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Two recent results from Belle two-photon processes

 mass (MeV)

spin triplet 𝜒𝑐0 2𝑃
𝜒𝑐1 2𝑃
𝜒𝑐2(2𝑃)

(1) 𝛾𝛾 → 𝛾𝜓(2𝑆)

X.L.Wang et al. (Belle), arXiv 2105.06605

𝑅1 3921 (and 𝑅2 4014 )

(2) 𝛾𝛾∗ → 𝐽/𝜓𝜋+𝜋−

Teramoto et al. (Belle), PRL 126 (2021) 122001

X(3872) (= 𝜒𝑐1(3872))
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𝛾𝛾 → 𝛾𝜓(2𝑆)

 Evidence for new 𝜒𝑐0 2𝑃 , 𝜒𝑐2 2𝑃 -like state

Two-photon interaction

X.L.Wang et al. (Belle), arXiv 2105.06605; submiting to JHEP

Used data: 980 fb−1 Υ(𝑛𝑆)(𝑛 = 1,2,3,4,5) Belle 



𝛾𝛾 → 𝛾𝜓(2𝑆)
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background: 

Initial State Radiation (ISR)

no-tag: 𝑒+𝑒− missing in beam-pipe 𝛾𝐼𝑆𝑅 +𝛾𝐼𝑆𝑅 missing in beam-pipe
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Recoil mass
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𝜋+

𝜋−

ℓ+

ℓ−
𝐽/𝜓

𝜓(2𝑆)
𝑒−

𝑒+

𝛾ISR 𝛾fake

single 𝛾𝑀rec
2 = 0

double 𝛾𝑀rec
2 high mass tail

data

cut

ISR MC

cut
TREPS

PHOKHARA

𝜒𝑐2 3930
𝑀 = 3922.2 MeV/c2

signal MC
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𝜋−
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ℓ−
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𝑒−
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Photon energy: 𝐸𝛾
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 signal 𝛾  high E

 ISR 𝛾  low E

 fake 𝛾  low E

cut

data

signal MC

ISR MC

excess

𝛾𝜓(2𝑆)



𝑝𝑇
∗ balance
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𝑝𝑇
∗ 𝛾𝜓 2𝑆 should balance

cut: 0.2 GeV/𝑐

 𝑝𝑇
∗ (𝛾𝜓 2𝑆 )

data

signal MC
ISR MC

data

cut: 0.03 GeV/𝑐

data signal MC ISR MC

data

 𝑝𝑇
∗ (𝜓 2𝑆 )

cut: 0.03 GeV/𝑐

signal MC
data

ISR MC

data

signal

background

𝜋+

𝜋−

ℓ+

ℓ−𝐽/𝜓

𝜓(2𝑆)
𝑒−

𝑒+

𝛾ISR

𝛾ISR

𝛾fake
noise

𝑝𝑇
∗ (𝜓 2𝑆 )

𝑒+

𝑒−

𝜋+

𝜋−

ℓ+𝛾

𝛾 𝛾R

𝜓(2𝑆)
𝐽/𝜓 ℓ−

𝑝𝑇
∗ (𝛾𝜓 2𝑆 )

𝑝𝑇
∗ 𝜓 2𝑆 should NOT balance



𝑀(𝛾𝜓 2𝑆 )
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data

ISR MC

sideband

R1
R2



𝑀(𝛾𝜓 2𝑆 ): fit
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binned extended maximum likelihood fit

data

R1
R2

𝑓PDF = 𝑓R1 + 𝑓R2 + 𝑓ISR + 𝑓bkg + 𝑓sideband

fit sum

2 resonances

sideband

ISR

other bkg

Belle



Results
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4.0𝜎

2.8𝜎

R1

R2

R1

R1

𝑅1 ≡ 𝑋(3915)

𝑅1 ≡ 𝜒𝑐2(3930)

 Evidence for 𝑅1 3921 which can be X(3915) or 𝜒𝑐2(3930)



𝜒𝑐𝐽 2𝑃 , exotics?
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𝜒𝑐0(2𝑃)

 X(3915)  𝛾𝛾 → 𝜔𝐽/𝜓 not seen 𝐷 𝐷
 X*(3860)     𝑒+𝑒− → 𝐽/𝜓𝐷 𝐷, not seen by LHCb

 R1(3921)  = X(3915)?

 𝜒𝑐0(3930)(LHCb)  𝐵+ → 𝐷+𝐷−𝐾+

= X(3915)? 𝐵 𝐷 𝐷 ↔ 𝐵(𝜔𝐽/𝜓)

𝜒𝑐2(2𝑃)

 Z(3930)       𝜒𝑐2(3930), 𝛾𝛾 → 𝐷 𝐷
 R1(3921)  = 𝜒𝑐2 3930 ?
 R2(4014)

 𝜒𝑐2 3930 ( LHCb)

candidates excess exotics?
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𝛾∗𝛾 → 𝐽/𝜓𝜋+𝜋−

 First evidence for X(3872) in two-photon interactions

Single-tag two-photon interaction

Teramoto et al. (Belle), PRL 126 (2021) 122001

Used data: 825 fb−1 Υ(𝑛𝑆)(𝑛 = 1,2,3,4,5) Belle 



𝛾∗𝛾 → 𝑋 3872 → 𝐽/𝜓𝜋+𝜋−
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X(3872): J PC = 1++

