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Ratio of decay widths of Xð3872Þ to c 0� and J=c� as a test of the Xð3872Þ dynamical structure

A.M. Badalian,* V.D. Orlovsky,† and Yu.A. Simonov‡

Institute of Theoretical and Experimental Physics, Moscow, Russia

B. L.G. Bakker§

Department of Physics and Astronomy, Vrije Universiteit, Amsterdam, The Netherlands
(Received 26 March 2012; published 1 June 2012)

Radiative decays of Xð3872Þ with JPC ¼ 1þþ are studied in the coupled-channel approach, where the

c �c states are described by the relativistic string Hamiltonian, while for the decay channels DD� a string-
breaking mechanism is used. Within this method a sharp peak and correct mass shift of the 23P1

charmonium state just to the D0D�0 threshold was already obtained for a prescribed channel coupling to

the DD� decay channels. For the same value of coupling the normalized wave function (w.f.) of Xð3872Þ
acquires admixture of the 13P1 component with the weight c1 ¼ 0:153 (� ¼ 8:8�), which increases the

transition rate �ðXð3872Þ ! J=c�Þ up to 50–70 keV, making the ratio R ¼ BðXð3872Þ!c 0�Þ
BðXð3872Þ!J=c�Þ ¼ 0:8�

0:2ðthÞ significantly smaller, as compared to R ’ 5 for Xð3872Þ as a purely 23P1 state.

DOI: 10.1103/PhysRevD.85.114002 PACS numbers: 12.39.�x, 13.25.Gv

I. INTRODUCTION

The Xð3872Þ was discovered by Belle as a narrow peak
in J=c�� invariant mass distribution in decays B !
J=c��K [1] and later confirmed by the CDF, D0, and
BABAR Collaborations [2]. It has several exotic properties,
very small width �< 2:3 MeV, and the mass is very close
to the D0D�0 threshold [3,4]. The even charge parity
C ¼ þ of Xð3872Þ is now well established [5], while the
two most plausible assignments for its quantum numbers,
JPC ¼ 1þþ and 2�þ, are still discussed [6,7].

To understand the nature of Xð3872Þ a special role
belongs to radiative decays, Xð3872Þ ! J=c� and
Xð3872Þ ! c 0�. The first evidence for the decay
Xð3872Þ ! J=c� was obtained by Belle [8] and con-
firmed by BABAR [9]; later the BABAR observed radiative
decay Xð3872Þ ! c 0� with the branching fraction ratio

R ¼ BðXð3872Þ!c 0�Þ
BðXð3872Þ!J=c�Þ ¼ 3:4� 1:4 [10]. Knowledge of this

ratio is of special importance for theory, because the rates
of these radiative decays vary widely in different theoreti-
cal models [11–15]. If Xð3872Þ is considered as a conven-
tional 23P1 charmonium state, then the characteristic value

of R is rather large, R ’ 4–6 [12–14], being in general in
agreement with the BABAR number 3:4� 1:4. In the
molecular picture the radiative decay Xð3872Þ ! c 0� is
suppressed and the ratio R should be much smaller [11].

However, in 2010 on a larger sample of decays B !
Xð3872ÞKÞ the Belle has not found evidence for the radia-
tive decay Xð3872Þ ! c 0�, giving the upper limit R< 2:1
[16]. This number does not agree with the representation of
Xð3872Þ as a purely 23P1 charmonium state.

