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Back in 2018… Talk by C. Schwanda 
Challenges in Semileptonic B decays 2018

https://indico.mitp.uni-mainz.de/event/129/contributions/446/attachments/322/334/b2cinc_schwanda.pdf
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A brief recap

Manca’s awesome introduction:

(   )

https://indico.cern.ch/event/851900/contributions/4782083/attachments/2428159/4157347/Barolo_workshop_exclusive.pdf
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A brief recap

Manca’s awesome introduction:

Tagged and untagged

(Bonn, Vienna)
hq2ni

<latexit sha1_base64="KWczf8aap1IDjYyVS4ODzl225/4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJWkCrosunFZwT6gjWUyvWmHTiZxZiKU2IW/4saFIm79DXf+jdM0C209cOHMOfcy9x4/5kxpx/m2CkvLK6trxfXSxubW9o69u9dUUSIpNGjEI9n2iQLOBDQ00xzasQQS+hxa/uhq6rceQCoWiVs9jsELyUCwgFGijdSzD7qciAEHfH+XVsUEd2X27Nllp+JkwIvEzUkZ5aj37K9uP6JJCEJTTpTquE6svZRIzSiHSambKIgJHZEBdAwVJATlpdn+E3xslD4OImlKaJypvydSEio1Dn3TGRI9VPPeVPzP6yQ6uPBSJuJEg6Czj4KEYx3haRi4zyRQzceGECqZ2RXTIZGEahNZyYTgzp+8SJrVintaqd6clWuXeRxFdIiO0Aly0TmqoWtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30B9bnD5vIldY=</latexit>

moments

(Vienna)
B(B ! Xc`⌫`)
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Untagged

Tagged

(Bonn)
momentshMn

Xi
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Exciting, new 
results  

are on the way!

(   )

https://indico.cern.ch/event/851900/contributions/4782083/attachments/2428159/4157347/Barolo_workshop_exclusive.pdf
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• First presented in summer 2021


• Belle II data sample: 


• Requires one well identified signal lepton

• Exploits missing mass and momentum distributions  

to reject backgrounds

• Estimate signal yield with binned likelihood fit in


- separates electron and muon channels

62.8 fb−1
Electron momentum


in centre-of-mass  
frame 

Muon momentum

in centre-of-mass  

frame 

Preliminary

Preliminary

p⇤`
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https://arxiv.org/abs/2111.09405
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- separates electron and muon channels

62.8 fb−1
Electron momentum


in centre-of-mass  
frame 

Muon momentum

in centre-of-mass  

frame 

(average of electron and muon channels)

Leading systematics:  
 branching fractions + form factorsB → Xcℓν

Preliminary

Preliminary

p⇤`
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<latexit sha1_base64="g0UyFp2boATFm2J1l1rxQ59Dp14=">AAACGXicbVC7TsMwFHV4lvIKMLJYVEhlqZKCBGNVFsYi0YfURJHjuq1Vx45sB1RF+Q0WfoWFAYQYYeJvcNoM0HIkS0fn3Kvrc8KYUaUd59taWV1b39gsbZW3d3b39u2Dw44SicSkjQUTshciRRjlpK2pZqQXS4KikJFuOLnO/e49kYoKfqenMfEjNOJ0SDHSRgpsx4uQHmPE0mZWbUJP0tFYIynFA+wFKc6gRxiDHk+CNGfZWWBXnJozA1wmbkEqoEArsD+9gcBJRLjGDCnVd51Y+ymSmmJGsrKXKBIjPEEj0jeUo4goP50ly+CpUQZwKKR5XMOZ+nsjRZFS0yg0k3kOtejl4n9eP9HDKz+lPE404Xh+aJgwqAXMa4IDKgnWbGoIwpKav0I8RhJhbcosmxLcxcjLpFOvuee1+u1FpdEs6iiBY3ACqsAFl6ABbkALtAEGj+AZvII368l6sd6tj/noilXsHIE/sL5+AHB6oJE=</latexit> arXiv:2111.09405

• First presented in summer 2021


• Belle II data sample: 


• Requires one well identified signal lepton

• Exploits missing mass and momentum distributions  

to reject backgrounds

• Estimate signal yield with binned likelihood fit in


- separates electron and muon channels

62.8 fb−1
Electron momentum


in centre-of-mass  
frame 

Muon momentum

in centre-of-mass  

frame 

(average of electron and muon channels)

Leading systematics:  
 branching fractions + form factorsB → Xcℓν

Analysis will be extended to measure moments of q2

Preliminary

Preliminary

p⇤`
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Event-wise Key-formula

Recipe to bake moments
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Event-wise Key-formula

First selection as example:

Recipe to bake moments

Step #1: Subtract background

Estimate background normalizations by fitting   
 
Determine sets of signal prob. weights as a 
progression of threshold selections 
on       (or  for moments of  )

