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Abstract

The production of AKX~ pairs in two-photon collisions has been studied
with the Belle detector at KEKB. The excellent particle identification capa-
bility of the Belle detector provides a clear separation of the 4y — KtK~
process from large backgrounds. With an integrated luminosity of 3.10 fb™!,
we obtain the first high statistics data sample in the invariant mass range
above 1.6 GeV. We report the energy dependence of the cross section for
~y = KT K~ for the c.m. energy range between 1.36 and 2.30 GeV.
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I. INTRODUCTION

A high luminosity electron-positron collider is well suited for studies of meson resonances
produced by two-photon collisions. The heaviest resonance whose contribution has so far
been established in kaon-pair production in two-photon processes is the f5(1525) meson,
which is classified as an almost pure 33 meson. Above the f}(1525) mass, no clear resonance
structure was found in the KK~ channel [1,2]. The L3 experiment at LEP has reported a
resonance-like peak in the vicinity of 1.75 GeV in the K3KY final state [3).

The 1.5 - 2.0 GeV region is very important for hadron spectroscopy since glueballs are
expected to be found in this mass range. Some glueball candidates around 2 GeV have been
observed in J/1 — YK K decays [4] and other experiments, although none of them have
been definitely established as glueballs.

Glueball searches are complicated because radial excitations of ¢ mesons are also ex-
pected in the same region. Since gluons do not couple to photons, the two-photon partial
decay widths (I'.,) of glueball states are expected to be very small. Two-photon processes
therefore play an important role in identifying glueballs.

Here we report preliminary results from measurements of vy = K*+K* in the region
of the two-photon c.m. energy {W) between 1.36 and 2.30 GeV. Qur measurements of the
¥y = K3IKY process in a similar W region are presented in a separate paper [5].

II. EXPERIMENT

In the present analysis, we use the data taken by the Belle detector [6] at the KEKR
asymmetric ete~ collider [7] in the period from Qctober, 1999 to May, 2000. The integrated
luminosity is 3.10 fb~!. Since the beam energy dependence of two-photon processes is very
small, we combine the on-resonance and off-resonance data samples; the off-resonance data
were taken 50 or 60 MeV below the T(45) {y/5 = 10.58 GeV). The analysis is made in the
“no-tag” mode, where neither the recocil electron nor positron is detected. We restrict the
virtuality of the incident photons to be small by imposing a strict p; balance requirement
on the KT K~ system.

Almost all of the signal events in the present analysis were collected by triggers based
on two tracks in the central drift chamber (CDC) [8]. The charged tracks are reconstructed
by the CDC and the silicon vertex detector (SVD).

The identification of charged kaons with high efficiency and low misidentification proba-
bility is very important for this analysis, since there are huge backgrounds from vy = ete™,
ptp” and #tx~. We mainly use the time of flight information provided by the time-of-
flight (TOF) scintillation counters [9] for selecting kaon pairs. Information from the en-
ergy deposit in the Csl electromagnetic calorimeters (ECL), signals from the silica-aerogel
Cherenkov counters (ACC) [10] as well as dE/dx information from the CDC are glso used,
The resolution of the time of flight measurement is 100 ps. The performance of the particle
identification is found to be sufficient even in the W region above 2 GeV, where background
contamination was a serious problem in previous experiments.



IIL. EVENT SELECTION

Events with only one pair of charged particles produced in two-photon processes (yy —
X+X-) are selected with the following eriteria: The scalar sum of track momenta (¥ |p|)
in an event is required to be smaller than 6 GeV/e, and the sum of the calorimeter energies
in an event less than 6 GeV. The event is required to have only one positively charged track
and only one negatively charged track, where each satisfies the conditions: p, > 0.4 GeV /e,
|dr} < 1 em, |dz| < 2 em, —0.34 < cosf < (.82, where p, is a transverse momentum of a track
with respect to the positron beam axis, and dr and dz are v and z coordinates, respectively,
of the closest approach of the track to the nominal collision point in the transverse plane
that is perpendicular to the positron beam axis. All of the above values are measured in the
laboratory frame.

