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Outline >

» vy =2 hadron-pair
KIKS PP AA XO%°

» vy = charmonia resonances, Mg Ao, Xe2
in KK PP AA 32°%°

> vy =2 a,(1320) and radially excited states
in ©w*nn® channel

Belle-Conf-0660 for KJK
PLB 621 (2005) 41 for PP
Belle-Conf-0673 for AA x°%°
Belle-Conf-0662 for n*nn®
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Hadron-pair production in yy interactions <2
PQCD hard-scattering Handbag contribution
Y I | I’JLLL‘%L, _____I,/F"';\...- h
MAAApAAA !I.-" ii|%|li| '*-.II
i
doMM) [ F'(@) o do(MM) R () F
d[cosd | W, {(1—cos2 0 +F(@ )} d|cosé” | s (1-cos®@")?
do(BB) o F'(O) do(BB) _ |Ra(S)[ cos® 0" +Ry (5)
d|cosd" | 7 (-cos’6") d|cosd” | s (1-cos’8")
Brodsky Lepage PRD24(1981) 1808 Diehl et al., PL B532(2002) 99,
Chernyak Zhitnitsky NP B246 (1984) 52 EPJC26(2003) 567

Farrar et al., NP B259(1985) 702
Kroll et al., PL B316(1993) 546
Berger et al., EPJC28(2003) 249



>
/O
BFLLE

Belle-Conf-0660

0
S

K

0
S

Selection of yy > K

photon events of 4 tracks
in tracking volume (17°<6<150°)

of p;>300 MeV

® two

from primary vertex (|dr|<lcm, |dz|<5cm)

® select K% pair of KO, >
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vy — K{K? angular distribution

® cosO* dependence in Wyy intervals

® consists with the sin~#6* predictions

iy “deid Jeos#|

oyt did [eos |
"'.,_
ho
bl |eosd’|
2 WM i ow o=

............................................................

b joose|
- wa : . -

L

..............................

[T} [ ni .,
jeost’| |eos ] |ense| Jenst|
isf 2.8-3.0GeV isp B3 3GeV asp HO-L0GeV
= o E 2 °F
2 £ 1 =
% 25 i_z.s 3 - ;2.5 3
< zf = 1 £t ‘ ‘ —]
Sisf _:|_T-£ il "?1.5 F __4?- - Ets F = e
b 1k E 1k '> 1
05 f 0sk E 0sk
L — L — ER E P PR o5 L —

02
Joass|

SELLE



o D
I Charmoniain yy - K K_
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W (GeV)

Ycor Xe2 FESONANCe parameters

Xed chents quB(KD Kﬂ ) [CV]
Xeo 161 + 14 7.07 £ 0.61 + 0.62
Xe2 44 4+ 7  0.30 £ 0.05 £+ 0.03

Branching ratio to K*K- channel

Xcs  B(KSKG)/B(KTK™)
X c0 0.49 & 0.07 £+ 0.09
Xe2 0.68 £+ 0.20 £ 0.13
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I Selection of YY — PP PLB 621 (2005) 41 R

number of events / (0.05)°

efficiency

® Select proton by Tracking, Calorimeter, Cherenkov
combined likelihood function

® Cross section In WW and coso*



YY — PP cross section

olyy—pp) (nb)
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YY — PP angular distribution
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Consist with hard scattering amplitude oc 1/(1—cos*07)

1.5F

2.59< W < 3.0 GeV

BE“E o OPA]_P 55-2.95 c,ex}
cCLEO=2L3 6

i —— diquark (complete)
---- diquark (only HCAS] :

three-quark .

handbag (R,, ~ 0)

mx
/

[do/d|cos® |}/ [do(|cosO [|<0.3)d|cosO ]

12
BE“E A '% (3.04.5 GeV)

10-— —— diquark (complete)

| ——-- diquark (only HCAs)
sl three-quark

i handbag (R, ~ 0)

[ handbag (R, ~ R )
B 4ores handbag (R,/R = 8.2/2.9)
af
D |||||||||||| L I IR I

3<:W <4GeV

lcosO|

Higher rate in forward direction, than predicted

SELLE



n.(1S)in Yy — pp

/20 MeV

Events
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Two-photon radiative width
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Selection of yy—>AX, YO pelecontosrs i

SELLE

® Select A 2 pr ® Select X0 > Ay
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vy —> AA, X'’ cross section

a7y — Baryon Anti-Baryon) (nb)
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® Comparison with PP

® And theories

di-quark: Berger et al.,
Handbag: Diehl et al.,
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N(1S) In Yy — AX, y 0y 0 B

SELLE

—
=9
1

(=
(&)
1

! B .

—
=
1

(]
=
T

(=
N
!