MX

pℓ MXq2

Belle
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Event-wise Key-formula

Smooth signal prob. FunctionFirst selection as example:

Recipe to bake moments

Estimate background normalizations by fitting   
 
Determine sets of signal prob. weights as a 
progression of threshold selections 
on       (or  for moments of  )

MX

pℓ MXq2

wi(q
2)
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Belle

Step #1: Subtract background
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Event-wise Key-formula

Linear dependence between reconstructed

and true moments as a function of q2

q2
calib,i = (q2

reco,i − c)/m

from simulation

Step #2: Calibrate moments

Use simulated data to calibrate reconstructed 
moments

Invert linear

fitted curve

Belle (simulation)

Recipe to bake moments

Estimate background normalizations by fitting  MX

Step #1: Subtract background
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Event-wise Key-formula

Step #3: If you fail, 

               try, try again

Correct for residual calibration bias

Belle (simulation)

Compare with expectation from simulated data

Recipe to bake moments

Step #2: Calibrate moments

Use simulated data to calibrate reconstructed 
moments

Estimate background normalizations by fitting  MX

Step #1: Subtract background
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Event-wise Key-formula

Step #3: If you fail, 

               try, try again

Correct for residual calibration bias

very small 
< 1%

Compare with expectation from simulated data

Belle (simulation)Belle (simulation)

Recipe to bake moments

Step #2: Calibrate moments

Use simulated data to calibrate reconstructed 
moments

Estimate background normalizations by fitting  MX

Step #1: Subtract background
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Event-wise Key-formula

Step #4: Correct selection

bias

Overall event reconstruction also 
biases measured moments

a bit larger 
1-5%

15

Step #3: If you fail, 

               try, try again

Correct for residual calibration bias

Belle (simulation)Belle (simulation)

Recipe to bake moments

Step #2: Calibrate moments

Use simulated data to calibrate reconstructed 
moments

Estimate background normalizations by fitting  MX

Step #1: Subtract background
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Belle II        momentshMn
Xi
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arXiv:2009.04493

- First presented in summer 2020


- Belle II data sample: 


- Companion B meson reconstructed using the Full Event Interpretation (FEI)


- Requires one high momentum signal lepton


- Reduces background by exploiting inclusive kinematic variables


- Performs calibration as a function of: Missing energy and momentum, X system multiplicity, 


- Leading systematics:  composition + modelling

34.6 fb−1

pℓ

B → Xcℓν

Precision not 
competitive…yet

MX
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hM2
Xi
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https://arxiv.org/abs/2009.04493
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• Fresh idea from [JHEP 02, 177 (2019)]  (see Keri’s talk)


• First presented in spring 2021


• Complete Belle dataset: 


• Companion B meson reconstructed using the Full Reconstruction (FR)


• Selects leptons at detector acceptance limit:


• Separates electron and muon channels


• Exploits missing energy and momentum to reject backgrounds

711 fb−1

17

Belle        momentshq2ni
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p⇤e > 0.3 GeV, p⇤µ > 0.5 GeV
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Dominated by modelling 
uncertainties at lower 

selections

Belle

Belle

https://link.springer.com/article/10.1007/JHEP02(2019)177
https://indico.cern.ch/event/851900/contributions/4793290/attachments/2428757/4158439/Vcb_barolo.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112011
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Hot off the press from Belle II! Talk by W. Sutcliffe 
Moriond EW 2022

https://moriond.in2p3.fr/2022/EW/slides/5/2/4_WSutcliffe-v1.pdf
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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>

A leading systematic in all the discussed analyses:

Image credit: F. Metzner
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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>

A leading systematic in all the discussed analyses:

Fairly well known. 
Some iso-spin tension. 

Image credit: F. Metzner
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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>

A leading systematic in all the discussed analyses:

Broad states based on 
3 measurements. 

(BaBar, Belle, DELPHI)

Fairly well known. 
Some iso-spin tension. 

Image credit: F. Metzner
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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>

A leading systematic in all the discussed analyses:

Fairly well known. 
Some iso-spin tension. 

Broad states based on 
3 measurements. 

(BaBar, Belle, DELPHI)

Image credit: F. Metzner
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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>

A leading systematic in all the discussed analyses:

Fairly well known. 
Some iso-spin tension. 

Broad states based on 
3 measurements. 

