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Abstract In a molecular scenario, we investigate the
isospin-breaking hidden charm decay processes of X (3872),
ie, X(3872) - ntn~J/y, X(3872) —» ntn—n'J/y,
and X (3872) — noxc 7. We assume that the source of
the strong isospin violation comes from the different cou-
pling strengths of X (3872) to its charged components
D*t D~ and neutral components D**D? as well as the
interference between the charged meson loops and neu-
tral meson loops. The former effect could fix our param-
eters by using the measurement of the ratio I'[ X (3872) —
nta 707 /y]/ T[X (3872) — ntm~J/y]. Withthe deter-
mined parameter range, we find that the estimated ratio
I'([X(3872) — 701/ T[X(3872) — ntm—J/y]is well
consistent with the experimental measurement from the
BESIII collaboration. Moreover, the partial width ratio of
7TOXC_] for J = 0, 1,2 is estimated to be 1.77—1.65 : 1 :
1.09—1.43, which could be tested by further precise mea-
surements of BESIII and Belle II.

1 Introduction

As the first observed charmonium-like state, X (3872) has
been comprehensively investigated both from experimental
and theoretical sides. It was first observed in 7+m~J /v
invariant mass spectrum of B — Kz T~ J /v process by
the Belle Collaboration in 2003 [1]. The mass and width were
measured to be m = 3872.0 £ 0.6(stat.) £ 0.5(syst.) MeV
and ' < 2.3 MeV (90% C.L.), respectively. The mea-
sured mass is very close to the thresholds of D*D, which
are 3871.63 MeV and 3879.91 MeV for charged and neu-
tral charmed meson pairs, respectively. Another interesting
property of X (3872) is its narrow width. These particular
properties stimulated physicists with great interests in the
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nature of X (3872). After the observation by the Belle Col-
laboration, the charmonium-like state X (3872) has been con-
firmed by the BaBar [2-11], CDF [12-15], DO [16], CMS
[17-22], LHCb [23-36], and BESIII [37-40] Collaborations
in the invariant mass spectra of 71'*‘71‘]/1# [1,3-5,9,12—
27,32-37,411, w7~ 70T/ [11,39,42], D*O DO [8,40,43],
D'DO70 [6,44], x.y7° [38], yJ/¥ [7,10,40,42], and
y¥(25) [10,28,40]. The quantum number of X (3872) has
been determined to be 76 (JP€) = 0F(1*F) by the LHCb
collaboration [26]. In Table 1, we have collected the experi-
mental observations of X (3872).

Beside the resonance parameters, the experimental mea-
surements indicated that the 7 "7~ invariant mass for
X (3872) — w7~ J /¥ concentrates near the upper kine-
matic boundary, which corresponds to the p meson mass [1].
As for X(3872) — ntn—nJ /¢, the 7tn 7 invariant
mass distribution has a strong peak between 750 MeV and
the kinematic limit of 775 MeV, suggesting that the process is
dominated by the sub-threshold decay X (3872) — wJ /.
The ratio of the branching fractions of 7w +tmx~J/y and
nta =707 /¢ is determined to be,

BIX - Jjpmtaa0 1.0+0.4+03 Belle[42]

1.431028 BESIII [39]
ey 2023
BIX — J/ynta~] 084023 BABAR [11]

ey

The large isospin violation implied by the almost equality of
the branching fractions of wJ /Y and pJ /¢ channels further
makes the nature of X (3872) complicated and confusing.
To understand the particular properties of X (3872), a large
number of attempts were made to reveal its nature. Since the
mass of X (3872) is very close to the threshold of DD*, it
is natural to consider it as an analogue of the deuteron, i.e.,
D D* loosely bound state, which was supported by the spec-
trum estimation in potential model [45-58], by the QCD sum
rule [59], the decay and production property investigations
[60-94]. However, the estimation in a chiral quark model dis-
favors the S—wave D D* molecular interpretation even if all
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Table 1 The experimental measurements of X (3872) from different experiments, where v denotes that the decay channel was observed but the
mass of X (3872) was not reported and Xindicates that channel was not observed

