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Introduction and Motivation

Solutions to the flavour puzzle and the hierarchy problem point
to New Physics (NP) at a scale & TeV

Flavour-generic NP is highly constrained (ΛNP & 105 TeV from
∆F = 2 processes)

Assuming a flavour structure (MFV, U(2)5, ...) this can be
lowered to be ∼ TeV

LHC can provide useful complementary information on top of
low-energy probes

In recent years, interesting hints in low-energy data, e.g.
B-anomalies, (g − 2)µ

In this talk: focus on Drell-Yan measurements, i.e. semileptonic
interactions, and combine low- and high-energy data within a
motivated scenario
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Searches at different energy scales
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High-pT searches can probe the same operators
directly constrained by flavour-physics experiments

[see also 1609.07138, 1704.09015, 1811.07920, 2003.12421, ...]
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EFT description

E
mτ,b mt ΛNP

LEFT SMEFT UV

SMEFT

Heavy NP integrated out

SU(3)c × SU(2)L × U(1)Y

LSMEFT = 1
Λ2

∑
α CαOα

e.g. [O(3)
lq ]αβij =

(l̄αγµσ
I lβ)(q̄iγ

µσIqj)
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EFT description

E
mτ,b mt ΛNP

LEFT SMEFT UV

LEFT

EWSB

SU(3)c × U(1)em

LLEFT = − 2
v2

∑
α CαOα

e.g.
[
Oud`νVL

]
αβij

=(
¯̀
Lαγ

µνLβ
)(
ūLiγµdLj

)

SMEFT

Heavy NP integrated out

SU(3)c × SU(2)L × U(1)Y

LSMEFT = 1
Λ2

∑
α CαOα

e.g. [O(3)
lq ]αβij =

(l̄αγµσ
I lβ)(q̄iγ

µσIqj)

RGE effects are important!

[1308.2627, 1310.4838, 1312.2014, 1711.05270]
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Example: semileptonic operators meet pole observables

lα

lβ

qi

qj

lα

lβ

H

H

Semileptonic operator at scale Λ:

[O(3)
lq ]αβij = (l̄αγµσ

I lβ)(q̄iγ
µσIqj)

RGE:

[Ċ(3)
Hl ]αβ ⊃ 2Nc[C(3)

lq ]αβkl[Y
†
d Yd+Y

†
uYu]lk

[O(3)
Hl ]αβ = (H†iDµσ

IH)(l̄αγ
µσI lβ)

→ Modification of W couplings to leptons:

LWeff = − g√
2

∑
α,β

[
gW αβ
`L

(
¯̀
Lαγ

µνLβ
) ]
Wµ + h.c.

gW αβ
`L

= δαβ +
v2

Λ2
[C(3)
Hl ]αβ

e.g. W → τν, ...

[1310.4838]
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Comment on Inputs: gauge parameters

need to clearly define which are our inputs

α, GF , mZ , αs

all other gauge parameters can be expressed in terms of these

→ e.g. sin2θW =
1

2
−
√

1− 4πα√
2GFm2

Z

NP in µ-decay changes the value of GF = G
(0)
F + δGF :

δGF

G
(0)
F

=
v2

Λ2

([
C(3)
Hl

]
22

+
[
C(3)
Hl

]
11
− 1

2

[
Cll
]
2112
− 1

2

[
Cll
]
1221

)
+O

( v4

Λ4

)
this propagates into all weak-interaction observables
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Comment on Inputs: CKM matrix elements

the same issue applies for the CKM. Our choice:

|Vus|: B(K+ → π0e+ν) and B(KL → π±e∓ν), PDG average

|Vcb|: B(B0 → D−`+ν) and B(B+ → D0`+ν), ` = e, µ average

|Vub|:
dΓ(B → π`ν̄)

dq2
at high-q2

All form-factors taken from lattice (FLAG)

γ: UTfit

NP contributions to the input observables:

B(P → P ′`ν̄)

B(P → P ′`ν̄)SM
=
|Vij |2|
|V (0)
ij |2

=
∑
αβ

ρij `αβ (µ)Cij `α (µ)Cij `β (µ)∗

ραβ numerical factors, Cα LEFT coefficients. NP propagates into the
extracted CKM elements, e.g.

|V (0)
ud | = 1− V 2

us

2
− V 4

us

8
+ δ|Vus|

(
Vus +

V 3
us

2

)
+O(δ|Vus|2)

[1812.08163]

[1902.08191]

[0707.0636]
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HighPT

HighPT

Mathematica package

compute likelihoods in the SMEFT and simplified (LQ) models

@high-pT : Drell-Yan (``, ``′, `ν)

@low energy: flavour observables

Includes EW pole and Higgs observables

→ Combined analyses!