(BaBar, Belle, DELPHI)

Image credit: F. Metzner

Some hints from  
the BaBar result.
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A tale of two ‘gap’ models
Model 1: 

Equidistribution of all final state particles in phase space
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A tale of two ‘gap’ models
Model 1: 

Equidistribution of all final state particles in phase space

(Assign 100% BR uncertainty in systematics covariance matrix)

Model 2: 
Decay via intermediate broad          stateD⇤⇤

<latexit sha1_base64="iRDEAsAn9uGixQJzmpej08xz1Ug=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBeii7VdBjUQ8eK9gPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up33qiSjMp7s04pn6EB4KFjGBjpebNQ1ouT3rFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rxzirVu/NS7SqLIw9HcAyn4MEF1OAW6tAAAo/wDK/w5kjnxXl3PuatOSebOYQ/cD5/ANvPjqg=</latexit>
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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
<latexit sha1_base64="GipskatfPDoEFooHo0IJNhPepwI=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttLJvttl262cTdiVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXJlIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJxqxn0Wy1i3Qmq4FIr7KFDyVqI5jULJm+HoZuo3n7g2Ilb3OE54ENGBEn3BKFrJf3zIqpNuqexW3BnIMvFyUoYc9W7pq9OLWRpxhUxSY9qem2CQUY2CST4pdlLDE8pGdMDblioacRNks2Mn5NQqPdKPtS2FZKb+nshoZMw4Cm1nRHFoFr2p+J/XTrF/FWRCJSlyxeaL+qkkGJPp56QnNGcox5ZQpoW9lbAh1ZShzadoQ/AWX14mjWrFO69U7y7Ktes8jgIcwwmcgQeXUINbqIMPDAQ8wyu8Ocp5cd6dj3nripPPHMEfOJ8/xtqOqQ==</latexit>

MX
<latexit sha1_base64="utebinLZ9dtYeHrB9SJPpEfpsXs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiFy9CBdMW2lA222m7dLMJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53C2vrG5lZxu7Szu7d/UD48auo4VQx9FotYtUOqUXCJvuFGYDtRSKNQYCsc38781hMqzWP5aCYJBhEdSj7gjBor+fe9rD3tlStu1Z2DrBIvJxXI0eiVv7r9mKURSsME1brjuYkJMqoMZwKnpW6qMaFsTIfYsVTSCHWQzY+dkjOr9MkgVrakIXP190RGI60nUWg7I2pGetmbif95ndQMroOMyyQ1KNli0SAVxMRk9jnpc4XMiIkllClubyVsRBVlxuZTsiF4yy+vkmat6l1Uaw+XlfpNHkcRTuAUzsGDK6jDHTTABwYcnuEV3hzpvDjvzseiteDkM8fwB87nD8r/jqw=</latexit>

E`
B

<latexit sha1_base64="hBFU7fRbEa9D+k98MOA8x0rVynQ=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GOpCB4r2A9oYtlsp+3SzSbsboQS8je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8IOZMacf5tgpr6xubW8Xt0s7u3v5B+fCoraJEUmzRiEeyGxCFnAlsaaY5dmOJJAw4doLJzczvPKFULBIPehqjH5KRYENGiTaSd/uYesh51k8bWb9ccarOHPYqcXNSgRzNfvnLG0Q0CVFoyolSPdeJtZ8SqRnlmJW8RGFM6ISMsGeoICEqP53fnNlnRhnYw0iaEtqeq78nUhIqNQ0D0xkSPVbL3kz8z+slenjtp0zEiUZBF4uGCbd1ZM8CsAdMItV8agihkplbbTomklBtYiqZENzll1dJu1Z1L6q1+8tKvZHHUYQTOIVzcOEK6nAHTWgBhRie4RXerMR6sd6tj0VrwcpnjuEPrM8fKKKRww==</latexit>

Model 2: 
Decay via intermediate broad          stateD⇤⇤

<latexit sha1_base64="iRDEAsAn9uGixQJzmpej08xz1Ug=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBeii7VdBjUQ8eK9gPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up33qiSjMp7s04pn6EB4KFjGBjpebNQ1ouT3rFkltxZ0DLxMtICTLUe8Wvbl+SJKLCEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcAR1X46u3aCTqzSR6FUtoRBM/X3RIojrcdRYDsjbIZ60ZuK/3mdxISXfspEnBgqyHxRmHBkJJq+jvpMUWL42BJMFLO3IjLEChNjAyrYELzFl5dJs1rxzirVu/NS7SqLIw9HcAyn4MEF1OAW6tAAAo/wDK/w5kjnxXl3PuatOSebOYQ/cD5/ANvPjqg=</latexit>
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Recap:       status
Manca’s talk…again

AFB
<latexit sha1_base64="Dn6xG/9v5nX3xfvUHTdwiXrdr0Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT3WCuKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPiwUxi6kd4KFjICDZWal3309v6tF8suWV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0KmXvoly5r5Zq9SyOPJzAKZyDB5dQgztoQBMIPMIzvMKbI50X5935WLTmnGzmGP7A+fwBJ+uO2g==</latexit>

https://indico.cern.ch/event/851900/contributions/4782083/attachments/2428159/4157347/Barolo_workshop_exclusive.pdf
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Measure  from inclusive  decays for an orthogonal, 
complementary study, while also gaining additional information on 

