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The Belle Collaboration recently reported a promising candidate for the spin-2 D*D* partner of the
X(3872), called the X, for short, having a mass of (4014.3+4.0+ 1.5) MeV and a width of
(4 + 11 4 6) MeV. Assuming the X, as a pure molecule of the D*D*, we calculated in detail the hidden
charmonium decays of the X, — J/yV and X, — 5, P via the intermediate meson loops, where V = p°, @
and P = 7% n,#. The results indicate that the decay widths are strongly dependent on the X, mass.
At present center value of the mass 4014.3 MeV, the width for the X, — J/yp is predicted to be a few tens
of keV, while it is on the order of 10>~ keV for the X, — J/ww; the predicted width for the X, — 5,.7° is
about a few keV, while the widths for X, — n.n and 5.4 are around a few tens and tenths of keV,
respectively. We also investigated the dependence of the ratios between these widths on the X, mass and on
the # —n' mixing angle, which may be good quantities for experiments. We hope that the present

calculations will be checked experimentally in the future.

DOI: 10.1103/PhysRevD.109.014027

I. INTRODUCTION

Studies of exotic states have received considerable con-
sideration in 2003 when the Belle Collaboration observed a
structure in the #*z~J /y invariant mass spectrum [1], the
X(3872). Those candidates for exotic states are usually
referred to collectively as XYZ states. In order to understand
the nature of the exotic states, numerous experimental and
theoretical investigations have been performed and are
ongoing or planned. Considerable effort is devoted to an
explanation of the XYZ mass, width, and quantum numbers
JPC, which, in turn, helps us to understand their internal
structures. There have been many reviews concerning this
topic, e.g., the recent comprehensive ones [2-4] from
experimental and theoretical status and perspectives.

Of the XYZ states, the X(3872) is the first and most well-
studied representative. At present, the world average mass
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of the X(3872) is (3871.65 4+ 0.06) MeV with a narrow
full width (1.19 £0.21) MeV [5]. The X(3872) quantum
number J”C was eventually determined to be 17 in 2013
by the LHCb experiments at CERN [6,7]. The X (3872) lies
extremely close to the D°D** threshold of 3871.69 MeV
and has a large decay rate to D°D** [5] so that it is naturally
considered as a loosely bound mesonic molecule.
Therefore, the molecular model becomes quite popular
and successful to interpret the properties of the X(3872)
since its discovery [8-20]. Guo et al. have given a
comprehensive review on hadronic molecules [21], and a
special review on the X(3872) in the molecular model has
been published recently [22].

Owing to the great achievement of the molecular model,
the X(3872) has been often used a basis for predicting
possible exotic states. Under the condition that the X(3872)
is a mesonic molecule of the DD* with J*€ = 117, the
heavy quark spin symmetry predicts the existence of an
isoscalar 2** D*D* partner of the X(3872) [23-27]
(Following early papers [13,28,29], we also call this partner
state X, for short.). Its theoretically predicted mass is
my, = 4012 MeV with a narrow width on the same order
as that of the X(3872). Subsequently, lots of theoretical
work partly or specially studies the X, from different points
of view [24-27,29-32]. In particular, authors in Ref. [28]
predict a small width of a few MeV based on an effective
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field theory. A very recent investigation studied the radi-
ative decays X, — yy (w = J/y,w(2S)) and indicated that
the width ratio of the X, — yw(2S) to X, — yJ/y is
smaller than unity, nearly equal to the corresponding one
of the X(3872) [29].

An experimental situation seems to have achieved
a possible breakthrough in 2022 when the Belle
Collaboration observed a structure in the invariant mass
distribution of the yy(2S), which has a mass of (4014.3 £
4.0+ 1.5) MeV and a width of (4 4+ 11 4+ 6) MeV [33].
It is noted that the mass and width of the new structure
agree well with those of the X,, which, therefore, suggests
it as a good candidate for the X, although the experiments
gave a low global significance of 2.8¢ [33]. It is believed
that more and more experiments would follow up soon to
provide more detailed information about the new structure,
thereby contributing to its identification. The investigations
related to this possible spin-2 D*D* exotic state are urgent,
not only experimentally but also theoretically.

