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Abstract New measurements on cross sectionsine™e™ —
Jatn=, hentn=, D'D*nt + cc., vQ2S)ntn—,
wxco and J/yn channels have been carried out by BESIII,
Belle and BABAR experiments, as well as in the D" D*~
channel. We perform extensive numerical analyses by com-
bining all these data available, together with those in
DTD*™ 4 c.c. and D**D*~ channels. Though the latter
show no evident peak around /s = 4.230 GeV, the missing
X (4260) is explained as that it is concealed by the inter-
ference effects of the well established charmonia v (4040),
¥ (4160) and ¥ (4415). Our analyses reveal that the leptonic
decay width of X (4260) ranges from O(10%) eV to O(1) keV,
and hence it is probably explained in the conventional quark
model picture. That is, the X (4260) may well be interpreted
as a mixture of 43S, and 33D, (23D1) states.

1 Introduction

The X (4260) resonance established by BABAR Collab-
oration in initial-state radiation (ISR) process ete™ —
yisrJ /Y™ in year 2005 [1] (subsequently confirmed
by CLEO [2] and Belle [3]), has attracted much attention
since then. The mass and width of this resonance are given
with M = 4230+ 8 MeV and I' = 55419 MeV [4], respec-
tively, and ['pe x Br(J/Yrmr) =9.7+1.1eV [3]0or9.2+1.5
eV [5].

The property of X (4260) becomes a very interesting
topic since its discovery, because it is generally thought that
there are not enough unassigned vector states in charmo-
nium spectrum (taking into account the recently reported
X (4360), X (4630)/X (4660) states), according to the naive
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quark model predictions [6]. The only such 177 states
expected up to 4.4 GeV are generally 1S,2S,1D,3S,2D and
48, and they seem to be well established [7] — the situation
is depicted in Fig. 1.

It is noticed that above DD threshold the number of
17~ states given by quark model prediction is inconsistent
with that given by experiments. It is considered that the dis-
crepancy between the naive quark model prediction and the
observed spectrum is ascribed, at least partially, to the exis-
tence of many open charm thresholds, since the latter will
distort the spectrum (see related discussions in, for example,
Refs. [8,9]). The situation is depicted in Fig. 2.

Because of the situation as described above many studies
have been devoted to the investigation of X (4260).! The sug-
gestions given by these studies may be classified into three
types: hadronic molecule [10-15]; cc state [16—20]; hybrid
state [21,22]; or non-resonant enhancement [23].

The open charm channels such as DD, DD*, D*D*
do not seem to be found in the final states of X (4260)
decays [24-26]. If this is indeed the case, then it would make
X (4260) even more mysterious, since the J/ywm channel
would become a very important, if not the dominant one.
Hence the leptonic width I',+.- of X (4260) would become
very small, making it even harder to be understood as a con-
ventional 1 =~ ¢c state, since the nearby 43 S state is expected
to have a leptonic width at the order ~ 103 eV [19].

In a previous publication, we have also studied the
X (4260) issue and suggested that there could be a siz-
able wy.o coupling [27], later confirmed by experimental
researches [28]. At the same time, a very small [',+,- was
found ~ 25eV. However, many new experimental results
have appeared since then, measured by BESIII, Belle and
BABAR experiments, suchase™e™ — J/ynt7 ™ [3,5,29],

! Here we apologize for only able to provide an incomplete list of
references.
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Fig. 1 X (4260) and nearby X(4660) \I//fg(980)
resonances from naive quark 7T RS
model calculation [6]
X(436m
--------------- X A2E0 e DDA,
"""""""" w(4l60)
\11(4040)

