
Search for lepton flavor violating decay

𝜏− → 𝑒−η′
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movition

• Processes with Lepton Flavor Violation (LFV) provide some of the most promising searches 
for physics beyond the Standard Model (SM).

• The semileptonic τ decays provide another good source of information about possible LFV 
mechanisms from supersymmetry (SUSY) motivated models to models with heavy Dirac 
neutrinos.

• Previously studied by Belle with a data sample of 401 𝑓𝑏−1.So far,they have collected  
426.5 fb data sample at Belle II and we can update this mode.
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MC sample

Tag side :𝜏 → 𝜇 ҧ𝜈𝜇𝜈𝜏 , 𝑒 ҧ𝜈𝑒𝜈𝜏 ,π𝜈𝜏

Signal side:𝜏 → 𝑒η′, η′ → 𝜋+𝜋−𝜂(→ 𝛾𝛾)

light-2212-foldex

Signal MC:

TAULA Belle,   5000000× 2

• 𝜏− → 𝑒−𝜂′,5000000

• 𝜏− → 𝑒+𝜂′,5000000

Generic MC:

• MC14ri_d skimed (taupair,qqbar):5𝑎𝑏−1

• MC14rd_c/d/e(taupair.qqbar):824.85 𝑓𝑏−1

• MC15ri_b(taupair,qqbar):1 𝑎𝑏−1

Toy  data (𝑓𝑏−1) Rest MC(𝑓𝑏−1)

MC14ri_d 0 5000

MC14rd_c/d/e 0 824.85

MC15ri_b 426.505 573.795

as background
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Pre-event selection

Charged tracks

• dr<1.0cm  , |dz|<3.0cm

• -0.866<𝑐𝑜𝑠𝜃<0.956

• Pt>0.1Gev/c

Photos

• E>0.2Gev

• -0.866<𝑐𝑜𝑠𝜃<0.956

• clusterNHists>1.5

PID

Tag side

• hadronID:nCDCHits >0

• electronID_noSVD_noTOP > 0.9

• muonID_noSVD > 0.9

• P(p/𝜋)<0.6 and P(K/𝜋)<0.4

Signal side

• electronID_noSVD_noTOP > 0.9

• electronID_noSVD_noTOP < 0.1 , P(p/𝜋)<0.6 and P(K/𝜋)<0.4

Event

• For signal side :tree fit

• conf_level=0

• Mass fit for 𝜂 → 𝛾𝛾

• updateAllDaughters=false

• nGoodTrack =4
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Definition of signal region

𝑙𝑀׬
𝐶𝑀𝑀𝑑𝑀

𝐿𝑀׬
𝐶𝑀𝑀𝑑𝑀

=
𝐶𝑀׬
𝑟𝑀𝑀𝑑𝑀

𝐶𝑀׬
𝑅𝑀𝑀𝑑𝑀

= 68.2%

𝑙∆𝐸׬
𝐶∆𝐸 ∆𝐸𝑑∆𝐸

𝐿∆𝐸׬
𝐶∆𝐸 ∆𝐸𝑑∆𝐸

=
𝐶∆𝐸׬
𝑟∆𝐸 ∆𝐸𝑑∆𝐸

𝐶∆𝐸׬
𝑅∆𝐸 ∆𝐸𝑑∆𝐸

= 68.2%

𝜎𝑀 = 𝑟𝑀 − 𝑙𝑀

𝜎∆𝐸 = 𝑟∆𝐸 − 𝑙∆𝐸
𝜎∆𝐸
𝜎𝑀

= 𝑡𝑎𝑛𝜃, 𝜃 = 73.367°

Define an elliptic signal  region with all signal events that that do not contain ISR,that
is contain 90% of all signal events.

