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Semileptonic decays

Exclusive |Vub | Exclusive |Vcb | 

B / |Vqb|2f2
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• SL  decays ideal to extract CKM Matrix elements  & 


•  limiting the constraining power of global fits.


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


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

B |Vcb | |Vub |
|Vqb |
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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
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• 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
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From Belle

(3.5 GeV)
e+

<latexit sha1_base64="gkht7wIN74m20BqQ1WK7Ut92zYc=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSIIQsnWWvVW9OKxgv2Adi3ZNG1Ds9klyQpl6W/w4kERr/4gb/4bs+0KKvpg4PHeDDPz/EhwbTD+cBYWl5ZXVnNr+fWNza3tws5uU4exoqxBQxGqtk80E1yyhuFGsHakGAl8wVr++Cr1W/dMaR7KWzOJmBeQoeQDTomxUoPdJcfTXqGISxcYn7ouwiU8Q0qqLq5WkJspRchQ7xXeu/2QxgGThgqidcfFkfESogyngk3z3ViziNAxGbKOpZIETHvJ7NgpOrRKHw1CZUsaNFO/TyQk0HoS+LYzIGakf3up+JfXic3g3Eu4jGLDJJ0vGsQCmRCln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuuSel8k2lWLvM4sjBPhzAEbhwBjW4hjo0gAKHB3iCZ0c6j86L8zpvXXCymT34AeftE9mXjrc=</latexit>

(8 GeV)
e
�

<latexit sha1_base64="dZxCoUuS7hndFH/n4ar91uSZEAQ=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBiyVpK21vRS8eK5hWaGPZbCft0s0m7G6EEvobvHhQxKs/yJv/xm0bQUUfDDzem2Fmnh9zprRtf1i5ldW19Y38ZmFre2d3r7h/0FFRIim4NOKRvPWJAs4EuJppDrexBBL6HLr+5HLud+9BKhaJGz2NwQvJSLCAUaKN5MJdejYbFEt22V4A22Wnel5rVg1pNit2o46dzCqhDO1B8b0/jGgSgtCUE6V6jh1rLyVSM8phVugnCmJCJ2QEPUMFCUF56eLYGT4xyhAHkTQlNF6o3ydSEio1DX3TGRI9Vr+9ufiX10t00PBSJuJEg6DLRUHCsY7w/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/TzoVk0+5cl0rtS6yOPLoCB2jU+SgOmqhK9RGLqKIoQf0hJ4tYT1aL9brsjVnZTOH6Aest08ChY7U</latexit>

p
s = 10.58 GeV

<latexit sha1_base64="QMbxf+Lb56nAf92eo24LOAWNy3o=">AAACBXicbVDJSgNBEO2JW4zbqEc9NAbBU5iJirkIQQ96jGAWSELo6VSSJj2L3TViGHLx4q948aCIV//Bm39jZzlo4oOCx3tVVNXzIik0Os63lVpYXFpeSa9m1tY3Nrfs7Z2KDmPFocxDGaqaxzRIEUAZBUqoRQqY70moev3LkV+9B6VFGNziIIKmz7qB6AjO0Egte7+h7xQmekjPqevkTgu0gfCACb2CyrBlZ52cMwadJ+6UZMkUpZb91WiHPPYhQC6Z1nXXibCZMIWCSxhmGrGGiPE+60Ld0ID5oJvJ+IshPTRKm3ZCZSpAOlZ/TyTM13rge6bTZ9jTs95I/M+rx9gpNBMRRDFCwCeLOrGkGNJRJLQtFHCUA0MYV8LcSnmPKcbRBJcxIbizL8+TSj7nHufyNyfZ4sU0jjTZIwfkiLjkjBTJNSmRMuHkkTyTV/JmPVkv1rv1MWlNWdOZXfIH1ucPUMWXLA==</latexit>

• Operated from 1999 to 2010 at KEK in 
Tsukuba, Japan.


• Asymmetric  collider. 

• Collected data at  

corresponding to the  resonance.

• Large solid angle coverage.

• Very successful — still produces results!

e+e−

Υ(4S)

772 M  pairsBB̄
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From Belle…to Belle II

2019 2020 2021 2022

(4 GeV)

(7 GeV)

e+
<latexit sha1_base64="gkht7wIN74m20BqQ1WK7Ut92zYc=">AAAB7HicdVBNSwMxEJ31s9avqkcvwSIIQsnWWvVW9OKxgv2Adi3ZNG1Ds9klyQpl6W/w4kERr/4gb/4bs+0KKvpg4PHeDDPz/EhwbTD+cBYWl5ZXVnNr+fWNza3tws5uU4exoqxBQxGqtk80E1yyhuFGsHakGAl8wVr++Cr1W/dMaR7KWzOJmBeQoeQDTomxUoPdJcfTXqGISxcYn7ouwiU8Q0qqLq5WkJspRchQ7xXeu/2QxgGThgqidcfFkfESogyngk3z3ViziNAxGbKOpZIETHvJ7NgpOrRKHw1CZUsaNFO/TyQk0HoS+LYzIGakf3up+JfXic3g3Eu4jGLDJJ0vGsQCmRCln6M+V4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/pFkuuSel8k2lWLvM4sjBPhzAEbhwBjW4hjo0gAKHB3iCZ0c6j86L8zpvXXCymT34AeftE9mXjrc=</latexit>

e�
<latexit sha1_base64="dZxCoUuS7hndFH/n4ar91uSZEAQ=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBiyVpK21vRS8eK5hWaGPZbCft0s0m7G6EEvobvHhQxKs/yJv/xm0bQUUfDDzem2Fmnh9zprRtf1i5ldW19Y38ZmFre2d3r7h/0FFRIim4NOKRvPWJAs4EuJppDrexBBL6HLr+5HLud+9BKhaJGz2NwQvJSLCAUaKN5MJdejYbFEt22V4A22Wnel5rVg1pNit2o46dzCqhDO1B8b0/jGgSgtCUE6V6jh1rLyVSM8phVugnCmJCJ2QEPUMFCUF56eLYGT4xyhAHkTQlNF6o3ydSEio1DX3TGRI9Vr+9ufiX10t00PBSJuJEg6DLRUHCsY7w/HM8ZBKo5lNDCJXM3IrpmEhCtcmnYEL4+hT/TzoVk0+5cl0rtS6yOPLoCB2jU+SgOmqhK9RGLqKIoQf0hJ4tYT1aL9brsjVnZTOH6Aest08ChY7U</latexit>

Trigger: 
Hardware: < 30 kHz

Software: < 10 kHz

KL and muon detector (KLM): 


Scintillator + WLSF + MPPC (endcaps, inner barrel)


Magnet: 



Particle Identifi 


Aerogel Ring-Imaging Cherenkov Counter (ARICH) 
(FWD)


Central drift chamber (CDC): 
 



Vertex detectors (VXD): 


4 layer double-sided silicon strip detectors (SVD)


Electromagnetic calorimeter (ECL): 



Non-projective gaps between crystals.


• Starting Run 2 after installing two-layer pixel 
detector and machine maintenance.


• Re-utilized from Belle: only the structure, 
superconducting magnets, calorimeter crystals 
and outer barrel of  &  detector.


• Practically a brand new detector with better 
vertexing/tracking than Belle.

KL μ

Run 1

387 M  pairsBB̄

Today’s results: 198 M  pairs BB̄
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First collisions of Run 2: 20 February 2024 22:12 JST
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First collisions of Run 2: 20 February 2024 22:12 JST
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Reconstruction at B-Factories

Image credit: K. Kojima

Efficiency, backgrounds
Purity, available observables

Untagged Tagged 

? 

? 

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>

Reconstruct  with hadronic decay modes.Btag
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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>

Belle

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>

Belle

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>

Belle

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(Xτ/ℓ)

R(X⌧/`) =
B(B ! X⌧⌫⌧ )

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

Complementary inclusive study:

pBe
<latexit sha1_base64="P2EML89DExgu3Yt9LWB2tjtmWOs=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY+lXjxWsB/SriWbzrahSXZJskJZ9ld48aCIV3+ON/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJotCiEY9UNyAaOJPQMsxw6MYKiAg4dILJzczvPIHSLJL3ZhqDL8hIspBRYqz0EA9SyB7TRjYoV9yqOwdeJV5OKihHc1D+6g8jmgiQhnKidc9zY+OnRBlGOWSlfqIhJnRCRtCzVBIB2k/nB2f4zCpDHEbKljR4rv6eSInQeioC2ymIGetlbyb+5/USE177KZNxYkDSxaIw4dhEePY9HjIF1PCpJYQqZm/FdEwUocZmVLIheMsvr5J2repdVGt3l5V6I4+jiE7QKTpHHrpCdXSLmqiFKBLoGb2iN0c5L86787FoLTj5zDH6A+fzBx2ykJw=</latexit>

Electron channel

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

• First measurement at a B-Factory with the ! 
• Main challenge: Modelling & characterising backgrounds arising  

from ,  (continuum) and mis-identified leptons.


- Data-driven  modelling using  distribution in high-lepton 
momentum (  GeV) sideband region.


- Systematics dominated by  modelling and  reweighting.


