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Stimulated by the measurement of the Jy¢ decay model of Y(4274) by the LHCb Collaboration, we
consider a possible interpretation of this state as a hadron molecular-a bound state of D, and D,(2317)
mesons. Using effective Lagrangian approach, we calculate the two-body strong decay channels
Y (4274) = J )y, yeons xeot» DiDg, DD*, KK*, and ¢¢ through hadronic loops and three-body decays
into z°DD,. In comparison with the LHCb data, our results show that ¥(4274) cannot be assigned to be a
DD ,(2317) molecular state. The calculated partial decay widths with the J* = 17 D D, molecular state
picture indicate that allowed decay modes y.on and y.;n may have the smallest branching ratio and are of
the order of 0.0 MeV. Future experimental measurements of such two processes can be quite useful to test
the different interpretations of the ¥(4274). If P-wave DD, molecular exists [marked as Y’ (4274)], the
total decay is at the order of 1.06—1.84 MeV, which seems to be within the reach of the current experiments
such as Belle II. In addition, the calculated partial decay widths indicate that allowed decay mode DD* may
have the biggest branching ratio. The experimental measurements for this strong decay process could be a

crucial to observe such a new state Y’(4274).

DOI: 10.1103/PhysRevD.105.056011

I. INTRODUCTION

Thanks to the great progress of the experiment in the past
several decades, many hadrons that cannot be ascribed
into the simple gg configuration for mesons or ggqq
configuration for baryons have been reported [1]. For
example, various hidden-charm pentaquarks were observed
in the J/wp(A) invariant mass from the heavy baryon
decay Aj — K~ J/wp (B, - K~J/wA) by the LHCb
Collaboration, P.(4312,4440,4450) and P (4459) [2,3].
Their confirmation, and determination of their quantum
numbers, would allow new insights into the binding mech-
anisms present in multiquark systems and help improve
understanding of QCD in the nonperturbative regime.

In 2017, a charmoniumlike meson named Y (4274) was
observed again by the LHCb Collaboration in the analysis
of the BT — J/w@K™ reaction [4,5]. The observed reso-
nance masses, widths, and favorable quantum numbers are
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M = 42733 £8.3%}%* MeV,
=56+117"Mev,  JPC=1%", (1)

respectively, which are consistent with the early CDF
Collaboration [6] report

M = 4274.4783(stat) MeV,
I = 323117 (stat) MeV. (2)

Since the statistic is not enough, its spin-parity quantum
number was not confirmed by the CDF Collaboration.
However, the isospin of this state is zero, and it contains
at least four valence quarks from the observed J/y¢
decay mode.

Following the discovery of the Y (4274), several theo-
retical studies have been performed. In the QCD sum rules
approach, based on the analysis of the mass spectrum, the
Y(4274) can be interpreted as the S-wave csc3 state with
spin-parity J = 17 [7,8]. The compact tetraquark model,
implemented by Stancu, can also describe the Y (4274) [9],
while only one J” = 17 state exists. In Ref. [10], the mass
of the Y(4274) was studied in the relativized quark model,
and it was shown that the Y (4274) cannot be explained as a
tetraquark state; however, it can be a good candidate of the
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conventional y.(3°P;) state. And the y.(3°P;) explan-
ation for Y(4274) was also proposed in Ref. [11]. In the
context of the QCD two-point sum rule method by taking
into account the quark, gluon, and mixed vacuum con-
densates, Ref. [12] assigned the Y (4274 ) as a sextet [cs][¢5]
diquark-antidiquark state with spin-parity J” = 1*. Based
on the spin-spin interaction, Maiani, Polosa, and Riquer
suggest that the Y(4274) may have quantum number
0™ or 27" [13], which contradicts the experimental
observation [4,5]. Moreover, a detailed calculation is
performed by Zhu [14], where the Y(4274) may be
described simultaneously by adding the up and down
quark components.

Although the studies of Refs. [7-14] seem to indicate
that this state is a compact tetraquark state or diquark-
antidiquark state, Y (4274) might still be a DD (2317)
hadronic molecule state. Since the mass of Y(4274) is
about 12 MeV below the threshold of DDy, (mp , =
2317.8 £ 0.6 MeV and mp_ = 1968.34 £+ 0.07 MeV [1]),
it is reasonable to regard it as a bound state of D;D,. The
idea comes from molecular state interpretation of deuteron
due to deuteron mass being a little below the corresponding
threshold and exhibiting sizable spatial extension. And
because the quantum numbers of D, and D, are J* = 0F
and JP = 07, respectively, to form a bound state with
quantum number J© = 17, the coupling between Y (4274)
and its constituents should be a P wave. Indeed, it is shown
in Ref. [15] that the interaction between a D, meson and a
Dy, meson is strong enough to form a bound state with a
mass of about 4274 MeV.

From Ref. [15], Y(4274) may be a molecular state.
However, currently, we cannot fully exclude other possible
explanations such as a compact pentaquark state [7-14].
Further research is required to distinguish whether it is a
molecular or compact multiquark state. One way to dis-
tinguish the two scenarios is to study that allowing strong
decay widths of the Y (4274) baryon due to the strong decay
almost saturates the total strong decay width. In the present
paper, we consider possible strong decay modes using an
effective Lagrangian approach by assuming that Y (4274) is
a hadronic molecule state of D, and D,.