T(19) 1351(3.1)
1™ particle quark model threshold
Fig. 2 Location of X (4260) J/ K K (4086) Xcow(4197) X(4260) D, D(4289)
and nearby thresholds — — 2 — ——
D*TD*(4020) X0 (4185) D*T D7~ (4224) Xe1w(4293) AA(4572)

her T~ [30], DOD* 7t +c.c.[31], v (28)m T~ [32-34],
wxco 135,361, J/¥n [37,38] and D¥T D¥~ [39]. Hence the
analyses of Ref. [27] urgently need to be upgraded. Among
all it is worthwhile mentioning the D" D}~ data near the
X (4260) region [39], which indicates a strong enhance-
ment of events above the D¥* D}~ threshold. If this is true,
our analyses show that it decisively changes our previous
understandings on X (4260) resonance: It could probably be
described by the conventional 43S; state heavily renormal-
ized by the D} D¥~ continuum (maybe a small mixing with
the 33Dy state as well). If the D+ D~ data are excluded
from the fit, however, the final result on I',+,- can still be
at least O(10?) eV, i.e., much larger comparing with that of
Ref. [27], owing to other new data available as mentioned
above. As a consequence, the X (4260) resonance may still
be considered as a mixture of 33D1 and 43 Sy states, i.e., a
conventional cc resonance.

The paper is organized as follows: this Sect. 1 is the intro-
duction. A detailed description of hadronic cross sections of
ete™ annihilation will be given in Sect. 2. In Sect. 3, com-
bined fits to the hidden charm and open charm decay channels
are performed, with two scenarios: one includes the D} D}~
cross section data and the other does not. We leave physical
discussions and conclusions in Sect. 4.

@ Springer

2 Theoretical discussions

To begin with, the X (4260) propagator is written in the fol-
lowing form:

1 1
Dx(s) s — M2 +iy/sTio(s)

ey

where My represents the mass of X (4260) and I';,;(s) is the

total momentum dependent width comprising of all partial

OIICS2I

Crot(s) = Uypynn (8) + Ui (8) + T p ey (5)
Fy28)mr (8) + Loy (8) + Typyy(s)
+T et = () + T ()
+Tpp«(5) + T pes(s) + To. 2

Considering the isospin symmetry, itisnoticed that I' j /y 7 (s) =

%Fj/llfnﬂr*(s)a Chenn(s) = %icnﬁr*(s)’ Cppig(s) =

2 We do not consider a term o ['p p, here, as it is found vanishing in
Ref. [27]. Also the experimental data in Z.7 channel is absent. Since
the Z.(3900) state is identified as a D D* molecule [40,41], the exper-
imental branching ratio is naturally expected to be small.
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3T poprrttec (), Tyasymn (9) = 3Ty as)mtn—(9),Tpp =
ZFD+D—, FDD* = 2FD+D*_+C.L" and FD*D* = 2FD*+D*_’3

In above koy.» kijyns kprtpr=» kptp-» kp+p~ and
kp++ p+— are three momentums of wxco, J/¥n, DIt D¥~,

Asforthe J/yntn = hentn =, D’D* 7T andy 2S)nt 7~ D+ D~, D*D*~ and D**D*~ in X(4260) rest frame,

channels, the three body partial decay width takes the stan-
dard form [4],%

IM 2|}l psldm1d 2d s, 3)

dry = —
77 @n)S 16M2

where p;; = p; + pj, mlzj = pizj, |pil, 2 are the momen-

tum and angle of particle 1 in the rest frame of the system
of particle 1 and 2, respectively; 23 is the angle of parti-
cle 3 in the rest frame of particle My; and |p{|, |p3| are
defined as

[(m?, — (m1 +m2)?)(m?, — (my — m2)>)]V/?

Ipil = 5 . )
mi2
sl = (M = (m12 + m) (M — (mp = ma))I' 2
2Mx
)

With respect to J /7 T~ channel, the amplitude in Eq. (3)
is calculated using the effective Lagrangian as Eq. (6) in
Ref. [27] to describe the X (4260) — J /vy~ process
and the interaction coefficients &; (i = 1, 2, 3) are listed in
Tables 1 and 2. Since the production ratio R = (o (eTe™ —
Z.(4020)Fn* — hentaT)jo(ete — hemtnT)) <
20% [42], gh.n+=- can be used to describe the invariant
amplitude in Eq. (3) when ignoring the resonance structure
in the X (4260) decay. Analogously, g o p«—r+, &y 28)x+7-
can also be introduced as the invariant amplitude in Eq. (3)
for D'D*~7* and ¥ (2S)n 7~ channels for simplicity.
Besides, in the analyses below, it is noticed that the decay
ratios of these channels account for only a tiny share. Hence,
it is feasible to employ gy z+7—»> &p0 pr—r+ and gy 28)r+7-
for simplicity.

