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e+e� ! ⌥(4S) ! BB̄
<latexit sha1_base64="7vsYChaTJzGbKLOu/mLa0hWxZz8=">AAACInicjVDLSgMxFM3UV62vqks3wSJUxDKtBXVX6sZlRacVOmPJpJk2NJMMSUYpw3yLG3/FjQtFXQl+jOljYUXBAwmHc+7l3nv8iFGlbfvDyszNLywuZZdzK6tr6xv5za2mErHExMGCCXntI0UY5cTRVDNyHUmCQp+Rlj84G/mtWyIVFfxKDyPihajHaUAx0kbq5E/JTXKQQvMfptCVtNfXSEpxB10nUpQJXqxe7s8YdddHMqmnnXyhXLLHgH+TApii0cm/uV2B45BwjRlSql22I+0lSGqKGUlzbqxIhPAA9UjbUI5CorxkfGIK94zShYGQ5nENx+r3jgSFSg1D31SGSPfVT28k/ua1Yx2ceAnlUawJx5NBQcygFnCUF+xSSbBmQ0MQltTsCnEfSYS1STX3vxCalVL5qFS5qBZq9WkcWbADdkERlMExqIFz0AAOwOAePIJn8GI9WE/Wq/U+Kc1Y055tMAPr8wu/e6PP</latexit>
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Accumulated dataset

Instantaneous luminosity:  
 = 5.1 x 10  cm  sLpeak 34 −2 −1

~519 fb  recorded at  
 
~59 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 (so far):

Online Luminosity

• Belle II has recorded a total integrated luminosity of 660 fb  since March 2019


- (Belle 988 fb , BaBar 513 fb )


• Results shown today based on Run 1 dataset (365 fb )

−1

−1 −1

−1

Run 2

LS 1
Today’s results: 387 M  pairs BB̄

Run 1

https://confluence.desy.de/display/BI/Belle+II+Luminosity
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Tagging strategies at B-Factories

Image credit: K. Kojima

Efficiency, backgrounds
Purity, available observables

Untagged 

? 

? 

Only reconstruct the signal B meson ( ).Bsig

B̄0
sig

<latexit sha1_base64="3+YmqhuXxLomh1VlNA+YRxFsV38=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyWpgh5LvXisYD+giWGz3bRLN5uwOxFLiBf/ihcPinj1X3jz37htc9DWBwOP92aYmRcknCmw7W9jaXlldW29tFHe3Nre2TX39tsqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtHVxO/cU6lYLG5hnFAvwgPBQkYwaMk3D90Ay6yR32V27mcu0AfIFBvkuW9W7Ko9hbVInIJUUIGmb365/ZikERVAOFaq59gJeBmWwAinedlNFU0wGeEB7WkqcESVl00/yK0TrfStMJa6BFhT9fdEhiOlxlGgOyMMQzXvTcT/vF4K4aWXMZGkQAWZLQpTbkFsTeKw+kxSAnysCSaS6VstMsQSE9ChlXUIzvzLi6Rdqzpn1drNeaXeKOIooSN0jE6Rgy5QHV2jJmohgh7RM3pFb8aT8WK8Gx+z1iWjmDlAf2B8/gCbDZej</latexit>

B0
tag

<latexit sha1_base64="cOlE+XfspVVzkSDnxy5Yka4bzvI=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQY+lXjxWsB/QxrDZbtulm03YnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPzglhwDY7zbRU2Nre2d4q7pb39g8Mj+7jc1lGiKGvRSESqGxDNBJesBRwE68aKkTAQrBNMbud+54kpzSP5ALOYeSEZST7klICRfLvceEydzE/7wKaQAhllmW9XnKqzAF4nbk4qKEfTt7/6g4gmIZNABdG65zoxeClRwKlgWamfaBYTOiEj1jNUkpBpL13cnuFzowzwMFKmJOCF+nsiJaHWszAwnSGBsV715uJ/Xi+B4Y2XchknwCRdLhomAkOE50HgAVeMgpgZQqji5lZMx0QRCiaukgnBXX15nbRrVfeyWru/qtQbeRxFdIrO0AVy0TWqozvURC1E0RQ9o1f0ZmXWi/VufSxbC1Y+c4L+wPr8AaY1lNc=</latexit>

B̄0
sig

<latexit sha1_base64="3+YmqhuXxLomh1VlNA+YRxFsV38=">AAACAXicbVBNS8NAEN34WetX1IvgJVgETyWpgh5LvXisYD+giWGz3bRLN5uwOxFLiBf/ihcPinj1X3jz37htc9DWBwOP92aYmRcknCmw7W9jaXlldW29tFHe3Nre2TX39tsqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtHVxO/cU6lYLG5hnFAvwgPBQkYwaMk3D90Ay6yR32V27mcu0AfIFBvkuW9W7Ko9hbVInIJUUIGmb365/ZikERVAOFaq59gJeBmWwAinedlNFU0wGeEB7WkqcESVl00/yK0TrfStMJa6BFhT9fdEhiOlxlGgOyMMQzXvTcT/vF4K4aWXMZGkQAWZLQpTbkFsTeKw+kxSAnysCSaS6VstMsQSE9ChlXUIzvzLi6Rdqzpn1drNeaXeKOIooSN0jE6Rgy5QHV2jJmohgh7RM3pFb8aT8WK8Gx+z1iWjmDlAf2B8/gCbDZej</latexit>

