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Belle II & Canadian Participation

• The Belle II Collaboration consists of 1158 
researchers from 124 institutes in 28 countries!


• Seven Canadian institutes:

➡  15 grant eligible, 1 computing physicist,  

4 postdocs, 12 graduate students, 
and 8 undergraduates.

R. Leboucher,
, V. Sharma, K. Wang

, Y. Peng

B. Blaikie, , K. Reimer
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SuperKEKB in a nutshell
Goal: Achieve instantaneous luminosity of ℒBelle II = 6 × 1035 cm−2 s−1

ℒBelle = 2.11 × 1034 cm−2 s−1

Nano-beam scheme: Squeeze vertical 
beam spot size down to  50 nm using 

superconducting focusing magnets.
≈
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with record                                    already achieved!

x30!



Florian Bernlochner Antrittsvorlesung — Schönheit und Geschmack
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Belle II at SuperKEKB

● Located at KEK, Tsukuba.

(Japanese national HEP laboratory)
● �⇥⇤⌅
● ⇧⌃⌥� ⌦↵���✏⇣⌘

The project

| Dark sector physics with photons at Belle II | S Cunliffe 25.09.2018

Linac
Damping ring 

(e+)

SuperKEKB  
(HER + LER)

Belle II  
Detector

Mt. Tsukuba

KEK Tsukuba  
Campus



Florian Bernlochner Antrittsvorlesung — Schönheit und Geschmack

KL and muon detector (KLM): 
Resistive Plate Counters (RPC) (outer barrel) 
Scintillator + WLSF + MPPC (endcaps, inner barrel) 

Particle Identification (PID): 
Time-Of-Propagation counter (TOP) 
(barrel) 
Aerogel Ring-Imaging Cherenkov 
Counter (ARICH) (FWD) 

Electromagnetic calorimeter 
(ECL): 
CsI(Tl) crystals, waveform sampling to measure time, 
energy, and pulse-shape. 

Vertex detectors (VXD): 
2 layer DEPFET pixel detectors (PXD) 
4 layer double-sided silicon strip detectors (SVD) 

Central drift chamber (CDC): 
He(50%):C2H6 (50%), small cells,  
fast electronics 

Magnet: 
1.5 T superconducting 

Trigger: 
Hardware: < 30 kHz 
Software: < 10 kHz

Re-utilized from Belle: 
Only the structure, superconducting magnets, 
calorimeter crystals and KLM RPCs 

Belle II Detector
• Operates as magnetic spectrometer with high 

detection efficiency for charged and neutral 
particles.
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• An ideal laboratory to study rare decays or decays with missing energy 

‣ All quarks carry colour charges and only exist as bound 
states (with the exception of the top quark)
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B-meson production at B-Factories
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Luminosity status

Instantaneous luminosity:  
 = 4.7 x 10  cm  sLpeak 34 −2 −1

~362 fb  recorded at  
 
~42 fb  recorded 60 MeV 
below  (background 
studies) 

~19 fb  recorded at 10.8 GeV 
(exotic hadron searches)

−1 Υ(4S)

−1

Υ(4S)

−1

World record!

Integrated luminosity:

Online Luminosity

• Belle II has recorded a total integrated luminosity of 428 fb  since March 2019


- Compared to previous B-Factories: Belle 988 fb  & BaBar 513 fb 


• Current status: Run 2 started on 20 February 2024 after a long shutdown period to install two-
layer pixel detector and machine maintenance.

−1

−1 −1

387 M  pairs!BB̄
Run 1 LS 1

https://www.belle2.org/research/luminosity/
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Physics program Belle II Physics Book

Snowmass White Paper

Image credit: T. Browder

https://academic.oup.com/ptep/article/2020/2/029201/5766205?login=false
https://arxiv.org/abs/2207.06307
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Reconstruction at B-Factories

Image credit: K. Kojima

Efficiency, backgrounds
Purity, available observables

Inclusive/Untagged Hadronic tagged 

? 

? 

