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Lepton Flavor Violating Tau Decays
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Probing TeV scale via Upsilon Decays
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BaBar PRL 99, 251803 (2007),  Belle PLB 660,154 (2008)

Re-ordering of 
incoming/outgoing 

particles

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

Same new physics at TeV scale also predicts LFV Upsilon Decays

B(Υ→ !τ) ∼ B(τ → !!!)B(τ → !νν)
Γ(W → !ν)2

Γ(Υ)Γ(Υ→ !!) (MΥ/MW )6

B(τ → """) < 2− 4× 10−8 ⇒ B(Υ→ "τ) < 3− 6× 10−3
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Lepton Flavor Violating Upsilon Decays
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How small is the rate known to be?
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CLEO Collab., PRL 101, 201601 (2008)

BaBar/Belle searches for LFV in τ→ e/μγ decays at √s ≈ Υ(4S)

BaBar Collab., PRL 96,  041801 (2006)

Belle Collab., PLB 666, 16 (2008)

BaBar Collab., PRL 95, 041802 (2005)

L = 232fb−1 ⇒ Nτ ≈ 4× 108 : B(τ → eγ) < 11× 10−8 @ 90% C.L.

L = 232fb−1 ⇒ Nτ ≈ 4× 108 : B(τ → µγ) < 6.8× 10−8 @ 90% C.L.

L = 535fb−1 ⇒ Nτ ≈ 1× 109 : B(τ → eγ) < 12× 10−8 @ 90% C.L.
L = 535fb−1 ⇒ Nτ ≈ 1× 109 : B(τ → µγ) < 4.5× 10−8 @ 90% C.L.
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How small a rate can BABAR measure?
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Y(3S) 

Y(2S) 

 Between Dec 2007 - Apr 2008, 
PEP II collected data below Υ(4S):
~ 30 fb-1 @ Υ(3S) (122 M decays)
~ 15 fb-1 @ Υ(2S) (100 M decays)

Dramatic increase in 
sensitivity to rare decays:

Γ Υ(4S) /Γ Υ(nS) ~ 103

Improving Sensitivity for LFV discovery in Υ Decays:

~20 times more Υ(3S) decays than CLEO ➭ lower limits by ~4

Improving Sensitivity for LFV discovery in τ Decays:

470 fb-1  @ Υ(4S) , 30 fb-1  @ Υ(3S), 15 fb-1  @ Υ(2S)  ⇒ Nτ ~ 109
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The BABAR Detector
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Cerenkov Detector (DIRC) 
144 Quartz bars and 11000 
PMTs 

1.5T solenoid Electromagnetic Calorimeter
6580 CsI(Tl) Crystals

Drift Chamber
40 layers

Instrumented Flux Return
Resistive Plate Chambers
and Limited Streamer Tubes

Silicon Vertex Tracker
5 layers, double strip

e+ (3.1GeV)

e- (9GeV)

Cherenkov

(8-9 GeV)

(3.1 GeV)
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τ → μ γ : Signal Characteristics
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τ → μ γ : Signal Characteristics
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τ → μ γ : Signal Characteristics
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Analysis Strategy in a clean 
e+e-→ τ+ τ-  environment
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• Reconstruct final state from two or four 
charged tracks with zero total charge 

• Divide event into signal-side and tag-side 
hemispheres perpendicular to Thrust axis

• Classify tag-side as e, μ, π, ρ, 3h tags
• For τ →eγ  search, veto e-tag because of   

very large radiative Bhabha cross-section
• For leptonic tags, reduce QED backgrounds 

characterized by zero missing momentum
• For hadronic tags, reduce backgrounds using 

cuts on tag-side missing mass
• Finally reduce remaining backgrounds using 

Neural Net based discriminators, tuned for 
each tag and at each center-of-mass energy

• Study backgrounds in Grand Signal Box (GSB)
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QED Backgrounds in Leptonic Tags
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Exploit correlation between 2 kinematic variables:

∆Eγ√
s
≡ E

CM
γ√
s
− | sin(θ1+θ2)|

sin θ1+sin θ2+| sin(θ1+θ2)|

cosine of the opening angle cos(θrecoil) between the signal-track and the total observed tag-side
momentum in the reference frame recoiling against the signal photon

In both e and μ tags in τ → μ γ  search,  remove events passing 

In τ → e γ  search,  not enough background events in μ tag ⇒ so no additional cut needed 
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Tag-side Missing Mass for Hadronic Tags
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    Exploit the unique feature that signal-side τ decay is neutrino-less 
⇒ fully reconstruct the direction of tag-side τ assumed to be √/2 in CM frames
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Neural Net Based discriminator
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A cut of NN output > .85 improves Signal/Background 
by 40% for τ → e γ  search  and  by 30% for  τ → μ γ search 
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2-dim Fit with Background PDFs only
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Cross-check neighbouring ellipses shifted in the mass variable: 
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Results
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Υ→eτ,τ→μνν: Signal Characteristics
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Signal MC Simulation:

μ (τ-daughter)

e (Primary Lepton 
~ Beam Energy)
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Event Selection
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• Reconstruct final state from 
• two oppositely charged tracks 
• one or two additional neutral pions

• Primary lepton (e/μ) near beam energy
• τ decay with missing energy in other 

hemisphere decaying into a lepton with 
opposite flavor or ρ/a1

• τ decay with same flavor lepton or a 
single π vetoed to reduce QED bkgd.
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The discriminating variable
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Tau-pair Background: Kinematic cut-off ~ 0.97

Bhabha/Mu-pair Background:  peak ~ 1.0

Signal: peak ~ 0.97 



Search for Lepton Flavor Violation at BaBar

The primary lepton momentum spectrum
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Signal and background shapes
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Fit Results
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BF(Υ(3S)→eτ, μτ) Upper Limits @ 90% CL
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BaBar Collab., arXiv: 0812.1021 [hep-ex]
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Limits on Generic Contact Interaction
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Conclusions
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• No evidence of LFV τ decays withNτ ≈ 1× 109 decays

– B(τ → eγ)< 3.3× 10−8 @ 90% C.L.

– B(τ → µγ)< 4.4× 10−8 @ 90% C.L.

• No evidence of LFVΥ decays withNΥ(3S) ≈ 1× 108 decays

– B(Υ(3S)→ eτ)< 5.0× 10−6 @ 90% C.L.

– B(Υ(3S)→ µτ)< 4.1× 10−6 @ 90% C.L.

• More results to be available soon withΥ(2S) decays