Experiments Channel Mass (MeV) Channel Mass (MeV)
Belle ata T/ (1] 3872.0 £0.78 DODO70 [44] 387521
nta I/ [41) 3871.46 +0.38 DD [43] 3872.9103%
yJ )y wta— 700 )y [42] v
BaBar nd /¥ 2] X ata=J/y [3] 38734+ 1.4
ata= Iy [4] v/ ata=J/¥ [5] 3871.3 £ 0.6(B™)
3868.6 + 1.2(B%)
DODO70 [6] v yJ/¥ 7] 4
D*DO [8] 3875.110 ata=J/y 9] 3871.4 £ 0.6(B™)
3868.7 + 1.6(B%)
yJ /¥ yJ )y [10] v/ ata 700y [11] 3873.0137
CDF At~ Iy [12] 3871.3+0.8 ata= Iy [13] v
At~ Iy [14] v ata= Iy [15] 3871.61 +0.25
DO ata= Iy [16] 3871.8+4.3
CMS At Iy [17] 38702+ 1.9 ata= Iy [18] v
ata=J /Y [19] v ata=J /¥ [20] v
ata=J /¢ [21] v/ ata=J /¢ [22] v
LHCb atn Iy (23] 3871.95 +0.49 ata T J/y [24] v
atn Iy [25] 3871.96 + 0.47 atn T J/y [26] v
ata=J /¥ [27] v/ yy' [28] 3873.4+£3.4(J/y)
3869.5 & 3.4(y)
p°J /¥ 129] v pp [30] X
#¢ [31] X atr=J/y [32] v
a T~ Iy [33] v a T Iy [34] 3871.695 + 0.095
At~ Iy [35] 3871.59 +0.07 a T~ Iy [36] v
BESIII ata=J /v [37] 3871.9 +£0.73 7%%.1(1P) [38] v
wJ /¥ [39] 38733+ 1.5 DD 4 c.c. v
vI/y 4
Y (25) X
y DT D™ [40] X

the possible meson exchanges were taken into account [95].
In Refs. [96,97], the authors indicated that the interaction
of DD* may not be strong enough to form a bound state,
but their interaction can still lead to a cusp structure near the
threshold.

It should be noticed that in all the observed decay modes
of X (3872), the final states contain charm and anti-charm
quarks. Thus, the quark components of X (3872) include
at least cc, which implies that X (3872) could be a good
charmonium candidate. Considering the J”€ quantum num-
ber and the mass of X(3872), one can assign it only as
Xc1(2P) state [98—105]. However, the resonance parameters
and decay behaviors make us hardly interpret it in the char-
monium scenario. Then, the tetraquark interpretation with
constituent ccqq [106—116] and hybrid with constituent ccg
[117-119] have been proposed.

@ Springer

To date, the nature of X (3872) still remains unclear.
Besides the mass spectrum, the investigations of decay
behaviors are also crucial to understand the properties of
X (3872). The isospin breaking effects of X (3872) were
studied in Ref. [120], where X (3872) was considered as
a dynamically generated state and the coupling strengths
of X(3872)D** D~ and X (3872)D**DP were assumed to
be the same. Under 23 P; assignment, the decay channel
X(3872) — p/w + J/Y¥ was estimated via intermedi-
ate charmed meson loops [101]. Using a phenomenological
Lagrangian approach, the authors studied radiative decays to
J /¥ /¥ (2S) with the X (3872) being a composite state con-
taining both DY D*0 molecule and a c¢ component [78,121],
and hidden charm and radiative decays of X (3872) were
investigated with the X (3872) being a composite state com-
prised of the dominant molecular D°D*® component and
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other hadronic pairs, which could be D*D*¥ and J /v w/p
[122]. The final state interaction effects of the hidden charm
decay of X (3872) were examined in Ref. [75], they found that
the FSI contribution to X (3872) — J/vp is tiny. Assum-
ing the decays of X (3872) through pJ /¥ and wJ/y, the
authors in Ref. [68] calculated the decay rates of X (3872) —
ntn=J/¢ and X (3872) — ntn—n0J/y.

