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Outline

Introduction

Two photon physics at Belle:

- no-tag measurements

- single-tag measurements

Cross section measurement in π+π-, π0π0, K+K-, K0
s
K0

s, 
pp

Charmonia in γγ: 

 - study of the J/ψω, J/ψϕ, DD invariant mass systems

Baryon search via γγ fusion

Pentaquark search at Belle

Transition form factors in single-tag mode

Conclusion
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Introduction
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No-tag method:
both e± not detected

Single-tag method:
one e± is detected

Double-tag method:
both e± are detected
(no Belle)

Two-photon process: 

an interesting way to perform (p)QCD tests, exotics search, TFFs

Reaction by virtual photons from each beam particle

Beam particles do not annihilate

Photon virtuality:

W = M(γγ) = mass of the hadronic system

Different ways to perform such analyses:
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Basic features of two-photon physics

Cross section:

compared to:

Parity:

particles produced in γγ collisions have C = +1 and JP = 0∓, 2∓,...while those
produced in single-photon annihilation have C = -1 and JP = 1-

clear signature!

Special kinematics:

- initial e±  tend to fly in their original directions, and lose a small part of their energy;
- the produced system of particles has: E

tot
≪s, and tend to have small transverse 

  momentum
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Two-photon achievements at Belle
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pp

pp
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Two-photon process by real photon

Collision by 2-quasi-real photons

Dominant two-photon process: high cross section compared with single-tag 
mode

e± escape to beam pipe with small recoil angle →  must not be detected

For hadron pair production:
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NO-TAG METHOD
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Cross section of hadron pair production
in no-tag measurements
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Wide W region can be measured all at once 
arXiV:
0609048
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Light meson study using PWA
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W<3 GeV (no-tag measurement)

- two-photon spin-helicity state (J,λ) have: (0,0), (2,0), (2,±2)

- S, D
λ
, G

λ 
waves for final hadronic systems

→ W-dependence
→ parametrizable with Breit-Wigner + non-resonant component

- interesting to measure two-photon decay width Γ
γγ
, for studying the nature  

  of the resonance (glueball, tetraquark,...)

STUDY IN LOW-W REGION – NO TAG METHOD
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Light meson study using PWA

1.05<W<2.4 GeV

Update of previous Belle analysis (2007) 

Process dominated by resonances in 

W>2.4 GeV (more in slide 12-13)

Total luminosity: 972 fb-1 

Here only light meson study

PTEP 2013, 123C01 (2013)

 5 resonances visible in W<2.4 GeV

RESULTS on K0
s
K0

s
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W-dependence of Cross Section
STUDY IN HIGH-W REGION – NO TAG METHOD

Good place to study (p)QCD
σ ∝ W-n: W-6 for charged pair; W-10 for neutral and pp 
(prediction: PRD 24 (1981) 1808; NPB 329 (1990) 285)

Analysis details 
in slides 11-14
of this talk

pp
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W-dependence of Cross Section

σ(π0π0)/σ(π+π-) approximately constant (theory)→ disagree with pQCD
σ(ΛΛ)/σ(pp) ~ 1 → possibility of different quark charge?
Belle investigated W<4.0 GeV; Belle II will go beyond this achievement

→ expected significant background
→ neutral modes relatively clean, but low cross section

RESULTS

27. February 2019
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QCD studies

Study of K0
s
K0

s 
via γγ fusion: low background level

2.3 < W < 4.5 GeV

PTEP 2013, 123C01 (2013)

Update: 972 fb
-1

pQCD test: α not constant, depends on W for neutral 
    meson pairs

K0
s
K0

s
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QCD studies

σ ∝ W-n (pQCD prediction)

→ For charged-meson pair: n = 6 (π+π-, K+K-, …)
→ For neutral-meson pair: n = 10 (K0

s
K0

s
,...)

