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•  The legacy of 1st generation B-factories is a variety of quarkonium 
 states 

•  Good agreement with predictions below open flavor threshold 
•  Many discoveries are difficult to explain with quarkonium model 
•  Several states have non-zero charge (cannot be qq pairs) 
•  Exotic candidates, XYZ states

➡ Challenge for the new generation B-factories
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PRL 91, 262001 (2003) PRL 95, 142001 (2005) PRL 100, 142001 (2008) 

X(3872) Y(4260) Z(4430)

B± → K± [π+ π- J/ψ] e+ e- → γ [π+ π- J/ψ] B → K [π± ψ’]
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➡ Goal: x50 Belle integrated 
  luminosity (50 ab-1) 
  

➡ Target luminosity: 
  L = 8 x 1035 cm-2 s-1 (x40 Belle)  
 
 

➡ Nano-beam scheme 
 (P. Raimondi for SuperB) 

• beam currents x2 
• squeeze beam @ IP by 1/20
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As expected, the effective bunch 
length is reduced from ~10 mm 
(KEKB) to ~0.5 mm (SuperKEKB)  

➡ We measured it in two track events 
  with early Belle II data

KEKB SuperKEKB

= 1 cm = 0.049 cm 



Belle II Detector [735 collaborators, 101 institutes, 
23 nations]electrons  (7 GeV)

positrons (4 GeV)

Vertex Detector
2 layers Si Pixels (DEPFET) +  
4 layers Si double sided strip DSSD

Belle II TDR, arXiv:1011.0352

EM Calorimeter
CsI(Tl), waveform sampling electronics

Central Drift Chamber
Smaller cell size, long lever arm

Particle Identification 
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

KL and muon detector
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC  
(end-caps , inner 2 barrel layers)
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•  Phase 1: 
 Accelerator commissioning (completed in 2016) 

•  Detector roll-in (April 2017) 
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•  Phase 2 (ended in July 2018): 
 - Beam optimization and  background minimization, ~1/10 vertex detector 
 - Detector calibration  
 - Understanding of the new machine, test of the nano beam scheme 
 - First collisions and first data collected 



13

Lpeak = 5.5 x 1033 cm-2 s-1

•  In Phase 2 luminosity tuning had priority over data taking
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 First collisions (April 26th) 
 ~0.5 fb-1 data collected until July
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•  Optimization of tracking algorithms and performance 
•  “Re-discovery” of most particles 
•  Calorimeter energy calibration  
•  Detector alignment 
•  Calibration of PID 
•  Background studies 
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•  Optimization of tracking algorithms and performance 
•  “Re-discovery” of most particles 
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π0 KS

1 week after the first collisions!
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•  Optimization of tracking algorithms and performance 
•  “Re-discovery” of most particles 
•  Calorimeter energy calibration  
•  Detector alignment 
•  Calibration of PID 
•  Background studies 
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•  Phase3 (early 2019):  
 Full Belle II detector (vertex detector), physics run 
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•  Phase3 (early 2019):  
 Full Belle II detector, physics run 

300(1200) 5x104(5.4x104) 1000(300) 100+400(scan) 3.6%

  5 ab-1 by 2020
  50 ab-1 in 2024
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•  Competition from LHCb (B decays) and BESIII (scans for 1- - states)  
•  Exploit different production methods 
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•  Competition from LHCb •  e+e- B-factories only:

Phys. Rev. Lett. 118, 022003 (2017) 

➡ Belle II

Phys. Rev. D 95, 012002 (2017)

PRD 97, 012005 (2018)

LHCb amplitude analysis of B ➔ J/ψ φ K 

X(4140)

X(4274) X(4500)

X(4700)
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•  Competition from LHCb •  e+e- B-factories only: ➡ Belle II

 Competitive with LHCb exclusive reconstruction only for: 
 - hadronic transitions with π0,η,ω in final state 
 - states decaying with large multiplicities

PRD 97, 012005 (2018)

Phys. Rev. Lett. 118, 022003 (2017) 
Phys. Rev. D 95, 012002 (2017)

LHCb amplitude analysis of B ➔ J/ψ φ K 

X(4140)

X(4274) X(4500)

X(4700)
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BESIII, PRL 118, 092001 (2017)
•  Competition from BESIII 

• Recent BESIII scan data show a 
complex landscape: scan of all  
decay channels is needed!

