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Introduction to the Belle II experiment

PTEP 2019, 123C01 
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Achieved so far: 



Introduction to the Belle II detector
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Belle II luminosity plan
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Exotic candidates

Nature Reviews Physics 1, 480 (2019)
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• Many different processes 

to study the exotic states

• Full event reconstruction, 

decays with neutral/soft 

particles

• Nominal at Y(4S), 

potential to reach ~11 GeV



What is X(3872)?

• A  𝐃𝟎ഥ𝐃∗𝟎 molecular
Various models predict Br(X→ 𝐉/𝛙𝛑+𝛑−) < 10% (PRD 72, 054022 

(2005), PRD 69, 054008 (2004), Chin.Phys. C43 12, 124107 (2019))

• Mixture of 𝐃𝟎ഥ𝐃∗𝟎 and  𝛘𝐜𝟏(𝟐𝐏) bound state
Br(X→ 𝐉/𝛙𝛑+𝛑−) < 20% (PLB 702, 359 (2011))

• Tetraquark model
Br(X→ 𝐉/𝛙𝛑+𝛑−) ~ 50% (PRD 71, 014028 (2005))

• 𝛘𝐜𝟏(𝟐𝐏)
Br(X→ 𝛄𝐉/𝛙) ~ 0.6%, Br(X→ 𝛄𝐉/𝛙) ~ 3.5% (PRD 69, 054008 

(2004))

7



Absolute Brs of X(3872) from BaBar

• If more than one B candidate is found in an event, all candidates 
are retained to avoid the best one was not the correct one, 
including those where it belonged to the signal side.

• For the X(3872), the efficiency gains up to a factor of 3. 

PRL 124, 152001 (2020) 

424 𝐟𝐛−𝟏 at 𝚼(𝟒𝐒) resonance

background subtraction
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• ℬ[X(3872) → J/ψπ+π−] = (4.1±1.3)%

• The measurement therefore suggests that the X(3872) has a 

significant molecular component.

• At Belle II, we need improve the measurements related to X(3872) 

decays [reduce the background level; improve B tagging efficiency]

PRL 122, 222001 (2019) 
Absolute Brs of X(3872) from BaBar
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B tagging at Belle II 
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efficiency increases by 30-50% compared with 
conventional tagging
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X(3872) width has been measured by LHCb [PRD 102, 092005 (2020); 
JHEP 08, 123 (2020)]. PDG average value: 1.19±0.21 MeV   



Reconstruction of B→ 𝐾X(3872), X(3872)→ π+π−J/ψ
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Search for X(3872) partner in bottomonium Xb
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• At Belle II, with larger data samples at Y(5S) and higher resonance, we will continue such 

search. 
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Potential for charged states from B decays
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Potential for neutral states from B decays
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𝐞+𝐞− → 𝛑+𝛑−𝐉/𝛙 via initial-state radiation at Belle II

For e+e− → π+π−J/ψ(→ μ+μ−) via ISR at Belle II
• Rediscover the first Y state at Belle II
• Identify existences of the Y(4008) and Y(4320) in M(π+π−J/ψ)
• Minimize the statistical errors.
• Study the properties of charged charmonium-like state Zc(3900).

Y(4008)?
Y(4320)?

The effective luminosity in Belle 
and Belle II experiments.

• ISR technique can explore JPC = 1−− states 
far away from e+e− collision energy. 

• The whole hadron spectrum is visible.
• The effective luminosity and detection 

efficiency are relatively low.

