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The isospin-breaking decay Xð3872Þ → ðD�D̄þ D̄�DÞ → π0DD̄ → π0πþπ− is discussed. In its
amplitude there is a triangle logarithmic singularity, due to which the dominant contribution to
BRðXð3872Þ → π0πþπ−Þ comes from the production of the πþπ− system in a narrow interval of the
invariant mass mπþπ− near the value of 2mD0 ≈ 3.73 GeV. The analysis shows that BRðXð3872Þ →
π0πþπ−Þ can be expected at the level of 10−3 − 10−4. This estimate includes, in particular, the assumption
that the S-wave inelastic scattering length jα00D0D̄0→πþπ− j ≈ 1=ð2mD�þÞ ≈ 0.25 GeV−1.
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I. INTRODUCTION

The stateXð3872Þ [or χc1ð3872Þ [1]] was first observed in
2003 by the Belle Collaboration in the process B →
KðXð3872Þ → πþπ−J=ψÞ [2]. Then itwas observed inmany
other experiments in other processes and decay channels [1].
The Xð3872Þ is a narrow resonance in non-ðD�0D̄0 þ
D̄�0D0Þ decay channels, ΓX < 1.2 MeV [3], and its mass
coincides practically with theD�0D̄0 threshold [1]. It has the
quantum numbers IGðJPCÞ ¼ 0þð1þþÞ [1,4,5]. In addition
to decay into πþπ−J=ψ [2,6,7], theXð3872Þ also decays into
ωJ=ψ [8–11],D�0D̄0 þ c:c. [12,13], γJ=ψ [14–16], γψð2SÞ
[14–16], and π0χc1ð1PÞ [17,18]. The nature of Xð3872Þ
remains the subject of much discussion; see, for
example, Refs. [14–33]. Of course, new experiments will
allow making a more definite choice between different
interpretations.
The search for Xð3872Þ in decay channels that do not

contain charmed particles or charmonium states [i.e., in
channels other than D�0D̄0 þ c:c., D0D̄0π0, πþπ−J=ψ ,
ωJ=ψ , γJ=ψ , γψð2SÞ, πþπ−ηcð1SÞ, πþπ−χc1ð1PÞ, and
π0χc1ð1PÞ] is of great interest [1,25–35]. For example,
the cc̄ ¼ χc1ð2PÞ scenario predicts a significant number of
various two gluon decays Xð3872Þ → ðgluonþ gluonÞ →
light hadrons [26–30]. The situation here is qualitatively
the same as for the decays χc1ð1PÞ → ðgluonþ gluonÞ →
light hadrons. In this way, only one channel has been
explored so far [1]. Namely, the LHCb Collaboration
undertook a search for the decay Xð3872Þ → pp̄, which
resulted in the following restriction [34]:

BRðBþ → Xð3872ÞKþÞ × ðBRðXð3872Þ → pp̄Þ
BRðBþ → J=ψKþÞ × ðBRðJ=ψ → pp̄Þ

< 0.25 × 10−2: ð1Þ
Hence, in view of BRðBþ→J=ψKþÞ×ðBRðJ=ψ→pp̄Þ≈
2.14×10−6 [1] and 0.9×10−4<BRðBþ→Xð3872ÞKþÞ<
2.7×10−4 [1,36], it follows that

BRðXð3872Þ → pp̄Þ < 0.6 × 10−4: ð2Þ
Taking into account a sizable contribution of the D�0D̄0 þ
D̄�0D0 channel (and also the channels containing the
charmonium states) to the Xð3872Þ decay rate, one can
conclude that the above relation is in satisfactory agreement
(at least not in contradiction) with what is observed in the
decays of the χc1ð1PÞ meson: BRðχc1ð1PÞ → pp̄Þ ¼
ð7.60� 0.34Þ × 10−5 [1]. Note that the χc1ð1PÞ has only
one decay into γJ=ψ containing cc̄ quarks in the final
state. It is also proposed to investigate the Xð3872Þ
coupling to the pp̄ channel in the reaction pp̄ →
Xð3872Þ → πþπ−J=ψ with the PANDA detector [35].
We propose to obtain an experimental limit on the

probability of the decay Xð3872Þ → π0πþπ− and, if lucky,
to register this decay. According to our estimate, the
branching ratio of the decay Xð3872Þ → π0πþπ− can be
expected at the level of 10−3–10−4 due to the transition
mechanism Xð3872Þ→ ðD�D̄þD̄�DÞ→π0DD̄→π0πþπ−.
In this case, the main contribution to BRðXð3872Þ →
π0πþπ−Þ comes from the production of πþπ− pairs in a
narrow interval of the invariant mass mπþπ− near the value
of 2mD0 ≈ 3.73 GeV.
As for the nature of X(3872), our calculations implicitly

imply for this state the conventional cc̄ nature, i.e., that it is
a compact charmonium state similar to the states χc1ð1PÞ,
ψð2SÞ, ψð3770Þ, and so on, and to describe its decays
one can use the effective phenomenological Lagrangian
approach [25–30].
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II. ESTIMATE OF BRðXð3872Þ → π0π +π − Þ
The decay Xð3872Þ → ðD�0D̄0 þ D̄�0D0Þ → π0D0D̄0

(see Fig. 1) is one of the main decay channels of the
Xð3872Þ resonance [1]. Because of the final state inter-
action among D0 and D̄0 mesons, i.e., due to the S-wave
transition D0D̄0 → πþπ−, the isospin breaking decay
Xð3872Þ → ðD�0D̄0 þ D̄�0D0Þ → π0D0D̄0 → π0πþπ− is
induced (see Fig. 2).
The amplitudes of such triangle diagrams, as in

