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We present recent measurement in two-photon collision, Yy — KsKs from the Belle experiment.
In lower energy region, we perform partial wave analysis and extract parameters for f; and a;
resonances. In higher energy region, we update our previous measurement and make comparison
with QCD predictions.
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Figure 1: W distribution of signal candidates in |cos 8*| < 0.8. Crosshatched and hatched histograms are
non-exclusive background and four-pion background, respectively.

1. Introduction

The Belle experiment has measured exclusive meson-pair productions in two-photon colli-
sion, yy — ntn~ [, 0], z°%2° [B], KK~ [, B], KsKs [B], nx° [B], nn [@], and DD [B]. These
measurements are based on no-tag method where e"e~ beam particles escape through beam pipe
and thus must not be detected to make sure almost-zero virtuality of colliding photons. In this
configuration total transverse momentum of the final state hadron system in ee™ frame, ¥ j;, bal-
ances, and photon-photon colliding axis, which cannot be determined, is well approximated with
the eTe™ colliding axis. Because energy of photons emitted from e*e™ beams are not constant we
obtain spectrum of cross section as a function of two-photon invariant mass W that is determined
as invariant mass of final state hadron system.

The differential cross section is calculated as

do i} AN (W, |cos 8*
—————(W,|cos 87|) = d1<4 | ) ’ (-
d| cos 6*| AWA|cos 0*| 5t €(W, | cos 0%|) [ ZLdt

where 0" is the scattering angle of the final state meson with respect to photon-photon axis in
two-photon center-of-mass system, % is the luminosity function, € is total efficiency including
branching fractions, and [.Zdr is the integrated luminosity.

We present measurement of K pair production in two-photon collisions using a data sample
of 972 fb~!. This study is published as Ref [H]. This process has been measured by various
experiments [[I0] with at most 1 fb~! of data. Although these experiments operated at higher e*e™
c.m. energies, the cross section in two-photon processes depends on the ete™ c.m. energy only

logarithmically.

2. Study of f; and a; resonances

Figure 0 shows signal candidate distribution, where in addition to well known resonances,
structures around 1.7, 2.2 and 2.5 GeV are seen. We perform fits to W < 2.0 GeV and 2.0 < W <



Hadron in Two-Photon

g

g 2 2 8 8

2

Uto_t(VVN_’ K_SKS)_(an

oot (Y = KsKs)(nb)

22 25 24 25 28 27 2

W(GeV)

Figure 2: Measured cross sections and fit results for W < 2.0 GeV (left) and 2.0 < W < 3.0 GeV (right).
Dotted, dashed, and dot-dashed curves are |S|2, | Dy|?, and |D;|? partial waves, respectively.

Table 1: Obtained parameters for f3(1525), fo(1710), f>(2200), and fo(2500).
mass (MeV/c?)  width MeV) Ty, ZB(KK) (eV), (J,1)

£(1525) 1525371357 829755055 48T
fo(1710) 17507539 13910728 1275318
£(2200) 22437713 1451243 321903103
fo(2500) 2539+ 14138 2747720 407510

3.0 GeV regions separately, assuming f>(1270), a2(1320), and f;(1525) states in the lower region
and f;(1710), f;(2200), and f;(2500) states in the higher region, using

do(yy — KsKs

o ) v+ Do+ |Da¥2f @.1)

where Y Jl are the spherical harmonics and S and D are, respectively, helicity-A components of S
and D amplitudes that consist of Breit-Wigner for resonance and polynomial functions for back-
ground components. Figure D shows the differential cross sections and fit results for the two energy
regions. The relative phase between a,(1320) and f,(1270) is measured to be (172.61’8:9*_’%_202)0,
hence destructive interference suggested by Ref. [[] is confirmed as measured by previous mea-
surements [[d]. The f;(1525) parameters are measured taking inteference effect into account for
the first time. Spin-0 is favored over Spin-2 for f;(1710). We found that the assignment of f,(2220)
and f5(2500) gives the best solution over the second best with 3.4 6. Measured parameters for these
resonances are summarized in Table [. f;(1710) and f>(2200) are unlikely to be glueballs because

their total widths and I'y, Z(KK) values are much larger than those expected for a pure glueball
state.

