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Quark coupling strengths
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" Quark charged  weak current couplings are described by the CKM matrix

" The size of the CKM matrix elements 
determines how much quark transitions 
are favoured or suppressed
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CKM quarks-mixing matrix
" Cabibbo-Kobayashi-Maskawa (CKM) matrix: 

3 ! 3 unitary matrix, can be parametrised 
with 3 angles and one CP-violating phase in 
the Standard Model

" From unitarity of the CKM matrix, the unitarity triangles 
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CKM quarks-mixing matrix
" Cabibbo-Kobayashi-Maskawa (CKM) matrix: 

3 ! 3 unitary matrix, can be parametrised 
with 3 angles and one CP-violating phase in 
the Standard Model

" From unitarity of the CKM matrix, the unitarity triangles 

Vud V !
ub + VcdV !

cb + Vtd V !
tb = 0

Vud V ⇤
ub

VcdV ⇤
cb

Vtd V !
tb

VcdV !
cb

I m

!

!
VCKM =

!

"
Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

#

$

Measurements constraining 
the CKM elements

Closure of the Unitarity triangle 
is Standard Model test 
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Fantastic beasts: Semi-leptonic decays
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" Charged current, tree-level (focus on b-hadron) semi-leptonic decays

" Large branching fractions, systematics often are the real challenge

" Theoretical uncertainty controllable, depending on Lattice calculation 
improvements 

W -

b u
Vub

Vcb, Vub

D
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VCKM =

!

"
Vud Vus Vub
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Vtd Vts Vtb
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$
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|Vcb| = (41 .0 ± 1.4) ! 10! 3
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|Vub| = (3 .82± 0.24)⇥ 10! 3

Useful to measure CKM matrix elements
" Useful for many (direct) measurements of size of the CKM matrix elements

Before LHCb

Phys. Rev. D101 (2020) 
072004

JHEP 12 (2020) 144

PAPER-2020-038, 
arXiv:2012.05143  
submitted to PRL

First |Vcb| 
measurement at a 
hadron collider!

New |Vub|/|Vcb| 
measurement!

+ differential 
decay rate shape

https://arxiv.org/abs/2001.03225
https://arxiv.org/abs/2001.03225
https://arxiv.org/abs/2003.08453
https://arxiv.org/abs/2012.05143
https://arxiv.org/abs/2012.05143
https://arxiv.org/abs/2012.05143
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Exclusive           and          determinations 
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qµ

" Most frequently used semi-leptonic decay to measure |Vub|:

q = d
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! +

Ground state such a pion: useful to 
control theoretical uncertainties
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Differential 
decay rate

QCD
component encompassed by 
form factors

Electroweak  + phase space 
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Electroweak  + phase space 

QCD
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qµ

Differential 
decay rate

Helicity amplitudes

" Measure differential decay rate of each decay mode

component encompassed by form factors

q = d

*considering 
lepton mass 
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Inclusive          and          determinations 
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|Vub|

" Measure total semi-leptonic branching ratio, distributions of lepton energy and 
hadronic invariant mass spectra 
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" |Vxb| extraction based on Operator Product Expansion

Perturbative expansion
Non perturbative corrections

" Forget about the Form Factors, just measure                       or
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b ! u!"

" Experimentally very difÞcult, especially 
for Vub transitions: large Vcb 
background to be excluded
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          and          status and history
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|Vcb|
<latexit sha1_base64="USaOM7tPrqI+Y7RtbEFJQFBNDXY=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQyK20+6KblxWsA9oh5JJM21oJjMmGaFM+xNuXCji1t9x59+YPgQVPRByOOde7r0nSATXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZwqyho0FrFqB0QzwSVrGG4EayeKkSgQrBWMrmZ+654pzWN5a8YJ8yMykDzklBgrtSfNXpYG00mvUEQu9pCHyxC5Ja+Cq54l9sPVMsQumqMIlqj3Cu/dfkzTiElDBdG6g1Fi/Iwow6lg03w31SwhdEQGrGOpJBHTfjbfdwpPrdKHYazskwbO1e8dGYm0HkeBrYyIGerf3kz8y+ukJqz4GZdJapiki0FhKqCJ4ex42OeKUSPGlhCquN0V0iFRhBobUd6G8HUp/J80z11cctHNRbF2uYwjB47BCTgDGHigBq5BHTQABQI8gCfw7Nw5j86L87ooXXGWPUfgB5y3Tw5XkKc=</latexit>

|Vub|
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Spring 2019

" Not a new discrepancy!

" Vcb: measurements from ALEPH, 
OPAL (excl. only), CDF (incl. only) 
DELPHI, CLEO, BaBar, Belle and 
LHCb (excl. only)

" Vub: measurements from  CLEO, 
BaBar, Belle and LHCb (excl. only)
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INTRODUCTION

And where to find them
" B-factories: BB produced in pair: clean environment and constrained kinematics

BaBar 
Detector
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INTRODUCTION

And where to find them
" Single-arm forward spectrometer at LHC collider

" ~25 kHz bb pairs, ~500 kHz cc pairs produced in the forward region 

Large samples of semi- leptonic decays

<latexit sha1_base64="BifrpCzoKeOGB4YUOCBrNzakIkU=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69BIvgKSRi0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jtk2hij4YeLw3w8y8IOFMadf9sgpr6xubW8Xt0s7u3v5B+fCopeJUUmzSmMeyExCFnAlsaqY5dhKJJAo4toPx7cxvP6JULBb3epKgH5GhYCGjRBupkfTLFc9x57Bdp7okubK0KpCj3i9/9gYxTSMUmnKiVNdzE+1nRGpGOU5LvVRhQuiYDLFrqCARKj+bHzq1z4wysMNYmhLanqurExmJlJpEgemMiB6p395M/Mvrpjq89jMmklSjoItFYcptHduzr+0Bk0g1nxhCqGTmVpuOiCRUm2xKqyH8T1oXjld13MZlpXaTx1GEEziFc/DgCmpwB3VoAgWEJ3iBV+vBerberPdFa8HKZ47hB6yPb+Q0jP4=</latexit>p <latexit sha1_base64="BifrpCzoKeOGB4YUOCBrNzakIkU=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69BIvgKSRi0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jtk2hij4YeLw3w8y8IOFMadf9sgpr6xubW8Xt0s7u3v5B+fCopeJUUmzSmMeyExCFnAlsaqY5dhKJJAo4toPx7cxvP6JULBb3epKgH5GhYCGjRBupkfTLFc9x57Bdp7okubK0KpCj3i9/9gYxTSMUmnKiVNdzE+1nRGpGOU5LvVRhQuiYDLFrqCARKj+bHzq1z4wysMNYmhLanqurExmJlJpEgemMiB6p395M/Mvrpjq89jMmklSjoItFYcptHduzr+0Bk0g1nxhCqGTmVpuOiCRUm2xKqyH8T1oXjld13MZlpXaTx1GEEziFc/DgCmpwB3VoAgWEJ3iBV+vBerberPdFa8HKZ47hB6yPb+Q0jP4=</latexit>p

" All hadron species 
are accessible!
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INTRODUCTION

And where to find them
" Single-arm forward spectrometer at LHC collider

" ~25 kHz bb pairs, ~500 kHz cc pairs produced in the forward region 

Large samples of semi- leptonic decays

" All hadron species 
are accessible!