Only reconstruct the signal B meson ( ).Bsig

B̄0
sig
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B0
tag
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B0
tag
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Reconstruct  with (many) hadronic decay modes.Btag



# 18

Evidence for B+ → K+νν̄

• Very sensitive to beyond-Standard Model enhancements 
and complementary to .


• Experimentally challenging due to multiple missing 
particles on the signal side —only accessible at  
colliders!


• Two independent analyses, utilizing inclusive and 
hadronic tagging approaches, run in parallel.


• Both approaches exploit distinctive topological features 
with BDTs to select events and suppress 
backgrounds

b → sℓ+ℓ−

e+e−

• Signal extraction strategies, 
- Inclusive approach: Fit to signal classifier             

in bins of dineutrino mass-squared ( )


- Tagged approach: Fit to signal classifier 
q2

rec

BDT2
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q2 = M(⌫⌫̄)2
<latexit sha1_base64="h6rCjXhlcRH+fUJz1r6/TRrm+4U=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2AR6qbMVEE3QtGNG6GCfUCnlkyatqGZzJhkhDIUN/6KGxeKuPUr3Pk3ZtoutPXA5R7OuZfkHj/iTGnH+bYyC4tLyyvZ1dza+sbmlr29U1NhLAmtkpCHsuFjRTkTtKqZ5rQRSYoDn9O6P7hM/foDlYqF4lYPI9oKcE+wLiNYG6lt793fJaUROkfXBU/Eno+laUep1rbzTtEZA80Td0ryMEWlbX95nZDEARWacKxU03Ui3Uqw1IxwOsp5saIRJgPco01DBQ6oaiXjE0bo0Cgd1A2lKaHRWP29keBAqWHgm8kA676a9VLxP68Z6+5ZK2EiijUVZPJQN+ZIhyjNA3WYpETzoSGYSGb+ikgfS0y0SS1nQnBnT54ntVLRPS6Wbk7y5YtpHFnYhwMogAunUIYrqEAVCDzCM7zCm/VkvVjv1sdkNGNNd3bhD6zPH6rTllQ=</latexit>

arXiv:2311.14647

https://arxiv.org/abs/2311.14647
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Evidence for B+ → K+νν̄

Branching ratio: BR(B+ ! K+⌫⌫̄) = [2.4± 0.5(stat)0.5�0.4(syst)]⇥ 10�5
<latexit sha1_base64="REUWKZEMPgNkht2RmIVBU4kO9CA="></latexit>

Signal strength: µ = 4.6± 1.0(stat)± 0.9(syst)
<latexit sha1_base64="VgkHSM2jCKWPLT6HBtEPZ2ZaBNw=">AAACHHicbZDLSgMxFIYz9VbrrerSTbAIdTPMtMXLQii6cVnBXqBTSiZN29BkZkjOiGXog7jxVdy4UMSNC8G3Mb0I2vpD4Oc753Byfj8SXIPjfFmppeWV1bX0emZjc2t7J7u7V9NhrCir0lCEquETzQQPWBU4CNaIFCPSF6zuD67G9fodU5qHwS0MI9aSpBfwLqcEDGpni56M8QUu2SfYiyR2bSfvAbuHRAOB0fEEOvb5DxxqA9vZnGM7E+FF485MDs1UaWc/vE5IY8kCoIJo3XSdCFoJUcCpYKOMF2sWETogPdY0NiCS6VYyOW6Ejwzp4G6ozAsAT+jviYRIrYfSN52SQF/P18bwv1ozhu5ZK+FBFAML6HRRNxYYQjxOCne4YhTE0BhCFTd/xbRPFKFg8syYENz5kxdNrWC7RbtwU8qVL2dxpNEBOkR55KJTVEbXqIKqiKIH9IRe0Kv1aD1bb9b7tDVlzWb20R9Zn9/rY597</latexit>

Combined results:

First evidence of  (3.5 ) with BR in excess of SM by 2.7  B+ → K+νν̄ σ σ

arXiv:2311.14647

https://arxiv.org/abs/2311.14647
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Measurement of R(D*)

• Consider three signal modes:  and , 

• Identify lepton from 


• Completeness constraint require no additional tracks or  candidates.