We impose additional selection criteria to reject backgrounds from radiative Bhabhas;
the invariant mass of the tracks is required to be smaller than 4.5 GeV, and the missing-mass
squared, calculated from the total c.m. energy, greater than 2 GeV2,

Cosmic ray events are rejected by requiring the cosine of the opening angle of the tracks to
be greater than —0.997. The events not coming from the beam axis are rejected by requiring
the dz difference of the two tracks be less than 1 cm. Furthermore, events including an extra
track with a higher p, than 0.1 GeV/c are rejected. Finally, a cut imposing a good p, balance
in the ete™ c.m. frame, |3 p}| < 0.1 GeV/c, is applied to select exclusive-two-track events
from quasi-real two-photon collisions. After these selection criteria are applied, 9.70 x 10°
events remain.

We make particle identification cuts for the tracks in the selected events in order to select
K*K~ events. Since the sample included a large fraction of vy — ete™ events, we reject
them by requiring E/p < 0.8 for the two tracks, where E/fp is the ratio of the energy deposit
on ECL to the momentum. Charged kaons are selected using TOF and ACC information
with the criteria that the likelihood ratios for K/n and K/p separation are larger than 0.8.

Figure 1 shows the distributions of the mass squared (mAog) of each track caleulated from
the flight time measured by TOF and the momentum measured by CDC. The distribution
with filled cireles in Fig. 1(a) shows the tracks where a kaon is tagged on the opposite side.
This distribution shows that e, y and #* contamination in the kaon region is very small
when both Kt and K~ identification is required.

However, an ambiguity in the determination of the collision timing (#p) in our measure-
ment causes another type of background, mainly in the low K* K~ invariant mass region,
M(K+*K~) < 1.5 GeV. Some ee/pu/a*x~ final-state events are assigned a wrong coilision
time earlier by one RF-beam-bucket spacing time (¢, = 1.965 ns), and contaminate the
K+K~ samples. We reject events that match the ee/pp/n*=~ final-state hypothesis when
1y is intentionally shifted by +t,. The dE/dz information from CDC is also used to reject
the remaining backgrounds from this source, which is only in the low invariant mass region.
After the application of all the selection criteria, 1833 events remain.

IV. INVARIANT MASS DISTRIBUTIONS

The number of events passing the selection criteria before particle identification is com-
pared with expectations from the Monte Carlo (MC) caleulation. Since this sample is dom-
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FIG. 1. The mass squared distributions obtained from the TOF information for before and
after kaon identification. In (a), the histogram is for the tracks before particle identification, and
the filled circles are after kaon identification is required for the oppaosite side track. {b) shows the
distribution for kaons in the final K ¥ K~ samples. The left most bin in (a} includes the numbers
of tracks with no good TOF information.

inated by ee — eeee, eepp and eentn~, where the cross sections are known, this provides a
good monitor of the trigger efficiency. )

For this comparison, we use the values of observed cross section (gops), Which is defined
as the number of observed events divided by the integrated lumincsity. We obtain ggs =
3119 pb from the measurement. The error is primarily due to uncertainty of the integrated
luminosity. The contribution of beam backgrounds, estimated to be 0.7% from the dz
distribution of tracks, is subtracted.

We have estimated the expected contributions from various pracesses. The expectations
from two-photonic lepton-pair production, ecee and eepu, are estimated by using the MC
event generation program by Berends et al., AAFH [11]. The een*n~ process is estimated
using the TREPS MC program [12], which combines results from previous ee — eex*n~
experiments [13]. The response of the Belle detector is simulated using the GEANT3 pro-
gram [14]. We conclude that the expected contribution from the above three processes
is o1 = 385 & 11 pb. An additional 8 £ 3 pb contribution is expected from other pro-
cesses, such as eer7 and non-exclusive events as een*n™ X, giving a total expectation of
et = 383 £ 11 pb.

