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Charged Lepton Flavour Violation

Lepton Flavour Conserving Process

How Much Violation? 

• In Standard Model (SM) , Lepton Flavour is conserved for zero degenerate  masses

• Now we have clear indication that ’s have finite mass

• All interactions must conserve energy, charge, lepton number & type, baryon number

• Lepton Flavour is violated in nature: but by HOW MUCH?

• SM extended to include finite  mass and mixing predicts Lepton Flavour Violation (LFV). 
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with ∆~10−3𝑒𝑉2, 𝑀𝑊~𝑂 1011 𝑒𝑉 ≈ 𝑶 𝟏𝟎−𝟓𝟒

Experimentally not measurable!!
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Indirect Limit on Upsilon Decays

BF( →𝑒𝑒𝑒) <1.0 × 10−12

BF( →ee) =2.18 × 10−2

Re-ordering of

incoming/outgoing

particles

• No direct observation, but  →𝑒𝑒𝑒 observable (?)

• Calculated theoretical constraints on the limit (indirect): 

S.Nussinov, et. al. PRD 63, 016003 (2001)

PDG

Bellgardt, et al., Nucl.Phys. B299 (1988)
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• S.Nussinov, et. al. also estimated that the contribution of the virtual  (3𝑆) →𝑒±𝜇∓ to the 

 →𝑒𝑒𝑒 rate would be reduced by approximately M2
/ (2 M2

 ) leading to a re-calculated indirect bound: 

BF( (3𝑆) →𝑒±𝜇∓) < 1× 10−3

• We report a limit several orders of magnitude more sensitive than this indirect limit.
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Existing Experimental Searches and BaBar Measure Rates

Measurements Results CL (%) Collaboration

BF(Υ(3𝑆) → 𝑒±𝜏∓) < 4.2 × 10-6 90
J.P. Lees et al. PR D89 111102 

[BaBar Collaboration]BF(Υ(3𝑆) → 𝜇±𝜏∓) < 3.1 × 10-6 90

BF(Υ(3𝑆) → 𝜇±𝜏∓) < 20.3 × 10-6 95 Love et al. PRL 101, 201601 

[CLEO Collaboration] 

No experimental 

measurement of 

the decay 

𝜰(𝟑𝑺)→ 𝒆±𝝁∓yet! 
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Data, MC Sample and Blind Analysis Technique

• Blind analysis was performed to eliminate experimenter’s bias. 

• All selection criteria and uncertainty studies performed without looking at the result of data sample. 

• Results were unblinded by the approval of Review Committee. 

Data 𝜰(𝟑𝑺),
𝒔 = 10.36 GeV

Luminosity 

(fb-1)

Upsilon Numbers 

Pre-unblinded

Sample (3%)

0.93 (4.06 ± 0.04) × 106

Data Sample 27.0 (117.7 ± 1.2) × 106

Total 27.9 (121.7 ± 1.2) × 106

MC signal: 𝒆+𝒆− → 𝜰 𝟑𝑺 → 𝒆±𝝁∓: 103000 events

Data and MC Luminosity 

(fb-1)

Purpose

𝐷𝑎𝑡𝑎 Υ(4𝑆)𝑂𝑛 𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒 ,
𝑠 = 10.58 GeV

Preselected as 𝑒±𝜇∓ events

78.31 ± 0.35 Data driven 

continuum 

background 

estimate 

and Systematics 

𝐷𝑎𝑡𝑎 Υ(4𝑆)𝑂𝑛 𝑅𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒 ,
𝑠 = 10.58 GeV

Preselected as 𝜇±𝜇∓ events

78.31 ± 0.35 Systematics 

𝐷𝑎𝑡𝑎 Υ(3𝑆)On Resonace,
𝑠 = 10.36 GeV

Preselected as 𝜇±𝜇∓ events

27.96 ± 0.16 Systematics
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Signal and Background Characteristics

• 𝜰(𝟑𝑺) → 𝒆±𝝁∓: Required two primary track signal of 𝒆± 𝒂𝒏𝒅 𝝁∓.

