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Motivation

Belle Il: e~ and et beams at T(45)

@ A large number of 777~ events = study rare 7 decays

@ Sensitive to LFV related to the third-generation leptons

Leptophilic axion-like particles
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Model
@ X: axion-like particle

9,X
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e Sign. production: T — Xe/p
e Sign. decay: X — e et /uput
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Decay widths of 7 and X

o T — Xe/u:

[l — [5X) = Z—% (1— (%amx)?) (1_ (mﬂm;am)()j

o ALP decays:
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Benchmark scenarios

Scenario 1 Scenario 2
8ra 8re Eru
tau decays T — Xe T—= X
838 8ee =ymm
X decays | X — e"eT(sig.)/yy | X — pput(sig.) /vy

@ g;o and mx = prod. rates
@ ggg and mx = c7x
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X decays

o [(X — lﬁ?lg) ~ mx m%, F(X = yy) ~ my
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Tightest current constraint

e Belle results on tau LFV decays which we recast:

Decay modes

Upper bounds on BR [107%]
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Second-tightest current constraint
Lepton flavor universality from BaBar, for long-lived X (c7x 2 1 m)

r‘l’ 17 r
o Rye=_—"2 RV = 0.972559 4 0.000005, R52B" = 0.9796 + 0.0039

T—evw
AR
SM+X
Rue

R2%r/RAV — 1 = 0.0072 £ 0.0040
= R HT(r = Xu) /T,
RAMHEX/RMM — 1 < 0.0072 + 2 x 0.0040

= bounds on g, and BR(7 — Xp)
e Similarly for the e scenario, where AR,,, < 0 = particularly stringent bounds

- Lepton universality in 7 — lvw . Lepton universality in 7 — lvw
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Event selections
o E,.- =7 GeV, E.+ =4 GeV = /s =10.58 GeV
o Lt =1ab™!, Ligh,, =50ab~"
@ 4.6 x 100 tau pair production events at Belle Il

e Prompt search, recast arXiv:1001.3221:
© Baseline efficiency:

Decay modes ‘ Baseline efficiency
T— Xe,X = e et 6.0%
T Xu, X = p—pt 7.6%

@ do < 5 mm (includ. track curvature in the B field) and zp < 30 mm
© Small transverse distance: r < 10 cm
e Propose a displaced-vertex search:
© Baseline efficiency, same as above
@ Fiducial volume: 1 cm < r <80 cm, -40 cm < z < 120 cm
© Linear displaced-tracking efficiency:
€rack(r = 1 cm) = 100%, €aK(r = 80 cm) = 0%
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Sensitivity computation

nEle — 2. N__ . -BR(T — 1 prong) - BR(T — Xl,) - ¢ - BR(X — I /1)

e BR(7 — 1 prong) ~ 85%
@ Simulate kinematics with Pythia8

o Expected zero background — 3 signal-event isocurves as 95% C.L.
exclusion limits
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Results: Scenario 1
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Results: Scenario 2
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Summary

@ Recast a Belle prompt search and proposed a DV search, for studying
LFV with leptophilic ALPs at Belle Il

Estimated the search efficiencies with Monte-Carlo simulation

DV/prompt searches better sensitivity at long/short decay lengths

For long decay lengths, the DV search extends the prompt search’s
sensitivity to the branching-fraction product by a factor of 40

Thank You!
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Back-up slides
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Scenario 1

@ Signature: 7 — Xe, X — e"e"
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Scenario 2

@ Signature: 7 — Xu, X — p~put

BR(7 — Xp)
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Efficiencies

Prompt cut-specific efficiencies Displaced cut-specific efficiencies
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Less important constraints — |

e LEP ALEPH: o(e"e™ — 7771) = 6.02 + 0.39(stat & 0.09(syst)) pb at
V5 =209 GeV= g, < 0.078 GeV~?
e X coupled to leptons enhances cooling rate of supernova (arXiv:2107.12393):
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e Beam-dump experiments (arXiv:1008.0636, arXiv:1005.3978)

e BaBar dark photon search (arXiv:1708.00443)
e BR(7 — 7)< 3.3 x 1078 and BR(7 — 117)< 4.4 x 1078 (arXiv:0908.2381)
= Gre8ee and Eru8upn S 1075 GeV~2 for mx < m;
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Less important constraints — |l

e Leptonic decays of u: pu — ey, u — 3e, u — eyy, p — € + missing,
strong bounds on coupling combinations or couplings, irrelevant to
Scenarios 1 or 2

e Muonium-antimuonium oscillations with g,e: not considered

e i~ — e~ conversion in nuclei with g.: not considered

e Leptonic g — 2's:

Na, = a® —aM = (4.8+3.0) x 10713
Aay, = a7 — a3V =(25.14+5.9)x 10710

(g — 2)e: the leptophilic X considered in Scenario 1 can bring the
theoretical prediction to reach the 95% lower limit of Aae but not up to
the central value

(g — 2),: the ALPs in Scenario 2 cannot even bring the theoretical
prediction to the edge of the 95% lower limit of the experimental value
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