B0
tag

<latexit sha1_base64="cOlE+XfspVVzkSDnxy5Yka4bzvI=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5JUQY+lXjxWsB/QxrDZbtulm03YnUhLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPzglhwDY7zbRU2Nre2d4q7pb39g8Mj+7jc1lGiKGvRSESqGxDNBJesBRwE68aKkTAQrBNMbud+54kpzSP5ALOYeSEZST7klICRfLvceEydzE/7wKaQAhllmW9XnKqzAF4nbk4qKEfTt7/6g4gmIZNABdG65zoxeClRwKlgWamfaBYTOiEj1jNUkpBpL13cnuFzowzwMFKmJOCF+nsiJaHWszAwnSGBsV715uJ/Xi+B4Y2XchknwCRdLhomAkOE50HgAVeMgpgZQqji5lZMx0QRCiaukgnBXX15nbRrVfeyWru/qtQbeRxFdIrO0AVy0TWqozvURC1E0RQ9o1f0ZmXWi/VufSxbC1Y+c4L+wPr8AaY1lNc=</latexit>

Tagged 
Reconstruct  with hadronic decay modes.Btag
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Lepton Flavour Universality

R(X⌧/`) =
B(B ! X⌧⌫⌧ )

B(B ! X`⌫`)
<latexit sha1_base64="E5I7yGT3QjTyV9yy0BIlKV3NwDc="></latexit>

R(D(⇤)) =
B(B ! D(⇤)⌧⌫⌧ )

B(B ! D(⇤)`⌫`)
<latexit sha1_base64="77kyWwqTLHxnr+R0zkJwsFGEbfw="></latexit>

` = e, µ
<latexit sha1_base64="nP32u0EVIZLKgqcOeIhc57vVcy8=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8SNmtgl6EohePFewHdJeSTWfb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVPHqaLQoDGPVTskGjiT0DDMcGgnCogIObTC4d3Ub41AaRbLRzNOIBCkL1nEKDFWCnzgHN9gOMe+SLulsltxZ8DLxMtJGeWod0tffi+mqQBpKCdadzw3MUFGlGGUw6TopxoSQoekDx1LJRGgg2x29ASfWqWHo1jZkgbP1N8TGRFaj0VoOwUxA73oTcX/vE5qousgYzJJDUg6XxSlHJsYTxPAPaaAGj62hFDF7K2YDogi1NicijYEb/HlZdKsVryLSvXhsly7zeMooGN0gs6Qh65QDd2jOmogip7QM3pFb87IeXHenY9564qTzxyhP3A+fwAdK5EF</latexit>

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction
 0.004±R(D) = 0.298 
 0.005±R(D*) = 0.254 

 = 1.0 contours2χ∆

World Average
total 0.029±R(D) = 0.357 

total 0.012±R(D*) = 0.284 
 = -0.37ρ

) = 33%2χP(

HFLAV

PRELIMINARY

σ3

aLHCb

bLHCb

bBelle

cBelle

aBelle
BaBar

BelleII

Average

HFLAV

Summer 2023

HFLAV
Summer 2023

• Semileptonic decays also provide theoretically clean SM  
probes in Lepton Flavour Universality (LFU) tests.


• Differences in angular asymmetries for different lepton  
flavours are also sensitive to non-SM physics.


• Form factors and experimental uncertainties partially  
cancel in measurements of ratios of decay rates.

Long-standing tension between LFU-sensitive 
quantities   and SM predictions!R(D(*))

Exclusive approach: 

Complementary inclusive approach: 

Experimental uncertainties differ for  & R(Xτ/ℓ) R(D(*))

` = e, µ
<latexit sha1_base64="nP32u0EVIZLKgqcOeIhc57vVcy8=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8SNmtgl6EohePFewHdJeSTWfb0CS7JtlCWfo7vHhQxKs/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVPHqaLQoDGPVTskGjiT0DDMcGgnCogIObTC4d3Ub41AaRbLRzNOIBCkL1nEKDFWCnzgHN9gOMe+SLulsltxZ8DLxMtJGeWod0tffi+mqQBpKCdadzw3MUFGlGGUw6TopxoSQoekDx1LJRGgg2x29ASfWqWHo1jZkgbP1N8TGRFaj0VoOwUxA73oTcX/vE5qousgYzJJDUg6XxSlHJsYTxPAPaaAGj62hFDF7K2YDogi1NicijYEb/HlZdKsVryLSvXhsly7zeMooGN0gs6Qh65QDd2jOmogip7QM3pFb87IeXHenY9564qTzxyhP3A+fwAdK5EF</latexit>

Image credit:  
H. Junkerkalefeld



ray with hadronic tagR(D(*))
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 with hadronic tagR(D(*))

Signal

Normalisation modes

Dominant  
backgrounds

• Previous Belle II  result used only half of the dataset 
(189 fb )  PRD 110 (2024) 7, 072020


• Identify lepton from 

• Efficiency is maximised by reconstructing all  decay 

modes and 13  decay modes

- , 


- , 

• Extend analysis to include 

R(D*)
−1

τ → ℓνν̄
D*

D
D*± → D0π± D±π0

D*0 → D0π0 D0γ
R(D)

Supersedes previous hadronic tag  result  
by using the full Run 1 dataset: 

R(D*)

Twice the data! 