Tracking system: excellent track & vertex reconstruction

Tracking efÞciency > 96%

! p/p = 0.5-1.0%

" IPx~20#m
decay time resolution~ 45fs
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" Single-arm forward spectrometer at LHC collider

" ~25 kHz bb pairs, ~500 kHz cc pairs produced in the forward region 

Large samples of semi- leptonic decays

" All hadron species 
are accessible!

Tracking system: excellent track & vertex reconstruction

INTRODUCTION

And where to find them

Tracking efÞciency > 96%

! p/p = 0.5-1.0%

" IPx~20#m
decay time resolution~ 45fs

Tracking system: excellent track & vertex reconstruction

Particle identiÞcation

Kaon ID efÞciency ~95%
Pion mis-ID fraction ~10%
Muon ID  efÞciency ~97%

Distinguish between 
muon, electrons, pions, 

kaon and protons

15

JINST 14 (2019) P04013

20 40 60 80 100120140160180200
]c [GeV/p

0.86
0.88
0.9

0.92
0.94
0.96
0.98

1
1.02
1.04

E
ffi

ci
en

cy

Data 2015
Data 2012

LHCb

JINST 14 (2019) P04013

https://arxiv.org/abs/1812.10790
https://arxiv.org/abs/1812.10790


INTRODUCTION

And where to find them
" Single-arm forward spectrometer at LHC collider

" ~25 kHz bb pairs, ~500 kHz cc pairs produced in the forward region 

Large samples of semi- leptonic decays

<latexit sha1_base64="BifrpCzoKeOGB4YUOCBrNzakIkU=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69BIvgKSRi0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jtk2hij4YeLw3w8y8IOFMadf9sgpr6xubW8Xt0s7u3v5B+fCopeJUUmzSmMeyExCFnAlsaqY5dhKJJAo4toPx7cxvP6JULBb3epKgH5GhYCGjRBupkfTLFc9x57Bdp7okubK0KpCj3i9/9gYxTSMUmnKiVNdzE+1nRGpGOU5LvVRhQuiYDLFrqCARKj+bHzq1z4wysMNYmhLanqurExmJlJpEgemMiB6p395M/Mvrpjq89jMmklSjoItFYcptHduzr+0Bk0g1nxhCqGTmVpuOiCRUm2xKqyH8T1oXjld13MZlpXaTx1GEEziFc/DgCmpwB3VoAgWEJ3iBV+vBerberPdFa8HKZ47hB6yPb+Q0jP4=</latexit>p <latexit sha1_base64="BifrpCzoKeOGB4YUOCBrNzakIkU=">AAAB6HicdVBNS8NAEJ3Ur1q/qh69BIvgKSRi0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jtk2hij4YeLw3w8y8IOFMadf9sgpr6xubW8Xt0s7u3v5B+fCopeJUUmzSmMeyExCFnAlsaqY5dhKJJAo4toPx7cxvP6JULBb3epKgH5GhYCGjRBupkfTLFc9x57Bdp7okubK0KpCj3i9/9gYxTSMUmnKiVNdzE+1nRGpGOU5LvVRhQuiYDLFrqCARKj+bHzq1z4wysMNYmhLanqurExmJlJpEgemMiB6p395M/Mvrpjq89jMmklSjoItFYcptHduzr+0Bk0g1nxhCqGTmVpuOiCRUm2xKqyH8T1oXjld13MZlpXaTx1GEEziFc/DgCmpwB3VoAgWEJ3iBV+vBerberPdFa8HKZ47hB6yPb+Q0jP4=</latexit>p

" All hadron species 
are accessible!

Measurements shown here use a subset of the dataset collected!
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INTRODUCTION

Adding some strangeness to the puzzle

" Heavier spectator quark is an 
advantage for Lattice QCD 
calculations

" Experimentally complementary (e.g. 
different background composition)

" Lots of recent interesting theoretical work

PRD 99 (2019) 114512
<latexit sha1_base64="RyM54H+UUz80ZNbbgOIFiScBZP0=">AAACBnicbVDLSsNAFJ34rPUVdSlCsAiuSiKKLkt14bKCfUCThsl00g6dmYR5CCVk5cZfceNCEbd+gzv/xmmbhbYeGDiccy93zolSSqRy3W9raXlldW29tFHe3Nre2bX39lsy0QLhJkpoIjoRlJgSjpuKKIo7qcCQRRS3o9H1xG8/YCFJwu/VOMUBgwNOYoKgMlJoH9VD2cvc3FeJcxNmMu9lPpQq95n2uQ7tilt1p3AWiVeQCijQCO0vv58gzTBXiEIpu56bqiCDQhFEcV72tcQpRCM4wF1DOWRYBtk0Ru6cGKXvxIkwjytnqv7eyCCTcswiM8mgGsp5byL+53W1iq+CjPBUK8zR7FCsqWMyTzpx+kRgpOjYEIgEMX910BAKiJRprmxK8OYjL5LWWdW7qLp355VavaijBA7BMTgFHrgENXALGqAJEHgEz+AVvFlP1ov1bn3MRpesYucA/IH1+QO9tZlP</latexit>

B 0
s ! D !

s µ!

<latexit sha1_base64="g1ylp6BU2SFlrMZ8fx1QxO8YnC8=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4KrMiKLLUl24rGAf0JmWTJq2oUlmyEMow2z8FTcuFHHrZ7jzb0zbWWjrgcDhnHu5OSdKGFXa876dwsrq2vpGcbO0tb2zu+fuHzRVbCQmDRyzWLYjpAijgjQ01Yy0E0kQjxhpReObqd96JFLRWDzoSUJCjoaCDihG2ko996jWTb0s0DG87aYBUjoLuAmE6bllr+LNAJeJn5MyyFHvuV9BP8aGE6ExQ0p1fC/RYYqkppiRrBQYRRKEx2hIOpYKxIkK01mADJ5apQ8HsbRPaDhTf2+kiCs14ZGd5EiP1KI3Ff/zOkYPrsOUisRoIvD80MAwaPNO24B9KgnWbGIJwpLav0I8QhJhbTsr2RL8xcjLpHle8S8r3v1FuVrL6yiCY3ACzoAPrkAV3IE6aAAMMvAMXsGb8+S8OO/Ox3y04OQ7h+APnM8frBeWdw==</latexit>

B 0 ! D ! µ!