Fig. 2,may contain logarithmic singularities that can produce
some enhancement in the mass spectra. The conditions for
the appearance of such singularities in the physical region of
the reaction were repeatedly deduced in various forms and
discussed in the literature; see, for example, Refs. [37–45]
and also the very recent work [46]. For the considered
mechanism of the X → π0πþπ− decay, these conditions are
reduced to the following relations.
If the virtual invariant mass squared of the Xð3872Þ

resonance s1 falls in the range

2ðm2
D�0 þm2

D0Þ −m2
π0

¼ ð3.87193 GeVÞ2 > s1

> ðmD�0 þmD0Þ2 ¼ ð3.87168 GeVÞ2; ð3Þ

then, in the range of the invariant mass squared of the πþπ−

system s2 ¼ m2
πþπ− ,

mD0

mD�0
ðm2

D�0 þm2
D0 −m2

π0
Þþ2m2

D0 ¼ð3.7299GeVÞ2

>s2> 4m2
D0 ¼ð3.72966GeVÞ2; ð4Þ

the imaginary part of the amplitude of the diagram in
Fig. 2 contains the triangle logarithmic singularity [37–46].
Below, we see that this singularity leads to the reso-
nancelike enhancement in the πþπ− mass spectrum atffiffiffiffiffi
s2

p ¼ mπþπ− ≈ 2mD0 ≈ 3.73 GeV, i.e., near the D0D̄0

threshold.
The decay Xð3872Þ → π0πþπ− can also be produced via

the charged intermediate states, Xð3872Þ → ðD�þD− þ
D�−DþÞ → π0DþD− → π0πþπ− (see Fig. 3). From the
isotopic symmetry for the coupling constants (C invariance
of the amplitudes is implied), it follows that the contribu-
tions of the diagrams in Figs. 2 and 3 exactly compensate
each other and the isospin breaking decay Xð3872Þ →
π0πþπ− is absent, if mD�þ ¼ mD�0 and mDþ ¼ mD0 .
However, the D�0D̄0 and D�þD− thresholds in the variableffiffiffiffiffi
s1

p
differ by 8.23 MeV (mD�0 þmD̄0 ¼ 3.87168 GeV,

mD�þ þmD− ¼ 3.87991 GeV) and the D0D̄0 and DþD−

thresholds in the variable
ffiffiffiffiffi
s2

p
differ by 9.644 MeV

(2mD0 ¼3.72966GeV, 2mD� ¼3.73930GeV). Therefore,
in the region of the variables

ffiffiffiffiffi
s1

p
and

ffiffiffiffiffi
s2

p
that is significant

for the decay Xð3872Þ → π0πþπ− (i.e., for
ffiffiffiffiffi
s1

p ≈mX ≈
mD�0 þmD̄0 , wheremX is the nominal mass of the Xð3872Þ
equal to 3.87169 GeV [1], and

ffiffiffiffiffi
s2

p ≈ 2mD̄0 ≈ 3.73 GeV),
the contributions from the neutral (see Fig. 2) and charged
(see Fig. 3) intermediate states weakly compensate each
other and the contribution of the diagram in Fig. 2
dominates.
We write the differential probability for the decay of the

virtual state Xð3872Þ to π0πþπ− in the form

d2BRðX → π0πþπ−; s1; s2Þ
d

ffiffiffiffiffi
s1

p
d

ffiffiffiffiffi
s2

p

¼ 2
ffiffiffiffiffi
s1

p
π

ffiffiffiffiffi
s1

p
jDXðs1Þj2

dΓðX → π0πþπ−; s1; s2Þ
d

ffiffiffiffiffi
s2

p ; ð5Þ

where DXðs1Þ is the inverse propagator of the Xð3872Þ
resonance [25,27,28] that takes into account the couplings
of Xð3872Þwith theD�D̄þ D̄�D decay channels as well as

FIG. 1. The diagram of the decay Xð3872Þ → D0D̄0π0. The
four-momenta of Xð3872Þ, D0, D̄0, and π0 are, respectively, p1,
pD, pD̄, and pπ ; the four-momenta of the intermediate D�0 and
D̄�0 are k1 and k2, respectively.

FIG. 2. The diagram of the decay Xð3872Þ → ðD�0D̄0 þ
D̄�0D0Þ → π0D0D̄0 → π0πþπ−. In the Xð3872Þ mass region,
all intermediate particles in the triangle loop can be near or
directly on the mass shell. As a consequence, a logarithmic
singularity in the imaginary part of the amplitude emerges in the
hypothetical case of the stableD�0 meson when the conditions (3)
and (4) are fulfilled. The four-momenta of corresponding
particles are denoted as p1, p2, and p3; p2

1 ¼ s1 is the squared
invariant mass of the Xð3872Þ resonance or of the final π0πþπ−

system; p2
2 ¼ s2 ¼ m2

πþπ− is the squared invariant mass of the
final πþπ− system; and p2

3 ¼ m2
π0
.