In this work, we systematically investigate the hidden
charmonium decays of the X, — J/yV (V = p°, w) and
X, = n.P (P =7%n,1) in the molecular picture where
the X, is assumed to be a pure mesonic molecule of the
D*D* pair. Based on the effective field theory, we only
considered in the calculations the contributions via the
intermediate meson loops that have been widely used in the
productions and decays of the exotic states (see, for
example, Refs. [11-19,29,34-57]). Our basic concern here
is to predict the partial decay widths of the processes
mentioned above and give possible influence factors on the
widths, such as the X, mass and the # — #' mixing angle.
The calculated results show that the widths of the processes
we considered depend strongly on the X, mass, indicating
the importance of the precise mass of the X,.

The rest of the paper is organized as follows. In Sec. II,
we present the theoretical framework used in this work.
Then in Sec. III the numerical results are presented, and a
brief summary is given in Sec. IV.

II. THEORETICAL FRAMEWORK

A. Effective interaction Lagrangians

Figure 1 shows the charmed meson loops devoted to the
hidden charmonium decay processes of the X, that we
consider in this work. The loop amplitudes for the decays
X, = J/wV and X, — 5.P can be obtained by the sum of
the corresponding diagrams.

Here we assume that the X, is an S-wave molecular state
with quantum numbers 1(J€) = 0(27") given by the
superposition of the D**D*® and D**D*~ hadronic con-
figurations as

Xa) == (D) + D). ()

X

J/ J/ J/
P p L P WP
. t . .

X, D< X, D< X D< X, D<
D+ D*+ DD Dxﬂ

D~ D™~ D™ D™
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(e) ® (@) (h)

FIG. 1. Feynman diagrams for the processes X, — J/yV
[(@)—(d)] and X, —7.P [(e)-(h)] with V=p° @ and P=7"n,1/
via charmed meson loops.
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Similar to the case for the X(3872) [14], the interaction
of the X, with a pair of charmed and anticharmed mesons
D*D* is described by [29]

1 _ o
['Xz = 72 ()fngZ/u/D*OT”D*OW

v

+ x5 X2, D*TD*) 4+ Hec. (2)

Here and later the symbols with (without) a dagger index
indicate the creation (annihilation) of the corresponding
states. It is assumed that the X, is a pure D*D* bound state.
In terms of such a hadronic molecule picture, the coupling
constants y,,’s are determined as [16,29,58,59]

172
16z [2E
Xnr — < B) , (3)
H H

where Ey and y are the binding energy of the X, relative to
the D*D* threshold and the D*D* reduced mass, respec-
tively. For the case of the D**D*0, 40 is 1.32 GeV~1/2,
whereas it is 2.36 GeV~!/2 for the D**D*~.

In the heavy quark limit, the interactions of the S-wave
charmonia J/w and 7. with the D and D* mesons are
described by the Lagrangian [60]

Ls= igq/DDWEDZMD

+ gl//D*Deﬂvaﬂa”W+y<D*a3ﬂD - DS”D*C’)

— gy pWh(D; 0" D + D 9D — D; 0 D)

- gm,D*D*eymﬁa”ﬂID*ygab*ﬁ

+ ing*Dm(Dg”D;; + D;;(gﬂb) +Hec., (4)
where D = (D°, D*, DY) and D* = (D*°, D**, D) are
the pseudoscalar and vector charmed meson triplet, respec-

tively. The D*)’s are the corresponding anticharmed meson
triplets. In fact, the strange charmed mesons need not be
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considered in the present work thanks to there being no
strange component in the X,. The coupling constants
9ypwipw’s are related to the gauge coupling g; =

/M, /(2mpf,) with the J/y decay constant f, =
426 MeV [11,60], namely

9ypp = 2g1mpy/my,, (5a)
GyD*D = 29, A/ mDmD*/my/ (Sb)
Gyp D+ = 2g1mpe/My, (5¢)
Gn.pp* = 291mp- [ /1y, (5d)
9y.D'D = 291\/W- (5e)

