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High-intensity frontier

Where to look for New Physics at low-energy?

• Processes very suppressed or even forbidden in the SM

• Processes predicted with high precision in the SM

High-intensity frontier: A collective effort to determine the NP dynamics
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Experimental bounds

Process Present Experiment Future Experiment
µ→ eγ 1.5× 10−13 MEG ≈ 6× 10−14 MEG II
µ→ 3e 1.0× 10−12 SINDRUM ≈ 10−16 Mu3e

µ− Au→ e− Au 7.0× 10−13 SINDRUM II ?

µ− Ti→ e− Ti 4.3× 10−12 SINDRUM II ?

µ− Al→ e− Al − ≈ 10−16 COMET, MU2e
τ → eγ 3.3× 10−8 Belle & BaBar ∼ 10−9 Belle II
τ → µγ 4.4× 10−8 Belle & BaBar ∼ 10−9 Belle II
τ → 3e 2.7× 10−8 Belle & BaBar ∼ 10−10 Belle II
τ → 3µ 2.1× 10−8 Belle & BaBar ∼ 10−10 Belle II

de(e cm) 1.1× 10−29 ACME ∼ 3× 10−31 ACME III
dµ(e cm) 1.8× 10−19 Muon (g-2) ∼ 10−22 PSI

Table: Present and future experimental sensitivities for relevant low-energy observables.

• So far, only upper bounds. Still excellent prospects for exp. improvements.
• We can expect a NP signal in all above observables below the current bounds.
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Tau Physics at FCC

[Lusiani @ Tau 2025]
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τ → µγ and τ → 3µ at FCC

[Lusiani @ Tau 2025]
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τ → µγ and τ → 3µ at FCC

[Sumensari @ Tau and EW processes WG meeting, March 20, 2026]

[For a detailed study of LFV decays of the Z-boson at future e+e− colliders, see Calibbi, Marcano, and Roy, 2021]
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Charged LFV in the SM

Why flavor violation is visible in neutrino oscillation while it’s not in charged LFV?
The uncertainty principle sets the oscillation time for µ→ eγ to be t ∼ h/MW !

Message: Any evidence for LFV would be an unambiguous signal of NP!
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Why do we need New Physics (NP)?

• Gravity =⇒ ΛPlanck ∼ 1018−19 GeV

• Neutrino masses =⇒ Λsee−saw . 1015 GeV

• BAU: evidence of CPV beyond SM

I Electroweak Baryogenesis =⇒ ΛNP . TeV
I Leptogenesis =⇒ Λsee−saw . 1015 GeV

• Dark Matter (WIMP) =⇒ ΛNP . TeV

• Hierarchy problem: =⇒ ΛNP . TeV

SM = effective theory at the EW scale

Leff = LSM +
∑
d≥5

c(d)
ij

Λd−4
NP

O(d)
ij

• Ld=5
eff =

y ij
ν

Λsee−saw
LiLjφφ,

• Ld=6
eff generates FCNC operators
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EFT approach to heavy NP

• Dynamics below the scale Λ [∼ mass of new particles] is described by Leff

I Leff is built out of relevant low-energy degrees of freedom (SM fields)

I Leff respects the SM gauge symmetries GSM = SU(3)c ⊗ SU(2)L ⊗ U(1)Y

I Leff is organized in inverse powers of Λ (amplitudes suppressed by powers of E/Λ)

• Experiments at the precision frontier probe energy scale Λ and
symmetries of the new interactions (coeff. & structure of Ô(d)

n )
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EFT approach to LFV
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Bounds on the NP scale

[Physics Briefing Book, 1910.11775]
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LFV in Z-boson Couplings

Theory prediction

B(τ → 3µ)

B(Z → τµ)
≈ 0.5

B(τ → 3µ) ≈ 5× 10−10 B(Z → τµ)

10−9

[FCC-ee projections by Lusiani et al.]

Message: LFV tau decays are more powerful than Z decays at FCC-ee!
[Allwicher, Bartocci, Cornella, Leal, Paradisi, Scantamburlo, Sumensari, to appear.]
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LFV in Z-boson Couplings

[Allwicher, Bartocci, Cornella, Leal, Paradisi, Scantamburlo,

Sumensari, to appear.]

[FCC-ee projections by Lusiani et al.]