M′
∆𝐸′

=
𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃
−𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

𝑀
∆𝐸
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′𝑙𝑀׬

𝐶𝑀′𝑀′𝑑𝑀′

′𝐿𝑀׬

𝐶𝑀′𝑀′𝑑𝑀′
=
′𝐶𝑀׬

𝑟𝑀′𝑀′𝑑𝑀′

′𝐶𝑀׬

𝑅𝑀′𝑀′𝑑𝑀′
= 68.2%

′𝑙∆𝐸׬
𝐶∆𝐸′ ∆𝐸′𝑑∆𝐸′

′𝐿∆𝐸׬
𝐶∆𝐸′∆𝐸′𝑑∆𝐸 ′

=
′𝐶∆𝐸׬
𝑟∆𝐸′ ∆𝐸′𝑑∆𝐸′

′𝐶∆𝐸׬
𝑅∆𝐸′∆𝐸′𝑑∆𝐸′

= 68.2%

𝜎𝑀′
𝑙 = 𝐶𝑀′ − 𝑙𝑀′        𝜎𝑀′

𝑟 = 𝑟𝑀′ − 𝐶𝑀′

𝜎∆𝐸′
𝑙 = 𝐶∆𝐸′ − 𝑙∆𝐸′    𝜎∆𝐸′

𝑟 = 𝑟∆𝐸′ − 𝐶∆𝐸′
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𝑐𝑜𝑠𝜃𝑡ℎ𝑟𝑢𝑠𝑡−𝑚𝑖𝑠𝑠
𝐶𝑀

𝑟𝑒𝑐𝑀𝜏
𝑡𝑎𝑔

etap_sig_chiProb

𝑐𝑜𝑠𝜃𝑒−−𝜂′

𝑐𝑜𝑠𝜃𝑒−−𝜂

𝑐𝑜𝑠𝜃𝑒𝛾1

𝑐𝑜𝑠𝜃𝑒2

𝑃𝐶𝑀
𝑠𝑖𝑔
(𝜂′)

𝑃𝐶𝑀
𝑠𝑖𝑔
(𝜂)

𝐸𝛾𝐻 𝐸𝛾𝐿

𝑡ℎ𝑟𝑢𝑠𝑡

𝐸𝑣𝑖𝑠
𝐶𝑀

𝑛𝛾
𝑆𝐼𝐺

𝑛𝛾
𝑇𝐴𝐺

𝑃𝑚𝑖𝑠𝑠
𝐶𝑀

𝑚𝑚𝑖𝑠𝑠
2

𝑐𝑜𝑠𝜃𝑚𝑖𝑠𝑠

𝑐𝑜𝑠𝜃𝑡𝑎𝑔−𝑚𝑖𝑠𝑠

𝐸𝑚𝑖𝑠𝑠
𝐶𝑀

dmID_tag

Train sample (pre-select): veto 𝜋0 M 𝛾𝛾 > 0.16 || M 𝛾𝛾 < 0.10𝐺𝑒𝑉/𝑐2
BDT analysis
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BDT analysis
Train sample (pre-select): veto 𝜋0 M 𝛾𝛾 > 0.16 || M 𝛾𝛾 < 0.10𝐺𝑒𝑉/𝑐2

8



9



𝑁𝑜𝑏𝑠

𝑁𝑒𝑥𝑝 ± ∆𝑁𝑒𝑥𝑝
𝜀𝑠𝑖𝑔(%) 𝑆90MC14rd MC14ri MC15ri Normalized

0 2 18 0 0.714±0.224 0.575 1.86
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result for Branching fraction

ℬ 𝜏− → 𝑒−𝜂′ <
𝑠90

2𝜀𝑠𝑖𝑔𝑁𝜏𝜏ℬ 𝜂′ → 𝜂(→ 𝛾𝛾)𝜋+𝜋−

𝑁𝜏𝜏 = 391.95 × 106、ℬ 𝜂′ → 𝜂(→ 𝛾𝛾)𝜋+𝜋− = 0.445 × 0.9343、𝑠90 = 1.86

ℬ 𝜏− → 𝑒−𝜂′ < 2.35 × 10−7

11



Backup
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Signal sidetag side
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