In addition, the two body decay widths take the following
simple forms:

3
Fw)(co(s) = gwxcokw;((,(), Fl/wn(s) = gj/lllnkj/wn1
g = () = &g+ p-Kpyes s
Tp+p-(8) = 8p+p-kpip- Tptpi—(8) = gp+ pr—kips pe

3
FD*+ D*— (S) = g px+ D*—kD*+ D*—*

(©)

3 Hereafter, the notation DY D*~ 7+ and D™ D*~ indicate D°D*~ 7T+
c.c.and DT D*~ + c.c. for simplicity, respectively.

4 Here we use the subscript “ f” to represent various three body decay
final states.

respectively. Further, except for the channels just discussed,
there could be other channels with lower thresholds, for these
channels we use a constant width ' to describe the overall
effects.

Because the quantum number of X (4260) is J PC — 11—,
the interaction between X (4260) and photon can be written
as

80

Lyx = M—XXWFW, (7)

where X, = 9, V), — 9,V and V* represents the X (4260)
field, F*¥ = 0*AY — 9V A* describes the photon field. go

is the coefficient between the photon and X (4260). So the
decay width of X (4260) — eTe™ reads

4o gé

3 My ®

Lpte- =

In hertn=, DOD* 7%, yQ@S)ntn~, wxeo. J/¥n,
Dt D¥~, D™D*~ and D*"D*~ channels, using narrow
width approximation, the cross section formulae take the

form
3 VST eel' ¢

Oete— X (4260 =77 :
ete™— X ( )= f k2 s—M)Q(—l—l\/EF,U,(s)

cie'?i -2
+Xi:s—Mi2+iﬁFi e O
where k is the 3-momentum of incoming electron in c.m.
frame, I'¢, follows Eq. (8) and I" ; takes the form of Egs. (3)
and (6). The term parameterized as a resonance propagator
with a mass M; and width I'; and the complex constant ¢
play the role of a background in each decay channel here, as
will be declared in details in the forthcoming Sect. 3.

3 Numerical analyses and discussions

In Sect. 3.1, we will perform comprehensive fits to relevant
data available in the vicinity of X (4260), which include
the J/ymtmn~ [3,5.29], her T~ [30], D°D* nt [31],
v (2S)m T~ [32-34], wxco [35,36], J/yn [37,38], DT
D¥~ [39], together with the previous D™ D*~ and D** D*~
data in Ref. [25]. To be cautious, for the reason as already
mentioned previously, the fit without D** D¥~ cross section
data is also performed in Sect. 3.2. Different results are care-
fully compared and discussed, and we believe that a clearer
understanding on the nature of X (4260) emerges.

@ Springer
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3.1 The fit with Dt D~ cross section data
3.1.1 The J /Yyt~ process

For the J/y¥mtm™ channel, the experimental data sets
come from: BESIII [29], /s € [3.81,4.60] GeV, 121 data
points; BABAR [5], 4/s € [4.15, 4.47] GeV, 17 data points;
Belle [3], 4/s € [4.15, 4.47] GeV, 17 data points. For the fit to
the above data, we adopt the amplitude as Eq. (14) in Ref. [27]
to describe the ete™ — y* — X(4260) — J/ymtn—
process and the propagator L__5 of that equation is rewrit-

. Dx(s)
ten as the following form:
1 N 1
DX(S) S—M)z(—i-i\/grmt
cr1eiPn

_{_clzei(ﬁ]ze*c‘m(ﬁ*mth) , (10)

s — M4%415+i\/51_‘4415

where m;,y, is the threshold of J /v 7™, My41s and T4415
are introduced to represent the mass and width of ¥r(4415),
respectively; ¢11 and ¢1» are interference phases; c11, c12,
and c13 are free constants (see Fig. 3a and b for fit results).