Phys. Rev. D 100, 034501 (2019)
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Measuring           using semi-leptonic Bs decays         
<latexit sha1_base64="USaOM7tPrqI+Y7RtbEFJQFBNDXY=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQyK20+6KblxWsA9oh5JJM21oJjMmGaFM+xNuXCji1t9x59+YPgQVPRByOOde7r0nSATXBqEPZ2V1bX1jM7eV397Z3dsvHBw2dZwqyho0FrFqB0QzwSVrGG4EayeKkSgQrBWMrmZ+654pzWN5a8YJ8yMykDzklBgrtSfNXpYG00mvUEQu9pCHyxC5Ja+Cq54l9sPVMsQumqMIlqj3Cu/dfkzTiElDBdG6g1Fi/Iwow6lg03w31SwhdEQGrGOpJBHTfjbfdwpPrdKHYazskwbO1e8dGYm0HkeBrYyIGerf3kz8y+ukJqz4GZdJapiki0FhKqCJ4ex42OeKUSPGlhCquN0V0iFRhBobUd6G8HUp/J80z11cctHNRbF2uYwjB47BCTgDGHigBq5BHTQABQI8gCfw7Nw5j86L87ooXXGWPUfgB5y3Tw5XkKc=</latexit>

|Vub|

<latexit sha1_base64="mt7nfbb6CEoY0pq+UeP8KmGL7T0="></latexit>

B(B 0
s ! K ! µ+ ⌫µ )

B(B 0
s ! D !

s µ+ ⌫µ )
=

|Vub|2

|Vcb|2
"

d! (B 0
s ! K ! µ+ ⌫µ )/dq2

d! (B 0
s ! D !

s µ+ ⌫µ )/dq2

K Ds
++

Experimental measurement: yields & 
precise efficiency measurement

Theory input

" Theory input : Complementary approaches, decay rates predicted as a function of q2

" Bs->Kmunu      LCSR(precise at low q2) & LQCD(precise at high q2) 

" Bs->Kmunu.     LQCD(precise over full q2 spectrum) 

<latexit sha1_base64="ihkeVybHppv74c1jgffDpbD5sYE=">AAACCXicbVDLSgMxFM3UV62vUZdugkUQxDIjii5L3QhuKtgHdKZDJk3b0CQzJBmhDLN146+4caGIW//AnX9j2s5CWw8EDufcy805Ycyo0o7zbRWWlldW14rrpY3Nre0de3evqaJEYtLAEYtkO0SKMCpIQ1PNSDuWBPGQkVY4up74rQciFY3EvR7HxOdoIGifYqSNFNiwFqhu6mSejuBtNz3NPJ5005PME0mQGp4FdtmpOFPAReLmpAxy1AP7y+tFOOFEaMyQUh3XibWfIqkpZiQreYkiMcIjNCAdQwXiRPnpNEkGj4zSg/1Imic0nKq/N1LElRrz0ExypIdq3puI/3mdRPev/JSKONFE4NmhfsKgiT2pBfaoJFizsSEIS2r+CvEQSYS1Ka9kSnDnIy+S5lnFvag4d+flai2vowgOwCE4Bi64BFVwA+qgATB4BM/gFbxZT9aL9W59zEYLVr6zD/7A+vwBmFKaSQ==</latexit>

B0
s ! K ! µ+ ! µ

<latexit sha1_base64="4czrCEEDM2zHczgaQ5+DyxmoDPY=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2CIJZEFF2W6sJlBXuBJg2T6aQdOjMJMxOhhOzd+CpuXCji1hdw59s4abPQ1h8GPv5zDmfOH8SUSGXb38bS8srq2nppo7y5tb2za+7tt2WUCIRbKKKR6AZQYko4bimiKO7GAkMWUNwJxtd5vfOAhSQRv1eTGHsMDjkJCYJKW75Zafiyn9qZqyLrJsfTzGVJPz3JXJ74qebMN6t2zZ7KWgSngCoo1PTNL3cQoYRhrhCFUvYcO1ZeCoUiiOKs7CYSxxCN4RD3NHLIsPTS6S2ZdaSdgRVGQj+urKn7eyKFTMoJC3Qng2ok52u5+V+tl6jwyksJjxOFOZotChNq6cPzYKwBERgpOtEAkSD6rxYaQQGR0vGVdQjO/MmL0D6rORc1++68Wm8UcZTAIaiAY+CAS1AHt6AJWgCBR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/L1WbKA==</latexit>

B 0
s ! D !

s µ+ ! µ

" Different spectator quark with respect to
<latexit sha1_base64="LN9wo7Umem2tyJU1N0bocH7oJi8=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEV0NGWtruSt24rGAf0KlDJk3b0ExmSDJCGYobf8WNC0Xc+hXu/BszbQUVPXC5h3PuJbkniDlTGqEPK7eyura+kd8sbG3v7O7Z+wdtFSWS0BaJeCS7AVaUM0FbmmlOu7GkOAw47QSTi8zv3FKpWCSu9TSm/RCPBBsygrWRfPuocZOimacjL2ZemHgi8VPTZ4WCbxeRUyqhUq0KDSmXKxV3QVClBl0HzVEESzR9+90bRCQJqdCEY6V6Lop1P8VSM8LprOAlisaYTPCI9gwVOKSqn85PmMFTowzgMJKmhIZz9ftGikOlpmFgJkOsx+q3l4l/eb1ED6v9lIk40VSQxUPDhEMdwSwPOGCSEs2nhmAimfkrJGMsMdEmtSyEr0vh/6R97rhlB12VivXGMo48OAYn4Ay4oALq4BI0QQsQcAcewBN4tu6tR+vFel2M5qzlziH4AevtE0+Vl2M=</latexit>

B 0 ! ! µ" µ

<latexit sha1_base64="ojCOVMv+Kmg6nsLoxbPnbL8JpP8="></latexit>

B 0
s ! K ! µ+ ! µ

18PAPER-2020-038, arXiv:2012.05143
<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT

https://arxiv.org/abs/2012.05143


Hadronic form factors
" Theory input : Complementary approaches, decay rates predicted as a function of q2

" Bs->Kmunu      LCSR(precise at low q2) & LQCD(precise at high q2) 

" Bs->Kmunu.     LQCD(precise over full q2 spectrum) 

<latexit sha1_base64="ihkeVybHppv74c1jgffDpbD5sYE=">AAACCXicbVDLSgMxFM3UV62vUZdugkUQxDIjii5L3QhuKtgHdKZDJk3b0CQzJBmhDLN146+4caGIW//AnX9j2s5CWw8EDufcy805Ycyo0o7zbRWWlldW14rrpY3Nre0de3evqaJEYtLAEYtkO0SKMCpIQ1PNSDuWBPGQkVY4up74rQciFY3EvR7HxOdoIGifYqSNFNiwFqhu6mSejuBtNz3NPJ5005PME0mQGp4FdtmpOFPAReLmpAxy1AP7y+tFOOFEaMyQUh3XibWfIqkpZiQreYkiMcIjNCAdQwXiRPnpNEkGj4zSg/1Imic0nKq/N1LElRrz0ExypIdq3puI/3mdRPev/JSKONFE4NmhfsKgiT2pBfaoJFizsSEIS2r+CvEQSYS1Ka9kSnDnIy+S5lnFvag4d+flai2vowgOwCE4Bi64BFVwA+qgATB4BM/gFbxZT9aL9W59zEYLVr6zD/7A+vwBmFKaSQ==</latexit>

B0
s ! K ! µ+ ! µ
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UKQCD 2014
LCSR, Khod. & Rus.
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<latexit sha1_base64="4czrCEEDM2zHczgaQ5+DyxmoDPY=">AAACC3icbZDLSsNAFIYnXmu9RV26CS2CIJZEFF2W6sJlBXuBJg2T6aQdOjMJMxOhhOzd+CpuXCji1hdw59s4abPQ1h8GPv5zDmfOH8SUSGXb38bS8srq2nppo7y5tb2za+7tt2WUCIRbKKKR6AZQYko4bimiKO7GAkMWUNwJxtd5vfOAhSQRv1eTGHsMDjkJCYJKW75Zafiyn9qZqyLrJsfTzGVJPz3JXJ74qebMN6t2zZ7KWgSngCoo1PTNL3cQoYRhrhCFUvYcO1ZeCoUiiOKs7CYSxxCN4RD3NHLIsPTS6S2ZdaSdgRVGQj+urKn7eyKFTMoJC3Qng2ok52u5+V+tl6jwyksJjxOFOZotChNq6cPzYKwBERgpOtEAkSD6rxYaQQGR0vGVdQjO/MmL0D6rORc1++68Wm8UcZTAIaiAY+CAS1AHt6AJWgCBR/AMXsGb8WS8GO/Gx6x1yShmDsAfGZ8/L1WbKA==</latexit>

