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Abstract The cross sections for ete™ —ntn~J/P, ntn~P(25), KK~ J /P, DD, D°D~nt 4-c.c., D*D+4c.c.,
and D*D* are measured using data sample collected on or near the Y (45) resonance with the Belle detector at
KEKB. A peak near 4.25 GeV /c?, corresponding to the so called Y (4260), is observed in w77t~ J /1 final state.
In addition, there is another cluster of events at around 4.05 GeV /c?. Two resonant structures are observed in
the w7t (25) invariant mass distribution, one at 43614949 MeV /c? with a width of 74415410 MeV/c?, and
another at 466441145 MeV /c? with a width of 4841543 MeV /c?. The rich structures observed in all these
final states indicate that our understanding of the vector charmonium states above the open charm threshold
is still poor, let alone the other possible dynamics such as charmonium hybrids or final state re-scattering and

SO on.
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1 Introduction

The study of charmonium states via initial state
radiation (ISR) at the B-factories has proven to be
very fruitful. In the process ete™ — yrmmtn=J /P,
the BaBar Collaboration observed the Y(4260).
This structure was also observed by the CLEO!
and Belle Collaborations!® with the same technique;
moreover, there is a broad structure near 4.05 GeV/c?
in the Belle data. In a subsequent search for the
Y(4260) in the ete™ — yrmm P(2S) process,
BaBar found a structure at around 4.32 GeV/c2!,
while the Belle Collaboration observed two resonant
structures at 4.36 GeV/c? and 4.66 GeV/c2®l. Re-
cently, CLEO collected 13.2 pb~! of data at /s =
4.26 GeV and investigated 16 decay modes with
charmonium or light hadrons!®. The large ete™ —
7ttt J /U cross section at this energy is confirmed. In
addition, there is also evidence for K*K~J/1{ (3.70)
based on three events observed. Belle also measured
the process ete™ — KTK~J/1{ via ISR and resonance-
like structure was observed!”.

The total cross section for hadron production in
ete” annihilation in the energy region above the
open-charm threshold was measured by the Crystal
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Ball® and BES! Collaborations. However, the pa-
rameters of the vector charmonium states obtained
from fits to the inclusive cross section™® ' are poorly
understood theoretically™. Since interference be-
tween different resonances depends on the specific
final states, studies of exclusive cross sections for
charmed meson pairs in this energy range are needed
to clarify the situation. Recently, CLEO-c performed
a scan over /s from 3.970 to 4.260 GeV and measured
exclusive cross sections for DD, DD**¥) and D*D* fi-

(14 A measurement of

nal states at twelve points
ete” — DD was performed at BaBar using the ISR
technique™ with a much wider energy range. Belle
used a partial reconstruction technique to perform
the measurements of the exclusive cross sections in-
cluding ete~ — DD"®, DD*, D*D*[", and DDn!*®
with the ISR data.

The Belle analyses are based on a data sample
of about 550 fb~! or 670 fb~! luminosity collected
near the Y(4S) with the Belle detector!” operating
at the KEKB asymmetric-energy ete™ (3.5 on 8 GeV)
collider®®. About 90% of the data were collected at
the Y (4S) resonance (1/s = 10.58 GeV), and the rest
were taken at a center-of-mass energy that is 60 MeV
below the Y(45) peak.
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2 ete” — h'th +charmonium

Three final states are analyzed, including
e J /P, mh e P(25), and KTK=J /. P(2S5) is re-
constructed with its 7wt~ J /¢ decays, and the J/{
is reconstructed using its leptonic decays to ete™ or
wru~. All the charged tracks are required to be
positively identified as the particle species needed,
and y-conversion events are further removed by par-
ticle identification and invariant mass of the charged
tracks. The detection of the ISR photon is not re-
quired, instead, we identify ISR events by the require-
ment on M2 close to zero, where M?2_ is the square
of the mass that is recoiling against all the charged
tracks.

Figure 1 shows the invariant mass distributions of
- J /P and 7wt (2.9) after all the selection, to-
gether with a fit with coherent resonance terms and a
non-coherent background term; and Fig. 2 shows the
resulting cross sections for all the three final states,
where the error bars indicate the statistical errors
only. Table 1 shows the fit results, including the
Y (4008) and Y(4260) from the mt7~J /1y mode, and
the Y(4360) and Y (4660) from the w1 (25) mode.
It should be noted that there are always two solutions
in the fit to each mode, with same mass and width
for the resonances but with very different coupling to
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Fig. 1. The "7 J/ (upper) and w7 (2S)
(lower) invariant mass distributions and the
best fit with two coherent resonances together
with a background term.
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Fig. 2. The measured ete™ — nrnJ/p (a),
ot P(29) (b), and KYK™J /4 (c) cross sec-
tions.
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ete™ pair (Io+.-). We also fit the KK~ J /1 invari-
ant mass with resonances, but the statistics does not
allow us to discriminate the resonant structure.

