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Motivation

➢ The observation of neutrino oscillations by the Super-Kamiokande Observatory  

and the Canadian Sudbury Neutrino Observatories (SNO) indicates Lepton Flavor 

Violation (LFV) in the neutral lepton sector.

➢ Such an oscillation mechanism cannot induce observable LFV in the charged lepton 

sector. 

➢ In the Standard Model (SM), Charged Lepton Flavour Violation (CLFV) is highly 

suppressed due to the small neutrino masses, e.g. 
Δ𝑚𝜈

2

𝑀𝑊
2

2

≤  10−48 [1]. 

➢ Observation of CLFV is, therefore, a clear sign of new physics (NP) beyond the 

SM. 

➢ With the results of ℬ[Υ(2S, 3S) → e±μ∓] we placed constraints on NP processes 

that include LFV. 
[1] Benjamin W. Lee and Robert E. Shrock Phys. Rev. D 16, 1444, 1977
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Motivation

Experiments Measurements Upper limits Confidence level 

(%)

BABAR ℬ[Υ(3𝑆) → 𝑒±𝜏∓] < 5 × 10−6 90

BABAR ℬ[Υ(3𝑆) → 𝜇±𝜏∓] < 4.1 × 10−6 90

BABAR ℬ[Υ(3𝑆) → 𝑒±𝜇∓] < 3.7 × 10−7 90

BABAR ℬ[Υ(2𝑆) → 𝑒±𝜇∓] To be presented (TBP) TBP

BELLE ℬ[Υ(2𝑆) → 𝜇±𝜏∓] < 0.23 × 10−6 90

BELLE ℬ[Υ(2𝑆) → 𝑒±𝜏∓] < 1.12 × 10−6 90

CLEO ℬ[Υ(1𝑆) → 𝜇±𝜏∓] < 6 × 10−6 95

CLEO ℬ[Υ(2𝑆) → 𝜇±𝜏∓] < 14.4 × 10−6 95

CLEO ℬ[Υ(3𝑆) → 𝜇±𝜏∓] < 20.3 × 10−6 95

Table: CLEO, BELLE, and BABAR results on different decay modes of Υ

• In this talk, we will focus on two analysis: 

➢ ℬ Υ 2𝑆 → 𝑒±𝜇∓  

➢ ℬ Υ 3𝑆 → 𝑒±𝜇∓  

New analysis – to be published

BaBar Collaboration, Phys. Rev. Lett. 128, 091804 (2022)
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Theoretical Background

and other data from PDG 

Re-ordering 

incoming/outgoing 

particles

S. Nussinov, et al., Phys. Rev. D63 (2001) 016003

SINDRUM collaboration,  Nucl. Phys. B299, 1 (1988)
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Theoretical Background

➢ The size of the vector boson exchange contribution to the 𝜇 ⟶ 𝑒𝑒𝑒 decay 

amplitude can be significantly reduced if there are kinematical suppressions.

➢ Such suppressions are possible when the effective vector boson couplings involve 

derivatives (or momentum factors). 

➢ The contribution of the virtual                                                       the rate would be 

reduced by approximately: 

➢ Leading to a modified bound on
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BaBar Detector
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Upsilon system: CLEO collaboration
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Data and SP samples

Samples 𝐬 (GeV) Luminosity (𝐟𝐛−𝟏)[2]

Υ(2S)
Υ 2S  off − peak (~ 40 MeV below 𝐬)

MC – continuum QED, Υ(2S) generic

Υ(2S) signal MC

Υ(4S) data driven continuum background

10.023

10.579

13.60 ± 0.02 ± 0.09
1.419 ± 0.006 ± 0.011

145, 000 events [EvtGen]
 78.31 ± 0.02 ± 0.35

Υ(3S)
Υ 3S  off − peak (~ 40 MeV below 𝐬)

MC – continuum QED, Υ(3S) generic

Υ(3S) signal MC

Υ(4S) data driven continuum background

10.355

10.579

27.96 ± 0.03 ± 0.16
2.623 ± 0.008 ± 0.017

103,000 events [EvtGen]
78.31 ± 0.02 ± 0.35

[2] BaBar collaboration, NIMA 726 (2013) 203-213

• We used about 7% of data as blinded analysis to optimize our selection criteria 

and signal efficiency; we then discarded these from the total data luminosity
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Signal and Background