This work is organized as follows. The theoretical
formalism is explained in Sec. II. The predicted partial
decay widths are presented in Sec. 111, followed by a short
summary in the last section.

II. FORMALISM AND INGREDIENTS

Besides the J/w¢ decay model, which other decay is
allowed? We first find that the transition from Y (4274) to
final states composed of purely neutral state AA are strictly
forbidden by the conservation of the ¢ parity. Thus, the
decay of Y(4274) into ncn, x o, X 11> b, 1, D;Ds, DD,
KK*, and 7°D,D, is allowed by considering appropriate
phase space [1]. However, the transitions Y (4274) — 5.5

and #nn are also strictly forbidden by the conservation of
angular momentum. In this work, we will calculate J/w¢,
2ol Xeitls DiD,, DD*, KK*, and ¢¢ strong decay patterns
of the p-wave D D, molecular state within the effective
Lagrangian approach and find the relation between the
DD, molecular state and Y (4274) by comparing with the
experiment observation.

Before introducing the theoretical framework, we need
to construct the flavor functions for the D D, system with
definite I(JFC). Since the Y(4274) carry quantum numbers
1(JP€) = 0(1*), the flavor function for a definite charge
parity C = 1 can be easy obtained [16]:

_ 1

V2

Considering the quantum number J¥ =17 and the
flavor function, Y (4274) should couple to its components
dominantly via the P wave, and the corresponding effective
Lagrangian is in the form [17]

51/(4274) (x) = QYDXDSOY”(X) / d4y<I>(y2)

1 <~
x —=[D{ (x + O)D;O)’) 0,D3(x — wp:y)

V2

- Dy (x + a)D;)y)aﬂD;B(x —wp-y)|, (4)

where wp =mp [(mp +mp ) and  wp, =mp /
(mp, +mp_). In the Lagrangian, an effective correlation
function ®(y?) is introduced to describe the distribution of
the two constituents, the D, and the D, in the hadronic
molecular Y(4274) state. The introduced correlation
function also makes the Feynman diagrams ultraviolet
finite. Here, we choose the Fourier transformation of
the correlation to be a Gaussian form in the Euclidean
space [18-36]:

®(p?) = exp(—pg/A?) (5)

with A being the size parameter which characterizes the
distribution of the components inside the molecule. The
value of A could not be determined from first principles;
therefore, it should better be determined by experimental
data. It is usually chosen to be about 1 GeV, which depends
on experimental total widths [18-36]. In this work, we vary
Ainarange of 0.9 GeV < A < 1.10 GeV to study whether
the Y(4274) can be interpreted as a P-wave molecule
composed of D,Dy,.

The coupling constant gyp, p, in Eq. (4) can be com-
puted by the compositeness condition [37,38], which
indicates that the renormalization constants of a composite
particle wave function should be zero, i.e.,

056011-2



POSSIBLE P-WAVE DgDg(2317) ...

PHYS. REV. D 105, 056011 (2022)

D(2317) D3(2317)

Y(4274) Y (4274)
D! Dy

FIG. 1. Self-energy of the Y(4274) state.

Zy=1-"2 =0, (6)

where the X7 is the transverse part of the mass operator and
relates to its mass operator via the relation

2 (p) = (G —

The concrete form of the mass operators of the Y (4274)
corresponding to the diagrams in Fig. 1 is

Ppr/pE A+ (7)

XM%}“O‘%M%-%IM ®)

where k3 = m3 with ko and my denoting the four momenta
and mass of the Y(4274), respectively, and &, my, , and
mp,, are the four-momenta, the mass of the D; meson, and

the mass of the D, meson, respectively. With the above
preparations, we can obtain the coupling constant of the
DD, molecule to its components

- 87:28/ da/ dﬂz

:DSU
1 C2 Fi C%
xexp{ o ( ]—'my—l-’H + )} (Z—3—Z—4>,

where Fy = (2w} . +p), Fr=Q2wp-+p), Hy = amj,, +
pmp-, Hy = amp + ﬂm%jo, Ci = Qwp:r + p), Cr=
(Rwp-+p),z=2+a+p,and S = 1.0 GeV.

A. The decay Y (4274) — J/w¢

Since the Y (4274) was observed in the J/w¢ invariant
mass, we first calculate the J/y¢ two-body decay width of

J/(p1) “ (p2)

J/¥(p1)

© ‘ ()

FIG. 2. Feynman diagrams for the Y(4274) - J/w ¢ by
the exchange D meson. The definitions of kinematics are also
given.

the Y (4274) via the triangle diagrams shown in Fig. 2. The
hadronic decay of the D D, molecular state into J/y¢ is
mediated by the exchange of the D} meson. To evaluate the
diagrams, in addition to the Lagrangian in Eq. (4), the
following effective Lagrangians, responsible for vector

meson V(= J/w,¢) coupling to D:Dy, are needed as
well [17]:

'CD DV = 9vD,D: [D ODS/w D+ D;;y}v#l/’ (10)
where VW = oFVY —YVH#. The coupling constants

9rpybop: = 0225 GeV™' and gyp pe = 0.135 GeV~! are
from Ref. [17].