Besides 7w~ J/y and 7 T~ 7%J /v, the pionic transi-
tion from X (3872) to x.; was predicted in Refs. [77,123],
in which it is found that the ratio of different transitions
with different angular momentum J was sensitive to the
inner structure of X (3872). In 2019, the BESIII Collabo-
ration searched for the process eTe~ — y X (3872) by using
the collision data with center-of-mass energies between 4.15
and 4.30 GeV and a new decay mode, Xclrro, of X(3872)
was observed with a statistical significance of more than
5o but no significant X (3872) signal was observed in the
invariant mass distributions of 7° Xc0,2. The ratios of the
branching ratios of X (3872) — n%x.; for J = 0, 1,2 and
X (3872) — m T~ J /¢ were measured to be [38],

5 . 6.6743 £ 1.1 (19) J=0
[X — 77 %cs] _;,_'() 33
=1 0.887557; £0.10 =1
BIX — ntn—J/y] —027 I
0.401037 £0.04 (1.1) J =2
(2)
where the numbers in parentheses for / = 0 and 2 are

the upper limits in 90% C.L. [38]. Later, the Belle collab-
oration searched for X (3872) in BT — XclﬂOK * decay,
and the ratio was measured to be B[X — noxcl]/B[X —
atr~J/¥] < 0.97 at 90% C.L. [124]. The upper limit of
the ratio measured by the Belle collaboration does not con-
tradict the BESIII data [38].

The experimental measurements of the ratios in Egs. (1)
and (2) imply a strong isospin violation. The explana-
tion of this fact is important for revealing the nature of
X (3872). In the present work, we attempt to hunt for the
source of the isospin violation in the molecular scenario
by assuming that X (3872) is an S-wave molecule with
JPC = 17 given by the superposition of D°D*0 and
D* D*F hadronic configurations. The fundamental source
of the isospin violation is the mass difference of up and
down quarks. Specific to the present discussed issue, the
concrete manifestation is the mass difference of charged
and neutral charmed mesons, which leads to the different
coupling strengths of X (3872) D*D® and X (3872) D** D~
This coupling strength difference in part provides the source
of the isospin violation in the decays of X(3872). As
a molecular state, the hidden charm decays of X(3872)
occur via the charmed meson loops, where the interfer-
ences between the charged and neutral meson loops pro-
vide another important source of the isospin violation. In
the present work, we consider these two sources of isospin

violation, the uncertainties of the former one, i.e. the dif-
ferent coupling strengths, can be determined by the ratio
BIX — atn n°J/y1/BIX — mxtn~J/¥], and then
with the fixed parameters, we can further estimate the ratios
BX — n%cs1/BIX — ntx~J/¥]. Comparing the
present estimation for J = 1 with the BESIII data can also
check the present model’s reasonability. As for / = 0 and
J = 2, the present estimations can narrow down the ratios’
range, which could be tested by further measurements.

This paper organized as follows: After introduction,
we present the model used in the present estimations of
X (3872) — p/wJ /¥ and X (3872) — x.ym°. The numer-
ical results and discussions are presented in Sects. 3, and 4
is devoted to a short summary.

2 hidden charm decay of X (3872)

As discussed above, we assume that the coupling strengths
of X(3872)D**D" and X (3872)D** D~ are different. The
effective coupling of X (3872) with its components can be,

Lx3872) = %XZ[Sin@ (D*OMDO + DOD*OV‘)
+cos6 (DD + pF D) | 3)

where gy is the coupling constant, 6 is a phase angle describ-
ing the proportion of neutral and charged constituents.

