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Study of K"𝟎 pair and ηC(1S), ηC(2S) and 
non-resonant η’ππ production in 

two-photon collisions at Belle



Motivation of single-tag two-photon process

2018/7/202

} Study strong interaction in low 
energy region, where pQCD can’t 
be applied;

} Measure Q2dependence of Transition Form Factor (TFF);

} Provide input for a data-driven estimate of the hadronic light-by-
light contribution significant for the problem of muon g-2.

Reaction:
e-e. → e±(undected	e∓) hadrons
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Motivation of no-tag two-photon process
} Lowest heavy-quakonium ηc(1S), plus J/psi, 
ηb (1S) and ϒ(1S), as benchmarks for the 
fine tuning of input parameters in QCD 
calculation.

} Attempt to measure Гγγ for ηc(2S) and to 
address the discrepancy between data and 
QCD predictions. 

} Improved precision in both data and QCD predictions at higher W mass would 
provide more sensitive comparisons.

} pseudo-scalar meson pairs were measured by Belle [1]
Charged-meson pairs：π+π-, K+K-.  Neutral-meson pairs: K0

SK0
S， π0π0， ηπ0，ηη.

Ø pseudo-scalar tensor pair η’f2(1270) and three-body final state η’ππ would provide 
new information to validate QCD models.

[1] Belle, Euro.Phys.Jour.C (2014) 74:3026
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KEKB and Belle Detector

TRISTAN
tunnel

e+ target
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𝛄∗𝛄 → K"𝟎K"𝟎

Dataset: 759 fb-1

PRD 97, 052003 (2018)
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No-tag results for K"𝟎K"𝟎 process 
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𝜸∗𝜸 → 𝐊𝐬𝟎𝐊𝐬𝟎

Reconstructed	mass,	angles	and	Energy	of	the	Signal	candidates
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𝜸∗𝜸 → 𝐊𝐬𝟎𝐊𝐬𝟎

Background processes
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Partial decay width of 𝝌𝒄𝑱 mesons

Solid curve: SBG [1] with the charmonium‐mass scale (much favored).
Dashed curve: With the 𝜌-mass scale (VDM like)

The first measurement of 
𝝌𝒄𝑱	production in high-Q2

single‐tag two‐photon 
collisions.

Q2 dependence ΓL∗L/ ΓLL

[1] Schuler, Berends, and van Gulik, Nucl. Phys. B523, 423 (1998).

𝜸∗𝜸 → 𝐊𝐬𝟎𝐊𝐬𝟎
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Threshold enhancement,
may be associated with 𝑓N(980)/𝑎N 980 . 

No 𝑓T(1270)/𝑎T 1320 is seen

W distributions includes background

W dependence and 𝛾∗𝛾	cross section at Q2 bins

𝜸∗𝜸 → 𝐊𝐬𝟎𝐊𝐬𝟎
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is fraction of                contribution in 
D wave.  

Partial Wave Analysis for TFF of 𝑓2′(1525)

𝜸∗𝜸 → 𝐊𝐬𝟎𝐊𝐬𝟎
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PWA results in W dependence at Q2 bins

• Non‐zero D0 and D1 components in the 𝑓T\(1525).
• No 𝑓T(1270)/𝑎T 1320 is seen.
• An enhancement near the threshold (0.995 GeV).

𝜸∗𝜸 → 𝐊𝐬𝟎𝐊𝐬𝟎
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𝒇𝟐\ (𝟏𝟓𝟐𝟓) TFF results 

helicity‐0 and ‐2 agree well with SBG.
helicity‐1 ‐‐ slightly smaller, but not
inconsistent.

The obtained helicity-0, -1, and -2 TFF of 
the 𝑓T\(1525) meson as a function of Q2.

Shorter error bars: statistical
Longer error bars:  statistical and systematic
Shaded areas: overall systematic on ΓLL.

𝜸∗𝜸 → 𝐊𝐬𝟎𝐊𝐬𝟎
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𝛄∗𝛄 → 𝝅𝟎𝝅𝟎

Dataset: 759 fb-1

PRD 93, 032003 (2016)
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Reconstructed	Q2,	Energy	and	Angle	of	the	Signal	candidates

𝜸∗𝜸 → 𝝅𝟎𝝅𝟎
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Background processes

𝜸∗𝜸 → 𝝅𝟎𝝅𝟎
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W dependence and 𝛾∗𝛾	cross section at Q2 bins

𝜸∗𝜸 → 𝝅𝟎𝝅𝟎

Peaks corresponding to 
𝒇𝟎 𝟗𝟖𝟎 and 𝒇𝟐 𝟏𝟐𝟕𝟎 .
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TFF results

𝜸∗𝜸 → 𝝅𝟎𝝅𝟎
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𝛄𝛄 → 𝜼′𝝅-𝝅.

Dataset: 941 fb-1

arXiv: 1805.03044
Submitted to PRD
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γρηππ

γρηππ

ηc(1S)

ηc(2S)
5.5𝜎

Simultaneous Fit for ηc(1s) and ηc(2s)
𝜸𝜸 → 𝜼′𝝅-𝝅.
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Discussion on Γγγ of  ηc(2S) 

u Defining the ratio R =  jkk lm Tn o(lm Tn )
jkk lm pn o(lm pn )

, which is directly measured,

so,  we have RB = o(lm Tn →l\qq)
o(lm pn →l\qq)

≅ o(lm Tn →sstq)
o(lm pn →sstq)

within error.  

u Assuming RB ≅ 1          and
using the world average value Γγγ(ηc(1S)) = 5.1±0.4 keV, 
we obtain Γγγ(ηC(2S)) = 0.44 ± 0.13 keV for 𝜂′𝜋𝜋 (this) and 