3.1.2 The D°D* nt, henwt ™ and ¥ 28)ntn~
processes

The BESIII data for ete~ — DYD* 7+ [31] ranging from
/s € [4.05,4.45] GeV are chosen with 51 points. In h
channel, the experimental data in /s € [4.09, 4.32] GeV
region with 45 data points are also chosen from BESIII Col-
laboration [30]. For the ¥ (28)7 ™7~ process, the experi-
mental data come from: BESIII [32], /s € [4.085, 4.308]
GeV, 8 data points; Belle [33], /s € [4.11, 4.31] GeV, 11
data points; BABAR [34], /s € [4.13,4.32] GeV, 5 data
points. The fit formula is

37T| VTeel' # ci1ein 2

o= —

' k2 s—M§+iﬁFtol s —Mf415+iﬁr4415
(11)

where i = 2,3, 4 represents the D°D* ", hewr 7~ and
¥ (28)7 T~ channels, respectively, as shown in Fig. 3c—e.

3.1.3 The wxo process

The w . data comes from Ref. [35], /s € [4.21, 4.39] GeV,
8 data points and Ref. [36], /s € [4.199, 4.278] GeV, 7 data
points. The fit formula can be parameterized as

I
e (12)

— M3 +i/sTio

3n
Coxe = k_2|s
3 Here we use s = qz.

@ Springer

and the fit results are illustrated as Fig. 3f.

3.1.4 The J/vyrn process

Concerning the J/yn channel, 8 data points ranging from
/s € [4.09, 4.31] GeV measured by BESIII [37] and 13 data
points from /s € [4.07, 4.31] GeV measured by Belle [38]
are adopted simultaneously. On account of the influence of
¥ (4160), which was taken into account in the fit by Belle in
Ref. [38], the cross section is written as the following:

37r| VSTee g /ym | cs51€'Ps1 2
oy =75 . . .
=gtz M)2( +i/sT o s — M}160+’ﬁr4160

13)

Besides, M4160 and T'4160 are introduced to represent the
mass and width of ¥/ (4160), respectively.

3.1.5 The D¥T D¥~ process

In D}t D¥~ channel we take the data from Ref. [39], /s €
[4.23,4.36] GeV, 5 data points. Then the cross section reads

377 /sFeg FD:JrD;ﬁ

O nxt+ px— = 7| - + - |
D5 Dy k2 s — M)2( + lﬁFmt s — M4%415 + l\/EF4415
(14)

o1 eiel 5

See Fig. 3h for fit results.

3.1.6 The DY D*~ and D** D*~ processes

For the D D*~ channel, we take the Belle data [25], \/s €
[3.93, 4.37] GeV, with 23 data points, as shown in Fig. 3i.
Two additional Breit—Wigner resonances and a complex con-
stant are imposed in the fit to simulate the contribution of
interference backgrounds:

37T| VSFeeFD‘*'D*—
O D+ p*— . = T -
tec k2 S—M}2(+l\/gr‘[0[
¢y
+ 3 -
s — M40 + i+/sT4040
C72€i¢72
+ 3 -
s — M4160 + ZN/EF4160
+ers + el (15)

in which M40 (T"4040) is used to describe the mass (width)
of ¥ (4040).

Additionally, 18 data points released by Belle [25] from
/s € [4.11, 4.45] are adopted in the D** D*~ process and
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Fig. 3 The results of the fit with D} D}~ cross section data. The solid
curves in all subgrpaphs are the projections from the best fit: a and b
fit to the cross section of J/ywtr~; ¢ fit to DO D* 7+ data, where
the dashed black one represents X (4260) components; d fit to s 77~
data, where the dashed black one indicates X (4260) components; e fit
to ¥ (28)w T~ data, where the dashed black one describes X (4260)

o .
410 415 420 425 430 435 440 445
Mpw+ pe-IGeV
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components; f fit to wyo cross section data, and we do not fit the two
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of ¥ (4040), ¥ (4160), X (4260), respectively; j fit to D** D*~ cross
section, where the dashed curves show the individual components of
¥ (4040), ¥ (4160), X (4260) and ¥ (4415), respectively
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Table 1 Summary of numerical results associated with the D} D~
data