To be submitted

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072020
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 with hadronic tagR(D(*))

Signal

Normalisation modes

Dominant  
backgrounds

Supersedes previous hadronic tag  result  
by using the full Run 1 dataset: 

R(D*)

Twice the data! 

To be submitted

New mode for this analysis!

• Previous Belle II  result used only half of the dataset 
(189 fb )  PRD 110 (2024) 7, 072020


• Identify lepton from 

• Efficiency is maximised by reconstructing all  decay 

modes and 13  decay modes

- , 


- , 

• Extend analysis to include 

R(D*)
−1

τ → ℓνν̄
D*

D
D*± → D0π± D±π0

D*0 → D0π0 D0γ
R(D)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.072020
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 with hadronic tagR(D(*))

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

- Reduce background through completeness constraint that require no additional tracks

- 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   & invariant mass of 
undetected neutrinos 

B → D**ℓν

EECL
M2

miss = (pe+e− − pBtag
− pD* − pℓ)2

Dealing with missing energy Reducing background

To be submitted
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M2
miss

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

12

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

 with hadronic tagR(D(*))

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

- Reduce background through completeness constraint that require no additional tracks

- 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   & invariant mass of 
undetected neutrinos 

B → D**ℓν

EECL
M2

miss = (pe+e− − pBtag
− pD* − pℓ)2

To be submitted

Signal!
Signal 

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

- Reduce background through completeness constraint that require no additional tracks

- 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   & invariant mass of 
undetected neutrinos 

B → D**ℓν

EECL
M2

miss = (pe+e− − pBtag
− pD* − pℓ)2

 with hadronic tagR(D(*))
To be submitted

B → D*τν

B → Dτν

B → D*ℓν

B → Dℓν



# 14

 with hadronic tagR(D(*))
SM prediction:  = 0.254  0.005


HFLAV 23:  = 0.284  0.013
R(D*) ±

R(D*) ±
Eur. Phys. J. C 81, 226 (2021)

Belle II Preliminary

•  consistent with SM within 2 


•  consistent with SM within 0.5 


• Consistent with SM expectation within 1.5 


• Consistent with world average within 1.3

R(D) σ
R(D*) σ

σ
σ

R(D⇤) = 0.242± 0.019(stat.)± 0.016(syst.)
<latexit sha1_base64="oGACxqDBj/smuD6gLVpzufzYj38=">AAACKXicbZDJSgNBEIZ74hbjNurRS2MQoocwMwaXgxDUg8coZoEkhp5OJ2nSs9BdI4Yhr+PFV/GioKhXX8TOBppY0PDz/VVU1++GgiuwrE8jMTe/sLiUXE6trK6tb5ibWyUVRJKyIg1EICsuUUxwnxWBg2CVUDLiuYKV3e7FwC/fM6l44N9CL2R1j7R93uKUgEYNM3+TubyLD/r7+AxbWSfn4FroaWXZp5kasAeIFRDIan/Cjya8pwa8YaY1HRaeFfZYpNG4Cg3ztdYMaOQxH6ggSlVtK4R6TCRwKlg/VYsUCwntkjaraukTj6l6PLy0j/c0aeJWIPXzAQ/p74mYeEr1PFd3egQ6atobwP+8agStk3rM/TAC5tPRolYkMAR4EBtucskoiJ4WhEqu/4pph0hCQYeb0iHY0yfPipKTtQ+zznUunT8fx5FEO2gXZZCNjlEeXaECKiKKHtEzekPvxpPxYnwYX6PWhDGe2UZ/yvj+AY2loqc=</latexit>

R(D) = 0.439± 0.055(stat.)± 0.045(syst.)
<latexit sha1_base64="4PyWTqIoktTIO0/p3vGnyYDIL8Y=">AAACJXicbZDJSgNBEIZ74hbjNurRS2MQkkuYyYIKCkE9eIxiFkhC6Ol0kiY9C901YhjyMl58FS8eDCJ48lXsLIom/tDw81UV1fU7geAKLOvDiC0tr6yuxdcTG5tb2zvm7l5F+aGkrEx94cuaQxQT3GNl4CBYLZCMuI5gVad/Oa5X75lU3PfuYBCwpku6Hu9wSkCjlnl2m7pK43NsZfK5U9wIXO2sQiHVAPYAkQICmWH6m+d/+ECNectMajoRXjT2zCTRTKWWOWq0fRq6zAMqiFJ12wqgGREJnAo2TDRCxQJC+6TL6tp6xGWqGU2uHOIjTdq440v9PMAT+nsiIq5SA9fRnS6BnpqvjeF/tXoInZNmxL0gBObR6aJOKDD4eBwZbnPJKIiBNoRKrv+KaY9IQkEHm9Ah2PMnL5pKNmPnMtmbfLJ4MYsjjg7QIUohGx2jIrpGJVRGFD2iZ/SKRsaT8WK8Ge/T1pgxm9lHf2R8fgFnpKEJ</latexit>