To compute the D D;V vertices, we also need the
following effective Lagrangian [39,40]:

Lyyp = %eﬂyaﬂ@uvuaavﬁ}))v (11)

where G = 3h%/(4z°f) with h = -Gym,/(V2f?), f=
0.093 GeV, Gy =0.069 GeV [39,40], and m, =0.775 GeV.
V, and P are standard SU(4) matrices constructed with the
16-plet of the vector meson containing p and the 16-plet of
pseudoscalar mesons containing 7, respectively:

% (,00 4 (1)) p+ K+t D*O

, ;b)) KO D
/7 _ )

K K*O ¢ D;e—

D0 —D*+ Dy
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PANNT + + 0
ot et P K D
n I K° -D-
P=12 V2OVe S (13)
K- K° —\/§n+¢i§n’ D;
D -D* D} 7.

With the above effective Lagrangians, we can get the decay amplitudes corresponding to the diagrams in Fig. 2:

G d4q 2 C];ﬂ,{
M, = 7§gj/y/onD§gYDl‘on /Wq)[(kle‘— - szUD;rO) ](plﬂgllﬁ - plyg/m)(q/tgm - qugm]) Gna — @
1 1 1
x gtap k2 — kY (ko )e*e *h , 14
€ QrPZa( 1 2)€<p( 0)€J/1,/<p1)€/} (pZ) qz — m20;+ k% _ m%; k% _ mlz—);() ( )
G d*q' ) 9,4,
M, = E%Dmm 9yD,D, / Wq)[(k 10p; — ka0 ) 1(P2196c = P2093:) (3 9on = Ao9m) | Gon = e,
1 1 1
x ghvap g " K — i {Y k ¢ =J [y i 15
1kl ~ e (ho)er (pa)es ™ (p) q” - m?)y k3 — miy ki — m%);o "
I
M, = M,(D}y - Dy. Dy - D{.D;" - D;),  (16) Lppn = 9,0 aPsoDst; (20)
My = M,(D}y - Dy, Dy — Df,Dit — Di7). (17) where the coupling constant is found to be gp p, =
6.40 [44].
Thus, we can obtain the following amplitudes for the
B. The decay Y(4274) — y.on and y .1 decays Y(4274) = yoon:

In this section, we compute the other possible decays of
Y(4274) with DDy, molecular. Figure 3 shows the
hadronic decay of the D Dy, molecular state into y.n M,

9nD D, 9YD, D, ID: D}y, d461
= bab 10DS0ibike [ 80 (wp: ~ ks, )

and y.n mediated by the exchange of D, meson. The V2 | 2”)1 .
ingredients need are the y.DiD; and y.D]D;7 < (k= k2)eX (k 21
Lagrangians [41,42] (kT =Kz )ey ( O)qz—mfﬁ k3 —mp-ki—m2 .’ (21)

s s s0
‘C)(CIDA.*D; = _ig;mDS*D; (DiaﬂDs_ - 8ﬂD;—Ds_))(l:1’ (18)

L, pip: = =9y,p:p:Xc0D3 D5 (19)

The coupling constants g, p:p- and g, p:p- can be fixed
from the heavy quark field theory [42].

Moreover, the effective Lagrangian, responsible for the
coupling of Dy, to nD;,, is needed as well [43]:

n(p1)

Xeo/e1(p2) Xeo/e1(P2)

(b)

FIG. 3. Feynman diagrams for the process Y (4274) — 7X q/c1-
The contributions include the t-channel DY (a) and D5 (b) FIG. 4. Diagrams for Y(4274) decay processes: (a),(d)
exchanges. Y(4274) —» D;* Dy and (b),(c) Y(4274) — D;~D}.
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94D,,D,9YD,D9ID;D; y.
M — no gl 550 s Vs Xco
’ V2
d'q NP _ L9\
X —4¢[(k1ij — kywp- )?] (K —k2)€¢(k0)
(2]7") s0
1 1 1
x 5 (22)

2_ 2 12 _ 2 12
q- —myp- kZ_ij ki —mp-

and Y (4274) - y.n:

_ _ _ d*
M, — 9nDyD, YD, Dy ID; D3 e / 5 O[(kywp: —kywp: )]

V2 (27)*
x (kT —k3)ey (ko) (ks — g )i (p2)
1 1 1
, (23)
q*— m%)j K3 — m%); K2 — m%:o
9nD D, 9YD D, ID: D}
M — nlsolg 550 s Ps Xcl
’ V2
d4q
X /W‘D[(klwm —kzwD;O)z]
x (kY = k5)eq (ko) (K — ¢")eic' (p2)
1 1 1
> (24)

2 2 12 2 12 :
—mp- k5 —my k| —mp-
q D; K2 D+ %1 Dy,

The minus sign in Egs. (27) and (24) come from the flavor
function that is shown in Eq. (3). Then, we find
M[Y(4274) _))(c()/clﬂ]Tolal = Ma + Mb =0.