HQE parameters. [JHEP 04 (2016) 131]

AFB B → Xcℓν

Manca’s talk…again
Recap:       statusAFB

<latexit sha1_base64="Dn6xG/9v5nX3xfvUHTdwiXrdr0Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT3WCuKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPiwUxi6kd4KFjICDZWal3309v6tF8suWV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0KmXvoly5r5Zq9SyOPJzAKZyDB5dQgztoQBMIPMIzvMKbI50X5935WLTmnGzmGP7A+fwBJ+uO2g==</latexit>

https://link.springer.com/article/10.1007/JHEP04(2016)131
https://indico.cern.ch/event/851900/contributions/4782083/attachments/2428159/4157347/Barolo_workshop_exclusive.pdf
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       at Belle II             AFB
<latexit sha1_base64="Dn6xG/9v5nX3xfvUHTdwiXrdr0Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT3WCuKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPiwUxi6kd4KFjICDZWal3309v6tF8suWV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0KmXvoly5r5Zq9SyOPJzAKZyDB5dQgztoQBMIPMIzvMKbI50X5935WLTmnGzmGP7A+fwBJ+uO2g==</latexit>

• Goal: Measure  from inclusive   
decays using hadronic tagging

AFB B → Xcℓν

JHEP 04 (2016) 131

• Missing energy and  easily accessible variables 
with tagged approach


• Separate electron and muon channels for further  
LFU tests


• Additional information lead to greater sensitivity in  
global fits, particularly the HQE parameter 

q2

̂μG

z =
EB

⌫`
� EB

`q
(EB

⌫`
+ EB

` )2 � q2
<latexit sha1_base64="2hsqgWwY7u413iQIpZVEmBSJmD4="></latexit>

AFB =
1

�

✓Z 0

�1
dzd�

dz �
Z 1

0
dzd�

dz

◆

<latexit sha1_base64="gCMndFAmEknU2aVERu/6LSXRbfs="></latexit>

• Reconstruct:

z = cos ✓`
<latexit sha1_base64="PhsXqPFxGU98TjXkn9LfaFms2oU=">AAACAHicbVDJSgNBEO1xjXGLevDgpTEInsJMFPQiBL14jGAWyAyhp1OTNOlZ6K4R4jAXf8WLB0W8+hne/Bs7y0ETHxQ83quiqp6fSKHRtr+tpeWV1bX1wkZxc2t7Z7e0t9/Ucao4NHgsY9X2mQYpImigQAntRAELfQktf3gz9lsPoLSIo3scJeCFrB+JQHCGRuqWDh/pFXV5rDMXB4Csm7kgZZ53S2W7Yk9AF4kzI2UyQ71b+nJ7MU9DiJBLpnXHsRP0MqZQcAl50U01JIwPWR86hkYsBO1lkwdyemKUHg1iZSpCOlF/T2Qs1HoU+qYzZDjQ895Y/M/rpBhcepmIkhQh4tNFQSopxnScBu0JBRzlyBDGlTC3Uj5ginE0mRVNCM78y4ukWa04Z5Xq3Xm5dj2Lo0COyDE5JQ65IDVyS+qkQTjJyTN5JW/Wk/VivVsf09YlazZzQP7A+vwBwkmWhw==</latexit>

https://link.springer.com/article/10.1007/JHEP04(2016)131
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       at Belle II             AFB
<latexit sha1_base64="Dn6xG/9v5nX3xfvUHTdwiXrdr0Y=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT3WCuKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrW9sbuW3Czu7e/sHxcOjlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPiwUxi6kd4KFjICDZWal3309v6tF8suWV3DrRKvIyUIEOjX/zqDSRJIioM4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWChxR7afza6fozCoDFEplSxg0V39PpDjSehIFtjPCZqSXvZn4n9dNTHjlp0zEiaGCLBaFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oIINwVt+eZW0KmXvoly5r5Zq9SyOPJzAKZyDB5dQgztoQBMIPMIzvMKbI50X5935WLTmnGzmGP7A+fwBJ+uO2g==</latexit>

