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——Two-photon interactions



Data taking: 1999 – 2010 
On/off/Scan Υ(nS) peaks 
Total luminosity: 980 fb-1
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Selected topics
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Charmonium(like) candidates in two-photon
interactions:

ü The study of γγ → γψ(2S) at Belle 
[arXiv: 2105.06605 (2021)] 

üX(3872)→ 𝝅+𝝅-𝑱/𝝍 in single-tag two-photon reactions 
[PRL 126, 122001 (2021)] 



Charmonium spectrum
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v Many puzzles arise from these XYZ states since X(3872) was observed at
Belle Experiment in 2003.



The 2P triplets near 3.9GeV
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Some E1 transitions that are of
special importance in the study of
higher charmonium states.

v One of the XYZ puzzles concerns the candidates for P-wave triplet states 
near 3.9 GeV/c2, including X(3860), X(3872), X(3915), X(3930), etc.



The 2P triplets near 3.9GeV
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• Production
• In �̅�𝑝/𝑝𝑝 collision: rate similar to charmonia
• In 𝐵 decays: 𝐾𝑋 similar to ̅𝑐𝑐, 𝐾∗𝑋 smaller than ̅𝑐𝑐
• 𝑌 4260 → 𝛾 + 𝑋(3872)

• BR: open charm ~50%, charmonium ~𝑂%.

• Nature (very likely exotic)
• Loosely 9𝐷"𝐷∗" bound states (like deuteron)?
• Mixture of 𝜒#$(2𝑃) and 9𝐷"𝐷∗" bound state?
• Many other possibilities (if it is not 𝜒#$(2𝑃) , there is 𝜒#$(2𝑃) )?

[PRL 91, 262001 (2003)]
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PRD 102, 112003 (2020)

The 2P triplets near 3.9GeV

7

ü X(3930) discovered by Belle
[Phys. Rev. Lett. 96, 082003 (2006)]

ü Identified as 𝜒!"(2𝑃) candidate
by Babar [Phys. Rev. D 81, 092003 (2010)]

Amplitude analysis of 𝐵! →
𝐾!𝐷%𝐷. Both 0!! and 2!!
states found at 𝑚 𝐷%𝐷 ≈
3930 MeV/c".



The 2P triplets near 3.9GeV
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ü X(3915) discovered by Belle
[Phys. Rev. Lett. 104, 092001 (2010)]

ü Quantum number determined by Babar
[Phys. Rev. D 86, 072002 (2012)]

ü X(3860) observed at Belle 
Experiment only.

[Phys. Rev. D 95, 112003 (2017)]



Two photon interaction
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v Contributions from two-photon process studies to XYZ particles.

𝑿 𝟑𝟗𝟏𝟓 𝒊𝒏 𝜸𝜸 → 𝝎𝑱/𝝍
PRD 86, 072002 (2012)

𝑿 𝟑𝟗𝟏𝟓 𝒊𝒏 𝜸𝜸 → 𝝎𝑱/𝝍
PRL 104, 092001 (2010)

𝑿 𝟒𝟑𝟓𝟎 𝒊𝒏 𝜸𝜸 → 𝝓𝑱/𝝍
PRL 104, 112004 (2010)

𝒁 𝟑𝟗𝟑𝟎 𝒊𝒏 𝜸𝜸 → 𝑫8𝑫
PRL 96, 082003 (2006) 

PRD 84, 071107(R) (2011) 
𝝌𝒄𝟎 𝟐𝑷 & 𝜼𝒄𝟐 𝟏𝑫 𝒊𝒏 𝜸𝜸 → 𝜸𝝍 𝟐𝑺



𝜸𝜸 → 𝜸𝝍(𝟐𝑺) at Belle
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vData sample: 980 𝑓𝑏#$ 𝑒!𝑒# collisions data samples.

vBackground dominated by 𝑒!𝑒# → 𝜓(2𝑆) via ISR.

v𝜓(2𝑆) reconstructed from 𝐽/𝜓𝜋!𝜋#, and 𝐽/𝜓 reconstructed from 𝑒!𝑒#
or 𝜇!𝜇#.

arXiv: 2105.06605 (2021) 
Prepared for submission to JHEP

Sig. MCData



𝜸𝜸 → 𝜸𝝍(𝟐𝑺) at Belle

11

vFitting to the 𝑀(𝛾𝜓(2𝑆)) distribution.