Existing experimental uncertainty calls for new studies
of coupled-channel (CC) effects for Xð3872Þ. In [13] the
authors have anticipated ‘‘. . . a significantDD� component
in Xð3872Þ, even if it is dominantly a c �c state’’. For that the
3P0 model was used in [13] and the Cornell many-channel

model was considered in [14]. However, in spite of these
many-channel calculations there predicted values of R
have appeared to be close to those obtained for Xð3872Þ
as a purely 23P1 charmonium state: R ¼ 5:8 in [13] and
R ¼ 5:0 in [14].
Here we consider Xð3872Þ with JPC ¼ 1þþ in the CC

approach, where a coupling to theDD� channels is defined
by the relativistic string-breaking mechanism, which was
already applied to Xð3872Þ in [17,18], explaining it as a
23P1 charmonium state shifted down and appearing as a
sharp peak just at the D0D�0 threshold. Besides, the
scattering amplitude and a production cross section were
calculated there, being in qualitative agreement with
experiment. Here we apply this method for calculations
of the radiative decay rates for Xð3872Þ and show that due
to the same CC mechanism (with the coupling of the same
strength) an admixture of the 13P1 component to the
Xð3872Þ w.f. appears to be not large, �15%; nevertheless,
this component strongly affects the value of the partial
width �1 ¼ �ðXð3872Þ ! J=c�Þ and decreases the
ratio R.

II. COUPLED-CHANNEL MECHANISM

We use here the string decay Lagrangian of the 3P0 type

for the decay c �c ! ðc �qÞð �cqÞ [18]:

L sd ¼
Z

�c qM!c qd
4x (1)

where the light quark bispinors are treated in the limit of
largemc, which allows us to go over to the reduced (2� 2)
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form of the decay matrix elements (m.e.). Also to simplify
calculations the actual w.f. of c �c states, calculated in [19]
with the use of the relativistic string Hamiltonian (RSH), is
fitted here by five (or three) oscillator w.f. (SHO), while the
D meson w.f. is described by a single SHO term with few
percent accuracy with the parameter � ’ 0:48. In this case
the factor M! in (1) is M! ’ 2�

� ’ 0:8 GeV, which pro-

duces correct total width of c ð3770Þ and it will be used
below.

The transition m.e. for the decays ðc �cÞn ! ðD �DÞ,
ðDD�Þ, ðD�D�Þ are denoted here as n ! n2, n3, and in
the 2� 2 formalism this m.e. reduces to

Jnn2n3ðpÞ ¼
�ffiffiffiffiffiffi
Nc

p
Z

y�123
d3q

ð2�Þ3 �
þ
n ðpþ qÞc n2ðqÞc n3ðqÞ:

(2)

Here � ¼ 2M!

<mqþU�VDþ�0>
, where average of the Dirac

denominator (with scalar confining potential U ¼ �r and
vector potential VD ¼ � 4�

3r ) is calculated and yields � ¼
1:4. The factor �y123 contains a trace of spin-angular vari-
ables (for details see [18,20]).

The intermediate decay channel, like DD�, induces an
additional interaction ‘‘potential’’ VCCð ~q; ~q0; EÞ (here the
quotation marks imply nonlocality and energy dependence
of this potential):

VCCðq; q; EÞ ¼
X
n2n3

Z d3p

ð2�Þ3
Xn2n3ðq;pÞXþ

n2n3ðq;pÞ0
E� En2n3ðpÞ

; (3)

where

Xn2n3ðq;pÞ ¼
�ffiffiffiffiffiffi
Nc

p �y123ðq;pÞc n2ðq� pÞc n3ðq� pÞ: (4)

Using (3) and (4) one can find how the energy eigenvalues
(e.v.) and the w.f. of a state ðc �cÞnÞ change due to the
interaction VCC. In particular, in the first-order of pertur-
bation theory one has

Eð1Þ
n ¼ En þ wnnðEnÞ; (5)

c ð1Þ
n ¼ c n þ

X
m�n

wnmðEnÞ
En � Em

c m; (6)

where c n, En refer to the unperturbed ðc �cÞn system and the
m.e. wnmðEÞ is

wnmðEÞ ¼
Z

c nðqÞVCCðq; q; EÞc mðqÞ d3q

ð2�Þ3
d3q0
ð2�Þ3

¼
Z d3p

ð2�Þ3
X
n2n3

Jnn2n3ðpÞJþmn2n3ðpÞ
E� En2m3

ðpÞ :00 (7)

