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The unprecedented integrated luminosity of the KEKB etetositron collider enables the
study of rare particle production processes and the higistita analysis of particle proper-
ties in hithereto inaccesable detail. Three such analygéseBelle collaboration examplary for
the opportunities opening up at tBefactories will be described in this article : The Measure-
ment of cross sections of exclusieée™ — VP processes ay/s = 10.58 GeV, the study of the
ete” — DOD*~ ' cross section in events with initial-state radiation, amel teasurement of
n® production in two-photon collisions.
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1. Exclusive Vector-Pseudoscalar-M eson Production

The high integrated luminosity delivered by the KEKB asymmetric-energy elegtositron
collider enables the Belle Collaboratidf [2] to study rare exclusive twortpodcesses i e
annihilation. An example of such highly suppressed processes at®nsaof the typeete™ —
VP [B], whereV andP stand for a Vector and Pseudoscalar meson respectively. It haobeen
served [1[5] that double charm productioneéhe™ — J/{n. has an unexpectedly high cross
section. The basic diagram for double charm production is very similar t@rleedescribing
ete” — @n(n’) where thec quarks are replaced byquarks. Thus considering both reactions
together may contribute to a better understanding of the underlying phirsiaddition, Belle has
also measured the reactiene” — pn(n’), which also belongs to thé P class with a different
isospin configuration and light quarks only.
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. . Figure1: Theete™ — VP cross sections as a function of
Most QCD-based models predict centre-of-mass energy squared. The Belle measurements

the energy dependence of the processye) are shown together with results from CLEO (black)

e'e” — VP to be ¥s* [B ] while  and BaBar (red). The solid lines indicate #si depen-

the comparison of the measured crossdence, the dashed lines asi.

section of the processte™ — @n by

CLEO and BaBar favours the/#® dependence. The/$ dependence of the processe™ — VP

is predicted in[[0]. Recently theoretical calculations oféfie~ — V P cross sections have been
published, which use the light cone approach [11, 12]. The authdrRebf[I1] claim that their
results favour a As® dependence. In Ref[J12] an asymptotic behaviouoef 1/s* is expected

in the limit s — . The 1/s® and ¥/s* dependences are indicated in Fig. 1, however at present no
definite conclusion about the energy dependence aftee — V P reaction can be drawn.
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2. Exclusive D°D*~ i -Resonance Production | SR events

Using a data sample collected at ti@S) resonance and nearby continuum with an integrated
luminosity of 695 oL, the Belle collaboration studies open charm production near threshold via
the measurement of exclusieee~ — D°D* 1™ cross section as a function of centre-of-mass
energy from thedD°D*~ 1t threshold to 5.2 GeV[[}3].

This study is motivated by the existence of a mysterious family of charmonium-itess
with masses above the open charm threshold and quantum nudibers1——. Although these
states have been known now for several years, the nature of théss §itat found inefe™ —
3/ Y (Y(29))yisr processes, remains unclear. Among them areY{#@60 state observed
by BaBar [14], confirmed by CLEQ [IL5] and Bellg [16]; tN¢4350) discovered by BaBaf [17]
and Belle [1B] as well as the th4660) [fL§] andX (4630) [[L9] both observed by Belle.

In this most recent study, tHg° candidates are reconstructed using five decay mdtles:",
K*K=, K-t rt, KOt m— andK—mm+ m®. To improve the momentum resolution of the D
meson candidates, final tracks are fitted to a common vertex with a mass armirthe nom-
inal D° mass. D** candidates are selected via theé" — Dt decay mode with &** — D°
mass-difference window af2MeV/c? around the nominal value. The obtainB8D*~ ™ mass
spectrum is shown in Fid] 2 (left). The hatched histogram indicates thelaatitn from combina-
torial background. Other background sources are found to be ii#gligheete” — DOD* "
cross section is extracted from the background subtrd2f®d— 71t mass distribution. The result-
ing e"e- — DOD*~mr* exclusive cross section averaged over the bin width is shoh in 2 (right)
with statistical uncertainties only. The total systematic uncertainty, comprisedntfibutions
from background subtraction, cross section calculationXH®anching fractions, the signal re-
construction and Kaon identification, amounts to 10%.
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Figure 2: Event yields (left) and cross section (right) as a functibthe D°D*~ 7" mass.

