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Spectroscopy 

Spectroscopy: non-perturbative QCD regime 
  Interplay of experimental observations and semi-phenomenological effective models needed 

Theory  
  No direct calculations 

  Rely on models approximating QCD 

  Huge number of theoretical predictions 

Experiment 
  Perfect ground to test different theoretical models 

  Often reveals expected features,  
   new knowledge feed back to theory
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Spectroscopy 

QCD bound states (up to 11 GeV) 

“Multiplayer game”, where each of the players 

 has its own strengths and weaknesses

Image credit: U. Tamponi
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Quarkonium(-like) spectroscopy,  experienced players 

http://english.ihep.cas.cn/bes/co/ne/
https://home.cern/news?topic=1113
https://belle.kek.jp/


Bianca Scavino                                                                                                                                                                                                                                                        University of Mainz4

Quarkonium(-like) spectroscopy,  experienced players 

What about
?

http://english.ihep.cas.cn/bes/co/ne/
https://home.cern/news?topic=1113
https://belle.kek.jp/
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Quarkonium(-like) spectroscopy,  characterization of our player 

The game levels within our reach: 

Equipment: 

e- (7 GeV) e+ (4 GeV)

boost FW direction

Ecm ~ 10.58 GeV = M(Y(4S))

Y(nS)

Image credit: U. Tamponi
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Quarkonium(-like) spectroscopy,  characterization of our player 

Best skill: variety of production mechanisms accessible 

  B decays   

  Charmonium only  

  JPC = 0- +, 1- -, 1++, .. 

Initial State Radiation   

  JPC = 1- -  

Double charmonium  

  Seen: J=0, JPC = 1- -  

Two γ production  

  JPC = 0- +, 0++, 2++, ..  

Change CM energy  

  JPC = 1- -  
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B decays 
 

Rewards to be earned  
  All quantum numbers accessible  

  Possibility of investigating the charged isospin  
   partners (not many isospin triplets are complete) 

  Of great interest for X states in particular  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B decays 
 

Rewards to be earned  
  All quantum numbers accessible  

  Possibility of investigating the charged isospin  
   partners (not many isospin triplets are complete) 

  Of great interest for X states in particular  

Main challenges / competitors  
  Statistics   

Belle II strengths  
  Reconstruction of neutrals  

  Possibility of inclusive studies via recoil  
   exploiting the knowledge of the initial state
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Two photon process 
 

[1] PRL 126 (2021) 12, 122001

L = 825 fb-1

Rewards to be earned  
  J = 0, 2 accessible   

  Possibilities in the exotic baryons sector (     , ..) 

  Study the production of X(3872) in  
  2-photon γ* γ processes (seen by Belle [1])  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Two photon process 
 

Main challenges / competitors  
  BESIII   

Belle II strengths  
  Statistics (w/ full data sample)  

[1] PRL 126 (2021) 12, 122001

L = 825 fb-1

Rewards to be earned  
  J = 0, 2 accessible   

  Possibilities in the exotic baryons sector (     , ..) 

  Study the production of X(3872) in  
  2-photon γ* γ processes (seen by Belle [1])  



Initial State Radiation 
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Rewards to be earned  
  Vectorial states 1- - accessible 

  Fully exploit charmonium region “for free”  

  Measurements of hadronic cross sections 

  Opportunity to confirm BESIII results  



Initial State Radiation 
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Rewards to be earned  
  Vectorial states 1- - accessible 

  Fully exploit charmonium region “for free”  

  Measurements of hadronic cross sections 

  Opportunity to confirm BESIII results  

Main challenges / competitors  
      

Belle II strengths  
  Two strategies to exploit: (non-)tagged ISR γ  

  The region above ~5 GeV is not accessible to BESIII 

  Good capabilities of reconstructing γ  
   (especially hard γ)
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Double charmonium production 
 

Rewards to be earned  
  Production of 4 quark c → linked to one  
   of the hot topics of the moment: Tcccc 

  Search for vector Tcccc ,  
  double charm baryon production 

  Compare cross sections of double charmonium  
  VS charmonium+DD VS double DD  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Double charmonium production 
 

Rewards to be earned  
  Production of 4 quark c → linked to one  
   of the hot topics of the moment: Tcccc 

  Search for vector Tcccc ,  
  double charm baryon production 

  Compare cross sections of double charmonium  
  VS charmonium+DD VS double DD  

Main challenges / competitors  
  Unique position! 

Belle II strengths  
  Statistics  
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Change CM energy 
 

Rewards to be earned  
  Investigate Zb(10610) and Zb(10650)  

  Investigate Y(10750) 

  (BSM) LFV, LFU searches 

  (BSM) Y(1S) → invisible w/ dipion tag  

Above 

Y(4S)

Below 

Y(4S)

PRL 117, 142001 (2016)

Zb(106XX)
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Change CM energy 
 

Rewards to be earned  
  Investigate Zb(10610) and Zb(10650)  

  Investigate Y(10750) 

  (BSM) LFV, LFU searches 

  (BSM) Y(1S) → invisible w/ dipion tag  

Main challenges / competitors  
  Unique position!   