Notice, that if the CC interaction is strong, then one
should take into account this interaction to all orders,
summing the infinite series over VCC (or wnm). As a result,
one obtains the full Green’s function for an arbitrary Q �Q

system (our result formally coincides with those from [21],
although differences occur in concrete expressions for
wnm, because our interaction and decay mechanism differ
from those in [21]):

GQ �Qð1; 2;EÞ ¼
X
n;m

�ðnÞ
Q �Q

ð1ÞðÊ� Eþ ŵÞ�1
nm�

þðmÞ
Q �Q

ð2Þ; (8)

here Ênm ¼ En�nm. Then the energy e.v. are to be found
from the zeros of the determinant

detðE� Ê� ŵÞ ¼ 0: (9)

If the mixing of the state n with other states, m � n, is
neglected, one obtains a nonlinear equation for the e.v. E�

n

with a correction:

Eð�Þ
n ¼ En þ wnnðEð�Þ

n Þ: (10)

Note that E�
n can be a complex number and occur on the

second sheet in the complex plane with a cut from the
threshold n2n3 to infinity. The expression (10) was used in
[17] to find the position of the pole for shifted 23P1

charmonium state, while its unperturbed value E2 was
calculated with the use of RSH [22] to be E2 ¼ 3948�
10 MeV [23]. In [17] the decays have included D0D

�
0 and

DþD� channels and � was used as a free parameter. Then
the position of the resulting pole (10) and the production
cross section have been calculated, giving the pole
position exactly at the D0D

�
0 threshold for � ¼ 1:2, which

is close to expected number � ¼ M!

hmqþu�VDþ"0i ¼ 1:4 for

M! ¼ 0:8 GeV. (From Fig. 2 in [17] one can see that for
this value of � the production curve agrees well qualita-
tively with experiment.)
Knowing the mass shift of Xð3872Þ, one has also to find

next-order corrections to the w.f., thus going beyond no-
mixing approximation. At first, we use perturbation theory,
when admixture of the states m3P1 � m1þþ to the 23P1

state is given by the (6),

cð1Þm ¼ w2m

E2 � Em

; m ¼ 1; 3; 4; . . . : (11)

Calculations give w21¼0:085GeV, w23¼�0:0008GeV,
while E2 � E1 ¼ 0:425 GeV, so that main contribution
comes from the m ¼ 1 (13P1) state with the mixing
parameter

cð1Þ1 ¼ w21

E2 � E1

ffi 0:20: (12)

This correction cð1Þ1 is not small and calls for a more
accurate calculations, beyond perturbation theory.
To this end we first write general expressions for the

yield of particles �,�, 	,! etc. from the system, originally
born as a ðQ �QÞ system in eþe� or B meson decay by an

operator B̂. The Green’s function for the system can be
written as
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GðBBÞ
Q �Q

¼ X
n;m

ðB̂c nÞ
�

1

Ê� Eþ ŵ

�
nm
ðB̂c mÞ; (13)

where e.g. ðB̂c nÞ � c nð0Þ for the eþe� production. We
now can attribute particle (i) production from Q, �Q lines

adding the corresponding self-energy parts to Ê, ðÊÞnm ¼
En�nm þPðiÞ

nmðEÞ, and the production from light quark

lines to wmnðeÞ, wmnðEÞ ! wmnðEÞ þ wðiÞ
mnðEÞ. Then the

yield for particles i can be written as

YiðEÞ ¼
X

n;m;l;q

ðB̂c nÞ
�

1

Ê� Eþ ŵ

�
nm

�ðiÞ

2i
ð�ðiÞ

ml þ wðiÞ
mlÞ

�
�

1

Ê� Eþ ŵ

��
lq
ðB̂c qÞ�: (14)

One can define now effective ðQ �QÞ wave function �Q �Q,

which actually participates at the vertex of emission of
particles i,

�ðBÞ
Q �Q

¼ X
k;l

�k

�
1

Ê� Eþ ŵ

�
kl
ðB̂c lÞ �

X
k

ak�k: (15)