FIG. 3. The diagram of the decay Xð3872Þ → π0πþπ−
corresponding to the charged intermediate state contributions,
Xð3872Þ → ðD�þD− þD�−DþÞ → π0DþD− → π0πþπ−.
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with all non-(D�D̄þ D̄�D) decay channels; and dΓðX →
π0πþπ−; s1; s2Þ=d ffiffiffiffiffi

s2
p

is the X → π0πþπ− differential
decay width in the variable

ffiffiffiffiffi
s2

p ¼ mπþπ− caused by the
sum of the diagrams in Figs. 2 and 3.
The Xð3872Þ resonance propagator constructed in

Refs. [25,27,28] has good analytical and unitary properties.
The inverse propagator DXðs1Þ has the form [25,27,28]

DXðs1Þ ¼ m2
X − s1

þ
X
ab

½ReΠab
X ðm2

XÞ − Πab
X ðs1Þ� − imXΓnon; ð6Þ

where Γnon ¼ ΣiΓi is the total width of the Xð3872Þ
decay to all non-ðD�D̄þ D̄�DÞ channels, which in the
narrow region of the Xð3872Þ peak (ΓX < 1.2 MeV [1,3])
is approximated by a constant; ab ¼ D�0D̄0, D̄�0D0,
D�þD−, D�−Dþ. At s1 > ðma þmbÞ2

Πab
X ðs1Þ ¼

g2A
16π

2
64m

ðþÞ
ab mð−Þ

ab

πs1
ln
mb

ma
þ ρabðs1Þ

×

0
B@i −

1

π
ln

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s1 −mð−Þ2

ab

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s1 −mðþÞ2

ab

q
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s1 −mð−Þ2

ab

q
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s1 −mðþÞ2

ab

q
1
CA
3
75;

ð7Þ

where ρabðs1Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s1 −mðþÞ2

ab

q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s1 −mð−Þ2

ab

q
=s, mð�Þ

ab ¼
ma �mb, ma > mb,

ImΠab
X ðs1Þ ¼

ffiffiffiffiffi
s1

p
ΓX→abðs1Þ ¼

g2A
16π

ρabðs1Þ; ð8Þ

and gA is the coupling constant of X with the D�0D̄0

channel. At mð−Þ2
ab < s1 < mðþÞ2

ab

Πab
X ðs1Þ ¼

g2A
16π

2
64m

ðþÞ
ab mð−Þ

ab

πs1
ln
mb

ma

− ρabðs1Þ

0
B@1 −

2

π
arctan

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mðþÞ2

ab − s1

q
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s1 −mð−Þ2

ab

q
1
CA
3
75; ð9Þ

where ρabðs1Þ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mðþÞ2

ab −s1

q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s1−mð−Þ2

ab

q
=s1. If s1≤mð−Þ2

ab ,

then ρabðs1Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mðþÞ2

ab − s1

q ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mð−Þ2

ab − s1

q
=s1, and

Πab
X ðs1Þ ¼

g2A
16π

2
64m

ðþÞ
ab mð−Þ

ab

πs1
ln
mb

ma

þ ρabðs1Þ
1

π
ln

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mðþÞ2

ab − s1

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mð−Þ2

ab − s1

q
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mðþÞ2

ab − s1

q
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mð−Þ2

ab − s1

q
3
75:

ð10Þ

The sum of the probabilities of the Xð3872Þ decay to all
modes satisfies the unitarity [25,27,28]

BRðX→ ðD�0D̄0þ c:c:ÞÞ
þBRðX→ ðD�þD−þc:cÞÞþΣiBRðX→ iÞ¼ 1: ð11Þ

The coupling of the Xð3872Þ with the D�0D̄0 system was
introduced in Refs. [25–28] by means of the Lagrangian

LXD�0D̄0ðxÞ ¼ gAXμðD�0
μ D̄0 þ D̄�0

μ D0Þ; ð12Þ

and the range of possible values of the coupling constant
g2A=ð16πÞ was determined from the analysis of the experi-
mental data [3,6,8,9,13,15].
To describe the amplitudes of the D� → Dπ0 decays, we

use the expression

VD�Dπ0 ¼ gD�Dπ0ðϵD� ; pπ0 − pDÞ; ð13Þ

where ϵD� is the polarization four-vector of the D� meson,
pπ0 and pD are the four-momenta of π0 and D, respec-
tively; gD�þDþπ0 ¼ −gD�0D0π0 .
The effective vertex of theXð3872Þ → ðD�D̄þ D̄�DÞ →

π0DD̄ → π0πþπ− transition corresponding to the sum of
the diagrams in Figs. 2 and 3, in which the πþπ− system is
produced in the S wave, can be written as

VXπ0πþπ− ¼ GXπ0πþπ−ðs1; s2ÞðϵX; p3 − p2Þ
¼ 2

ḡ
16π

½F0ðs1; s2Þ − Fþðs1; s2Þ�; ð14Þ

where the invariant amplitude GXπ0πþπ−ðs1; s2Þ is used
below [see, Eq. (19)] to compactly write the expression
for the energy dependent differential width of the X →
π0πþπ− decay; ϵX is the polarization four-vector of the
Xð3872Þ, the amplitudes F0ðs1; s2Þ and Fþðs1; s2Þ describe
the contributions from the neutral and charged intermediate
D�D̄ states, respectively, and

ḡ¼gAgD�0D0π0gD0D̄0πþπ− : ð15Þ

We assume the S-wave amplitudes of the processes
D0D̄0 → πþπ− and DþD̄− → πþπ− (entering in the ampli-
tudes of the diagrams in Figs. 2 and 3) to be equal and
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approximate them in the region of the DD̄ thresholds by an
s2-independent constant gD0D̄0πþπ− .
Taking into account Eqs. (12)–(14), the amplitude

F0ðs1; s2Þ can be written in the form

F0ðs1;s2Þ¼
i
π3

ϵXμ

Z �
−gμνþ kμkν

m2

D�0

�
ð2p3ν−kνÞ

ðk2−m2
D�0 þ iεÞ

×
d4k

ððp1−kÞ2−m2
D0 þ iεÞððk−p3Þ2−m2

D̄0 þ iεÞ :

ð16Þ

The four-vector under the integral sign we transform as
follows:

