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Context

From LHC, it would seem that there is a mass gap between the
electroweak scale v ∼ 100 GeV and the scale of new physics:
Λ & 1 TeV → precision frontier

We would like to have TeV-scale NP (hierarchy problem)

But many flavour experiments (K-K̄ mixing, ...) set stronger
bounds: Λ > 105 TeV!

This tells us that the flavour structure of NP must be very
non-generic

TeV-scale NP is still possible if it’s coupled mainly to the third
generation

Interesting also in view of the Yukawa coupling structure

⇒ τ leptons are a very interesting indirect probe of NP,
complementary to e.g. B and top physics
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LFU tests

In the SM:

LSM = Lgauge + LHiggs+Yukawa

LFU: e, µ, τ are all the same (γ,W,Z) → expect Γe = Γµ = Γτ

LFUV: me 6= mµ 6= mτ

yτ ∼ 10−2 ⇒ very small breaking, only in interactions with H

Beyond the SM:

New Physics may distinguish between different lepton species

hints of LFUV in b→ s`` and b→ c`ν
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B-Anomalies: update
Neutral currents

RXs =
B(B → Xsµ

+µ−)

B(B → Xse+e−)

Before 20/12/22: After 20/12/22:

4.3σ → 0.2σ!!

cf. R. Quagliani, CERN seminar 20/12/22

(see talk by B. Allanach)
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B-Anomalies: update
Neutral currents

b s

c c

` `

Angular analyses in b→ sµµ
transitions still show an
interesting deviation from the
SM

However, theory prediction
less under control (charm
loops)

Could be due to lepton flavour
universal NP in the vector
operator C9

O9 = (b̄γµPLs)(¯̀γµ`)

cf. R. Quagliani, CERN seminar 20/12/22

(see talk by B. Allanach)
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B-Anomalies: update
Charged currents

RXc =
B(B → Xcτν)

B(B → Xc`ν)
` = e, µ

τ/µ, e universality

Expect first
measurement by
Belle-II in spring

LHCb update October ’22:
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B-Anomalies and τ decays

Consider the LH contact interaction

L ⊃ 1

Λ2
[C

(3)
`q ]αβij(¯̀

αγµσ
I`β)(q̄iγ

µσIqj)

δRD(∗) ∼ Vcb[C(3)`q ]ττ33 + Vcs[C(3)`q ]ττ23
→ modify only couplings to τs
→ down-aligned basis (avoid Bs mixing constraints)

bL cL

τL νL

τL

νL

bL

tL

W

µL

νL

Deviations in b→ cτν imply a modification of τ → `νν̄ decays
(modification of W coupling to τ)

[Feruglio, Paradisi, Pattori 1606.00524 ]

https://arxiv.org/abs/1606.00524
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Taus at FCC-ee

N ∼ 1012 Z-boson pairs ⇒ 1.7× 1011 Z → τ+τ− decays

Better τ reconstruction due to large boost

Clean environment

Observable Present FCC-ee FCC-ee
value ± error stat. syst.

mτ (MeV) 1776.86± 0.12 0.004 0.1
B(τ → eν̄ν) (%) 17.82± 0.05 0.0001 0.003
B(τ → µν̄ν) (%) 17.39± 0.05 0.0001 0.003

ττ (fs) 290.3± 0.5 0.001 0.04

[Dam 1811.09408 ]

https://arxiv.org/abs/1811.09408
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Universality tests in τ decays: current status

Leptonic LFU ratios:

Γτ→µ/Γτ→e
|gµ/ge| 1.0018(14)

Γτ→e/Γµ→e
|gτ/gµ| 1.0011(15)

Γτ→µ/Γµ→e
|gτ/ge| 1.0030(15)

FCC-ee expected to go below
10−4!

QED corrections known to
O(α2) . 10−5

see talk by G. Isidori at

FCC Flavour Physics Workshop,

CERN 13.09.22

[Pich 1310.7922 ]

[Dam 1811.09408 ]

https://arxiv.org/abs/1310.7922
https://arxiv.org/abs/1811.09408
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EFT for τ decays

E
mτ,b mt ΛNP

LEFT

LEFT

H, W±, Z, t integrated out

SU(3)QCD ×U(1)QED invariant

LLEFT = − 2

v2
[
LV,LLνe

]αβγδ (
ν̄αLγµν

β
L

) (
ēγLγ

µeδL
) [

LV,LLνe

]αββα
SM

= 1

Rβα ≡
Γ(`β → `ανν̄)

ΓSM(`β → `ανν̄)
≡ 1 + δRβα

≈ 1 + 2 Re[LV,LLνe ]NP
αββα
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EFT for τ decays