Keeping only two eigenfunctions, one has

a1 ¼ E2 � Eþ w22

det
ðB̂c 1Þ � w21

det
ðB̂c 2Þ (16)

a2 ¼ E1 � Eþ w11

det
ðB̂c 2Þ � w12

det
ðB̂c 1Þ; (17)

where det� detðÊ� Eþ ŵÞ.
From (21) one obtains the ratio

a1
a2

¼
w21 þ ðER � EÞ ðB̂c 1Þ

ðB̂c 2Þ
�1 � w11 þ w12

ðB̂c 1Þ
ðB̂c 2Þ

;

�1 � ER � E1 ¼ 362 MeV:

(18)

Neglecting ðB̂c 1Þ
ðB̂c 2Þ , and for E ¼ ER ¼ 3872 MeV one

obtains

a1
a2

¼ w21

�1 � w11

¼ 0:179; (19)

while approximating in B-decay production ðB̂c 1Þ
ðB̂c 2Þ 	

c 0
1
ð0Þ

c 0
2
ð0Þ 	 0:85 one obtains

a1
a2

ffi 0:155: (20)

One can see in Table I, that the n ¼ 33P1 state gives a
negligible admixture. The values of wmn for E ¼ ER are
computed according to Eq. (7) with w.f. obtained in [19]
and are given in Table I.

Then using (20) the w.f. of Xð3872Þ can be presented
with a good accuracy as

’ðXð3872ÞÞ ¼ 0:988’ð23P1Þ þ 0:153’ð13P1Þ (21)

III. RADIATIVE DECAYS

Electric dipole transitions between an initial state
(i) n3P1 state and a final (f) state m3S1 are defined by
the partial width [7,24],

�ði!E1�þ fÞ ¼ 4

3
�e2QE

3
�ð2Jf þ 1ÞSEifjEifj2; (22)

where the statistical factor SEif ¼ SEfi is

S E
if ¼ maxðl; l0Þf J 1 J0

l0 s l
g2: (23)

For the transitions between the n3PJ and m3S1ðm3D1Þ
states with the same spin S ¼ 1, the coefficient SEif ¼ 1

9 ð 118Þ.
To calculate m.e. Eif we use RSH H0 [22], which is

simplified in case of heavy quarkonia when one can neglect
a string and self-energy corrections, arriving at a simple
form (widely used in relativistic potential models with the
constituent quark masses in the kinetic term [25,26]):

H0 ¼ 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
p2 þm2

c

q
þ VBðrÞ: (24)

By derivation, in (24) the mass of the c quark cannot be
chosen arbitrarily and must be equal to the pole mass of a c
quark, mc ’ 1:42 GeV. The pole mass takes into account
perturbative in �sðmcÞ corrections and corresponds to the
conventional current mass �mcð �mcÞ ¼ 1:22 GeV [27] (here
mc ¼ 1424 MeV is used).
The potential VBðrÞ taken,

VBðrÞ ¼ �r� 4�BðrÞ
3r

; (25)

contains the string tension (� ¼ 0:18 GeV2), which cannot
be considered as a fitting parameter, because it is fixed
by the slope of the Regge trajectories for light mesons.
In the vector strong coupling �BðrÞ the asymptotic
freedom behavior is taken into account with the QCD
constant �B, which is defined by �MS: �Bðnf ¼ 4Þ ¼
1:4238�MSðnf ¼ 4Þ ¼ 370 MeV, the latter is supposed

to be known; in our choice �Bðnf ¼ 4Þ corresponds to

TABLE I. The m.e. wnm (in GeV) between n3P1 and m3P1

states for two approximations of exact w.f.

nm 11 12 22 32

wnm �0:320 0.122 �0:099 �0:0003
5SHO

wnm �0:319 0.121 �0:098 �0:0011
3SHO
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�MSðnf ¼ 4Þ ¼ 261 MeV. At large distances �BðrÞ
freezes at the value �crit ¼ 0:60.

