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Lepton Flavour Universality

Standard Model

Leptons have
the same charges

⇒ Lepton Flavour Universality:
same couplings with force carriers

New Physics – Beyond the Standard Model
Additional particles might couple
differently to each lepton

⇒ Lepton Flavour Universality
Violation
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B → D(∗)`ν in the Standard Model

In the Standard Model, the decay b → c`ν is mediated by the W boson

W−

b c

ν

`
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B → D(∗)`ν in the Standard Model

In the Standard Model, the decay B → D(∗)`ν is mediated by the W boson

B



W−

d

b

d

c

ν

`

D+(∗)

W couples in the same way to
` = e, µ, τ

⇒ Lepton Flavour Universality
in B → D(∗)`ν
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B → D(∗)`ν beyond the Standard Model

New physics particles can mediate the decay B → D(∗)`ν

B


D+(∗)

These can couple differently
to ` = e, µ, τ

⇒ Lepton Flavour Universality
Violation in B → D(∗)`ν
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B → D(∗)`ν – Lepton flavour universality
We can test new physics by comparing final states with different leptons

RD(∗) =
BR(B → D(∗)τν)

BR(B → D(∗)`ν)
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B → D(∗)`ν – Lepton flavour universality
We can test new physics by comparing final states with different leptons

RD(∗) =
BR(B → D(∗)τν)

BR(B → D(∗)`ν)

B


D+(∗)

3.8σ tension: the large deviation hints to a tree-level contribution

the particle mediating the decay is necessarily charged

to solve the tension: MNP ∼ TeV
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B → D(∗)`ν – Effective field theory
Energy scale of the process:

∼ mb ∼ 4.2GeV

Mass of the particle mediating the decay:

M � mb


⇒ Effective field theory

(Four-fermion interaction)

Standard Model
The interaction is analogous to Fermi interaction in beta decays

νd

u

e

Vud
4GF√

2
(ūγµPLd) (ēγµPLν)
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M � mb


⇒ Effective field theory

(Four-fermion interaction)

Standard Model
The interaction is analogous to Fermi interaction in beta decays

νb

c

τ

Vcb
4GF√

2
(c̄γµPLb) (τ̄ γµPLν)
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B → D(∗)`ν – Effective field theory

New Physics

Color Singlet Color triplet
Scalar Charged Higgs H− Scalar Leptoquark φ−1/3

H

b c
ν
`

φ
b c

`
ν

Vector Gauge boson W ′− Vector Leptoquark U2/3

W ′

b c
ν
`

U
b c

ν
`
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B → D(∗)`ν – Effective field theory

New Physics
Different new particles involve different combinations of Dirac matrices

W ′−

b c

ν

`

CL
V (c̄γµPLb) (τ̄ γµPLντ )
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B → D(∗)`ν – Effective field theory

New Physics
Different new particles involve different combinations of Dirac matrices

φb c

`

ν

CL
S (c̄PLb) (τ̄PLντ )+CL

V (c̄γµPLb) (τ̄ γµPLντ )+CT (c̄σµνPLb) (τ̄σµνPLντ )
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B → D(∗)`ν – angular observables
Different coefficients give a different angular distribution

CL
V (c̄γµPLb) (τ̄ γµPLντ ) + CR

S (c̄PRb) (τ̄PLντ ) + CL
S (c̄PLb) (τ̄PLντ )

+ CT (c̄σµνPLb) (τ̄σµνPLντ )
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Pτ (D∗) =
Γ(τλ=+1/2)− Γ(τλ=−1/2)

Γ(τλ=+1/2) + Γ(τλ=−1/2)
FL(D∗) =

Γ(D∗L)

Γ(D∗)
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B → D(∗)`ν – Fit
Fitting:

RD,RD∗

polarisations: Pτ (D∗),FL(D∗)

Assumptions:

Only one particle

Only coupling with τ

[Blanke, Crivellin, de Boer,

Kitahara, M.M., Nierste,

Nišandžić 2018]
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Decay rate of Bc → τν

The same particles mediate the decay of the Bc meson

ν

b τ

c
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B → D(∗)`ν – Fit
Fitting:

RD,RD∗

polarisations: Pτ (D∗),FL(D∗)

Assumptions:

Only one particle

Only coupling with τ

[Blanke, Crivellin, de Boer,

Kitahara, M.M., Nierste,

Nišandžić 2018]