• Main challenge: understand significant & poorly known   
background decays.

- Data-driven validation of background and signal modelling  

based on studies of sideband regions.


• Extract signal with 2D fit to residual energy in the calorimeter   
& mass of undetected neutrinos 

D*+ → D0π+ D+π− D*0 → D0π0

τ → ℓνν̄
π0

B → D**ℓν

EECL
M2

miss = (pe+e− − pBtag
− pD* − pℓ)2

R(D⇤) =
B(B ! D⇤⌧⌫⌧ )

B(B ! D⇤`⌫`)
<latexit sha1_base64="SKO1/B1dq9AwN5IuusgXai0BVIE="></latexit>

Measure:                                                        to cancel many systematics

arXiv:2401.02840

M2
miss

<latexit sha1_base64="nIWEnd1Q9f4Vlkp9jUUnm6ctFh8=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaNeSTbNtaJJdkqxQlv0bXjwo4tU/481/Y9ruQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzM/M4TVZpF8sFMY+oLPJIsZAQbK/XvHtNaNkgF0zoblCtu1Z0DrRIvJxXI0RyUv/rDiCSCSkM41rrnubHxU6wMI5xmpX6iaYzJBI9oz1KJBdV+Or85Q2dWGaIwUrakQXP190SKhdZTEdhOgc1YL3sz8T+vl5jwyk+ZjBNDJVksChOOTIRmAaAhU5QYPrUEE8XsrYiMscLE2JhKNgRv+eVV0q5VvYtq7b5eaVzncRThBE7hHDy4hAbcQhNaQCCGZ3iFNydxXpx352PRWnDymWP4A+fzB1E6kd4=</latexit>

Comput. Softw. Big. Sci. 
3, 6 (2019)

https://arxiv.org/abs/2401.02840
https://link.springer.com/article/10.1007/s41781-019-0021-8
https://link.springer.com/article/10.1007/s41781-019-0021-8
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Measurement of R(D*)

• Consider three signal modes:  and , 

• Identify lepton from 


• Completeness constraint require no additional tracks or  candidates.


• Main challenge: understand significant & poorly known   
background decays.

- Data-driven validation of background and signal modelling  

based on studies of sideband regions. 


• Extract signal with 2D fit to residual energy in the calorimeter   
& mass of undetected neutrinos 

D*+ → D0π+ D+π− D*0 → D0π0

τ → ℓνν̄
π0

B → D**ℓν

EECL
M2

miss = (pe+e− − pBtag
− pD* − pℓ)2

R(D⇤) =
B(B ! D⇤⌧⌫⌧ )

B(B ! D⇤`⌫`)
<latexit sha1_base64="SKO1/B1dq9AwN5IuusgXai0BVIE="></latexit>

Measure:                                                        to cancel many systematics

arXiv:2401.02840

M2
miss

<latexit sha1_base64="nIWEnd1Q9f4Vlkp9jUUnm6ctFh8=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaNeSTbNtaJJdkqxQlv0bXjwo4tU/481/Y9ruQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzM/M4TVZpF8sFMY+oLPJIsZAQbK/XvHtNaNkgF0zoblCtu1Z0DrRIvJxXI0RyUv/rDiCSCSkM41rrnubHxU6wMI5xmpX6iaYzJBI9oz1KJBdV+Or85Q2dWGaIwUrakQXP190SKhdZTEdhOgc1YL3sz8T+vl5jwyk+ZjBNDJVksChOOTIRmAaAhU5QYPrUEE8XsrYiMscLE2JhKNgRv+eVV0q5VvYtq7b5eaVzncRThBE7hHDy4hAbcQhNaQCCGZ3iFNydxXpx352PRWnDymWP4A+fzB1E6kd4=</latexit>

