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Under the assignment of the molecular state DsDs0(2317), we investigate the line shapes of the
open-charm radiative and pionic decays of Y (4274), which was observed by the CDF Collaboration
recently. Our result of the line shape of the photon spectrum of Y (4274) — DI D:™~ + h.c.
shows that there exists a very sharp peak near the large end point of photon energy. The line
shape of the pion spectrum of Y (4274) — DI D: 7" is similar to that of the pion spectrum of
Y (4274) — D} D:™~ + h.c., where we also find a very sharp peak near the large end point of pion
energy. These observations can serve as the crucial test of Y (4274) as a DsDs0(2317) molecular

state in future experiment.

PACS numbers: 12.39.-x, 13.75.Lb, 13.20.Jf

I. INTRODUCTION

Very recently the CDF Collaboration announced an ex-
plicit enhancement structure with 3.10 significance in the
J/1¢ invariant mass spectrum of BT — KT .J/1¢ pro-
cess, which is of mass M = 4274.4783(stat) + 1.9(syst)
MeV/c? and width ' = 32.37319(stat) + 7.6(syst)
MeV/c2 [1]. In addition, CDF also confirmed the ob-
served Y (4140) previously reported in Ref. [2]. We need
to specify that such new results appearing in the J/¢¢
invariant mass spectrum are based on a sample of pp
collision data at /s = 1.96 TeV with an integrated lu-
minosity of about 6.0 fb= [1]. In this work, we refer to
this new enhancement structure by the name Y (4274).

Before reporting Y (4274) structure, there have been
six charmonium-like states observed in B meson decays,
which include X (3872) in B — J/¢ntn~ K [3], Y (3940)
in B — J/ywK [, ], Y(4140) in B — J/yoK [2],
Z7(4430) in B — /77K [d], Z1(4015) and Z1(4248)
in B = yan ™K ﬂ],—where we use the underlines to
mark the corresponding decay channels of charmonium-
like states observed in experiment. The evidence of
Y (4274) revealed by CDF not only makes the spec-
troscopy of charmonium-like states observed in B meson
decays abundant, but also stimulates theorist’s interest
in revealing its underlying structure. Associated with the
observed six charmonium-like states observed in B meson
decays, studying Y (4274) will improve our understanding
to the essential mechanism resulting in these structures.

The comparison of the existing experimental informa-
tion of charmonium-like states observed in B meson de-
cays reflects a common property, i.e., these charmonium-
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like states are near the threshold of charmed meson
pair, which provokes the investigation of whether these
observed charmonium-like states X (3872), Z1(4430),
Z7(4015)/Z7(4248), Y (3930), Y (4140), Y (4274) ob-
served in B meson decay can be explained as the cor-
responding molecular charmonia To some ex-
tent, the molecular assignment to these charmonium-like
states is supported by the production mechanism in the
weak decays of B meson. The c¢ pair is created from the
color-octet mechanism in the weak decays of B meson,
then ¢ and ¢ respectively capture g and ¢ to form charmed
meson pair, where a color-octet ¢ pair is popped out by
a gluon. Thus, a pair of the charmed mesons with the
low momentum easily interact with each other to form
the molecular charmonium %

As observed in Refs. [13,[17], the mass of Y (4274) is
near the threshold of D,D((2317) similar to the situa-
tion of Y'(4140) or Y (3930), which is assigned as molec-

ular of Dz‘s)DE*S) [17). Tt is natural to assign Y (4274) as

an DsDg0(2317) molecular charmonium with the flavor
wave function

Y (4274)) = %

The dynamical calculation of the mass supports Y (4274)
aﬂ% alﬁ—wave D¢ D4(2317) molecular state with JZ = 0~

).

Carrying out the dynamical calculation of the mass
spectrum of Y (4274) [13, [17] is seen as an important
approach to reflect whether Y (4274) is a DsD40(2317)
molecular state. Besides, we also need to perform the
study of the decay behavior of Y (4274) under the as-
signment of the DD (2317) molecular state, which will
provide crucial information to future experiment to test
the molecular assignment to Y (4274).

Just considering the above reasons and the present the-
oretical research status of Y (4274), in this work we in-
vestigate the open-charm radiative and pionic decays of
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FIG. 1: The quark-level and hadron-level depictions of the open-charm radiative and pionic decays of Y (4274).

Y (4274), especially focusing on the line shape of the cor-
responding decays.

This work is organized as follows. After the intro-
duction, we illustrate the calculation detail of the open-
charm radiative and pionic decays of Y (4274) under the
assignment of molecular charmonium. In Sec. [II], the
numerical result will be presented. This paper ends with
a discussion and a short summary.

II. RADIATIVE AND PIONIC DECAYS OF
Y (4274)

Under the molecular assignment to Y (4274), it is in-
teresting to investigate the radiative and pionic decays of
Y (4274). Especially, the photon and pion emitted respec-
tively from the radiative and pionic decays of Y (4274)
can be easily detected in experiment. Thus, studying the
line shapes of the photon and pion spectra of the corre-
sponding decays is a realistic research topic, which can
also provide important information to reflect the internal
structure of Y (4274).

