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SuperKEKB: First new collider in particle physics since the LHC

2020/1/13 2



Belle II Detector 
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electrons (7 GeV)

positrons (4 GeV)

KLong and muon detector:
Resistive Plate Chambers (barrel outer layers)
Scintillator + WLSF + SiPM’s (end-caps , inner 2 barrel layers)

Particle Identification 
TOP detector system (barrel)
Prox. focusing Aerogel RICH (fwd)

Central Drift Chamber
He(50%):C2H6(50%), small cells, long lever arm,  
fast electronics (Core element)

EM Calorimeter:
CsI(Tl), waveform sampling (barrel+ endcap)

Vertex Detector
2 layers DEPFET + 4 layers DSSD

Beryllium beam pipe
2cm diameter



Belle II Detector vs. Belle
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Advanced & Innovative Technologies used in Belle II
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Barrel hadron ID: Time of Propagation(TOP)



Advanced & Innovative Technologies used in Belle II
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Vertex Detector
Beam pipe   r= 10 mm
DEPFET pixels (Germany, Czech Republic…)

Layer 1   r=14 mm
Layer 2   r= 22 mm

DSSD (double sided silicon detectors)
Layer 3   r=38 mm (Australia)
Layer 4   r=80 mm (India)
Layer 5   r=115 mm (Austria)
Layer 6   r=140 mm (Japan)



Belle II detector timeline: 

2020/1/13 7



Milestone: continuous injection

2020/1/13 8



Start-up schedule:
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2019: First Collisions in the Phase 3
(the VXD is installed in Belle II)

2019: First Collisions in 
Phase 3, the Physics Run



Start-up schedule:
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2019: First Collisions in the Phase 3
(the VXD is installed in Belle II)

2019: First Collisions in 
Phase 3, the Physics Run



Detector performance: track and PID
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Detector performance: gamma
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Detector performance: vertex 
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Detector performance: 𝐵𝐵
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Long term prospects of Belle II
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We are ready!



Prospects on XYZ states @ Belle II
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XYZ production mechanism @B factory:



Prospects on XYZ states @ Belle II
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X(3872) Width

Hikari Hirata,
Master thesis
2019



Prospects on XYZ states @ Belle II
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X(3872) decay branching fraction

PRD97, 012005

𝓑𝓑 𝑩𝑩 → 𝑲𝑲 𝑿𝑿 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 < 𝟐𝟐.𝟔𝟔 × 𝟏𝟏𝟎𝟎−𝟒𝟒
@90%C.L.

𝓑𝓑 𝑩𝑩 → 𝑲𝑲 𝑿𝑿 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 = 𝟐𝟐.𝟏𝟏 ± 𝟎𝟎.𝟕𝟕 × 𝟏𝟏𝟎𝟎−𝟒𝟒

𝟑𝟑𝟑𝟑

arXiv:1911.11740

𝓑𝓑 𝑿𝑿 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 → 𝝅𝝅+𝝅𝝅−𝑱𝑱/𝝍𝝍 ∼ 𝟓𝟓𝟓𝟓𝟓 tetraquark PRD71, 014028
≲ 𝟏𝟏𝟏𝟏% molecular model PRD72, 054022; 

PRD69, 054008
Belle II: reliable results can be achieved.



Prospects on XYZ states @ Belle II
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𝑿𝑿 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 → 𝑫𝑫𝟎𝟎�𝑫𝑫∗𝟎𝟎 has been seen,  
 other open flavor decays of other states? 
𝑩𝑩 → 𝑲𝑲𝑲𝑲�𝑫𝑫,𝑲𝑲𝑫𝑫�𝑫𝑫∗,𝑲𝑲𝑫𝑫∗�𝑫𝑫∗,𝑲𝑲𝑫𝑫(∗)�𝑫𝑫(∗);

𝑲𝑲𝑫𝑫�𝑫𝑫(∗∗),𝑲𝑲𝑫𝑫(∗)�𝑫𝑫(∗∗)

Full amplitude analysis to 𝑩𝑩 → 𝑲𝑲𝑲𝑲𝑲𝑲/𝝍𝝍 and 𝑩𝑩 → 𝑲𝑲𝑲𝑲𝝌𝝌𝒄𝒄𝒄𝒄
 determine the spin-parities of the X(3915), Z(4050), 
Z(4250)..

