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ÅBABAR Detector 

ÅAnalysis-1: †‘ᶸLepton Universality  

Phys. Rev. Lett. 125, 241801 (2020) by BaBar Collaboration.

ÅAnalysis-2: Ὡ‘ᶸCharged Lepton Flavour Violation

A journal paper has been submitted. 

ÅData and MC Samples

ÅAnalysis Strategy 

ÅResults 

ÅConclusion 
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BaBar Detector

592 papers published, 

as of June 2021

Between Dec. 2007 ïApr. 2008, BaBar collected data below ɭτὛ
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ÅIn theSM, thebranchingfractionfor thedecayof

ɭὲὛO ὰὰ ὲ ρȟςȟσǪὰ Ὡȟ‘ȟ†
is independentof theflavourofὰexcludinga tiny leptonmasseffect.

ÅAny deviationfrom theunity for theratio of branchingfractionswould

indicatethenewphysics

ÅLeptonUniversality,therefore,is anexcellenttestof theSM prediction

ÅLeptonicdecaysof theɭὲὛmesonsarealsoimportantin searchfor

phenomenabeyondtheSM

Motivation: Lepton Universality 

ὃ ᴼὅὖ έὨὨὌὭὫὫίfor example:
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Analysis Dataset: Lepton Universality

ꜞɭσὛO †† Ⱦꜞ ɭσὛO ‘‘

Data samplefor signal

Á 27.96 fb-1ɭσὛon-peak data

Control data samples

Á 78.3 fb-1ɭτὛon-peak data and

Á 7.75 fb-1ɭτὛoff-peak data (40 MeV below the on-peak) and

Á 2.62 fb -1ɭσὛoff-peak data (40 MeV below the on-peak)

Á Control samples are used to evaluate properties of background, to 

study systematic sffects, and to calculate corrections to MC based 

efficiencies
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Lepton Universality

ꜞɭσὛO †† Ⱦꜞ ɭσὛO ‘‘ Phys. Rev. Lett. 125, 241801 

Monte Carlo (MC) samples:

ü Continuum: ††ȟ‘‘ȟὄὬὥὦὬὥίȟόὨίȟὧӶὧ( ί ά ὥὲὨί ά )

ü ††ȟ‘‘ -- KKMC (with radiative effects)

ü Bhabhas ïBHWIDE

ü Hadronic continuum and generic ɭσὛïEvtGen (PHOTOS)

ü ɭσὛO ††ȟ‘‘ KKMC (ISR turned off) 

ü Signal MC sample is about three times the size of the data sample

ü GEANT4 for detector acceptance

Event Selections:

ü two oppositeley charged tracks (each in one hemisphere)

ⱧⱧ ⱲⱲ

Á At least one ‘hit IFR (suppressing 
Bhabha)

Á πȢψ ὓ Ⱦί 1.1

Á 99.9% purity

Á One track is required to be identified as an electron (based 
ƻƴ tL5ύ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ŘƻŜǎƴΩǘ

Á Angle between two track in the center-of-mass > 110o

Á ὧέί— πȢψυin the center-of-mass frame 
Á 98.9 % purity

Signal Events 
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Lepton Universality

ꜞɭσὛO †† Ⱦꜞ ɭσὛO ‘‘ Phys. Rev. Lett. 125, 241801 

Ç Analysis

Á Off-resonance data ( τὛȟ σὛ) are used to correct the differences 

between MC and data (†† / ‘‘ ) selection efficiency ratios 

Á Continuum modeling: 

Á For the †† events the total reconstructed event energy scaled to the 

center-of-mass energy Ὁ Ⱦίis plotted

Á Cascade decays are considered (via radiative and hadronic transitions)   

-----23%; ɭτὛoff-resonance

___7%;ɭσὛ decay in MC simulation

ISR effect is 

highly 

suppressed!
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Lepton Universality
ꜞɭσὛO †† Ⱦꜞ ɭσὛO ‘‘ Phys. Rev. Lett. 125, 241801 

Ç Analysis: Fitting

Á To extract the ratio ד , a binned maximum likelihood fit is employed on 

ὓ Ⱦίand Ὁ Ⱦί

Á ɭσὛO ‘‘ and ɭσὛO †† are taken from KKMC (no ISR)

Á ɭςὛO ὰὰ, ɭρὛᴼὰὰ, and ɭὲὛᴼὬὥὨὶέὲίare from EvtGenMC

Á Cascade decays are clearly separated in dimuon events and nearly 

indistinguishable in †† events. 

Á Continuum templates then use data control samples: ɭτὛ Run6 data
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Lepton Universality

ꜞɭσὛO †† Ⱦꜞ ɭσὛO ‘‘ Phys. Rev. Lett. 125, 241801 

Ç Analysis: Fit Result

Á ὓ Ⱦίand Ὁ Ⱦίare simultaneously fit using MC and data derived 

templates

Á The free parameters of the fit are the number of ɭσὛO ‘‘ events ὔ

and the raw ratio Ὑ

Systematics:
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Lepton Universality

ꜞɭσὛO †† Ⱦꜞ ɭσὛO ‘‘ Phys. Rev. Lett. 125, 241801 

Ç Analysis: Fit Result

Á Ὑ is the fit result, CMC is the data/MC correction, ‐ Ⱦ‐ is the MC 

selection efficiency, and ‏ is the correction from ὄὄevents

Á Using ɭσὛdata with ɭτὛ and off-resonance control samples BaBar

measures the ratio of the leptonic branching fractions of the ɭσὛmeson is: 

ד
ꜞ ᴼ

ꜞ ᴼ
πȢωφφπȢππψ πȢπρτ

πȢωφφπȢπρφ

Á Six times more precise than the CLEO measurement [PRL 98, 052002 (2007)]

Á The final ratio is with ς„of the SM value 0.9948 [J. High Energy Phys. 06 

(2017) 019] 



Motivation: Charged Lepton Flavour Violation

ÅCharged Lepton FlavourViolation (CLFV)  is a transition among Ὡȟ‘ȟ†that 

doesnôt conserve lepton family number. 

ÅIn Standard Model, Lepton Flavour is conserved for zero degenerate nmasses 

and now we have clear indication that ⱨôshave finite mass. 

ÅIn the charged lepton sector, Lepton Flavor Violation is heavy suppressedin 

the Standard Model. 

ÅVarious BSM models such as Supersymmetry, Compositeness, Heavy neutrino, 

Leptoquarks, Heavy Zô, Anomalous boson Coupling, Higgs/top loops etc. are the 

predicted CLFV.  11

ὰᴼ ὰ ╞

Opportunity for New Physics !!! 

Example of lepton flavour 

conservation is a muon decay:

‘ ᴼὩ’’

Example of charged lepton flavour violation 

is a neutrinolessmuon decay: ‘ ᴼὩ‎
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Charged Lepton Flavour Violation in Upsilon Decays 

ὄὄὝὬὶὩίὬέὰὨ