Based on the heavy quark limit and chiral symmetry, the
interactions between the light vector and pseudoscalar
charmed mesons read as [11,12,34]
L = —igppyD, 0 D/(Vﬂ)} - 2fD*Dv€,waﬁ<5”V” );
__9 . *ﬂTe . K g * H 4 .
x (D} 9D = D" 9“DI) +igp-py D" 0" D (V)]
+idf ppey D (VT — VD]
gy (D104}, — D 0P, D)
1 st pijt ya P
+§gD*D*P€MDaﬂDi o0"PT 9 Dj +H.C., (6)

where the V and P are, respectively, the nonet vector and
pseudoscalar mesons in the matrix form

Ay + ot
ata o K

V= - 2w w0 | Ta
p o K (7a)
K* I_('*O ¢
2 oty + +
N ALY g K
pP— - _ a0  Sutyd 0 . 7b
T > + 73 K (7b)
K- K, —yn + &1

Here 6= cos(fp+arctany/2) and y = sin(fp + arctan /2)
with the # — ' mixing angle 6p ranging from —24.6° to
—11.5° [5,34,61-64]. The coupling constants g pewy’S
and gy pep’s could be determined using the following
relations [11]:

9ppv = 9p*pv = ﬂ_gv’ (8a)
V2
Soov  Agy

R ==, 8b

fD DV mp \/z ( )
. 2

9ppp 29 (8¢)

dorp'P = ——= -
\/Mphp+ Sx

Here = 0.9 and gy = m,/f, with the pion decay con-
stant f, = 132 MeV [65]. Moreover, 4 = 0.56 GeV~! and
g=0.59 based on the matching of the form factors
obtained from the light cone sum rule and from the lattice
QCD calculations [66].

It is recalled that the mass of the X, is close to the
thresholds of the D*D*. Consequently, the two charmed
mesons D* and D* interacting with the X, could be
considered to be nearly on shell. However, another
exchanged charmed meson in the loops is off shell. To
account for the off shell effect as well as the inner structure
of the exchanged meson, a monopole form factor was
included in the calculations [67,68]:

m? — A2

F2,2= ,
(g%, m?) pra—

©)

where ¢ and m are the momentum and mass of the
exchanged meson, respectively; A =m + alAgcp Wwith
Aqcp = 0.22 GeV. The model parameter a could not be
determined from the first principle, but its value was found to
be of order of unity and depends not only on the exchanged
particle but also on the external particles involved in
the strong interaction [67,68]. A search in the literature
[12,49,51,61,69-75] yields that for the decays of charmo-
nium(-like) particles through the charmed meson loops the
parameter a is commonly taken to be smaller than 2. In the
present calculations, we vary a from 0.7 to 1.4 to exhibit its
influence on the decay processes we considered.

B. Amplitudes of X, — J/ywV and X, — n P

According to the Lagrangians above, the amplitudes M,
for the case X, — J/yV (V = p°, w) and M, for X, —
neP (P = n°%n,n'), governed by the loops in Fig. 1, have
the form

1 c(0
My = 5)([15 )\/mxsz*

% 8’”(X2)8*(1(V)8*/}(J/V/)Iyuaﬁ’ (1021)
X ¢(0 v
Mp = ixnﬁ e (Xo) 1, (10b)

where the mass factor | /my, mp- results from the non-
relativistic normalization of the heavy fields involved in the
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X, vertex. & (X,), €%(V), and &% (J/y) describe the
polarization tensor of the initial X,, the polarization vectors
of the final light vector particle p° or , and the heavy J/y,
respectively. The parameter x is equal to 1, , and y for the
7°, n, and ' emission, respectively [see Eq. (7b)]. The
tensor structures /,,,; and 1, are expressed as

alc d*q
I/u(/a)ﬂ = /Wgupgm[sz*Dveaaqug(Pl + ‘1)”]

X [gy/D*Deéﬁmpg(pZ - q)")S"(p1.mp)

x S7(pa,mp)S(q.mp)F(q*. mp). (11a)