• Extract signal with 2D fit to lepton momentum  (in the signal  
rest frame) & mass of undetected neutrinos  

Y(4S)

b → c → ℓ e+e− → qq̄
Xℓν MX
pB

ℓ > 1.4
Xcℓν MX

pB
ℓ B

M2
miss

arXiv:2311.07248

Belle

Preliminary

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

https://arxiv.org/abs/2311.07248
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(Xτ/ℓ)

R(X⌧/`) =
B(B ! X⌧⌫⌧ )

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

Complementary inclusive study:

pBe
<latexit sha1_base64="P2EML89DExgu3Yt9LWB2tjtmWOs=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BIvgqexWQY+lXjxWsB/SriWbzrahSXZJskJZ9ld48aCIV3+ON/+NabsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW0eJotCiEY9UNyAaOJPQMsxw6MYKiAg4dILJzczvPIHSLJL3ZhqDL8hIspBRYqz0EA9SyB7TRjYoV9yqOwdeJV5OKihHc1D+6g8jmgiQhnKidc9zY+OnRBlGOWSlfqIhJnRCRtCzVBIB2k/nB2f4zCpDHEbKljR4rv6eSInQeioC2ymIGetlbyb+5/USE177KZNxYkDSxaIw4dhEePY9HjIF1PCpJYQqZm/FdEwUocZmVLIheMsvr5J2repdVGt3l5V6I4+jiE7QKTpHHrpCdXSLmqiFKBLoGb2iN0c5L86787FoLTj5zDH6A+fzBx2ykJw=</latexit>

(average of electron and muon channels)

Compatible with SM and  measurementsR(D(*))

SM prediction:  = 0.223 ± 0.005 

J. High Energ. Phys. 2022, Phys. Rev. D 92, 054018,  

Phys. Rev. D 105, 073009

R(X )

R(X⌧/`) = 0.228± 0.016 (stat.) ± 0.036 (sys.)
<latexit sha1_base64="5q2L89epR8SMebR9nY8NZXBAIqs="></latexit>

X
<latexit sha1_base64="kpPTAtGMnO2krFRSnNrra2xDivU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZqdfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8ftweM4A==</latexit>

• First measurement at a B-Factory with the ! 
• Main challenge: Modelling & characterising backgrounds arising  

from ,  (continuum) and mis-identified leptons.


- Data-driven  modelling using  distribution in high-lepton 
momentum (  GeV) sideband region.


- Systematics dominated by  modelling and  reweighting.


• Extract signal with 2D fit to lepton momentum  (in the signal   
rest frame) & mass of undetected neutrinos  

Y(4S)

b → c → ℓ e+e− → qq̄
Xℓν MX
pB

ℓ > 1.4
Xcℓν MX

pB
ℓ B

M2
miss

arXiv:2311.07248

Belle

Electron channelPreliminary

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

https://link.springer.com/article/10.1007/JHEP11(2022)007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.073009
https://arxiv.org/abs/2311.07248
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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from untagged |Vcb | B0 → D*+ℓ−ν

Signal 

cos ✓BY
<latexit sha1_base64="nHtGN0Wh+0JYLjmbOf0VKLcRomI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mqoMdSLx4r2A9pQthsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMgW1/G6W19Y3NrfJ2ZWd3b//ArB52VZxKQjsk5rHsB1hRzgTtAANO+4mkOAo47QWT65nfe6BSsVjcwTShXoRHgoWMYNCSb1ZdEqvMhTEF7Get+zz3zZpdt+ewVolTkBoq0PbNL3cYkzSiAgjHSg0cOwEvwxIY4TSvuKmiCSYTPKIDTQWOqPKy+em5daqVoRXGUpcAa67+nshwpNQ0CnRnhGGslr2Z+J83SCG88jImkhSoIItFYcotiK1ZDtaQSUqATzXBRDJ9q0XGWGICOq2KDsFZfnmVdBt157zeuL2oNVtFHGV0jE7QGXLQJWqiG9RGHUTQI3pGr+jNeDJejHfjY9FaMoqZI/QHxucPyLWUVg==</latexit>

�M = M(D⇤+)�M(D0)
<latexit sha1_base64="CrOJZvF2WDKnJKG8zKHd4euTt+U=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFaBXLTBV0IxTtwk2hgr1AW0smzbShmcyQZIQyzNKNr+LGhSJufQR3vo1pOwtt/SHw8Z9zODm/EzAqlWV9G6mFxaXllfRqZm19Y3PL3N6pSz8UmNSwz3zRdJAkjHJSU1Qx0gwEQZ7DSMMZXo/rjQciJPX5nRoFpOOhPqcuxUhpq2vut8uEKQQr8BJWcuX76Og4zsOTKVtxvmtmrYI1EZwHO4EsSFTtml/tno9Dj3CFGZKyZVuB6kRIKIoZiTPtUJIA4SHqk5ZGjjwiO9HkkBgeaqcHXV/oxxWcuL8nIuRJOfIc3ekhNZCztbH5X60VKveiE1EehIpwPF3khgwqH45TgT0qCFZspAFhQfVfIR4ggbDS2WV0CPbsyfNQLxbs00Lx9ixbukriSIM9cABywAbnoARuQBXUAAaP4Bm8gjfjyXgx3o2PaWvKSGZ2wR8Znz+ETZZ3</latexit>

PRD 108, 092013 (2023)

• Reconstruct  and combine 
with appropriately charged lepton (  or ). 


• Main challenge: accurate background model,  
slow pion (p < 0.4 GeV) tracking and statistical  
correlations between bins. 


• Reconstruct the angle between  and :


• Extract signal yield with 2D fit to  and  
 in bins of…

D*+ → D0( → K−π+)π+
slow
ℓ = e μ

B Y = D*ℓ

cos θBY
ΔM = M(D*+) − M(D0)

cos ✓BY =
2E⇤

BE
⇤
Y �m2

B �m2
Y

2|p⇤B ||p⇤Y |
<latexit sha1_base64="lpE1FjU9d/yjX/f7+cSUP06nixI="></latexit>

Belle

Signal  rest frameB

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
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Signal 

cos ✓BY
<latexit sha1_base64="nHtGN0Wh+0JYLjmbOf0VKLcRomI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mqoMdSLx4r2A9pQthsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMgW1/G6W19Y3NrfJ2ZWd3b//ArB52VZxKQjsk5rHsB1hRzgTtAANO+4mkOAo47QWT65nfe6BSsVjcwTShXoRHgoWMYNCSb1ZdEqvMhTEF7Get+zz3zZpdt+ewVolTkBoq0PbNL3cYkzSiAgjHSg0cOwEvwxIY4TSvuKmiCSYTPKIDTQWOqPKy+em5daqVoRXGUpcAa67+nshwpNQ0CnRnhGGslr2Z+J83SCG88jImkhSoIItFYcotiK1ZDtaQSUqATzXBRDJ9q0XGWGICOq2KDsFZfnmVdBt157zeuL2oNVtFHGV0jE7QGXLQJWqiG9RGHUTQI3pGr+jNeDJejHfjY9FaMoqZI/QHxucPyLWUVg==</latexit>

�M = M(D⇤+)�M(D0)
<latexit sha1_base64="CrOJZvF2WDKnJKG8zKHd4euTt+U=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFaBXLTBV0IxTtwk2hgr1AW0smzbShmcyQZIQyzNKNr+LGhSJufQR3vo1pOwtt/SHw8Z9zODm/EzAqlWV9G6mFxaXllfRqZm19Y3PL3N6pSz8UmNSwz3zRdJAkjHJSU1Qx0gwEQZ7DSMMZXo/rjQciJPX5nRoFpOOhPqcuxUhpq2vut8uEKQQr8BJWcuX76Og4zsOTKVtxvmtmrYI1EZwHO4EsSFTtml/tno9Dj3CFGZKyZVuB6kRIKIoZiTPtUJIA4SHqk5ZGjjwiO9HkkBgeaqcHXV/oxxWcuL8nIuRJOfIc3ekhNZCztbH5X60VKveiE1EehIpwPF3khgwqH45TgT0qCFZspAFhQfVfIR4ggbDS2WV0CPbsyfNQLxbs00Lx9ixbukriSIM9cABywAbnoARuQBXUAAaP4Bm8gjfjyXgx3o2PaWvKSGZ2wR8Znz+ETZZ3</latexit>

PRD 108, 092013 (2023)

• Reconstruct  and combine 
with appropriately charged lepton (  or ). 


• Main challenge: accurate background model,  
slow pion (p < 0.4 GeV) tracking and statistical  
correlations between bins. 


• Reconstruct the angle between  and :


• Extract signal yield with 2D fit to  and  
 in bins of 

D*+ → D0( → K−π+)π+
slow
ℓ = e μ

B Y = D*ℓ

cos θBY
ΔM = M(D*+) − M(D0) cos θℓ

cos ✓BY =
2E⇤

BE
⇤
Y �m2

B �m2
Y

2|p⇤B ||p⇤Y |
<latexit sha1_base64="lpE1FjU9d/yjX/f7+cSUP06nixI="></latexit>

✓`
<latexit sha1_base64="G8EmukcYBidkuJ5GfwMG7ZOlMio=">AAAB9HicdVBNS8NAEN3U7/pV9ehlsQieQprWVm+iF48K1gpNKJvtpF26+XB3Uiihv8OLB0W8+mO8+W/caAUVfTDweG+GmXlBKoVGx3mzSnPzC4tLyyvl1bX1jc3K1va1TjLFoc0TmaibgGmQIoY2CpRwkypgUSChE4zOCr8zBqVFEl/hJAU/YoNYhIIzNJLv4RCQ9XIPpJz2KlXHPj5quocudWzHabn1ZkHcVsOt05pRClTJDBe9yqvXT3gWQYxcMq27NSdFP2cKBZcwLXuZhpTxERtA19CYRaD9/OPoKd03Sp+GiTIVI/1Qv0/kLNJ6EgWmM2I41L+9QvzL62YYHvm5iNMMIeafi8JMUkxokQDtCwUc5cQQxpUwt1I+ZIpxNDmVTQhfn9L/ybVr1+q2e9monpzO4lgmu2SPHJAaaZETck4uSJtwckvuyAN5tMbWvfVkPX+2lqzZzA75AevlHZiWkqY=</latexit>