C. The decay Y (4274) — D:D,

Figure 4 shows the hadronic decay of the DDy,
molecular state into D*D, mediated by the exchange of
the # meson. The ingredients needed are the vector(V)-
pseudoscalar(P)-pseudoscalar(P) Lagrangian

Lypp = —ig([P, ayP]Vﬂ>' (25)
The coupling g is fixed from the strong decay width of
K* — Kn. With the help of Eq. (25), the two-body decay

width T(K** — K°z") is related to g as

2
g 2
Py = grw, (26)

F(K*+ N K0”+> — 5
brmy.,
where P, g+ is the three-momentum of the z in the rest
frame of the K*. Using the experimental strong decay width
(Tg+ = 50.3 £ 0.8 MeV) and the masses of the particles
needed in the present work [1], we obtain g = 4.61.
Thus, we can obtain the following amplitudes for the

decay Y(4274) — D:Dy:

T d*
Mo ggvDJODJgYDSDm/ q q)[(kle;—kzijo)z]

‘o V2 (2m)*
4:9a
X (pl,ugmy - pluQﬂﬂ)(qﬂgyl - qvgﬂll) <gia — 2 >
ny
S (kZa + p2a)(klw - k2w)€:;7:+ (pl)e(ll/)(kO)
1 1 1
. (27)

q* — my k3 — mi, ki — miy
Mb - Mb<DjE) d DS_O’DS_ d D?-’D:-‘r g Di;_), (28)

M, = M;(Dy, — D}y, Df (ky) = D5 (ky). Dit — Di™),
(29)

_ 99vp,p oo [ d'q

Md = \/6 (27[)4 Q[(kla)DT - kaD;O)z]
X (61,4 - kZM)(klu - kzy)ef(ko)eﬁf;+ (1)
1 1 1
X : (30)
q2 — m% k% — m%x+ k% — m%);n

D. The decay Y(4274) — D,D,x"

Now we turn to the DD z° three-body decay channel of
Y(4274). Under the D D, molecular state assignment,
Y (4274) first dissociates into D Dy, or Dy D/,. Then, the
decay Y(4274) - DI D;z"’ occurs via the transitions
D% — DEn’, where DE decay into Dfz° by considering
the n—7" mixing mechanism [45,46]. The relevant
Feynman diagrams are shown in Fig. 5.

The Lagrangian including # — z° mixing for z°D D,
have been constructed in Ref. [47] and in the form

EJTODX()DJ = gnoonDxﬂoDsoDs’ (31)

where the coupling constant g0, 5 can be extracted by
the relation

+ + 0\ _ 2 |P;z°|
L(Df - DEn) = ¢y, ey (32)
s0

In the above, P, is the three-momentum of 7 in the rest
frame of D,.

D (p1)

Y (4274) (ko) Ty (e2)

(a) Dy (p) (b) D¢ (ps)

FIG. 5. Feynman diagrams for the D} D;z" three-body decay
channel of Y (4274).
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At present, the experimental partial decay width
on D& — D¥x° is absent. We find only the absolute
branching fraction B(D% — Dfz%) is measured as
1.007 099 (stat) 99 (syst) [48] and the upper limit on the
Dy, width is 3.8 MeV at the 95% confidence level (CL)
[49]. In this work, we focus on whether Y (4274) can be a
P-wave DD, molecular state and hope that the theoretical
maximum decay width cannot be compared with the
experimental data. Thus, we use upper limit ['(Dyy) =
3.8 MeV to determine the coupling constant gop p =
1.3124 GeV and in further calculations.

The general expression of the decay amplitude
Y(4274) - D;D,a° is

92°D,,D,9YD,D,
Ma/h :ﬁ—0<qM - plﬂ)ej;’(kO)

V2

X ®[(piwp, —qwp, )] 1
0 ’ C]2 - m%)so + imDsorDso

. (33)

where ¢ = p, + ps.

E. The decay Y(4274) — DD*, KK*, and ¢¢

In this section, we calculate the two-body Okubo-Zweig-
lizuka (OZI) allowed strong decays Y(4274) — DD*,
KK*, and ¢¢. The processes is described as a quark-
antiquark pair c¢ or ss annihilation in the initial state.
Meanwhile, a light quark-antiquark pair is created and then
regroups into two outgoing hadrons by a quark rearrange-
ment process. The decay of Y (4274) into other channels,
such as Y(4274) — =7, are ignored, because these proc-
esses, which involve the creation or annihilation of two ggq
(g =u, d, s, c¢) quark pairs, are usually strongly sup-
pressed. The quark-level diagrams are depicted in Fig. 6
and corresponding hadron-level diagrams are in Fig. 7.

Besides the Lagrangians above, the effective Lagrangian
of the KDD, vertex is also needed [43]:

'CKDDX() = 9kDD,, KDDy, (34)

where the coupling constant ggpp, = \/ng‘DOD:O =
10.21 is obtained from the coupling of the Dy, to the
DK channel in isospin / = 0 [44]. Putting all the pieces
together, we obtain the amplitudes for Y(4274) — DD*,

DY(D}) DH(DY) _

C C S S

S q c q
Y (4274) Y (4274)

s q c q

c c S S

D;(Dp)  (a) D;(Dy)  (b)

FIG. 6. The Y(4274) decay process via the OZI mechanism.
q = u, d quarks for diagram (a) and ¢ = u, d, s quarks for
diagram (b).

DO (py)

Di(ka)

K°)(q) Y (4274) (ko

DH(OJ(PZ)

K~O(py)

¥ (4274) (ko)

6(p2)

(e) ()

FIG. 7. Diagrams for Y(4274) decay processes:
(a).(b) Y(4274) » DD*, (c),(d) Y(4274) - KK*, and (e),(f)
Y (4274) — ¢¢.