4
b(d d'q
I,u(/a)ﬂ = / (27[)4 gﬂ/)gl/ﬂ [4fD*D*V(p3.nga§ - p3,§gi1a)

— 9o v(P1 + @) e Gy 0 (P2 + @) 595
+ (P2 + ),9p5 — (P2 + @) 93]S (P1. mp-)

X S(T}/(pz’ mD*)Sén(q9 mD)F(qz’m2)9 (llb)

4
o) [ d'q
L) = / (zﬂ)4gﬂpgw[go*opm,g][—gmo*a(pz—q>y]

X Sp'f(l?h mD*)Sw(Pz, mD*)S(CI: mD), (llc)
h d4q
g = / (2ﬂ)4gﬂpgw[—gmo*o*eﬂwpf(pz ~q)']
1
) [5 9o D pEspePa(P1 + @) S5 (py, mp)
X 8% (pay. mp)S¥(q. mp)F(q*. m). (11d)

Here S and S*, respectively, represent the propagators for
the charmed mesons D and D* in the following form:

1
S(q, =, 12
(C] mD) qg_m%+1€ ( a)
17 T 2
e (qump) = L 194 /my (12b)

q* — m3. +ie

The processes X, — J/yp°® and X, — 5.7° break iso-
spin symmetry so that their amplitudes are given by the
difference between the neutral and charged meson loops:
Mlale) 4 MO/ — M(e/9) — M/ On the contrary, the
other processes we considered follow isospin conservation.
Hence, their amplitudes can be obtained by summing the
contributions from the neutral and charged meson loops:

Mlale) 1 ABIF) L Aq(e/9) o Aq(drh),

III. NUMERICAL RESULTS
A. Decay processes of X, — J/yp°’ (o)

In the following, we consider the decay widths of X, —
J/wp® and J/ww. In Fig. 2 the decay widths for both
processes are shown for different X, masses and model
parameters. We assume that the X, mass ranges from
4.009 GeV to 4.020 GeV. Moreover, the model parameter
is varied between 0.7 and 1.4. Within the intervals we
considered, the width ranges from ~0.2 to 200 keV for
X, = J/wp®, while for X, — J/ww it is between 0.1
and 1.5 MeV. For a given a the width for X, — J/yp°
first increases with the X, mass to a peak value at
my, = 4.0137 GeV, then drops until ~4.0167 GeV, and
finally starts to increase again. However, the width for
X, -» J/ww shows opposite variations with the X,
mass at a given a, i.e., the width exhibits a valley at

200
180
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z S
[0}
o 120
173 =]
8 100 &£
= 3
N g0 =

60

40

20

1 1.1
Model Parameter, «

1400

1200
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3 N
é 2
& 800 —
g £
= e
N B
x 600

1 1.1
Model Parameter, o

FIG. 2. Widths of the decay processes X, — J/wp" (a) and
X, = J/yw (b) as a function of the X, mass my, and the model
parameter a. The white dashed lines with various numbers are the
isolines of the widths. The red dash-dotted line represents the
center mass 4.0143 GeV of the X,.
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my, = 4.0137 GeV, while near my, =4.0175 GeV it is
a peak.

The opposite variation of the widths for these two
processes with the X, mass can be understood in view of
the fact that the process X, — J/wp" breaks isospin
symmetry, while the process X, — J/ww is of isospin
conservation. In the molecular state scenario, the hidden
charm decays of the X, occur via the charmed meson loops,
where the interferences between the charged and neutral
meson loops provide an important source of the isospin
violation. Specifically, when my, = 4.0137 GeV, the cou-
pling 9. governing the interactions of the X, with the neutral
D*°D*0 pair becomes zero according to Eq. (3). Therefore,
the destructive and constructive interference between the
neutral and charged loops for the X, — J/yp" and X, —
J/ww both disappear. It, in turn, leads to a maximum width
for X, — J/wp" at my, = 4.0137 GeV, but a minimum
width for X, — J/yw.

However, near my, = 4.017 GeV the contributions from
the neutral and charged meson loops are close to equal. If
we ignore the mass difference of the neutral and charged
charmed mesons, we could predict an approximate value of
my, = 4.017 GeV in terms of the following relation:

0
cos {arccos (L> + 9] =0, (13a)
) + Otir)?