�
−gμν −

kμkν
m2

D�

�
ð2p3ν − kνÞ

¼ −2p3μ þ kμðm2
D�0 −m2

D0 þm2
π0
Þ=m2

D�0

− kμððk − p3Þ2 −m2
D̄0Þ=m2

D�0 : ð17Þ

This shows that after reducing the numerator and denom-
inator in Eq. (16) by the factor ððk − p3Þ2 −m2

D̄0Þ, the
divergent part of the integral is proportional to p1μ [i.e., the
four-moment of the Xð3872Þ resonance] and does not
contribute to F0ðs1; s2Þ because ðϵX; p1Þ ¼ 0. For the
numerical calculation of the amplitudes F0ðs1; s2Þ in
Eq. (16), we use the method developed in Refs. [47,48].
Note that the part of the contribution from the second term
in (17), kμðm2

D�0 −m2
D0 þm2

π0
Þ=m2

D�0 , which after integra-
tion turns out to be proportional to p3μ, gives a negligible
contribution to F0ðs1; s2Þ in the

ffiffiffiffiffi
s1

p
and

ffiffiffiffiffi
s2

p
region under

consideration. Thus we put

F0ðs1;s2Þ¼−2ðϵX;p3Þ
i
π3

Z
d4k

ðk2−m2
D�0 þ iεÞ

×
1

ððp1−kÞ2−m2
D0 þ iεÞððk−p3Þ2−m2

D̄0 þ iεÞ :

ð18Þ

The amplitude Fþðs1; s2Þ is obtained from Eq. (18) by
replacing the masses of neutral D� and D mesons by the
masses of their charged partners.
Using Eq. (14) we express the differential width dΓðX →

π0πþπ−; s1; s2Þ=d ffiffiffiffiffi
s2

p
in terms of the invariant amplitude

GXπ0πþπ−ðs1; s2Þ,

dΓðX → π0πþπ−; s1; s2Þ
d

ffiffiffiffiffi
s2

p

¼ 2

3

jGXπ0πþπ−ðs1; s2Þj2
4π

p3ðs1; s2Þ
s1

ρðs2Þ
16π

2
ffiffiffiffiffi
s2

p
π

; ð19Þ

where

pðs1; s2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s21 − 2s1ðs2 þm2

π0
Þ þ ðs2 −m2

π0
Þ2

q
2

ffiffiffiffiffi
s1

p ; ð20Þ

ρðs2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

πþ=s2
q

: ð21Þ

The width of the decay X → π0πþπ− as a function of s1 has
the form

ΓðX → π0πþπ−; s1Þ

¼
Z ffiffiffi

s1
p −m0

π

2mπþ

dΓðX → π0πþπ−; s1; s2Þ
d

ffiffiffiffiffi
s2

p d
ffiffiffiffiffi
s2

p
; ð22Þ

and the probability of this decay is given by the expression

BRðX → π0πþπ−Þ

¼
Z

∞

3mπ

2
ffiffiffiffiffi
s1

p
π

ffiffiffiffiffi
s1

p ΓðX → π0πþπ−; s1Þ
jDXðs1Þj2

d
ffiffiffiffiffi
s1

p
: ð23Þ

Equations (22) and (23) indicate the kinematically allow-
able limits of integration. In fact, the main contributions in
Eqs. (22) and (23) are concentrated in much smaller
intervals.
We now estimate the coupling constants gD�0D0π0 and

gD0D̄0πþπ− .
For the total decay width of the D�0 meson, only its

upper limit is known so far: ΓD�0 < 2.1 MeV [1]. On the
other hand, the total decay width of the D�þ meson and
the branching ratio of the D�þ→ðDπÞþ decay are well
known [1]: ΓD�þ ≈ 83.6 keV, BRðD�þ→ðDπÞþÞ≈98.4%.
Assuming the isotopic symmetry for the coupling constants
gD�Dπ , we have

m2
D�0ΓD�0→D0π0

p3
D0π0

¼ m2
D�þΓD�þ→ðDπÞþ

2p3
D0πþ þ p3

Dþπ0
; ð24Þ

where pDπ denotes the momentum of the final D or π
meson in the D� rest frame. From here we find the decay
width ΓD�0→D0π0 ≈ 36 keV and the coupling constant
g2D�0D0π0

=ð4πÞ¼3m2
D�0ΓD�0→D0π0=ð2p3

D0π0
Þ≈2.8. Using also

the value of BRðD�0 → D0π0Þ ≈ 64.7% [1], we get an
estimate for the total decay width of the D�0 meson:
ΓD�0 ≈ 55.6 keV. Here we note in passing the following.
As the examples [49–54] show, the instability of the vector
mesons in the intermediate states (i.e., the finiteness of their
total widths) is important to take into account when
estimating the contributions of logarithmic triangle
singularities. In this case, ΓD�0 is small. Nevertheless,
its accounting in the D�0 propagator (by replacing
m2

D�0 → m2
D�0 − imD�0ΓD�0) noticeably smoothes the loga-

rithmic singularity in the amplitude of the diagram in Fig. 2
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and the computed width ΓðXð3872Þ → π0πþπ−;mXÞ is
reduced by approximately 30% as compared to that for
ΓD�0 ¼ 0. In a similar way, we take into account the width
ΓD�� in the D�� propagator.
The constant gD0D̄0πþπ− is associated with the annihila-

tion cross section σD0D̄0→πþπ− at the D0D̄0 threshold
and with the corresponding inelastic scattering length
α00D0D̄0→πþπ− by the relations