KK*, and ¢¢ which correspond to the diagrams in
Fig. 7:

~ 9kpD, 99y d4q

Mtz - \/§ (277:)4 q)[(kle; - kaD;ro)z]
X (qy = ko) (kyy, = ko, )€y (ko)e Vo (P2)
1 1 1
7 - m?(ou) k3 — sz; ki - mé;}
9kDD, 99y d4¢1
M, = - \[; (271)4 @[(klwm - kzwD;O)z]
X (qﬂ - ka)(klv - k2v)€lf/<k0)€zi+(0) (p2>
1 1 1
x , (36)
q* - m%{o(_) K3 — mIz):+ K2 — m%);[]
9kDD,, 99y d461
M. =T \/% 2n) O[(kywp- — kzwD:O)z]
X (qM - kZﬂ)(klv - k2u>€l)//(k0)€;</i—(0) (pZ)
1 1 1
X , (37)
q* - méo(ﬂ k3 — m%,; k3 — m%)r“
9kpp,99y [ d'q
M;=T KD;% . (2n) @[(kjwp; — kowp- )?]
X (q/l - kZM)(klu - k2u)€1}/’(k0)€*Kli+(o) (pZ)
1 1 1

2_ 2 12 .2 12
g = Moy ky = mp. ki = mp-
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Gav9sp.p: [ d*q
— 5 s q) k 4 2
M, =20 [ 8k, |

X (qﬂgw] _qbg/m)(plﬂgup_plugup)(_gml+qnql/m2D§+)
Xermﬁqu’za(kw—kza)ej;sp(l’l)€Zgﬂ(P2)€3’/<ko)

1 1 1
; 39
P G, B (39)

- k2wD;U)

M; =M, D}y = Dy, Dy - DI, Di" - Di7), (40)
where 7 =1 and —1 are for D°(D°) and D* (D7)
exchange, respectively.

Once the amplitudes are determined, the corresponding
partial decay widths can be obtained, which read

|P1
I'(Y(4274) - MB 41
(v(4274) — MB) =70 (41)
_ 1 —_—
(Y (4274) - D,D7°) = ————— | M?|p3l|p
(Y(4274) > D,Dr") = 355510 IMPIFIF|
X dmpop:dQ), dQ, (42)

where J is the total angular momentum of the Y (4274)
state, the |p; | is the three-momenta of the decay products in
the center of mass frame, the overline indicates the sum
over the polarization vectors of the final hadrons, and MB
denotes the decay channel of MB, i.e., J/w, xcofl, X1l
D;D,, DD*, KK*, and ¢¢. In Eq. (42), the p; and Q;, are
the momentum and angle of the particle Df in the rest
frame of Di and #°, respectively, and Q,, is the angle of
D in the rest frame of the decaying particle Y(4274).
Mmop: is the invariant mass for Dy and z° and must

meet Mpx +myp <mpop: < my —mp+.

III. RESULTS AND DISCUSSIONS

In this work, we study the strong decays of the ¥ (4274)
to the two-body final states J/w e, y.on. )(Cln, D:D,, DD*,
KK*, and ¢p¢ and three-body decay into z°D D, assuming
that Y (4274) is a D;D((2317) molecular state. In order to
obtain the decay width shown in Figs. 2, 4, and 5, the
coupling constant gyp, p  should be computed first.

According to the compositeness condition that we
introduced in Eq. (6), A dependence of the coupling
constant gyp p, is computed. With a value of cutoff
A =0.9-1.1 GeV, the corresponding coupling constants
are shown in Fig 8. We note that they decrease slowly with
the increase of cutoff, and the coupling constant is almost
independent of A, where Y(4274) is a P-wave DDy,
molecular state. According to the studies in Refs. [18-36],
a typical value of A = 1.0 GeV is often employed. Thus, in
this work, we take A = 1.0 GeV, and the corresponding

20 v T T T g T

15 B

6.5, (GeV)
S

0 " "
0.90 0.95 1.00 1.05 1.10
A (GeV)

FIG. 8. The A dependence of the coupling gyp p , estimated
from the compositeness condition.

coupling constants are gy, p , = 13.34f01;8191 GeV, in which
the error reflects variation in A from 0.9 to 1.1 GeV.
Once the coupling constant gyp p = 13. 34% §91 GeV is
determined, the decay widths of Y(4274) can be calculated
straightforwardly. In Fig. 9, we show the partial decay
widths of Y (4274) = J/we, xcon- xen. DiD;, n°D,Dj,
DD*, KK*, and ¢¢ as a function of cutoff parameter A.
We find that the estimated two-body decay width increases
with increase of cutoff and are all insensitive to cutoff
parameter A, while the Y(4274) — z°D,D; three-body
decay decreases, but very slowly. We also find that the
partial decay width is the largest for transition
Y(4274) — DD*. Thanks to the flavor symmetry of the
wave function shown in Eq. (3), the Y(4274) — y.on and
Xc1n two-body decay widths are of the order of about
0.0 MeV. We also note that the three-body transition
strength is quite small, and the decay width is of the order

20 T T T T T T
Jhyo K
---- Ds* Ds
SA5F e «'Ds Ds
2 — D D*
Tiot .
L
T
N -
3
Zo5) i}

0.90 0.95 1.00 1.05 1.10
A (GeV)

FIG. 9. Partial decay widths of the Y(4274) — J/y¢ (black
solid line), Y (4274) — z2°D,D, (blue dotted line), Y(4274) —
D:D, (red dashed line), Y(4274) — y.on (violet short-dotted
line), Y (4274) — DD* (magenta dash-dotted line), Y (4274) —
KK* (olive dash-dot-dotted line), Y (4274) — y.,n (purple short-
dash-dotted line), and Y(4274) — ¢¢p (navy short-dashed line).
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of 0.158-0.190 MeV. The small three-body decay width
can be easy understood due to the decay Y(4274) —
D,D,n° being an isospin violation process.