E
mτ,b mt ΛNP

SMEFT

SMEFT

Full SM field content

SU(3)QCD × SU(2)L ×U(1)Y invariant

LSMEFT = − 2

v2

[
C

(3)
`q

]αβij (
¯̀αγµσ

I`β
) (
q̄iγµσIqj

)

Leading-Log result:

[
LV,LLνe

]αββα
NP,LL

= −2
∑

γ=α,β

[
C

(3)
H`

]
γγ

(mt) = −y
2
tNc
8π2

log
Λ2
NP

m2
t

∑

γ=α,β

[
C

(3)
`q

]γγ33

` `

H H†

`

ν

v

v

W

`

ν

O
(3)
H` = (¯̀γµσI`)(H†i

←→
D I
µH)
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Leading Log result

|gτ/gµ|2 ' 1− 4
∑

γ=α,β

[
C

(3)
H`

]
γγ

(mt) = 1− y2tNc
4π2

log
Λ2
NP

m2
t

∑

γ=α,β

[C
(3)
`q ]γγ33

1.0 1.5 2.0 2.5 3.0 3.5 4.0

ΛNP

0.996

0.998

1.000

1.002

1.004

1.006

1.008

∣ ∣ g
W τ
/g

W µ

∣ ∣2

SM

Γ(τ → e)/Γ(µ→ e)

LL result

1.0 1.5 2.0 2.5 3.0 3.5 4.0

ΛNP

∣ ∣ g
W τ
/g

W e

∣ ∣2
SM

Γ(τ → µ)/Γ(µ→ e)

LL result

` `

H H†

`

ν

v

v

W

`

ν

Expect decrease of gτ
FCC-ee will be able to clarify the situation

FCC-ee

[LA, Isidori, Selimović 2109.03833 ]

[
O

(3)
H`

]αβ
=
(
¯̀αγµσI`β

) (
H†i
←→
DµσIH

)

https://arxiv.org/abs/2109.03833
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Example: the U1 leptoquark, U1 ∼ (3,1, 2/3)

Generates both bcτν and bs`` interactions

LH couplings:

L =
gU√

2
Uµ1 β

iα
L (q̄iLγµ`

α
L) + h.c.

βL =



βdeL βdµL βdτL
βseL βsµL βsτL
βbeL βbµL βbτL


 ∼







Needs to be coupled mainly to third
generation

bsµµ ∼ βbµL βsµL
→ rescaling couplings by a factor ∼ 2
restores compatibility with LFU tests

Large bsττ coupling gives universal
contribution to C9

b τ

U1

νc

b µ

U1

µs

bL sL

τL τL

γ

` ` = e, µ, τ

→ Interesting signatures in B and τ physics!
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Quark-Lepton unification: 4321 model(s)

SU(4)3 × SU(3)1+2 × SU(2)L ×U(1)X

Non universal gauge interactions
→ NP coupled mainly to 3rd

generation

SM fermions:

Field SU(4) SU(3)′ SU(2)L U(1)X

ψL 4 1 2 0

ψ+
R 4 1 1 1/2

ψ−R 4 1 1 −1/2

q′ iL 1 3 2 1/6

uiR 1 3 1 2/3

diR 1 3 1 −1/3

`′ iL 1 1 2 −1/2

eiR 1 1 1 −1

H ∼ (1,1,2, 1/2)

New gauge fields: U1, G′, Z ′

U1 ∼ (3,1, 2/3)

Additional fermions (vector-like)
→ mixing with light generations

Field SU(4) SU(3)′ SU(2)L U(1)X
χL 4 1 2 0

QR 1 3 2 1/6

LR 1 1 2 −1/2

L ⊃MqQ̄Rq
2
L +M`L̄R`

2
L

[ 1512.01560 , 1708.08450 , 1709.00692 , 1712.01638 , 1712.06844 , ...]

https://arxiv.org/abs/1512.01560
https://arxiv.org/abs/1708.08450
https://arxiv.org/abs/1709.00692
https://arxiv.org/abs/1712.01638
https://arxiv.org/abs/1712.06844
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1-loop computations in the UV-complete theory

[
O

(3)
H`

]αβ
=
(
¯̀αγµσ

I`β
) (
H†i
←→
DµσIH

)

[
O

(3)
`q

]αβij
=
(
¯̀αγµσ

I`β
) (
q̄iγµσIqj

)

` `

H H†

C
(3)
H`

+

` `

H H†

C
(3)
`q

=

` `

H H†

ψA ψB

u3R

U1

+

` `

H H†

ψA ψB

d3R

U1

[C
(3)
H` ]ττ (µ) = − 1

16π2

NcCU
2

[
|βbτL |2|yt|2

(
1 + log

µ2

m2
U

)

+ cQ2Re(βbτ
∗

L βQτL Y ∗+yt)B0(xQ)

+ c2Q|βQτL |2(|Y+|2 + |Y−|2)F (xQ, x
R
Q)
]

