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We show that the long known puzzling branching ratios of open-charm decays in eþe� annihilation can

be reasonably described with a simple form factor, which strongly suppresses open channels far above

threshold. Application to the eþe� ! J=c�� data on the Xð4260Þ enhancement recently reported by the

BABAR Collaboration [B. Aubert (BABAR Collaboration), arXiv:0808.1543] allows a good fit with a

simple nonresonant cusp structure around theD�
sD

�
s threshold. Moreover, we argue that a closer look at the

data reveals an oscillatory pattern, which we model as an interference effect between a fast—OZI-

allowed—and a slow—OZI-forbidden—J=c f0ð980Þ mode. Other candidates for similar nonresonant

enhancements are discussed.
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Recently, the BABAR Collaboration presented new pre-
liminary data for the reaction eþe� ! J=c�þ�� [1].
These data exhibit a much more pronounced peak in the
Xð4260Þ [2] region than in the first BABAR observation of
this structure [3], besides a rather constant signal for the
remaining invariant masses [4]. The new experimental
analysis of the Xð4260Þ using a nonrelativistic Breit-
Wigner parametrization yielded a mass of M ¼ ð4252�
6þ2�3Þ MeV and a width of � ¼ ð105� 18þ4

�6Þ MeV.
The Xð4260Þ enhancement was confirmed, and also seen

in the processes �0�0J=c as well as KþK�J=c , by the
CLEO Collaboration [5], whereas the Belle Collaboration
observed a similar structure in J=c�þ�� [6]. On the
theoretical side [7–9], a variety of model explanations
have been suggested, such as a standard vector charmo-
nium state (4S) [10], a mesonic or baryonic molecule [11],
a gluonic excitation (hybrid) [12], or a cq �c �q state [13].

It was also noticed [14] that the Belle data [6] reveal a
curious��mass spectrum in them�þ��J=c invariant-mass

region of 4.2–4.4 GeV, which was confirmed by the BABAR
Collaboration in Ref. [1].

A remarkable aspect of this experimental observation is
that the main signal of eþe� ! �þ��J=c coincides with
the D�

sD
�
s threshold [4] and, furthermore, that very little

D �D production has been observed in the 4.26 GeV region
[15]. Here, we shall first pay some attention to the latter
phenomenon, then discuss the relation of the Xð4260Þ
signal to the opening of D�

sD
�
s , and finally present a pos-

sible explanation for the �� mass spectrum.
It has been observed [15,16] that D �D production in

eþe� annihilation is suppressed at invariant masses far
above the production threshold for D �D. Branching frac-

tions have been measured at 4.028 GeV with the SLAC/
LBL magnetic detector at SPEAR [17]. The results suggest
that the opening of a channel is followed by a rather fast
fading out of the same channel at higher invariant masses.
In Refs. [18,19], it was shown that this feature can be
parametrized for the total cross section � by a simple
Gaussian form factor, which for P waves suggests the
expression

� / jpr0je�jpr0j2 ; (1)

where p stands for the two-particle linear momentum and
r0 represents a distance parameter. In Table I, we show
some results of formula (1) for the branching fractions of
pairs of neutral charmed mesons at 4.028 GeV, produced in
eþe� annihilation. We observe that expression (1) allows a
reasonable agreement with experiment. This may explain
why so fewD �D pairs are observed at 4.26 GeV [15], as this
channel opens at 3.74 GeV. It supports the idea that chan-
nels get effectively damped at invariant masses far above
their thresholds. This phenomenon may be understood as
the manifestation of boost effects on the wave functions of

TABLE I. Branching fractions for eþe� ! D0D0, D0D�0, and
D�0D�0 at 4.028 GeV, obtained by the use of formula (1),
including the ratios which stem from the three-meson vertex
couplings, viz. PP:PV:VV ¼ 1:4:7 (P ¼ pseudoscalar, V ¼
vector meson), and compared to the results of Goldhaber et al.
[17].