• Goal: Measure  from inclusive   
decays using hadronic tagging

AFB B → Xcℓν

JHEP 04 (2016) 131

✓`
<latexit sha1_base64="JzD8pDQujOiMsWY2A6IChKANyXQ=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGC/YAmlM122i7dbOLupFBCf4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJlIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqDg0ey1i3Q2ZACgUNFCihnWhgUSihFY7uZn5rDNqIWD3iJIEgYgMl+oIztFLg4xCQdTMfpJx2S2W34s5BV4mXkzLJUe+WvvxezNMIFHLJjOl4boJBxjQKLmFa9FMDCeMjNoCOpYpFYIJsfvSUnlulR/uxtqWQztXfExmLjJlEoe2MGA7NsjcT//M6KfZvgkyoJEVQfLGon0qKMZ0lQHtCA0c5sYRxLeytlA+ZZhxtTkUbgrf88ippViveZaX6cFWu3eZxFMgpOSMXxCPXpEbuSZ00CCdP5Jm8kjdn7Lw4787HonXNyWdOyB84nz81rZJi</latexit>

• Missing energy and  easily accessible variables 
with tagged approach


• Separate electron and muon channels for further  
LFU tests


• Additional information lead to greater sensitivity in  
global fits, particularly the HQE parameter 

q2

̂μG

z =
EB

⌫`
� EB

`q
(EB

⌫`
+ EB

` )2 � q2
<latexit sha1_base64="2hsqgWwY7u413iQIpZVEmBSJmD4="></latexit>

AFB =
1

�

✓Z 0

�1
dzd�

dz �
Z 1

0
dzd�

dz

◆

<latexit sha1_base64="gCMndFAmEknU2aVERu/6LSXRbfs="></latexit>

• Reconstruct:

z = cos ✓`
<latexit sha1_base64="PhsXqPFxGU98TjXkn9LfaFms2oU=">AAACAHicbVDJSgNBEO1xjXGLevDgpTEInsJMFPQiBL14jGAWyAyhp1OTNOlZ6K4R4jAXf8WLB0W8+hne/Bs7y0ETHxQ83quiqp6fSKHRtr+tpeWV1bX1wkZxc2t7Z7e0t9/Ucao4NHgsY9X2mQYpImigQAntRAELfQktf3gz9lsPoLSIo3scJeCFrB+JQHCGRuqWDh/pFXV5rDMXB4Csm7kgZZ53S2W7Yk9AF4kzI2UyQ71b+nJ7MU9DiJBLpnXHsRP0MqZQcAl50U01JIwPWR86hkYsBO1lkwdyemKUHg1iZSpCOlF/T2Qs1HoU+qYzZDjQ895Y/M/rpBhcepmIkhQh4tNFQSopxnScBu0JBRzlyBDGlTC3Uj5ginE0mRVNCM78y4ukWa04Z5Xq3Xm5dj2Lo0COyDE5JQ65IDVyS+qkQTjJyTN5JW/Wk/VivVsf09YlazZzQP7A+vwBwkmWhw==</latexit>

https://link.springer.com/article/10.1007/JHEP04(2016)131
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• A minimum energy is required for leptons to 
be successfully reconstructed & identified 
by the Belle II detector


• Higher  selects a less inclusive sample


• Imposing an  requirement introduces a 
kink, which would smooth out due to 
detector resolution


• Potential challenges in unfolding 
reconstructed to the underlying distribution?

Eℓ

Eℓ

Suggestion: 
Use a  selection instead q2

Preliminary F. Herren

Publication 
in preparation

Agrees well with 
Sherpa simulation
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Conclusion & Outlook: 

• Measurements generally used in  analyses are old 
and should be systematically revisited with Belle II and 
LHCb.


• Several new results on inclusive  decays at 
the B-factories:     , moments of  and …      

• Modelling and composition of  decays are 
leading systematics. Steadily increasing dataset of 
Belle II will improve our understanding of the non-
resonant contribution.


• New observables that could better constrain the OPE 
should be investigated. Analysis aiming to measure  
already underway —with help from theory friends!

b → c

B → Xcℓν
⟨q2n⟩ ⟨Mn

X⟩

B → Xcℓν

AFB

B
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Full Reconstruction =   
Belle tagging algorithm 


Candidates reconstructed using a 
hierarchical approach & neural 
networks in hadronic modes 

1104 decay cascades 

used with an efficiency of 

0.28% / 0.18% for  and B± B0 /B̄0

Reconstruction at B-Factories
Key-technique: hadronic tagging

Can identify X 
constituents

stage particles

1 tracks, KS , �, ⇡0

2 D
±
(s), D

0, and J/ mesons

3 D
⇤±
(s) and D

⇤0 mesons

4 B
± and B

0 mesons

Table 1: The 4 stages of the hierarchical system

to be the correct probability, we get:

op =
1

1 + ( 1
ot

� 1)Pp(B)
Pp(S)

Pt(S)
Pt(B)

. (20)

This formula is used in the full reconstruction algorithm described in the next
section to calculate the signal probability for modes with low purity so that the
signal fraction had to be increased for the network training.

3. Selection and Reconstruction

In order to reconstruct as many B meson decays as possible, it is not possible
to take care of the thousands of exclusive decay channels individually. Instead
a hierarchical approach was chosen. We divide the reconstruction into 4 stages,
as shown in table 1 and illustrated in figure 3.