Then for a given multiplet nl the centroid massMcogðnlÞ
is equal to the e.v. of the spinless Salpeter equation
(SSE):

H0’nl ¼ M0ðnlÞ’nl: (26)

We have calculated McogðnlÞ in two cases: in single-

channel approximation, when Mcogð2PÞ ¼ 3954 MeV

was obtained, and also taking into account creation of
virtual loops q �q, which are important for the states above
the open-charm threshold and give rise to flattening of
confining potential [28]; in the last case Mcogð3PÞ ¼
4295 MeV, Mcogð2PÞ ¼ 3943 MeV (which is by 9 MeV

smaller than without flattening effect), and then due to fine-
structure (FS) splittings the massMð23P1Þ ¼ 3934 MeV is
calculated.

For a multiplet nP a spin-orbit asoðnPÞ and tensor tðnPÞ
splittings are calculated here taking spin-orbit and tensor
potentials as for one-gluon-exchange interaction, although
as shown in [29], second-order (�2

fsð
Þ) corrections appear
to be not small for the 1P multiplet; their contribution can
reach & 30%.

asoðnPÞ ¼ 1

2!2
c

�
4

3
�fshr�3inP � �hr�1inP

�
þ tðnPÞ; (27)

tðnPÞ ¼ 4

3

�fs

!2
c

hr�3inP: (28)

We take here �fs ¼ 0:37, which provides precise de-

scription of the fine-structure (FS) splittings for the 13P1

charmonium multiplet, if second-order corrections are

taken into account [29]. For the 2P multiplet the masses:
Mð23P2Þ¼3963MeV, Mð23P1Þ¼3934MeV, Mð23P0Þ ¼
3885 MeV, Mð21P1Þ ¼ 3943 MeV are obtained. Notice,
that one cannot exclude that for the states above open-
charm threshold the FS splittings may be smaller or totally
screened due to coupling to the DD� channel, and even the
order of the states with different J may be changed.
Below we use the following mass differences:

Mcogð2PÞ �Mcogð1PÞ ¼ 425 MeV;

Mcogð3PÞ �Mcogð1PÞ ¼ 770 MeV;

Mcogð3PÞ �Mcogð2PÞ ¼ 350 MeV:

(29)

In Table II the m.e. Eif (in GeV) between n3P1 (n ¼ 1,

2) and m3S1 states are given; in some cases, if the value of
Eif is small and results strongly depend on�fsð
Þ used, we
give two variants: first, with ‘‘normal’’ FS splittings and in
the second case FS effects are totally suppressed.
To control an accuracy of our calculations in Table II

we give also the partial widths of the dipole transit-
ions: 13P1 ! J=c�, 23S1 ! �c1ð3510Þ, and 13D1 !
�c1ð3510Þ, and in all three decays good agreement with
existing experimental data [30–32] is obtained (here the
23S1 and 1

3D1 states are identified with c 0 and c 00). In our
calculations the 2S� 1Dmixing in not taken into account.
From Table II one can see that for Xð3872Þ as a purely

23P1 state, the transition rate �1 � �ð23P1 ! J=c�Þ
strongly depends on FS potential used. For this transition
the m.e. E21 ¼ 0:10 GeV�1 is small, if in spin-orbit poten-
tial normal �fs ¼ 0:37 is used, and �1 ¼ 5:3 keV is also

small, being less than in [13], where a larger E21 ¼
0:15 GeV�1 and �1 ¼ 11 keV were calculated.

TABLE II. E1 transition rates. The m.e. hXð3872Þjrjn3S1i (n ¼ 1, 2) includes admixture from the 13P1 component with c1 ¼ 0:153;
experimental data from [30–32].