Parameters Value

8o (MeV) 23.865 + 0.602
Mx (GeV) 4.219 +0.001

[o (GeV) 0.005 % 0.002

hy —0.0003 £ 0.0005
hy —0.062 £ 0.005
h3 0.016 £+ 0.001
8D0 D+ 234.750 + 34.787
8hemtm— 68.248 +22.801
8y Q@S)ntn- 12.538 4+ 8.588
8wxeo 0.0007 4 0.0001

gsyn (GeV™2) 0.0002 = 0.00006

gp+ pr- (GeV72) 1.101 =+ 0.004
gp+p- (GeV2) 0.004 & 0.0003
4040 (GeV) 0.090 + 0.016
Ta160 (GeV) 0.080 & 0.020
4415 (GeV) 0.082 £+ 0.002
the cross section is written as
P . 3 | «/SFEEFD*JrD*f
D*¥tD*— — —H ;
k2 s — My +i/sTior
cgp el sl
s = M3y + i/sT 4040
cgzei¢82
+ 3 -
s — Mg+ i~/sT4160
CrelP83
83 2 (16)

+ , |
s — M3y +i/sTaans

The fit projection is presented in Fig. 3j.
3.1.7 The fit results

We have attempted to fit the experimental data with three well
established charmonia, (4040), v (4160) and v (4415),
together with other coherent background contributions in the
above decay channels. Since X (4260) is our only interest
here, the mass of 1/ (4040), ¥(4160) and v (4415) is fixed
whereas the widths are left free in this research. The param-
eters related to backgrounds in each process are mentioned
above, and the widths of ¥ (4040), ¥/ (4160) and vr (4415) are
listed in Table 1, which are found in reasonable agreement
with the widths given by Particle Data Group [4]. The cou-
pling coefficients between X (4260) and different final states
are presented in the Table 1 as well. Especially, with heavy
quark spin symmetry considered, the relationship between
&D+D—» 8D+ D*+c.c. and gp«+ p=— can be calculated [43] to

be gp+D- N gD+D*7+C.C‘ . g p*+pr— = 1 . 4 N 7, Wthh iS uti—

@ Springer

lized in our fit. Therefore, there is only one parameter in need
of describing the coupling coefficient in these three channels.
The goodness of the fitis x2/d.o. f. = 292.84/(357 —43) =
0.93. The mass (M) is determined to be 4.219+0.001 GeV,
and the sum of all partial wave widths excluding the coupling
to DXt D¥ is 51.44 £3.92 MeV at /s = Mx.

The value of go corresponds to the leptonic decay width
[t~ = 1.314 £ 0.066 keV, which gives a strong support
for X (4260) to be a 43S vector charmonium [19].

The above conclusions are rather stable against variations
of background parameterizations. For example, the complex-
constant coherent background can be employed in Eq. (16)
for the D** D*~ channel, and the expression is

3 \/SFegFD*-{—D*_

Op+tpr = 7| ;
k2 s — M)Z( + l\/EF[Ot
cg el
+
2 .
s — Mjpy + i+/sT4040
ngeiqﬁsz
s — M4%160 +i+/sT4160
C83gi¢83

+cgq +icgs)®. (17)

+ -
s — MZ2ys +i+/sTuaais

It turns out that the fit quality is x2/d.o. f. = 282.38/(357 —
45) = 0.91 and the fit results for each decay channel make
practically little difference.

3.2 Discussions on the fit without D¥* D~ data

Since the D" D}~ cross section data from BESIII [39] are
preliminary, the program without fitting the D** D~ has
also been carried out. In this subsection, the total width of
the X (4260) propagator is also Eq. (2), which includes the
D}t D}~ decay width, even though the data are not fitted.
It is noticed that the branching ratios of each decay chan-
nel remain similar whether the program includes fitting the
D;H‘D;‘_ cross section data or not. Likewise, the fit formula
for the J/yntn~, DD* n+t, hentn—, vQS)ntn—,
wxc0, J/¥n, DTD*™ and D** D*~ processes are used as
the forms in the Sect. 3.1 respectively. The fit results are
displayed in Fig. 4.

The widths of ¥ (4040), ¥ (4160) and 1 (4415) as well as
the coupling coefficients between X (4260) and different final
states are presented in Table 2. The fit quality is x> /d.o. f. =
291.86/(352 — 41) = 0.94. The value of go corresponds to
a leptonic decay width I',+,- = 0.385 &+ 0.060 keV, which
may imply that X (4260) is a mixture of 43Sy and 33Dy c¢
charmonium state [19].