 𝑩𝑩 → 𝑲𝑲 𝑿𝑿, to discover missing states?

Other highlights: 



Prospects on XYZ states @ Belle II
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ISR

• BelleII 50ab-1==BESIII 500 pb-1, 10 MeV scan

• Line shape of the resonance and fine structures 
can be investigated.

10 ab-1       (50 ab-1)



Prospects on XYZ states @ Belle II
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PRL118, 022003

• Could decouple two of the 
four states seen by LHCb in 
𝜙𝜙𝐽𝐽/𝜓𝜓

• Need > 10 ab-1 data

• Existence of the X(4350)?
• 𝑋𝑋 3915 → 𝜔𝜔𝜔𝜔/𝜓𝜓
• ……………

𝐵𝐵+ → 𝐾𝐾+𝜙𝜙𝜙𝜙/𝜓𝜓

smaller boost in Belle II :
-> higher efficiency

PRL104, 112004

𝑱𝑱𝑷𝑷???



Prospects on XYZ states @ Belle II
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𝑍𝑍𝑏𝑏 masses below or above 𝐵𝐵(∗)𝐵𝐵∗ thresholds?

Confirm 𝑌𝑌𝑏𝑏 10750 . Other structure?
Exotica discovery??
More 𝑍𝑍𝑏𝑏 from Υ 6𝑆𝑆 di-𝜋𝜋 transition?

Belle II will collect 1ab-1 Υ 5𝑆𝑆 data
100fb-1 Υ 5𝑆𝑆 + 400fb-1 scan data

If 𝑍𝑍𝑏𝑏 is molecular
𝑊𝑊𝑏𝑏 will show up



Summary
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The Belle II experiment has finally started the data taking

Searching for explanation of families of exotic particle

The results of XYZ are on the way!!!

Thank you!



The 1st generation B factories
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B factory: High-luminosity, asymmetric-energy 𝑒𝑒+𝑒𝑒− collider
@ 𝑠𝑠 = 10.58 GeV to produce 𝑒𝑒+𝑒𝑒− → Υ 4𝑆𝑆 → 𝐵𝐵 �𝐵𝐵

 Such as: ARGUS, CLEO, CUSB



Back Up
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The first new collider in particle physics since the LHC in 2008

Phase 1:
Background, Optics Commissioning 
Feb-June 2016.
Brand new 
3 km positron ring.

Phase 2: Pilot run
Superconducting Final Focus, add 
positron damping ring, 
First Collisions (0.5 fb-1). 
April 27-July 17, 2018

Phase 3:  Physics run



Back Up
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Back Up
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Back Up
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Back Up
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Back Up
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Back Up
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Observation of BJ/ψ K*0

Note:

About ½ of the initial Phase 3 
data sample

演示者
演示文稿备注
Can be used to determine the CP content of this decay mode.



Upsilon(2S), Upsilon(3S) via 
Initial State Radiation (ISR)

Υ(2S) Υ(3S)

In Belle and BaBar, ISR was an 
important tool for finding new 
particles.

ISR

演示者
演示文稿备注
ISR also known as “radiative return”.



Belle II First Physics. A novel result on the dark 
sector (Z’ nothing) recoiling
against di-muons or an electron-muon pair. 
Both possibilities are poorly constrained at low 
Z’ mass and in the first case, could explain the 
muon g-2 anomaly.

Dark Sector: Previously limited by Triggering, QED backgrounds and theoretical 
imagination.  Now new possibilities of triggering, more bandwidth.

Also examine a  lepton flavor violating NP 
signature in the dark sector

Coupling g’



Compatible with bkgs, No 
excess above 3σ

After tau suppression cuts and 
unblinding.





No significant excess at any recoil mass



Prospects on XYZ states @ Belle II
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ISR



Some theory 
work on the MC 
needed to 
extract cross-
section result



Back Up
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Back Up
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Back Up
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Back Up
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