Transition E� Sif Eif �ði ! fÞ (keV)
i!E1f (MeV) ðGeVÞ�1 this paper BG [13] experiment

13P1ð3510Þ 13S1ð3097Þ 389 1
9 1.927 315 317� 25 [30]

23P1ð3872Þ 13S1ð3097Þ 697 1
9 0.104a 5.3 11.0

0.216b 22.8

Xð3872Þ 13S1ð3097Þ 697 1
9 0.396c 76.6

>0:292d >41:7
23S1ð3686Þ 13P1ð3510Þ 171 1

9 �2:104 31.9 30:6� 2:2 [31]

23P1ð3872Þ 23S1ð3686Þ 181.5 1
9 3.02 78.6 63.9

Xð3872Þ 23S1ð3686Þ 181.5 1
9 2.70 62.8

13D1ð3770Þ 13P1ð3510Þ 252.9 1
18 2.767 89 199 70� 17 [32]

80� 24 [27]

23P2ð3872Þ 13D1ð3770Þ 97.7 1
18 �2:776 5.2 3.7

Xð3872Þ 13D1ð3770Þ 97.7 1
18 �2:32 3.6

a�fs ¼ 0:37 in spin-orbit potential.
bFS interaction is totally suppressed.
cBoth admixture of the 13P1 state and FS splittings with �fs ¼ 0:37 are taken into account.
dThe lower limit refers to the case when FS interaction is totally suppressed.
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In the case when FS interaction is neglected, or sup-
pressed, then m.e. E21 ¼ 0:216 GeV�1 is larger (in [13]
E21 � 0:276 GeV�1), and the partial width �1 ¼ 22:8 keV
is 4 times larger. In both cases discussed a contribution from
the 13P1 component was also neglected and the ratio R is
large, R> 4. Notice, that in [33], using an analogy with the
radiative decays of �bJð2PÞ in bottomonium, a smaller
value of this ratio, R ¼ 1:64� 0:25, was predicted.

However, if admixture from the 13P1 state, as in (21), is
taken into account, then the transition rate �1 increases,
independently of a strength of FS interaction used. With
c1 ¼ 0:153 and suppressed FS interaction we obtain the
lower limit for �1,

�1ðXð3872Þ ! J=c�Þ 
 41:7 keV: (30)

This transition rate reaches a larger value, �1 ¼ 76:6 keV,
if in FS potential the same �fs ¼ 0:37, as for the 1P

states, is used. On the contrary, the partial width �2 �
�ðXð3872Þ ! c 0�Þ decreases (by 20%), owing to admix-
ture c1 in the w.f. of Xð3872Þ and negative m.e.
h23S1jrj13P1i. As a whole, the ratio R is becoming smaller
and can change in wide range:

0:53 � R � ð0:8� 0:2ÞðthÞ; (31)

where the upper limit refers to the case when FS interaction
is strong and theoretical error comes from a variation of
�fs, while the lower limit refers to the case when FS

interaction is suppressed.
These values of R are in agreement with the Belle

measurements of the Xð3872Þ radiative decays where a
restriction R< 2:1 was observed [16]. At the same time
our limit, R � ð0:8� 0:2Þ, does not agree with R ¼ 3:4�
1:4 from the BABAR experiment, being also much smaller
than in many-channel calculations [13,14], where the ratio
R ’ 5 was obtained.

Thus we conclude that precise measurements of R are of
great importance for understanding the nature of Xð3872Þ:
firstly, for definition of admixture of the 13P1 component in
the w.f. of Xð3872Þ and secondly, for understanding of FS
effects in higher resonances, which lie above open-charm
threshold.

