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Semileptonic D° and D' decays as a probe of the 4,(980)
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Abstract. The D* — dde*v — a(980)e*y — n’ne*v and D° — diietv —
a,;(980) e™v — n™ne*v decays (with the charge conjugated ones) are the direct
probe of the constituent two-quark components in the a§(980) and ag (980) wave
functions. Recent BESIII experiment is the first step in experimental study of
these decays. We suggest adequate formulas for the data analysis and present a
variant of 7z invariant mass distribution when a,(980) has no constituent two-
quark component at all.

1 Introduction

The ao(980) and f(980) mesons are well-established parts of the assumed light scalar meson
nonet [1]. From the beginning, the ay(980) and f;,(980) mesons became one of the central
problems of nonperturbative QCD, as they are important for understanding the way chiral
symmetry is realized in the low-energy region and, consequently, for understanding confine-
ment. Many experimental and theoretical papers have been devoted to this subject.

There is much evidence that supports the four-quark model of light scalar mesons [2, 3].

Recently BES Collaboration measured the decays D° — diie*v — aje*v — n ne*v and
D* — dde*v — aje*v — n’ne* v for the first time.

It will be shown that in the scenario, based on the four-quark model, it is possible to
describe the data on different reactions in agreement with the BESIII data [4], while a((980)
has no constituent two-quark component at all, that is, gsuq; = 9aid) = 0, gﬁg)w = 0. More
precise data would allow to check this variant better.

2 The model
The amplitude of the D" — S(scalar) e*v decay reads [5]

M[D%(p) = S(pOW*(q) = S(p1)e*v] = % cdAal?, ey

Aa = f-f (f]z)(P + pl)a B
Ly =vy(1+vys)e, qg=(p—p1). 2
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Figure 1. Model of the D° — (ay,a;)e*vand D* — (ag, ag)) e*v decays.
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where A = D1(2420)*, Fy - loop integral, assumed to be constant in the region of interest.

The decay rate into the stable S state is

dr(D" — S e*v)  GhlVul®

o = S PN @, 4)
L b = 2mh (@ ) + (@ — 3
P = 5 )
Mpo

The amplitude of the D° — dize*v — [a;(980) + a;"]e™v — na~ e*v decay is

_ G
MDD - dietv — nqaetv) = Ly, Lt (P + PDa gpoea f1(47)

V2

1
X m (Fag gdﬁaa Daé’ (m)gaomr + F“6 gd[ma Haaaa’ (m)gaénlr

+ Faf)’ 9diaj; Haé’a& (m)gaonrr + Faf)’ 9diaj Da& (m)gaE)UJT) s (6)

where m is the invariant mass of the ™ system, A(m) = D= (m)D; (m) =1y (M) o (m),
Dag(m) and D%— (m) are the inverted propagators of the a; and a;” mesons, and Ha(—)aé— (m) =
Ha(r)—a(—) (m) is the nondiagonal element of the polarization operator, which mixes the a; and aj
mesons [5].
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Table 1. Properties of the resonances and the description quality

mg, MeV 988.3  mg. MeV 14239 R, fm 6.3
Jak k> GeV 406 guogig, GeV 4.19 P 1
Gaonr>» GEV 3.99 Gaynms GeV 0.80 ng / 36 points 13.8
Gayn GeV =424 gy yn, GeV 127 xi,/49 points 65.5

flﬂ?w 0 gg}gw, 103GeV™l  —12.90 x2,,/29 points 28.4
mo0 MeV 997.6 C:Oa,o, GeV? -0.163 (x5, X1, tXoo)/ndf.  107.8/99

The double differential rate of the D° — diae*v — [a;(980) + a ]e*v — nn~ ety decay
is
d’T(D° — nr~e*v)
dg*dm B

_ G?: |Vcd|2

1 2
2 2012 30,2 B
= o o 1fa(gOI" p1(g~, m) pyr (m)m‘A(m)|

X

Fa(’) gdua(; Daa’ (m)gaomr + Fa(; gdima Haaa{)’ (m)gaénﬂ

2
, (N

+ Fay Ganay oy a5 MGy + Fa Ganaiy Dag MGy

where pmr*(m) = \/(l - (mr] + mﬂ’)z/mz)(l - (mn - mﬂ’)z/mz)-
If ag does not contain two-quark state, then
d*T(D° - nr~e*v) G:|\Vel*

dg?dm T 19255 Ipen

1 2
a(@I PGP, m) poe-(m) m ‘M‘

2
|2 Ha(’)'aa (m)gugr]n' + Daa (m)ga(’)nn 5 (8)

X |Fa(’)_ gdﬁab‘

The D* — dde*v — S e*v and D™ — nr° e*v decays are described in the same way. It

is enough to substitute D° — D*,di — dd, ay — ag, ay — ag)o, and 7~ — 7°. The coupling

9ddap = gduag;/ ‘/E

3 Results and perspectives

The results are shown in table 1 and figures 2, 3, 4, and 5. The data is described well, the
ap(980) coupling constants agree with the four-quark model scenario, see [5].

In [10, 11] the program of studying light scalars in semileptonic D and B decays was
suggested. Processes of interest are:

Dt — ssetv — [0(600) + f,(980)]e*y — n*n” ety

Dt — dd ety — [0(600) + f,(980)]e*y — ntnety

D = dietv — aye™v — nnety

Dt s ddety — age+v — 1%%e*y

B > diietv — age*v — nnetv

B* > uiietv — age+v — ety
B* = unnetv — [07(600) + f,(980)]e™v — ntn ety
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Figure 2. Results of our fit, see Tables I and II, on a) the Belle data on yy — na° cross-section [6], and
b) the KLOE data on the ¢ — nn’y decay [7], m is the invariant 77° mass.
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Figure 3. The KS K™ correlation C(k"), see Ref. [8] and references therein. Solid line represents our fit,
points are experimental data [9].
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Figure 4. (a) The plot of D° — (ay,aj) e*v — nr~e*v spectrum with parameters of our fit. The solid
line is the total contribution, the dotted line is the term ~ F at Ydnaly H"()_”S (m)gayyr contribution, and the
dashed line is the term ~ F a Yarial; Du(; (m)ggé,,,r contribution. (b) The data on the D° — (ay,a5)e*v —
nn~e*y decay and our fit. The solid histogram is the total contribution, and the dashed histogram
represents the sum of backgrounds.
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Figure 5. (a) The spectrum of the D* — (ag, a(’)o) e*v — nne*y decay with parameters of our fit. (b)
The spectrum of the D* — (al), a)’) e*v — na’e*v decay. The solid histogram is the total contribution,
and the dashed histogram represents the sum of backgrounds.