Preliminary

𝑅$ near 3.92 GeV/c": 
𝑁$ = 30.3 ± 8.6,
4.0𝜎 including systematic 
uncertainties.

𝑅" near 4.01 GeV/c": 
𝑁" = 18.2 ± 9.3,
3.0𝜎 local statistical 
significance. 
Study on look-elsewhere 
effect show a global 
significance of 2.8𝜎.

𝑅!
𝑅"

arXiv: 2105.06605 (2021) 
Prepared for submission to JHEP



𝜸𝜸 → 𝜸𝝍(𝟐𝑺) at Belle
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v𝑅$ may be 𝑋(3915), 𝜒%" 3930 , or mix of them.
Assuming 𝑅$ is the 𝜒%" 3930 , a rough estimation
shows Γ 𝜒%" 3930 → 𝛾𝜓 2𝑆 = 200~300 keV. [207
keV calculated by GI model in PRD 72, 054026 (2005)].
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𝑅1 may be helped for
the study of 𝑋(3872)

v𝑅" has the same mass and
width with 2!! partner of
𝑋(3872) predicted in PRD 
88, 054007 (2013), Eur. 
Phys. J. C 75, 547 (2015) .

arXiv: 2105.06605 (2021) 
Prepared for submission to JHEP



𝒆!𝒆" → 𝒆!𝒆"𝑱/𝝍𝝅!𝝅" at Belle
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PRL91, 262001 (2003) 

PRL112, 092001 (2014) 

Various produc.on ways of X(3872): 
𝐵 → 𝑋(3872)𝐾, Λ&'→ 𝑋(3872)𝑝𝐾-; 𝑒+𝑒- radia%ve decay; pp and 𝑝�̅� collisions 



𝒆!𝒆" → 𝒆!𝒆"𝑱/𝝍𝝅!𝝅" at Belle
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v Data sample: 825 𝑓𝑏#$ in 𝑒!𝑒# collisions near 
10.6 GeV .

v Tag 𝑒! or 𝑒# in the final states.
v If 𝑋 3872 has a molecular component, it must has a steeper 𝑄"

dependence than the regular 𝑐 ̅𝑐 state.
v The value of the two-photon decay width is sensitive to the internal 

structure of 𝑋 3872 .

Phys.Rev.Lett.126.122001(2021)

v 𝑋 3872 produccon in two-photon	collision	is studied.

[NPB 523, 423 (1998)] 



𝒆!𝒆" → 𝒆!𝒆"𝑱/𝝍𝝅!𝝅" at Belle
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§ The dominant background is
from radiatively produced
𝜓 2𝑆 in 𝑒!𝑒# → 𝑒!𝑒#𝜓 2𝑆 ,
with 𝜓 2𝑆 → 𝜋!𝜋#𝐽/𝜓.

§ Extra 𝑄" requirement to reduce non-two-
photon background.

veto

C-odd background Similar distribucon 
was seen in the 
Belle ISR study.
[PRL 99, 182004 (2007)]

Veto region
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𝜓 2𝑆
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(3 events, 3.2𝜎)

(0 event) v With 0.032 < 𝐵(𝑋 3872 →
𝜋!𝜋#𝐽/𝜓) < 0.061 at 90% C.L., 
bΓ(( = 20 − 500 eV. This is
consistent with the 𝑐 ̅𝑐 model
prediction.

[NPB 523, 423 (1998), PRD 83, 114015 (2011)]

Phys.Rev.LeS.126.122001(2021)



Summary
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ü Data taking at Belle has been stopped for more than 10 years, new
exciting results continue to be produced by Belle Collab.

ü The production rate of two photon
interaction is typically low, much larger data
samples are essential to more instructive
results, super-high luminosity experiments,
such as Belle II, are great hopes.

Thank you!

ü Two states are reported in the study of the two-photon process
𝛾𝛾 → 𝛾𝜓(2𝑆) from 3.7 GeV/c2 to 4.2 GeV/c2 for the first time with
the full Belle data sample; the evidence of X 3872 in X 3872 →
𝜋!𝜋#𝐽/𝜓 in single-tag two-photon reactions are found.

ü More results about XYZ studies at Belle II can
be found Qingping JI’s talk on Aug. 17.