Figure 3: The 4 stages of the full reconstruction

One aim of the full reconstruction is to achieve high e�ciency. This could in
theory be done by always reconstructing every possible candidate at all stages
in an event and then finally taking the best B meson candidate. In practice
however, the computing power needed to pursue this maximum e�ciency strat-
egy is not available and it is necessary to perform cuts during the selection and

7

Charged Tracks Neutral Clusters

8

and combined with a range of event shape variables to
train a neural network to distinguish reconstructed B
meson candidates from continuum processes. The out-
put classifier score of this neural network is denoted as
OCont. Both classifier scores are mapped to a range of
[0, 1) signifying the reconstruction quality of poor to ex-
cellent candidates. We retain Btag candidates that show
at least moderate agreement based on these two outputs
and require that OFR > 10�4 and OCont > 10�4. De-
spite these relatively low values, knowledge of the charge
and momentum of the decay constituents in combination
with the known beam-energy allows one to infer the flavor
and four-momentum of the Btag candidate. We require
the Btag candidates to have at least a beam-constrained
mass of

Mbc =
q

E2
beam � |ptag|

2 > 5.27 GeV , (10)

with ptag denoting the momentum of the Btag candidate

in the center-of-mass frame of the colliding e+e�-pair.
Furthermore, Ebeam =

p
s/2 denotes half the center-of-

mass energy of the colliding e+e�-pair. The energy dif-
ference

�E = Etag � Ebeam , (11)

is already used in the input layer of the neural network
trained in the final stage of the reconstruction. Here Etag

denotes the energy of the Btag candidate in the center-

of-mass frame of the colliding e+e�-pair. In each event
a single Btag candidate is then selected according to the
highest OFR score of the hierarchical full reconstruction
algorithm. All tracks and clusters not used in the re-
construction of the Btag candidate are used to define the
signal side.

B. Signal Side Reconstruction

The signal side of the event is reconstructed
by identifying a well-reconstructed lepton with
EB

` = |p
B
` | > 1 GeV in the signal B rest frame3 us-

ing the likelihood mentioned in Section II. The signal B
rest frame is calculated using the momentum of the Btag

candidate via

psig = p
e
+

e
� �

✓q
m2

B + |ptag|
2,ptag

◆
, (12)

with p
e
+
e
� denoting the four-momentum of the colliding

electron-positron pair. Leptons from J/ and photon
conversions in detector material are rejected by combin-
ing the lepton candidate with oppositely charged tracks

3
We neglect the small correction of the lepton mass term to the

energy of the lepton.

(t) on the signal side and demanding that m`t > 0.14 GeV
and met /2 [3.05, 3.15] GeV or mµt /2 [3.06, 3.12] GeV. If
multiple lepton candidates are present on the signal side,
the event is discarded as multiple leptons are likely to
originate from a double semileptonic b ! c ! s cascade.
For charged Btag candidates, we demand that the charge
assignment of the signal-side lepton be opposite that of
the Btag charge. The hadronic X system is reconstructed
from the remaining unassigned charged particles and neu-
tral energy depositions. Its four momentum is calculated
as

pX =
X

i

✓q
m2

⇡ + |pi|
2,pi

◆
+
X

j

�
Ej ,kj

�
, (13)

with Ei = |ki| the energy of the neutral energy depo-
sitions and all charged particles with momentum pi are
assumed to be pions. With the X system reconstructed,
we can also reconstruct the missing mass squared,

M2
miss =

�
psig � pX � p`

�2
, (14)

which should peak at zero, M2
miss ⇡ m2

⌫ ⇡ 0 GeV2, for
correctly reconstructed semileptonic B ! Xu `

+ ⌫` and
B ! Xc `

+ ⌫` decays. The hadronic mass of the X sys-
tem is later used to discriminate B ! Xu `

+ ⌫` signal
decays from B ! Xc `

+ ⌫` and other remaining back-
grounds. It is reconstructed using

MX =
q

(pX)µ (pX)µ . (15)

In addition, we reconstruct the four-momentum-transfer
squared, q2, as

q2 =
�
psig � pX

�2
. (16)

The resolution of both variables for B ! Xu `
+ ⌫` is

shown in Figure 3 as residuals with respect to the gener-
ated values of q2 and MX . The resolution for MX has a
root-mean-square (RMS) deviation of 0.47 GeV, but ex-
hibits a large tail towards larger values. The distinct peak
at 0 is from B0

! ⇡� `+ ⌫` and other low-multiplicity
final states comprised of only charged pions. The four-
momentum-transfer squared q2 exhibits a large resolu-
tion, which is caused by a combination of the tag-side
B and the X reconstruction. The RMS deviation for
q2 is 1.59 GeV2. The core resolution is dominated by
the tagging resolution, whereas the large negative tail is
dominated from the resolution of the reconstruction of
the X system.