EECL
<latexit sha1_base64="fh7BNH7MZeffOc4yvQc3msTF6r0=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMdiKXjwUMF+QBvLZrtpl242YXeilpD/4cWDIl79L978N27bHLT1wcDjvRlm5nmR4Bps+9vKrayurW/kNwtb2zu7e8X9g5YOY0VZk4YiVB2PaCa4ZE3gIFgnUowEnmBtb1yb+u0HpjQP5R1MIuYGZCi5zykBI93X+0kP2BMk9dpNmvaLJbtsz4CXiZOREsrQ6Be/eoOQxgGTQAXRuuvYEbgJUcCpYGmhF2sWETomQ9Y1VJKAaTeZXZ3iE6MMsB8qUxLwTP09kZBA60ngmc6AwEgvelPxP68bg3/pJlxGMTBJ54v8WGAI8TQCPOCKURATQwhV3NyK6YgoQsEEVTAhOIsvL5NWpeyclSu356XqVRZHHh2hY3SKHHSBqugaNVATUaTQM3pFb9aj9WK9Wx/z1pyVzRyiP7A+fwCZfJKT</latexit>

Comput. Softw. Big. Sci. 
3, 6 (2019)

https://arxiv.org/abs/2401.02840
https://link.springer.com/article/10.1007/s41781-019-0021-8
https://link.springer.com/article/10.1007/s41781-019-0021-8
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Measurement of R(D*)

• Consider three signal modes:  and , 

• Identify lepton from 


• Completeness constraint require no additional tracks or  candidates.


• Main challenge: understand significant & poorly known   
background decays.

- Data-driven validation of background and signal modelling  

based on studies of sideband regions.


• Extract signal with 2D fit to residual energy in the calorimeter   
& mass of undetected neutrinos 

D*+ → D0π+ D+π− D*0 → D0π0

τ → ℓνν̄
π0

B → D**ℓν

EECL
M2

miss = (pe+e− − pBtag
− pD* − pℓ)2

R(D⇤) =
B(B ! D⇤⌧⌫⌧ )

B(B ! D⇤`⌫`)
<latexit sha1_base64="SKO1/B1dq9AwN5IuusgXai0BVIE="></latexit>

Measure:                                                        to cancel many systematics

R(D⇤) = 0.262+0.041
�0.039(stat.)+0.035

�0.032(syst.)
<latexit sha1_base64="B0PAoF3qq/ZOkaC9PHIoiQXYsJY="></latexit>

Consistent with SM and previous measurements!

Leading systematics:  
MC statistics,   PDF shape, 

 modelling
EECL

D**

arXiv:2401.02840

M2
miss

<latexit sha1_base64="nIWEnd1Q9f4Vlkp9jUUnm6ctFh8=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaNeSTbNtaJJdkqxQlv0bXjwo4tU/481/Y9ruQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzM/M4TVZpF8sFMY+oLPJIsZAQbK/XvHtNaNkgF0zoblCtu1Z0DrRIvJxXI0RyUv/rDiCSCSkM41rrnubHxU6wMI5xmpX6iaYzJBI9oz1KJBdV+Or85Q2dWGaIwUrakQXP190SKhdZTEdhOgc1YL3sz8T+vl5jwyk+ZjBNDJVksChOOTIRmAaAhU5QYPrUEE8XsrYiMscLE2JhKNgRv+eVV0q5VvYtq7b5eaVzncRThBE7hHDy4hAbcQhNaQCCGZ3iFNydxXpx352PRWnDymWP4A+fzB1E6kd4=</latexit>

EECL
<latexit sha1_base64="fh7BNH7MZeffOc4yvQc3msTF6r0=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMdiKXjwUMF+QBvLZrtpl242YXeilpD/4cWDIl79L978N27bHLT1wcDjvRlm5nmR4Bps+9vKrayurW/kNwtb2zu7e8X9g5YOY0VZk4YiVB2PaCa4ZE3gIFgnUowEnmBtb1yb+u0HpjQP5R1MIuYGZCi5zykBI93X+0kP2BMk9dpNmvaLJbtsz4CXiZOREsrQ6Be/eoOQxgGTQAXRuuvYEbgJUcCpYGmhF2sWETomQ9Y1VJKAaTeZXZ3iE6MMsB8qUxLwTP09kZBA60ngmc6AwEgvelPxP68bg3/pJlxGMTBJ54v8WGAI8TQCPOCKURATQwhV3NyK6YgoQsEEVTAhOIsvL5NWpeyclSu356XqVRZHHh2hY3SKHHSBqugaNVATUaTQM3pFb9aj9WK9Wx/z1pyVzRyiP7A+fwCZfJKT</latexit>