kσD0D̄0→πþπ−

4π
¼ jα00D0D̄0→πþπ− j ¼ q

���� gD0D̄0πþπ−

8π
ffiffiffiffiffi
s2

p
����
2

; ð25Þ

where k and q are momenta of the D0 and πþ mesons,
respectively, in the center-of-mass frame of the reaction
D0D̄0 → πþπ−. In the D0D̄0 threshold domain of interest
to us, q=s2 ≈ 1=ð4mD0Þ. At present, the values in
Eq. (25), which characterizes the S-wave D0D̄0 → πþπ−
annihilation at rest, are completely unknown. If we
naively put the inelastic scattering length jα00D0D̄0→πþπ− j ≈
1=ð2mD�þÞ ≈ 1=ð4 GeVÞ (which is in dimensionless units
mπþjα00D0D̄0→πþπ− j ≈ 0.0347), then jgD0D̄0πþπ−=ð8πÞj2 is
approximately equal to ≈1.8. We use this value in further
evaluations. It is clear that our rough estimate is related to
considerations about the D0D̄0 annihilation radius. An
experiment will show whether this value is reasonable or
not. For comparison, we note that the tree D0D̄0 → πþπ−
annihilation amplitude caused by the charged D� exchange
leads to jα00D0D̄0→πþπ− j, which is about 15 times greater
than our estimate, due to the large coupling constant
g2D�þD0πþ=ð4πÞ ≈ 5.6 (see note [55]).
Figure 4 shows an example of the πþπ− mass

spectrum in the decay Xð3872Þ → π0πþπ−, i.e.,
dΓðX → π0πþπ−; s1; s2Þ=d ffiffiffiffiffi

s2
p

as a function of
ffiffiffiffiffi
s2

p
, cal-

culated with use of Eq. (19) at
ffiffiffiffiffi
s1

p ¼ mX ¼ 3.87169 GeV
and the coupling constant of Xð3872Þ with the D�0D̄0

channel g2A=ð16πÞ ¼ 0.25 GeV2 [other possible values
for g2A=ð16πÞ are discussed below]. The integration
dΓðX → π0πþπ−;m2

X; s2Þ=d
ffiffiffiffiffi
s2

p
over

ffiffiffiffiffi
s2

p
in the region

of 35 MeV wide, i.e., from mX −mπ0 − 0.035 GeV ¼
3.70171 GeV to mX −mπ0 ¼ 3.73671 GeV, results in
ΓðX → π0πþπ−;m2

XÞ ≈ 3 keV. However, as can be seen
from Fig. 5, this is in fact the maximal value of the
Xð3872Þ → π0πþπ− decay width in the Xð3872Þ resonance
region. The width ΓðX → π0πþπ−; s1Þ is a sharply chang-
ing function of

ffiffiffiffiffi
s1

p
. Two peaks in ΓðX → π0πþπ−; s1Þ

located near the D�0D̄0 and D�þD− thresholds (see Fig. 5)
are manifestations of the logarithmic singularities in the
amplitudes of the diagrams in Fig. 2 (the left peak) and in
Fig. 3 (the right peak) [56]. The most important contribu-
tion to BRðX → π0πþπ−Þ [see Eq. (23)] comes from the left
peak. The right peak in ΓðX → π0πþπ−; s1Þ practically
does not work as it is located far on the right tail of

the Xð3872Þ resonance and its contribution to BRðX →
π0πþπ−Þ is strongly suppressed by the Xð3872Þ propagator
module squared.
We now present numerical estimates for BRðX →

π0πþπ−Þ using as a guide the values of gA obtained in
Refs. [25,27,28]. Figure 6 shows an example of the
resonance distribution 2s1=ðπjDXðs1Þj2Þ calculated at

3.729 3.7295 3.73 3.7305 3.731

s2 GeV

0
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X
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2
d

s
2

FIG. 4. An example of the πþπ− mass spectrum dΓðX →
π0πþπ−; s1; s2Þ=d ffiffiffiffiffi

s2
p

constructed with the use of Eq. (19) atffiffiffiffiffi
s1

p ¼ mX ¼ 3.87169 GeV and g2A=ð16πÞ ¼ 0.25 GeV2. The
solid curve corresponds to the sum of the diagrams in Figs. 2
and 3. The dashed curve shows the contribution from the diagram
in Fig. 2 only. The

ffiffiffiffiffi
s2

p
values between which [according to

Eq. (4)] the amplitude of the Xð3872Þ → ðD�0D̄0 þ D̄�0D0Þ →
π0D0D̄0 → π0πþπ− decay contains the logarithmic singularity, in
the hypothetical case of the stable D�0 meson, are shown by the
dotted vertical lines. In so doing, the singularity itself is located atffiffiffiffiffi
s2

p ¼ 3.72982 GeV (see note [57]).
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FIG. 5. The width ΓðX → π0πþπ−; s1Þ as a function of
ffiffiffiffiffi
s1

p
.

The constructed example corresponds to g2A=ð16πÞ ¼ 0.25 GeV2.
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mX ¼ 3.87169 GeV [1], g2A=ð16πÞ ¼ 0.25 GeV2, and
Γnon ¼ 1 MeV. Weighting with this distribution the
energy dependent width ΓðX → π0πþπ−; s1Þ shown in
Fig. 5, we find, according to Eq. (23), that for the above
values of the parameters BRðX → π0πþπ−Þ ≈ 5 × 10−4.
Estimates for BRðX → π0πþπ−Þ for different values of
g2A=ð16πÞ and Γnon, which we vary in a fairly wide
but reasonable range, are given in Table I at mX ¼
3.87169 GeV [1].
It is not yet clear whether the mass of the Xð3872Þ state

lies slightly above or slightly below the D�0D̄0 threshold.
The �0.17 MeV uncertainty that the Particle Data Group
[1] indicates allows for both possibilities. Tables II and III
show the estimates for BRðX → π0πþπ−Þ at the same
values of g2A=ð16πÞ and Γnon as in Table I but for
mX ¼ 3.87169� 0.00017 GeV.

