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Super KEKB Ring
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Belle II RUN-I (2019-2022)

record of KEKB/Belle  
; currents  

record of PEPII/BaBar 
; currents

2 × 1034/cm2/s > 1 A

1 × 1034/cm2/s > 2 A
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Belle II advantages
• Excellent muon and electron identification


• High photon detection efficiency


• Good hermiticity: useful for modes with missing energy


• Good vertex and momentum resolution
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Full Event Interpretation (FEI)
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• Reconstructs this  in roughly 10 000 channels


• First reconstructing low-level particles ( ), then 
intermediate D mesons and finally B mesons.


• Most-likely particle candidates are selected using pre-
trained multivariate classifiers

Btag

K, π, . . .



Flavor Tagger
• Identify flavor of a particle, useful in TDCPV 


• Inspired by the Flavor Tagging concept developed by Belle and BaBar.


• Proceeds in 2 levels: EventLevel and CombinerLevel. Each step relies on pre-trained multivariate 
methods. 


• High efficiency: 37% in Belle II, 30% in Belle.
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Unique data
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• Largest bottomonium data sample


• In Nov. 2021, Belle II collected ~20/fb of unique scan data at energies near 10.75 GeV


• Fill the gaps in Belle Scan data


• Physics goal is to understand the nature of Υ(10753)

 dataΥ(5S)



 — discovery and studiesΥ(10753)
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• The  was firstly observed in the process of 
 by Belle.  


• Simultaneous fit to cross sections and 

Υ(10753)
e+e− → Υ(nS)π+π−(n = 1,2,3)

Mrecoil(ππ)

JHEP 10, 220(2019)

Existence of 


Computed as blue dots in left plot

Υ(10753)


M = (10752.7 ± 5.9+0.7
−1.1) MeV/c2

Γ = (35.5+17.6
−11.3

+3.9
−3.3) MeV
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• A dip in the  distribution near 


• Fit to dressed cross section of  with three BWs.


“The results from these fits may change dramatically by including more information on each 
exclusive mode. ”

Rb 10.75 GeV

bb̄


M = (10761 ± 2) MeV/c2

Γ = (48.5 ± 3.0) MeV
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Phys.Rev.D 106 (2022) 9, 094013

Strong evidence for  with significance > 


Pole locations varies with models.

Υ(10753) 10σ
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Hybrid?

Bottomonium?

Tetraquark?

Phys. Rev. D 101, 014020 (2020)

Phys. Lett. B 803, 135340 (2020)

Eur. Phys. J. C 80, 59 (2020)

Phys. Rev. D 102, 014036 (2020)

Prog. Part. Nucl. Phys. 117, 103845 (2021)

Phys. Rev. D 104, 034036 (2021)

Phys. Rev. D 105, 074007 (2022)

etc…

Phys. Rept. 873, 1 (2020)

Phys. Rev. D 104, 034019 (2021)

etc…

Phys. Lett. B 802, 135217 (2020)

Chin. Phys. C 43, 123102 (2019)

Phys. Rev. D 103, 074507 (2021)

Phys. Rev. D 107, 094515 (2023)

etc…



Confirmation of  on Belle IIΥ(10753)
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• Full reconstruction of , where .π+π−Υ(nS), n = 1,2,3 Υ(nS) → μ+μ−

ΔM = M(ππμμ) − M(μμ)



Validation by ISR events
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Amplitude 
fit

Run-dependent signal MC

Signal shape

efficiency

ISR factor

Fit

Signal yields

energy-dependent Born cross section

Parameterization —> Resonance parameters

re-Weight 

Until parameters are consistent with previous result

di-muon cross section lineshape Signal yields &  
Cross sections

—Iterative approach
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Signal yields

Significant signals for  at 
 

No evident signals for  

Fit the  distribution with two components: 

Signal: MC simulated shapes, re-weighted with cross-
section dependence and amplitude fit result 

Background: -order polynomial  

Significance for  at  
is only , depending on different 
background assumptions.

Υ(1S,2S)π+π−

s = 10.745, 10.806 GeV

Υ(3S)π+π−

ΔM

1st

Υ(1S)π+π− s = 10.653 GeV
1.7 ∼ 2.3σ

Fit results in the final loop

prelim
inary

prelim
inary
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Fit with three coherent BW, convoluting a 
Gaussian modeling energy spread:

All parameters are free, except δE = 0.0056 GeV

σ ∝ |
3

∑
i

12πΓiℬi

s − Mi + iMiΓi
⋅

f( s)
f(Mi)

eiϕi |2 ⊗ G(0,δE)

Parameters of : 

 

Υ(10753)

M = 10756.3 ± 2.7(stat.) ± 0.6(syst.) MeV/c2

Γ = 29.7 ± 8.5(stat.) ± 1.1(syst.) MeV

prelim
inary

prelim
inary

Agree with previous Belle measurement. 
Improve uncertainties ~2 times smaller



19

Relative ratios
Relative ratios of the Born cross section at the resonance peak.