Belle

Signal  rest frameB

from untagged |Vcb | B0 → D*+ℓ−ν

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
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Signal 

cos ✓BY
<latexit sha1_base64="nHtGN0Wh+0JYLjmbOf0VKLcRomI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mqoMdSLx4r2A9pQthsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMgW1/G6W19Y3NrfJ2ZWd3b//ArB52VZxKQjsk5rHsB1hRzgTtAANO+4mkOAo47QWT65nfe6BSsVjcwTShXoRHgoWMYNCSb1ZdEqvMhTEF7Get+zz3zZpdt+ewVolTkBoq0PbNL3cYkzSiAgjHSg0cOwEvwxIY4TSvuKmiCSYTPKIDTQWOqPKy+em5daqVoRXGUpcAa67+nshwpNQ0CnRnhGGslr2Z+J83SCG88jImkhSoIItFYcotiK1ZDtaQSUqATzXBRDJ9q0XGWGICOq2KDsFZfnmVdBt157zeuL2oNVtFHGV0jE7QGXLQJWqiG9RGHUTQI3pGr+jNeDJejHfjY9FaMoqZI/QHxucPyLWUVg==</latexit>

�M = M(D⇤+)�M(D0)
<latexit sha1_base64="CrOJZvF2WDKnJKG8zKHd4euTt+U=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFaBXLTBV0IxTtwk2hgr1AW0smzbShmcyQZIQyzNKNr+LGhSJufQR3vo1pOwtt/SHw8Z9zODm/EzAqlWV9G6mFxaXllfRqZm19Y3PL3N6pSz8UmNSwz3zRdJAkjHJSU1Qx0gwEQZ7DSMMZXo/rjQciJPX5nRoFpOOhPqcuxUhpq2vut8uEKQQr8BJWcuX76Og4zsOTKVtxvmtmrYI1EZwHO4EsSFTtml/tno9Dj3CFGZKyZVuB6kRIKIoZiTPtUJIA4SHqk5ZGjjwiO9HkkBgeaqcHXV/oxxWcuL8nIuRJOfIc3ekhNZCztbH5X60VKveiE1EehIpwPF3khgwqH45TgT0qCFZspAFhQfVfIR4ggbDS2WV0CPbsyfNQLxbs00Lx9ixbukriSIM9cABywAbnoARuQBXUAAaP4Bm8gjfjyXgx3o2PaWvKSGZ2wR8Znz+ETZZ3</latexit>

PRD 108, 092013 (2023)

• Reconstruct  and combine 
with appropriately charged lepton (  or ). 


• Main challenge: accurate background model,  
slow pion (p < 0.4 GeV) tracking and statistical  
correlations between bins. 


• Reconstruct the angle between  and :


• Extract signal yield with 2D fit to  and  
 in bins of , 

D*+ → D0( → K−π+)π+
slow
ℓ = e μ

B Y = D*ℓ

cos θBY
ΔM = M(D*+) − M(D0) cos θℓ cos θν

cos ✓BY =
2E⇤

BE
⇤
Y �m2

B �m2
Y

2|p⇤B ||p⇤Y |
<latexit sha1_base64="lpE1FjU9d/yjX/f7+cSUP06nixI="></latexit>

✓`
<latexit sha1_base64="G8EmukcYBidkuJ5GfwMG7ZOlMio=">AAAB9HicdVBNS8NAEN3U7/pV9ehlsQieQprWVm+iF48K1gpNKJvtpF26+XB3Uiihv8OLB0W8+mO8+W/caAUVfTDweG+GmXlBKoVGx3mzSnPzC4tLyyvl1bX1jc3K1va1TjLFoc0TmaibgGmQIoY2CpRwkypgUSChE4zOCr8zBqVFEl/hJAU/YoNYhIIzNJLv4RCQ9XIPpJz2KlXHPj5quocudWzHabn1ZkHcVsOt05pRClTJDBe9yqvXT3gWQYxcMq27NSdFP2cKBZcwLXuZhpTxERtA19CYRaD9/OPoKd03Sp+GiTIVI/1Qv0/kLNJ6EgWmM2I41L+9QvzL62YYHvm5iNMMIeafi8JMUkxokQDtCwUc5cQQxpUwt1I+ZIpxNDmVTQhfn9L/ybVr1+q2e9monpzO4lgmu2SPHJAaaZETck4uSJtwckvuyAN5tMbWvfVkPX+2lqzZzA75AevlHZiWkqY=</latexit> ✓⌫

<latexit sha1_base64="wujVq/rSvdHQwh5EzCae3sohAqM=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0nS2tZb0YvHCvYDmlI22027dLMJuxOhhP4NLx4U8eqf8ea/cdNWUNEHA4/3ZpiZ58eCa7DtDyu3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStYGDYL1YMRL6gnX96XXmd++Z0jySdzCL2SAkY8kDTgkYyfNgwoAMU08m82GxZJcvGzX3wsV22bbrbqWWEbdedSvYMUqGElqhNSy+e6OIJiGTQAXRuu/YMQxSooBTweYFL9EsJnRKxqxvqCQh04N0cfMcnxllhINImZKAF+r3iZSEWs9C33SGBCb6t5eJf3n9BILGIOUyToBJulwUJAJDhLMA8IgrRkHMDCFUcXMrphOiCAUTU8GE8PUp/p903LJTKbu31VLzahVHHp2gU3SOHFRHTXSDWqiNKIrRA3pCz1ZiPVov1uuyNWetZo7RD1hvn+ZbkkI=</latexit>

Belle

Signal  rest frameB

from untagged |Vcb | B0 → D*+ℓ−ν

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013


# 17

Signal 

cos ✓BY
<latexit sha1_base64="nHtGN0Wh+0JYLjmbOf0VKLcRomI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mqoMdSLx4r2A9pQthsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMgW1/G6W19Y3NrfJ2ZWd3b//ArB52VZxKQjsk5rHsB1hRzgTtAANO+4mkOAo47QWT65nfe6BSsVjcwTShXoRHgoWMYNCSb1ZdEqvMhTEF7Get+zz3zZpdt+ewVolTkBoq0PbNL3cYkzSiAgjHSg0cOwEvwxIY4TSvuKmiCSYTPKIDTQWOqPKy+em5daqVoRXGUpcAa67+nshwpNQ0CnRnhGGslr2Z+J83SCG88jImkhSoIItFYcotiK1ZDtaQSUqATzXBRDJ9q0XGWGICOq2KDsFZfnmVdBt157zeuL2oNVtFHGV0jE7QGXLQJWqiG9RGHUTQI3pGr+jNeDJejHfjY9FaMoqZI/QHxucPyLWUVg==</latexit>

�M = M(D⇤+)�M(D0)
<latexit sha1_base64="CrOJZvF2WDKnJKG8zKHd4euTt+U=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFaBXLTBV0IxTtwk2hgr1AW0smzbShmcyQZIQyzNKNr+LGhSJufQR3vo1pOwtt/SHw8Z9zODm/EzAqlWV9G6mFxaXllfRqZm19Y3PL3N6pSz8UmNSwz3zRdJAkjHJSU1Qx0gwEQZ7DSMMZXo/rjQciJPX5nRoFpOOhPqcuxUhpq2vut8uEKQQr8BJWcuX76Og4zsOTKVtxvmtmrYI1EZwHO4EsSFTtml/tno9Dj3CFGZKyZVuB6kRIKIoZiTPtUJIA4SHqk5ZGjjwiO9HkkBgeaqcHXV/oxxWcuL8nIuRJOfIc3ekhNZCztbH5X60VKveiE1EehIpwPF3khgwqH45TgT0qCFZspAFhQfVfIR4ggbDS2WV0CPbsyfNQLxbs00Lx9ixbukriSIM9cABywAbnoARuQBXUAAaP4Bm8gjfjyXgx3o2PaWvKSGZ2wR8Znz+ETZZ3</latexit>

PRD 108, 092013 (2023)

• Reconstruct  and combine 
with appropriately charged lepton (  or ). 


• Main challenge: accurate background model,  
slow pion (p < 0.4 GeV) tracking and statistical  
correlations between bins. 