This work is mainly involved in two groups of de-
cay channels of Y (4274), i.e., the radiative and pionic
open-charm decays. The radiative open-charm decays
of Y (4274) are DFDi~~v and D; D"+, and the pio-
nic open-charm decays include DfD;7°. 1In the fol-
lowing, we take the decays Y (4274) — DI D*~~ and
Y (4274) — DI D70 as example. Y (4274) with the
assignment of the DSDSO(2317) molecular state firstly
dissociates into D, and Ds(2317). Then, transitions
D(2317) — D¥v and D4(2317) — Dgr® result in
the radiative decay Y (4274) — DI D*~~ and strong de-
cay Y (4274) — DD 7" respectively, where D(2317)
deca 1nto Dyn® occurs via n — 7% mixing mechanism

which is main decay channel of the observed

Do 2317) [2]. The quark-level and hadron-level de-
scriptions of Y (4274) — DI D™~ and Y (4274) —

Df D 7" are shown in Fig. 0

In the processes considered in this work, the inter-
mediate state Dg(2317)~ plays important role, which
is off-shell since Y (4274) is of negative binding en-
ergy under molecular state assignment. Just because of
D40(2317)~ being off-shell, there is no real Breit-Wigner
peak corresponding to intermediate Dg(2317) in the
invariant mass spectrum of D*~~/D; 7" of Y (4274) —
DfD:=v/Y(4274) — DI D; 7" process. However, the
distribution of the invariant mass spectrum of D}~ or
D; 7% is affected by the intermediate Dyo(2317)~ since
D40(2317)~ is near the threshold of D=+ or D, 7",
where to some extent there exists an enhancement in the
invariant mass spectrum of D}~ or D; 7’ correspond-
ing to the energy range close to the mass of D4,(2317)".
For the three-body decays Y (4274) — DFD 7" and
Y (4274) — DI Di~~ discussed in this work, the max-
imum of the invariant mass of final state D 7° or D™~
is My — Mp,_. The mass gap between My —Mp_ and the
mass of Do(2317)~ is My — Mp, — Mp_,(2317), which is
just the binding energy for Y (4274). Since the binding
energy of Y (4274) under the assumption of DsD4(2317)
molecular state is only about -10 MeV, it is reasonable
to expect an obvious enhancement in the region where
the invariant mass of final state Dy 7° or D* ™+ is closed
to the mass of Dgp(2317).

In the following, we will be dedicated to study the line-
shapes of the photon spectrum in Y (4274) — DF D™~
and the pion spectrum in Y (4274) — D D 7%, which
directly reflect on the underlying structure of Y (4274)
just mentioned above.

The general expressions of transition matrix elements
for Y (4274) sequential decays can be written as

MY (4274) — D} D= ~]

= (DM |Ds0(2317) 7 )(Ds0(2317) " DI [H4]Y),
(2)

MY (4274) — DF D 7Y



= (D 7| Hx|Ds0(2317)7)(Ds0(2317)” D [H4]Y),
(3)

where #; describes the collapse of S-wave D, D0(2317)
molecular state into D and D4o(2317)". H, or H de-
notes the interaction of Dy (2317)~ with D*~~ or D 7°.
For describing the decay amplitude, we adopt the same
method as that in Refs. ﬂE, @, @], where the radiative
decay behaviors of X (3872) as a DD* + h.c. molecular
state and Y (4140)/Y(3930) as D D* / D* D* were studied
under the corresponding assignments of molecular states.

The matrix element (Dy0(2317)" DF|H,|Y), describ-
ing the collapse of Y (4274) into D4y(2317)~ and DT,
can be represented as

(Ds0(2317)" D |Ha|Y) = a¥(q), (4)

where o = 1/ V2 is the weight factor of the component
|Ds0(2317)~ D) in the molecular wave function (see Eq.
(). The wave function ¥(q) in momentum space, de-
scribing S-wave DsDg(2317) molecular state, is of the
form [22, 23]

V(q) = 87m(

) (5)

q2+1432

with kK = +2m,E, where E and m, are the binding
energy and the reduced mass of DsD40(2317) molecular
system, respectively. g denotes the relative momentum
between Dy((2317) and Dy in the molecular system.

We adopt the effective Lagrangians

Lpo2317)Dz~
= gy (0" 0" U — 00"V ) WD,  (6)
Lp.o@311D.x = 9x¥D,VY2V¥p,, (7)

to depict the interactions of D (2317) with D}~ and D7
respectively, where g, and g, is the effective coupling
constants. Thus, the amplitudes (D%~ v|H,|Dso(2317)7)
and (D 70 |H.|Dso(2317)7) read as

(D™ v[H4|Dso(2317)7)
= G~ EluEQU(guukl : k2 - kaS)v (8)
(D; 7% H | Dso(2317)7) = gn, (9)

where k1 (k2) and €1(g2) are momenta and the polariza-
tion vectors of photon(D?% ™), respectively.
Finally, the amplitudes of sequential decays
Y(4274) — D}ID:7vy and Y(4274) — DID;n°
can be expressed as
2
(MY (4274) » DEDI)|" = g2k - ko) (q),
2 2

My (4274) > D D7)

The differential decay width is written as

3
_ i 2 4 ¢4 o
dr = —=|M[*(2m)"s (;k P)

y d3k, ks d3ks
(27T)32E1 (27T)32E2 (27T)32E3

(12)

where the P and E are the momentum and energy of
the initial Y (4274). k; and E; with ¢ = 1,2,3 are the
momenta and energies of the particles in final states re-
spectively.

