look at PDG Review
gives an idea of the four-quark structure of the light scalar meson
nonet, o(600), ~(800), fo(980), and ag(980), inverted in
comparison with the classical P wave gg tensor meson nonet,
f2(1270), a2(1320), K;‘(1420), ¢’2(1525).

Really, while the scalar nonet cannot be treated as the P wave qq
nonet in the naive quark model, it can be easy understood as the

g @ nonet, where o (600) has no strange quarks, «(800) has the
s quark, fo(980) and ay(980) have the additional s5 pair.

Similar states were found by Jaffe in 1977 in the MIT bag.
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Introduction

-

By now it is established also that the mechanisms of the a(980),
f0(980), and o (600) meson production in the ¢ radiative decays,
In the photon-photon collisions, and in the 7t7 scattering indicate
to the four-quark structure of the light scalars.

In particular, the was shown that the ideal gqg model prediction

2 . o2 _ . : :
9%0(980)vy * 9a2(980)yy — 25 :9 @ is excluded by experiment.

We mean the
f0(980) = (u@ + dd)+/2 and a3(980) = (uti — dd)v/'2

case.
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Introduction

-

In addition, the absence of the J /v — v f0(980), ag(980)p,
fo(980)w decays in contrast to the intensive the J /¢ —
~vf2(1270), v f5(1525), a2(1320) p, f2(1270)w decays argues
against the P wave qq structure of ag(980) and fy(980) also.

It is time to explore the light scalar mesons in the decays of of heavy
quarkonia. The semi-leptonic decays are of prime interest because

they have the clear mechanisms.
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The D — (o/fo) etvand D — (n/7n') e*v decays

o N
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Model of the DF — (o /fo) eTvand DY — (/1) eTv decays
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The D — (o/fo) etvand D — (n/7n') e*v decays

|7 Below we study the mechanism of production of the light scalar T
mesons in the D;," — w7~ et v decays:
Df — ssetv — [0(600) + fo(980)] eTv — wtn~ etv,
and compare it with the mechanism of production of the light
pseudoscalar mesons in the DY — (n/n’) et v decays:

—_ / -
D — ssetv — (n/n') eTv, in amodel of the NJL type.

M[D} (p) = P(p1)W*(q) = P(p1) etv] = TEVesVaL®,

M[D7}(p) = S(p1)WT(q) = S(p1) etv] = %VCSAQLO‘,

Vo =2 (a®) (P + P1)a + E(®) (P — P1)as
Ao =13(®)(P+ P1)a + f2(a®) (P — P1)a
Lo = Uva(1 4+ vs5)e, q=(p—p1)-

LThe influence of ¥ (g?) and £°(q?) are negligible for M+ . J
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Thedecay ratesin thestable P and S states

o N

dT'(D}F —>Pe™ G2 |Ves|?
( —+Pe"v) _ GF| lp?(q2)|f}:(q2)|2,

dg? - 2473
dl'(Df —S et G%|Ves|?
B s {CRIFH R

For the f_f(qz) and f_f(qz) form factors we use the vector
dominance model

fL(@®) = (0 )m 3~ = L (0) fv(d?),

£3(q?) = £5(0) 72z = f(0)fa(a?),

where V' = D*(2112)*, A = D,;(2460)*.
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Definitions

|7 Following the NJL type model we write f_f(O) and f_f(O) in the T
form

f1(0) =gp+ Frgssps £7(0) = gp+.-Fsgsss -
We know the structure of 1 and n’
N =g cosd— s sing, n =ngsing-+n, cosp,
where n; = (uit + dd)/+/2 and ns = s3.

The angle ¢ = 60; + Op, where 0; is the ideal mixing angle with
cos; = \/1/3 andsinB; = /2/3,ie., 0; = 54.7°, and Op

IS the angle between the flavor-singlet state 17 and the flavor-octet

Lstate 78. J
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Definitions

-

Particle Data Group give the Op band —20° < Op < —10° that T
gives us the opportunity to extract information about the ss — 1)
coupling constant, gssn,, from experiment and to compare with the
$S — fo coupling constant, Jssf,, extracted from experiment also.

We consider the next set of 0 p.

Op = —11° : 1 =0.72n79 — 0.691,, n' = 0.6919 + 0.72n;
—14° : 1 =0.76190 — 0.651s, 7’ = 0.6519 + 0.761;
—18° : 1 = 0.8n9 — 0.67m;,, n' = 0.6n9 + 0.87; .

S D
g B
Il

BR(D! — ssetv — netv) = (2.67 + 0.29)%,

BR(D! — ssetv — n'eTv) = (9.9 £ 2.3) x 10_3.J
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D —» sse'v >t etv
W(D;" — s5etv — [0(600) + fo(980)] et — ™ e"‘u)j

V2

B
A(m)

Ves LY (p + pl)a 9D cs fA(q2) X

& (Fags.§0'Dfo (m)ga71'+7r— + FO'gs§O'H0'f0 (m)gfoﬂ'"'ﬂ'_

+ FfogsngHfOO'(m)gO'W+7T_ + FfogsgfoDG (m)gfo»rr-l—»yr—) )

where m is the invariant mass of the w@ system, A(m) =
Dfo (m)DO'(m) T Hfoo'(m)HO'fo (m)’ DO’(m) and Dfo (m)
are the inverted propagators of the o and fp mesons, Hafo (m) =

Hfoa(m) IS the off-diagonal element of the polarization operator,

Lwhich mixes the o and fp mesons. J
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D;F ST T e v