Comput. Softw. Big. Sci. 
3, 6 (2019)

SM prediction:  = 0.254  0.005

HFLAV 23:  = 0.284  0.013

R(D*) ±
R(D*) ±

Eur. Phys. J. C 81, 226 (2021)

https://arxiv.org/abs/2401.02840
https://link.springer.com/article/10.1007/s41781-019-0021-8
https://link.springer.com/article/10.1007/s41781-019-0021-8
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
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Measurement of R(D*)

• Consider three signal modes:  and , 

• Identify lepton from 


• Completeness constraint require no additional tracks or  candidates.


• Main challenge: understand significant & poorly known   
background decays.

- Data-driven validation of background and signal modelling  

based on studies of sideband regions.


• Extract signal with 2D fit to residual energy in the calorimeter   
& mass of undetected neutrinos 

D*+ → D0π+ D+π− D*0 → D0π0

τ → ℓνν̄
π0

B → D**ℓν

EECL
M2

miss = (pe+e− − pBtag
− pD* − pℓ)2

R(D⇤) =
B(B ! D⇤⌧⌫⌧ )

B(B ! D⇤`⌫`)
<latexit sha1_base64="SKO1/B1dq9AwN5IuusgXai0BVIE="></latexit>

Measure:                                                        to cancel many systematics

R(D⇤) = 0.262+0.041
�0.039(stat.)+0.035

�0.032(syst.)
<latexit sha1_base64="B0PAoF3qq/ZOkaC9PHIoiQXYsJY="></latexit>

Consistent with SM and previous measurements!

Leading systematics:  
MC statistics,   PDF shape, 

 modelling
EECL

D**

arXiv:2401.02840

M2
miss

<latexit sha1_base64="nIWEnd1Q9f4Vlkp9jUUnm6ctFh8=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0WvXgRKtgPaNeSTbNtaJJdkqxQlv0bXjwo4tU/481/Y9ruQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzM/M4TVZpF8sFMY+oLPJIsZAQbK/XvHtNaNkgF0zoblCtu1Z0DrRIvJxXI0RyUv/rDiCSCSkM41rrnubHxU6wMI5xmpX6iaYzJBI9oz1KJBdV+Or85Q2dWGaIwUrakQXP190SKhdZTEdhOgc1YL3sz8T+vl5jwyk+ZjBNDJVksChOOTIRmAaAhU5QYPrUEE8XsrYiMscLE2JhKNgRv+eVV0q5VvYtq7b5eaVzncRThBE7hHDy4hAbcQhNaQCCGZ3iFNydxXpx352PRWnDymWP4A+fzB1E6kd4=</latexit>

EECL
<latexit sha1_base64="fh7BNH7MZeffOc4yvQc3msTF6r0=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMdiKXjwUMF+QBvLZrtpl242YXeilpD/4cWDIl79L978N27bHLT1wcDjvRlm5nmR4Bps+9vKrayurW/kNwtb2zu7e8X9g5YOY0VZk4YiVB2PaCa4ZE3gIFgnUowEnmBtb1yb+u0HpjQP5R1MIuYGZCi5zykBI93X+0kP2BMk9dpNmvaLJbtsz4CXiZOREsrQ6Be/eoOQxgGTQAXRuuvYEbgJUcCpYGmhF2sWETomQ9Y1VJKAaTeZXZ3iE6MMsB8qUxLwTP09kZBA60ngmc6AwEgvelPxP68bg3/pJlxGMTBJ54v8WGAI8TQCPOCKURATQwhV3NyK6YgoQsEEVTAhOIsvL5NWpeyclSu356XqVRZHHh2hY3SKHHSBqugaNVATUaTQM3pFb9aj9WK9Wx/z1pyVzRyiP7A+fwCZfJKT</latexit>

