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Lepton Flavour/Number Violation

Lepton Flavour Violation(LFV):
After µ− was discovered it was natural to think of it as an excited e−.

• Expected: B(µ→ eγ) ≈ 10−4

• Unless another ν , in intermediate vector boson loop,
cancels.

I.I.Rabi:
”Who ordered that?”

• Up to this day charged LFV is being searched for in various decay modes.

• LFV was already found in neutrino sector (oscillations).

Lepton Number Violation (LNV)

• Even with LFV, lepton number can be a conserved quantity.

• Many NP models predict it violation(Majorana neutrinos)

• Searched in so called Neutrinoless double β decays.
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Lepton Universality

⇛ What is Lepton Universality?

⇛ Or mathematically speaking:

Lf = f̄ iDµγ
µf, f = liL

Dµ = ∂µ + i
g

2
σjW

j
µ

⇛ Basic property of SM!
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Lepton Universality Violation

⇛ Charge currents:

R(D∗) = Br(B→D∗τν)
Br(B→D∗µν)

⇛ Discrepancy reduced to 3.1 σ.
⇛ Theoretical uncertainties are
still negligible.

⇛ FC Neutral currents:
RK/K∗ =

Br(B→K/K∗µµ)
Br(B→K/K∗ee)
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⇛ 2.5 σ deviation from SM.
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Expected data

⇛ Huge luminosity compared to
other projects.
⇛ Especially in the ”lower” energy
spectrum.

Amount of Bosons produced

⇛ Z: 5× 1012

⇛ WW : 108

⇛ ZH: 106

⇛ tt : 106
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LFV at Z

⇛ Testing anomalous couplings of the Z boson:
• Z → ℓℓ′

⇛ Currently the measurements
are in range 10−5 − 10−6,
dominated by LEP and ATLAS
experiments.

⇛ With 5× 1012 Z decays the FCC
is expected to probe region of
O(10−9).
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LFV at Z, RHN

⇛ Huge amount of Z means also huge amount of neutrinos!
⇛ Can test the Right Handed Neutrino Model:
• Z → νRν̄
• νR → νZ

∗, Z∗ → νν̄/ℓℓ̄/qq̄
• νR → ℓW

∗, W∗ → νℓ/qq̄′

⇛ Possible to probe the
mass of RHN in range
[0.5, 80] GeV/c2

Credit to M. Drewers
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LFV with heavy flavours

⇛ The Z runs is also a Flavour factory:

τ → ℓγ
⇛ Sensitivity 2× 10−9.
⇛ Compatible with Belle II.
⇛ Background dominated.

τ → ℓℓℓ
⇛ Sensitivity 1× 10−10.
⇛ Factor of 2 better then Belle II.
⇛ Background free.

Marcin Chrzaszcz (IFJ PAN) LFV and LUV at FCCee 12/15
12/15



Lepton Universality with heavy flavors

⇛ LU is essentially a test of coupling constant of charge currents.
⇛ The easiest is to measure: gµge .⇛ This can be obtained using partial width: τ → µνν and τ → eνν.
Known to 0.14 % precision.

⇛ The ratios gτge and gτgµ require the measurements:
• τ → µνν or τ → eνν.
• µ→ eνν.

⇛ FCCee aims to improve these measurements with an order of
magnitude!!!
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Lepton Universality with heavy flavors

⇛ FCCee can shade the light on
the LUV anomalies.
⇛ We expect over 1000 events of
B → K∗ττ .
⇛ Allows to measure the angular
observables, but also to test LUV:

R
τ/ℓ

K∗
=
Br(B → K/K∗ττ)
Br(B → K/K∗ℓℓ)

⇛
⇛ Can achieve precision of 5% for Rτ/ℓ

K∗
.

⇛ Allows to measure the LUV in angular observables.
⇛ More of the b→ s transitions with τ leptons will have similar
sensitivities!
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Conclusions

⇛ FCCee after the recent European Strategy Update the FCC is
progressing towards TDR.
⇛ Thanks to the Tera Z run the FCCee is electroweak and flavor
factory.
⇛ Measurements of LFV and LUV parameters will complement other
B-factories (b→ s transitions), and in most cases be the most precise
measurements to date.
⇛ Check out the FCC:

⇛ Visit our web page and sign up
for updates:
https://fcc-ee.web.cern.ch/

Referneces
⇛ FCC Physics Opportunities,
CERN-ACC-2018-0056
⇛ FCC-ee: The Lepton Collide,
CERN-ACC-2018-0057
⇛ And others: 1906.02693,
1809.01830, 1506.00918
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