0
sin {arcsin (0)(‘“
T

o)+ ()

where @ is a phase angle describing the proportion of
neutral and charged constituents in X,. In the present work,
we fixed 0 to be 45°. Owing to the mass difference of the
neutral and charged mesons, the simple prediction deviates
somewhat from the results in Fig. 2. The inconsistency
(my, = 4.0175 GeV for X, —» J/yw and my, = 4.0167
for X, — J/wpP) results from the different mass of the p°
and w. These findings will be reproduced in the case of
X, — n.P with P = 7°, , and /, which is discussed later.

It is seen that the widths for these two processes both
increase as the model parameter a increases. Such «
dependence could be canceled or weakened if we concen-
trate on the width ratio, namely

>+6} =1, (13b)

- I(Xy, = J/yw)
Rotd = F, = /i) "

We present the ratio R,, 0 in Fig. 3 as a function of the
X, mass and the model parameter. It clearly shows that the
ratio is rather independent of the model parameter a.
However, the X, mass dependence of the ratio shows
two extreme values at my, =4.0137 GeV and my, =
4.0167 GeV, as a result of the foregoing results in
Fig. 2. Especially, at my, = 4.0137 GeV where the width

- %
z 2 g
o 3
~ =
2 2
g 8
= 15 !
. .
X Q:e
g
401 1
4.01
4.009 . . , : : - 05
07 08 09 1 1.1 12 13 14
Model Parameter, o
FIG.3. Ratios of the widths of the X, — J/yww to X, — J/yp°.

The white dashed lines with numbers represent the isolines of the
logarithms of R, 0 defined as Eq. (14).

for X, — J/wp° shows a peak value while it is a minimum
value for X, — J/yw, the ratio R, ~3; near my, =
4.0167 GeV, the ratio R,/ 0 is of the order of 10°.
Moreover, at the center mass of the X,, ie., my, =
4.0143 GeV, the ratio Rw/po is about 15.

It is known from early experiments of BABAR [76], Belle
[77], and BESIII [78] that the width ratio of the X(3872) —
J/wrtn 7 to X(3872) — J/yntx~ is around 0.8, 1.0,
and 1.43, respectively. Consequently, using the world
average branching fractions of @ — 7tz~2° and p° —
atx™ [5], the ratio T'(X(3872) —» J/yw)/T'(X(3872) —
J/wp®) is roughly estimated to be 0.9, 1.1, and 1.60,
respectively. If the X, decay modes are similar to those of
the X(3872), the width ratio R, for the X, should be
about unity. To get such a ratio, the X, has to be a nearly
pure D**D*0 or D**D*~ molecular state according to our
additional calculations that were performed under different
phase angles (not shown here). For example, by reproduc-
ing the data of BESIII [78], the D°D*® component in
X(3872) is suggested to be (83—88%) with the phase angle
6 = 66°-70° [11]. However, in Ref. [79] the ratio R,/ 0 ~ 1
for the case of X(3872) was explained by the larger
effective phase space for the J/wp® decay than for
J/ww, due to the large width of the p°, which could
compensate for the suppression of the small mass differ-
ence between the neutral and charged charmed mesons. In
the present case of the X,, the influence of the p° width is
found to be of minor importance because of the large mass
difference between the X, and the J/y.

B. Decay processes of X, — 5.7°(n.5)

In this section we present the widths of the X, decaying
to n.P (P =% 1,1'). Figure 4 shows the width of the
process X, — 5,7°. The width increases with increasing
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6 T T T T T T T T T T T T
X, — 1,7°

0.7 0.8 0.9 1.0 11 1.2 1.3 1.4
Model Parameter, o

0 " 1 " 1

FIG. 4. Widths of the X, — 5,.2° as a function of the model
parameter a. The X, mass is taken to be 4.0143 GeV. The solid
line is merely to guide the eye.

the model parameter, i.e., for @ = 0.7 the width amounts to
1.24 keV, which rises by a factor of about 4 to 4.43 keV
at a = 1.4.