• CM Momentum: 𝑷𝒆±~
𝒔

𝟐
and  𝑷𝝁±~

𝒔

𝟐

e (Primary Lepton) 

~ Beam Energy 

µ (Primary Lepton) 

~ Beam Energy 
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Final Selection: 

2 tracks (1 electron and 1 muon in the final state), one in each hemisphere; 

24∘ < 𝜃𝐿𝑎𝑏< 130° EMC acceptance for both tracks.

The lepton momenta must satisfy the following condition 

𝑝𝑒

𝐸𝐵𝑒𝑎𝑚
− 1

2

+
𝑝𝜇

𝐸𝐵𝑒𝑎𝑚
− 1

2

< 0.01 where 𝐸𝐵𝑒𝑎𝑚 = ൗ𝑠 2

Angle between the two lepton tracks must satisfy 𝜃12
𝐶𝑀 > 179° to ensure they emerged as back to back. 

Energy deposit by Muon track on the Electromagnetic Calorimeter should be greater than 50 MeV. 

Analysis Strategy
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• Pre-Selection: Needs a special background filter to collect 𝑒±𝜇∓ events efficiently. 

• Final Selection: Applied on the pre-selected events

• PID Selection: Multivariate Technique applied, 16 different PID selectors. We optimized the choice of the 

electron and muon selectors to maximize using ൗ
𝜀𝑒𝜇

(1+𝑁𝐵𝐺)
where 𝜀𝑒𝜇 is the final efficiency as determined by 

signal MC and 𝑁𝐵𝐺 is the number of expected background events as predicted by data control samples and generic 

(3S) MC events.
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Data/MC Comparison

Distribution of 𝑒±𝜇∓ mass before applying any user defined selection criteria, only preselection criteria has 

been applied on the 3% pre-unblinded data.
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Selection Criteria in (N-1) plots

The lepton momenta must satisfy the following condition which is defining a circle of radius 

𝑝𝑒

𝐸𝐵
− 1

2

+
𝑝𝜇

𝐸𝐵
− 1

2

< 0.01 where 𝐸𝐵 = ൗ𝑠 2

A circle formed on the lepton momentum 

plane in Signal Monte Carlo 
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Mass Distribution

Mass distribution of 𝑒±𝜇∓ after all selection criteria are applied 
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Systematic Uncertainty on Signal Efficiency

• Controlled Sample: A data set where two major cuts were reversed to check the data/MC agreement.  

• Disagreement arises due to uncertainties in PID, Tracking, kinematics, trigger etc. 

• Uncertainty in “Side Bands”: 1.2% 
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Summary: Background, Uncertainty, Candidate

Source Data Driven Continuum Background 

(78 fb-1)

(events seen 34)

Peaking Background from Generic 𝜰(3S) MC

(61.44 fb-1)

(events seen 4)

Tight PID selection 12.2 ± 2.1 0

Loosen PID selection N/A 1.80 ± 0.9 

Values Uncertainties 

SIG (systematics)

• In the “Lepton Momentum” cut

• In the “Back to back” cut

• In all other cuts on the “Side bands” 

0.029 (2.9%)

0.011 (1.1%)

0.012 (1.2%)

SIG (total) 0.2342 ± (0.0077SYST ± 0.0013STAT)

0.2342 ± 0.0078TOTAL (3.3%)

N (27.0 fb-1) (117.7 ± 1.18)  106 (1.02%) [PRL104, 151802]

Total Background (equivalent to 27.0 fb-1) 12.2 ± 2.3  (18.9%)

Candidate Seen in Data Sample 15 
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Results 