The ~ 21% difference between 0.y and oq, is primarily due to trigger inefficiencies. After
a trigger simulation is applied to the MC events, o.a is reduced by 15%. No appreciable p,
dependence is expected in the selection region from the simulation; the nominal p, threshold
of the CDC trigger was set at 0.2 GeV/¢. The result from the trigger simulation is estimated
to have an uncertainty of 5 - 10%.

In Fig. 2, we show the invariant mass distribution for the two-track samples to examine
the reliability of the efficiency estimation. Here the plon mass is assigned to each track.
The experimental data are compared with MC expectations from the sum of the major



Number of events/20MaV

I T T

08 ; ; ’ . PRy S
Mt " ){GeV)
FIG. 2. The invariant mass distribution for yy = X+t X~ events before particle identification.
A charged pion mass is assigned to all tracks. The solid histogram is the Monte Carlo expectation
from the sum of three major two-photor processes for eeee, eepp and een™n~ final states. The
cumulative eeee and eepp partial contributions are indicated by the short and long-dash histograms,
respectively.

three processes, eeee, eepy and eentn™, shown by a solid histogram in the figure, where
the trigger inefficiencies, estimated by the simulation, are taken into account. The MC
expectations are normalized by the integrated luminosity. In the M(r¥x™) > 1.0 GeV
region, the experimental data show good agreement with the MC expectations. Some deficit
of events is seen in the M{xt7~) < 1.0 GeV region, which indicates a loss of low-p, tracks
due to trigger inefficiencies that are not well modeled by the simulation. This inefficiency
only effects the K+ X~ sample in the W < 1.36 GeV region, which is not considered in the
analysis reported here.

Figure 3 shows the K+K~ invariant mass distribution for the selected samples after
particle identification is applied. The peak at 1.48 - 1.56 GeV is from f§(1525) —» K+*K~.
In addition, there is a broad bump in the 1.7 - 2.1 GeV region.

We demonstrate the K/x(u) separation capabilities for different M{K*K ™)} values in
Fig. 4, where the difference between the observed TOF and the expected TOF for the
kaon assumption is plotted for each track in events where the opposite side is tagged as a
kaon. The events having a ty ambiguity have already been removed. The kaon signals near
ATOF =0 are clearly separated from pions/muons even in the region above 2 GeV, and the
structures evident in the K+ K~ yield shown in Fig. 3 are clearly visible. An enhancement
of pions around 1.56 GeV (in the K* K~ mass assignment) is due to f2{1270) - «¥r~ and
_is well separated from the kacon region.

The W resolution has been determined using a MC simulation of the signal process. The
systematic shift of M (K*K~) from its generated value is found to be less than 3 MeV; the
relative invariant mass resolution is around 0.2%.
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FIG. 3. The invariant mass distributions for vy — K¥ K~ events.
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FIG. 4. A scatter plot of M{K*K™) vs the difference of the observed TOF from the TOF
expected for the kaon hypothesis for events where the opposite side is tagged as a kaon.



V. CROSS SECTION FOR vy = K*K~

The evaluation of the absolute cross section for vy = K*K™ is made from the present
measurement. We restrict the angular range of the final state kaons in the vy c.m. frame
to lie within |cos§*] < 0.6. The cross section is obtained using the formula:

N(W — 0.5AW < M{(K+K~) <W + 0.5AW)
AW L, (W)n(W) [ Ldt ’

o(W) =

where N is the number of signal events within the invariant mass range and the angular
range |cos§”| < 0.6, L., is the luminosity function and 7 is the detection efficiency.