For the processes X, — 5.1 and X, — 5.1, the influence
of the n —# mixing angle was considered in our calcu-
lations. Figure 5 shows the widths of these two processes
X, — n.nand X, — 5.y for different  — ' mixing angles
and model parameters. It is seen that these two widths both
increase with increasing the model parameter « for a given
mixing angle @p, similar to the foregoing cases of the X, —
n.n" and X, — J/yp°(w). However, their mixing angle
dependence is different, i.e., at a given model parameter the
width for X, — #5.n decreases with increasing the mixing
angle, while it increases for X, — n.n'. The reason is as
follows: The processes X, — 5.1 and X, — .1’ depend on
the f and y, respectively. The y is increased with the
increase of @p while f is decreased. As a result, the decay
width for the X, — .y decreases with increasing the
mixing angle while it is just the opposite for the case of
the X, — n.7/. It is noted that the variation of the widths
with the mixing angle is not drastic.

For the X, — 5.1, it is seen from Fig. 5(a) that the
width ranges from ~8 keV to 39 keV in the intervals of
the mixing angle and model parameter that we consider.
However, the width for X, — 5. is just between
~0.08 keV and 0.44 keV [see Fig. 5(b)], 2 (1) orders of
magnitude smaller than that for 7(z°) decay.

Similar to treatment for the case of the X, — J/yV
(V =p" w), we define the ratio of the widths of the
Xy = nen o Xy =y, namely

I'(X
Ry = ¥~ ’7c’7/) . (15)
(X, = nen')

35

30

=)
3 —
= S
o [}
5y 25 X
o &
2 £
< ]
) 202
=
=

15

10

07 08 09 1 1.1 1.2 13 14
Model Parameter, «

04

0.35
>
3 —
2 03 S
o [0}
= =3
9 ~
2 0.25 <
< 3
2 =
= 02
=

0.15

0.1

0.7 0.8 0.9 1 1.1 1.2 1.3
Model Parameter, a

FIG. 5. Widths for the X, — 5.1 (a) and X, — 5.5/ (b) as a
function of the mixing angle 6p and the model parameter a. The
white dashed lines with various numbers are the isolines of the
widths. The X, mass is taken to be 4.0143 GeV.

The ratio obtained using the results in Fig. 5 is shown in
Fig. 6. It is clearly seen that this ratio R, is of order 10?
and quite independent of the model parameter. However,
it decreases as the mixing angle fp increases, i.e., at
Op = —24.6° the ratio R, ~ 160, while it decreases at
Op = —11.5° to ~60. The ratio R,,, is expected to be
measured in future, e.g., BESIII and Belle, which may help
us constrain this mixing angle.

In the following, we focus on the X, mass dependence of
the width for the decays X, — n.P (P = % n,7/). The
foregoing results indicate that the width ratio R’s are
(nearly) of model parameter o independence. Hence, we
fixed @ = 1 in the following calculations. Again, the X,
mass is assumed to range from 4.009 GeV to 4.020 GeV.

In Fig. 7, the width of the process X, — 2" is given for
different X, masses. Figure 8 shows the widths of the two
processes X, — n.n and X, — 5.y’ for different 5 —#
mixing angle fp’s and X, masses. The outstanding result
of Figs. 7 and 8 is that the widths exhibit extreme values,
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FIG. 6. Ratios of the widths of the X, — n.nto X, — .. The
white dashed lines with numbers represent the isolines of the ratio
R,y The X, mass is taken to be 4.0143 GeV.

similar to those in Fig. 2. At my, = 4.0137 GeV, the width
for X, — n.2° exhibits a maximum value of about 12 keV,
whereas the two decays of the X, to 5.1 and to .5 show
minimum widths.

The extreme value of the widths at my, = 4.0137 GeV is
straightforward in view of the fact that the D**D* thresh-
old is 4.0137 GeV, thereby causing the coupling constant of
the X, to the D**D*? pair to be ¥, = 0 according to Eq. (3).
Moreover, the decay process X, — 5.7° violates isospin
symmetry, while the other decays of the X, to 5.1 and .7/
follow isospin conservation. As a result, the widths for all
the processes we considered exhibit an extreme value
at my, = 4.0137 GeV.