Two reasons can help us to understand why transition
Y(4274) — DD provides the dominant contribution. First
is that transition Y (4274) — DD* is s-wave decay, and the
lowest angular momentum gives the dominant contribution.
Larger Y (4274) — DD* decay can also be understood due
to the main component of D, being DK, and the coupling
constant related to this vertex is larger than the others. The
same D, DK coupling also exists in the Y(4274) — KK*
reaction. However, its partial decay width is small. A
possible explanation is that a light quark-antiquark pair
creation or annihilation in Fig. 6 is easier than that of a
heavy quark-antiquark pair.

We also show the dependence of the total decay width on
cutoff A in Fig. 10. In the present calculation, we vary A
from 0.9 to 1.1 GeV. In this A range, the total decay width
increases, and predicted decay width I'y = 1.25-2.0 MeV
is much smaller than the experimental width, which
disfavors Y(4274) in a DDy, molecular picture. If we
increase A to higher values, the total widths of Y (4274)
cannot be reproduced until a much larger A value of about
9.6 is adopted. Unfortunately, there are no such studies on
taking A = 9.6 or higher, which is reasonable. Hence, the
assignment as a P-wave D D, molecular state is impos-
sible for Y(4274) based on the total decay width exper-
imentally measured. This is quite different from the
conclusion in Ref. [15] that the interaction between a D
meson and a D, meson is strong enough to form a bound
state with a mass of about 4274 MeV, which can be
associated to Y (4274). Comparing our results with those in
Ref. [15], it seems that a study of the spectroscopy alone
does not give a complete picture of its nature.

Combining our results in Fig. 10 with the conclusion in
Ref. [15], we predict a P-wave D D, molecular that we
marked as Y’(4274) may exist. Taking a typical value

100 T T T T T T
Total
80 | e

60 -

40 F i

IIY(4274)-] (MeV)

20 -

L 1 L 1 L 1 L
0.90 0.95 1.00 1.05 1.10
A (GeV)

FIG. 10. The total decay width of the ¥(4274). The cyan bands
denote the experimental total width [4,5].

(D% — zD¥E) = 79.3 keV [19], where Dy is assumed to
be a DK bound state, the corresponding partial decay widths
are ['[Y'(4274) —» D:D,] =0.20-0.33 MeV, I'[Y'(4274) —
J/wp] = 0.048-0.090, '[Y'(4274) — z°D;D,] = 0.0066—
0.0080 MeV, ['[Y'(4274) - DD*] = 0.76-1.30 MeV,
[[Y'(4274) - KK*] = 0.065-0.14 MeV, T[Y'(4274) -
xeotll = 0.0 MeV, T'[Y'(4274) - y.n] = 0.0 MeV, and
I[Y'(4274) - ¢¢] = 0.0089-0.018 MeV, which yields a
total decay width of 1.06—1.84 MeV. And we find that the
transition Y’(4274) — DD* is the main decay channel,
almost saturating the total width. The experimental mea-
surements for this strong decay process could be crucial to
observe such a state.

IV. SUMMARY

In this work, inspired by the studies in Ref. [15]
that showed the likely existence of a DD, bound state,
we have studied its partial decay widths into Y(4274) —
J/l//¢9 Xcolls X1l ¢¢9 nm, DzDs’ DD*? KK*’ and HODSDS'
These decays involve the treatment of the Y (4274) state as
a quasibound state of D D, and utilizing the Weinberg
compositeness condition to determine the corresponding
coupling. Our studies find the P-wave DD, assignment
for Y(4274) is not allowed; it may be a compact tetraquark
state or diquark-antidiquark state [7-14]. If Y (4274) is a
compact tetraquark state or diquark-antidiquark state [7—
14], we suggest experimentally to search for ¥ (4274) in the
Y(4274) = y.on and Y(4274) — y.n reactions that the
partial decay widths are of the order of 0.0 MeV by
assuming Y (4274) is a DD, molecular state. Theoretical
investigations on decay modes and further experimental
information on partial decay widths will be helpful to
distinguish which inner structure of the Y (4274) state is
possible.

However, a P-wave D,D, molecular with the total
decay width at the order of 1.06-1.84 MeV [marked as
Y'(4274)] is found. The predicted decay width seems to
suggest that it is possible to observe such a state at Belle or
Belle II, e.g., via the inclusive invariant mass distribution
DD*, which is the largest transition. On the other hand, its
production yields at these experimental setups remain to be
studied.