It should be mention that from a more fundamental quark
level point of view, the difference in coupling strength should
be dynamically generated from u, d quark-antiquark pair
generating processes and also from the wave function dif-
ference of the charged and neutral D D*. Furthermore, from
the dispersion discussion in Refs. [101,125], the different
coupling strength comes also from the dispersion integrals
where the thresholds are different for the charged and neutral
channels. From the phenomenological point of view, we can
parameterize the coupling strength and the isospin breaking
effects into a common factor gy and a phase angle 6 in the
effective Lagrangian as shown in Eq. (3).

Moreover, the distributions of the components, i.e., DD*,
in the molecular state could be described by a wave function,
which would then be integrated in the Feynman diagram cal-
culations and affect the magnitude of partial widths. In the
present work, we mainly focus on the ratios of the partial
widths as given in Egs. (1), (2), the form factor appears in
both the numerators and denominators. As discussed in Ref.
[78], the estimated ratio in the nonlocal case may not be too
much different from the local one. Then the simple parame-
terization in Eq. (3) could be a reasonable approximation in
estimating the order of magnitude of the ratio.

In the present work, the hidden charm decay processes of
X (3872) occur via charmed meson loops, i.e., the charmo-

@ Springer



193  Page4 of 11

Eur. Phys. J. C (2021) 81:193

J)1p J/

e

(0 (G))

Fig. 1 Diagrams contributing to X (3872) — J/vp. The charge con-
jugate diagrams are not shown but included in the calculations

(a) (b)

Fig. 2 Diagrams contributing to X (3872) — x.;m, the charge conju-
gate diagrams are not shown but included in the calculations

nium and light meson in the final state couple to the compo-
nents of X (3872) by exchanging a proper charmed meson.
The diagrams contributing to X (3872) — pJ/y are pre-
sented in Fig. 1. The diagrams contributing to X (3872) —
wJ /¢ could be obtained by replacing the p meson by the
o meson, while the diagrams contributing to X (3872) —
ﬂOXC] with J = 0, 1, 2 are presented in Fig. 2. Here, we do
not include the four-meson interactions, such as D*DJ /vp,
which is equivalent to the D D* coupling to J /vp through an
exchange of an excited charmed meson. In the intermediate
meson loop model, the dominant contributions are usually
supposed to come from the ground states of mesons which
have strong coupling with the final states, while the contri-
bution from the excited mesons is suppressed.

In the present work, all these diagrams are estimated in
hadronic level and all the involved interactions are depicted
by effective Lagrangians. In heavy quark limit, one can con-

@ Springer

struct the effective Lagrangian for charmonium and charmed
mesons, which are [126-128]

Lypepe = —igypp¥u@*DD" — Dy DY)
nvep A T S
+8yD*DE duyv(Dy a9 D' —D 3 Dy'")
<~V "
+igypp<y* (D} 3 Dy
* v *T ok < 3
+DM 0 Dv Dv i D )
L - D-DT D* D*MT
xes DPD® = &x0DDXc0Di D + 8y 0D*D* Xc0Dj), D;
. t t
+igy. p*p X/ (D}, D — DiD}})
+8y0* D XL5 D}y, D 4)

The coupling between light meson and charmed mesons
could be obtained based on the heavy quark limit and chiral
symmetry, which are [128-130]

£ = —igp-pp (D'9"Py DI — D} 9" P, DY)

1 o N
+§gD*D*P8uuaﬁD7“8”7’” B“Djﬁ
_igDDVDj BuDj(Vﬂ)i-
~2 fp+ pye€unap @ V") (D] 9* D — DT 5% DTy
YigppyD 5, D (VM)

D*D*YL; H=v Jj

Hifpepy D] (@4V — 8"V D + He.,  (5)

where the D®T = (D™ p®= D™7) ig the charmed
meson triplet, P and V), are 3 x 3 matrices for the nonet
pseudoscalar and nonet vector mesons, respectively,

f/—%+om+ﬂn’ xt K+
0
P = b _«7;_5 +an+ By KO ;
K~ KO yn+8n
0
5_§+% p+ K*t+
V= - 2w «0 | . 6
P St+s K (0)
K* K*O ¢

With the Lagrangian listed above, we can obtain the decay
amplitude corresponding to X (3872) — pJ /¥, wJ /v, and
pad Xcg with J = 0, 1, 2. For brevity, we collect all the ampli-
tudes corresponding to diagrams in Figs. 1 and 2 in Appendix.
A and leave the coupling constants to be discussed in the fol-
lowing section.