Belle II strengths  
  we can “sit” directly on interesting energies  
   and collect data there 

  ηb and hb in recoil 

Above 

Y(4S)

Below 

Y(4S)

PRL 117, 142001 (2016)

Zb(106XX)
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First experience points!  
 Unique dataset at 10.75 GeV!

Data collected at 4 energy points around 10.75 GeV (nov 2021) 
  Key to understand the nature of Y(10750) [1] 

[1] JHEP 10, 220 (2019)
  Its nature generated considerable theoretical debate 
   (conventional bottomonium, hybrid, tetra quark state)  
  

  Predicted to decay into ω χbJ with BF of 10-3 based 
   on an interpretation ad admixture of the conventional  
   4S and 3D states 
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First experience points! 
 Unique dataset at 10.75 GeV!

e+e- → ω χbJ  
  Determine the Born cross section for e+e- → ω χbJ using unique  scan data samples at √s = 10.701, 10.745 and 10.805 GeV  

  Study the energy dependence cross section of e+e- → ω χbJ by combining with Belle data at √s = 10.867 

e+e- → γ Xb  
  Search for the Xb using the unique data scan samples at 10.701, 10.745 and 10.805 GeV

arXiv:2208.13189

Xb: posited bottomonium 
counterpart of X(3872)
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First experience points! 
 Observation of e+e- → ω χbJ

Two dimensional unbinned maximum likelihood  

fit to M(γ Y(1S)) versus M (π+ π- π0) 

Channel √s [GeV] Nsig σB(up) [pb]

e+e- → ωχb1

10.745
68.9 3.6      (stat)±0.4(sys)

e+e- → ωχb2 27.6 2.8     (stat)±0.5(sys)

e+e- → ωχb1

10.805
15.0 1.6 @ 90% C.L.

e+e- → ωχb2 3.3 1.5 @ 90% C.L.

arXiv:2208.13189

+13.7
-13.5

+11.6
-10.0

+6.8
-6.2

+0.7
-0.7

+1.2
-1.0

+5.3
-3.8

χbJ ~ 11σ

χbJ ~ 4.5σ
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First experience points! 
 

σ(e+e- → ω χb1,2) peak at Υ(10753)  
No obvious peak at Y(10860) 

arXiv:2208.13189

  Combined with Belle measurement at  
   √s = 10.867 [1] 

  Fit with a coherent sum of two-body  
   phase space and a BW function 

[1] PRL 113, 142001 (2014)

Γee Bf Solution I Solution II

Y(10753) → ωχb1 (0.63 ±0.39stat ±0.20sys) eV (2.01 ±0.38stat ±0.76sys) eV

Y(10753) → ωχb2 (0.53 ±0.46stat ±0.15sys) eV (1.32 ±0.44stat ±0.55sys) eV

Observation of Y(10753) → ω χbJ
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First experience points! 
 Search for Xb

No significant Xb observed  
  

Peaks: reflections of e+e- → ω χbJ  

Expected Xb 
  Simulated events with M(Xb)=10.45 to 10.65 GeV 

Upper limits at 90% C.L. on the production  
cross-section times BF, σXbUL

arXiv:2208.13189

(Only least stringent 
bound reported)
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Summary  
 

Multiplayer game of spectroscopy is a thriving environment that is  
constantly developing and is a perfect ground for new discoveries 

More data (and more players) are important to pass the various levels of the game 

Player “B2” just joined the game 

It can make a significant impact in spectroscopy 

arXiv:2208.13189
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arXiv:2208.13189

Thank you for the attention
and stay tuned!



Additional material
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Belle II, luminosity projection 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Nucl. Instrum. Meth. A, vol 499, pp. 1-7, 2018

SuperKEKB  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Belle II 

Tracking detectors 
  VerteX Detector (VXD) 

  PiXel Detector (PXD, 2 layers) 

  Silicon Vertex Detector (SVD, 4 layers) 

  Central Drift Chamber (CDC) 

Particle identification subsystems  
  Time Of Propagation (TOP) counter (central region)  

  Aerogel Ring-Imaging CHerenkov (ARICH, forward region) 

Outermost structures  
  Electromagnetic CaLorimeter (ECL) 

  Superconductive solenoid (1.5 T) 

  KL and Muon detector (KLM) arXiv:1011.0352, 2010
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Y(10753) 
 

slide credit: Qingping Ji 
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Xb: bottomonium counterpart of X(3872)? 
 

slide credit: Qingping Ji 
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Events selection 
 

slide credit: Qingping Ji 
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Mass distribution 
 

slide credit: Qingping Ji 
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10.750 dataset: ongoing analyses 
 

slide credit: Qingping Ji 


