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What could  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light on this puzzle?

• Systematically reproduce legacy measurements

• Investigate previously unmeasured variables that 

could reduce model uncertainties

• Employ data-driven analysis strategies



# 4

Forward-backward asymmetry
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Eur.Phys.J.C 81 (2021) 11, 984

Current measurements of  from  decays display a discrepancy 
with the SM prediction

AFB B0 → D*−ℓ+νℓ

• First measurement of  from inclusive  decays would provide an  
orthogonal, complementary study JHEP 04 (2016) 131


-  component easily subtracted in the HQE with smaller uncertainties 
than traditional MC approach arXiv:2205.03427 & JHEP 09 (2021) 51


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

AFB B → Xℓνℓ

Xuℓνℓ

̂μG

3.9σ

https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2
https://link.springer.com/article/10.1007/JHEP04(2016)131
https://arxiv.org/abs/2205.03427
https://link.springer.com/article/10.1007/JHEP09(2021)051#citeas
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• Goal: Measure  from inclusive   
decays using hadronic tagging

AFB B → Xℓν

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


• Separate electron and muon channels for further  
LFU tests


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

• 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
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Dist. distorts rapidly 
with increasing  

selections…
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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
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HQE prediction with  
different  selectionsq2
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Analysis overview

• Samples: Run-independent MC14 (hadronic FEI skim)


• Goal: Measure  from  decays for different  selections


- Separate  and  channels as a test of lepton flavour and isospin universality


- Extend analysis to measure moments outlined in arXiv:2205.03427


• Basf2 release: light-2207-bengal

AFB B → Xℓν q2

e/μ B0/B+

e+
<latexit sha1_base64="5qXZQ8dAs9Spi4Hg/27G3wgKSjg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQkmqoMeiF48VTFtoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYuizWMSqFVKNgkv0DTcCW4lCGoUCm+Hoduo3n1BpHssHM04wiOhA8j5n1FjJx8fsfNItld2KOwNZJl5OypCj3i19dXoxSyOUhgmqddtzExNkVBnOBE6KnVRjQtmIDrBtqaQR6iCbHTshp1bpkX6sbElDZurviYxGWo+j0HZG1Az1ojcV//PaqelfBxmXSWpQsvmifiqIicn0c9LjCpkRY0soU9zeStiQKsqMzadoQ/AWX14mjWrFu6hU7y/LtZs8jgIcwwmcgQdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/qdeOlg==</latexit>

e�
<latexit sha1_base64="yHQApu8ZtATuyw2R0mVYIK+2VNg=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TRrXiXVSq95fl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8frOGOmA==</latexit>

D�
<latexit sha1_base64="FpYln7iRXswNHbuQ83suwleSAKE=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgxbJbBT0W9eCxgtsW2rVk02wbms0uSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFySCa+M436iwsrq2vlHcLG1t7+zulfcPmjpOFWUejUWs2gHRTHDJPMONYO1EMRIFgrWC0c3Ubz0xpXksH8w4YX5EBpKHnBJjJe/2MTub9MoVp+rMgJeJm5MK5Gj0yl/dfkzTiElDBdG64zqJ8TOiDKeCTUrdVLOE0BEZsI6lkkRM+9ns2Ak+sUofh7GyJQ2eqb8nMhJpPY4C2xkRM9SL3lT8z+ukJrzyMy6T1DBJ54vCVGAT4+nnuM8Vo0aMLSFUcXsrpkOiCDU2n5INwV18eZk0a1X3vFq7v6jUr/M4inAEx3AKLlxCHe6gAR5Q4PAMr/CGJHpB7+hj3lpA+cwh/AH6/AF6WY53</latexit>

B0
<latexit sha1_base64="I5f5FxqEFNQ2ZlJhumCQ8pyhhcY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMdSLx4rmFpoY9lsp+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMfRZLGLVDqlGwSX6hhuB7UQhjUKBD+H4ZuY/PKHSPJb3ZpJgENGh5APOqLGS33jM3GmvXHGr7hxklXg5qUCOZq/81e3HLI1QGiao1h3PTUyQUWU4EzgtdVONCWVjOsSOpZJGqINsfuyUnFmlTwaxsiUNmau/JzIaaT2JQtsZUTPSy95M/M/rpGZwHWRcJqlByRaLBqkgJiazz0mfK2RGTCyhTHF7K2EjqigzNp+SDcFbfnmVtGpV76Jau7us1Bt5HEU4gVM4Bw+uoA630AQfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/e9iOeA==</latexit>

⇡+
<latexit sha1_base64="x0EiuV86i60GNjn94cwR6rcHHgk=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSIIQtmtgh6LXjxWsB/QriWbZtvQbBKSrFCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vf3srq2vrGZmGruL2zu7dfOjhsGplqQhtEcqnbETaUM0EblllO20pTnESctqLR7dRvPVFtmBQPdqxomOCBYDEj2Dqp1VXsMTuf9Eplv+LPgJZJkJMy5Kj3Sl/dviRpQoUlHBvTCXxlwwxrywink2I3NVRhMsID2nFU4ISaMJudO0GnTumjWGpXwqKZ+nsiw4kx4yRynQm2Q7PoTcX/vE5q4+swY0KllgoyXxSnHFmJpr+jPtOUWD52BBPN3K2IDLHGxLqEii6EYPHlZdKsVoKLSvX+sly7yeMowDGcwBkEcAU1uIM6NIDACJ7hFd485b14797HvHXFy2eO4A+8zx8zd496</latexit>