B 0
s ! D !

s µ+ ! µ

Two BRs in two q2 regions

JHEP08(2017)112

Phys. Rev. D 101, 074513 (2020 )

Phys. Rev. D 100, 034501 (2019)

LQCD calculation 
for full q2

19
<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT

https://link.springer.com/article/10.1007%2FJHEP08%282017%29112
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513
https://arxiv.org/pdf/1901.02561.pdf


Typical semi-leptonic signatures
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Not reconstructable neutrino

" Partial reconstruction !  unconstrained kinematics:  (with a single missing particle 
we can solve for the missing 3-momentum, with a quadratic ambiguity)

" Partial reconstruction !  large backgrounds:  need to fully exploit vertex topology 
information, track isolation, available kinematic information

s

s

Primary Vertex 
(pp collision) Decay Vertex

<latexit sha1_base64="qaxZ5Bafo14IMLG5FAKQH5Zq+W8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi+ClgmkLbS2b7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZFySCa+O6387S8srq2npho7i5tb2zW9rbr+s4VQx9FotYNQOqUXCJvuFGYDNRSKNAYCMY3kz8xhMqzWP5YEYJdiLalzzkjBor+XeP2em4Wyq7FXcKski8nJQhR61b+mr3YpZGKA0TVOuW5yamk1FlOBM4LrZTjQllQ9rHlqWSRqg72fTYMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6UmvOpkXCapQclmi8JUEBOTyeekxxUyI0aWUKa4vZWwAVWUGZtP0Ybgzb+8SOpnFe+i4t6fl6vXeRwFOIQjOAEPLqEKt1ADHxhweIZXeHOk8+K8Ox+z1iUnnzmAP3A+fwCCC458</latexit>

K +

<latexit sha1_base64="TqXxCMBYMkao0EE75ieWKp0PA1k=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSSi6LHoRfBSwbSFtpbNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dpeWV1bb2wUdzc2t7ZLe3t13WcKoY+i0WsmgHVKLhE33AjsJkopFEgsBEMbyZ+4wmV5rF8MKMEOxHtSx5yRo2V/LvH7HTcLZXdijsFWSReTsqQo9YtfbV7MUsjlIYJqnXLcxPTyagynAkcF9upxoSyIe1jy1JJI9SdbHrsmBxbpUfCWNmShkzV3xMZjbQeRYHtjKgZ6HlvIv7ntVITXnUyLpPUoGSzRWEqiInJ5HPS4wqZESNLKFPc3krYgCrKjM2naEPw5l9eJPWzindRce/Py9XrPI4CHMIRnIAHl1CFW6iBDww4PMMrvDnSeXHenY9Z65KTzxzAHzifP4UVjn4=</latexit>

K !

20
<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT



Selection: isolation

0.6− 0.4− 0.2− 0 0.2
Charge BDT
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 X'µ K X)→(c H→bH
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Combinatorial
+µ+KData 

0.6! 0.4! 0.2! 0 0.2
Neutral BDT
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" multivariate algorithm (MVA) is trained to determine if a given track originates 
from the candidate, or from the rest of the event 

B decay

<latexit sha1_base64="8aTKGtgbKlIWZoZpGXh6SodDjXc=">AAAB8HicdVDLSsNAFJ3UV62vqks3g63gKiQlJe2u1I3LCvYhbSiTyaQdOpmEmYkQQr/CjQtF3Po57vwbpw9BRQ9cOJxzL/fe4yeMSmVZH0ZhY3Nre6e4W9rbPzg8Kh+f9GScCky6OGaxGPhIEkY56SqqGBkkgqDIZ6Tvz64Wfv+eCEljfquyhHgRmnAaUoyUlu6q7SoMCEbZuFyxTMexnGYDalKvu669IpbbhLZpLVEBa3TG5fdREOM0IlxhhqQc2laivBwJRTEj89IolSRBeIYmZKgpRxGRXr48eA4vtBLAMBa6uIJL9ftEjiIps8jXnRFSU/nbW4h/ecNUhQ0vpzxJFeF4tShMGVQxXHwPAyoIVizTBGFB9a0QT5FAWOmMSjqEr0/h/6RXM23HdG5qlVZ7HUcRnIFzcAls4IIWuAYd0AUYROABPIFnQxiPxovxumotGOuZU/ADxtsn8+SP4Q==</latexit>

D decay

<latexit sha1_base64="AdU1psnxBN73dTc7N+Ovjvbf8BQ=">AAAB8HicdVDLSsNAFJ3UV62vqks3g63gKiQlJe2uqAuXFexD2lAmk0k7dCYJMxMhhH6FGxeKuPVz3Pk3Th+Cih64cDjnXu69x08YlcqyPozC2vrG5lZxu7Szu7d/UD486so4FZh0cMxi0feRJIxGpKOoYqSfCIK4z0jPn17O/d49EZLG0a3KEuJxNI5oSDFSWrqrXlVhQDDKRuWKZTqO5TQbUJN63XXtJbHcJrRNa4EKWKE9Kr8PgxinnEQKMyTlwLYS5eVIKIoZmZWGqSQJwlM0JgNNI8SJ9PLFwTN4ppUAhrHQFSm4UL9P5IhLmXFfd3KkJvK3Nxf/8gapChteTqMkVSTCy0VhyqCK4fx7GFBBsGKZJggLqm+FeIIEwkpnVNIhfH0K/yfdmmk7pnNTq7QuVnEUwQk4BefABi5ogWvQBh2AAQcP4Ak8G8J4NF6M12VrwVjNHIMfMN4+Afb6j+M=</latexit>

pp collision

<latexit sha1_base64="DLOTZcxt41pOJvNHNWYUUgp7G1E=">AAAB9XicdVDLSgMxFM3UV62vqks3wVZwNcyUKdPuim5cVrAPaMeSSTNtaCYTkoxShv6HGxeKuPVf3Pk3pg9BRQ8ETs65N/fmhIJRpR3nw8qtrW9sbuW3Czu7e/sHxcOjtkpSiUkLJyyR3RApwignLU01I10hCYpDRjrh5HLud+6IVDThN3oqSBCjEacRxUgb6bYsRBmaV8wkcx0US47teY5Xr0FDqlXfd5fE8evQtZ0FSmCF5qD43h8mOI0J15ghpXquI3SQIakpZmRW6KeKCIQnaER6hnIUExVki61n8MwoQxgl0hyu4UL93pGhWKlpHJrKGOmx+u3Nxb+8XqqjWpBRLlJNOF4OilIGdQLnEcAhlQRrNjUEYUnNrhCPkURYm6AKJoSvn8L/Sbtiu57tXVdKjYtVHHlwAk7BOXCBDxrgCjRBC2AgwQN4As/WvfVovVivy9Kcteo5Bj9gvX0CYbqSdw==</latexit>

Underlying event

K

<latexit sha1_base64="LNAYr9nxOYREDCeTkz5jsd6TRE0=">AAAB6nicdVDLSgMxFM3UV62vqks3wVZwNWTaqa27ohvBTUX7gHYomTTThmYyQ5IRSuknuHGhiFu/yJ1/Y6atoKIHLhzOuZd77/FjzpRG6MPKrKyurW9kN3Nb2zu7e/n9g5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fFl6rfvqVQsEnd6ElMvxEPBAkawNtJt8brYzxeQXT6rVJALDakhVKukpHrulqvQsdEcBbBEo59/7w0ikoRUaMKxUl0HxdqbYqkZ4XSW6yWKxpiM8ZB2DRU4pMqbzk+dwROjDGAQSVNCw7n6fWKKQ6UmoW86Q6xH6reXin953UQHNW/KRJxoKshiUZBwqCOY/g0HTFKi+cQQTCQzt0IywhITbdLJmRC+PoX/k1bJdlzbvSkV6hfLOLLgCByDU+CAKqiDK9AATUDAEDyAJ/BscevRerFeF60ZazlzCH7AevsEzqWNgA==</latexit>

!