𝚼 𝐧𝐒 𝐧 = 𝟐, 𝟑 → 𝐞±𝛍∓(𝐞+𝛍−𝐨𝐫 𝐞−𝛍+ )

Event selection proceeds in two stages:

1) Pre-selection and 

2) Final selection

➢ Events consists of exactly two oppositely charged 

primary particles

➢ Two charge tracks with total charge = 0

➢ Sum of momentum of two tracks  > 9 GeV/c

➢ A dedicated 𝑒𝜇 filter is used to preselect events 

with only an electron candidate and a muon 

candidate in the detector

➢ The preselection has an 80% (in Υ 3𝑆 ) and 82% 

(in Υ(2𝑆)) efficiency for signal events

➢ Main sources of background: a) 𝑒+𝑒− →
𝜇+𝜇−(𝛾) and b) 𝑒+𝑒− → 𝑒+𝑒− 𝛾

➢ Background from 𝑒+𝑒− → 𝜏+𝜏− → 𝑒±𝜇∓2𝜐2 ҧ𝜐 is 

efficiently removed with the kinematic 

requirements
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Signal and Background

𝚼 𝐧𝐒 𝐧 = 𝟐, 𝟑 → 𝐞±𝛍∓(𝐞+𝛍−𝐨𝐫 𝐞−𝛍+ )

Event selection proceeds in two stages:

1) Pre-selection and 

2) Final selection

Signal MC (𝜰(𝟐𝑺))
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Signal efficiencies after N-1 cuts (𝚼(𝟐𝑺))
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Mass distribution of 𝒆±𝝁∓ 
(after all selection and optimized PID criteria are applied (𝜰(𝟐𝑺)) 

Survived events in data2son = 5

Survived events in MC signal = 26636
Survived events in mumu = 0
Survived events in tautau = 0

Survived events in uds = 0
Survived events in cc = 0

Survived events in bhabha = 0
Survived events in generic = 0

• The Υ 4𝑆  Run 6 data, which is at a centre of mass (CM) energy above the Υ(2𝑆) 

mass, is used as a high statistics control sample to estimate the continuum

𝑴𝒆𝝁(𝑮𝒆𝑽)
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Background estimation in blinded 

luminosity(𝜰(𝟐𝑺)) 

𝑴𝒆𝝁(𝑮𝒆𝑽)
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• Signal MC arbitrarily normalized

• Run 6 data is scaled to Y(2S)

• NCand = 5

• Expected background = 4.19 ± 0.83    

BABAR Preliminary

Final Mass distribution of 𝚼(𝟐𝑺, 𝟑𝑺) → 𝒆±𝝁∓ 
(after all selection and optimized PID criteria are applied)  
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𝚼(𝟐𝑺) → 𝒆±𝝁∓ 

𝚼(𝟑𝑺) → 𝒆±𝝁∓ 

BaBar Collaboration, Phys. Rev. Lett. 128, 091804 (2022)

• NCand = 15

• Expected background = 12.2 ± 2.3    
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Systematic Studies

ℬℱ =
𝑁𝐶𝑎𝑛𝑑 − 𝑁𝐵𝐺Υ 4𝑆 𝑅𝑈𝑁6

ℰ𝑆𝐼𝐺  × 𝑁Υ(2𝑆)

➢ We assess the systematic uncertainties in the 

signal efficiency by the data data-driven 

approach.

➢ Data to MC yields for a control sample of 

𝑒+𝑒− → 𝜏+𝜏− → 𝑒±𝜇∓2𝜐2 ҧ𝜐 events in an eµ 

mass sideband.

➢ The Control sample is produced by reversing 

two major kinematic requirements: the EB 

normalized lepton momentum cut and the 

requirement on the angle between the two 

tracks.