• Reconstruct the angle between  and :


• Extract signal yield with 2D fit to  and  
 in bins of , , 

D*+ → D0( → K−π+)π+
slow
ℓ = e μ

B Y = D*ℓ

cos θBY
ΔM = M(D*+) − M(D0) cos θℓ cos θν χ

cos ✓BY =
2E⇤

BE
⇤
Y �m2

B �m2
Y

2|p⇤B ||p⇤Y |
<latexit sha1_base64="lpE1FjU9d/yjX/f7+cSUP06nixI="></latexit>

✓`
<latexit sha1_base64="G8EmukcYBidkuJ5GfwMG7ZOlMio=">AAAB9HicdVBNS8NAEN3U7/pV9ehlsQieQprWVm+iF48K1gpNKJvtpF26+XB3Uiihv8OLB0W8+mO8+W/caAUVfTDweG+GmXlBKoVGx3mzSnPzC4tLyyvl1bX1jc3K1va1TjLFoc0TmaibgGmQIoY2CpRwkypgUSChE4zOCr8zBqVFEl/hJAU/YoNYhIIzNJLv4RCQ9XIPpJz2KlXHPj5quocudWzHabn1ZkHcVsOt05pRClTJDBe9yqvXT3gWQYxcMq27NSdFP2cKBZcwLXuZhpTxERtA19CYRaD9/OPoKd03Sp+GiTIVI/1Qv0/kLNJ6EgWmM2I41L+9QvzL62YYHvm5iNMMIeafi8JMUkxokQDtCwUc5cQQxpUwt1I+ZIpxNDmVTQhfn9L/ybVr1+q2e9monpzO4lgmu2SPHJAaaZETck4uSJtwckvuyAN5tMbWvfVkPX+2lqzZzA75AevlHZiWkqY=</latexit> ✓⌫

<latexit sha1_base64="wujVq/rSvdHQwh5EzCae3sohAqM=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0nS2tZb0YvHCvYDmlI22027dLMJuxOhhP4NLx4U8eqf8ea/cdNWUNEHA4/3ZpiZ58eCa7DtDyu3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStYGDYL1YMRL6gnX96XXmd++Z0jySdzCL2SAkY8kDTgkYyfNgwoAMU08m82GxZJcvGzX3wsV22bbrbqWWEbdedSvYMUqGElqhNSy+e6OIJiGTQAXRuu/YMQxSooBTweYFL9EsJnRKxqxvqCQh04N0cfMcnxllhINImZKAF+r3iZSEWs9C33SGBCb6t5eJf3n9BILGIOUyToBJulwUJAJDhLMA8IgrRkHMDCFUcXMrphOiCAUTU8GE8PUp/p903LJTKbu31VLzahVHHp2gU3SOHFRHTXSDWqiNKIrRA3pCz1ZiPVov1uuyNWetZo7RD1hvn+ZbkkI=</latexit>

�
<latexit sha1_base64="OaxTkOwux7nxBIIkcbif+Txk844=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tnVXdOOygn1AG8pkOmmGzkzCzEQoob/gxoUibv0hd/6Nk7aCih64cDjnXu69J0gYVdpxPqzC2vrG5lZxu7Szu7d/UD486qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTK9zv3dPpKKxuNOzhPgcTQQNKUY6l4Y4oqNyxbEvm3XvwoOO7TgNr1rPideoeVXoGiVHBazQHpXfh+MYp5wIjRlSauA6ifYzJDXFjMxLw1SRBOEpmpCBoQJxovxscescnhllDMNYmhIaLtTvExniSs14YDo50pH67eXiX94g1WHTz6hIUk0EXi4KUwZ1DPPH4ZhKgjWbGYKwpOZWiCMkEdYmnpIJ4etT+D/perZbtb3bWqV1tYqjCE7AKTgHLmiAFrgBbdABGETgATyBZ4tbj9aL9bpsLVirmWPwA9bbJ2Pxjno=</latexit>

Belle

Signal  rest frameB

from untagged |Vcb | B0 → D*+ℓ−ν

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013


# 18

Signal 

cos ✓BY
<latexit sha1_base64="nHtGN0Wh+0JYLjmbOf0VKLcRomI=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mqoMdSLx4r2A9pQthsN+3SzSbsTpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMgW1/G6W19Y3NrfJ2ZWd3b//ArB52VZxKQjsk5rHsB1hRzgTtAANO+4mkOAo47QWT65nfe6BSsVjcwTShXoRHgoWMYNCSb1ZdEqvMhTEF7Get+zz3zZpdt+ewVolTkBoq0PbNL3cYkzSiAgjHSg0cOwEvwxIY4TSvuKmiCSYTPKIDTQWOqPKy+em5daqVoRXGUpcAa67+nshwpNQ0CnRnhGGslr2Z+J83SCG88jImkhSoIItFYcotiK1ZDtaQSUqATzXBRDJ9q0XGWGICOq2KDsFZfnmVdBt157zeuL2oNVtFHGV0jE7QGXLQJWqiG9RGHUTQI3pGr+jNeDJejHfjY9FaMoqZI/QHxucPyLWUVg==</latexit>

�M = M(D⇤+)�M(D0)
<latexit sha1_base64="CrOJZvF2WDKnJKG8zKHd4euTt+U=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFaBXLTBV0IxTtwk2hgr1AW0smzbShmcyQZIQyzNKNr+LGhSJufQR3vo1pOwtt/SHw8Z9zODm/EzAqlWV9G6mFxaXllfRqZm19Y3PL3N6pSz8UmNSwz3zRdJAkjHJSU1Qx0gwEQZ7DSMMZXo/rjQciJPX5nRoFpOOhPqcuxUhpq2vut8uEKQQr8BJWcuX76Og4zsOTKVtxvmtmrYI1EZwHO4EsSFTtml/tno9Dj3CFGZKyZVuB6kRIKIoZiTPtUJIA4SHqk5ZGjjwiO9HkkBgeaqcHXV/oxxWcuL8nIuRJOfIc3ekhNZCztbH5X60VKveiE1EehIpwPF3khgwqH45TgT0qCFZspAFhQfVfIR4ggbDS2WV0CPbsyfNQLxbs00Lx9ixbukriSIM9cABywAbnoARuQBXUAAaP4Bm8gjfjyXgx3o2PaWvKSGZ2wR8Znz+ETZZ3</latexit>

w =
m2

B +m2
D⇤ � q2

2mBmD⇤
<latexit sha1_base64="Gg+bPsz7ZhsqIfu1RRLjH+/QLUI=">AAACJnicbZBPS8MwGMbT+X/+q3r0EhyCKI52CnoZDPXgcYJzwtaNNEu3YNLWJFVG6Kfx4lfx4kER8eZHMd0q6PSFwC/P874k7+PHjErlOB9WYWp6ZnZufqG4uLS8smqvrV/JKBGYNHDEInHtI0kYDUlDUcXIdSwI4j4jTf/mNPObd0RIGoWXahgTj6N+SAOKkTJS167ewypsBwJhzTu6knb1SQr3YM5nHb2bpnAf3mb3VFd45vNvI+3aJafsjAr+BTeHEsir3rVf2r0IJ5yECjMkZct1YuVpJBTFjKTFdiJJjPAN6pOWwRBxIj09WjOF20bpwSAS5oQKjtSfExpxKYfcN50cqYGc9DLxP6+VqODY0zSME0VCPH4oSBhUEcwygz0qCFZsaABhQc1fIR4gk5kyyRZNCO7kyn/hqlJ2D8qVi8NS7SSPYx5sgi2wA1xwBGrgHNRBA2DwAJ7AC3i1Hq1n6816H7cWrHxmA/wq6/MLTNKlHA==</latexit>

PRD 108, 092013 (2023)

• Reconstruct  and combine 
with appropriately charged lepton (  or ). 


• Main challenge: accurate background model,  
slow pion (p < 0.4 GeV) tracking and statistical  
correlations between bins. 


• Reconstruct the angle between  and :


• Extract signal yield with 2D fit to  and  
 in bins of , , , & 

D*+ → D0( → K−π+)π+
slow
ℓ = e μ

B Y = D*ℓ

cos θBY
ΔM = M(D*+) − M(D0) cos θℓ cos θν χ w

cos ✓BY =
2E⇤

BE
⇤
Y �m2

B �m2
Y

2|p⇤B ||p⇤Y |
<latexit sha1_base64="lpE1FjU9d/yjX/f7+cSUP06nixI="></latexit>

✓`
<latexit sha1_base64="G8EmukcYBidkuJ5GfwMG7ZOlMio=">AAAB9HicdVBNS8NAEN3U7/pV9ehlsQieQprWVm+iF48K1gpNKJvtpF26+XB3Uiihv8OLB0W8+mO8+W/caAUVfTDweG+GmXlBKoVGx3mzSnPzC4tLyyvl1bX1jc3K1va1TjLFoc0TmaibgGmQIoY2CpRwkypgUSChE4zOCr8zBqVFEl/hJAU/YoNYhIIzNJLv4RCQ9XIPpJz2KlXHPj5quocudWzHabn1ZkHcVsOt05pRClTJDBe9yqvXT3gWQYxcMq27NSdFP2cKBZcwLXuZhpTxERtA19CYRaD9/OPoKd03Sp+GiTIVI/1Qv0/kLNJ6EgWmM2I41L+9QvzL62YYHvm5iNMMIeafi8JMUkxokQDtCwUc5cQQxpUwt1I+ZIpxNDmVTQhfn9L/ybVr1+q2e9monpzO4lgmu2SPHJAaaZETck4uSJtwckvuyAN5tMbWvfVkPX+2lqzZzA75AevlHZiWkqY=</latexit> ✓⌫

<latexit sha1_base64="wujVq/rSvdHQwh5EzCae3sohAqM=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU0nS2tZb0YvHCvYDmlI22027dLMJuxOhhP4NLx4U8eqf8ea/cdNWUNEHA4/3ZpiZ58eCa7DtDyu3tr6xuZXfLuzs7u0fFA+POjpKFGVtGolI9XyimeCStYGDYL1YMRL6gnX96XXmd++Z0jySdzCL2SAkY8kDTgkYyfNgwoAMU08m82GxZJcvGzX3wsV22bbrbqWWEbdedSvYMUqGElqhNSy+e6OIJiGTQAXRuu/YMQxSooBTweYFL9EsJnRKxqxvqCQh04N0cfMcnxllhINImZKAF+r3iZSEWs9C33SGBCb6t5eJf3n9BILGIOUyToBJulwUJAJDhLMA8IgrRkHMDCFUcXMrphOiCAUTU8GE8PUp/p903LJTKbu31VLzahVHHp2gU3SOHFRHTXSDWqiNKIrRA3pCz1ZiPVov1uuyNWetZo7RD1hvn+ZbkkI=</latexit>