<latexit sha1_base64="nov164fG/8CYuM2fqjY+saV7yXQ=">AAAB7HicdVBNTwIxEO3iF+IX6tFLI5h42nRhEbwRvXjExAUS2JBu6UJDt7tpuyaE8Bu8eNAYr/4gb/4bu4CJGn3JJC/vzWRmXpBwpjRCH1ZubX1jcyu/XdjZ3ds/KB4etVWcSkI9EvNYdgOsKGeCepppTruJpDgKOO0Ek+vM79xTqVgs7vQ0oX6ER4KFjGBtJK/cT1h5UCwhu3pRqyEXGtJAqFHLSP3SrdahY6MFSmCF1qD43h/GJI2o0IRjpXoOSrQ/w1Izwum80E8VTTCZ4BHtGSpwRJU/Wxw7h2dGGcIwlqaEhgv1+8QMR0pNo8B0RliP1W8vE//yeqkOG/6MiSTVVJDlojDlUMcw+xwOmaRE86khmEhmboVkjCUm2uRTMCF8fQr/J+2K7bi2e1spNa9WceTBCTgF58ABddAEN6AFPEAAAw/gCTxbwnq0XqzXZWvOWs0cgx+w3j4BfZeOfg==</latexit>

<latexit sha1_base64="9iZ4x9ZpnrD00DyYE0raxWiFVRQ=">AAAB63icdVBNSwMxEM3Wr1q/qh69BIvgacnWSuut6MVjBWsL7VKy6Wwbms0uSVYopX/BiwdFvPqHvPlvzG4rqOiDgcd7M8zMCxLBtSHkwymsrK6tbxQ3S1vbO7t75f2DOx2nikGbxSJW3YBqEFxC23AjoJsooFEgoBNMrjK/cw9K81jemmkCfkRHkoecUZNJfRBiUK4Qt3pR8xpVTNwz0iDEy0m9Rgj2XJKjgpZoDcrv/WHM0gikYYJq3fNIYvwZVYYzAfNSP9WQUDahI+hZKmkE2p/lt87xiVWGOIyVLWlwrn6fmNFI62kU2M6ImrH+7WXiX14vNWHDn3GZpAYkWywKU4FNjLPH8ZArYEZMLaFMcXsrZmOqKDM2npIN4etT/D+5q7reuUtuapXm5TKOIjpCx+gUeaiOmugatVAbMTRGD+gJPTuR8+i8OK+L1oKznDlEP+C8fQJae45z</latexit>

!

More difficult for neutral particles

21

PAPER-2020-038, arXiv:2012.05143

<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT

https://arxiv.org/abs/2012.05143


Neutrino momentum reconstruction

<latexit sha1_base64="NXEzTT2f6IaFSHHSIfsewp4NGqc=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw0Rsp90V3bisYB/SlpJJM21okglJRihDv8KNC0Xc+jnu/BvTh6CiB0IO59zLvfdEijNjg+DDW1ldW9/YzG3lt3d29/YLB4dNk6Sa0AZJeKLbETaUM0kblllO20pTLCJOW9H4aua37qk2LJG3dqJoT+ChZDEj2DrpTvWzrqJaTfuFYuCjMAhRGQZ+KaygauiI+1C1DJEfzFEES9T7hffuICGpoNISjo3poEDZXoa1ZYTTab6bGqowGeMh7TgqsaCml80XnsJTpwxgnGj3pIVz9XtHhoUxExG5SoHtyPz2ZuJfXie1caWXMalSSyVZDIpTDm0CZ9fDAdOUWD5xBBPN3K6QjLDGxLqM8i6Er0vh/6R57qOSH9xcFGuXyzhy4BicgDOAQAhq4BrUQQMQIMADeALPnvYevRfvdVG64i17jsAPeG+fxPyRDw==</latexit>p?

<latexit sha1_base64="NXEzTT2f6IaFSHHSIfsewp4NGqc=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw0Rsp90V3bisYB/SlpJJM21okglJRihDv8KNC0Xc+jnu/BvTh6CiB0IO59zLvfdEijNjg+DDW1ldW9/YzG3lt3d29/YLB4dNk6Sa0AZJeKLbETaUM0kblllO20pTLCJOW9H4aua37qk2LJG3dqJoT+ChZDEj2DrpTvWzrqJaTfuFYuCjMAhRGQZ+KaygauiI+1C1DJEfzFEES9T7hffuICGpoNISjo3poEDZXoa1ZYTTab6bGqowGeMh7TgqsaCml80XnsJTpwxgnGj3pIVz9XtHhoUxExG5SoHtyPz2ZuJfXie1caWXMalSSyVZDIpTDm0CZ9fDAdOUWD5xBBPN3K6QjLDGxLqM8i6Er0vh/6R57qOSH9xcFGuXyzhy4BicgDOAQAhq4BrUQQMQIMADeALPnvYevRfvdVG64i17jsAPeG+fxPyRDw==</latexit>p?

<latexit sha1_base64="MiVmoRzi7QCqpD0RdrSXDL91aCc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOpF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUrvf1Y+ZO++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahkg3BW355lbQuqt5V1b2/rNTqeRxFOIFTOAcPrqEGd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMIR49e</latexit>

B 0
s

<latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ
<latexit sha1_base64="sLJthRVyTOlRIl7K/+vSSPnzNkE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix6Eby0YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZK9fteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6k0eRwGO4QTOwIMrqMId1KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AKNXjNM=</latexit>

K

<latexit sha1_base64="FxCc/R99Yp3FbT74cLecKnttxAc=">AAAB63icdVDLSgMxFM34rPVVdekmWARXw0Rsp90V3QhuKtgHtEPJpJk2NMkMSUYoQ3/BjQtF3PpD7vwbM20FFT0QcjjnXu69J0w408bzPpyV1bX1jc3CVnF7Z3dvv3Rw2NZxqghtkZjHqhtiTTmTtGWY4bSbKIpFyGknnFzlfueeKs1ieWemCQ0EHkkWMYJNLt30RToolT0X+Z6PqtBzK34N1X1L7IfqVYhcb44yWKI5KL33hzFJBZWGcKx1D3mJCTKsDCOczor9VNMEkwke0Z6lEguqg2y+6wyeWmUIo1jZJw2cq987Miy0norQVgpsxvq3l4t/eb3URLUgYzJJDZVkMShKOTQxzA+HQ6YoMXxqCSaK2V0hGWOFibHxFG0IX5fC/0n73EUV17u9KDcul3EUwDE4AWcAAR80wDVoghYgYAwewBN4doTz6Lw4r4vSFWfZcwR+wHn7BHxSjow=</latexit>