Comput. Softw. Big. Sci. 
3, 6 (2019)

SM prediction:  = 0.254  0.005

HFLAV 23:  = 0.284  0.013

R(D*) ±
R(D*) ±

Eur. Phys. J. C 81, 226 (2021)
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https://arxiv.org/abs/2401.02840
https://link.springer.com/article/10.1007/s41781-019-0021-8
https://link.springer.com/article/10.1007/s41781-019-0021-8
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
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~p⌦0
c
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~L
<latexit sha1_base64="E3RwedZUcOJC63JwVfEwgFzVw3w=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ2base2u6MaFiwr2Ae1QMmmmDc1khiRTKEM/wo0LRdz6Pe78G9OHoKIHLhzOuZd77wkSzpRG6MNaW9/Y3NrO7eR39/YPDgtHxy0Vp5LQJol5LDsBVpQzQZuaaU47iaQ4CjhtB+Prud+eUKlYLO71NKF+hIeChYxgbaR2b0JJdjvrF4rIrtVQ2fMgsj3kXlarhqBSya140LHRAkWwQqNfeO8NYpJGVGjCsVJdByXaz7DUjHA6y/dSRRNMxnhIu4YKHFHlZ4tzZ/DcKAMYxtKU0HChfp/IcKTUNApMZ4T1SP325uJfXjfVYdXPmEhSTQVZLgpTDnUM57/DAZOUaD41BBPJzK2QjLDERJuE8iaEr0/h/6Tl2k7Jdu/KxfrVKo4cOAVn4AI4oALq4AY0QBMQMAYP4Ak8W4n1aL1Yr8vWNWs1cwJ+wHr7BOXij/M=</latexit>
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 lifetime measurementΩ0
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t =
m⌦0

c
~L · ~p⌦0

c

|~p⌦0
c
|2

<latexit sha1_base64="/vErN8uyZRR4WhduZCHX9hOtu8Q="></latexit>

~L
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• Extract lifetime from a fit to  where the 
decay time is given by:
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• Recent LHCb results have changed the hierarchy of  
singly charmed baryons


• Belle II analysis considers  events  
taken near  resonance


• Reconstruct chain:

e+e− → cc̄
Υ(4S)

• Leading systematics: background modelling Belle II confirms the LHCb results…

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.L031103
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Charm hadron lifetimes

PRD 107 L031103 (2023)PRL 130 071802 (2023)PRL 127 21801 (2021)PRL 127 21801 (2021)
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• Absolute lifetime measurements of charm hadrons at Belle II thus far:


- Improved knowledge of  lifetimes after ~20 years


- World’s most precise measurements of ,  and  lifetimes


- Independent confirmation of LHCb's result indicating that  is not the shortest-
lived weakly decaying charm baryon


• Results limited by statistics expected to improve with larger samples and additional 
decay modes


• Tiny systematic uncertainties (e.g., sub-% for ) establish excellent detector 
performance


• Paves the way for future lifetime measurements…

D
D0 D+ Λ+

c

Ω0
c

D0
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Search for  (  = invisible boson)τ+ → ℓ+α α

Z. Phys. C 68 (1995) 25

• Invisible LFV particles can emerge from new  
physics models  e.g. light ALP JHEP 09 (2021) 173


• Tag  using , then search for  
excess above the   spectrum

e+e− → τ+τ− τ → 3πν
τ → ℓνν

• The event signature is a peak in the  
distribution in the rest  frame


- A pseudo rest frame for  is reconstructed  
from the  of the  decays

xℓ ≡ Eℓ /2mτ
τsig

τsig
⃗p3π τtag

PRL 130 181803 (2023) 

(Epseudo, p̂pseudo) =

✓
Ebeam

2
,

P
3⇡ ~p

|
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◆
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Most stringent constraint on the BR to date! 

https://link.springer.com/content/pdf/10.1007/JHEP09(2021)173.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803
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Outline for today
I. SuperKEKB & Belle II 

experimental status
II. Highlights of recent  
Belle II physics results

III. Ongoing  
&  

future work
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=

+ many more 
variables

XGBoost

Excellent separation!