In the present estimation, since the threshold of J/y¥p
is very close to the mass of X (3872), the width of p meson
should be included, and then, the width of X (3872) — pJ /¢
should be,

I x3872)— J /yrp

1 (Wlx—m.//w)zd £ Iy
= — sf(s,m,,
Wo Joma? rr
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I 2
x | MY (my — /s) | )
3 X (3872)— J Jyrp IMp
24wm5, BAds
_ 2
where W, = [0 ds (s, my, ), fis,mp, Ty is

a relativistic form of the Breit—Wigner distribution, which
reads
1 myl,

f(svmpvrp):_ 22 212
(s —mgy)=+myl';

®)

and the amplitude MYi3575) ., ; Jpp(Mp = \/s) can be
obtained by replacing the mass of p meson by /s in the
amplitudes listed in the appendix, in the same way the
momentum of the final state becomes,

k= (B = w2 = (5 )
1l = 2

2my

As for X (3872) — J/yntn~ 70, it is a sub-threshold
decay process, hence, the Breit—Wigner distributions of @
meson should be also considered in a similar way. How-
ever, the lower limit of integral in Eq. (7) and W, should be
replaced with (3my)2. With the partial widths of X (3872) —
w/pJ /¥, one can obtain the partial widths of X (3872) —
nta=J /¢ and X (3872) — nta~70J /v, which are,

I[X(3872) — J/yrtn ]=

I'[X(3872) — p’J/y1B[p° — nFn ]
[X(3872) — J/yatn n' =

I'[X(3872) = wJ/¥1Blw — 7tr 7"

where B[p? — 7t7~] >~ 100% and Blw — ntn 7% =
(89.3 + 0.6)% are the branching ratios of p° — 7+7~ and
w — w70, respectively.

3 Numerical results and discussion

Since mass difference of X (3872) and D**D is very tiny,
the coupling constants gy are very sensitive to the mass of
X (3872). Thus, in the present work, we mainly focus on
the ratios of the hidden charm decay channels, which are
independent on the coupling constants gx. Moreover, the
involved charmonia in the present estimation are J/v and
XcJ- In the heavy quark limit, the coupling constants of the
involved charmonia and charmed mesons can be related to
the gauge couplings g| and g by,

gyDD = 281/Mmymp,
gyD*D = 281y/mymp=/mp,
gy D*D* = 281./Mymps,
&xcoDD = —2ﬁngm_mmD,

2
T =824/ My M D*
\/g XcO

chOD*D* =

chlD*D = 2\/§g2\/ 2mXclmDmD*

gXL'ZD*D* = 4g2\/ mXeZmD*

where g1 = /iy /2mp fy), 82 = —/My/3/ fre> and
fy = 426MeV and f,, = 510MeV are the J /v and x.o

decay constants [127], respectively.

In the heavy quark and chiral limits, the charmed meson
couplings to the light vector and pesudoscalar mesons have
the following relationship [128,130],

8§DDV = §D*D*V = ﬂgl Soxpv = Jopy = )ﬂ
V2 mps V2
(10)
8D*DP

2g
&p*DP = f—vamD*, (11)
T

8D*D*P N
where the parameter gy = m,/f; with f; = 132 MeV
being the pion decay constant and § = 0.9 [128]. By match-
ing the form factor obtains from the light cone sum rule with
that calculated from lattice QCD, one obtained the parame-
ters A = 0.56GeV~! and g = 0.59 [131].