Table 1. Fit results of the m'n~J/p and
mt T (29) invariant mass spectra. The first
errors are statistical and the second system-
atic. M, Iiot, and B-I,1,- are the mass
(in MeV/c?), total width (in MeV/c?), prod-
uct of the branching fraction to 77t~ J /b or
it~ P(29) and the ete™ partial width (in
eV/c?), respectively. ¢ is the relative phase
between the two resonances (in degrees).

parameters solution I solution II
M (Y (4008)) 4008 +407 11
Tiot (Y(4008)) 226+ 44+ 87
B-Iyo—(Y(4008))  5.0+14755 1244247148
M (Y (4260)) 4247412737
Tiot (Y (4260)) 108419410
BT (Y(4260))  6.0+£1.2757  20.6+£2.3791
¢ [Y(4008) and Y(4260)] 1242977, —111+7"28
M (Y (4360)) 4361+£9+9
Tot (Y (4360)) 74415410
BTy .- (Y(4360)) 104417415 11.841.8+1.4
M (Y (4660)) 466441145
Tiot (Y (4660)) 4841543
BTy, (Y(4660))  3.040.94£0.3  7.6+1.8+0.8
# [Y(4360) and Y(4660)] 393022 —794 17420

3 efe” — open charm

Four final states are measured using ISR data,
they are DD, DDm, DD*, and D*D*. D° can-
didates are reconstructed using five decay modes:
K-7nt, K"K*, K~n-ntnt, Kt~ and K-7mtnl.
D+ candidates are reconstructed using the decay
modes K§nt, K-ttt and K-K*7wtt. To improve
the momentum resolution of D meson candidates, fi-
nal tracks are fitted to a common vertex applying the
nominal D° or D' mass as a constraint.

The etfe~ — DDyigr signal events are selected
by reconstructing both the D and D mesons, where
DD =DD° or D*D~, and the y;gr is not required to
be detected; its presence in the event is inferred from
a peak around zero in the spectrum of the recoil mass
against the DD system. To suppress background from
ete” — DD(n)mysr processes we exclude events that
contain additional charged tracks that are not used
in the D or D reconstruction.

We select ete™ — D°D~7tygr signal candidates
in which the D% D~ and 7" mesons are fully recon-
structed and the ygg is not required to be detected
as for DD mode, and a requirement on the recoil
mass squared against the D°D~7t system close to
zero is applied. Events contain additional charged
tracks that are not used in D°, D~ or mtt reconstruc-
tion are removed to suppress the background from
ete” —DD(n)mysr (n>1) processes.
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The selection of efe™ — D®+D* ygr signal
events using full reconstruction of both the D** and
D*~ mesons, suffers from low efficiency due to the low
D® reconstruction efficiencies and small branching
fractions. Higher efficiency is achieved by requiring
full reconstruction of only one of the D* mesons, the
Yisr, and the slow 71, from the other D*.

The analysis of the ete™ — DTD*~ is identical
to that described above for ete™ — DTD~ with the
fully reconstructed D** meson replaced by a fully
reconstructed DT meson. The requirement of a de-
tected slow pion from the unreconstructed D*~ and
a tight requirement on AME provides the clean

C

ete” — D*D*~ signal peak in the distribution of
Mrec(D+YISR)-
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Fig. 3. The measured DD (a), D°D™ 7" +c.c.
(b), D**D*~ (c), and DT™D*~ 4c.c. (d) cross
sections.

The resulting cross sections of ete™ to the above
modes are shown in Fig. 3. We can see the structures

at the (4040) and {(4415) in DD mode, and a peak
at 3.9 GeV which is in qualitative agreement with the
coupled-channel model prediction of Ref. [21]; and
1(4415) — D°D~m*™ is clearly seen in the D°D~m*
final state. The shape of the D*t*D*~ cross section is
complicated with several local maxima and minima,
especially large cross section near the {(4040) and
1 (4160), while in DD* mode, aside from a prominent
excess near the \(4040), the cross section is relatively
featureless.

4 Summary and concluding remarks

With ISR technique, Belle measured cross sections
of ete™ — mtn~J/p, mtnP(25), KTK-J/p, DD,
DDn, DD*, and D*D* modes in the center-of-mass
energy between 3.8 and 5—6 GeV depends on final
states. These almost saturate the ete~™ — hadrons
production cross section in this energy range. The
structures observed in these final states are very dif-
ferent from those observed in inclusive hadrons!® .
This may suggest a very different picture of the
charmonium states in this energy range, where
the coupled-channel effect, final states rescattering,
threshold effect, and possibly existing charmonium-
hybrids or other exotic states such as tetra-quark
state or molecular state!** 2*! may contribute.

I congratulate the organizers for a successful work-
shop, and I thank my colleagues at Belle for their
wonderful work that are presented in this talk; special
thank to Galina Pakhlova for supplying me the data
for making Fig. 3 in this report.
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