III. CONCLUSION

The above analysis shows that BRðXð3872Þ → π0πþπ−Þ
can be expected at the level of 10−3–10−4. The dominant

contribution to BRðXð3872Þ → π0πþπ−Þ comes from the
production of the πþπ− system in a narrow (no more than
20 MeV wide) interval of the invariant mass mπþπ− near the
value of 2mD0 ≈ 3.73 GeV. The πþπ− events with such an
invariant mass can serve as a signature of the decay
Xð3872Þ → ðD�0D̄0 þ D̄�0D0Þ → π0D0D̄0 → π0πþπ−.

ACKNOWLEDGMENTS

The present work is partially supported by Grant
No. II.15.1 of fundamental scientific researches of the
Siberian Branch of the Russian Academy of Sciences,
Grant No. 0314-2019-0021.

[1] M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98,
030001 (2018).

[2] S.-K. Choi et al. (Belle Collaboration), Phys. Rev. Lett. 91,
262001 (2003).

[3] S.-K. Choi et al. (Belle Collaboration), Phys. Rev. D 84,
052004 (2011).

[4] B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 71,
031501 (2005).

[5] R. Aaij et al. (LHCb Collaboration), Phys. Rev. D 92,
011102 (2015).

[6] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 110,
222001 (2013).

[7] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett.
112, 092001 (2014).

[8] K. Abe et al. (Belle Collaboration), arXiv:hep-ex/0505037.
[9] P. del Amo Sanchez et al. (BABAR Collaboration), Phys.

Rev. D 82, 011101(R) (2010).
[10] M.Ablikim et al. (BESIII Collaboration), arXiv:1903.04695.
[11] M. Suzuki, Phys. Rev. D 72, 114013 (2005). Note that in the

channel Xð3872Þ → ωJ=ψ the ω meson is not observed

3.8705 3.871 3.8715 3.872 3.8725 3.873

s1 GeV

0

0.1

0.2

0.3

0.4

0.5

R
es

on
an

ce
 d

is
tr

ib
ut

io
n

10
6

G
eV

2

FIG. 6. The resonance distribution 2s1=ðπjDXðs1Þj2Þ at
g2A=ð16πÞ ¼ 0.25 GeV2 and Γnon ¼ 1 MeV.

TABLE I. BRðXðð3872Þ → π0πþπ−Þ in units of 10−4 for five
values of g2A=ð16πÞ and three values of Γnon;mX ¼ 3.87169 GeV.

g2A=ð16πÞ (in GeV2) ¼ 0.1 ¼ 0.2 ¼ 0.25 ¼ 0.5 ¼ 1.0

Γnon ¼ 0.5 MeV 7.42 8.42 8.35 7.10 5.19
Γnon ¼ 1 MeV 3.93 4.99 5.14 4.88 3.84
Γnon ¼ 2 MeV 1.93 2.70 2.89 3.07 2.67

TABLE II. The same as Table I but for mX ¼ 3.87169þ
0.00017 GeV.

g2A=ð16πÞ (in GeV2) ¼ 0.1 ¼ 0.2 ¼ 0.25 ¼ 0.5 ¼ 1.0

Γnon ¼ 0.5 MeV 6.45 6.97 6.82 5.63 3.94
Γnon ¼ 1 MeV 3.76 4.60 4.68 4.30 3.27
Γnon ¼ 2 MeV 1.93 2.64 2.80 2.89 2.45

TABLE III. The same as Table I but for mX ¼ 3.87169 −
0.00017 GeV.

g2A=ð16πÞ (in GeV2) ¼ 0.1 ¼ 0.2 ¼ 0.25 ¼ 0.5 ¼ 1.0

Γnon ¼ 0.5 MeV 8.04 11.2 12.2 14.7 16.3
Γnon ¼ 1 MeV 3.91 5.57 6.08 7.37 8.20
Γnon ¼ 2 MeV 1.86 2.73 3.01 3.70 4.12

N. N. ACHASOV and G. N. SHESTAKOV PHYS. REV. D 99, 116023 (2019)

116023-6

https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevD.98.030001
https://doi.org/10.1103/PhysRevLett.91.262001
https://doi.org/10.1103/PhysRevLett.91.262001
https://doi.org/10.1103/PhysRevD.84.052004
https://doi.org/10.1103/PhysRevD.84.052004
https://doi.org/10.1103/PhysRevD.71.031501
https://doi.org/10.1103/PhysRevD.71.031501
https://doi.org/10.1103/PhysRevD.92.011102
https://doi.org/10.1103/PhysRevD.92.011102
https://doi.org/10.1103/PhysRevLett.110.222001
https://doi.org/10.1103/PhysRevLett.110.222001
https://doi.org/10.1103/PhysRevLett.112.092001
https://doi.org/10.1103/PhysRevLett.112.092001
http://arXiv.org/abs/hep-ex/0505037
https://doi.org/10.1103/PhysRevD.82.011101
https://doi.org/10.1103/PhysRevD.82.011101
http://arXiv.org/abs/1903.04695
https://doi.org/10.1103/PhysRevD.72.114013


literally, but the πþπ−π0 events at the end of the left wing of
the ω resonance which can else contain the destructive or
constructive interference with the background.

[12] G. Gokhroo et al. (Belle Collaboration), Phys. Rev. Lett. 97,
162002 (2006).

[13] T. Aushev et al. (Belle Collaboration), Phys. Rev. D 81,
031103 (2010).

[14] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett.
102, 132001 (2009).

[15] V. Bhardwaj et al. (Belle Collaboration), Phys. Rev. Lett.
107, 091803 (2011).

[16] R. Aaij et al. (LHCb Collaboration), Nucl. Phys. B886, 665
(2014).