In addition, another solution to the fit without D¥* D*~
cross section data is found, with the fit quality to be
x%/d.o.f. = 288.41/(352 — 41) = 0.93, where gy =
21.212 + 1.604 MeV. The leptonic width is changed to
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Fig. 4 The results of the fit without D} D}~ cross section data, where the descriptions of the components in subgraphs are similar to those of

Fig. 3

1.038£0.157 keV, which is different from the previous solu-
tion but is similar to the fit with Dt D¥~ cross section data.
We find that, unfortunately, the destructive interference in
the open charm channels is rather unstable, which makes it
impossible to distinguish the physical one between the two
solutions with the similar fit quality, and we can not figure
out another solution better than the two. So only the range
of the leptonic width rather than a definitive value may be
trustworthy. Even so, the leptonic width of over hundreds eV
still favor X (4260) as a conventional charmonium.

Owing to the instability brought by the open charm
channels, then we add a complex coherent background in
D** D*~ channel following the strategy of Sect. 3.1.7 to
test the stability of outputs against the variation of back-
grounds. The fit is plotted in Fig. 5. The fit quality is
x%/d.o.f. = 275.67/(352 — 43) = 0.89. It is found, how-
ever, unlike the result of Sect. 3.1.7, the fit is not quite stable
here. The difference is clearly seen when comparing Figs. 3]

and 5: the interference between different resonances are done
in rather different manner. The leptonic width behaves quite
differently, with a value of I',+,~ = 0.31740.064 keV, com-
paring with the result of D** D*~ channel without constant
background.

Moreover, we also find another new solution to the fit
with a complex coherent background in D*TD*~ channel.
The fit quality is x2/d.o.f. = 277.20/(352 — 43) = 0.90
and I'p+,- = 1.077 £ 0.164 keV, which is compatible with
the second solution to the fit without a complex coherent
background in D*T D*~ channel. The physical solution is
not able to be picked out from the two solutions.

3.3 Summary and discussions on numerical fits
To compare with the fits discussed above and to further

test the stability of the whole fit program, here we also test
the fit without including the D*D*~ and D** D*~ cross
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Table 2 Summary of relevant parameters without the Dt D~ data

Parameters Value
go (MeV) 12.928 + 1.000
Mx (GeV) 4.221 4+ 0.001
o (GeV) 0.000 £ 0.0002
hi 0.0004 4 0.0008
ha 0.103 £ 0.008
h3 —0.026 £ 0.002
&pO pr—m+ 603.980 + 122.580
Ehewtm— 197.150 £+ 71.981
8y QS)ntn— 31.475 £21.230
wxeo 0.002 £ 0.0003
81y (GeV™2) 0.0003 % 0.0001
gpptpr- (GeV2) 1.112 4 0.002
gp+p- (GeV™?) 0.004 + 0.0002
4040 (GeV) 0.090 £0.014
C4160 (GeV) 0.080 4+ 0.014
4415 (GeV) 0.082 £+ 0.004
5000 ‘ . :
. Belle data

o 4000¢ fit curve
g— ----- individual components
O 3000¢

©

?

o 2000

»

o)

G

1000

0 =
410 415 420 425 430 435 440 445
MD*+D*—/GeV

Fig. 5 Given the complex coherent background in D** D*~ process,
the fit result of the D** D*~ cross section. The blue dots come from
Belle results [25]. The solid curve is the projection from the best fit. The
dashed curves show the individual components of v (4040), ¥ (4160),
X (4260) and v (4415), respectively. The contribution of the complex
background is not presented

section, but with the D¥* D}~ data included. The fit qual-
ity is x2/d.o.f. = 266.82/(316 — 29) = 0.93, with the
leptonic width 1.119 4+ 0.081 keV. Besides, the constant
width I'g describing other decay channels is raised up to
48.95 MeV, which indicates that the dominant decays are out
of J/ynta~, hentn™, DOD*nt, ¢ 2S)mtn~, wxeo,
J/yn and DT D¥". As is mentioned above, the decay
widths of DT D~, Dt D*~ and D** D*~ are indeed about 40
MeV, which implies that the fit programs are self-consistent.