Kµ

<latexit sha1_base64="vXXDBjPhlKtinsJ4F+G8st1TSa4=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjK2pbMsunFZwT6kM5RMmrahSWZIMkIZ+hVuXCji1s9x59+YtiOo6IELh3Pu5d57ooQzbRD6cApr6xubW8Xt0s7u3v5B+fCoo+NUEdomMY9VL8KaciZp2zDDaS9RFIuI0240vVr43XuqNIvlrZklNBR4LNmIEWysdBfIdJAFIp0PyhXkNjxU932IXLSEJVVUq9Z86OVKBeRoDcrvwTAmqaDSEI617nsoMWGGlWGE03kpSDVNMJniMe1bKrGgOsyWB8/hmVWGcBQrW9LApfp9IsNC65mIbKfAZqJ/ewvxL6+fmpEfZkwmqaGSrBaNUg5NDBffwyFTlBg+swQTxeytkEywwsTYjEo2hK9P4f+kc+F6dRfd1CrNyzyOIjgBp+AceKABmuAatEAbECDAA3gCz45yHp0X53XVWnDymWPwA87bJ39zkN8=</latexit>! µ

" Unconstrained kinematics: 
longitudinal neutrino (or B) 
momentum component known 
up to a two-fold ambiguity 

" Using linear regression prediction

JHEP 2 (2017) 021

Correct solution in 70% of the cases

22
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" Use the corrected mass 
distribution to measure the 
sample composition
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" Vcb dominant background 
(b->c(->K) "# X), followed by 
Bs! K*"#  and combinatorial
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Fit templated from simulated 
samples corrected to 
describe the data
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Ds* and Ds 
separation

Data driven methods to model 
(reduced) backgrounds from data
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Systematics and Branching Fraction

Uncertainty All q2
low q2

high q2

Tracking 2.0 2.0 2.0

Trigger 1.4 1.2 1.6

Particle identification 1.0 1.0 1.0

! (mcorr ) 0.5 0.5 0.5

Isolation 0.2 0.2 0.2

Charged BDT 0.6 0.6 0.6

Neutral BDT 1.1 1.1 1.1

q2
migration – 2.0 2.0

E�ciency 1.2 1.6 1.6

Fit template

+2 .3
! 2.9

+1 .8
! 2.4

+3 .0
! 3.4

Total

+4 .0
! 4.3

+4 .3
! 4.5

+5 .0
! 5.3
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B(Ds ! KK ! ) 2.8 2.8 2.8

" Systematic can be reduced with larger 
data (and MC) samples

<latexit sha1_base64="ppuyL9gzUQFieuSaL/qXe637GXA="></latexit>

B(B 0
s ! K ! µ+ ! µ ) =

"B 0
s

" |Vcb|2 " F FD s "

B(B 0
s ! K ! µ+ ! µ )

B(B 0
s ! D !

s µ+ ! µ )

<latexit sha1_base64="YmagNjeT6Ad9pQUsUbMTFMHIBWM="></latexit>

B(B 0
s ! K ! µ+ ! µ ) = (1.06 ± 0.05(stat) ± 0.04(syst) ± 0.06(ext) ± 0.04(FF)) " 10

! 4

External inputs

Measured yields and 
efficiencies from simulation
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<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT

https://arxiv.org/abs/2012.05143
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exclubV

LHCb

" Discrepancy between measurement at low q2 and other measurements

" Need to measure the full q2 shape

<latexit sha1_base64="LuF8CJOmmLJXqiztnZ65piLkiZg="></latexit>

|Vub|/ |Vcb|(low) = 0 .0607± 0.0015(stat) ± 0.0013(syst)± 0.0008(Ds) ± 0.0030(FF)
<latexit sha1_base64="8TkIMa4mv/4g4LZoztk9EdUQTeE="></latexit>

|Vub|/ |Vcb|(high) = 0 .0946± 0.0030(stat)0.0024
0.0025(syst) ± 0.0013(Ds) ± 0.0068(FF)
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<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT

https://arxiv.org/abs/2012.05143


Digression about baryons

|Vub|2

|Vcb|2
=

B(! 0
b ! pµ! ! µ )

B(! 0
b ! ! +

c µ! ! µ )
RF F

RF F = 1 .470± 0.115(stat) ± 0.104(syst)

Belle measurement arXiv:1312.7826
B(! 0

b ! pµ! ! µ )q2 > 15GeV 2 /c 4

B(! 0
b ! ! +

c µ! ! µ )q2 > 7GeV 2 /c 4

=
N (! 0

b ! pµ! ! µ )
N (! 0

b ! ! +
c (! pK ! " + )µ! ! µ )

"
#(! 0

b ! ! +
c (! pK ! " + )µ! ! µ )

#(! 0
b ! pµ! ! µ )

" B(! +
c ! pK ! " + )

|Vcb| = (39 .5 ± 0.8) ! 10! 3

world average

W. Detmold, C. Lehner and S. Meinel 
arXiv:1503.01421

Nature Physics 10 (2015)

" Baryonic equivalent of 
!

W -

d

b
b

d

" -

__
#"

u u

u
Vub

p0 !

W -

d

b
b

d

" -

__
#"

u u

u
Vcb

0 ! c
+

<latexit sha1_base64="LN9wo7Umem2tyJU1N0bocH7oJi8=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEV0NGWtruSt24rGAf0KlDJk3b0ExmSDJCGYobf8WNC0Xc+hXu/BszbQUVPXC5h3PuJbkniDlTGqEPK7eyura+kd8sbG3v7O7Z+wdtFSWS0BaJeCS7AVaUM0FbmmlOu7GkOAw47QSTi8zv3FKpWCSu9TSm/RCPBBsygrWRfPuocZOimacjL2ZemHgi8VPTZ4WCbxeRUyqhUq0KDSmXKxV3QVClBl0HzVEESzR9+90bRCQJqdCEY6V6Lop1P8VSM8LprOAlisaYTPCI9gwVOKSqn85PmMFTowzgMJKmhIZz9ftGikOlpmFgJkOsx+q3l4l/eb1ED6v9lIk40VSQxUPDhEMdwSwPOGCSEs2nhmAimfkrJGMsMdEmtSyEr0vh/6R97rhlB12VivXGMo48OAYn4Ay4oALq4BI0QQsQcAcewBN4tu6tR+vFel2M5qzlziH4AevtE0+Vl2M=</latexit>

B 0 ! ! µ" µ

" LHCb strategy: measure the ratio of 
branching fractions of the        baryon                   
into                andpµ! ! µ ! +

c µ! ! µ

! 0
b

" Similar tools: BDT to remove additional tracks that could vertex with a signal candidate, 
EfÞciency from simulation with data-driven corrections 
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<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT

http://arxiv.org/abs/1312.7826
http://arxiv.org/abs/1503.01421
http://arxiv.org/abs/1504.01568


Rε

3
 1

0
×

|  
L ub

|V

0.4− 0.2− 0 0.2 0.42

3

4

5

6

7

8
inclusive

νlπ→B
 (LHCb)νµp→bΛ

combined

Digression about baryons Nature Physics 10 (2015)