[17] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett.
122, 202001 (2019).

[18] Nikolay Achasov, Plenary talk at the International Work-
shop on eþe− collizions from Phi to Psi, 2019, BINP,
Novosibirsk, EPJ Web Conf. 212, 02001 (2019), PhiPsi
2019, arXiv:1904.08054. Note that the BESIII experiments
on the reactions eþe− → γπþπ−J=ψ [7], eþe− → γωJ=ψ
[10], and eþe− → γπ0χc1ð1PÞ [17] indicate, apparently, on
the two-gluon production mechanism of Xð3872Þ:
eþe− → ψ iðmψ i

> mXÞ → γðgluonþ gluonÞ → γXð3872Þ.
The isospin symmetry breaking in the decays Xð3872Þ →
πþπ−J=ψ and Xð3872Þ → π0χc1ð1PÞ do not appear
to be decisive in the question of the nature of the
X(3872) state.

[19] H. X. Chen, W. Chen, X. Liu, and S.-L. Zhu, Phys. Rep.
639, 1 (2016).

[20] A. Esposito, A. Pilloni, and A. D. Polosa, Phys. Rep. 668, 1
(2017).

[21] R. F. Lebed, R. E. Mitchell, and E. S. Swanson, Prog. Part.
Nucl. Phys. 93, 143 (2017).

[22] A. Ali, J. S. Lange, and S. Stone, Prog. Part. Nucl. Phys. 97,
123 (2017).

[23] S. L. Olsen, T. Skwarnicki, and D. Zieminska, Rev. Mod.
Phys. 90, 015003 (2018).

[24] F. K. Guo, C. Hanhart, U.-G. Meißner, Q. Wang, Q. Zhao,
and B.-S. Zou, Rev. Mod. Phys. 90, 015004 (2018).

[25] N. N. Achasov and E. V. Rogozina, JETP Lett. 100, 227
(2014).

[26] N. N. Achasov and E. V. Rogozina, Mod. Phys. Lett. A 30,
1550181 (2015).

[27] N. N. Achasov and E. V. Rogozina, J. Univ. Sci. Tech. China
46, 574 (2016).

[28] Nikolay Achasov, EPJ Web Conf. 125, 04002 (2016),
QUARKS-2016.

[29] N. N. Achasov, Phys. Part. Nucl. 48, 839 (2017).
[30] Nikolay Achasov, EPJ Web Conf. 191, 04002 (2018),

QUARKS-2018.
[31] H. Mutuk, Y. Saraç, H. Gümüş, and A. Özpineci, Eur. Phys.

J. C 78, 904 (2018).
[32] J. Y. Süngü and A. C. Jumasahatov, J. Phys. G 46, 035007

(2019).
[33] J. Ferretti, arXiv:1902.02835.
[34] R. Aaij et al. (LHCb Collaboration), Phys. Lett. B 769, 305

(2017).
[35] G. Barucca et al. (PANDA Collaboration), Eur. Phys. J. A

55, 42 (2019).
[36] C.-Z. Yuan, Int. J. Mod. Phys. A 33, 1830018 (2018).

[37] R. Karplus, C. M. Sommerfield, and E. H. Wichmann, Phys.
Rev. 111, 1187 (1958).

[38] L. D. Landau, Nucl. Phys. 13, 181 (1959).
[39] C. Fronsdal and R. E. Norton, J. Math. Phys. (N.Y.) 5, 100

(1964).
[40] B. N. Valuev, Zh. Eksp. Teor. Fiz. 47, 649 (1964) [Sov.

Phys. JETP 20, 433 (1964)].
[41] I. J. R. Aitchison, Phys. Rev. 133, B1257 (1964).
[42] S. Coleman and R. E. Norton, Nuovo Cimento 38, 438

(1965).
[43] M. Mikhasenko, arXiv:1507.06552.
[44] X. H. Liu, M. Oka, and Q. Zhao, Phys. Lett. B 753, 297

(2016).
[45] M. Bayar, F. Aceti, F.-K. Guo, and E. Oset, Phys. Rev. D 94,

074039 (2016).
[46] F. K. Guo, Phys. Rev. Lett. 122, 202002 (2019).
[47] G. ’t Hooft and M. Veltman, Nucl. Phys. B153, 365 (1979).
[48] G. Passarina and M. Veltman, Nucl. Phys. B160, 151

(1979).
[49] N. N. Achasov and A. A. Kozhevnikov, Z. Phys. C 48, 121

(1990).
[50] N. N. Achasov and A. A. Kozhevnikov, Yad. Fiz. 56, 191

(1993) [Phys. At. Nucl. 56, 1261 (1993)].
[51] N. N. Achasov and A. A. Kozhevnikov, Phys. Rev. D 49,

5773 (1994).
[52] N. N. Achasov, A. A. Kozhevnikov, and G. N. Shestakov,

Phys. Rev. D 92, 036003 (2015).
[53] N. N. Achasov and G. N. Shestakov, Nucl. Part. Phys. Proc.

287–288, 89 (2017).
[54] N. N. Achasov and G. N. Shestakov, Pis’ma Zh. Eksp. Teor.