For the fitexcluding both D D*~, D** D*~ and D¥* D}~
cross sections, the parameter gg is 4.58 MeV with [',+,- =
0.048 &+ 0.018 keV, which approaches the result given in

@ Springer

Ref. [27]. However, we believe this scenario does not have
much chance to be physically correct, since there is no rea-
son a priori to exclude the couplings between X (4260)
and these states. We may conclude, in the most conserva-
tive situation, one still get a leptonic width well above 102
eV, which is compatible with the upper limit 580 eV [44]
obtained by reanalyzing BESII R-scan data [45,46]. If tak-
ing the D' D~ data into account, the leptonic width will
easily exceed 1 keV.

In addition, the branching ratio of X (4260) — J/ymwtm™
is determined to be @(10~%), so that the product I' (X (4260) —
ete™) x B(X(4260) — J/ymxtn™) is about O(107 1) eV,
which is smaller than the old data [1] measured by BABAR
Collaboration in 2005. Yet the product I'(X(4260) —
ete™) x B(X(4260) — J/ym ™) is the same order of
magnitude as those of other charmonia [4] (such as ¥ (4040)
and ¥ (4160)) to J /Y7t~ near 4 GeV. It may further imply
that X (4260) serves as a conventional charmonium state.

The pole location of X (4260) propagator with D¥* D*~
coupling is also searched for in order to achieve a better
understanding on the nature of X (4260). Since DD, DD*
and D*D* channels play a vital role and the threshold of
DT D¥~ channel is close to the location of X (4260), the
complicated multi-sheets structure of the complex plane is
simplified as 4 sheets defined in Table 3. It is noticed that
there are two poles on sheet II and III as shown in Table 4.
The pole width is a bit smaller than the line shape width
excluding the coupling to Dt D?¥~. We think this is well
understood and be a typical situation in p waves, when the
pole lies below the second threshold. Since one partial width
is o« k3 where k is the 2nd channel momentum, below the
second threshold the k? factor provides an additional minus
sign. However, it should be emphasized that the appearance
of two poles, is not a manifestation of the “elementariness” of

Table 3 Definition of the four Riemann sheets with DS*‘*' D}~ channel
and the DD, DD* and D* D* channels as a whole

SheetI ~ SheetIl  SheetIIl  Sheet IV

DD + DD* + D*D* + - - +
Dt D*= + + - -

Table 4 Pole positions of X (4260). The value of /s = Mpole —
il"pole/2 is given in unit of GeV

Sheet 1 Sheet 1T Sheet 111 Sheet IV

- 4.218 —i0.015 4.218 —i0.009 —
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X (4260), since the pole counting criteria only applies when
couplings are in s waves.’

4 Conclusions

Studies on X (4260) resonance play an important role in deep-
ening our understandings on exotic particles and strong inter-
actions. Ref. [27] pointed out that X (4260) is a confining
state with a very small leptonic decay width which is hard to
be understood by a simple quark model calculation. Thanks
to the new experimental data available, a correct understand-
ing gradually emerges, as we believe: a combined fit with
the “old” D D*~ and D** D*~ data — even though there is
no apparent X (4260) peak showing up in these channels —
reveals that the X (4260) can have a sizable leptonic width up
to at least O(10)eV. Further the fit including the D} D~
data can raise the value up to 1 keV. It is worth mentioning
that Ref. [51] gives the muonic width to be from 1.09 to 1.53
keV in the range from 4212.8 to 4219.4 MeV, which provides
a strong support to our results.” In Ref. [19], which uses a
screening potential instead of a linear confining potential to
calculate the spectrum, it is estimated that a 4351 state has a
leptonic width ~ 1 keV, whereas a 33D, state has a leptonic
width ~ 50 eV. Hence the smaller I' .+ .- (~ 300 eV) obtained
in this paper may be provided by a 33 Dy state (maybe a small
portion of 23 Dy state as well) mixed with certain portion of
438 state, and the larger value estimated in this paper may
corresponds to a 43S state, and is probably largely renor-
malized by the Dt D*~ continuum. To further determine
the accurate portion of these mixing is still an open question
awaiting more fine studies both theoretically and experimen-
tally.
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