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KEKB accelerator & Belle Detector
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 Asymmetric e+e- collider

 8 GeV(e-); 3.5GeV(e+)

 Around 10.58GeV  Y(4S)

 World-highest luminosity

 Lmax=2.1×1034cm-2s-1



Two-photon process
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 Reaction by virtual photon from e+ & e- beam

 Photon virtuality 𝐐𝟐 = 𝟒𝐄𝐛𝐄𝐛
′ 𝐬𝐢𝐧𝟐

𝛉𝐞

𝟐

 Mass of hadronic system W

 Study of QCD calculation, Transition form 

factors (TFF), exotics search

 No-tag, single-tag and double-tag methods

e+ & e- not detected e+ or e- detected

 double-tag method

 e+ and e- detected

 no belle results



Two-photon achievements at Belle
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The ds/d|cosq*| for some processes are measured



Two-photon by real photon: no-tag
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 Collision by two-quasi-real photons

 For W < 3GeV,  e.g. gg → KsKs

 two-photon spin-helicity (J, l) have (0, 0), (2, 0), (2, 2)

 S, Dl, Gl for final hadronic systems

 𝐘𝐉
𝐦are spherical harmonics

 Angular dependence of cross section is governed by 𝐘𝐉
𝐦

 Energy dependence of cross section by partial wave

 Measure two-photon decay width Ggg for studying nature 

of resonances



f2(1270)-a2(1320) interference @ gg → 𝐊ഥ𝐊
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Z.Phys.C48, 183

f2’(1525)

f2(1270)/a2(1320)

 Constructive interference

 f2(1270)+a2(1320) in K+K-

 Destructive interference

 f2(1270)-a2(1320) in KsKs

 Due to a phase relation in 

isospin composition (PLB 59, 269)

 A fit in W @ (1.15, 1.65)GeV

 Phase difference between 

f2(1270) and a2(1320)

PTEP, 2013, 123C01



f0(1710) formation in KsKs
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 Assume a signal 

resonance with J=0/2

, J=0 is favored.

Two solutions of interference

 f0(1710) →KsKs is confirmed in two-photon process.

PTEP, 2013, 123C01



W-dependence of cross section
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 Study in high-W region @ no-tag method

 Good place to test QCD

 𝛔 ∝ 𝐖−𝐧: W-6 for charged pair, W-10 for neutral and 𝐩ഥ𝐩

PRD 24, 1808

NPB 329, 285

 FM: meson form factor

 g(q*): unknown, non-perturbative factor



gg → KsKs
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 Study of KsKs via fusion with low background level

 Close to n=10, agreement with pQCD



gg* → 2p0
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 Integrated cross section in Q2 bins

 f0(980) & f2(1270) are evident

 Partial-wave amplitudes analysis

 For W < 1.5GeV, S & D wave

PRD 93, 032003



f2(1270) TFF
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 The f2(1270) TFF for helicity-0,1,2 are studied for the first time.

 Solid: NPB 523, 423; (dot-) dashed: Eqs in PRD85, 116001  

 The predictions agrees well with f2(1270) helicity-2 data

 Large helicity-0 and non-zero helicity-1 components seen

 The predictions is a factor of 1.5-2 larger than measured

helicity-0/1 data.

PRD 93, 032003



f0(980) TFF
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 The Q2 dependence of f0(980) TFF 

 The prediction NPB 523, 423 agrees well with data up to Q2 = 10 

GeV2, but has steeper Q2 dependence for Q2 > 10GeV2

PRD 93, 032003



Search for exotic baryons in 𝜸𝜸 → 𝐩ഥ𝐩𝐊+𝐊−
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 Search for exotic baryons by pf (𝐮𝐮𝐝𝐬 ҧ𝐬) and pK channels

 Search in Belle via 𝜸𝜸 → 𝐩ഥ𝐩𝐊+𝐊−

Pc(4312) -> p J/: 𝐮𝐮𝐝𝐜 ҧ𝐜

arXiv:1904.03947

Q(1540) -> pK or nK



Search for exotic baryons in 𝜸𝜸 → 𝐩ഥ𝐩𝐊+𝐊−
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PRD 93, 112017

 No evidence for 𝐬 ҧ𝐬 partner of Pc(4312) 



Summary and outlook
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 Belle has performed many two-photon process

 Most of analyses with no-tag method

 Few analyses with single-tag method  

 Playground to

 Investigate particle nature by Ggg×BR

 Understand QCD

 Transition form factors

 Search for exotics hadron

 Improved are expected with Belle II data by integrated 

luminosity, higher W & Q2. 

See Prof. Boris Shwartz’s talk at June 5