⇢ = �0.52
<latexit sha1_base64="/AUIHn9M/+jKeZwH2EvTOFYrPtc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi8tuVfQiFL14rGA/oLuUbJq2odlkSbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCjhTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlakdYU84EbRhmOG0niuI44rQVje6mfuuJKs2keDTjhIYxHgjWZwQbKwWBGkp0g84897LaLVc815sBLRM/JxXIUe+Wv4KeJGlMhSEca93xvcSEGVaGEU4npSDVNMFkhAe0Y6nAMdVhNrt5gk6s0kN9qWwJg2bq74kMx1qP48h2xtgM9aI3Ff/zOqnpX4cZE0lqqCDzRf2UIyPRNADUY4oSw8eWYKKYvRWRIVaYGBtTyYbgL768TJpV1z93qw8XldptHkcRjuAYTsGHK6jBPdShAQQSeIZXeHNS58V5dz7mrQUnnzmEP3A+fwCG1pAK</latexit>

Most precise determination of   
with hadronic tagging!

R(D(*))

Hadronic tagged result

Semileptonic tagged result

World Avg.

R(X)
<latexit sha1_base64="JGFzfTyNfJeF6V+MPjcHi/rLIwE=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUzZCZFlp3RTcuq9gHtEPJpGkbmmSGJCOUob/gxoUibv0hd/6NmbaCih64cDjnXu69J4w50wahDye3tr6xuZXfLuzs7u0fFA+P2jpKFKEtEvFIdUOsKWeStgwznHZjRbEIOe2E06vM79xTpVkk78wspoHAY8lGjGCTSbfl7vmgWEKuh/yLGoLI9StV5GWkiuoV5EPPRQuUwArNQfG9P4xIIqg0hGOtex6KTZBiZRjhdF7oJ5rGmEzxmPYslVhQHaSLW+fwzCpDOIqULWngQv0+kWKh9UyEtlNgM9G/vUz8y+slZlQPUibjxFBJlotGCYcmgtnjcMgUJYbPLMFEMXsrJBOsMDE2noIN4etT+D9p+65Xcf2baqlxuYojD07AKSgDD9RAA1yDJmgBAibgATyBZ0c4j86L87pszTmrmWPwA87bJ2Esjc8=</latexit>

Belle II  with  
hadronic tag 

Phys.Rev.D 110 (2024) 7, 072020

R(D*)

To be submitted

https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
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 with hadronic tagR(D(*))
SM prediction:  = 0.254  0.005


HFLAV 23:  = 0.284  0.013
R(D*) ±

R(D*) ±
Eur. Phys. J. C 81, 226 (2021)

Belle II Preliminary

•  consistent with SM within 2 


•  consistent with SM within 0.5 


• Consistent with SM expectation within 1.5 


• Consistent with world average within 1.3

R(D) σ
R(D*) σ

σ
σ

R(D⇤) = 0.242± 0.019(stat.)± 0.016(syst.)
<latexit sha1_base64="oGACxqDBj/smuD6gLVpzufzYj38=">AAACKXicbZDJSgNBEIZ74hbjNurRS2MQoocwMwaXgxDUg8coZoEkhp5OJ2nSs9BdI4Yhr+PFV/GioKhXX8TOBppY0PDz/VVU1++GgiuwrE8jMTe/sLiUXE6trK6tb5ibWyUVRJKyIg1EICsuUUxwnxWBg2CVUDLiuYKV3e7FwC/fM6l44N9CL2R1j7R93uKUgEYNM3+TubyLD/r7+AxbWSfn4FroaWXZp5kasAeIFRDIan/Cjya8pwa8YaY1HRaeFfZYpNG4Cg3ztdYMaOQxH6ggSlVtK4R6TCRwKlg/VYsUCwntkjaraukTj6l6PLy0j/c0aeJWIPXzAQ/p74mYeEr1PFd3egQ6atobwP+8agStk3rM/TAC5tPRolYkMAR4EBtucskoiJ4WhEqu/4pph0hCQYeb0iHY0yfPipKTtQ+zznUunT8fx5FEO2gXZZCNjlEeXaECKiKKHtEzekPvxpPxYnwYX6PWhDGe2UZ/yvj+AY2loqc=</latexit>