Classification accuracy: 
 94% for Bhabha events, and  

99% for interesting physics processes.

Belle II high-level trigger Bhabha reduction
Robin Leboucher

• In most cases, the outcome of electron-positron collisions at SuperKEKB is not particularly 
interesting; mainly Bhabha  events.


• Implement new machine learning requirement to reduce high-level trigger Bhabha efficiency
e+e− → e+e−(γ)
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Dark photon search

• Dark photon is a spin-1 gauge boson that would mediate the dark EM force. 

• Interacts through kinetic mixing with Standard Model photon. 

• If dark photon is allowed kinematically to decay to dark matter, detector signature is a single 

high energy photon. 

• Belle II will explore parameter space consistent with observed relic DM abundance. 

Dark photon

Dark matter

Measured by  
detector

Daniel Crook

Snowmass White Paper: arXiv:2207.06307 

https://arxiv.org/abs/2207.06307
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Dark photon search
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Simulated events
 away in ECL > 15∘

Daniel Crook

• Major analysis background: , with all but one 
out of acceptance or missed. 


• Use   events to study Belle II sub-detector 
photon efficiency in data and simulation.

- Estimate the momentum of the photon from the di-muon 

system. Search for a corresponding ECL or KLM cluster.

- If either sub-detector sees a signal, the photon is detected.

e+e− → γγ(γ)

e+e− → μ+μ−(γ)
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• Strongly interacting dark sector coupled to Standard Model through a dark photon mediator. 


• Dark quarks form bound states: dark pseudoscalars ,   and vector mesons , 


• Dark pions are stable and are the dark matter candidates. 


•  decays to the SM particles via a virtual dark photon. 


- Detector signature is displaced vertex with two charged tracks.

π0
d π±
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E. Bernreuther et al. Forecasting dark showers at Belle II  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Example of a  decay ρ0
d

Dark shower search
Miho Wakai

Image credit: Patrick Ecker 

JHEP 12 (2022) 005

https://link.springer.com/article/10.1007/JHEP12(2022)005


# 32

Dark shower search
Y 

po
si

tio
n 

X position X position 

Photon conversions happen when interacting 
with material in detector

Miho Wakai 
& 

Jaden Wang

 decays happens anywhereρ0
d

• For low mass , currently implementing machine learning (XGBoost library) to reduce 
background from photon conversion events.


• Currently achieving 96.1% accuracy.

ρ0
d
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Untagged analysis of inclusive B → Xuℓν
Andrea Fodor

𝑒− 𝜇−

Signal lepton

• Analysis goal: measure the branching fraction of  
decays via an inclusive analysis approach

- only the outgoing lepton is selected.

B → Xuℓν

• Looking in the endpoint region of the lepton momentum (  GeV) in the CM frame to avoid 
the dominant background from  decays.

p*ℓ > 2.0
B → Xcℓν

• Semileptonic decays of  mesons play a critical role in the 
determination of the CKM quark-mixing matrix elements  
|Vcb| & |Vub|.

B

Xc BkgSignal
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• Goal: Measure  from inclusive   
decays using hadronic tagging

AFB B → Xℓν

JHEP 04 (2016) 131
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• Missing energy and  easily accessible variables 
with tagged approach


• Separate electron and muon channels for further  
LFU tests


• Additional information leads to greater sensitivity in  
global fits for | | determinations


•  Improves uncertainties on the non-perturbative hadronic 
matrix elements in the heavy quark expansion
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Forward-backward asymmetry in incl.        B → Xℓν

Example of decay  
kinematics using  

exclusive B → D*ℓν

Raynette van Tonder

https://link.springer.com/article/10.1007/JHEP04(2016)131
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Conclusion

LS2

LS1

• Belle II offers a unique and fertile environment 
for flavour physics.


• Multiple world-leading results published since 
arrival of first data. 

- Only presented a subset of results. 

• Luminosity and physics output will continue to 
grow —especially with the the start of a new data 
taking period!

Many opportunities  
for new personnel interested in 

joining!