C. Background Suppression BDT

At this point in the reconstruction, the B ! Xc `
+ ⌫`

process completely dominates the selected events. To
identify B ! Xu `

+ ⌫`, we combine several distinguish-
ing features into a single discriminant. This is achieved

8

and combined with a range of event shape variables to
train a neural network to distinguish reconstructed B
meson candidates from continuum processes. The out-
put classifier score of this neural network is denoted as
OCont. Both classifier scores are mapped to a range of
[0, 1) signifying the reconstruction quality of poor to ex-
cellent candidates. We retain Btag candidates that show
at least moderate agreement based on these two outputs
and require that OFR > 10�4 and OCont > 10�4. De-
spite these relatively low values, knowledge of the charge
and momentum of the decay constituents in combination
with the known beam-energy allows one to infer the flavor
and four-momentum of the Btag candidate. We require
the Btag candidates to have at least a beam-constrained
mass of

Mbc =
q

E2
beam � |ptag|

2 > 5.27 GeV , (10)

with ptag denoting the momentum of the Btag candidate

in the center-of-mass frame of the colliding e+e�-pair.
Furthermore, Ebeam =

p
s/2 denotes half the center-of-

mass energy of the colliding e+e�-pair. The energy dif-
ference

�E = Etag � Ebeam , (11)

is already used in the input layer of the neural network
trained in the final stage of the reconstruction. Here Etag

denotes the energy of the Btag candidate in the center-

of-mass frame of the colliding e+e�-pair. In each event
a single Btag candidate is then selected according to the
highest OFR score of the hierarchical full reconstruction
algorithm. All tracks and clusters not used in the re-
construction of the Btag candidate are used to define the
signal side.

B. Signal Side Reconstruction

The signal side of the event is reconstructed
by identifying a well-reconstructed lepton with
EB

` = |p
B
` | > 1 GeV in the signal B rest frame3 us-

ing the likelihood mentioned in Section II. The signal B
rest frame is calculated using the momentum of the Btag

candidate via

psig = p
e
+

e
� �

✓q
m2

B + |ptag|
2,ptag

◆
, (12)

with p
e
+
e
� denoting the four-momentum of the colliding

electron-positron pair. Leptons from J/ and photon
conversions in detector material are rejected by combin-
ing the lepton candidate with oppositely charged tracks

3
We neglect the small correction of the lepton mass term to the

energy of the lepton.

(t) on the signal side and demanding that m`t > 0.14 GeV
and met /2 [3.05, 3.15] GeV or mµt /2 [3.06, 3.12] GeV. If
multiple lepton candidates are present on the signal side,
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final states comprised of only charged pions. The four-
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tion, which is caused by a combination of the tag-side
B and the X reconstruction. The RMS deviation for
q2 is 1.59 GeV2. The core resolution is dominated by
the tagging resolution, whereas the large negative tail is
dominated from the resolution of the reconstruction of
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C. Background Suppression BDT

At this point in the reconstruction, the B ! Xc `
+ ⌫`

process completely dominates the selected events. To
identify B ! Xu `

+ ⌫`, we combine several distinguish-
ing features into a single discriminant. This is achieved

Belle

Belle 

q2 = (psig − pXc)
2
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Determining incl. |Vcb|

Goal: Measure 

 (n = 1 - 4) as a 

progression of cuts 
on  with Belle & 

Belle II


⟨q2⟩n

q2

Novel theoretical approach introduced in  [JHEP 02, 177 (2019)] 

Holds for  and at  the # of ME reduces from 13 → 8(!)⟨q2⟩ 1/m4
b

Established approach: Use hadronic mass 
moments, lepton energy moments etc.


 to determine non-perturbative matrix elements 
(ME) of HQE and extract |Vcb|

→ Exploits reparametrization invariance to reduce the # of ME, 
but not true for every observable (e.g. not for )
⟨MX⟩

Complementary and fully data-driven approach!