R(D) = 0.439± 0.055(stat.)± 0.045(syst.)
<latexit sha1_base64="4PyWTqIoktTIO0/p3vGnyYDIL8Y=">AAACJXicbZDJSgNBEIZ74hbjNurRS2MQkkuYyYIKCkE9eIxiFkhC6Ol0kiY9C901YhjyMl58FS8eDCJ48lXsLIom/tDw81UV1fU7geAKLOvDiC0tr6yuxdcTG5tb2zvm7l5F+aGkrEx94cuaQxQT3GNl4CBYLZCMuI5gVad/Oa5X75lU3PfuYBCwpku6Hu9wSkCjlnl2m7pK43NsZfK5U9wIXO2sQiHVAPYAkQICmWH6m+d/+ECNectMajoRXjT2zCTRTKWWOWq0fRq6zAMqiFJ12wqgGREJnAo2TDRCxQJC+6TL6tp6xGWqGU2uHOIjTdq440v9PMAT+nsiIq5SA9fRnS6BnpqvjeF/tXoInZNmxL0gBObR6aJOKDD4eBwZbnPJKIiBNoRKrv+KaY9IQkEHm9Ah2PMnL5pKNmPnMtmbfLJ4MYsjjg7QIUohGx2jIrpGJVRGFD2iZ/SKRsaT8WK8Ge/T1pgxm9lHf2R8fgFnpKEJ</latexit>

⇢ = �0.52
<latexit sha1_base64="/AUIHn9M/+jKeZwH2EvTOFYrPtc=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBi8tuVfQiFL14rGA/oLuUbJq2odlkSbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvCjhTBvP+3YKK6tr6xvFzdLW9s7uXnn/oKllqghtEMmlakdYU84EbRhmOG0niuI44rQVje6mfuuJKs2keDTjhIYxHgjWZwQbKwWBGkp0g84897LaLVc815sBLRM/JxXIUe+Wv4KeJGlMhSEca93xvcSEGVaGEU4npSDVNMFkhAe0Y6nAMdVhNrt5gk6s0kN9qWwJg2bq74kMx1qP48h2xtgM9aI3Ff/zOqnpX4cZE0lqqCDzRf2UIyPRNADUY4oSw8eWYKKYvRWRIVaYGBtTyYbgL768TJpV1z93qw8XldptHkcRjuAYTsGHK6jBPdShAQQSeIZXeHNS58V5dz7mrQUnnzmEP3A+fwCG1pAK</latexit>

Most precise determination of   
with hadronic tagging!

R(D(*))

Hadronic tagged result

Semileptonic tagged result

World Avg.

R(X)
<latexit sha1_base64="JGFzfTyNfJeF6V+MPjcHi/rLIwE=">AAAB63icdVDLSgMxFM3UV62vqks3wSLUzZCZFlp3RTcuq9gHtEPJpGkbmmSGJCOUob/gxoUibv0hd/6NmbaCih64cDjnXu69J4w50wahDye3tr6xuZXfLuzs7u0fFA+P2jpKFKEtEvFIdUOsKWeStgwznHZjRbEIOe2E06vM79xTpVkk78wspoHAY8lGjGCTSbfl7vmgWEKuh/yLGoLI9StV5GWkiuoV5EPPRQuUwArNQfG9P4xIIqg0hGOtex6KTZBiZRjhdF7oJ5rGmEzxmPYslVhQHaSLW+fwzCpDOIqULWngQv0+kWKh9UyEtlNgM9G/vUz8y+slZlQPUibjxFBJlotGCYcmgtnjcMgUJYbPLMFEMXsrJBOsMDE2noIN4etT+D9p+65Xcf2baqlxuYojD07AKSgDD9RAA1yDJmgBAibgATyBZ0c4j86L87pszTmrmWPwA87bJ2Esjc8=</latexit>

Belle II  with  
hadronic tag 

Phys.Rev.D 110 (2024) 7, 072020

R(D*)

To be submitted

https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
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Global status

0.2 0.3 0.4 0.5
R(D)

0.2

0.25

0.3

0.35

0.4

R
(D

*)

HFLAV SM Prediction

L-QCD FLAG24 (Nf=2+1 for R(D*))

 0.004±R(D) = 0.296 
 0.005±R(D*) = 0.254 

 0.0054±R(D) = 0.2938 
 0.0051±R(D*) = 0.2582 

68% CL contours

total 0.024±R(D) = 0.358 
total 0.011±R(D*) = 0.281 

 = -0.374ρ
) = 27%2χP(

aLHCb
bLHCb

cLHCb

bBelle

cBelle

aBelle BaBar

aBelle II

bBelle II
Average

HFLAV

Prelim. CKM2025

HFLAV
CKM2025

Deviation of world average from SM prediction increases to 3.8  σ
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CKM matrix elements

Exclusive |Vub | Exclusive |Vcb | 

B / |Vqb|2f2
<latexit sha1_base64="sl7+XVa/t8hSS9xWv3T2GJmJ89Q=">AAACDnicbVC7TsMwFHV4lvIKMLJYVJWYqqQgwViVhbFI9CE1IXJcp7XqOMF2kKo0X8DCr7AwgBArMxt/g9NmgJYj2To6517de48fMyqVZX0bK6tr6xubpa3y9s7u3r55cNiRUSIwaeOIRaLnI0kY5aStqGKkFwuCQp+Rrj++yv3uAxGSRvxWTWLihmjIaUAxUlryzKoTIjXCiKXNDDqxiGIVwWnHS+/9bHqX1rMg/zyzYtWsGeAysQtSAQVanvnlDCKchIQrzJCUfduKlZsioShmJCs7iSQxwmM0JH1NOQqJdNPZORmsamUAg0joxxWcqb87UhRKOQl9XZkvLxe9XPzP6ycquHRTyuNEEY7ng4KEQX1yng0cUEGwYhNNEBZU7wrxCAmElU6wrEOwF09eJp16zT6r1W/OK41mEUcJHIMTcApscAEa4Bq0QBtg8AiewSt4M56MF+Pd+JiXrhhFzxH4A+PzBxBNnL8=</latexit>