ψA,B = q3L, QL

CU = gUv
2

4m2
U

[LA, Isidori, Selimović 2109.03833 ]

https://arxiv.org/abs/2109.03833
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Full model results for τ LFU ratios

Including finite pieces and the effect of the vector-like states can
change the leading-log result
The tension can only be slightly decreased
Vector-like quarks also enter in other obervables: mW , Z → tRt̄R
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[LA, Isidori, Selimović 2109.03833 ]

https://arxiv.org/abs/2109.03833
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Adding neutrino masses

Quark-lepton unification predicts mt ∼ mντ

Inverse see-saw mechanism:

L = −λRS̄cRΩT1 ψ
+
R +

1

2
µS̄cRSR

mR ∼ λR〈Ω1〉 ± µ mντ ∼
ytv

mR
µ

` H

νR

H`
Z → νν̄
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[LA, Isidori, Lizana, Selimović, Stefanek WIP]
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Bs → ττ and B → Kττ

Decay rates strongly enhanced in the U1 model

Expect ∼ 1000 reconstructed B̄0 → K∗0ττ events at FCC-ee
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[Kamenik, Monteil, Semkiv, Vale Silva 1705.11106 ]

OcLL = (c̄LγµbL)(τ̄Lγ
µνL) OcLR = (c̄LbR)(τ̄RνL)

https://arxiv.org/abs/2210.13422
https://arxiv.org/abs/1705.11106
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Bs → ττ and B → Kττ

Decay rates strongly enhanced in the U1 model

Expect ∼ 1000 reconstructed B̄0 → K∗0ττ events at FCC-ee

[Aebischer, Isidori, Pesut, Stefanek, Wilsch 2210.13422 ]

[Kamenik, Monteil, Semkiv, Vale Silva 1705.11106 ]

= FCC-ee

https://arxiv.org/abs/2210.13422
https://arxiv.org/abs/1705.11106
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EWPO: mW and Z → νν

mW Z → νν

H

H

H

H

tR

tR

QLq3L

Y+

Y+

` H

νR

H`

Yν

Yν

[LA, Isidori, Lizana, Selimović, Stefanek WIP]
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Summary and Outlook

τ leptons, being third generation fermions, are particularly
interesting to look at with precision experiments

FCC-ee is an ideal machine to do so

LFU tests are a very clean probe of NP

If deviations from the SM come from TeV-scale NP, not only τs
will be affected
→ define models and study correlations between observables at
different energy scales

Thank you!



19

Backup



20

τ → µφ and τ → µγ, Bs → τµ

[Cornella, Faroughy, Fuentes-Mart́ın, Isidori, Neubert 2103.16558 ]

https://arxiv.org/abs/2103.16558
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τ → µφ and τ → µγ, Bs → τµ

[Cornella, Faroughy, Fuentes-Mart́ın, Isidori, Neubert 2103.16558 ]

https://arxiv.org/abs/2103.16558
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τ LFV decays

Decay Present bound FCC-ee sensitivity
τ → µγ 4.4× 10−8 2× 10−9

τ → 3µ 2.1× 10−8 10−10

Example: Type-I symmetry protected seesaw

L = −1

2
(ν̄LN̄

c
R)Mν(νcLNR)T Mν =

(
03×3 v√

2
Y ν

v√
2
Y ν MR

)

mνL = −v
2

2
Y νM−1R Y ν T ≡ 0 mNR = MR +O(

v2

M2
R

)

[Dam 1811.09408 ]

[Crivellin, Kirk, Manzari 2208.00020 ]

https://arxiv.org/abs/1811.09408
https://arxiv.org/abs/2208.00020
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Z LFV decays

Decay Present bound FCC-ee sensitivity
Z → µe 0.75× 10−6 10−10 − 10−8

Z → τµ 12× 10−6 10−9

Z → τe 9.8× 10−6 10−9

Example: Type-I symmetry protected seesaw

L = −1

2
(ν̄LN̄

c
R)Mν(νcLNR)T Mν =

(
03×3 v√

2Y ν
v√
2Y ν

MR

)

mνL = −v
2

2
Y νM−1R Y ν T ≡ 0 mNR = MR +O(

v2

M2
R

)

[Dam 1811.09408 ]

[Crivellin, Kirk, Manzari 2208.00020 ]

https://arxiv.org/abs/1811.09408
https://arxiv.org/abs/2208.00020
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Z LFV decays

Decay Present bound FCC-ee sensitivity
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[Crivellin, Kirk, Manzari 2208.00020 ]

https://arxiv.org/abs/1811.09408
https://arxiv.org/abs/2208.00020
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Tau related observables

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
0.994

0.996

0.998

1.000

1.002

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

0.106

0.108

0.110

0.112

0.114

0.116



24

Some EW pole observables
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