Channels r0 ¼ 3:2a r0 ¼ 3:8a Experiment [17]

D0D0=D0D�0 0.021 0.007 0:05� 0:035
D0D0=D�0D�0 0.0023 0.0002 0:0016� 0:0014
D0D�0=D�0D�0 0.11 0.033 0:031� 0:016

aUnits of r0: GeV
�1.
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the produced mesons [20]. Consequently, near the Xð4260Þ
we may restrict ourselves to the opening of the D�

sD
�
s

channel. As for the possible alternatives in this energy
region, the DD1ð2420Þ [21] threshold at about 4.29 GeV
lies somewhat too high, while the DD1ð2430Þ channel,
involving the very broad D1ð2430Þ [2] resonance, cannot
give rise to the rather sharp Xð4260Þ enhancement either.
Also the suggested [21] D�D�

0ð2400Þ threshold at roughly

4.3–4.4 GeV [2], with the very broad scalar charm meson
D�

0, is way too smeared out to produce a narrow signal at

about 4.25 GeV.
In Refs. [4,22], it was observed that c �c resonances show

up as dips in the eþe� ! �þ��J=c cross section, and not
as resonance peaks. Furthermore, in Ref. [4] we showed
that also at the opening of channels, in particular, open-
charm baryonic channels, dips appear in the eþe� !
�þ��J=c cross section.

In fact, the overall aspect of the J=c�� cross section
appears to be rather constant (see below), with no obvious
sign of the established and possible new c �c resonances. So
pion-pair creation does not seem to stem from the constitu-
ent c �c system. Nevertheless, besides a c �c component, we
may assume the presence of glue [23,24]. The latter field
will, in the periphery, absorb little of the c �c oscillations and
the corresponding resonances. Hence, anything created out
of the surrounding glue will probably not display much of
the charmonium structure and its spectrum. Thus, we may
suppose that the pion pair stems from the glue, not from the
strongly oscillating interior. This explains why a �-like
�� structure can be formed that is not correlated with any
c �c resonances. Such a structure, being very broad, allows
for a wide range of total two-pion masses at a slowly
varying rate, and so shows up as an almost constant signal
for a comparably wide range of total J=c�� invariant
masses. The peripheral, OZI-forbidden ��-creation pro-
cess is depicted in Fig. 1.

However, at the opening of an open-charm decay chan-
nel, the dynamics of the system is dominated by string
breaking through the creation of light quark-antiquark
pairs. We have shown in Ref. [4] that such a process is
substantially faster than peripheral pion-pair production.
Hence, it eats up signal by premature decay into open-
charm hadrons, thus leaving dips in the production cross
section for J=c��. Nonetheless, this is not the case at the
Xð4260Þ enhancement, which certainly calls for an
explanation.

In Ref. [4], we found that, except for the dips and the
Xð4260Þ signal, the eþe� ! �þ��J=c cross section is
rather flat. This leaves us with the picture that the c �c
propagator, which is formed in eþe� annihilation, allows
for the development of a pion pair as long as it is not
resonating or near the opening of a threshold. Moreover, as
the c �c propagator dominantly couples to vector-vector
(VV) open-charm pairs, almost 2 times more weakly to
pseudoscalar-vector (PV), and 7 times more weakly to
pseudoscalar-pseudoscalar (PP), it has to be expected that
special phenomena may be observed at or just above the
threshold of a VV open-charm pair. As we have argued
above, open channels get damped quite fast at higher
energies.
There are two candidates for VV open-charm channels,

viz. D�D� and D�
sD

�
s . Now, D

�D� decay results from the
creation of u �u and d �d pairs, which, being a much faster
process than peripheral pion-pair creation, eats up signal
from eþe� ! �þ��J=c . So this might leave a dip in the
cross section of this process [4]. We shall come back to this
issue later on.
We now assume for the reaction eþe� ! �þ��J=c

the following scenario. When not near a resonance or an
open-charm threshold, the pion pair is basically formed
[25] in the gluon cloud, with the quantum numbers of the
�. However, near the c �c ! D�

sD
�
s threshold, the dynamics

of the system is dominated by s�s pair creation, which we
reckon to be a much faster process than peripheral pion-
pair creation. Consequently, we should expect a dip in the
cross section. In order to explain the Xð4260Þ peak, we
must assume that s�s pair creation, besides allowing for the
formation of the pair of D�

s mesons, makes a process
possible other than the creation of a pion pair from up
and down quarks. Such a process exists, namely, the for-
mation of f0ð980Þ [26], which then couples to a pion pair,
though not very strongly [27].
This may explain why the J=c�� signal closely fol-

lows the rise and fall of the D�
s
�D�
s amplitude on top of the

constant ‘‘background’’ of J=c��, which stems from the
processes originating in the surrounding glue.
In Fig. 2 we depict each of the three contributions: the

almost constant peripheral production of pion pairs via
sigmas, the dip which is caused by premature decay into
D�

s pairs, and the contribution to pion-pair production by
f0ð980Þ’s which stem from the abundantly produced s�s
pairs. From Fig. 2 we may also infer that each of the two
distinct processes occurs for roughly 50%. Experiment
[1,3,6] seems to agree with this value, but for a definite
conclusion we must await better statistics.
We thus have two processes of very different origin,

which result in the same final state. Such a situation may
give rise to interference effects in the J=c�� production
amplitude, and hence to observable oscillations, which
indeed appear to be present in the data shown in Fig. 2.
One mode is the relatively slow, OZI-forbidden process via