PRL 118, 092001 (2017)

PRL 110, 252002 (2013) 17



Control samples of 𝛙(𝟐𝐒) → 𝛑+𝛑−𝐉/𝛙 via ISR

Mode Our measurements Theoretical calculation [Yad. Fiz. 41, 733 (1985)]

𝐉/𝛙 → 𝛍+𝛍− (12.0 ± 1.2) pb
(14.1 ± 0.3) pb

𝐉/𝛙 → 𝐞+𝐞− (13.0 ± 1.2) pb

• Further PID and tracking corrections at Belle II are needed. 
• The numbers of the expected Y(4260) signal events in data are (12.5±2.3) and (10.6±1.8) 

for J/ψ → μ+μ− and J/ψ → e+e−.
• Next step is Y(4260) rediscovery. Expecting ~60 total events per 100 fb-1
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𝐉/𝛙 → 𝛍+𝛍− 𝐉/𝛙 → 𝐞+𝐞−
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Access to high energy region



Other  productions for charmonium-like states
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𝑒+𝑒− → 𝛶(𝑛𝑆)𝜋+𝜋− cross sections and Y(10750)
Scan data: 22 points, each point 1fb-1

𝚼(𝟏𝟎𝟖𝟔𝟎) on-resonance data: 121 fb-1, between 10.864 and 10.868 GeV

Continuum data at 10.52 GeV, 60 fb-1

𝚼(4𝑺)

red: with Y(10753)

blue dotted: w/o Y(10753)  

a range due to multi-solutions

global significance: 6.7σ

Belle II is taking data at 10.75 GeV !



X. K. Dong，X. H. Mo，P. Wang，C. Z. Yuan，Chin. Phys. C 44, (2020) 083001

𝑒+𝑒− → 𝑏ത𝑏 cross sections and Y(10750)
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A dip at 10.75 GeV in 𝑒+𝑒− → 𝑏ത𝑏 cross sections. Similar to Y(4260).  



Interpretation of the Y(10750)

• D-wave bottomonium

– B. Chen, A.L. Zhang, J. He, arXiv:1910.06065, Bottomonium spectrum in the 

relativistic flux tube model (3D)

– Q. Li, M.S. Liu, Q.F. Lü, L.C. Gui, X.H. Zhong, arXiv:1905.10344, Canonical 

interpretation of Y(10750) and Υ(10860) in the Υ family (4D)

• B(*)B(*) dynamically generated pole

– P. Bicudo, M. Cardoso, N. Cardoso, M. Wagner, arXiv:1910.04827, Bottomonium

resonances with I=0 from lattice QCD correlation functions with static and light 

quarks

• Hybrid

– J. T. Castellà, arXiv:1908.05179, Spin Structure of heavy-quark hybrids

• Tetraquark state

– A. Ali, L. Maiani, A. Y. Parkhomenko, W. Wang, arXiv:1910.07671, Interpretation 

of Yb (10753) as a tetraquark and its production mechanism

– Z.G. Wang, arXiv:1905.06610, Vector hidden-bottom tetraquark candidate: 

Y(10750)
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Belle II potential in the Bottomonium region
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Future plan at Bottomonium region
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the energy scan is happening now, and by the time of the talk, is almost complete.



Summary

• The expected Belle II data sample of 50 ab-1 will provide a lot 

of new opportunities for physics analyses in the area of exotic 

states

• Some of them, such as double charmonium production, two-

photon processes, bottomonium physics, absolute branching 

fractions, have advantages for Belle II.

• Several quarkonium(-like) states and exclusive B decays to 

charmonium and other particles were “rediscovered” using the 

currently available data.

• More exciting results are expected with larger data sample in 

the near future. Thanks a lot!
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Thanks for your attention

shencp@buaa.edu.cn沈成平













Black error bars: statistical

Red error bars: uncorrelated systematic errors

Structure at 10.75 GeV is more significant

Update cross sections of e+e−
+−(nS)

Belle, JHEP 1910, 220 (2019)

Fits to energy dependent cross sections

Simultaneous fit to three 

channels with some common 

parameters.

Free parameters: Mass M, 

width , product of partial 

width and branching fraction 

eeB(), relative phase .
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ISR characteristics

Data sample:
37.8 fb−1 in e+e− collisions at s
= 10.58 GeV

MC samples:
MC signal samples are generated 
with Phokhara generator with 
NLO corrections. 

The distributions from data and signal MC are compatible, which are all consistent 
with ISR characteristics.

Visible energy
Polar angle of π+π−J/ψ in 
e+e− center-of-mass frame

Recoil mass square 
of π+π−J/ψ
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