Form 
Factors

Inclusive |Vub | Inclusive |Vcb | 

Heavy Quark Expansion

• SL  decays ideal to extract CKM Matrix elements  & 


•  limiting the constraining power of global fits.


• Important inputs to predictions of SM rates for ultra-rare  
decays. 


• Significant tension between inclusive & exclusive  
determinations poses a longstanding puzzle.

B |Vcb | |Vub |
|Vqb |

3σ

1

A longstanding tension…



rayInclusive  from |Vub | B → Xuℓν
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Inclusive B → Xuℓν
PRD 113 (2026) 3, 032004

Key inclusive variables: 

• Reconstruct: Combined signal lepton on the signal side with 
fully reconstructed hadronic B on tag side


• Large backgrounds from dominant  decays

- Efficiently suppressed with MLP using different event 

shape variables

- Normalization and shape mismodelling corrected using 

control regions in data

B → Xcℓν

Lepton energy in B rest frame Mass of hadronic system Lepton invariant mass squared

EB
ℓ Mx q2 = (p` + p⌫)

2
<latexit sha1_base64="/SishEgsMcdoACHfr1Q+OHxu8PM=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFqAglqYJuhKIblxXsBdoYJtNJO3QyiTMToYQs3fgqblwo4tZHcOfbOGmz0NYDAx//fw5nzu9FjEplWd9GYWFxaXmluFpaW9/Y3DK3d1oyjAUmTRyyUHQ8JAmjnDQVVYx0IkFQ4DHS9kZXmd9+IELSkN+qcUScAA049SlGSkuuuX9/l9RSeAErkZv0CGPpMcyIx+lR5rhm2apak4LzYOdQBnk1XPOr1w9xHBCuMENSdm0rUk6ChKKYkbTUiyWJEB6hAelq5Cgg0kkmh6TwUCt96IdCP67gRP09kaBAynHg6c4AqaGc9TLxP68bK//cSSiPYkU4ni7yYwZVCLNUYJ8KghUba0BYUP1XiIdIIKx0diUdgj178jy0alX7pFq7OS3XL/M4imAPHIAKsMEZqINr0ABNgMEjeAav4M14Ml6Md+Nj2low8pld8KeMzx9Of5jl</latexit>

https://journals.aps.org/prd/abstract/10.1103/59ws-zxbt
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Inclusive B → Xuℓν

Acceptance / Purity

• Reconstruct: Combined signal lepton on the signal side with 
fully reconstructed hadronic B on tag side


• Large backgrounds from dominant  decays

- Efficiently suppressed with MLP using different event 

shape variables

- Normalization and shape mismodelling corrected using 

control regions in data


• Extract signal with 2D fit to lepton energy in B restframe    
& momentum transfer 

B → Xcℓν

EB
ℓ

q2 = (pℓ + pν)2

PRD 113 (2026) 3, 032004

https://journals.aps.org/prd/abstract/10.1103/59ws-zxbt
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Inclusive B → Xuℓν

Acceptance / Purity

• Reconstruct: Combined signal lepton on the signal side with 
fully reconstructed hadronic B on tag side


• Large backgrounds from dominant  decays

- Efficiently suppressed with MLP using different event 

shape variables

- Normalization and shape mismodelling corrected using 

control regions in data


• Extract signal with 2D fit to lepton energy in B restframe    
& momentum transfer 

B → Xcℓν

EB
ℓ

q2 = (pℓ + pν)2

Nominal fit result

PRD 113 (2026) 3, 032004

https://journals.aps.org/prd/abstract/10.1103/59ws-zxbt
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Determine  from the measured partial 
branching fractions in the 3 different phase 
space regions:

|Vub |

Predictions of the partial rate

|Vub| = 4.01± 0.11(stat.)± 0.16(syst.)+0.07
�0.08(theo)

<latexit sha1_base64="FHuZzsIr3e+QiYgL0p8hjgBhFuE="></latexit>

Inclusive B → Xuℓν

Nominal result:  1 GeV with GGOU EB
ℓ >

Covering 87% of phase space 

Competitive with previous measurements! 

Dominant systematics:

 modelling

 composition


 fragmentation

B → Xuℓν
B → Xcℓν
Xu

|Vub| = (3.75± 0.06exp ± 0.19theo)⇥ 10�3
<latexit sha1_base64="NRNt1uziTNAKuwjVGUMYKm4CMOY="></latexit>

Exclusive Average for :B → πℓν

PRD 113 (2026) 3, 032004

https://journals.aps.org/prd/abstract/10.1103/59ws-zxbt


rayInclusive B+ → μ+ν
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Inclusive B+ → μ+ν arXiv:2602.09800

Submitted to PRD

? 