Castella. et. al. Phys. Rev. D 104, 034019 (2021) 

Bai. et. al.Phys. Rev. D 105, 074007 (2022)

No significant Υ(10753) → ππΥ(3S)



  
Consistent with PHSP  
( )

Υ(1S)ππ

χ2 = 0.98, 1.14

  
Not consistent with PHSP 
Υ(2S)ππ

χ2 = 3.45, 2.43

Intermediate state —M(ππ)
s = 10.745 GeV s = 10.806 GeV

s = 10.745 GeV s = 10.806 GeV

Dots: events in signal region 
Green: nearest sidebands, scaled with area 
Red dashed: signal MC, simulated uniformly
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Phys.Rev.D 76 (2007) 072001

The  distribution is very similar with that from 
 

Use CLEO parameterization: 

 

The  term could be ignored because of spin flip should be very small. 

We fix , and  is fitted to be 

M(π+π−)
Υ(2S) → Υ(1S)π+π−

ℳ ∝ 𝒜(q2 − 2M2
π) + ℬE1E2 + 𝒞[(ϵ′ ⋅ q1)(ϵ ⋅ q2) + (ϵ′ ⋅ q2)(ϵ ⋅ q1)]

𝒞

𝒜 = 1 ℬ (1.1 ± 0.3) + (4.7 ± 1.5)i
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prelim
inary

Bai. et. al.  
Phys. Rev. D 105, 074007 (2022) S-D mix
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Castella. et. al.  
Phys. Rev. D 104, 034019 (2021) 

Bai. et. al.  
Phys. Rev. D 105, 074007 (2022)

Hybrid S-D mix

Maiani. et. al.  
Phys. Rev. D 105, 074007 (2022)

Tetraquark

In the case of Υ(10753) → ππΥ(1S)



Intermediate state —Υ(10753) → πZb

No Evidence of . 

Upper limits estimated at  C.L. 
using Bayesian method.

Zb(10610/10650)

90 %
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?Υ(10753) → ωχbJ

Sizable branching fractions



Observation of  Υ(10753) → ωχbJ
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• Reconstruct , 


• Clear  signals at  and 


• 2D fit to  vs. 


• The total  signal significances are 11.5σ and 5.2σ at 
= 10.745 and 10.805 GeV

ω → π+π−π0 χbJ → γΥ(1S)

ωχbJ s = 10.745 10.805 GeV

M(π+π−π0) M(γΥ(1S))

χbJ
s
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At :





[PRL 113, 142001(2014)]

s = 10.867 GeV

σBorn(e+e− → ωχb1) = (0.76 ± 0.11 ± 0.11) pb

σBorn(e+e− → ωχb1) = (0.29 ± 0.11 ± 0.08) pb
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Disagreement with S-D model?
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?
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Analogy
Y(4230) Υ(10753)

•  and  were observed by BESIII. 


• Expect the  state to decay into . 


• Should be more easily to be found in  than  [Eur.Phys.J.C 74 (2014) 9, 3063]

Y(4230) → γX(3872) Y(4230) → ωχc0

Υ(10753) Xbγ

ωΥ(1S) ππΥ(1S)

Two close peaks observed in the cross sections for  by BESIII and 
 by Belle. May suggest similar nature.

e+e− → π+π−J/ψ
e+e− → π+π−Υ(nS)



Search for  in Xb → ωΥ(1S) e+e− → γωΥ(1S)
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Search for Υ(10753) → ωηb, ωχb0

No convenient reconstruction decay channels for ηb(1S)
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Suppress background with -Dalitz plot.ω

signal

uū cc̄

bb̄

Signal yields:  ==> 


, comparable to the UL obtained before (11.3 pb)

(1.2 ± 1.4 ± 0.9) × 103 σBorn = (2.6 ± 3.1 ± 2.0) pb

σup
Born < 8.7 pb
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Measurement of e+e− → B(*)B̄(*)

BB̄ BB̄* B*B̄*

Υ(5S) Υ(6S)

Υ(5S)

Υ(6S)
Υ(5S)

Υ(6S)Υ(10753)?

• Coupled channel analysis of high energy scan data using the K-matrix formalism shows four 
poles: , , , .


• Need more data to fill the gaps.

Υ(4S) Υ(10753) Υ(5S) Υ(6S)
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Measurement of e+e− → B(*)B̄(*)

• Reconstruct  with FEI


• 16 channels 


• Ignore  from 


• Yield signals from simultaneous fit to  (SR and SB)

Brec

γ B* → B

Mbc

Update the measurements with Belle II energy scan data

arXiv: 2104.08371
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To verify the existence of a  bound state near the threshold, a detailed scan must be 
performed in this energy region.

B*B̄*

arXiv: 2104.08371



Summary
Unique data in Belle II leads to unique results!

More analyses are ongoing










etc…


Belle II has collected 424/fb data, including ~380/fb  data.


More results other than  will come out.

Long shutdown has finished, will accumulate more data.


More data, more new results

Υ(10753) → K+K−Υ(nS)
Υ(10753) → η(η′ )Υ(nS)
Υ(10753) → γXb, Xb → ππχbJ, ππΥ(nS)

Υ(4S)
Υ(10753)
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BACK UP
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