3. Study of QCD in W > 2.6 GeV

In this energy region, we update our previous measurement [H]. The handbag model predicts
1/ sin* 6* dependence of the differential cross section [[2]. Figure B (left) shows measured dif-
ferential cross section and fits to 1/sin* 8*. « increases with W in W < 2.7 GeV and does not
approach 4 (Fig. B (right,top)). The slope parameter n that indicates W dependence of the cross



Hadron in Two-Photon

2a0-z4s | MF 244248 | 03| 2se2m
08 pod

- 9
e K ° 8 +
o 5
: 2 ’ t
- H oo (R 4 6
o7l ge™” Zf!.«") b -‘«”’ 5 ¢ ¢ + l
— : ° o 4 e
-Q Eamam | oo 2sze | osf 2ear | s ¢ ]
o i " i)
0 e X — :
= . S /.{;_ & !
-_ “n-.—v“j o 2eve® | O peeet” | ED N 24 26 28 3 32 34
B - s i i 3 Y W (GeV)
O S| (@) |coss*<0.8 (b) [c0s5*|<0.6
029 i s g o
02 RYUPPH B
s [}
oF A 0 Az
T e ke o 1 T & om .
oF goray [| O°F aiez J|af 9783 = ~
\ 016 014 g u u1
O o P oor N a \‘i |
Eo i - for % oot f T
08 [ {0 PE "M
ENE WL
* 0.oa01 . 0.oo1 N
|cosf”| 24 34 24 73 34
W (Gev) W [Cev)

Figure 3: (left) Angular dependence of the differential cross section for different energy region. Points are data and
curves are fit results to 1/sin® 6*. With right vertical scale, the differential cross sections are normalized to unity over
this angular region. (right top) W dependence of the parameter &. The horizontal line at &t = 4 corresponds to the claim
from non-perturbative calculation. (right bottom) Cross sections in |cos 0*| < 0.8 (a) and in |cos 8*| < 0.6 (b) and fits
to W~ in 2.6-4.0 GeV excluding charmonia region (dashed line) and in 2.6-3.3 GeV (solid line).

Table 2: Measured X and )., parameters. Width of y,, is fixed to 2 MeV.

Interference Ty %B(xc0) Ty B (xe2) Mass(x.0)  Width(x.0)  Mass(¥2)
(eV) (eV) (MeV/c?) (MeV) (MeV/c?)
Not included | 8.09+0.58+0.83 0.26870011 +0.028 | 3414.8+0.9 13.2+2.1 3555.4+1.3
Included 8.7+1.7+0.9 0.277007£0.03 | 3414.6+1.1 132£2.1 3555.4+1.3

Table 3: Upper limits at 90% confidence level on charmonium productions.

Xeo(2P) 0.49
Xe2(2P) 0.064
Ne 1.6

section, c ~ W™" is measured to be n = 11.04+0.4 +0.4 (|cos 6| < 0.8, 2.6 - 4.0 GeV excluding
charmonia region) and is in good agreement with perturbative QCD calculation [[3].

4. Study of charmonia

Figure B is candidate events in |cos 0% < 0.5. X0 and X, peaks are evident. We fit these peaks
with and without interference. The results (Table D) supersede the previous measurement [H]. We
set upper limits at 90% confidence level on I'y,%(— KsKs) for expected x.o(2P) and X (2P)
mesons, and P- and CP-violating decay 1. — KsKg as summarized in Table B.
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Figure 4: Measured cross sections and fit results for W < 2.0 GeV (left) and 2.0 < W < 3.0 GeV (right).
Dotted, dashed, and dot-dashed curves are |S \2, |Dy|?, and |D2|2 partial waves, respectively.

5. Conclusion

We perform partial wave analysis and extract parameters of a; and f; resonances in lower W
region up to around 2.5 GeV, In higher energy region where resonance effect is small, we update
our previous study [B], and evaluate QCD calculations by measuring differential cross section. We
also measure parameters of y.o and )2, and set upper limits on another charmonium productions.
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