FIG. 1. Peripheral creation of pion pairs in the gluon cloud
surrounding c �c, for the reaction eþe� ! �þ��J=c .
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the peripheral formation of up and down quarks, while the
other mode is J=c�� production through the formation of
f0ð980Þ’s in an s�s-rich environment. Moreover, for the
latter process we have an idea of the frequency of the c �c
oscillations, namely !� 200 MeV [28,29], which is
equivalent to an oscillation period of T � 5 GeV�1.

In the foregoing, we have taken the mass of the D�
sD

�
s

threshold as a very rigorous boundary for the onset of the
Xð4260Þ signal. This is, of course, correct for the onset of
the dip. However, for f0ð980Þ formation we are not bound
by the D�

sD
�
s threshold, since s�s creation will certainly be

important already close to but below threshold, also be-
cause of the 40–100 MeV width [2] of the f0ð980Þ. The
BABAR data indeed start to rise already some 40–50 MeV
below threshold. Furthermore, the J=c f0 system couples
in an S wave to the c �c vector propagator. Hence, the
behavior will be different from the P-wave shape of
Eq. (1).

At present, it is not possible to model such a highly
complex system since, moreover, the c �c resonances will
play an important role [30], too. Hence, in order to account
for interference, we simply modify the S-wave equivalent
of the distribution in Eq. (1) by adding to the main signal an
interference term

½1þ � cosðfm�þ��J=c � 2mD�
s
g�TÞ�e�jpr0j2 ; (2)

with 4p2 ¼ m2
�þ��J=c � 4m2

D�
s
. The main signal has been

explained in Ref. [4]. It consists of a constant term and a
very wide bell-shaped contribution, which for the new
BABAR data has its maximum at 4.35 GeV, and a width
of 750 MeV. Here, we choose the constant contribution

somewhat smaller than in Ref. [4], in an attempt to average
over the maxima and minima in the signal.
In Fig. 3(a), we show the resulting amplitude over a wide

energy range, using r0 ¼ 2:5 GeV�1 above threshold,
r0 ¼ 4:2 GeV�1 below, and for the moment � ¼ 0. On
the other hand, in Fig. 3(b) we depict the amplitude in the
energy interval of 4.1–4.4 GeV, but now for � ¼ 0:4 and
�T ¼ 85 GeV�1, and the same values for r0. With this
parametrization we clearly obtain the expected D�

sD
�
s

threshold cusp [31] in the cross section for eþe� annihi-
lation into J=c�þ��. Also the interference pattern peaks
at threshold and agrees to a reasonable degree with the
data. Consequently, the BABAR data seem to confirm our
picture for the Xð4260Þ signal as consisting of two pro-

FIG. 2 (color online). Schematic representation of the distinct
contributions to the total cross section for eþe� annihilation into
J=c�þ��. The vertical gray bar shows the region where the
D�

sD
�
s threshold may be situated, according to the various results

for the D�
s mass, reported in Refs. [35–40]. The data are taken

from Ref. [1].

FIG. 3 (color online). The new preliminary BABAR data [1] for
eþe� annihilation into J=c�þ�� in the invariant-mass region
from 3.8 GeV to 5.5 GeV (a) and from 4.1 GeV to 4.4 GeV (b).
In (a), where no interference is considered, we observe the D�

sD
�
s

threshold cusp in J=c��. In (b) an additional interference effect
is introduced as given by Eq. (2), with � ¼ 0:4 and �T ¼
85 GeV�1. The vertical gray lines represent the various open-
charm thresholds.
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cesses, each with its own characteristic frequency.
Furthermore, we find from expression (2) that peripheral
pion-pair creation oscillates with a period of about
85 GeV�1, which is 17 times slower than pion-pair pro-
duction via s�s. This looks like a reasonable factor for the
suppression of OZI-forbidden hadronic decays relative to
OZI-allowed ones. Also note that, except at the opening of
the c �c ! D�

sD
�
s channel, there is no specific peak position

associated with either of the two phenomena. Hence, in this
scenario the Xð4260Þ enhancement does not represent a
new kind of resonance.