But, * X(3872) Allowed

 X(3872) Not allowed

*

tag

X(3872)

J/





e

e

e

e

e e

or 



Q2

single-tag 2𝛾

𝑀(𝐽/𝜓𝜋+𝜋−)

𝑄2 𝑞 𝑞  broad
exotics  steep



𝑄2 vs. 𝑀 𝐽/𝜓𝜋𝜋 : X(3872) signals
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𝜓(2𝑆) veto search width: 10 MeV

search width: 40 MeV

𝑀 = 3872.3 ± 1.2 MeV



𝑄2 distribution
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→ 𝑄2

𝑐  𝑐 MC

3 signals

𝑄2

exotics  steep

𝑞 𝑞  broad

 high statics (Belle II)



𝑀 𝜋+𝜋− vs.𝑀(𝐽/𝜓𝜋𝜋)
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𝑚𝜌 = 775 MeV

Γ = 148 MeV

𝜋+𝜋− kinematical limits

X(3872) signal region

𝑀(𝐽/𝜓𝜋+𝜋−)


𝑀

(𝜋
+
𝜋

−
)



Background estimate
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background fit

3872 ± 156 MeV

𝑎

𝑀 𝐽/𝜓𝜋𝜋 − 𝑏 𝑐

𝑛𝑏 = 0.11 ± 0.10

 significance 3.2𝜎

𝑀(𝐽/𝜓𝜋+𝜋−)

linear
ISR like

unbinned extended 
maximum likelihood fit

this exp

ISR

Yuan et al. (Belle), PRL 99 

(2007) 182004

𝜓(2𝑆)

𝑀(𝐽/𝜓𝜋+𝜋−)
𝜓 2𝑆 tail
mass reconstruction 
error/failure

high statistics

sideband

𝑒±

𝑒∓

𝛾∗ 𝛾

Y(4260) X(3872)
𝛾

 negligible



𝛾𝛾 decay width
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Reduced two-photon decay width:  Γ𝛾𝛾

𝛾∗𝛾 decay width  𝛾𝐿
∗𝛾𝑇

Assuming 𝑄2 shape: Schuler-Berends-Gulik model  (1++ 𝑐  𝑐)
G. A. Schuler, F. A. Berends and R. van Gulik, NP B523 (1998) 423

𝐿𝐿𝑇 = 𝐿𝑇𝑇 assumed

Results



Summary
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(2) 𝛾∗𝛾 → 𝐽/𝜓𝜋+𝜋−
 𝑋(3872)

(1) 𝛾𝛾 → 𝛾𝜓(2𝑆)  𝑅1 3921 , 𝑅2 4014  two candidates for 𝜒𝑐𝐽(2𝑃)

R1

R2

 𝐽𝑃𝐶 = 0++ or 2++ , 4.0𝜎
 𝑀 = 3921.3 ± 2.4 ± 1.6 MeV/c2

 Γ = 0.0 ± 5.3 ± 2.0 MeV Γ < 11.5 MeV (90%CL)

 Γ𝛾𝛾𝐵 𝑅1 → 𝛾𝜓 2𝑆 = 8.2 ± 2.3 ± 0.9 eV (𝐽𝑃𝐶 = 0++, 𝜆 = 0)

 0++ or 2++ , 2.8𝜎
 𝑀 = 4014.4 ± 4.1 ± 0.5 MeV/c2

 Γ = 6 ± 16 ± 12 MeV Γ < 39.3 MeV 90%CL

 Γ𝛾𝛾𝐵 𝑅2 → 𝛾𝜓 2𝑆 = 5.2 ± 2.7 ± 2.5 eV (𝐽𝑃𝐶 = 0++, 𝜆 = 0)

= 1.6 ± 0.5 ± 0.2 eV (𝐽𝑃𝐶 = 2++, 𝜆 = 2)

 3 events  (𝑛𝑏 = 0.11 ± 0.10), 3.2𝜎  first evidence in 2𝛾
  Γ𝛾𝛾𝐵 𝑋 → 𝐽/𝜓𝜋𝜋 = 5.5−3.8

+4.1 ± 0.7 eV

 Belle II: 𝑄2 distribution  X(3872) composition Thank you

= 1.1 ± 0.5 ± 0.5 eV (𝐽𝑃𝐶 = 2++, 𝜆 = 2)



Backup Slides
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Physics background
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possible background  single virtual 𝛾

 negligible

Ablikim et al. (BESIII) PRL 112 (2014) 092001

𝑒+𝑒− → 𝑌 4260 → 𝛾𝑋(3872)

 If this is applied to our case

BESIII

Y(4260)?

𝜓(2𝑆)
𝑒±

𝑒∓

𝛾∗ 𝛾

Y(4260) X(3872)

(𝜓 2𝑆 )
𝛾

+𝛾 veto
𝐵 𝑌 4260 →𝛾𝑋 3872 𝐵(𝑋 3872 →𝐽/𝜓𝜋𝜋)

𝐵 𝑌 4260 →𝐽/𝜓𝜋𝜋
∼ 5 × 10−3


