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Motivation
-Belle Il: e of energy 7 GeV and e’ of energy 4 GeV
A large number of T pair events — study rare 1 decays
- Sensitive to new physics beyond the SM

- Leptophilic axion-like particles
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- X—YY induced from a triangular loop



Decay widths
-LFV decays
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- ALP decays (loop function B1)

2 [ 2
mxm 4dm
—71+\ B 2 B

(X —yy) = 47ra2m§(|g7

eff |2 eff _
5] Gyy =

1
]2 Z Jaa B1(4m§/m§()

=€, T



Benchmark scenarios

Scenario 1 Scenario 2
Jra Jre 9ru
7 decays T — Xe T — XU
98 Jee Jup
X decays | X = e~ et (sig.)/yy | X = p—put(sig.)/vy



Scenario

1

"T— Xe, X —> ee’

‘BR(X—yy) > BR(X—ee’) if m, 2 0.6 GeV
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Scenario 2 10—

T — X|J, X - p'lf
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Constraints - LEP

- ALEPH: measured inclusive o of e e*—T1T1" at Vs = 209 GeV

-0 =6.02 £ 0.39 (stat) £ 0.09 (syst) pb

- Theory prediction modified 0.09——————————————————
- A weak bound on our model
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Constraints - Supernova
- Cooling rate of the core

"I, at 10 GeV™ for m, <1 MeV
arXiv:2005.07141 arXiv:2107.12393

*g,, limits with SN1987A bound

10~

SN1987A

1073 102 10!
myx [GeV]


https://arxiv.org/abs/2005.07141
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Constraints - Lepton-flavor-violating tau decays
-782 b data from Belle detector

-90% C.L. upper limits on the branching fraction

Decay modes | Upper bounds on BR [107%]
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Constraints - Lepton flavor universality

Lepton universality in 7 — lvv
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https://arxiv.org/abs/2106.02451
https://arxiv.org/abs/0912.0242

Constraints - ly final states
- Experimental upper bounds on coupling products

BR(T — evy) < 3.3x1078 BR(T — py) < 4.4 x 1078 arXiv:0908.2381  arXiv:1911.06279

‘0,0, and g, 9, ~ 10° GeV for m, between 0 and 2 GeV
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https://arxiv.org/abs/0908.2381
https://arxiv.org/abs/1911.06279

Constraints-Beam-dump experiments and dark-photo searches
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Selections - Belle and Belle |l
-Belle and Belle Il: Ee= 7 GeV, Ee* = 4 GeV (CM energy 10.58 GeV)
-Belle samples are 1 ab™

-50 ab™ at Belle Il

4.6 * 10" 171" pair production at Belle Il



Prompt search selections

-Baseline efficiency

Impact parameters:

d0<5mm,zo<30 mm

Smallr:r<10 cm

Y

Decay modes ‘ Baseline efficiency

6.0 %
7.6 %

arXiv:1001.3221

T Xe, X —e et
T—Xu, X = pu pt
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https://arxiv.org/abs/1001.3221

DV search selections

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

arXiv:1001.3221

*Fiducial volume:  arxiv:1810.12602

1ecm<r<80cm,-40cm<z<120 cm

8oum

-Linear displaced-tracking efficiency : -
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https://arxiv.org/abs/1001.3221
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Final sensitivity computation
- The number of signal events
NEellell — 9. N __ . .BR(7 — 1 prong) -BR(r — Xl,) - ¢ - BR(X — IZ1})
-Kinematics simulated with Pythia8 (decay position, boost factor, direction)

- Expected vanishing background — 3 signal events for 95% C.L. exclusions



Scenario 1 - Model-independent results

- Similar the strongest reach in BR in both strategies, at diff. ct

=40 times stronger in DV. search at large cT region

Projections for Belle II
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Scenario 1 - Model-dependent results

At small g__, DV reach in g _ stronger by ~ 6

-Beyond current constraints (left)

Projections for Belle II
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Scenario 2 - Model-independent results

Projections for Belle II
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Scenario 2 - Model-dependent results

-Diagonal coupling sensitivity enhanced

Projections for Belle II
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Conclusions

-Recast a Belle prompt search and proposed a DV search for studying LFV with
ALP at Belle Il

- Performed Monte-Carlo simulation to determine sensitivity limits
-DV/prompt search shows better sensitivity at long/short decay length regime

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

THANK YOU!
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Scenario 1 - Efficiencies

Prompt cut-specific efficiencies
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Scenario 2 - Efficiencies

Prompt cut-specific efficiencies
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Constraints - ly final states

- Experimental upper bounds on coupling products
arXiv:0908.2381 arXiv:1911.06279

BR(T — ey) <3.3x1078  BR(7 — py) < 4.4 x 1078

- Analytic expressions
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Leptonic decays of the muon

-BR(u—ey) limits place very strong bounds on coupling products

-u—3e, y—eyy and y—e+missing are not studied here



Leptonic g - 2 anomalies

-1.6 and 4.2 uncertainty of a = (g-2)/2
Age = a®P — aSM = (4.8 £ 3.0) x 10713,

Aay = a&® — a2M = (25.1 £ 5.9) x 10710,
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Muonium-antimuonium oscillations

*Muonium M = (e-u+)
- Conversion probability < 8.3 * 107" at 90% C.L.
U ->e NOT included