Let us now further discuss the D�D� channel. In this
case, the relevant pair creations from string breaking are u �u
and d �d, which then couple to the �. Consequently, the
situation is comparable to the Xð4260Þ signal. In fact, the
Belle Collaboration did observe a similar structure [6], just
above the D�D� threshold, but not confirmed by the
BABAR Collaboration [1]. However, there is an important
difference between the mass of the latter signal and of the
Xð4260Þ. Namely, the Xð4260Þ comes right in between the
two c �c vector states c ð4160Þ and c ð4415Þ. So the ampli-
tude for open-charm production is close to a minimum
here, which is favorable for the observation of other phe-
nomena, as explained above. On the other hand, the Belle
signal at 4050 MeV comes almost on top of the c ð4040Þ,
and so may be subject to destructive interference.
Nonetheless, this might be settled with better statistics in
the future.

Other open-charm channels that, in principle, could play
a role in the relevant energy domain areD0D1ð2420Þ0, with
threshold at 4287:1� 1:5 MeV and a total width of 20:4�
1:7 MeV, and D�D1ð2420Þ�, with threshold at 4292:9�
3:6 MeV and a total width of 25� 6 MeV. However, as we
have argued in Ref. [32], the narrow axial-vector meson
D1ð2420Þ0, partner of the broad D1ð2430Þ0 resonance,
must be such a combination of 3P1 and

1P1 that it almost

completely decouples from D��. For exactly the same
reason, the D0D1ð2420Þ0 and, by isospin symmetry,
D�D1ð2420Þ� channels also decouple from vector c �c.
Moreover, 1S0 þ 1P1 couples 7 times more weakly to

JPC ¼ 1�� than 3S1 þ 3S1 (VV), with
1S0 þ 3P1 coupling

twice as strongly as 1S0 þ 1P1. Hence, and in agreement

with the data, the signals of the D0D1ð2420Þ0 and
D�D1ð2420Þ� channels in J=c�þ�� should be negli-
gible. The corresponding channels containing the broad
axial-vector partners, which do couple to vector charmo-
nium, are not likely to be visible because of the large
widths.
Actually, as one may notice from Fig. 3(a), the BABAR

data display small enhancements exactly at the openings of
the P-wave channels, which are indicated in the figure.
These channels are below or just at (for DsD

�
s) the

J=c f0ð980Þ threshold; hence they do not have enough
phase space for the phenomenon described here.
A number of narrow open-charm S-wave channels open

at 4431� 3 MeV, namely DsDs1ð2460Þ0, D�0D1ð2420Þ0,
D��D1ð2420Þ�, and D�

sD
�
s0ð2317Þ. However, their thresh-

old energies coincide with the negative interference of the
c ð4SÞ resonance, which peaks at 4421� 4 MeV.
In Ref. [4], we showed that the cross section for eþe�

annihilation into J=c�þ�� consists of a constant signal
plus and a very wide bell-shaped structure, which has its
maximum at about 4.35 GeV. The latter extremely broad
structure is supported by a very recent detailed three-body
calculation for J=c�þ�� [33], to be published soon. In
the foregoing, we have shown that in the 4.26 GeV region
there additionally appears to be an interference structure.
We believe a 10 MeV binning of the data could shed some
more light on the picture for the Xð4260Þ enhancement
proposed here.
The fundamental implications of the interference effects

observed here between equal final states but with different
creation mechanisms are not yet clear to us. Nevertheless,
similar effects might be observable for the Xð4140Þ en-
hancement in J=c� [34].
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Tecnologia e Ensino Superior of Portugal, under Contract
No. CERN/FP/83502/2008.

[1] B. Aubert (BABAR Collaboration), arXiv:0808.1543.
[2] C. Amsler et al. (Particle Data Group Collaboration),

Phys. Lett. B 667, 1 (2008).
[3] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett.

95, 142001 (2005).
[4] E. van Beveren and G. Rupp, arXiv:0904.4351.
[5] T. E. Coan et al. (CLEO Collaboration), Phys. Rev. Lett.

96, 162003 (2006).
[6] C. Z. Yuan et al. (Belle Collaboration), Phys. Rev. Lett. 99,

182004 (2007).

