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Ø PHYSICAL REVIEW D 83, 115015 (2011), “New bounds on lepton flavor violating 
decays of vector mesons and the Z0 boson” set an upper bounds Br (Υ → 𝑒𝜇) ≤ 3.9×10!"

Ø S. Nussinov, et. al. PRD 63, 016003 (2001) estimate the contribution of the virtual vector 

boson (Υ(2𝑆) in our case) to 𝜇 → 3𝑒 is reduced by a factor of #!
"

$%#("%)
", which leads the 

bound 𝐵𝑅(Υ(2𝑆) → 𝑒±𝜇∓) ≤ 9.58×10!( reduced to 𝐵𝑅(Υ(2𝑆) → 𝑒±𝜇∓) ≈ 1.7×10!)



Data and SP samples

9/9/21 BABAR Collaboration Meeting 4

• Data: NIMA 726 (2013) 203-213
ØΥ 2𝑆 OnPeak – 13.60 fb-1 

ØΥ 2𝑆 OffPeak – 1.419 fb-1 

• MC: Continuum
𝑒*𝑒! → 𝜇*𝜇!
𝑒*𝑒! → 𝜏*𝜏!
𝑒*𝑒! → 𝑒*𝑒!
𝑒*𝑒! → 𝑢𝑑𝑠
𝑒*𝑒! → 𝑐 ̅𝑐

• MC: Generic Υ(2𝑆) decays

• MC: Signal events

Ø We use 0.995 fb-1 data for this blinded 
analysis
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Pre-Selections
v BGF àBackground filter

Ø BGFMuMu à Events in the dimuon sample required to pass 
Ø Events in the tau-pair are required to pass BGFTau or BGFTwoProng
Ø BGFEMuSelector à specific filter for emu search
Ø TauMiniUser package reads the input collections and process events 

that pass BGFEMuSelector
Ø BGFEMuSelector efficiency ~ 82%

v Pre-conditions:
Ø Distance of closest approach of any track vertex w.r.t. the beam spot in 

Drift Chamber
• in the x - y plane < 1 cm and in the z plane < 4 cm; 

Ø two tracks in GoodTracksLoose (one in each hemisphere)
Ø DigiFL1Open and DigiFL3Open
Ø Two charge tracks with total charge = 0
Ø Sum of momentum of two tracks  > 9 GeV/c
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Pre-Selections

PID ?!

Ø MCs are nomalized to 0.995 fb-1 of 
total data 
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PID Selections
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PID Selections
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PID Selections (optimization)

𝜀!"
1 + 𝑁#$

Ø 𝜀+, is the final efficiency as determined from signal MC and

Ø 𝑁-. is the number of expected background events as prdicted by 
data control samples in Run 6 and generic Υ 2𝑆 MC events 



User Selections (N-1 cuts)

Definition Selection

Two tracks (one in each hemisphere) one electron and one muon in the final state

Lepton momentum plane

Back-to-back

EMC acceptance

Muon track energy

N. Tasneem: EPS talk
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User Selections (Two Tracks)
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Ø Applied on events survived after pre-selection 

(𝜀 = 66%)
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User Selections (Lepton momentum plane)
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Ø Applied on events survived after pre-selection 



User Selections (Back-to-back)
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(𝜀 = 66%)

(PID is not included) (PID is not included)
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User Selections (EMC acceptance region)
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Ø Applied on events survived after pre-selection 

Data MC
(𝜀 = 70%)

BABAR Collaboration Meeting

(PID is not included)(PID is not included)
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User Selections (Muon Energy in ECal)
Trk_Muecal >0.05 GeV
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Ø Applied on events survived after pre-selection 
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User Selections plus PID
Definition Selection

Two tracks (one in each hemisphere) one electron and one muon in the final state

Lepton momentum plane

Back-to-back

EMC acceptance

Muon track energy

User selections on: 8, 17 Loose electron, loose muon
11, 17 SuperTight electron, loose muon
11, 19 SuperTight electron, VeryTight muon
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All Criteria (N-1 cuts) with PID
PID Number of sig 

events (MC)
Number of  sig 
events (𝚼(𝟐𝑺))

Number of bkg 
events (𝚼(𝟐𝑺))

8 &17: Loose 
electron, loose 

muon

49039 1 2

11 & 17: 
SuperTight 

KMElectron, 
BDTLooseMuon 

42662 1 0

11 & 
18:SuperTight 
KMElectron, 

BDTTightMuon 

34445 1 0

11 & 19: 
SuperTight 

KMElectron, 
BDTVeryTightM

uon 

26636 1 0
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Future works

• Use Run6 data as background (ntuples from Nafisa)
• Systematics
• Unblinding the analysis
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Backup slides
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We are aiming to analyze:  𝛶(2𝑆) → 𝑒±𝜇∓

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

No direct 
observation

Re-ordering incoming/outgoing particles
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𝛶(2𝑆) → 𝑒±𝜇∓

Vector exchange

Ordinary Muon
Decay [BR~100%]

Identical Kinematics

𝜞 𝝁 → 𝟑𝒆 𝑽"𝒆𝒙𝒄𝒉𝒂𝒏𝒈𝒆

𝜞(𝝁 → 𝒆𝝂*𝝂) ≈ 𝑩𝑹 𝝁 → 𝟑𝒆 𝑽"𝒆𝒙𝒄𝒉.

≈
𝜞(𝑽 → 𝒆+𝒆")𝜞(𝑽 → 𝒆±𝝁∓)

𝜞𝟐(𝑾 → 𝒆𝝂)
𝑴𝑾
𝑴𝑽

𝟔
Γ(𝑊 → 𝑒𝜈)~𝑔12 𝑀1
Γ 𝑉 → 𝑒+𝑒" ~𝑔3..

2 𝑀3
Γ 𝑉 → 𝑒𝜇 ~𝑔3./

2 𝑀3
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𝛶(2𝑆) → 𝑒±𝜇∓

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 → 𝒆3𝒆4 ∗ 𝚪𝚼 𝟐𝑺 ∗ 𝚪𝚼(𝟐𝑺)

𝑴𝚼(𝟐𝑺)

𝑴𝑾

𝟔

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

From:  M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 
(2018) 