IIT. NUMERICAL RESULT

With the preparation in Sec. [l we carry out the
study of the line shapes of the photon and pion spectra
of Y (4274) — DFD?~~ and Y (4274) — DI D7 pro-
cesses under the assignment of the D5D50(2317) molec-
ular state to Y (4274). Different from the previous work
in Ref. [1§], here we use the CERNLIB program FOWL
to produce the Dalitz plots and the line shapes of the
photon and pion spectra of Y (4274) — DI D*~~ and
Y (4274) — D} D; 7% Since we are mainly interested in
the corresponding line shapes, the maximum of the line
shape of photon/pion energy spectrum is normalized to
1.

The Dalitz plot and photon spectrum for Y (4274) —
D D¥~~ are presented in the Fig. 2l Although the pho-
ton spectrum of Y(4140) — D** D~ has been investi-
gated in the literature Nﬁ], the corresponding Dalitz plot
was not given in their work, where the nonrelativistic
approximation was adopted. We also show the result of
Y (4140) — D** D~ in Fig. 2 for easily comparing with
the numerical result of Y (4274) — DI D¥™ .

For Y (4274) — D} D?v, an accumulation appears in
the Dalitz plot with photon energy £, ~ 0.19 GeV and
Mp:~ ~ 2.3 GeV. The line shape of the photon spectrum
of Y (4274) — D7 D}~ indicates that exists a very sharp
peak near the large end point of photon energy, which
directly corresponds to the accumulation in the Dalitz
plot. Comparing the result of Y (4274) — D D}~ with
that of Y(4140) — D**D;~ also shows that the peak
relevant to Y(4274) is narrower than that involved in
Y (4140), which is due to the smaller binding energy for
Y (4274) (Ey (4274) = —10 MeV) than that for Y (4140)
(Ey(4140) = —80 MQV)

In Fig.[3] we present the Dalitz plot and the line shape
of pion spectrum for Y (4274) — DI D 7% process. A
steep peak also exists near the large end point of pion
energy which is similar to the situation of Y (4274) —
DI D .

IV. SUMMARY

Stimulated by the recent evidence of Y (4274) [1] and
the DsD4(2317) molecular charmonium explanation to
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FIG. 2: (Color online) The Dalitz plot and photon spectrum for Y (4274) — D} D*™~ (the first column). Here, we also present
the result (the second column) of Y (4140) — D:T Dy ~y with the assignment of D:* D:~ molecular state to Y (4140) [1§], which
is applied to make a comparison with that of Y (4274) (see Ref. [1§] for more details).

Y (4274) [17], in this work we study the open-charm
radiative and pionic decays Y (4274) — DI D*~~ and
Y (4274) — DFD 7" where we not only present the
Dalitz plots but also give the line shape of photon and
pion spectra of Y (4274) — DFDi™~ and Y (4274) —
DfD;7° in detailed. These theoretical predictions of
the decay behavior of Y (4274) will provide valuable in-
formation to further experimental study of Y (4274), es-
pecially to test the molecular charmonium assignment to
Y (4274).

We need to emphasize that Y (4274) — D D 7 is pe-
culiar to Y (4274) under the assignment of D,D,(2317)
molecular state since such decay reflects the internal

structure Y (4274). Y (4274) — D} D7 7% occurs via the
interaction of D(2317)~ with D 7 after the collapse of
Y (4274) into D} and D40(2317)~, where Dy(2317)" —
D; 7" is a special decay channel observed by experi-
ment [21]. Thus, the experimental search to Y (4274) —
D Dy 7 channel and the measurement to the line shape
of pion spectrum of Y (4274) — DF D 7% will be as ef-
fective approach to check molecular charmonium assign-
ment to Y (4274).

In summary, more and more observations of
charmonium-like states X, Y, Z in B meson decays pro-
vide us good platform to deeply study what is the in-
ternal mechanism for producing these charmonium-like
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FIG. 3: (Color online) The Dalitz plot and pion spectrum for Y (4274) — DT D =°.

states, which is one of the most important research top-
ics full of challenges and opportunities in charm physics
M] Besides carrying out the dynamical calculation of
mass spectra to judge whether the corresponding molec-
ular charmonium assignments can be applied to explain
the observed charmonium-like states, the decay behavior
can also reflect important information of these observed
charmonium-like states. Just considering such reasons,
in this work we investigate the decay behavior of the
open-charm radiative and pionic decays of Y (4274) as-
suming Y (4274) as the candidate of D, D (2317) molec-
ular charmonium ﬂﬂ] We expect future experiment to
study Y (4274), which will give definite answer of whether
DsD4(2317) molecular charmonium is suitable to ex-
plain Y (4274) by comparing with our predictions pre-
sented in this work.
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