The number ME increases if one increases expansion in orders of STOP
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PRD 104, 112011 (2021)
Belle        moments syst.hq2ni
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A requirement of                                 
is equivalent to imposing a selection 

of  

44

 vs.  selection criteriaEℓ q2
[JHEP 02, 177 (2019)]
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A requirement of                                 
is equivalent to imposing a selection 

of  

q2 > 3.6 GeV2
<latexit sha1_base64="RUq/SunRA8qHxNEUoKl7q2ubedk=">AAACBnicbVDJSgNBEO1xjXEb9ShCYxA8hZlE1JMEPegxglkgiaGnU0ma9Cx214hhyMmLv+LFgyJe/QZv/o2d5aCJDwoe71VRVc+LpNDoON/W3PzC4tJyaiW9ura+sWlvbZd1GCsOJR7KUFU9pkGKAEooUEI1UsB8T0LF610M/co9KC3C4Ab7ETR81glEW3CGRmrae3e3SW5Az2g+e0zrCA+o/IReQnkw1Jt2xsk6I9BZ4k5IhkxQbNpf9VbIYx8C5JJpXXOdCBsJUyi4hEG6HmuIGO+xDtQMDZgPupGM3hjQA6O0aDtUpgKkI/X3RMJ8rfu+Zzp9hl097Q3F/7xajO3TRiKCKEYI+HhRO5YUQzrMhLaEAo6ybwjjSphbKe8yxTia5NImBHf65VlSzmXdfDZ3fZQpnE/iSJFdsk8OiUtOSIFckSIpEU4eyTN5JW/Wk/VivVsf49Y5azKzQ/7A+vwBGSqXoQ==</latexit>

E` > 0.4 GeV
<latexit sha1_base64="8kElyu2DciihsmQk3/spB6ZkGzE=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCp7AbA3qSoIgeI5hEyC5hdtJJhsw+mOkVw5KLF3/FiwdFvPoP3vwbJ4+DJhY0FFXddHf5sRQabfvbyiwsLi2vZFdza+sbm1v57Z26jhLFocYjGak7n2mQIoQaCpRwFytggS+h4fcvRn7jHpQWUXiLgxi8gHVD0RGcoZFa+f3LVuqClEN6Ru1imboID6iClF5BfdjKF+yiPQadJ86UFMgU1Vb+y21HPAkgRC6Z1k3HjtFLmULBJQxzbqIhZrzPutA0NGQBaC8dfzGkh0Zp006kTIVIx+rviZQFWg8C33QGDHt61huJ/3nNBDunXirCOEEI+WRRJ5EUIzqKhLaFAo5yYAjjSphbKe8xxTia4HImBGf25XlSLxWd42LpplyonE/jyJI9ckCOiENOSIVckyqpEU4eyTN5JW/Wk/VivVsfk9aMNZ3ZJX9gff4AdIGXRg==</latexit>

q2 > 8.43 GeV2
<latexit sha1_base64="bSA9hqCxl8I0oC/eMDU/Sg1joKM=">AAACB3icbVDJSgNBEO2JW4xb1KMgjUHwFGaSgDlJ0IMeI5gFkhh6OpWkSc9id40Yhty8+CtePCji1V/w5t/YWQ6a+KDg8V4VVfXcUAqNtv1tJZaWV1bXkuupjc2t7Z307l5VB5HiUOGBDFTdZRqk8KGCAiXUQwXMcyXU3MHF2K/dg9Ii8G9wGELLYz1fdAVnaKR2+vDuNs6N6BktZgt52kR4QOXF9BKqo7HRTmfsrD0BXSTOjGTIDOV2+qvZCXjkgY9cMq0bjh1iK2YKBZcwSjUjDSHjA9aDhqE+80C34skfI3pslA7tBsqUj3Si/p6Imaf10HNNp8ewr+e9sfif14iwW2zFwg8jBJ9PF3UjSTGg41BoRyjgKIeGMK6EuZXyPlOMo4kuZUJw5l9eJNVc1slnc9eFTOl8FkeSHJAjckIcckpK5IqUSYVw8kieySt5s56sF+vd+pi2JqzZzD75A+vzB5ckl+E=</latexit>

E` > 1.0 GeV
<latexit sha1_base64="ZJfWdmb1yRb6FaHkoIeBimXMigI=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoPgKcxEQU8SFNFjBLNAJoSeTiVp0rPQXSOGYS5e/BUvHhTx6j9482/sLAdNfFDweK+KqnpeJIVG2/62MguLS8sr2dXc2vrG5lZ+e6emw1hxqPJQhqrhMQ1SBFBFgRIakQLmexLq3uBy5NfvQWkRBnc4jKDls14guoIzNFI7v3/VTlyQMqXn1Cna1EV4QOUn9BpqaTtfsIv2GHSeOFNSIFNU2vkvtxPy2IcAuWRaNx07wlbCFAouIc25sYaI8QHrQdPQgPmgW8n4i5QeGqVDu6EyFSAdq78nEuZrPfQ90+kz7OtZbyT+5zVj7J61EhFEMULAJ4u6saQY0lEktCMUcJRDQxhXwtxKeZ8pxtEElzMhOLMvz5NaqegcF0u3J4XyxTSOLNkjB+SIOOSUlMkNqZAq4eSRPJNX8mY9WS/Wu/Uxac1Y05ld8gfW5w9vzZdD</latexit>

https://link.springer.com/article/10.1007/JHEP02(2019)177