We can estimate the other extreme positions that are
located between my, = 4.15-4.19 GeV, as shown in

12| X, = n7° -

10

Width (keV)
[e)]

4014  4.016 4.018

X, Mass (GeV)

4.012

4.010

FIG. 7. Widths of the X, — 5,.2° for different X, masses. The
model parameter a was fixed to be 1.

32
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o
N
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0.1

4.01 4.012 4.014 4.016 4.018
X2 Mass, (GeV)

FIG. 8. Widths for the X, — 7.7 and X, — 7.1 as a function of
the 7 —# mixing angle 6p and the X, mass. The model
parameter a = 1.

Figs. 7 and 8, using a semiquantitative analysis described
as Eq. (13). It also yields the extreme point at
my, ~4.017 GeV, being the same with the case of
X, — J/wp°(w). The deviation of the estimation from
the results shown in Figs. 7 and 8 is mainly due to the
different masses of the light mesons in the final states as
well as the mass difference of the neutral and charged
charmed mesons.

Figure 9 depicts the width ratio R, for different X,
masses, defined in Eq. (15). It is shown that this ratio
decreases monotonously with increasing the X, mass and
the n — 5 mixing angle. The extreme features existing in
the widths (see Fig. 8) are canceled due to the fact that the
widths for the X, — 5.y and X, — 5.7 have similar
variation tendency with the X, mass.' The physics behind

'These two widths both first decrease with the X, mass to a
minimum value at 4.0137 GeV, then increase to a peak value near
4.017 GeV, and finally decrease.
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FIG. 9. Ratios of the widths of the X, — 5. to X, - i as a
function of the # — 7’ mixing angle and the X, mass. The white
dashed lines with numbers represent the isolines of the ratio
defined as I'(X, — n.n)/T(Xs = n.17).

this finding is that these two processes both remain the
isospin symmetry.

IV. SUMMARY

In this work, we investigated in detail the widths of the X,
decaying to J/yV (V = p°, w) and to n.P (P = 7°,n.71)
using the effective Lagrangian approach. In calculations,
we assume the X, as a molecular state of the D**D*? and
D**D*~ with equal proportion. Moreover, we only con-
sider the contributions from the triangle hadron loops made
of the charmed mesons D*) and D*.

The calculated results indicate that the widths are all
model-a dependent. However, the relative ratios between the
widths of different processes are nearly model-a indepen-
dent. It is found that the decays we considered are quite
sensitive to the X, mass. This finding is straightforward since
we considered the X, within the framework of the molecular
picture, in which the coupling strength of the X, to the D*D*
depends directly on the binding energy and, in turn, on the X,

mass. In particular, near my, = 4.0137 GeV and 4.017 GeV,
the coupling strength of the X, to the neutral D**D*0
approaches zero and equals to the coupling strength between
the X, and D*TD*~ pair, respectively. Consequently, at
my, = 4.0137 GeV, the decays that violate the isospin
symmetry exhibit widths of peak values, whereas those
preserving the isospin symmetry show minimum widths.
Nearmy, = 4.017 GeV, the opposite happens. Accordingly,
itindicates the significance of the precise measurement of the
X, mass.

At the present X, center mass my, = 4.0143 GeV, the
width for the X, — J/yp" is a few tens of keV, while it is
on the order of 10°73 keV for the X, — J/ww. The
corresponding width ratio R, is calculated to be about
15, 1 order of magnitude larger than that for the case of
X (3872) which approaches unity.

For the other case of the X, — n.P (P = n°,n,7), we
additionally considered the n —# mixing angle in the
calculations. It is shown that the variation of decay widths
due to the mixing angle is moderate, when the mixing angle
increases from —24.6° and —11.5°. At the X, center mass
my, = 4.0143 GeV, the width for the X, — n.n is about a
few keV, while the widths for X, — 7.1 and 7.’ are around
a few tens and tenths of keV, respectively.
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