@I‘(DJ _>7T+7T_ 6+V) L G%’lvcslz 2 |f ( 2)|2 3( 2 ,r:)‘
dg2dm 2473 Ipfes /AN P14

1
¢ L onlm)

1 2
A(m)‘

X Fagséano (m)gaﬂ""ﬂ'— + FO'gS§O'H0'f0 (m)gfoﬂ+77_
‘2

T Ffogs§fonoo'(m)ga7r+7r— + Ffogs§foD0' (m)gfow+7r—

9

where prr(m) = /1 — 4m2 /m?2.
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D} — ntw~ efv, CLEO dataon w7~ mass (m) spectrum
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CLEO dotted line: BR(Dj_ — fo(980)etv — w4+ 7~ etv) = 0.20%. Our solid line: 0.17%
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The g? distribution, the CLEO data
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The g distribution for BR(DY — f0(980) etv). The axial-

vector dominance model (the theoretical curve) describes the data

Lquite satisfactorily. J
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Results of the analysis of the CLEO data

-

Br(Df — feetv —» wtw~etv) = 0.17%

Fogsse | Fi095550 | Fro95ss0 Fr g2,

Fio9ssso | Fr93am s 292 s

0.039 | 0.67 | 0.49 0.73
The n — 1’ mixing

Op | —11° | —14° —18°

?ggf 0.32 | 0.29 0.24

fjf 0.27 | 0.28 0.31

B
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Discussion and conclusion

-

When fitting the CLEO data, we use the parameters of the T
resonances obtained by us in PRD 85, 094016 (2012) in the analysis

of the w7 scattering and the ¢ — (o + fo) — '771'071'0 decay.

So the 44 events in Fig. on page 14 determine only one parameter

2(0)/£1°(0) = Fogsso/Frogssso

2

The Adler zero at m? near (m?2) /2 determines

f7(0)/ ff (0)=0.039, 0.014, 0.055, 0.058, 0.032, 0.055
for six fits from PRD 85, 094016 (2012).

So the intensity of the o (600) production is much less than the

intensity of the f(980) production ((f_i'_(O)/f_jiio(O))2 < 0.003).
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Discussion and conclusion

f That is we find the direct evidence of decoupling of o (600) with T
the ss pair. As far as we know, this is truly a new result, which

agrees well with the decoupling of o(600) with the K K states,
obtained in PRD 85, 094016 (2012)

2 2 _
g2 i - /92, __ =0.04,0.001, 0.01, 0.01, 0.003, 0.025

for six fits.

The decoupling of o (600) with the K K states means also the
decoupling of o (600) with o, = (u + dd)/+/2 because o
results in g2 .y - /92, = 1/4.

Fit 1 describes the w77~ spectrum on better than others,
(£7(0)/F1°(0))* = (0.039), g2 s /92 1 = 0.04.
So,the CLEO experiment gives new support in favour of the four-

Lquark, udiid, structure of the o (600) meson. J
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Discussion and conclusion

fln the chirally symmetric model of the NJL type the coupling
constants of the pseudoscalar and scalar partners with quarks are
equal to each other, i.e., gssn, = Gssf,., Where fos = $5. If to
neglect the strange quark mass as compared with the charmed
quark mass (ms/mC < 1) in the numerators of the integrands for
the decay diagrams, then F¢, = Fj and we find that

g§§f0/g§§ns ~ 0.3. So, the fops = s5 partin the fu(980) wave
function is near thirty percent.

Taking into account the suppression of the fy(980) meson
coupling with the 77 system, 912‘-’07r+7r— /ng,_,OKJrK_ = 0.154, one

can conclude that the fo, = (uit + dd)/+/2 part in the f3(980)
wave function is suppressed also.

So, the CLEO experiment gives new support in favour of the four-

\_quark, (sdsd + sdsd) //2, structure of the fo(980) meson, tooJ
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Outlook

Certainly, there is an extreme need in experiment on the
D;," — sSeTv >t eTr decay with high statistics.

Of great interest is the experimental search for the decays

DY — duetv — ay (980) eTv — m~netvand

DT 5> ddetv — a8(980) etv — 7% eTv (or the charge
conjugate ones), which will give the information about the

a, = du (or a,(‘l" = ud) component in the ag (980)

(or ag (980)) wave function and ag = (uwt — dd) /2

component in the a8 wave function.

Now it is known that
BR(D® — duetv — n~ etv) = (2.89+£0.08) x 102 and
LBR(D"“ —ddetv - metv) = (4.05 £ 0.18) x 1073, J
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Outlook

o N

No less interesting is also search for the decays

DT — ddetv — [0(600) + fo(980)] ety — nTn~ eTv
(or the charge conjugate ones), which will give the information
about the o4 = (u + dd) /+/2 and foq = (utt + dd)/+/2
components in the o (600) and fy(980) wave functions
respectively.

Now it is known that
BR(Dt - ddeTwv — neTv) = (1.14 4 0.10) x 1073 and
BR(DT™ - ddetv — n'etv) = (2.240.5) x 1074,

Comparative research of light scalar and pseudoscalar mesons in

semileptonic decays of B quarkonia at super B-factories is very

Ltempting. Now it is known that J
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Outlook
L -

BR(B? - duetv - m~ eTv) = (1.44 4 0.05) x 1074,
BR(BT s utietv — wletv) = (7.79 4 0.26) x 10~°,
BR(BT s utietv — netv) = (3.8 £ 0.6) X 10° and
BR(BT — utie™v — n'eTv) = (2.3 +0.8) x 10™°.

This work was supported in part by RFBR, Grant No. 13-02-00039,
and Interdisciplinary project No. 102 of Siberian division of RAS.
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