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Discovery of Upsilon
Oops-Leon

2

January, 1976 
J/ψ

∼ 2σ
Fermi Lab, E288, ee1

https://history.fnal.gov/historical/experiments/e288_high_mass.html


Discovery of Upsilon

3 years after November revolution 
July 1, 1977
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Fermi Lab, E288, μμ2

https://history.fnal.gov/historical/experiments/e288_dimuon.html
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 — 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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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…



Υ(10753) → π+π−Υ(1,2,3S)

Υ(10753) → ωχbJ

Υ(10753) → ωηb

Υ(10753) → B(*)B̄(*)

Υ(10753) → ηΥ(1,2S)

Υ(10753) → γXb

Υ(10753)
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e+e− → B(*)B̄(*)
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Shape increase at  threshold. 
Suggestive of something?

BB̄*

JHEP 10 2024, 114

JHEP 10 2024, 114

https://dx.doi.org/10.1007/JHEP10(2024)114
https://dx.doi.org/10.1007/JHEP10(2024)114


PRD 102, 031101 (2020)

Considerable BR of ψ(4040) → ηJ/ψ

ψ(4040)
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γ1

γ2

π+

π−

ℓ+

ℓ−

π0 η

Υ(1,2S)

η

Υ(1S) Υ(2S)
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 from barrel 
and FW endcap (BW endcap)
E > 20(22.5) MeV

Tracks with , at least 
one with eID<0.1, .

p < 1 GeV
cosθππ < 0.98

Tracks with , 
 to identify 

p > 3 GeV
E/p > 0.7( < 0.3) e(μ)
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Υ(10753) → ηΥ(2S)
η → γγ, Υ(2S) → π+π−Υ(1S) η → π+π−π0, Υ(2S) → ℓ+ℓ−

PRELIMINARY

PRELIMINARY

Clear signal is seen.


Project to 
M(η → γγ/π+π−π0)

Fit to  
simultaneously.


Significance: 

M(η → γγ/π+π−π0)

6.4σ



For , we count the signal instead of fit. s = 10.701 GeV Nsig = Nfit/(ℬϵ)
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Profiled likelihood distributions from the fit/count results to individual energy point. 


Unbinned maximum likelihood fit to the  together with Belle measurement.


Likelihood obtained from simultaneous fits to .


Fit the with 3 different hypotheses: 


1.  only;


2. 


3. , default

σBorn

M(η2/3)

Υ(5S)
Υ(5S) + Υ(10753)
Υ(5S) + Υ(10753) + Υnew

Parameters of  fixed to:


, 


obtained from  measurement

Υnew

m = 10645 MeV/c2 Γ = 9 MeV

e+e− → B(*)B̄(*)

3.8σ
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e+e− → ηΥ(1S)

An extended unbined maximum likelihood 1-D fit:


Signal: PDF obtained from MC simulation


Background: Chebychev polynomial


No evident signal

All datasets
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Count #signal with 


Upper limits estimated with Feldman-Cousin method


Estimate the efficiency in the assumption of 


Born cross sections and their upper limits:

Nsignal = NSR − NSB

σ ∝ 1/s
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γ1

γ2

π+

π−

ℓ+

ℓ−
Υ(1S)

χb1,2

Xb

Search for e+e− → Xbγ
In [EPJC 74, 3063(2014)],  was predicted to decay to 


, too difficult


, searched in [PRL 130, 091902 (2023)]


Xb

γΥ(1S)

ωΥ(1S)

π+π−χbJ

No evident signal with Xb → ωΥ(1S)

https://link.aps.org/abstract/PRL/v130/e091902


No  signal is found.


Scan  to find where  most likely placed, which is 

Xb

m(Xb) Xb m(Xb) = 10.50 GeV/c2

Fit with four components:


1. signal


2. normal background


3. fixed 


4. fixed  

ππΥ(2S)

ωχbJ
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Summary
• With 20/fb  data collected with Belle II 

detector, we observe clear  signal.


• Not likely from 

• Higher cross section at 10.653 GeV


• An extra resonance near  threshold is 
favored by ~ , but with parameters fixed


• No signal of  nor 



• Upper limits estimated.

Υ(10753)
e+e− → ηΥ(2S)

Υ(10753)

B*B̄*
3.8σ

e+e− → ηΥ(1S)
e+e− → γXb[ππχbJ]
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Thanks!
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backup
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 — 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

Coupled channel analysis of high energy scan data using the K-matrix formalism shows four 
poles: , , , .Υ(4S) Υ(10753) Υ(5S) Υ(6S)
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