➢ This τ control sample study measures  the 

systematic uncertainty associated with particle 

identification, tracking, kinematics, trigger 

selection criteria, and all other effects except 

those associated with the two major kinematic 

requirements used to select the control 

sample. 
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Sideband: 6 - 8 GeV

≈ 0.012 or 1.2%
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Summary of systematic uncertainties (𝜰(𝟐𝑺))

Table: Summary of systematic uncertainties. The values of the efficiency, background, 

and number of Υ(2S) decays are presented in the first column and their uncertainties in 

the second column. The different contributions to the efficiency systematic 

uncertainties are also presented.
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Summary and results (𝜰 𝟐𝑺  and 𝜰 𝟑𝑺 )

Statistical error Systematic error

BABAR preliminary
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Results and upper limits (𝜰 𝟐𝑺  and 𝜰 𝟑𝑺 )

➢ As this result is consistent with no signal, we set an upper limit at 90% confidence 

level (C.L.) on the branching fraction by using CLs method including the 

systematic uncertainties.

BABAR preliminary
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Upper limits vs constraints on NP

→
Λ𝑁𝑃

𝑔𝑁𝑃
2 > 75 𝑇𝑒𝑉

• Since this result reports the first search for electron-muon LFV in the 

Υ(2𝑆) decays, we use this result to place constraints on 
Λ𝑁𝑃

𝑔𝑁𝑃
2  @ 90% C.L. 

of New Physics processes that include LFV

BABAR preliminary

𝑔𝑁𝑃
2

Λ𝑁𝑃

2

4𝜋𝛼3𝑆𝑄𝑏
𝑀Υ(3𝑆)

2 =
ℬ[Υ(3𝑆) → 𝑒𝜇]

ℬ[Υ(3𝑆) → 𝜇𝜇]
→

Λ𝑁𝑃

𝑔𝑁𝑃
2 > 80 𝑇𝑒𝑉
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𝜰 𝟐𝑺  

𝜰 𝟑𝑺  

BaBar Collaboration, Phys. Rev. Lett. 128, 091804 (2022)

• 𝑔𝑁𝑃
2  is the coupling of the new physics, Λ𝑁𝑃 is the energy scale of the nep physics, 

𝛼𝑛𝑆(n=2,3) is the fine structure constant at 𝑀Υ(𝑛𝑆) scale, and 𝑄𝑏 is the charge of the 

bottom quark respectively. 

• ℬ Υ 2𝑆 → 𝜇𝜇 = 1.93 ± 0.17, and ℬ Υ 3𝑆 → 𝜇𝜇  = 2.18 ± 0.21
P. A. Zyla et al., Phys. 2020, 083C01 (2020)

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.091804
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.091804
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.128.091804
https://academic.oup.com/ptep/article/2020/8/083C01/5891211


Conclusions

❑  BABAR has made a significant contribution to CLFV searches in 𝛶(𝑛𝑆) →

𝑒±𝜇∓[n = 2,3] decays

-- no significant evidence for CLFV has been observed

-- an upper limit at 90% CL has been set 

❑ These are the leading experimental limits on the branching fraction of 𝛶(𝑛𝑆) →

𝑒±𝜇∓[n = 2,3] 

❑ The measurement we report here is several orders of magnitude more sensitive 

than the indirect limit

❑ These results translated into the constraints on NP processes that include LFV   

Thanks!
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Theoretical Background

Vector exchange

Ordinary Muon

Decay [BR~100%]

Identical Kinematics

𝜞 𝝁 → 𝟑𝒆 𝑽−𝒆𝒙𝒄𝒉𝒂𝒏𝒈𝒆

𝜞(𝝁 → 𝒆𝝂ഥ𝝂)
≈ 𝑩𝑹 𝝁 → 𝟑𝒆 𝑽−𝒆𝒙𝒄𝒉.