Fiz. 107, 292 (2018) [JETP Lett. 107, 276 (2018)].
[55] For the estimate we use the transverse D�þ propagator

−gμνþk̃μ k̃ν=k̃
2

k̃2−m2

D�þ
that carries the unit spin off the mass shell. So

j gD0D̄0πþπ−

8π j2 ¼ j g
2

D�þD0πþ
8π

s−uþðm2

D0
−m2

πþ Þ
2=t

m2

D�þ−t
j2, where s, t, u are

the usual Mandelstam variables for the reaction D0D̄0 →
π−πþ. At the D0D̄0 threshold s ¼ 4m2

D0 , t ¼ u ¼
−m2

D0 þm2
πþ . Neglecting m2

πþ , we get j gD0D̄0πþπ−

8π j2 ≈
j g

2

D�þD0πþ
4π

2
1þm2

D�þ=m
2

D0

j2 ≈ 27. If the D�þ propagator is

−gμνþk̃μ k̃ν=m2

D�þ
k̃2−m2

D�þ
, then j gD0D̄0πþπ−

8π j2 ≈ 57.

[56] The contributions of the diagrams in Figs. 2 and 3 to the
width ΓðX → π0πþπ−; s1Þ begin to cancel each other at s1
just below the D�0D̄0 threshold and just above the D�þD−

threshold. This practically does not occur between the
thresholds due to significantly different phases of the neutral
and charged intermediate states. The phase of the X →
π0πþπ− transition amplitude changes between the D�0D̄0

and D�þD− thresholds by about 90°, just as is the case
between the KþK− and K0K̄0 thresholds in the a00ð980Þ −
f0ð980Þ mixing amplitude [53] or in the amplitude of the
decay ηð1405Þ → f0ð980Þπ0 → πþπ−π0 [54].

[57] The logarithmic singularities in the amplitude are at
x21þx22þx23þ2x1x2x3−1¼0, where x1¼ðs1−m2

D�0 −m2
D0Þ=

ð2mD�0mD0Þ, x2 ¼ ðs2 − 2m2
D0Þ=ð2m2

D0Þ, x3 ¼ ðm2
π0
−

m2
D�0 −m2

D0Þ=ð2m2
D�0m2

D0Þ (see, for example, Refs. [38–
40,45,49–52,54]). Only one solution of this equation falls
into the region defined by Eqs. (3) and (4).

DECAY Xð3872Þ → π0πþπ− AND S-WAVE D0D̄0 → πþπ− … PHYS. REV. D 99, 116023 (2019)

116023-7

https://doi.org/10.1103/PhysRevLett.97.162002
https://doi.org/10.1103/PhysRevLett.97.162002
https://doi.org/10.1103/PhysRevD.81.031103
https://doi.org/10.1103/PhysRevD.81.031103
https://doi.org/10.1103/PhysRevLett.102.132001
https://doi.org/10.1103/PhysRevLett.102.132001
https://doi.org/10.1103/PhysRevLett.107.091803
https://doi.org/10.1103/PhysRevLett.107.091803
https://doi.org/10.1016/j.nuclphysb.2014.06.011
https://doi.org/10.1016/j.nuclphysb.2014.06.011
https://doi.org/10.1103/PhysRevLett.122.202001
https://doi.org/10.1103/PhysRevLett.122.202001
http://arXiv.org/abs/1904.08054
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/j.physrep.2016.11.002
https://doi.org/10.1016/j.physrep.2016.11.002
https://doi.org/10.1016/j.ppnp.2016.11.003
https://doi.org/10.1016/j.ppnp.2016.11.003
https://doi.org/10.1016/j.ppnp.2017.08.003
https://doi.org/10.1016/j.ppnp.2017.08.003
https://doi.org/10.1103/RevModPhys.90.015003
https://doi.org/10.1103/RevModPhys.90.015003
https://doi.org/10.1103/RevModPhys.90.015004
https://doi.org/10.1134/S0021364014160024
https://doi.org/10.1134/S0021364014160024
https://doi.org/10.1142/S0217732315501813
https://doi.org/10.1142/S0217732315501813
https://doi.org/10.1051/epjconf/201612504002
https://doi.org/10.1134/S1063779617060028
https://doi.org/10.1051/epjconf/201819104002
https://doi.org/10.1140/epjc/s10052-018-6382-z
https://doi.org/10.1140/epjc/s10052-018-6382-z
https://doi.org/10.1088/1361-6471/ab0115
https://doi.org/10.1088/1361-6471/ab0115
http://arXiv.org/abs/1902.02835
https://doi.org/10.1016/j.physletb.2017.03.046
https://doi.org/10.1016/j.physletb.2017.03.046
https://doi.org/10.1140/epja/i2019-12718-2
https://doi.org/10.1140/epja/i2019-12718-2
https://doi.org/10.1142/S0217751X18300181
https://doi.org/10.1103/PhysRev.111.1187
https://doi.org/10.1103/PhysRev.111.1187
https://doi.org/10.1016/0029-5582(59)90154-3
https://doi.org/10.1063/1.1704053
https://doi.org/10.1063/1.1704053
https://doi.org/10.1103/PhysRev.133.B1257
https://doi.org/10.1007/BF02750472
https://doi.org/10.1007/BF02750472
http://arXiv.org/abs/1507.06552
https://doi.org/10.1016/j.physletb.2015.12.027
https://doi.org/10.1016/j.physletb.2015.12.027
https://doi.org/10.1103/PhysRevD.94.074039
https://doi.org/10.1103/PhysRevD.94.074039
https://doi.org/10.1103/PhysRevLett.122.202002
https://doi.org/10.1016/0550-3213(79)90605-9
https://doi.org/10.1016/0550-3213(79)90234-7
https://doi.org/10.1016/0550-3213(79)90234-7
https://doi.org/10.1007/BF01565613
https://doi.org/10.1007/BF01565613
https://doi.org/10.1103/PhysRevD.49.5773
https://doi.org/10.1103/PhysRevD.49.5773
https://doi.org/10.1103/PhysRevD.92.036003
https://doi.org/10.7868/S0370274X18050028
https://doi.org/10.7868/S0370274X18050028
https://doi.org/10.1134/S0021364018050053