The efficiencies at different W points are estimated using MC events generated by TREPS
{12] for the ee — eeK+ K~ signal process, with a sin® #* angular distribution, correspond-
ing to a total spin/helicity state of (J,A) = (2,2). The efficiencies for different angular
distributions are different; the efficiency decreases by ~10% for J = 0 and increases by
~18% for (J,X) = {2,0). We take the estimated trigger inefficiency into account, and ap-
ply a correction for the probability that the TOF system has useful particle identification
information.

The preliminary cross section values, so obtained, are plotted in Fig- 5. The uncertainty
in the acceptance and efficiency estimates amounts to a systematic error on the cross sections
of 20%. The background contamination from particle misidentification is estimated to be
~8% or smaller at each W point from the ATOF distribution. We also ¢confirm that the
backgrounds from non-exclusive processes are smaller than 8% by examining the | X pj}
distribution, which agrees with the MC expectation from the signal process. We neglect this
background contamination since its fractional contribution is smaller than the systematic
error.

The present results are compared with the previous experimental results {1,2,15]. Here,
the ARGUS results were derived by fitting the angular distributions and extrapolating to
the full angular range (|cos#*| < 1), which should give larger cross section values than our
and other experiments by ten to a few times ten percent.

Overall, the cross section from this analysis agrees with previous measurements to within
a factor of two. However, the behavior in the W region just above the f3(1525) mass, 1.54
- 1.6 GeV, is somewhat different.

The dashed curve in Fig. 5 is the expected contribution from the f§(1525), where the
value of [, (f5(1525)) BR(f1{1525)) = KK) = 0.093 keV [3] is used. The curve does not
in¢lude interference effects with f2(1270) and 03(1320) resonances, which may be appreciable
in the K+ K~ channel.

We see a broad bump structure in the 1.7 - 2.1 GeV region that peaks around 1.9 GeV,
‘This structure has not been seen previously. If we assume the structure is from 2 single
resonance, we find M = 1.88 £ 0.02 GeV/c® and T’ = 0.47 £+ 0.08 GeV from a fit of a
Breit-Wigner curve to the 1.7 < W < 2.1 GeV region; I',, BR(K+K ™) is determined to be
104413421 eV (0.8440.11 £0.17 keV) for the tensor (scalar) meson case, where the first
and second errors are statistical and systematic, respectively. We assume ) = 2 dominance
for the tensor meson case.
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FIG. 5. The cross section for vy = KYK~ in the c.m. angular region |cos8*| < 0.6
obtained in this experiment compared with results from previous experiments(1,2,15]. The
dashed curve is the expected contribution from the f3(1525) using the ref.f3] value for
L. (F5(15261) BR(f3(1525)) — K K) measured in the K3KY channel; no interference with other
components is taken into account.
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We find no significant enhancement near 2.23 GeV, and obtain the upper limit,
Ty (£(22200) BR(f; (2220} — KK) < 3.2 eV at 95% confidence level, assuming (J,)) =
{2,2). For the mass and total width of the f;(2220) resonance, we used the measured values,
2.231 GeV/¢? and 23 MeV, respectively, reported from measurements using J/9 radiative
decays and other processes [16]. In the derivation of this upper limit, the number of ob-
served events in the signal region 2.20 - 2.26 GeV (21 events) and the expected number of
events from the non-resonant component estimated from a linear fit of the data in the 2.08
- 2.18 GeV and 2.28 - 2.38 GeV regions (29.1 events) are used to extract a 95% CL upper
_ limit on the signal contribution of 7.5 events. Interference effects are not taken into account.

VI. CONCLUSION

The production of K+K~ in two-photon collisions is studied using a high statistics data
sample. The c.m. energy dependence of cross section for the process vy — KTK™ is ob-
tained in the range 1.36 - 2.30 GeV. A clear peak is seen in the f3(1525) mass region as
seen by other experiments. However, the behavior just above the f3{1525) mass shows some
differences with previous experiments. We find a broad structure in the 1.7 - 2.1 GeV region.
This feature is revealed for the first time in this experiment.
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