➡ Belle II 
- Higher effective luminosity 
- Wider mass range 



25

➡ Belle II 
- angular distributions, production 
- probe for new states

•  Observed in combinations of J=1 and J=0
e+e- → cc (0+/-) cc (1-/+)

Belle, PRL 98, 082001 (2005) 

 only at Belle II 
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➡ above Y(4S):
•  conventional state search 
•  exotica discovery 
•  precision Zb mass measurement 

•  1 ab-1 @Y(5S): also Bs physics 
•  100 fb-1@Y(6S) + ~400 fb-1 scan

300(1200) 5x104(5.4x104) 1000(300) 100+400(scan) 3.6%
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300(1200) 5x104(5.4x104) 1000(300) 100+400(scan) 3.6%

➡ below Y(4S):
•  bottomonium studies/searches 
•  new physics in decays (DM / light Higgs) 
•  anti nucleon production (possible DM application)  
•  baryon physics 

•  300 fb-1 @Y(3S): order of magnitude increase
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• open question: are Zb masses below or above B(*)B* thresholds? 
• fundamental question to understand their nature

 estimate of the Zb location 
with respect to the thresholds:

Phys. Rev. D 93, 074031 (2016)

➡ Belle II 
- 1 ab-1 @ Y(5S): determine if they are located  
  above or below the open threshold  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•  Belle energy scan, search for Y(6S)→π+ π- hb(1P,2P) decay 
•  Observation of Zb(106XX) state, but unable to resolve them 

➡ Belle II 
- Understand Y(6S)→ Zb decay 
   - Y(6S) → π+ π- hb(1P,2P) 
   - Y(6S) → π+ π- Y(1S,2S,3S)  

PRL 117, 142001 (2016) 
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Phys. Rev. D89 (2014) no.11, 111102 •  d in cosmic rays have long been considered  
 a probe for supersymmetric relics in the galactic 
 halo 

•  d production described with coalescence models 
 tuned on HEP data 

•  need to further constrain in the production model 
     

➡ CLEO and Babar measured the d spectrum 
 (no dedicated PID or tracking)  

➡ Belle II: 
 - dedicated tracking and PID 
 - collect ~3x104 d in 300 fb-1 
 - world’s best estimate of coalescence parameter 
 - search for excited nucleons (d*) 
 - dd associated production

PRD 62, 043003 (2000)
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Phys. Rev. Lett. 110, 222002 

➡ From Belle: 
•  No sign of weakly bound H dibaryon  

•  Near threshold enhancement in  
 exclusive annihilations 
 Y(1S,2S) → Λ Λ X (still not published)

➡ Belle II 
  - search for H dibaryon in missing mass (Y(3S) → Λ Λ H + hadrons) 
  - high statistics study near threshold  

Rough extrapolation to 300 fb-1 Y(3S) 
~60 Million events with one Λ or Λ 
~3 Million events with one Λ Λ pair
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•  We have entered the post B-factory era: 
•  Variety of states in the quarkonium spectroscopy 
•  Exotic states 

•  Belle II will collect 50 times more statistics than Belle II 
  

•  Belle II just ended Phase 2 commissioning run: 
•  Effort to understand machine and the backgrounds, detector 

 response, and test the software 
•  First collision data  

•  Physics run will start at the beginning of 2019  

•  A variety of quarkonium studies will be possible
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SVD 4 layers (DSSD) → 2 DEPFET + 4 
DSS
CDC: small cell, long lever arm
ACC+TOF → TOP + ARICH
ECL: waveform sampling
KLM: RPC → Scintillator+SiPM

Belle II  

Belle
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➡ x40 luminosity: 

• x40 produced signal events  

• Higher background  
(detector occupancy, fake hits, 
radiation damage) 

• Higher event rate  
(trigger rate,DAQ, computing) 

 

➡ Important to have a dedicated phase 
for background studies, detector 
response and alignment 
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B decays Initial State Radiation(ISR) Two γ interaction

Double charmonium production Quarkonium transitions



     Anti-deuteron production is described  
by p-n coalescence models tuned  
on the HEP data

Most recent data are from Alice 
• Large final state 
• MC-driven correction

Aramaki et al. Phys. Rept. 618 (2016) 137 
Donato, Fornengo, Salati, PRD 62, 043003 (2000) 