PTEP 2013, 123C01 (2013)

Close to n =10, agreement with pQCD
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Charmonia
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γγ physics (no tag) allows to investigate the nature of particles and Γ
γγ

BR(→ final)

X(4350) consistent with predicted ccss tetraquark (Jou. Phys. G37 (2010) 075017)

N = 8.8+4.2
-3.2

3.2σ

J/ψϕ, PRL 104 (2010) 112004

4350

 Compatibility with D
s
*+D

s0
*(2317)- molecule state (prediction: CTP 54 (2010) 1075)

 Compatibility with possible χ’’
c2

 charmonium state (prediction: PRL 104 (2010) 122001)

 825 fb-1 integrated luminosity
 4.2 <W <5.0 GeV

Disfavor X(4140) as D
s
*+D

s
*-

 
molecule

M = 

Γ =
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Charmonia
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γγ physics (no tag) allows to investigate the nature of particles and Γ
γγ

BR(→ final)

X(3915) and X(4350) found in γγ fusion, but still undetermined nature
X(3915) was identified as χ

c0
(2P), but no longer. What is it? Where is the χ

c0
(2P)?

J/ψω, PRL 104 (2010) 092001

N = 49±14±4
7.7σ

3915  694 fb-1 integrated luminosity
 3.9 <W <4.2 GeV

Compatible with molecular bound state (                       )
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χ’
c2

DD, PRL 96 (2006) 082003

N = 64±18
5.3σ

Tensor meson
395 fb-1 integrated luminosity
3.7 <W <4.3 GeV
Consistent with isospin invariance

favorite J=2 (χ2/n
dof

=23.4/9) over 0 (χ2/n
dof

=1.9/9)

Consistent with expectation of being
 charmonium unseen state  χ’

c2

27. February 2019

M = 3929±5±2 MeV/c2

Γ = 29±10±2 MeV
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Search for exotic baryons in γγ→ ppK+K-
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PENTAQUARK SEARCH

PRD 93 (2016) 1120137

Search for X+→ϕp: very interesting channel!
P

C
(4380)+, P

C
(4450)+→J/ψp [LHCb, PRL 115(2105) 072001]

Search for θ(1540)0→pK- and θ(1540)++→pK+

First pentaquark evidence for θ(1540)→nK+ [LEPS, PRL 91 (2003) 012002]
Search in Belle via γγ interaction in ppK+K-

      First analysis of 
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RESULTS

Search for exotic baryons in γγ→ ppK+K-

No evidence for ss partner of P
C
(4380)+ and P

C
(4450)+
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Transition form factor
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π0 TRANSITION FORM FACTOR – SINGLE-TAG MODE

 In Q2 range  4-9 GeV2 BaBar results are in a 
reasonable agreement with CLEO and CELLO

 The asymptotic limit for Q2 F(Q2) = 2*f
π 

= 0.185 

GeV predicted by Brodsky-Lepage 

BaBar data exceed asymptotic limit Q2 > 10 GeV2
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Transition form factor
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π0 TRANSITION FORM FACTOR – SINGLE-TAG MODE

Belle data: no excess! ~2.3σ agreement with 
BaBar in Q2 ∈ 9-20 GeV2

PRD 86 (2012) 092007
759 fb-1

 In Q2 range  4-9 GeV2 BaBar results are in a 
reasonable agreement with CLEO and CELLO

 The asymptotic limit for Q2 F(Q2) = 2*f
π 

= 0.185 

GeV predicted by Brodsky-Lepage 
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γ*γ → π0π0, PWA and study in Q2 bins 

Spin-1 particle, helicity-1 component allowed in single-tag mode

f
2
(1270) transition form factor (TFF) for helicity-0,1,2 studied separately for the 

first time

       - large helicity-0 and non-zero helicity-1 components seen

 Spin-1 has not been measured yet, χ
c1

 TFF is useful to test LbL sum rules
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f0(980) AND f2(1270) – SINGLE-TAG 

Transition form factor

PRD 93 (2016) 032003
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Conclusion

Many analyses performed in γγ(*) with the Belle data sets

  - most of these analyses performed in no-tag method

  - few analysis with single-tag method 

Playground to:

  - search for new exotics

  - investigate particle nature by measuring Γ
γγ

 x BR(→ final)

  - understanding (p)QCD

  - transition form factors

Important achievements up to 1 ab-1

Improvements are expected with Belle II data set:

  - higher W

  - higher Q2 
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Thank you for your 
kind attention!

e.prencipe@fz-juelich.de

27- February 2019
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PTEP 2013, 123C01 (2013)

W<3 GeV
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Belle II predictions - simulation
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