In the amplitudes, the form factors should be considered to
depict the inner structures and off shell effects of the charmed
mesons in the loop. However, the mass of X (3872) is very
close to the thresholds of D* D, which indicates that the com-
ponents of X (3872), i.e., the charmed mesons connected to
X (3872) in Figs. 1 and 2, are almost on shell. Therefore, we
introduce only one form factor in a monopole form to depict
the inner structure and the off-shell effects of the exchanged
charmed meson, which is [47,130,132-134],

where the parameter A can be further reparameterized as
Apw = mpe +aAgep with Agep = 0.22 GeV and m )
is the mass of the exchanged meson. The model parameter
« should be of order of unity [47,132—134], but its concrete
value cannot be estimated by the first principle. In practice,
the value of « is usually determined by comparing theoreti-
cal estimates with the corresponding experimental measure-
ments.

In Fig. 3, we present the ratio I'[X — J/yntn~70]/
I'[X — J/¥ntmx~] depending on the parameter # and o.
For comparison, we also present the upper and lower lim-
its measured by the BESIII, BABAR, and Belle collabora-
tions [11,39,42]. From the figure, one can see the ratio is
almost independent on the parameter « due to the similarity
of pJ /¥ and wJ /v decay modes. Taking the latest BESIII
data [39] as a scale, the determined 6 range is 66—70°, which
indicates that in the X (3872), the weight of D°D*? compo-
nent is (83—88)%. Such a large weight is expected since the
threshold of the neutral component is very close to the mass
of X (3872) [120].

@ Springer
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«

Fig. 3 The ratio I'[X — J/yntn #n%/T[X — J/ynta]
depending on the parameter 6 and «. The black solid lines are the
upper and lower limit from the BESIII measurements, while the dashed
lines are the upper and lower limits determined by BABAR and Belle
collaborations

90 0.6

0.7

85 0.8

0.9

/q_)\ 80 ILO

8 — 1.1

%D 75 .1.2

- ]
70

.
_

60
0.8 0.9 1.0 1.1 1.2

«

Fig. 4 The ratio I[X — yx.7°]/T[X — J/¥mxt 7] depending
on the parameter @ and 6. The red dashed curve indicates the center
values of the ratio reported by the BESIII collaboration [38], while the
black solid lines indicate the range determined by the ratio I'[X —
Jynta—a)TX - J/yntn]

As we have discussed in the introduction, there are two
sources of the isospin violation in X (3872) decays. When
one takes 6 = 45°, the coupling strengths of X (3872) D*0 D°
and X (3872)D*T D~ are the same. Hence, the isospin vio-
lation comes from the interference between the charged
and neutral meson loops. In this case, the ratio I'[X —
ata= 7T /Y1) T[X — atm—J/y] is estimated to be of
the order of 102, which indicates that the contributions from
the interference between the charged and neutral meson loops
are rather small and the dominant source of isospin viola-
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Fig. 5 The same as Fig. 4 but for I'[X — XC()JTO]/F[X —
J/yntnT]

90
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60 !
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«

Fig. 6 The same as Fig. 4 but for I'[X — Xczn’o]/F[X —
J/yrntnT]

tion in X (3872) decays should come from the different cou-
pling strengths of X (3872)D*YD? and X (3872)D*t* D~. In
Refs. [101,125], the authors assigned X (3872) as a 2 P char-
moninum, and the large isospin violating came from the dis-
persion integrals where the mass of charged and neutral in
the loops are different. In a cc-two-meson hybrid model,
the ratio I'[ X (3872) — n+7t_7r0J/1ﬂ]/ r|x@aern) —
atw~J/¥] was estimated to be 1.27—2.24 [91]. In the
D* D molecular scenario, considering the S — D mixing and
the isospin mass splitting [48,56], the ratio I'[ X (3872) —
n+n_JTOJ/1p]/ I'[X(3872) — mTm~J/v¥] was evaluated
as 0.42 [56], which was close to the lower limit of the
experimental data. In Ref. [135], X (3872) was considered
as a tetraquark state and the isospin violating decay process
X (3872) — st~ J /v was assumed to occur through p°
meson pole which is caused by the w — p mixing.
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Fig. 7 Theratios Ry; = I'[X — noxco]/F[X — no)(cl] (left panel)
and Ry = T'[X — noxcz]/ rx — rroxcl] (right panel) depending
on the parameter « and 6