0.54 ± 0.11 keV for BaBar(𝐾𝐾t𝜋) [1].  
Both Γγγ(ηC(2S)) values by Belle                      are lower than 

0.92 ± 0.28 keV from CLEO [2]

u QCD predictions for two-photon decay width of ηc(2S) are ranged from 1.4 to 5.7.

u It is essential to have precise measurement of either B(𝜂x 2𝑆 → 𝐾z𝐾𝜋) or  
B(B→ 𝐾𝜂x 2𝑆 )

This work BaBar(𝐾𝐾t𝜋)[1] CLEO[2]
R (8.6 ± 2.6)·10-2 (10.6 ± 2.0)·10-2 (18 ± 5 ± 2)·10-2

Consistent

[1] del Amo Sanchez. P. et al. (BaBar Collaboration) Phys.Rev. D84 (2011) 012004.
[2] D. M. Asner et al. CLEO Collaboration, Phys. Rev.Lett. 92 (2004) 142001.
[3] T. Barnes, T. E. Browder, and S. F. Tuan, Phys. Lett. B 385, 391 (1996).
[4] J.P. Lansberg,  T.N. Pham, AIP Conf. Proc. 1038 (2008) 259.

Discrepancy between 
data and QCD values

[3]

and BaBar

𝜸𝜸 → 𝜼′𝝅-𝝅.
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Study of ηc(1S)à𝜼′f0(2080) decay with f0(2080)àπ+π-

Black dots and red circles for events selected in 
ηc(1S) signal and sideband regions.

f0(2080)
No enhanced structure is seen in the Dalitz
distributions for the ηc(1S)à𝒂𝟐

±𝝅∓ with  
𝒂𝟐
± → 𝜼′𝝅±

𝜸𝜸 → 𝜼′𝝅-𝝅.
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Study of ηc(1S)à𝜼′f0(2080) decay with f0(2080)àπ+π-

JPC = 0++ favored

𝜸𝜸 → 𝜼′𝝅-𝝅.
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Solid points are the measured cross section in data

• Green dashed is the leading term QCD predictions for neutral meson pairs ~1/W10 [1]
• No prediction for for γγ→ η’f2(1270) .
• Assuming σ ~ 1/wn .
• The red solid line is the fitted value of n = 5.1±1.0 for |cosθ*|<1 and n = 7.5±2.0 for 

|cosθ*|<0.6. 
[1] Ed. A.J. Bevan, B. Golob, Th. Mannel, S. Prell, and B.D. Yabsley, Euro.Phys.Jour.C (2014) 74:3026.

|cosθ*|<1 |cosθ*|<0.6 

Result of σ(𝜸𝜸	→𝜼′f2(1270))

𝜸𝜸 → 𝜼′𝝅-𝝅.
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(a).Structure near 1.8 GeV/c2 is contributed from X(1835) or η(1760) [1].

(b) Enhancement at 2.1GeV/c2   is possible contribution from γγ→I(2100)→ η’f0(980).

η’f2(1270) threshold
σ(γγ→η’ππ) after subtraction η’f2(1270) 
contribution in W>2.26GeV region.

[1]C.C. Zhang et al. Belle Collaboratin,Phys. Rev D86, 052002 (2012).

Result of σ(𝛄𝛄	→𝜼′ππ) 

𝜸𝜸 → 𝜼′𝝅-𝝅.
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• Black dots with error bar are the |cosθ*| dependent cross sections in data
γγ→η’f2(1270)

γγ→η’ππ
Measured cross section after subtracting the γγ→η’f2(1270) contribution in W region above 
2.26GeV. The distributions in data comparable with a uniform distribution (red lines). 

Cross Section in |cosθ*|

Red lines , normalized to the data,  follows a 1/sin4θ behavior. 

𝜸𝜸 → 𝜼′𝝅-𝝅.
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Single-tag two-photon results 

n Cross section for 𝛾∗𝛾 → K"𝟎K"𝟎 has been measured for 2M(K"𝟎) < W < 2.6 GeV, 3 GeV2 < Q2 < 
30 GeV2

n Q2 dependence of ΓL∗Lof 𝝌𝒄𝟎	and 𝝌𝒄𝟐 has been measured.
n Q2 dependence of 𝑓T\(1525) TFF has been measured.
n First measurement for 𝛾∗𝛾 → 𝝅𝟎𝝅𝟎with Q2 up to 30 GeV2.
n Q2 dependence of 𝑓T (1270) TFF has been measured

No-tag two-photon results

n First observation of ηC(2S)→ 𝜂′ππ with a significance 5.5σ including systematic 
error.

n First observation of ηc(1S)à𝜂′f0(2080) decay with f0(2080)àπ+π- with a significance 
20σ

n Measurements of pseudo-scalar tensor pair 𝜂′f2(1270) production, as well as that of 𝜂′ππ, are made 
for the first time. Thanks for your attention!

Summary 



Backup
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From Uehara-san’s DIS 2018 report
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From Uehara-san’s DIS 2018 report
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From Uehara-san’s DIS 2018 report
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From Uehara-san’s DIS 2018 report
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Branching fraction

ηc(1S)à𝐾𝐾t𝜋 (7.3 ± 0.5)%

ηc(2S)à𝐾𝐾t𝜋 (1.9 ± 1.2)%

B→ 𝐾(𝜂x 1𝑆 à𝐾z𝐾𝜋) (2.7 ± 0.6)×10.�

B→ 𝐾(𝜂x 2𝑆 à𝐾z𝐾𝜋) (3.4.p�-T.�)×10.�

From PDG 2017
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Possible intermediate from γγ→I(2100)→ η’f0(980)

• In f0(980) signal region 
0.86<M(ππ)<1.10 GeV/c2.

• I(2100) with statistic significance 3.5𝜎.