�
<latexit sha1_base64="OaxTkOwux7nxBIIkcbif+Txk844=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK0tnVXdOOygn1AG8pkOmmGzkzCzEQoob/gxoUibv0hd/6Nk7aCih64cDjnXu69J0gYVdpxPqzC2vrG5lZxu7Szu7d/UD486qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTK9zv3dPpKKxuNOzhPgcTQQNKUY6l4Y4oqNyxbEvm3XvwoOO7TgNr1rPideoeVXoGiVHBazQHpXfh+MYp5wIjRlSauA6ifYzJDXFjMxLw1SRBOEpmpCBoQJxovxscescnhllDMNYmhIaLtTvExniSs14YDo50pH67eXiX94g1WHTz6hIUk0EXi4KUwZ1DPPH4ZhKgjWbGYKwpOZWiCMkEdYmnpIJ4etT+D/perZbtb3bWqV1tYqjCE7AKTgHLmiAFrgBbdABGETgATyBZ4tbj9aL9bpsLVirmWPwA9bbJ2Pxjno=</latexit>

w
<latexit sha1_base64="U1bKbTPJp9X4JiHQLVfq7qf5VMQ=">AAAB6HicdVBNT8JAEN3iF+IX6tHLRmLiqWkLAt6IXjxCIkICDdkuU1jZfmR3qyENv8CLB43x6k/y5r9xC5io0ZdM8vLeTGbmeTFnUlnWh5FbWV1b38hvFra2d3b3ivsHNzJKBIU2jXgkuh6RwFkIbcUUh24sgAQeh443ucz8zh0IyaLwWk1jcAMyCpnPKFFaat0PiiXLPK9XnTMHW6Zl1ZxyNSNOreKUsa2VDCW0RHNQfO8PI5oEECrKiZQ924qVmxKhGOUwK/QTCTGhEzKCnqYhCUC66fzQGT7RyhD7kdAVKjxXv0+kJJByGni6MyBqLH97mfiX10uUX3dTFsaJgpAuFvkJxyrC2dd4yARQxaeaECqYvhXTMRGEKp1NQYfw9Sn+n9w4pl02nVal1LhYxpFHR+gYnSIb1VADXaEmaiOKAD2gJ/Rs3BqPxovxumjNGcuZQ/QDxtsnSPuNQw==</latexit>

Belle

Signal  rest frameB

from untagged |Vcb | B0 → D*+ℓ−ν

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013


# 19

R(D⇤
e/µ) = 0.998± 0.009± 0.020

<latexit sha1_base64="3IT+yDOamq9s/gF3ygtTSpfcYEk=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCdVGTKtguhKIuXFaxF2hqmUyn7dCZJMxMhBLyFm58FTcuFHGrO9/GSRtBW38Y+PjPOZw5vxswKpVlfRlz8wuLS8uZlezq2vrGprm1XZd+KDCpYZ/5oukiSRj1SE1RxUgzEARxl5GGO7xI6o17IiT1vVs1Ckibo75HexQjpa2OWbjJR5d30WHciciRw8M4PoBn0CqUyyXoBFyTZZV/qGh1zFziJIKzYKeQA6mqHfPT6fo45MRTmCEpW7YVqHaEhKKYkTjrhJIECA9Rn7Q0eogT2Y7Gd8VwXztd2POFfp6CY/f3RIS4lCPu6k6O1EBO1xLzv1orVL1SO6JeECri4cmiXsig8mESEuxSQbBiIw0IC6r/CvEACYSVjjKrQ7CnT56FerFgHxeK1ye5ynkaRwbsgj2QBzY4BRVwBaqgBjB4AE/gBbwaj8az8Wa8T1rnjHRmB/yR8fEN/06bYQ==</latexit>

Ratio

w
<latexit sha1_base64="K+iivrhdeUPnWoxmB5CJQNdKl6I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOYDjP8=</latexit>

cos ✓`
<latexit sha1_base64="y46lMD68UZ0NlZc7PHeYxtOMT3c=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9Fj04rGC/YAmhM120i7dfLA7EUKof8WLB0W8+kO8+W/ctjlo64OBx3szzMwLUsEV2va3sba+sbm1Xdmp7u7tHxyaR8ddlWSSQYclIpH9gCoQPIYOchTQTyXQKBDQCya3M7/3CFLxJH7APAUvoqOYh5xR1JJv1lyWqMLFMSD1CxeEmE59s2437DmsVeKUpE5KtH3zyx0mLIsgRiaoUgPHTtErqETOBEyrbqYgpWxCRzDQNKYRKK+YHz+1zrQytMJE6orRmqu/JwoaKZVHge6MKI7VsjcT//MGGYbXXsHjNEOI2WJRmAkLE2uWhDXkEhiKXBPKJNe3WmxMJWWo86rqEJzll1dJt9lwLhrN+8t666aMo0JOyCk5Jw65Ii1yR9qkQxjJyTN5JW/Gk/FivBsfi9Y1o5ypkT8wPn8AoueVaA==</latexit>

cos ✓⌫
<latexit sha1_base64="rw3i9KxubgDqNAx6Zd37vkhTDT8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdiVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoJrcJxva219Y3Nru7JT3d3bPzi0j2pdnWSKsg5NRKL6IdFMcMk6wEGwfqoYiUPBeuHkdub3HpnSPJEPME2ZH5OR5BGnBIwU2DWPJjr3YMyABLkns6II7LrTcObAq8QtSR2VaAf2lzdMaBYzCVQQrQeuk4KfEwWcClZUvUyzlNAJGbGBoZLETPv5/PYCnxlliKNEmZKA5+rviZzEWk/j0HTGBMZ62ZuJ/3mDDKJrP+cyzYBJulgUZQJDgmdB4CFXjIKYGkKo4uZWTMdEEQomrqoJwV1+eZV0mw33otG8v6y3bso4KugEnaJz5KIr1EJ3qI06iKIn9Ixe0ZtVWC/Wu/WxaF2zyplj9AfW5w/uC5UE</latexit>

�
<latexit sha1_base64="2nJGzzoVtZOM+N/8kUwooO4SuzA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbde+q3nho1lq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gABCI42</latexit>

• Convert to partial branching fractions  using reconstruction efficiencies. 


• Fit differential shapes with different form factor expansions to obtain .


• Use FNAL/MILC lattice QCD data at zero recoil ( ) for normalisation. Phy. Rev. D 89 (2014) 114504  

ΔΓi

|Vcb |

w = 1

Fom factor parameterizations: 

PRD 108, 092013 (2023)

Phy. Rev. D 56 (1997) 6895 Nucl. Phy. B 530 (1998) 152

Bellefrom untagged |Vcb | B0 → D*+ℓ−ν

 mode:e

 mode:μ B(B̄0 ! D⇤+µ�⌫̄µ) = (4.93± 0.03± 0.23)%
<latexit sha1_base64="JTQ2agbHhAxdOCCnvpuys5JGD08="></latexit>

B(B̄0 ! D⇤+e�⌫̄e) = (4.92± 0.03± 0.22)%
<latexit sha1_base64="HYf91Ded15qas4HJpZDvo1kTJ9I="></latexit>

d4�

dwd cos ✓`d cos ✓⌫d�
/ |Vcb|2F 2(w, cos ✓`, cos ✓⌫ ,�)

<latexit sha1_base64="hMqU2DRgCUWrAxBkfC+Tg0MX9iI="></latexit>

|Vcb|BGL = (40.6± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="XXOPLUv+7eu5EmqScEGsZOQsPF4="></latexit>

|Vcb|CLN = (40.1± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="hO4ZpYKldfLiJOpLXm5Svy5iy+Q="></latexit>

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.114504
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub


# 20

R(D⇤
e/µ) = 0.998± 0.009± 0.020

<latexit sha1_base64="3IT+yDOamq9s/gF3ygtTSpfcYEk=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCdVGTKtguhKIuXFaxF2hqmUyn7dCZJMxMhBLyFm58FTcuFHGrO9/GSRtBW38Y+PjPOZw5vxswKpVlfRlz8wuLS8uZlezq2vrGprm1XZd+KDCpYZ/5oukiSRj1SE1RxUgzEARxl5GGO7xI6o17IiT1vVs1Ckibo75HexQjpa2OWbjJR5d30WHciciRw8M4PoBn0CqUyyXoBFyTZZV/qGh1zFziJIKzYKeQA6mqHfPT6fo45MRTmCEpW7YVqHaEhKKYkTjrhJIECA9Rn7Q0eogT2Y7Gd8VwXztd2POFfp6CY/f3RIS4lCPu6k6O1EBO1xLzv1orVL1SO6JeECri4cmiXsig8mESEuxSQbBiIw0IC6r/CvEACYSVjjKrQ7CnT56FerFgHxeK1ye5ynkaRwbsgj2QBzY4BRVwBaqgBjB4AE/gBbwaj8az8Wa8T1rnjHRmB/yR8fEN/06bYQ==</latexit>