In Fig. 4, we present the ratio I'[X — Xclno]/ rx —
J/ymTw~] depending on the parameter o and 6. In the
6 range determined by I'[X — 7tz 70J/y]/T[X —
nta=J/y], we find the ratio I'[X — yxo#n°]/T[X —
7T~ J/¥] is determined to be 0.79—1.17, which is well
consistent with the measurement of the BESIII collabora-
tion, which is I'[X — . 7°l/T[X — atn—J/y] =
0.887033 £0.10 [38].

The success in reproducing the ratio T[X — x.;7°]/
I'[X — 7t~ J/y] with J = 1 encourages us to apply the
same mechanism to estimate the ratios for / = 0 and J = 2,
which are presented in Figs. 5 and 6. Within the determined
6 range, the ratio '[X — x.y7°]/T[X — nta~J/¥]
are estimated to be 1.30—2.07 and 1.12—1.28 for / = 0
and J = 2, respectively, which indicate the partial widths
of X(3872) — =Y XcJ are very similar to each other. Fur-
thermore, from Figs. 4, 5 and 6, one can find that the o and
0 dependences of these ratios are also very similar, which
are resulted form the similarity of x.;, J = {0,1,2}. In
Fig. 7, we present the ratios Ry; = I'[X — noxco]/ I'x —
70%et] and Ry = T[X — 7%%)/TIX — 7°x1]
depending on the parameter « and 6. In the determined 6
range, the ratios are determined to be I'[X — Xcono] :
X — xa7° : T[X — xeon® = (1.77-1.65) : 1 :
(1.09—1.43). This ratio is similar to the one estimated in an
extended Friedrichs scheme, whichis 1.5 : 1.3 : 1.0 [93].

4 Summary

In the present work, we have investigated the decay behav-
iors of X(3872) — wtn—J/y, ntn 7 J /¢, and 70,
in a molecular scenario and tried to understand isospin vio-
lations in X (3872) hidden charm decays. The fundamental
source of the isospin violation has been shown in two dif-

ferent aspects. The mass difference of the charged and neu-
tral charmed mesons leads to different coupling strengths
of X (3872) D*D° and X (3872) D** D, which in part pro-
vides the source of isospin violation in the decay of X (3872).
Another important source of isospin violation is the interfer-
ence between the charged and neutral meson loops.

By comparing our estimate of the ratio I'[X — mT
7 7% /y)/T[X — mtm~J/y] with the experimental
data, we have determined the relative coupling strengths of
X (3872)D**D? and X (3872) D** D~ Then, with the fixed
parameters, we have further estimated the ratios I'[X —
7%%cs1/T[X = ntn—J/y]withJ =0, 1, 2. We have fur-
ther tested our estimate by comparing our results of J = 1
with the measurement from the BESIII collaboration and
have found ours is well consistent with theirs. This fact has
encouraged us to further predict the ratios for J/ = 0 and
J =2, which are T'[X — 7]/ T[X — ntn~J/y] =
1.30—2.07 and T'[X — 7%w]/TIX — atn~J/y] =
1.12—1.28, respectively. Moreover, in the determined param-
eter range, the partial width ratio of 7%y, for J = 0, 1,2
is estimated to be (1.77—1.65) : 1 : (1.09—1.43), which
could be tested by further precise measurements of BESIII
and Belle II.
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Appendix A: Decay amplitudes

The amplitudes for X (3872) — J/vp corresponding to dia-
grams in Fig. 1 are

a4
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The amplitudes for X (3872) — x.ym corresponding to

diagrams in Fig. 2 are
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