If the Y(4274) could be a P-wave DD, molecular, it
naturally leads us to think about whether there are con-
tributions from the light pseudoscalar meson exchanges
(z, K,n,1') and the vector meson exchanges (p, @, K*)...
or there exist other decay mechanisms for the few-body
systems. However, only J/y, ¢, n, K, D, D,, and D}
exchange are included, because there is no information on
studies about other meson exchange in the vertices of the
charm-strange meson. Moreover, we always think the two-
body decay modes of the multiquark states are usually the
dominant ones. Hence, the current calculation is enough to
explain that Y (4274) cannot be a P-wave DD, molecular.

056011-8



POSSIBLE P-WAVE DgDg(2317) ...

PHYS. REV. D 105, 056011 (2022)

ACKNOWLEDGMENTS

This work was supported by the National Natural Science
Foundation of China under Grant No. 12104076, the
Science and Technology Research Program of Chongqing
Municipal Education Commission (Grant No. KJQN20
1800510), and the Opened Fund of the State Key
Laboratory on Integrated Optoelectronics (Grant No. 10S

KL2017KF19). Y.H. thanks the support from the
Development and Exchange Platform for the Theoretic
Physics of Southwest Jiaotong University under Grants
No. 11947404 and No. 12047576, the Fundamental
Research Funds for the Central Universities (Grant
No. 2682020CX70), and the National Natural Science
Foundation of China under Grant No. 12005177.

[1] P. A. Zyla et al. (Particle Data Group), Prog. Theor. Exp.
Phys. 2020, 083C01 (2020).
[2] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 122,
222001 (2019).
[3] R. Aaij ef al. (LHCb Collaboration), Sci. Bull. 66, 1278
(2021).
[4] R. Aaij ef al. (LHCb Collaboration), Phys. Rev. Lett. 118,
022003 (2017).
[5]1 R. Aaij et al. (LHCb Collaboration), Phys. Rev. D 95,
012002 (2017).
[6] K. Yi (CDF Collaboration), Proc. Sci.ICHEP2010 (2010)
182 [arXiv:1010.3470].
[7] H. X. Chen, E. L. Cui, W. Chen, X. Liu, and S. L. Zhu, Eur.
Phys. J. C 77, 160 (2017).
[8] Z. G. Wang, Eur. Phys. J. C 77, 174 (2017).
[9] F. Stancu, J. Phys. G 37, 075017 (2010); J. Phys. G 46,
019501(E) (2019).
[10] Q.F. Lii and Y. B. Dong, Phys. Rev. D 94, 074007 (2016).
[11] L.C. Gui, L.S. Lu, Q.F. Lii, X. H. Zhong, and Q. Zhao,
Phys. Rev. D 98, 016010 (2018).
[12] S.S. Agaev, K. Azizi, and H. Sundu, Phys. Rev. D 95,
114003 (2017).
[13] L. Maiani, A.D. Polosa, and V. Riquer, Phys. Rev. D 94,
054026 (2016).
[14] R. Zhu, Phys. Rev. D 94, 054009 (2016).
[15] J. He, Phys. Rev. D 95, 074004 (2017).
[16] Y.R. Liu, Phys. Rev. D 88, 074008 (2013).
[17] Y.L. Ma, Phys. Rev. D 82, 015013 (2010).
[18] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
Phys. Rev. D 81, 074011 (2010).
[19] A. Faessler, T. Gutsche, V. E. Lyubovitskij, and Y. L. Ma,
Phys. Rev. D 76, 014005 (2007).
[20] A. Faessler, T. Gutsche, V. E. Lyubovitskij, and Y.L. Ma,
Phys. Rev. D 76, 114008 (2007).
[21] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
Phys. Rev. D 77, 094013 (2008).
[22] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
J. Phys. G 38, 015001 (2011).
[23] Y. Dong, A. Faessler, T. Gutsche, S. Kovalenko, and V. E.
Lyubovitskij, Phys. Rev. D 79, 094013 (2009).
[24] Y. Dong, A. Faessler, T. Gutsche, Q.F. Lii, and V.E.
Lyubovitskij, Phys. Rev. D 96, 074027 (2017).
[25] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
Phys. Rev. D 90, 094001 (2014).

[26] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
Phys. Rev. D 90, 074032 (2014).

[27] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
Phys. Rev. D 89, 034018 (2014).

[28] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
Phys. Rev. D 88, 014030 (2013).

[29] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
Few-Body Syst. 54, 1011 (2013).

[30] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
J. Phys. G 40, 015002 (2013).

[31] Y. Dong, A. Faessler, T. Gutsche, S. Kumano, and V. E.
Lyubovitskij, Phys. Rev. D 83, 094005 (2011).

[32] Y. Dong, A. Faessler, T. Gutsche, S. Kumano, and V.E.
Lyubovitskij, Phys. Rev. D 82, 034035 (2010).

[33] Y. Dong, A. Faessler, T. Gutsche, and V. E. Lyubovitskij,
Phys. Rev. D 81, 014006 (2010).

[34] Y. Dong, A. Faessler, and V. E. Lyubovitskij, Prog. Part.
Nucl. Phys. 94, 282 (2017).

[35] F. Yang, Y. Huang, and H. Q. Zhu, Sci. China Phys. Mech.
Astron. 64, 121011 (2021).

[36] H.Zhu, N.Ma, and Y. Huang, Eur. Phys. J. C 80, 1184 (2020).

[37] S. Weinberg, Phys. Rev. 130, 776 (1963).

[38] A. Salam, Nuovo Cimento 25, 224 (1962).