Decay rate of Bc → τν

The same particles mediate the decay of the Bc meson

νb

c τ

BR(Bc → τν) not measured

⇓

using measured lifetime, set upper
limit BR(Bc → τν) ≤ 1
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B → D(∗)`ν – Fit
The preferred scenario changes depending on the limit on BR(Bc → τν)

Example: Charged Higgs H−

H−

b c
ν

`

CR
S (c̄PRb) (τ̄PLντ )+CL

S (c̄PLb) (τ̄PLντ )

BR ( Bc → τ ⋁ ) > 10 % BR ( Bc → τ ⋁ ) > 60 %
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[Blanke, Crivellin, de Boer, Kitahara,

M.M., Nierste, Nišandžić 2018]
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B → D(∗)`ν – Predictions from the fit

Correlations between polarisation observables can distinguish
between models
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Red: scalar leptoquark φ
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[Blanke, Crivellin, de Boer, Kitahara,

M.M., Nierste, Nišandžić 2018]
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B → D(∗)`ν – Predictions from the fit

Describing the current central values for RD(∗) enhances
BR(Λb → Λcτν), irrespective of which additional particle mediates
the decay
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[Blanke, Crivellin, de Boer, Kitahara,

M.M., Nierste, Nišandžić 2018]

Λb → Λc`ν will serve as a consistency check for the RD(∗) measurements
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Collider searches

Collider data

already severely constrain explanations involving right handed
neutrinos

put bounds on the mass of leptoquarks (pair production via QCD)
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Summary

The decays B → D(∗)`ν seem to violate lepton flavour universality,
which is a cornerstone of the weak interaction in the Standard Model
Beyond the Standard Model exercise: check which additional particle
exchange describes data in a better way

B → D(∗)τν polarisation observables discriminate between new
physics models
Λb → Λcτν serves as a cross-check of the B → D(∗)τν
measurements
the models solving the B → D(∗)`ν tension can be confirmed or ruled
out with CMS and ATLAS searches for new particles in the LHC run 3
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Fits
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R(Λc) ≡ BR(Λb→Λcτντ )
BR(Λb→Λc`ν`)
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R(Λc) ≡ BR(Λb→Λcτντ )
BR(Λb→Λc`ν`)
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→
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ν
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0
%

SM
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ℛ
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*
)

ℛ(Λc)

R(Λc)

RSM(Λc)
= 0.262

R(D)

RSM(D)
+ 0.738

R(D∗)
RSM(D∗)

+ x

1.76|CT |2−R
[
(1 + CL

V )(0.32C∗T + 0.03CL∗
S )
]
−0.0075|CL

S|2−0.033R(CL
SCR∗

S )
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More particles

Color Singlet Color triplet
Scalar Charged Higgs H− Scalar Leptoquark φ−1/3

(1, 2)1/2 (3, 1)−1/3 or (3, 2)7/6

(CR
S ,C

L
S) (CL

V ,C
L
S = −4CT ) or CL

S = 4CT

Vector Gauge boson W ′− Vector Leptoquark U2/3

(1, 3)0 (3, 1)2/3

CL
V (CL

V ,C
R
S )
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Bc

BR(Bc → τν) ∝

∣∣∣∣∣1 + εL +
m2

Bc

mτ (mb + mc)
εP

∣∣∣∣∣
10% limit

BReff = BR(Bu → τν)

(
1 +

fc
fu

BR(Bc → τν)

BR(Bu → τν)

) fc
fu

@TEVATRON, LHC

BReff @LEP

BR(Bu → τν)
@BABAR, BELLE

30% limit

τ exp
Bc

= 0.507(8) ps τSM
Bc

= 0.52+0.18
−0.12 ps
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Collider searches

Above the Electro-Weak scale, we need to consider an EFT invariant
under the SM group (SMEFT)
SU(2) relates charged currents to neutral currents

W ′

τ

τ

b

b

√
s ∼ M

xbxb
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Polarisation observables

1
Γ

dΓ

d cos θ1
=

3
4

[2FL(D∗) cos2 θ1

+ (1− FL(D∗)) sin2 θ1]

dΓ

d cos θ2
=

1
2

(1 + αPτ (D∗) cos θ2)

α = 1.0 for τ → πν α = 0.45 for τ → ρν
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