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Studies of two-photon processes 
at Belle
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Outline

γγ hadron-pair

γγ charmonia resonances, ηc, χc0 , χc2

in

γγ a2(1320) and radially excited states
in  π+π-π0 channel

pp ΛΛ 00ΣΣ00
SS KK

pp ΛΛ 00ΣΣ00
SS KK

Belle-Conf-0660  for
PLB 621 (2005) 41 for  
Belle-Conf-0673 for 
Belle-Conf-0662 for  π+π-π0
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Hadron-pair production in γγ interactions

pQCD hard-scattering Handbag contribution  
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two-photon events of 4 tracks
in tracking volume (17o<θ<150o)
of pT>300 MeV 
from primary vertex (|dr|<1cm, |dz|<5cm)

select K0
S  pair of K0

S π+π-

Selection of                                      Belle-Conf-0660
0
S

0
SKKγγ →
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Ratio to K+K-

0.13 (2.4 GeV) to 0.01 (4.0 GeV)

Wγγ
-n  dependence

n = 10.5 ± 0.6 ± 0.4
(steeper than the Wγγ

-6 prediction)

0
S

0
SKKγγ → at Wγγ = 2.4 – 4.0 GeV
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cf r∼ 0.08    Diehl et al.,  PLB532
r ∼ 0.017 Brodsky Lepage PRD24
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cosθ* dependence in Wγγ intervals

consists with the sin-4θ* predictions

angular distribution0
S

0
SKKγγ →
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Charmonia in 0
S

0
SKKγγ →

χc0, χc2 resonance parameters

Branching ratio to K+K- channel
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Selection of                                   PLB 621 (2005) 41ppγγ →

Select proton by Tracking, Calorimeter, Cherenkov
combined likelihood function
Cross section in Wγγ and cosθ*
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cross section ppγγ →
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angular distribution ppγγ →

Consist with hard scattering amplitude

Higher rate in forward direction, than predicted

)θcos1/( *2−∝1
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ηc(1S) in  ppγγ →

Two-photon radiative width
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Selection of                                      Belle-Conf-0673

Select Λ pπ-

00ΣΣ,ΛΛγγ →

Select Σ0 Λγ
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cross section 

Comparison with 

And theories 
di-quark: Berger et al., EPJC28
Handbag: Diehl et al., EPJC26

00ΣΣ,ΛΛγγ →

pp
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two-photon width

00ΣΣ,ΛΛγγ →ηc(1S) in  

branching ratio to pp
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γγ π+π-π0 is an ideal study for a2(1320) & beyond
Exclusive π+π-π0

two final state photons for π0,   two charged π+,π-

Trigger is highly redundant
by two-track >135o and Ecal > 1GeV

Tensor mesons in γγ π+π-π0 Belle-Conf-662

φ+ - φ-  deg

data

MC cosmic veto

1.0<m<1.5
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π0 reconstructed of two photons            two-track trigger distribution
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a

γ

b

γ

MR

Γγγ→R

R(mR,ΓR,J)
DR

ΓR→F

π+

π-

π0

Interference of multiple resonances

γγ cross section 
by VDM luminosity function

interference in decay amplitudes
of  R Iπ,  I ππ

Spin coupling, J, Jz (helicity 0 or 2)

Multi-Res coupling amp α, phase ϕ

Decay modes

Spin-Parity
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decay plane

z-axis

π

di-π norm

Spin-parity by the norm of 3π decay plane
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Neural Network to select tensor events

2+(2)

2+(0)

3π
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m(3π) < 1.5 GeV
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Feed-forward Neural Network
7 variables (di-π masses, πγ opening angles, norm of decay plane)

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

Test output : NN(2)=NN2(1-NN0)(1-NN3π)

Data follow 2+(2) 
Cut on NN >2 
to suppress ph.space
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Helicity state of tensor events

Final sample 
p2

T(3π) < 0.0005 GeV2

Eγ > 180 MeV
NN > 0.2
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Decay modes:  ρπ, f2π

f2 massρ mass

Fit  with MC for ξI  ψi
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3π mass fit to 4 independent resonances

Background from pt
2(3π) estimation

χ2 /ndf(1-2.4GeV)= 2.3

a2(1320) of full MC apply PDG values

Two-photon radiative width
Consistent with world average

Γγγ(a2(1700))Br(3π) = 0.34±0.01 keV
Consistent with L3 measurement
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3π mass fit to 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) χ2/50 bins (1.0-2.4 GeV)  =  0.92
(Fit-2)   χ2/50 bins (1.0-2.4 GeV)  =  0.93

Γγγ(a2(1700))B(3π) = 0.10 ±0.02 ±0.02 keV
derived from amplitude
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Summary 

Belle has high statistics for two-photon analysis
γγ hadron-pair show steeper Wγγ then predictions
χc0, χc2 observed in 
ηc  observed in 

γγ π+π-π0  is dominated by Tensor Helicity 2 wave
a2(1320),  a2(1700) is consistent with PDG
higher radially excited states observed
at 1950, 2140 MeV

0
S

0
SKKγγ →

0ΣΣ,ΛΛ,ppγγ →
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