𝟏. 𝟎 ± 𝟏. 𝟒𝒔𝒕𝒂𝒕(𝑵𝑪𝒂𝒏𝒅𝒊𝒅𝒂𝒕𝒆) ± 𝟎. 𝟖𝒔𝒚𝒔𝒕 × 𝟏𝟎−𝟕

• Branching Fraction:

𝑵𝐂𝐚𝐧𝐝𝐢𝐝𝐚𝐭𝐞 −𝑵𝑩𝑮

𝜺𝒔𝒊𝒈 × 𝑵𝚼

• 𝐃𝐚𝐭𝐚:

• Upper Limits with 

Confidence Level 

of 90%:

< 3.6 × 10-7 CLs Method   

CLs Method: [A. L. Read, J. Phys. G28 (2002) 2693- 278 2704]

𝟐𝟕. 𝟎 𝒇𝒃−𝟏
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New Physics 

• Lepton flavour violating decays are predicted by many beyond SM processes. Thus a clear experimental 

signature = “New Physics” 

• A measurement of BF( (3𝑆) →𝑒±𝜇∓) can be used to place constraints on  
g2

NP

Λ𝑁𝑃
of new physics  processes 

that include lepton flavour violation.
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𝑤ℎ𝑒𝑟𝑒,
g2

NP

Λ𝑁𝑃
=

effective coupling of the new physics

energy scale of the NP, given by the mass of the NP propagator.

• Place constraints on  
g2

NP

Λ𝑁𝑃
of new physics  processes that include lepton flavor violation using 

BF( (3𝑆) →𝒆±𝝁∓) < 3.6 × 10-7 @90%CL 

@90% CL

BABAR Preliminary
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Conclusion 

• This is the first reported experimental upper limits on 𝜰 𝟑𝑺 → 𝒆±𝝁∓

𝜰 𝟑𝑺 → 𝒆±𝝁∓ < 3.6 × 10-7 @ 90% C.L. 

• Our reported result is several orders of magnitude stronger that this limit according to the 

ref [S.Nussinov, et. al. PRD 63, 016003 (2001)].

• This result can be interpreted as a limit on NP:

• A PRL draft is ready to publish within a month.

• Thanks to my BaBar and PEPII Colleagues for providing support for this analysis.    
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Thanks!

Any Question!! 
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Back up: Theoretical Upper limit (Indirect)
Nussinov, Peccei, Zhang [1]

• Assume coupling of  to eµ looks like: 𝐿𝑒𝑓𝑓 = 𝑔𝑉𝑒𝜇 ҧ𝜇𝛾𝛼𝑒𝑉
𝛼

• Through Fig 1. this coupling contributes to 𝐴 (𝜇 → 3𝑒)

(Left) A vector exchange diagram contributing to 𝜇 → 3𝑒
(Right) Ordinary muon decay, 𝜇 → eν ҧ𝜈, which proceeds via W 

exchange.

----(1)

----(2)

----(3)

----(4)

S.Nussinov, et. al. estimate that the contribution of the virtual 

 (3𝑆) →𝑒±𝜇∓ to the  →𝑒𝑒𝑒 rate would be reduced by approximately

M2
/ (2 M2

 ) leading to a re-calculated indirect bound:

BF( (3𝑆) →𝑒±𝜇∓) < 1× 10−3 [1] Nussinov, et. al. PRD 63, 016003 

(2001)
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Back Up: Impact of each component of the selection on the signal 

efficiency, background and data. 

• The first row provides information on the pre-selection. 

• The last row provides information after applying all 

selection criteria. 

• Rows 2-7 provides information when all requirements are 

applied except the criterion associated with the particular 

row. The luminosity-normalized expected number of 

events in the third and forth columns are for the 

background events from the 𝑒+𝑒− → Υ(3𝑆) EvtGen MC 

and the data-driven continuum background events 

estimated from the 𝑒+𝑒− → Υ(4𝑆) sample, respectively. 

• The last column represented the number of events in the 

27.02 fb-1 data sample after unblinding. 
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