Ratio

w
<latexit sha1_base64="K+iivrhdeUPnWoxmB5CJQNdKl6I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOYDjP8=</latexit>

cos ✓`
<latexit sha1_base64="y46lMD68UZ0NlZc7PHeYxtOMT3c=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9Fj04rGC/YAmhM120i7dfLA7EUKof8WLB0W8+kO8+W/ctjlo64OBx3szzMwLUsEV2va3sba+sbm1Xdmp7u7tHxyaR8ddlWSSQYclIpH9gCoQPIYOchTQTyXQKBDQCya3M7/3CFLxJH7APAUvoqOYh5xR1JJv1lyWqMLFMSD1CxeEmE59s2437DmsVeKUpE5KtH3zyx0mLIsgRiaoUgPHTtErqETOBEyrbqYgpWxCRzDQNKYRKK+YHz+1zrQytMJE6orRmqu/JwoaKZVHge6MKI7VsjcT//MGGYbXXsHjNEOI2WJRmAkLE2uWhDXkEhiKXBPKJNe3WmxMJWWo86rqEJzll1dJt9lwLhrN+8t666aMo0JOyCk5Jw65Ii1yR9qkQxjJyTN5JW/Gk/FivBsfi9Y1o5ypkT8wPn8AoueVaA==</latexit>

cos ✓⌫
<latexit sha1_base64="rw3i9KxubgDqNAx6Zd37vkhTDT8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdiVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoJrcJxva219Y3Nru7JT3d3bPzi0j2pdnWSKsg5NRKL6IdFMcMk6wEGwfqoYiUPBeuHkdub3HpnSPJEPME2ZH5OR5BGnBIwU2DWPJjr3YMyABLkns6II7LrTcObAq8QtSR2VaAf2lzdMaBYzCVQQrQeuk4KfEwWcClZUvUyzlNAJGbGBoZLETPv5/PYCnxlliKNEmZKA5+rviZzEWk/j0HTGBMZ62ZuJ/3mDDKJrP+cyzYBJulgUZQJDgmdB4CFXjIKYGkKo4uZWTMdEEQomrqoJwV1+eZV0mw33otG8v6y3bso4KugEnaJz5KIr1EJ3qI06iKIn9Ixe0ZtVWC/Wu/WxaF2zyplj9AfW5w/uC5UE</latexit>

�
<latexit sha1_base64="2nJGzzoVtZOM+N/8kUwooO4SuzA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbde+q3nho1lq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gABCI42</latexit>

• Convert to partial branching fractions  using reconstruction efficiencies. 


• Fit differential shapes with different form factor expansions to obtain .


• Use FNAL/MILC lattice QCD data at zero recoil ( ) for normalisation. Phy. Rev. D 89 (2014) 114504  

ΔΓi

|Vcb |

w = 1

Fom factor parameterizations: 

PRD 108, 092013 (2023)

Phy. Rev. D 56 (1997) 6895 Nucl. Phy. B 530 (1998) 152

Bellefrom untagged |Vcb | B0 → D*+ℓ−ν

 mode:e

 mode:μ B(B̄0 ! D⇤+µ�⌫̄µ) = (4.93± 0.03± 0.23)%
<latexit sha1_base64="JTQ2agbHhAxdOCCnvpuys5JGD08="></latexit>

B(B̄0 ! D⇤+e�⌫̄e) = (4.92± 0.03± 0.22)%
<latexit sha1_base64="HYf91Ded15qas4HJpZDvo1kTJ9I="></latexit>

d4�

dwd cos ✓`d cos ✓⌫d�
/ |Vcb|2F 2(w, cos ✓`, cos ✓⌫ ,�)

<latexit sha1_base64="hMqU2DRgCUWrAxBkfC+Tg0MX9iI="></latexit>

|Vcb|BGL = (40.6± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="XXOPLUv+7eu5EmqScEGsZOQsPF4="></latexit>

|Vcb|CLN = (40.1± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="hO4ZpYKldfLiJOpLXm5Svy5iy+Q="></latexit>

WA values (HFLAV 21):  
 = (39.10  0.50) x  

= (42.19  0.78) x  

|Vcb |Excl. ± 10−3

|Vcb |Incl. ± 10−3

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.114504
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub


# 21

R(D⇤
e/µ) = 0.998± 0.009± 0.020

<latexit sha1_base64="3IT+yDOamq9s/gF3ygtTSpfcYEk=">AAACF3icbZDLSsNAFIYnXmu9RV26GSxCdVGTKtguhKIuXFaxF2hqmUyn7dCZJMxMhBLyFm58FTcuFHGrO9/GSRtBW38Y+PjPOZw5vxswKpVlfRlz8wuLS8uZlezq2vrGprm1XZd+KDCpYZ/5oukiSRj1SE1RxUgzEARxl5GGO7xI6o17IiT1vVs1Ckibo75HexQjpa2OWbjJR5d30WHciciRw8M4PoBn0CqUyyXoBFyTZZV/qGh1zFziJIKzYKeQA6mqHfPT6fo45MRTmCEpW7YVqHaEhKKYkTjrhJIECA9Rn7Q0eogT2Y7Gd8VwXztd2POFfp6CY/f3RIS4lCPu6k6O1EBO1xLzv1orVL1SO6JeECri4cmiXsig8mESEuxSQbBiIw0IC6r/CvEACYSVjjKrQ7CnT56FerFgHxeK1ye5ynkaRwbsgj2QBzY4BRVwBaqgBjB4AE/gBbwaj8az8Wa8T1rnjHRmB/yR8fEN/06bYQ==</latexit>

Ratio

w
<latexit sha1_base64="K+iivrhdeUPnWoxmB5CJQNdKl6I=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOYDjP8=</latexit>

cos ✓`
<latexit sha1_base64="y46lMD68UZ0NlZc7PHeYxtOMT3c=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KkkV9Fj04rGC/YAmhM120i7dfLA7EUKof8WLB0W8+kO8+W/ctjlo64OBx3szzMwLUsEV2va3sba+sbm1Xdmp7u7tHxyaR8ddlWSSQYclIpH9gCoQPIYOchTQTyXQKBDQCya3M7/3CFLxJH7APAUvoqOYh5xR1JJv1lyWqMLFMSD1CxeEmE59s2437DmsVeKUpE5KtH3zyx0mLIsgRiaoUgPHTtErqETOBEyrbqYgpWxCRzDQNKYRKK+YHz+1zrQytMJE6orRmqu/JwoaKZVHge6MKI7VsjcT//MGGYbXXsHjNEOI2WJRmAkLE2uWhDXkEhiKXBPKJNe3WmxMJWWo86rqEJzll1dJt9lwLhrN+8t666aMo0JOyCk5Jw65Ii1yR9qkQxjJyTN5JW/Gk/FivBsfi9Y1o5ypkT8wPn8AoueVaA==</latexit>

cos ✓⌫
<latexit sha1_base64="rw3i9KxubgDqNAx6Zd37vkhTDT8=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNCJvtpl262YTdiVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXpoJrcJxva219Y3Nru7JT3d3bPzi0j2pdnWSKsg5NRKL6IdFMcMk6wEGwfqoYiUPBeuHkdub3HpnSPJEPME2ZH5OR5BGnBIwU2DWPJjr3YMyABLkns6II7LrTcObAq8QtSR2VaAf2lzdMaBYzCVQQrQeuk4KfEwWcClZUvUyzlNAJGbGBoZLETPv5/PYCnxlliKNEmZKA5+rviZzEWk/j0HTGBMZ62ZuJ/3mDDKJrP+cyzYBJulgUZQJDgmdB4CFXjIKYGkKo4uZWTMdEEQomrqoJwV1+eZV0mw33otG8v6y3bso4KugEnaJz5KIr1EJ3qI06iKIn9Ixe0ZtVWC/Wu/WxaF2zyplj9AfW5w/uC5UE</latexit>

�
<latexit sha1_base64="2nJGzzoVtZOM+N/8kUwooO4SuzA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NCQRG1Vrbt1dAK0TryA1KNAeVb+G45ikgkpDONZ64LmJ8TOsDCOczivDVNMEkyme0IGlEguq/Wxx6xxdWGWMwljZkgYt1N8TGRZaz0RgOwU2kV71cvE/b5Ca8MbPmExSQyVZLgpTjkyM8sfRmClKDJ9Zgoli9lZEIqwwMTaeig3BW315nXQbde+q3nho1lq3RRxlOINzuAQPrqEF99CGDhCI4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gABCI42</latexit>

• Convert to partial branching fractions  using reconstruction efficiencies. 


• Fit differential shapes with different form factor expansions to obtain .


• Use FNAL/MILC lattice QCD data at zero recoil ( ) for normalisation. Phy. Rev. D 89 (2014) 114504  

ΔΓi

|Vcb |

w = 1

Fom factor parameterizations: 

PRD 108, 092013 (2023)

Phy. Rev. D 56 (1997) 6895 Nucl. Phy. B 530 (1998) 152

Bellefrom untagged |Vcb | B0 → D*+ℓ−ν

 mode:e

 mode:μ B(B̄0 ! D⇤+µ�⌫̄µ) = (4.93± 0.03± 0.23)%
<latexit sha1_base64="JTQ2agbHhAxdOCCnvpuys5JGD08="></latexit>

B(B̄0 ! D⇤+e�⌫̄e) = (4.92± 0.03± 0.22)%
<latexit sha1_base64="HYf91Ded15qas4HJpZDvo1kTJ9I="></latexit>

d4�

dwd cos ✓`d cos ✓⌫d�
/ |Vcb|2F 2(w, cos ✓`, cos ✓⌫ ,�)

<latexit sha1_base64="hMqU2DRgCUWrAxBkfC+Tg0MX9iI="></latexit>

|Vcb|BGL = (40.6± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="XXOPLUv+7eu5EmqScEGsZOQsPF4="></latexit>

|Vcb|CLN = (40.1± 0.3± 1.0± 0.6)⇥ 10�3
<latexit sha1_base64="hO4ZpYKldfLiJOpLXm5Svy5iy+Q="></latexit>

WA values (HFLAV 21):  
 = (39.10  0.50) x  

= (42.19  0.78) x  

|Vcb |Excl. ± 10−3

|Vcb |Incl. ± 10−3

Shifts exclusive average closer to inclusive average

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.114504
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.092013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.56.6895
https://www.sciencedirect.com/science/article/abs/pii/S0550321398003502?via=ihub


#

• Measure angular asymmetries separately for  & 
  final states; their differences are sensitive to 
LFU violation.