Notice, that the partial width �1ð23P1ð3872Þ ! J=c�Þ
is not very small even for a pure 23P1 state, if a contribu-
tion from spin-orbit interaction is suppressed, and the
partial width increases 4 times:

�ð0Þ
1 ð23P1ð3872Þ ! J=c�Þ ¼ 22:8 keV; (32)

while in this case �ð0Þ
2 ð23P1ð3872Þ ! c 0�Þ ¼ 85:5 keV

increases only by�8%; however, their ratio remains large,

R0ð23P1Þ ¼ 3:75: (33)

The situation changes, if FS interaction is suppressed,
but the w.f. of Xð3872Þ contains admixture of the 13P1

state (21). Then the m.e. hXð3872ÞjrjJ=c�i¼0:512GeV�1

and �1 ¼ 128 keV reaches the maximum value, but the
m.e. hXð3872Þjrjc 0�i ¼ 2:80 GeV changes by only�10%
and �2 ¼ 67:6 keV; so that their ratio has a minimal value:

Rmin ¼ 0:53: (34)

To define FS splittings of the nP multiplets we use
following m.e.

h2Pjr�1j1Pi ¼ 0:134 GeV;

h2Pjr�3j1Pi ¼ 0:123 GeV3;

h3Pjr�1j1Pi ¼ 0:080 GeV;

h3Pjr�3j1Pi ¼ 0:112 GeV3;

h3Pjr�1j2Pi ¼ 0:133 GeV;

h3Pjr�3j2Pi ¼ 0:134 GeV3:

(35)

Then for �fs ¼ 0:37 one finds

hXð3872ÞjrjJ=c�i ¼ 0:104 GeV�1; (36)

which is 2 times smaller than in the spin-average case,
when hXð3872ÞjrjJ=c�i ¼ 0:216 GeV�1, and the partial
width is large,

�1ðXð3872Þ ! J=c�Þ ¼ 76:6 keV: (37)

The m.e. hXð3872Þjrjc 0�i ¼ 2:70 GeV�1 in this case,
giving

�2ðXð3872Þ ! c 0�Þ ¼ 62:8 keV; (38)

and the ratio R ¼ 0:82. However, if a stronger �fs 
 0:45

is used, this ratio may reach a larger value,�1:0, so that R
can vary in the range,

R ¼ 0:8� 0:2ðthÞ: (39)

Thus, while both spin-orbit splitting and admixture c1 from
the 13P1 state are present, then the partial widths �2 and �1

turn out to be of the same order.
In our calculations above we have disregarded the con-

tribution of the � emission from the DD� intermediate
state in the radiative decays of Xð3872Þ into J=c or c 0.
To estimate this part of the � emission we refer to calcu-
lations done in [34]. It was found there that the channel
DD� contributes to the J=c� final state less than 3.6 keV
and to the c 0� final state less than 0.01 keV, i.e. these
contributions are smaller as compared to changes in cor-
responding partial widths due to variations of the coupling
�fs in the range 0:25–0:45 (see Table II). Therefore in this

paper we have disregarded possible effect of � emission
from DD� intermediate states.

IV. CONCLUSIONS

We study the exotic charmonium state Xð3872Þ with
JPC ¼ 1þþ in the CC approach, where a coupling to the
DD� channels is determined by the parameter-free string-
breaking mechanism. Because of this coupling the 23P1
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charmonium state is shifted down to the D0D� threshold
and its w.f. acquires admixture from the 13P1 c �c state.
Such mixing of the 23P1 and 13P1 states is not large,
corresponding to the mixing angle � ¼ 8:8�.

Owing to this admixture the transition rate
�1ðXð3872Þ ! J=c�Þ increases several times and reaches
the value in the range 45–80 keV. At the same time the
transition rate �2ðXð3872Þ ! c 0�Þ decreases by �15%.
As a result their ratio has following features:

(1) The ratio R ¼ 0:53, if spin-orbit interaction is
totally suppressed.

(2) The ratio R ¼ 0:82, if spin-orbit interaction is
defined by the FS coupling, �fs � 0:37 and can

reach the larger value �1:1 for a larger �fs.

The partial width of Xð3872Þ ! c 00� appears to be small,
�4 keV.
Our calculations support the Belle result that Rðexp:Þ<

2:1, while a larger number, R ¼ 3:4� 1:4 puts an addi-
tional restrictions on the value of admixture c1 in the w.f. of
Xð3872Þ.
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