" Baryonic equivalent of 
<latexit sha1_base64="LN9wo7Umem2tyJU1N0bocH7oJi8=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEV0NGWtruSt24rGAf0KlDJk3b0ExmSDJCGYobf8WNC0Xc+hXu/BszbQUVPXC5h3PuJbkniDlTGqEPK7eyura+kd8sbG3v7O7Z+wdtFSWS0BaJeCS7AVaUM0FbmmlOu7GkOAw47QSTi8zv3FKpWCSu9TSm/RCPBBsygrWRfPuocZOimacjL2ZemHgi8VPTZ4WCbxeRUyqhUq0KDSmXKxV3QVClBl0HzVEESzR9+90bRCQJqdCEY6V6Lop1P8VSM8LprOAlisaYTPCI9gwVOKSqn85PmMFTowzgMJKmhIZz9ftGikOlpmFgJkOsx+q3l4l/eb1ED6v9lIk40VSQxUPDhEMdwSwPOGCSEs2nhmAimfkrJGMsMdEmtSyEr0vh/6R97rhlB12VivXGMo48OAYn4Ay4oALq4BI0QQsQcAcewBN4tu6tR+vFel2M5qzlziH4AevtE0+Vl2M=</latexit>

B 0 ! ! µ" µ

N (! 0
b ! pµ! ! µ ) = 17687 ± 733

|Vub| = (3 .27± 0.15(exp)± 0.16(theo) ± 0.06(|Vcb |)) ! 10! 3

(L = 2 fb ! 1)

" Does not support a right-handed coupling of signiÞcant magnitude

SM

29

New physics right-handed current (V+A)? 
Need to use something different than 
purely vector current (                         )

<latexit sha1_base64="LN9wo7Umem2tyJU1N0bocH7oJi8=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEV0NGWtruSt24rGAf0KlDJk3b0ExmSDJCGYobf8WNC0Xc+hXu/BszbQUVPXC5h3PuJbkniDlTGqEPK7eyura+kd8sbG3v7O7Z+wdtFSWS0BaJeCS7AVaUM0FbmmlOu7GkOAw47QSTi8zv3FKpWCSu9TSm/RCPBBsygrWRfPuocZOimacjL2ZemHgi8VPTZ4WCbxeRUyqhUq0KDSmXKxV3QVClBl0HzVEESzR9+90bRCQJqdCEY6V6Lop1P8VSM8LprOAlisaYTPCI9gwVOKSqn85PmMFTowzgMJKmhIZz9ftGikOlpmFgJkOsx+q3l4l/eb1ED6v9lIk40VSQxUPDhEMdwSwPOGCSEs2nhmAimfkrJGMsMdEmtSyEr0vh/6R97rhlB12VivXGMo48OAYn4Ay4oALq4BI0QQsQcAcewBN4tu6tR+vFel2M5qzlziH4AevtE0+Vl2M=</latexit>

B 0 ! ! µ" µ

<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT

http://arxiv.org/abs/1504.01568
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" Discrepancy between measurement at low q2 and other measurements

" Need to measure the full q2 shape

<latexit sha1_base64="LuF8CJOmmLJXqiztnZ65piLkiZg="></latexit>

|Vub|/ |Vcb|(low) = 0 .0607± 0.0015(stat) ± 0.0013(syst)± 0.0008(Ds) ± 0.0030(FF)
<latexit sha1_base64="8TkIMa4mv/4g4LZoztk9EdUQTeE="></latexit>

|Vub|/ |Vcb|(high) = 0 .0946± 0.0030(stat)0.0024
0.0025(syst) ± 0.0013(Ds) ± 0.0068(FF)
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<latexit sha1_base64="sFujiSEXTxH9U7/Jrzgb528ukwU=">AAAB+nicdZDLSsNAFIYn9VbrLdWlm8EiuIqJpKTdFd24rGAv0IYwmU7boZNJmJkoJe2juHGhiFufxJ1v46StoKI/DHz85xzOmT9MGJXKtj+Mwtr6xuZWcbu0s7u3f2CWD9syTgUmLRyzWHRDJAmjnLQUVYx0E0FQFDLSCSdXeb1zR4SkMb9V04T4ERpxOqQYKW0FZnnWDrI0nM/Oc8AaArNiW65ru/Ua1FCtep6zBNurQ8eyF6qAlZqB+d4fxDiNCFeYISl7jp0oP0NCUczIvNRPJUkQnqAR6WnkKCLSzxanz+GpdgZwGAv9uIIL9/tEhiIpp1GoOyOkxvJ3LTf/qvVSNaz5GeVJqgjHy0XDlEEVwzwHOKCCYMWmGhAWVN8K8RgJhJVOq6RD+Pop/B/aF5ZTtewbt9K4XMVRBMfgBJwBB3igAa5BE7QABvfgATyBZ2NmPBovxuuytWCsZo7ADxlvn2zmlMY=</latexit>

|Vub|/ |Vcb|                   MEASUREMENT



Differential decay rates

<latexit sha1_base64="NXEzTT2f6IaFSHHSIfsewp4NGqc=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw0Rsp90V3bisYB/SlpJJM21okglJRihDv8KNC0Xc+jnu/BvTh6CiB0IO59zLvfdEijNjg+DDW1ldW9/YzG3lt3d29/YLB4dNk6Sa0AZJeKLbETaUM0kblllO20pTLCJOW9H4aua37qk2LJG3dqJoT+ChZDEj2DrpTvWzrqJaTfuFYuCjMAhRGQZ+KaygauiI+1C1DJEfzFEES9T7hffuICGpoNISjo3poEDZXoa1ZYTTab6bGqowGeMh7TgqsaCml80XnsJTpwxgnGj3pIVz9XtHhoUxExG5SoHtyPz2ZuJfXie1caWXMalSSyVZDIpTDm0CZ9fDAdOUWD5xBBPN3K6QjLDGxLqM8i6Er0vh/6R57qOSH9xcFGuXyzhy4BicgDOAQAhq4BrUQQMQIMADeALPnvYevRfvdVG64i17jsAPeG+fxPyRDw==</latexit>p?

<latexit sha1_base64="NXEzTT2f6IaFSHHSIfsewp4NGqc=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw0Rsp90V3bisYB/SlpJJM21okglJRihDv8KNC0Xc+jnu/BvTh6CiB0IO59zLvfdEijNjg+DDW1ldW9/YzG3lt3d29/YLB4dNk6Sa0AZJeKLbETaUM0kblllO20pTLCJOW9H4aua37qk2LJG3dqJoT+ChZDEj2DrpTvWzrqJaTfuFYuCjMAhRGQZ+KaygauiI+1C1DJEfzFEES9T7hffuICGpoNISjo3poEDZXoa1ZYTTab6bGqowGeMh7TgqsaCml80XnsJTpwxgnGj3pIVz9XtHhoUxExG5SoHtyPz2ZuJfXie1caWXMalSSyVZDIpTDm0CZ9fDAdOUWD5xBBPN3K6QjLDGxLqM8i6Er0vh/6R57qOSH9xcFGuXyzhy4BicgDOAQAhq4BrUQQMQIMADeALPnvYevRfvdVG64i17jsAPeG+fxPyRDw==</latexit>p?