• Simultaneous determination of all asymmetries in different 
 ranges:


• Signal yields extracted from fits to 

B → D*eν
B → D*μν

w

M2
miss

22

 angular asymmetries
B0 → D*−ℓν
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Agrees well with SM, no evidence for LFU violation

- +

M2
miss

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

All asymmetry measurements are statistics limited!

-

Ax(w) =

✓
d�

dw

◆�1 Z 1

0
�
Z 0

�1

�
dx

d2�

dwdx
<latexit sha1_base64="3NVHhRSvqAWmmhvFOWCyhMhp8Io="></latexit>

AFB(w)
<latexit sha1_base64="LypwuhX288fbcohX9Ngc/Dsf3bE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiRV0GWtIC4r2Ae0IUymk3boZBJmJkoI8VfcuFDErR/izr9x0mahrQcGDufcyz1zvIhRqSzr21hZXVvf2Cxtlbd3dvf2zYPDrgxjgUkHhywUfQ9JwignHUUVI/1IEBR4jPS86XXu9x6IkDTk9yqJiBOgMac+xUhpyTUrwwCpCUYsvcrc9KaV1R5PXbNq1a0Z4DKxC1IFBdqu+TUchTgOCFeYISkHthUpJ0VCUcxIVh7GkkQIT9GYDDTlKCDSSWfhM3iilRH0Q6EfV3Cm/t5IUSBlEnh6Mo8qF71c/M8bxMq/dFLKo1gRjueH/JhBFcK8CTiigmDFEk0QFlRnhXiCBMJK91XWJdiLX14m3UbdPqs37s6rzVZRRwkcgWNQAza4AE1wC9qgAzBIwDN4BW/Gk/FivBsf89EVo9ipgD8wPn8ARNKUgw==</latexit>

dx ! d(cos ✓`)
<latexit sha1_base64="7aquEyrOSJ51RUqnBRRyG7FYnjE=">AAACDnicbVA9SwNBEN3zM8avqKXNYhBiE+5U0DJoYxnBRCF3HHt7k2TJ3u2xO6eGI7/Axr9iY6GIrbWd/8ZNTOHXg4HHezPMzIsyKQy67oczMzs3v7BYWiovr6yurVc2NttG5ZpDiyup9FXEDEiRQgsFSrjKNLAkknAZDU7H/uU1aCNUeoHDDIKE9VLRFZyhlcLKbnxLfS16fWRaqxsa13yuTOFjH5CFhQ9SjkZ7YaXq1t0J6F/iTUmVTNEMK+9+rHieQIpcMmM6npthUDCNgksYlf3cQMb4gPWgY2nKEjBBMXlnRHetEtOu0rZSpBP1+0TBEmOGSWQ7E4Z989sbi/95nRy7x0Eh0ixHSPnXom4uKSo6zobGQgNHObSEcS3srZT3mWYcbYJlG4L3++W/pL1f9w7q++eH1cbJNI4S2SY7pEY8ckQa5Iw0SYtwckceyBN5du6dR+fFef1qnXGmM1vkB5y3T8agnJI=</latexit>

S3(w)
<latexit sha1_base64="ymv4SNJJllhwa4K1Nq+bAWEhqJQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBItQNyVpBV0W3bisaB/QhjCZTtuhk0mYmagl5FfcuFDErT/izr9x0mahrQcGDufcyz1z/IhRqWz72yisrW9sbhW3Szu7e/sH5mG5I8NYYNLGIQtFz0eSMMpJW1HFSC8SBAU+I11/ep353QciJA35vZpFxA3QmNMRxUhpyTPLgwCpCUYsuUu9pJFWH888s2LX7DmsVeLkpAI5Wp75NRiGOA4IV5ghKfuOHSk3QUJRzEhaGsSSRAhP0Zj0NeUoINJN5tlT61QrQ2sUCv24subq740EBVLOAl9PZknlspeJ/3n9WI0u3YTyKFaE48WhUcwsFVpZEdaQCoIVm2mCsKA6q4UnSCCsdF0lXYKz/OVV0qnXnEatfnteaV7ldRThGE6gCg5cQBNuoAVtwPAEz/AKb0ZqvBjvxsditGDkO0fwB8bnD7O/lDY=</latexit>

dx ! d(cos 2�)
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Ratio of and  from inclusive decays 
|Vub | |Vcb |

- Measuring  is challenging due to large 
background component from .


- Clear separation only possible in corners of phase 
space.

B → Xuℓν
B → Xcℓν

• Analyse full Belle data set using the Belle II hadronic 
tagging algorithm

- Up to 50% higher efficiency than previous Belle  

Full Reconstruction

• Extract  yield from 2D fit to lepton energy 

 & 


• Extract  yield via simple background  
subtraction in total  sample

B → Xuℓν
Eℓ q2 = (pB − pX)2 = (pℓ + pν)2

B → Xcℓν
B → Xℓν
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Measure partial BF for the region 1 GeV:EB
ℓ >

Leading systematics: 

 mode:  MC statistics 

 mode: lepton identification efficiency
B → Xuℓν

B → Xcℓν

arXiv:2311.00458
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Preliminary

q2 = (p` + p⌫)
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- Measuring  is challenging due to large 
background component from .


- Clear separation only possible in corners of phase 
space.

B → Xuℓν
B → Xcℓν

• Analyse full Belle data set using the Belle II hadronic 
tagging algorithm

- Up to 50% higher efficiency than previous Belle  

Full Reconstruction.

• Extract  yield from 2D fit to lepton energy 
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• Extract  yield via simple background  
subtraction in total  sample
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 mode:  MC statistics 

 mode: lepton identification efficiency
B → Xuℓν
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- Measuring  is challenging due to large 
background component from .


- Clear separation only possible in corners of phase 
space.

B → Xuℓν
B → Xcℓν

• Analyse full Belle data set using the Belle II hadronic 
tagging algorithm

- Up to 50% higher efficiency than previous Belle  

Full Reconstruction.

• Extract  yield from 2D fit to lepton energy 

 & 


• Extract  yield via simple background  
subtraction in total  sample.
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Estimate  with 
data-driven method!
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<latexit sha1_base64="t3/58yx0wzNUROr620DmPQRfWXU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgUwWMF+wFtKJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVZq3/ayLgox6ZXKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83unZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiIijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeeuKk88cwR84nz8bIpAD</latexit>

E`
<latexit sha1_base64="t3/58yx0wzNUROr620DmPQRfWXU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgUwWMF+wFtKJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVZq3/ayLgox6ZXKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83unZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiIijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeeuKk88cwR84nz8bIpAD</latexit>

�B(B̄ ! Xu`⌫̄)

�B(B̄ ! Xc`⌫̄)
= 1.96(1± 8.4%stat ± 7.9%syst)⇥ 10�2

<latexit sha1_base64="fezSROshbwOqON+g0P/nIzupN3s="></latexit>

Measure partial BF for the region 1 GeV:EB
ℓ >

Leading systematics: 

 mode:  MC statistics 

 mode: lepton identification efficiency
B → Xuℓν

B → Xcℓν

arXiv:2311.00458

Preliminary

Preliminary

https://arxiv.org/abs/2311.00458
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26
Ratio of and  from inclusive decays 
|Vub | |Vcb |

- Measuring  is challenging due to large 
background component from .


- Clear separation only possible in corners of phase 
space.

B → Xuℓν
B → Xcℓν

• Analyse full Belle data set using the Belle II hadronic 
tagging algorithm

- Up to 50% higher efficiency than previous Belle  

Full Reconstruction.

• Extract  yield from 2D fit to lepton energy 

 & 


• Extract  yield via simple background  
subtraction in total  sample.

B → Xuℓν
Eℓ q2 = (pB − pX)2 = (pℓ + pν)2

B → Xcℓν
B → Xℓν
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<latexit sha1_base64="jZryseLvDUZMko1jb9/uxzK88x8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmqUI9FLx4r2A9oY9lsN+3SzSbsTsQS4l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79sFhS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vp767QemNI/kHUxi5oVkKHnAKQEj9e1SzXVxD9gjpDjws/v0zM36dtmpODPgZeLmpIxyNPr2V28Q0SRkEqggWnddJwYvJQo4FSwr9hLNYkLHZMi6hkoSMu2ls+MzfGKUAQ4iZUoCnqm/J1ISaj0JfdMZEhjpRW8q/ud1EwguvZTLOAEm6XxRkAgMEZ4mgQdcMQpiYgihiptbMR0RRSiYvIomBHfx5WXSqlbc80r19qJcv8rjKKAjdIxOkYtqqI5uUAM1EUUT9Ixe0Zv1ZL1Y79bHvHXFymdK6A+szx84QpPb</latexit>

Estimate  with 
data-driven method!