? 

µ+
<latexit sha1_base64="3xZUIdC0C++sXU/z3N/zqohuuTs=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BLx4jmAcka5idzCZD5rHMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk5qdUX6mJ1PeqWyX/FnQMskyEkZctR7pa9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSbGbGppgMsID2nFUYkFNmM3OnaBTp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9HfUZ5oSy8eOYKKZuxWRIdaYWJdQ0YUQLL68TJrVSnBRqd5flms3eRwFOIYTOIMArqAGd1CHBhAYwTO8wpuXeC/eu/cxb13x8pkj+APv8wdBPI+D</latexit>

B+
<latexit sha1_base64="QknLRzh+ShdUrzJV6CLIJAF4w2I=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY6sVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5Dces4tpv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CbImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVqt5ltXZ/Vak38jiKcAKncA4eXEMd7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwB0P45z</latexit>

B�
<latexit sha1_base64="PETH7O3Ps1bbmBfGyxZ6XAfENoU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbKLJnokePGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8huP2cW0X664VXcOtEq8nFQgR7Nf/uoNJEljKgzhWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5YKHFMdZPNjp+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif101NdBNkTCSpoYIsFkUpR0ai2edowBQlhk8swUQxeysiI6wwMTafkg3BW355lbRqVe+yWru/qtQbeRxFOIFTOAcPrqEOd9AEHwgweIZXeHOE8+K8Ox+L1oKTzxzDHzifP3dJjnU=</latexit>

• Combines Run 1 Belle II dataset with published Belle analysis 

- Update  &  modelling for Belle results


- Total dataset: 1.1 ab 

• Experimental signature: mono-energetic ~2.64 GeV muon in the 

B-sig rest frame

- Inclusive B-tag reconstruction to boost in the approximate  

B-sig rest frame

- Validated with  data.


• Challenging due to large backgrounds from light quark 
production and semileptonic B decays

b → c b → u
−1

B+ → D̄0π+

https://arxiv.org/abs/2602.09800
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.032007
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Inclusive B+ → μ+ν

? 

? 

µ+
<latexit sha1_base64="3xZUIdC0C++sXU/z3N/zqohuuTs=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BLx4jmAcka5idzCZD5rHMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk5qdUX6mJ1PeqWyX/FnQMskyEkZctR7pa9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSbGbGppgMsID2nFUYkFNmM3OnaBTp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9HfUZ5oSy8eOYKKZuxWRIdaYWJdQ0YUQLL68TJrVSnBRqd5flms3eRwFOIYTOIMArqAGd1CHBhAYwTO8wpuXeC/eu/cxb13x8pkj+APv8wdBPI+D</latexit>

B+
<latexit sha1_base64="QknLRzh+ShdUrzJV6CLIJAF4w2I=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY6sVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5Dces4tpv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CbImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVqt5ltXZ/Vak38jiKcAKncA4eXEMd7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwB0P45z</latexit>

B�
<latexit sha1_base64="PETH7O3Ps1bbmBfGyxZ6XAfENoU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbKLJnokePGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8huP2cW0X664VXcOtEq8nFQgR7Nf/uoNJEljKgzhWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5YKHFMdZPNjp+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif101NdBNkTCSpoYIsFkUpR0ai2edowBQlhk8swUQxeysiI6wwMTafkg3BW355lbRqVe+yWru/qtQbeRxFOIFTOAcPrqEOd9AEHwgweIZXeHOE8+K8Ox+L1oKTzxzDHzifP3dJjnU=</latexit>

Submitted to PRD

arXiv:2602.09800

• Combines Run 1 Belle II dataset with published Belle analysis 

- Update  &  modelling for Belle results


- Total dataset: 1.1 ab 

• Experimental signature: mono-energetic ~2.64 GeV muon in the 

B-sig rest frame

- Inclusive B-tag reconstruction to boost in the approximate  

B-sig rest frame

- Validated with  data.


• Challenging due to large backgrounds from light quark 
production and semileptonic B decays

b → c b → u
−1

B+ → D̄0π+

https://arxiv.org/abs/2602.09800
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.032007
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? 

? 

µ+
<latexit sha1_base64="3xZUIdC0C++sXU/z3N/zqohuuTs=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBAEIexGQY9BLx4jmAcka5idzCZD5rHMzAphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7K6tr6xWdgqbu/s7u2XDg6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0O/VbT1QbpuSDHSc0FHggWcwItk5qdUX6mJ1PeqWyX/FnQMskyEkZctR7pa9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSbGbGppgMsID2nFUYkFNmM3OnaBTp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vg4zJpPUUknmi+KUI6vQ9HfUZ5oSy8eOYKKZuxWRIdaYWJdQ0YUQLL68TJrVSnBRqd5flms3eRwFOIYTOIMArqAGd1CHBhAYwTO8wpuXeC/eu/cxb13x8pkj+APv8wdBPI+D</latexit>