[39] E. Oset, J. R. Pelaez, and L. Roca, Phys. Rev. D 67, 073013
(2003).

[40] A. Bramon, A. Grau, and G. Pancheri, Phys. Lett. B 283,
416 (1992).

[41] P. Colangelo, F. De Fazio, and T. N. Pham, Phys. Rev. D 69,
054023 (2004).

[42] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F.
Feruglio, and G. Nardulli, Phys. Rep. 281, 145 (1997).

[43] Y.Huang, M. Z. Liu, Y. W. Pan, L. S. Geng, A. Martinez Torres,
and K. P. Khemchandani, Phys. Rev. D 101, 014022 (2020).

[44] D. Gamermann, E. Oset, D. Strottman, and M. J. Vicente
Vacas, Phys. Rev. D 76, 074016 (2007).

[45] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett. 90,
242001 (2003).

[46] X. Liu, Y. M. Yu, S. M. Zhao, and X. Q. Li, Eur. Phys. J. C
47, 445 (20006).

[47] J. He and X. Liu, Eur. Phys. J. C 72, 1986 (2012).

[48] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 97,
051103 (2018).

[49] B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 74,
032007 (20006).

056011-9


https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1093/ptep/ptaa104
https://doi.org/10.1103/PhysRevLett.122.222001
https://doi.org/10.1103/PhysRevLett.122.222001
https://doi.org/10.1016/j.scib.2021.02.030
https://doi.org/10.1016/j.scib.2021.02.030
https://doi.org/10.1103/PhysRevLett.118.022003
https://doi.org/10.1103/PhysRevLett.118.022003
https://doi.org/10.1103/PhysRevD.95.012002
https://doi.org/10.1103/PhysRevD.95.012002
https://doi.org/10.22323/1.120.0182
https://doi.org/10.22323/1.120.0182
https://arXiv.org/abs/1010.3470
https://doi.org/10.1140/epjc/s10052-017-4737-5
https://doi.org/10.1140/epjc/s10052-017-4737-5
https://doi.org/10.1140/epjc/s10052-017-4751-7
https://doi.org/10.1088/0954-3899/37/7/075017
https://doi.org/10.1088/1361-6471/aaf026
https://doi.org/10.1088/1361-6471/aaf026
https://doi.org/10.1103/PhysRevD.94.074007
https://doi.org/10.1103/PhysRevD.98.016010
https://doi.org/10.1103/PhysRevD.95.114003
https://doi.org/10.1103/PhysRevD.95.114003
https://doi.org/10.1103/PhysRevD.94.054026
https://doi.org/10.1103/PhysRevD.94.054026
https://doi.org/10.1103/PhysRevD.94.054009
https://doi.org/10.1103/PhysRevD.95.074004
https://doi.org/10.1103/PhysRevD.88.074008
https://doi.org/10.1103/PhysRevD.82.015013
https://doi.org/10.1103/PhysRevD.81.074011
https://doi.org/10.1103/PhysRevD.76.014005
https://doi.org/10.1103/PhysRevD.76.114008
https://doi.org/10.1103/PhysRevD.77.094013
https://doi.org/10.1088/0954-3899/38/1/015001
https://doi.org/10.1103/PhysRevD.79.094013
https://doi.org/10.1103/PhysRevD.96.074027
https://doi.org/10.1103/PhysRevD.90.094001
https://doi.org/10.1103/PhysRevD.90.074032
https://doi.org/10.1103/PhysRevD.89.034018
https://doi.org/10.1103/PhysRevD.88.014030
https://doi.org/10.1007/s00601-013-0622-4
https://doi.org/10.1088/0954-3899/40/1/015002
https://doi.org/10.1103/PhysRevD.83.094005
https://doi.org/10.1103/PhysRevD.82.034035
https://doi.org/10.1103/PhysRevD.81.014006
https://doi.org/10.1016/j.ppnp.2017.01.002
https://doi.org/10.1016/j.ppnp.2017.01.002
https://doi.org/10.1007/s11433-021-1796-0
https://doi.org/10.1007/s11433-021-1796-0
https://doi.org/10.1140/epjc/s10052-020-08747-5
https://doi.org/10.1103/PhysRev.130.776
https://doi.org/10.1007/BF02733330
https://doi.org/10.1103/PhysRevD.67.073013
https://doi.org/10.1103/PhysRevD.67.073013
https://doi.org/10.1016/0370-2693(92)90041-2
https://doi.org/10.1016/0370-2693(92)90041-2
https://doi.org/10.1103/PhysRevD.69.054023
https://doi.org/10.1103/PhysRevD.69.054023
https://doi.org/10.1016/S0370-1573(96)00027-0
https://doi.org/10.1103/PhysRevD.101.014022
https://doi.org/10.1103/PhysRevD.76.074016
https://doi.org/10.1103/PhysRevLett.90.242001
https://doi.org/10.1103/PhysRevLett.90.242001
https://doi.org/10.1140/epjc/s2006-02564-0
https://doi.org/10.1140/epjc/s2006-02564-0
https://doi.org/10.1140/epjc/s10052-012-1986-1
https://doi.org/10.1103/PhysRevD.97.051103
https://doi.org/10.1103/PhysRevD.97.051103
https://doi.org/10.1103/PhysRevD.74.032007
https://doi.org/10.1103/PhysRevD.74.032007