Xcℓν

E`
<latexit sha1_base64="t3/58yx0wzNUROr620DmPQRfWXU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgUwWMF+wFtKJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVZq3/ayLgox6ZXKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83unZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiIijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeeuKk88cwR84nz8bIpAD</latexit>

E`
<latexit sha1_base64="t3/58yx0wzNUROr620DmPQRfWXU=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9FgUwWMF+wFtKJvtpF262cTdjVBC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVZq3/ayLgox6ZXKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83unZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTJ8nfa6QGTG2hDLF7a2EDamizNiIijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIM6NICBgGd4hTfn0Xlx3p2PeeuKk88cwR84nz8bIpAD</latexit>

�B(B̄ ! Xu`⌫̄)

�B(B̄ ! Xc`⌫̄)
= 1.96(1± 8.4%stat ± 7.9%syst)⇥ 10�2

<latexit sha1_base64="fezSROshbwOqON+g0P/nIzupN3s="></latexit>

Measure partial BF for the region 1 GeV:EB
ℓ >

Leading systematics: 

Modelling of  component & 

composition of fake leptons and secondary decays
B → Xuℓν

arXiv:2311.00458

Preliminary

Belle Preliminary

https://arxiv.org/abs/2311.00458
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<latexit sha1_base64="jZryseLvDUZMko1jb9/uxzK88x8=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmqUI9FLx4r2A9oY9lsN+3SzSbsTsQS4l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v79sFhS0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vp767QemNI/kHUxi5oVkKHnAKQEj9e1SzXVxD9gjpDjws/v0zM36dtmpODPgZeLmpIxyNPr2V28Q0SRkEqggWnddJwYvJQo4FSwr9hLNYkLHZMi6hkoSMu2ls+MzfGKUAQ4iZUoCnqm/J1ISaj0JfdMZEhjpRW8q/ud1EwguvZTLOAEm6XxRkAgMEZ4mgQdcMQpiYgihiptbMR0RRSiYvIomBHfx5WXSqlbc80r19qJcv8rjKKAjdIxOkYtqqI5uUAM1EUUT9Ixe0Zv1ZL1Y79bHvHXFymdK6A+szx84QpPb</latexit>

• Unfold  &  yields via singular value decomposition (SVD). arXiv:hep-ph/9509307 

• Take ratio and correct for efficiency to form differential ratios. 

B → Xuℓν B → Xcℓν

Ratio of and  from inclusive decays 
|Vub | |Vcb |
arXiv:2311.00458

PreliminaryPreliminary

https://arxiv.org/abs/hep-ph/9509307
https://arxiv.org/abs/2311.00458
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|Vub|
|Vcb|

=

s
�B(B̄ ! Xu`⌫̄)

�B(B̄ ! Xc`⌫̄)

��(B̄ ! Xc`⌫̄)

��(B̄ ! Xu`⌫̄)
<latexit sha1_base64="dFTLP96+A5IzIc4cu+CIgZbIQnc="></latexit>

Final step: Extract  with partial BF|Vub | / |Vcb |

Ratio of and  from inclusive decays 
|Vub | |Vcb |
arXiv:2311.00458

��GGOU(B ! Xu`⌫) = 58.5+2.7
�2.3 ps�1

<latexit sha1_base64="EWTrKNhhlG9HPD5nvQhNNSgVTVg="></latexit>

��BLNP(B ! Xu`⌫) = 61.5+6.4
�5.1 ps�1

<latexit sha1_base64="+y2Ck4ZxWwCictVLPbT90To6Ysw="></latexit>

��Kin(B ! Xc`⌫) = 29.7± 1.2 ps�1
<latexit sha1_base64="XGVEVtnWZNZRLQNbtbfatkPoZUQ="></latexit>

Phys. Rev. D 72, 073006

J. High Energ. Phys. 10 (2007) 058

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

• Unfold  &  yields via singular value decomposition (SVD). arXiv:hep-ph/9509307 

• Take ratio and correct for efficiency to form differential ratios. 

B → Xuℓν B → Xcℓν

PreliminaryPreliminary

https://arxiv.org/abs/2311.00458
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://arxiv.org/abs/hep-ph/9509307
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��(B̄ ! Xu`⌫̄)
<latexit sha1_base64="dFTLP96+A5IzIc4cu+CIgZbIQnc="></latexit>

Final step: Extract  with partial BF|Vub | / |Vcb |

Ratio of and  from inclusive decays 
|Vub | |Vcb |
arXiv:2311.00458

��GGOU(B ! Xu`⌫) = 58.5+2.7
�2.3 ps�1
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��BLNP(B ! Xu`⌫) = 61.5+6.4
�5.1 ps�1
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��Kin(B ! Xc`⌫) = 29.7± 1.2 ps�1
<latexit sha1_base64="XGVEVtnWZNZRLQNbtbfatkPoZUQ="></latexit>

Phys. Rev. D 72, 073006

J. High Energ. Phys. 10 (2007) 058

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

• Unfold  &  yields via singular value decomposition (SVD). arXiv:hep-ph/9509307 

• Take ratio and correct for efficiency to form differential ratios. 

B → Xuℓν B → Xcℓν

PreliminaryPreliminary

https://arxiv.org/abs/2311.00458
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.073006
https://iopscience.iop.org/article/10.1088/1126-6708/2007/10/058
https://link.springer.com/article/10.1140/epjc/s10052-020-8156-7
https://arxiv.org/abs/hep-ph/9509307
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Final step: Extract  with partial BF|Vub | / |Vcb |

Ratio of and  from inclusive decays 
|Vub | |Vcb |
arXiv:2311.00458

��GGOU(B ! Xu`⌫) = 58.5+2.7
�2.3 ps�1
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Conclusion & Outlook

…

Simultaneous determination 
of Incl. & Excl. |Vub |

Differential distributions of
 B → D*ℓν

Angular coefficients of 
B → D*ℓν

Branching fractions of 
B → D(*)π(π)ℓν

 moments of q2 B → Xcℓν

Phys. Rev. Lett. 131 (2023) 21

arXiv:2310.20286

Phys. Rev. D 108 (2023) 1

Phys. Rev. D 107 (2023) 9

Phys. Rev. D 104 (2021) 11

 from tagged 
 

|Vub |
B → πℓν

arXiv:2206.08102

from untagged |Vub |
B → πℓν

arXiv:2210.04224

 from |Vcb | B → Dℓν

Lepton mass squared 
moments of B → Xcℓν

Test of LFU with 
inclusive R(Xe/μ)

Phys. Rev. D 107 (2023) 7

Phys. Rev. Lett. 131 (2023) 5

arXiv:2210.13143

Belle

…

• Many new, exciting measurements from both 
Belle and Belle II!


• Only presented a subset of results.


• With half of the collected data set  
(189 fb ), Belle II already produces world-
leading and unique results!

- New LFU tests from Belle II consistent with 

SM.


- Most recent  results from  shift 
exclusive closer to inclusive average.


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

- Ratio of inclusive  &  agrees with 
exclusive average.

−1

|Vcb | B → D*ℓν

|Vub | |Vcb | More exciting 
results  

are on the way!

Thank you for your attention!

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.211801
https://arxiv.org/abs/2310.20286
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011
https://arxiv.org/abs/2206.08102
https://arxiv.org/abs/2210.04224
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.051804
https://arxiv.org/abs/2210.13143
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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

4.7⇥ 1034 cm�2s�1
<latexit sha1_base64="Pnrvrr4FP7Nn6vpb3Gy9NmlnKZA=">AAACGHicbVC7TsMwFHV4lvIqMLJYVEgshKStVMYKFsYi0YfUlxzXaa06TmTfIKoon8HCr7AwgBBrN/4G9zFAy5EsnXPuvfK9x4sE1+A439ba+sbm1nZmJ7u7t39wmDs6ruswVpTVaChC1fSIZoJLVgMOgjUjxUjgCdbwRrfTeuORKc1D+QDjiHUCMpDc55SAsXq5q5Jdxm3gAdPYdbpJsZQayZ4gwTRIu8llIZ1LPRVu2svlHduZAa8Sd0HyaIFqLzdp90MaB0wCFUTrlutE0EmIAk4FS7PtWLOI0BEZsJahkphNOsnssBSfG6eP/VCZJwHP3N8TCQm0Hgee6QwIDPVybWr+V2vF4F93Ei6jGJik84/8WGAI8TQl3OeKURBjQwhV3OyK6ZAoQsFkmTUhuMsnr5J6wXaLduG+lK/cLOLIoFN0hi6Qi8qogu5QFdUQRc/oFb2jD+vFerM+ra9565q1mDlBf2BNfgDaFp8Y</latexit>

with record                                    already achieved!

x30!
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              modelling & compositionB ! Xc`⌫
<latexit sha1_base64="DlmxVehEH68vb00mqAAIdWL/TGQ=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyWpgh5LvXisYD+gCWGz3bZLN5uwO1FK6MWLf8WLB0W8+h+8+W/ctjlo64OBx3szzMwLE8E1OM63VVhZXVvfKG6WtrZ3dvfs/YOWjlNFWZPGIladkGgmuGRN4CBYJ1GMRKFg7XB0PfXb90xpHss7GCfMj8hA8j6nBIwU2Md17Ck+GAJRKn7AnSCjE+wxIbAn08AuOxVnBrxM3JyUUY5GYH95vZimEZNABdG66zoJ+BlRwKlgk5KXapYQOiID1jVUkohpP5t9McGnRunhfqxMScAz9fdERiKtx1FoOiMCQ73oTcX/vG4K/Ss/4zJJgUk6X9RPBYYYTyPBPa4YBTE2hFDFza2YDokiFExwJROCu/jyMmlVK+55pXp7Ua7V8ziK6AidoDPkoktUQzeogZqIokf0jF7Rm/VkvVjv1se8tWDlM4foD6zPH7+KmBg=</latexit>

Broad states based on 
3 measurements. 

(BaBar, Belle, DELPHI)

Image credit: F. Metzner

A leading systematic in incl. semileptonic analyses:

Fairly well known.

Some hints from  
BaBar & recent Belle 

result.
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A tale of two ‘gap’ models
Model 1: 

Equidistribution of all final state particles in phase space

PRD 104, 112011 (2021)Provides better 
kinematic 

description

(Assign 100% BR uncertainty in systematics covariance matrix)

q2
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MX
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E`
B
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Model 2: 
Decay via intermediate broad          stateD⇤⇤
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Diamond frame reconstruction

Image credit: P. Lewis

• Estimate the momentum direction of the signal  meson, , for untagged analyses using a 
modified diamond frame approach:

B pB