B+
<latexit sha1_base64="QknLRzh+ShdUrzJV6CLIJAF4w2I=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRZBEMpuFfRY6sVjBbcttGvJptk2NJssSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaE+kVyqTog15UxQ3zDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5Dces4tpv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CbImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmnVqt5ltXZ/Vak38jiKcAKncA4eXEMd7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwB0P45z</latexit>

B�
<latexit sha1_base64="PETH7O3Ps1bbmBfGyxZ6XAfENoU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbKLJnokePGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8huP2cW0X664VXcOtEq8nFQgR7Nf/uoNJEljKgzhWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5YKHFMdZPNjp+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif101NdBNkTCSpoYIsFkUpR0ai2edowBQlhk8swUQxeysiI6wwMTafkg3BW355lbRqVe+yWru/qtQbeRxFOIFTOAcPrqEOd9AEHwgweIZXeHOE8+K8Ox+L1oKTzxzDHzifP3dJjnU=</latexit>
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Signal x 3000! 

Submitted to PRD
Inclusive B+ → μ+ν arXiv:2602.09800

• Combines Run 1 Belle II dataset with published Belle analysis 

- Update  &  modelling for Belle results


- Total dataset: 1.1 ab 

• Experimental signature: mono-energetic ~2.64 GeV muon in the 

B-sig rest frame

- Inclusive B-tag reconstruction to boost in the approximate  

B-sig rest frame

- Validated with  data.


• Challenging due to large backgrounds from light quark 
production and semileptonic B decays

b → c b → u
−1

B+ → D̄0π+

https://arxiv.org/abs/2602.09800
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.032007
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? 

? 

µ+
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B�
<latexit sha1_base64="PETH7O3Ps1bbmBfGyxZ6XAfENoU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiRbKLJnokePGIiQsksJJu6UJDt920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZW8huP2cW0X664VXcOtEq8nFQgR7Nf/uoNJEljKgzhWOuu5yYmyLAyjHA6LfVSTRNMxnhIu5YKHFMdZPNjp+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif101NdBNkTCSpoYIsFkUpR0ai2edowBQlhk8swUQxeysiI6wwMTafkg3BW355lbRqVe+yWru/qtQbeRxFOIFTOAcPrqEOd9AEHwgweIZXeHOE8+K8Ox+L1oKTzxzDHzifP3dJjnU=</latexit>
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Suppress

with  
BDT!

Submitted to PRD
Inclusive B+ → μ+ν

Signal x 3000! 

arXiv:2602.09800

• Combines Run 1 Belle II dataset with published Belle analysis 

- Update  &  modelling for Belle results


- Total dataset: 1.1 ab 

• Experimental signature: mono-energetic ~2.64 GeV muon in the 

B-sig rest frame

- Inclusive B-tag reconstruction to boost in the approximate  

B-sig rest frame

- Validated with  data.


• Challenging due to large backgrounds from light quark 
production and semileptonic B decays

b → c b → u
−1

B+ → D̄0π+

https://arxiv.org/abs/2602.09800
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.032007
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B(B+ ! µ+⌫µ) = (4.4± 1.9± 1.0)⇥ 10�7
<latexit sha1_base64="mKBV2MrW6e0/WWKT2yGaxHLfEew="></latexit>

Most precise measurement to date:

• 150  73 signal events


• 2.4  over background-only hypothesis

• Leading systematics:


•  modelling

• Continuum

±
σ

B → uℓν

|Vub| = 3.92+0.77
�0.96(stat.)+0.44

�0.49(syst.)± 0.03(theo)
<latexit sha1_base64="qHS4sI38TsqAlZkhs1L3ACMnU2k="></latexit>

Determination of exclusive |Vub |

Compatible with both inclusive and exclusive

determinations

• Signal extraction: Combined binned fit of 
 in 4 (Belle) + 4 (Belle II) categories based 

on BDT output
pB

μ

Submitted to PRD
Inclusive B+ → μ+ν

Signal

arXiv:2602.09800

https://arxiv.org/abs/2602.09800


# 29

 results in context|Vub |



Very active field, with innovative strategies of measuring ,  
and tests of lepton flavour universality.


- With the current collected data set, Belle II already produces 
world-leading and unique results!


- The well-understood Belle data set is still used to squeeze out 
interesting measurements.


- Collaboration between theory and experiment crucial to solve  
ongoing puzzles!

Vub Vcb

Conclusion & Outlook

Exciting, new 
results  

are on the way!We are here!

Belle II offers a unique and fertile environment for 
precision measurements of semileptonic  decays.B
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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.
≈

How to increase luminosity:

L =
�±
2ere

✓
1 +

�⇤
y

�⇤
x

◆✓
I± ⇣±y

�⇤
y

◆✓
RL

Ry

◆
Lorentz factor

Beam current x 1.5 Beam-beam  
parameter

Beam size Vertical 𝛃 function x 1/20
Geometric 

factors

x30!

with record 5.1 x 10  cm  s  already achieved!34 −2 −1



Florian Bernlochner Antrittsvorlesung — Schönheit und Geschmack

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

Particle Identifi


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 