(=
=
!

number of events / 10 MeV
=

number of events / 20 MeV

n
T

(]

Wil 1 T

0 ; ; ; ; i i i . j i i j i j

25 26 27 28 29 3 31 32 33 34 26 2.7 28 29 3 31 32 33 34 35 3.6
- : 050 . .

AA invariant mass (GeV) Y Y invariant mass (GeV)

® two-photon width ® branching ratio to PP

B(AA)

Biopy ~ 0.86 + 0.26
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I Tensor mesons in yy 2 nta-n!

vy = ntnnl is an ideal study for a,(1320) & beyond

® Exclusive ttnn®

® Trigger is highly redundant

Events
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two final state photons for %, two charged n*,7

by two-track >135° and Ecal > 1GeV

n¥ reconstructed of two photons
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I Interference of multiple resonances <2

vy Cross section

by VDM luminosity function 2 |
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D
Spin-parity by the norm of 3n decay plane <2
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I Neural Network to select tensor events

+ Feed-forward Neural Network

3 waves:. 2+(2), 2+(0), ph.space

+ Test output : NN(2)=NN,(1-NNy)(1-NN, )

+ Data follow 2*(2)
+ Cuton NN >2

to suppress ph.space
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7 variables (di-T masses, ny opening angles, norm of decay plane)
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Helicity state of tensor events <2

I m(37) mass range |background (fixed) %| Helicity-2 % |2 /ndf
inal sample ge | backg y-2 %
1.0 — 1.5 GeV/c? 0.8 100+2+5| 1.2
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Y /
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Decay modes: pn, f,n S

> DI(1) = BT (*,m) + BN )T (07, ) + & BN T (£ )
I
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3t mass fit to 4 independent resonances <2

Background from p2(3x) estimation

v2 Indf(1-2.4GeV)= 2.3

- ]

o 350 | ¢ Data

E 300 —— MC+Bkgd
a,(1320) of full MC apply PDG values N 250 | N
T (a2(1320)) = 0.99 + 0.03 £ 0.11 keV. £ 200"

)
Two-photon radiative width 7] 150:
Consistent with world average 1001
I, (a,(1700))Br(3m) = 0.34+0.01 keV > o
Consistent with L3 measurement Vs I s s a5 T,

Events(fit) mass (MeV /c?) width (MeV/c?) T, - Br(pm, forr) (keV)

a3(1700)
BW (1950)
BW (2140)

3048 1699 £6 £8 253 =10 £ 10 0.343 £ 0.009 £+ 0.040
1997 1942 £ 8 £8 249 +14+ 10 0.196 £ 0.007 £ 0.020
530 2180 =20 £ 8 270 =50 £10 0.050 £ 0.005 = 0.005




3t mass fitto 4 Tensors w. interference

® A fit obtained every half-period

In phase

® Two fits with radially excited
amplitudes <1
six fits obtained with amplitude>1

(Fit-1) 250 bins (1.0-2.4 GeV) = 0.92
(Fit-2) 250 bins (1.0-2.4 GeV) = 0.93

T, (a,(1700))B(3x) = 0.10 £0.02 £0.02 keV

derived from amplitude

-
o

SELLE

350
300
250
200
150
100

50

Events / 25 MeV
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1 1.5

Fit-1

mass MeV /c? width MeV /c?

aln

plitude (a’s) phase (@'s) deg.

a2(1700)
BW (1950)
BW (2140)

1769 £ 108 270 £ 7 £ 10
1943 £4+£8 291 £6 =10
2146 £ 12 4+ 8 358 =26 £ 10

0.371
0.613
0.401

+ 0.022 = 0.040 154 £6 =12
+ 0.019 = 0.050 143 £5 = 12
+ 0.026 = 0.040 139 £4 112

Fit-2

mass MeV /c? width MeV /c?

aln

plitude (a’s) phase (@’s) deg.

a2(1700)
BW (1950)
BW (2140)

1758 £ 13 £ 8 269 £ 10 = 10
1949 £ 6 £8 324+ 14 £ 10
2161 £ 17 £ 8 342 22410

0.365
0.713
0.438

+ 0.027 = 0.040 221 £7 =12
+ 0.030 = 0.050 220 £6 = 12
+ 0.032 = 0.040 221 £6 =12

2

2.5 3
m(3x) GeV
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Summary <2

Belle has high statistics for two-photon analysis

= yy = hadron-pair show steeper W, then predictions
> %0 X Observedin yy - KK

> 1. observed in yy — pp, AA, ZX°

= yy2>7n'nn® is dominated by Tensor Helicity 2 wave
= a,(1320), a,(1700) is consistent with PDG

higher radially excited states observed

at 1950, 2140 MeV
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