A likelihood fit to the Mpop-—+ distribution is performed where a possibjg4415 sig-
nal contribution is parameterised by an s-wave relativistic Breit-WigneM{IRRinction with a
free normalisation. Its mass and width are fixed to the PDG vaJugs [20]. €cetalon-resonant
DOD*~mr* contribution into account a threshold functigfM — mpo — mp.— — M+ with a free nor-
malisation is used. Finally, the sum of the signal and non-resonant fuadianultiplied by a
mass-dependent second order polynomial efficiency function aretaiffial ISR luminosity. The
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Y(4260) Y(4350) Y(4660) X(4630)
o(ete” — X) x B(X — D°D*~ "), [nb] 0.36 0.55 0.25 | 0.45

PBeex B((X — DOD*~ "), [x 1079 0.42 0.72 0.37 0.66
B(X — DD ")/ BX - mrmI/yP) 9
B(X — DD~ )/ B(X — mhm (29)) 8 10

Table 1: The upper limits on the peak cross sections for the processes— X — DOD* it atEcm, =
My, Beex B(X — D°D*~mrt) and B(X — D°D*~ ")/ B(X — mrm J/P((29)) at 90% C.L., where
X =Y (4260, Y (4350, Y (4660, X(4630.

fit yields 144 + 6.2(stat)f$:g(sys) signal events for they(4415 state with a statistical signifi-
cance of 3.10.

To obtain limits on the decay$ — D°D*~ ", whereX denotesy (4260, Y (4350, Y (4660)
or X(4630 four likelihood fits to theMpop.-,; Spectrum are performed, each with one of ¥e
states, thep(4415 state and a non-resonant contribution. The same fit function as befaseds
except an additional RBW with free normalisation for the giXestate. The width and mass of the
X state is fixed to the values of previous measurements or — where availablee-RB@ value.
The values of the amplitude of thg4260), Y (4350, Y (4660 andX (4630 signal function are
found to be consistent with zero within errors. The calculated upper limita¢&0% C.L.) on the
peak cross sections fet e~ — X — D°D*~rrt processes &, = My are presented in Taf. 1. In
particular no evidence for (4260 — D°D*~mr* decays as predicted by hybrid models are found
within the present data sample.

No clear evidence for open charm production associated with any & gtetes has been ob-
served, neither in this most recent work nor in previous analysis. T¢enab of open charm decay
channels fol states, large partial widths for decay channels to charmonium plus lighareadnd
the lack of availabled®® = 1-— charmonium levels are inconsistent with the interpretation of the
Y states as conventional charmonia. Further studies will be needed to therifiature of these
states.

3. Exclusive n i°-Production in Two-Photon events

The high statistics data samples accumulated by the Belle detector permit the deteited
tigation of the exclusive production gfr° in collisions of two photons radiated off the incoming
electron and positron. The resuls][21] are based on a data samplefbf223

Both then andn°® are decaying tyy, therefore the processy — n P is reconstructed as an
all neutral final state. Each of the foys is required to have a minimum energytf > 100 MeV
each, while the total energy is less than 5.7 GeV accounting for the beatroeland positron
escaping undetected along the beam line. iheandidate is required to hayg > 0.15GeV/c
and balanced by thg such that the combinepr of the ® andn is less than 0.05GeX¢. The
raw yields ofn ri® as a function of they centre-of-mass energyy, is shown in Fig[]3a, together
with the estimated background. The resonance structures @tB80), a(1320 and the less
prominentaz(1700) are visible.
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Figure 3: The raw event yield (a) and cross sections (b, ¢, d) of theusikatn 7° production in two-poton
collsions. For more details see text.

Parameter Unit ap(980) PDG:ap(980) ao(Y) PDG:ap(1450
Mass MeV/c? || 9823795131 9847+1.2 | 13168700 72%"  1472+19
Mot MeV | 756+1.671)5  50-100 | 65072; 331 265+ 13

ry#nmt) eV 128737392 24089 4324673373 unknown

Table 2: The parameters of the(980) anday(Y) of the Belle analysis compared to the world averages.

The data has been corrected for efficiencies and resolutions to etkteadifferential cross
section in the kinematic range8% < W < 4.0GeV, |cos9*| < 0.8, wheref* is ° (or n) scat-
tering angle in theyy centre-of-mass system. Figuie 3b shows the cross section in the resonan
region 09 < W < 2.3 GeV compared to the previous measurement by Crystal [Ball [22]. Both mea
surements are found to be consistent, with a much improved precision foetleenBeasurement
thanks to the almost two orders of magnitude larger data sample. A dedicdiatipave analysis,
illustrated in Fig[Bd, is performed to extract the parameters of the resemagported in Tal)] 3.

The energy and angular dependence above 3.1 GeV are compared ag¢hntieasured in
the °1° channel. The measured cross section ratio is consistent with QCD presliclibaW-
dependence of the integratgd® cross section follows a power |a¥ " with n=105+1.2+0.5,
in agreement with the result found fSPK? pairs,n = 105+ 0.6+ 0.5 (|cos9*| < 0.6) [PF], close
to the expected value of 10. In Fig. 3¢ thedependence of ther® shown together with tha®m°
cross section for which = 8.0+ 0.5+ 0.4 has been reportef ]24].
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