[7] B. D. Yabsley, Nucl. Phys. B, Proc. Suppl. 170, 248
(2007).

[8] B. D. Yabsley, Nucl. Phys. B, Proc. Suppl. 187, 145
(2009).

[9] S. L. Zhu, Phys. Lett. B 625, 212 (2005).
[10] F. J. Llanes-Estrada, Phys. Rev. D 72, 031503 (2005).
[11] X. Liu, X.Q. Zeng, and X.Q. Li, Phys. Rev. D 72, 054023

(2005).
[12] E. Kou and O. Pene, Phys. Lett. B 631, 164 (2005).
[13] L. Maiani, V. Riquer, F. Piccinini, and A.D. Polosa, Phys.

EEF VAN BEVEREN AND GEORGE RUPP PHYSICAL REVIEW D 79, 111501(R) (2009)

RAPID COMMUNICATIONS

111501-4



Rev. D 72, 031502 (2005).
[14] D. V. Bugg, arXiv:hep-ex/0701002.
[15] B. Aubert (BABAR Collaboration), Phys. Rev. D 76,

111105 (2007).
[16] B.W. Lang, in Proceedings of International Workshop on

Charm Physics (Charm 2007), Ithaca, New York, 2007,
p. 1 [arXiv:0710.0165].

[17] G. Goldhaber et al., Phys. Lett. 69B, 503 (1977).
[18] D. V. Bugg, B. S. Zou, and A.V. Sarantsev, Nucl. Phys.

B471, 59 (1996).
[19] N. A. Törnqvist, Z. Phys. C 68, 647 (1995).
[20] S. B. Gerasimov and A.B. Govorkov, Z. Phys. C 13, 43

(1982).
[21] G. J. Ding, Phys. Rev. D 79, 014001 (2009).
[22] E. van Beveren and G. Rupp, in Proceedings Bled

Workshops in Physics (2008), Vol. 9, No. 1, pp. 26–29
[arXiv:0811.1755].

[23] A. E. Dorokhov, S. V. Esaibegian, and S.V. Mikhailov,
Phys. Rev. D 56, 4062 (1997).

[24] L. A. Trevisan, A. E. Dorokhov, and L. Tomio, Braz. J.
Phys. 34, 865 (2004).

[25] A. Buchmann, Y. Yamauchi, H. Ito, and A. Faessler, J.
Phys. G 14, 1037 (1988).

[26] E. van Beveren, G. Rupp, and M.D. Scadron, Phys. Lett. B
495, 300 (2000); 509, 365(E) (2001).

[27] J. E. Augustin et al. (DM2 Collaboration), Nucl. Phys.
B320, 1 (1989).

[28] E. van Beveren, G. Rupp, T.A. Rijken, and C. Dullemond,
Phys. Rev. D 27, 1527 (1983).

[29] E. van Beveren and G. Rupp, in Proceedings of Workshop
on Recent Developments in Particle and Nuclear Physics,
2001, Coimbra (Portugal) (Universidade de Coimbra,
Portugal, 2003), ISBN 972-95630-3-9, pp. 1–16 [arXiv:
hep-ph/0201006].

[30] E. van Beveren and G. Rupp, arXiv:0809.1149.
[31] D. V. Bugg, J. Phys. G 35, 075005 (2008).
[32] E. van Beveren and G. Rupp, Eur. Phys. J. C 32, 493

(2004).
[33] A. Martı́nez Torres, K. P. Khemchandani, D. Gamermann,

and E. Oset (unpublished).
[34] T. Aaltonen et al. (CDF Collaboration), arXiv:0903.2229

[Phys. Rev. Lett. (to be published)].
[35] H. Aihara et al., Phys. Rev. Lett. 53, 2465 (1984).
[36] A. E. Asratyan et al., Phys. Lett. 156B, 441 (1985).
[37] G. T. Blaylock et al. (Mark III Collaboration), Phys. Rev.

Lett. 58, 2171 (1987).
[38] H. Albrecht et al. (ARGUS Collaboration), Phys. Lett. B

207, 349 (1988).
[39] D. Brown et al. (CLEO Collaboration), Phys. Rev. D 50,

1884 (1994).
[40] J. Gronberg et al. (CLEO Collaboration), Phys. Rev. Lett.

75, 3232 (1995).

INTERFERENCE EFFECTS IN THE Xð4260Þ SIGNAL PHYSICAL REVIEW D 79, 111501(R) (2009)

RAPID COMMUNICATIONS

111501-5