Message: LFV tau decays are more powerful than Z decays at FCC-ee!
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LFV in Z-boson Couplings

[Allwicher, Bartocci, Cornella, Leal, Paradisi, Scantamburlo, Sumensari, to appear.]

Message: LFV tau decays are more powerful than Z decays at FCC-ee!
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LFV in Higgs Couplings

[FCC-ee projections by Lusiani et al.]

B(τ → µγ) ≈ 1× 10−11 B(h→ τµ)

10−4

B(τ → µγ) ≈ 3× 10−14 B(h→ τµ)

10−4

[Allwicher, Bartocci, Cornella, Leal, Paradisi, Scantamburlo, Sumensari, to appear.]

Message: LFV Higgs decays may dominate over tau decays at FCC-ee! 1

1LFV τ decays are dominated by other operators =⇒ complementarity between Higgs and τ decays.
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LFV in Higgs Couplings
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[Allwicher, Bartocci, Cornella, Leal, Paradisi, Scantamburlo, Sumensari, to appear.]

Message: LFV Higgs decays may dominate over tau decays at FCC-ee! 2

2LFV τ decays are dominated by other operators =⇒ complementarity between Higgs and τ decays.
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LFV model independent projections

C`` Cee C`e CHe C(1)
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Current Future FCC-ee τ→µγ τ→µµµ Z→µτ h→µτ

[Allwicher, Bartocci, Cornella, Leal, Paradisi, Scantamburlo, Sumensari, to appear.]

Message: LFV tau decays are more powerful than Z decays at FCC-ee!
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LFV @ Muon Collider
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Energy dependence of LFV signals

Γ(τ → 3e) ∼ m5
τ

Λ4 Γ(Z → τe) ∼ m5
Z

Λ4 σ(µµ→ τe) ∼ E2
CM

Λ4

Message: Energy helps accuracy!
[Allwicher, Bartocci, Cornella, Leal, Paradisi, Scantamburlo, Sumensari, to appear.]
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EDMs, g-2 and cLFV interrelationship

Probing NP through leptonic dipole moments
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On leptonic dipoles: `→ `′γ

• NP effects are encoded in the effective Lagrangian

L = e
m`

2
(

¯̀RσµνA``′`
′
L + ¯̀′

LσµνA?``′`R
)

Fµν `, `′ = e, µ, τ ,

I Branching ratios of `→ `′γ

BR(`→ `′γ)

BR(`→ `′ν`ν̄`′ )
=

48π3α

G2
F

(
|A``′ |2 + |A`′`|2

)
.

I ∆a` and leptonic EDMs

∆a` = 2m2
` Re(A``),

d`
e

= m` Im(A``) .

I “Naive scaling”: a broad class of NP theories contributes to ∆a` and d` as

∆a`
∆a`′

=
m2
`

m2
`′
,

d`
d`′

=
m`
m`′

.
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Tau g − 2 and EDM at future lepton colliders

[Buttazzo, Levati, Ma, Maltoni, Paradisi, Wang, 2026]
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Model-independent predictions

• BR(τ → µγ) vs. (g − 2)τ

BR(τ → µγ) ≈ 4× 10−8
(

∆aτ
10−5

)2(
θµτ

10−3

)2

• τ EDM vs. (g − 2)τ

dτ ≈ 3× 10−20
(

∆aτ
10−5

)
φCPV
µ e cm ,

• Main messages:

I ∆aτ ≈ 10−5 requires a nearly flavor and CP conserving NP
I Large effects in the tau EDM dτ . 10−19 e cm are still allowed!

[Giudice, P.P., & Passera, ’12]
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Conclusions and future prospects

• FCC-ee is a unique facility to probe CLFV, thanks to its enormous samples
of Z bosons, Higgs bosons, and τ leptons

I LFV τ decays, in particular τ → `γ and τ → ```, provide the most sensitive probes
of CLFV, surpassing the reach of LFV Z decays.

I LFV Higgs decays probe flavor violation in the Higgs sector and are highly
complementary to LFV τ decays.

I Hadronic LFV τ decays deserve dedicated studies, as they can provide additional
sensitivity to different LFV sources.

I A global CLFV program combining FCC-ee, Belle II, LHCb, and a future Muon
Collider would provide an exceptionally powerful and complementary probe of CLFV.
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