≈
𝜞(𝑽 → 𝒆+𝒆−)𝜞(𝑽 → 𝒆±𝝁∓)

𝜞𝟐(𝑾 → 𝒆𝝂)

𝑴𝑾

𝑴𝑽

𝟔

Γ(𝑊 → 𝑒𝜈)~𝑔𝑊
2 𝑀𝑊

Γ 𝑉 → 𝑒+𝑒− ~𝑔𝑉𝑒𝑒

2 𝑀𝑉

Γ 𝑉 → 𝑒𝜇 ~𝑔𝑉𝑒𝜇

2 𝑀𝑉
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Using:     𝑩𝑹 ≈
𝚪𝒊

𝚪𝒕𝒐𝒕
    ------------ (1)

𝜞(𝑽→𝒆+𝒆−)𝜞(𝑽→𝒆±𝝁∓)

𝜞𝟐(𝑾→𝒆𝝂)
    ------------------ (2)

≈
𝑩𝑹 𝑽→𝒆+𝒆− ∗𝚪𝑽 [𝑩𝑹 𝑽→𝒆±𝝁∓ ∗𝚪𝑽]

[𝑩𝑹 𝑾→𝒆𝝂 ∗ 𝚪𝑾 ]𝟐   ---------- (3)

𝑽 ≅ 𝚼 𝟐𝑺     -------------- (4)

𝑩𝑹 𝚼 𝟐𝑺 → 𝒆𝝁 = 𝑩𝑹(𝝁 → 𝒆𝒆𝒆)
[𝑩𝑹 𝑾 → 𝒆𝝂 ∗  𝚪𝑾 ]𝟐

𝑩𝑹 𝚼 𝟐𝑺 → 𝒆+𝒆− ∗ 𝚪𝚼 𝟐𝑺  ∗ 𝚪𝚼(𝟐𝑺)

𝑴𝚼(𝟐𝑺)

𝑴𝑾

𝟔

     
       ------------ (5)

From:  M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 

(2018) 

Theoretical Background
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Theoretical Background
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Mode Number of events 
(𝑵𝒈𝒆𝒏)

Cross-section 

(nb)

𝑒+𝑒− → 𝜇+𝜇− 52,555,000 1.147 * 1.11 = 1.27

𝑒+𝑒− → 𝑒+𝑒− 72,496,000 25 * 1.11 = 27.75

𝑒+𝑒− → 𝜏+𝜏− 40,005,000 0.919 * 1.11 = 1.02

𝑒+𝑒− → 𝑢𝑑𝑠 95,001,000 2.179 * 1.11 = 2.41

𝑒+𝑒− → 𝑐 ҧ𝑐 192,924,000 1.356

𝑒+𝑒− → Υ 2𝑆 𝑔𝑒𝑛𝑒𝑟𝑖𝑐 115,248,000 7.25

𝑒+𝑒− → Υ 4𝑆  run 6 82,200,000 1.08*1.11 =1.2

➢ Number of generated events and Cross-sections for the corresponding decay 

modes. The reference article for cross-sections provides the corresponding 

values, measured at Υ(4S) resonance, thus we have used cross-sections with a 

correction factor equal to (10.58)2/(10.023)2 = 1.11 that corresponds to Υ(2S) 

resonance energy.
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Cut values Data events 𝜺𝑫𝒂𝒕𝒂 Signal MC

(𝒆𝝁)

𝜺𝑺𝒊𝒈𝒏𝒂𝒍 𝑴𝑪
𝜺𝑫𝒂𝒕𝒂

𝜺𝑺𝒊𝒈𝒏𝒂𝒍 𝑴𝑪

0.01 (bin 15) 54 0.0016 58 0.120

0.01 + 0.002 

= 0.012 (bin 

18)

47 0.0021 50 0.115 0.018

0.01 - 0.002 

= 0.008 (bin 

12)

72 0.0013 78 0.126 0.010

➢ 0.018 2 + (0.010)2≈ 0.021 or 2.1%
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➢ 0.005 2 + (0.006)2≈ 0.008 or 0.8%

Cut values Data events 𝜺𝑫𝒂𝒕𝒂 Signal MC

(𝒆𝝁)

𝜺𝑺𝒊𝒈𝒏𝒂𝒍 𝑴𝑪
𝜺𝑫𝒂𝒕𝒂

𝜺𝑺𝒊𝒈𝒏𝒂𝒍 𝑴𝑪

1790 (bin 

60)

7 0.0008 7 0.19

179.10 (bin 

66)

9 0.001 8 0.22 0.005

178.90 (bin 

54)

16 0.002 13 0.35 0.006
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