`+
<latexit sha1_base64="mActSIPKBDO2DHZi1KVBayDr9mM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMgCGE3CnoMevEYwTwgWcPspJMMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKrQ4K8ZCeTbrFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezeyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf0rP+UyTgxKNl/UTwQxEZk+T3pcITNibAllittbCRtSRZmxERVsCN7iy8ukUSl75+XK3UWpep3FkYcjOIZT8OASqnALNagDAwHP8ApvzqPz4rw7H/PWnJPNHMIfOJ8/8qmP6A==</latexit>

⌫`
<latexit sha1_base64="fRaI4IhjD717KyPNJoLk28dAh3o=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ac2oWy203bpZhN2N0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHssHM0kwiOhQ8gFn1Fjp0ZdpL/NRiGmvXHGr7hxklXg5qUCORq/85fdjlkYoDRNU667nJibIqDKcCZyW/FRjQtmYDrFrqaQR6iCbXzwlZ1bpk0GsbElD5urviYxGWk+i0HZG1Iz0sjcT//O6qRlcBxmXSWpQssWiQSqIicnsfdLnCpkRE0soU9zeStiIKsqMDalkQ/CWX14lrVrVu6jW7i8r9Zs8jiKcwCmcgwdXUIc7aEATGEh4hld4c7Tz4rw7H4vWgpPPHMMfOJ8/5/uREQ==</latexit>

B̄0
<latexit sha1_base64="IB/cQXddZ3yQkpJDRU884w1J9XY=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMdSLx4r2FpIY9lsN+3SzW7YnQgl5Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSK4Adf9dkpr6xubW+Xtys7u3v5B9fCoa1SqKetQJZTuhcQwwSXrAAfBeolmJA4FewgnNzP/4Ylpw5W8h2nCgpiMJI84JWAlvx8SnbXyx8zNB9WaW3fnwKvEK0gNFWgPql/9oaJpzCRQQYzxPTeBICMaOBUsr/RTwxJCJ2TEfEsliZkJsvnJOT6zyhBHStuSgOfq74mMxMZM49B2xgTGZtmbif95fgrRdZBxmaTAJF0silKBQeHZ/3jINaMgppYQqrm9FdMx0YSCTaliQ/CWX14l3Ubdu6g37i5rzVYRRxmdoFN0jjx0hZroFrVRB1Gk0DN6RW8OOC/Ou/OxaC05xcwx+gPn8wdDtZE9</latexit> X

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

⌥(4S)
<latexit sha1_base64="frtoVBjhEiHPO5RTIFSPr4+8kk8=">AAAB83icbVBNTwIxEJ3FL8Qv1KOXRmKCF7KLJHokevGI0RUSdkO6pQsN3W7Tdk0I4W948aAxXv0z3vw3FtiDgi+Z5OW9mczMiyRn2rjut1NYW9/Y3Cpul3Z29/YPyodHjzrNFKE+SXmqOhHWlDNBfcMMpx2pKE4iTtvR6Gbmt5+o0iwVD2YsaZjggWAxI9hYKQh8qRlPRbVxf94rV9yaOwdaJV5OKpCj1St/Bf2UZAkVhnCsdddzpQknWBlGOJ2WgkxTickID2jXUoETqsPJ/OYpOrNKH8WpsiUMmqu/JyY40XqcRLYzwWaol72Z+J/XzUx8FU6YkJmhgiwWxRlHJkWzAFCfKUoMH1uCiWL2VkSGWGFibEwlG4K3/PIqeazXvIta/a5RaV7ncRThBE6hCh5cQhNuoQU+EJDwDK/w5mTOi/PufCxaC04+cwx/4Hz+AB8ckRQ=</latexit>

Tag side Signal side

• Reconstruct inclusive  decays using hadronic tagging

- Tag side reconstructed with Full Event Interpretation (FEI)

- Select one well-defined signal lepton


- X system defined as ROE of the  pair

B → Xℓν

Btagℓ

https://arxiv.org/abs/2205.03427
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Pre-selection

Electrons 
• BDTScore_e > 0.9


•  > 0.4 GeV


• Brems corrections

Muons 
• MuonID_noSVD > 0.9


•  > 0.4 GeV


Kaons 
• KaonID > 0.6

plab

plab

…to be optimized

FEI Event selection 

•  > 3


•  > 3


•  > 4 GeV


• 2 GeV <  < 7 GeV


•  < 0.2 GeV


• Signal Prob. > 0.001


•  > 5.27 GeV


• Offline BCS of best 

ncleaned tracks
ncleaned clusters
Evisible

ETotal
| ΔE |

Mbc

Btag

Tracks 
• Track quality:


-  in CDC acceptance


- CDC hits > 0


• IP:


- < 0.5 cm


- < 2 cm

θ

|d0 |
|z0 |

Rest of Event 
• Charged:


- < 2 cm & < 4 cm


-  in CDC acceptance


- CDC hits > 0


-  > 0.1 GeV


- [extraInfo(isCurl) == 0]

|d0 | |z0 |
θ

pT

• Neutral: 


- Barrel:  > 0.03 GeV & clusterZernikeMVA > 0.15


- Forward:  > 0.02 GeV & clusterZernikeMVA > 0.35


- Backward:  > 0.02 GeV & clusterZernikeMVA > 0.4

pT

pT

pT
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Further selections …to be optimized

Probably won’t 
help much to 

reduce 
secondaries
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To-do list


