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Lepton Flavor Universality in the SM
In the Standard Model couplings of leptons to W,Z,are 
independent of flavor by axiom

Different masses generate calculable phase space differences

Hadronic form factors largely cancel out in ratios of branching 
fractions

ς Measurement of a violation of LFU would be a clear sign of new 
physics

Some SM extensions include particles that can cause LFU violation 
όŜΦƎΦ [vΣ ½Ωύ

Experimental investigation of LFU has been pioneered at LEP     

(ὡᴼὰ’) and at the Bfactories(ὙὈᶻ )[PRL 109, 101802] showed 
hints of a tension with the SM
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Overview
In this report I will present recent results from LHCb, ATLAS and CMS 
in four different classes of measurements

ς ὡᴼὰ’[ATLAS, CMS]

ς ὦO ὧὰ’[LHCb],

ς ὦO ίὰὰ[LHCb],

ς ήήO ὰὰat high mass [CMS]
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ὡᴼὰ’
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ATLAS test of LFU in W boson decay
LEP measured "&ὡᴼ†’consistently higher 
w.r.t.ὄὊὡᴼὩ’ȟ‘’[Phys. Rep. 532 (2013) 
119]:

ς Ὑ†Ⱦ‘=1.070 ± 0.026, ςȢχ„different from unity

ATLAS improved this using a pure sample of ὡ
(500k) from dileptonic ὸӶὸevents where ὸO ὡὦ
and ὡᴼὰ’with tag and probe on lepton 
(unbiased)

Background from ὤᴼ‘‘with lost ‘and probe 
not from ὡȡcalibrated on control regions

Muon ὖ and impact parameter are used to 
separate prompt and secondary ‘and to extract 
yields

Nature Phys. 17 (2021) 813
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CMS test of LFU in in W boson decay
Select events with WW, tW, tt and W+jets

Search for all W decays ὡᴼὩӶ’ȟ‘Ӷ’ȟ
†Ӷ’ȟὬὥὨὶέὲὭὧ.

Split analysis depending on event category

Does not use impact parameter to separate 
prompt from secondary muons but only 
kinematic variables

Simultaneous extraction of all BF in all event 
categories by ML fit to ὖ distribution

PHYSICAL REVIEW D 105, 072008 (2022)
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ὦO ὧὰ’
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LFU in semileptonicB-hadron decays

LFU can be tested comparing BF for different 
leptons in the final state

Hadronic current
ς form factors from lattice, HQET largely cancel out in the ratio

For †lepton the available space makes ὙὌ ρ

Tree level process
ς large data samples

Missing neutrino
ς Partially reconstructed decays
ς Background

Measurements with mesons done by LHCband     
B-Factories [PRL 109, 101802 (2012), PRD 88, 
072012 (2013), PRD92,072014(2015), 
[PRL124,161803 (2020)]

Hadron level
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ὙὈᶻ ὄὄ ᴼὈᶻ† Ӷ’ Ⱦὄὄ ᴼὈᶻ‘ Ӷ’

†reconstructed in one prong † ᴼ‘’ Ӷ’

B momentum estimated using the visible Pz

Difficult backgrounds from partially reconstructed 
semileptonicdecays ὄᴼὈzᶻ‘’modeledusinga 
control sample ὄᴼὈᶻ‘““

Corrections for double charm from simulation 
corrected with control sample Ὀz ‘ὑ

Prompt and secondary muons from ML fit to m2
miss , 

Ὁ, q2 distributions with 3D templates representing 

signal, normalization and background sources

ὙὈz πȢσσφπȢπςχπȢπσπ
ςȢρ„from theoretical prediction

Physical Review Letters 115, 111803 (2015) (3fb-1)
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Physical Review Letters 115, 111803 (2015) (3fb-1)
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Result also obtained using hadronic †
decays [PRL 120, 171802 (2018)]  (3fb-1)



ὙὈᶻ ὄὄ ᴼὈᶻ† Ӷ’ Ⱦὄὄ ᴼὈᶻ‘ Ӷ’

†reconstructed in one prong † ᴼ‘’ Ӷ’

B momentum estimated using the visible Pz

Difficult backgrounds from partially reconstructed 
semileptonicdecays ὄᴼὈzᶻ‘’modeled using a 
control sample ὄᴼὈᶻ‘““

Corrections for double charm from simulation 
corrected with control sample Ὀz ‘ὑ

Prompt and secondary muons from ML fit to m2
miss , 

Ὁ, q2 distributions with 3D templates representing 

signal, normalization and background sources

Combined with hadronictau reco and other
measurements: σȢτ„from theo.

Physical Review Letters 115, 111803 (2015) (3fb-1)
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LHCbTest of LFU in B Baryon decays

Measurement of

First LFU test in semi-lept. baryon decays

Precise SM prediction Ὑɤ πȢσςτ
πȢππτtw5ффόнлмфύлррллу]

Different form factors involved w.r.t      
ὄᴼὈtransitions

ς Complementary constraints on NP

Half integer spin Ą can help in 
distinguishing different NP operators [PRD 
99 (2019) 055008, JHEP 08 (2017) 131]

†reconstructed using hadronic decays 
† ᴼ“““ “

PAPER-2021-044, arXiv:2201.03497 (3fb-1)

ɤ ɤ

†

’

“

“

“

Mostly
ὥ ρςφπ
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Ὑɤ Analysis method
PAPER-2021-044, arXiv:2201.03497 (3fb-1)
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Background from ɤ ᴼɤὈ
ᶻ

suppressed using 
resonant structure of †decay

Reconstruction of †decay vertex allows 
suppression of prompt background

ς ɝᾀ ᾀσ“ ᾀɤ υ„

Only one neutrino missing
ς ή ὴ ὴ of the †ὰpair can be reconstructed
ς Used to suppress background and extract signal yield

Signal extracted from 3D ML fit to BDT, ὸȟή



Ὑɤ Analysis method

BDT<0.66 BDT>0.66

ɤὈ ὢ

PAPER-2021-044, arXiv:2201.03497 (3fb-1)
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Normalization and result on Ὑɤ

Normalization to ɤσ“to reduce systematics

ςὙɤ
ꜞ ᴼ

ꜞ ᴼ

ꜞ ᴼ

ꜞ ᴼ

ὑɤ ҐнΦпсÑлΦнтόǎǘŀǘύÑлΦплόǎȅǎύ

Ὑɤ лΦнпнÑлΦлнсόǎǘŀǘύÑлΦлплόǎȅǎύÑлΦлрфόŜȄǘύ

ὑɤ measured external

Simulation

M(ɤ ᴼɤσ“

PAPER-2021-044, arXiv:2201.03497 (3fb-1)
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Pattern of LFU in ὦO ὧὰ’at LHCb

ὙὌ
ᴼ

ᴼ

ὄ ᴼὐȾ†’

ɤ ᴼɤ† Ӷ’
†O σ““

ὄ ᴼὈᶻ† Ӷ’
†O σ““

ὄ ᴼὈᶻ† Ӷ’
†O ‘’’
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Prospects for ὦO ὧὰ’

Combined measurement of Ὑ ȟὙ ᶻwith leptonic tag and on run1 data (3 fb-1)
ς Extension of 2015 analysis

Updated Ὑᶻwith hadronic tag of †and Ὀᶻ ᴼὈ“ on 2015-2016 data
ς Update

New combined Ὑ ȟὙ mzeasurement with leptonic tag on run2 data
ς New



Summary of evolution of RH
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