<latexit sha1_base64="MiVmoRzi7QCqpD0RdrSXDL91aCc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOpF48V7Ae0sWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUrvf1Y+ZO++WKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahkg3BW355lbQuqt5V1b2/rNTqeRxFOIFTOAcPrqEGd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMIR49e</latexit>

B 0
s

<latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ
<latexit sha1_base64="vXXDBjPhlKtinsJ4F+G8st1TSa4=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjK2pbMsunFZwT6kM5RMmrahSWZIMkIZ+hVuXCji1s9x59+YtiOo6IELh3Pu5d57ooQzbRD6cApr6xubW8Xt0s7u3v5B+fCoo+NUEdomMY9VL8KaciZp2zDDaS9RFIuI0240vVr43XuqNIvlrZklNBR4LNmIEWysdBfIdJAFIp0PyhXkNjxU932IXLSEJVVUq9Z86OVKBeRoDcrvwTAmqaDSEI617nsoMWGGlWGE03kpSDVNMJniMe1bKrGgOsyWB8/hmVWGcBQrW9LApfp9IsNC65mIbKfAZqJ/ewvxL6+fmpEfZkwmqaGSrBaNUg5NDBffwyFTlBg+swQTxeytkEywwsTYjEo2hK9P4f+kc+F6dRfd1CrNyzyOIjgBp+AceKABmuAatEAbECDAA3gCz45yHp0X53XVWnDymWPwA87bJ39zkN8=</latexit>! µ

<latexit sha1_base64="+Qt3PO5RQilVMZpYuCsyil+H6ao=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GiZiO+2uqAuXFewD2qFk0kwbm0yGJCOUof/gxoUibv0fd/6N6UNQ0QMhh3Pu5d57woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2DlpapIrRJJJeqE2JNOYtp0zDDaSdRFIuQ03Y4vpz57XuqNJPxrZkkNBB4GLOIEWys1Lrq655I+8WS5yLf81EFem7Zr6Kab4n9UK0CkevNUQJLNPrF995AklTQ2BCOte4iLzFBhpVhhNNpoZdqmmAyxkPatTTGguogm287hSdWGcBIKvtiA+fq944MC60nIrSVApuR/u3NxL+8bmqiapCxOEkNjcliUJRyaCScnQ4HTFFi+MQSTBSzu0IywgoTYwMq2BC+LoX/k9aZi8qud3Neql8s48iDI3AMTgECPqiDa9AATUDAHXgAT+DZkc6j8+K8LkpzzrLnEPyA8/YJ/SuPaw==</latexit>

Dsµ
<latexit sha1_base64="kFMiGKStdfwVQZI+U0SzqfoAxb0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WNRDx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJaPZpygH9GB5CFn1Fjp4bane+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1b0/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QMh0o2y</latexit>
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B 0
s ! D !

s µ!

" Extract |Vcb| from 
measurement of decay rate as a 
function of q2 or recoil w ( Ds(*) 
energy in the Bs rest frame)

" Use p_perpDs : fully 
reconstructed and highly 
correlated with w
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p! (Ds)

" Very good sensitivity to the 
form factors, depending on w

" Very good Þrst results with semi-
leptonic b-decays at LHCb
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         AND FORM FACTORS
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|Vcb|

https://arxiv.org/abs/2001.03225


|Vcb| and hadronic form factors measurement using Bs decays
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|Vcb|

<latexit sha1_base64="H8z5/famsA+LH/95mLWQGccdol8="></latexit>

dNobs

dp! dMcorr
= N

d! (|Vcb|, hA 1 , ...)
dp! dMcorr

! ! (p! , M corr )

" Fit to Mcorr  and p_{p distributions to extract |Vcb| and form factors . 
2D template to model the data, including efÞciency

" Constrain form factors from lattice QCD [ PRD 101 (2020) 074513 , 
PRD 99 (2019) 114512 ]. 

" Normalisation N   contains measured B0 reference yields, input branching 
fractions, relative b-hadron production probabilities fs/fd and Bs lifetime
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.074513
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.114512
https://arxiv.org/abs/2001.03225


|Vcb| and hadronic form factors measurement using Bs decays
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|Vcb|
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dNobs

dp! dMcorr
= N

d! (|Vcb|, hA 1 , ...)
dp! dMcorr

! ! (p! , M corr )

Need to know the number of Bs produced
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" pp ! bbX cross section 
measured, but limiting 
|Vcb| precision (5-8%)

" Reference decays: 
BB! D[D! KK$]"#

" Input needed: relative 
production fraction fs/fd 
(2.5% recision on |Vcb| )

33

0

Phys. Rev. D101 (2020) 072004

" Fit to Mcorr  and p_{p distributions to extract |Vcb| and form factors . 
2D template to model the data, including efÞciency
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|Vcb|

https://arxiv.org/abs/2001.03225


Results
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" Analysis uses inclusive sample of Ds " Þnal state (Ds* partially reconstructed) 

" Need form-factor parametrisation to determine |Vcb|. General model from Boyd, 
Grinstein and Lebed (BGL, PRL 74 (1995) 4603). 

<latexit sha1_base64="A8QmehZYlnUN31x0xe60H0vrFLY="></latexit>

|Vcb| = (42 .3 ± 0.8(stat) ± 0.9(syst) ± 1.2(ext)) ! 10! 3
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|Vcb|

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.74.4603
https://arxiv.org/abs/2001.03225


Different hadronic Form Factor parametrisation
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" Compared to the model from Caprini, Lellouch and Neubert (CLN, NPB 530 (1998) 
153). No signiÞcant difference found 

<latexit sha1_base64="udpZ99bNy+zzPCh/JmbXYrmfPZ4="></latexit>

|Vcb| = (41 .4 ± 0.6(stat) ± 0.9(syst) ± 1.2(ext)) ! 10! 3

<latexit sha1_base64="A8QmehZYlnUN31x0xe60H0vrFLY="></latexit>

|Vcb| = (42 .3 ± 0.8(stat) ± 0.9(syst) ± 1.2(ext)) ! 10! 3

BGL

CLN
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" Additional measurements supporting the hadronic form factors 

" Independent data set. Fully reconstruct the Ds* ! Ds% by selecting the soft photon in 
a cone around the Ds ßight direction.

Ds*

" Measurement of w distribution for Bs ! Ds*"# decays 
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Shape of the differential decay rate
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Good agreement between measurements!

" Approximate w, the energy of the Ds* in the Bs rest frame, with linear regression as 
for Bs#K !" [JHEP 02 (2017) 021] 

" Fit the corrected mass in bins of the approximate w

" Unfold efÞciency and resolution using  simulated events
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" First measurement of w distribution 
for Bs! Ds*"# decays 

" First measurement of |Vcb| at a 
hadron collider using both Bs ! Ds"# 
and Bs! Ds*"# decays 

" |Vcb| in agreement with both 
inclusive and exclusive determination

<latexit sha1_base64="udpZ99bNy+zzPCh/JmbXYrmfPZ4="></latexit>

|Vcb| = (41 .4 ± 0.6(stat) ± 0.9(syst) ± 1.2(ext)) ! 10! 3
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|Vcb| = (42 .3 ± 0.8(stat) ± 0.9(syst) ± 1.2(ext)) ! 10! 3
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LHCb

" LHCb has just started contributing  to the |Vub| & |Vcb| picture! Larger samples, 
additional b-hadron species, additional observables are foreseen

" Progress in experimental techniques and theory go hand-in-hand
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