(see talk by Florentin Jaffredo for more details)

[2103.12074]
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Example: LFU tests in charged current B decays

RD(∗) =
B(B → D(∗)τ ν̄)

B(B → D(∗)`ν̄)

` = µ, e

Low-energy effective description:

Lb→cτνeff =− 2
√

2GFVcb

[
(1 + CVL

)
(
c̄LγµbL

)(
τ̄LγµνL

)
+ CVR

(
c̄RγµbR

)(
τ̄LγµνL

)
+ CSL

(
c̄RbL

)(
τ̄RνL

)
+ CSR

(
c̄LbR

)(
τ̄RνL

)
+ CT

(
c̄RσµνbL

)(
τ̄Rσ

µννL
)]

+ h.c. ,
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Example: LFU tests in charged current B decays

Low-energy effective description:

Lb→cτνeff =− 2
√

2GFVcb

[
(1 + CVL

)
(
c̄LγµbL

)(
τ̄LγµνL

)
+ CVR

(
c̄RγµbR

)(
τ̄LγµνL

)
+ CSL

(
c̄RbL

)(
τ̄RνL

)
+ CSR

(
c̄LbR

)(
τ̄RνL

)
+ CT

(
c̄RσµνbL

)(
τ̄Rσ

µννL
)]

+ h.c. ,

SMEFT matching:

CVL
= − v

2

Λ2

∑
i

V2i

V23

([
C(3)
lq

]
33i3

+
[
C(3)
Hq

]
33
− δi3

[
C(3)
Hl

]
33

)
,

CVR
=

v2

2Λ2

1

V23

[
C(3)
Hud

]
23
,

CSL
= − v2

2Λ2

1

V23

[
C(1)
lequ

]∗
3332

,

CSR
= − v2

2Λ2

3∑
i=1

V ∗2i
V23

[
Cledq

]∗
333i

,

CT = − v2

2Λ2

1

V23

[
C(3)
lequ

]∗
3332

,

[O(1)
lq ]ijαβ = (l̄αγµlβ)(q̄iγ

µqj)

[O(3)
lq ]ijαβ = (l̄αγµσ

I lβ)(q̄iγ
µσIqj)

[O(1)
lequ]ijαβ = (l̄αeβ)ε(q̄iuj)

[O(3)
lequ]ijαβ = (l̄ασ

µνeβ)ε(q̄iσµνuj)

[Oledq]ijαβ = (l̄αeβ)(d̄iqj)

[O(3)
Hq]ij = (H†iDµσ

IH)(q̄iγ
µσIqj)

[O(3)
Hl ]αβ = (H†iDµσ

IH)(l̄αγ
µσI lβ)
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Example: LFU tests in charged current B decays

Three possible scenarios:

U1: [
C(1)
lq

]
3323

=
[
C(3)
lq

]
3323

,
[
C(1)
lq

]
3333

=
[
C(3)
lq

]
3333

S1: [
C(1)
lq

]
3333

= −
[
C(3)
lq

]
3333

,
[
C(1)
lequ

]
3332

= −4
[
C(3)
lequ

]
3332

R2: [
C(1)
lequ

]
3332

= 4
[
C(3)
lequ

]
3332

[2103.12504]

(see talk by Olcyr Sumensari)



12

Example: LFU tests in charged current B decays

U1: [
C(1)
lq

]
3323

=
[
C(3)
lq

]
3323

,
[
C(1)
lq

]
3333

=
[
C(3)
lq

]
3333

Computing the LHC likelihood for pp→ ττ, τν:
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Example: LFU tests in charged current B decays

U1: [
C(1)
lq

]
3323

=
[
C(3)
lq

]
3323

,
[
C(1)
lq

]
3333

=
[
C(3)
lq

]
3333

Flavour + EW likelihood:

HighPT takes care of RGE in LEFT,
match it to SMEFT,

and evolve the SMEFT
coefficients up to ΛNP
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Example: LFU tests in charged current B decays

High-pT : pp→ ττ , pp→ τν

Flavor: RD, RD∗ ,
B → K(∗)νν̄

EW: W - and Z-pole
observables + H → ττ

dashed line: 3 ab−1 projection
(2σ)
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Example: LFU tests in charged current B decays

High-pT : pp→ ττ , pp→ τν

Flavor: RD, RD∗ ,
B → K(∗)νν̄

EW: W - and Z-pole
observables + H → ττ

dashed line: 3 ab−1 projection
(2σ)

flat direction: no bb→ ττ
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Example: LFU tests in charged current B decays

High-pT : pp→ ττ , pp→ τν

Flavor: RD, RD∗ ,
B → K(∗)νν̄

EW: W - and Z-pole
observables + H → ττ

dashed line: 3 ab−1 projection
(2σ)

No EW bounds: scalar
operators
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Bounds in simplified LQ models

In the tails, the EFT expansion+truncation may
reach its limits
→ include effects from the propagators of new
heavy states

Simplified model: SM + 1 heavy state: LQ
→ t- and u-channel exchange

InitializeModel[{"U1",2000,0}]
typically leads to weaker bounds from LHC

Choosing two couplings at a time generally
corrresponds to more than two SMEFT operators
→ more correlation between the observables

q `

`q
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Bounds in simplified LQ models: LQ matching

Field S1 R2 U1

Quantum Numbers (3̄,1, 1/3) (3,2, 7/6) (3,1, 2/3)

[Cledq]αβij – – 2[xL1 ]∗iα[xR1 ]jβ[
C(1)
lequ

]
αβij

1
2 [yL1 ]∗iα[yR1 ]jβ − 1

2 [yR2 ]iβ [yL2 ]∗jα –[
C(3)
lequ

]
αβij

− 1
8 [yL1 ]∗iα[yR1 ]jβ − 1

8 [yR2 ]iβ [yL2 ]∗jα –

[Ceu]αβij
1
2 [yR1 ]jβ [yR1 ]∗iα – –

[Ced]αβij – – −[xR1 ]iβ [xR1 ]∗jα

[C`u]αβij – − 1
2 [yL2 ]iβ [yL2 ]∗jα –

[Cqe]ijαβ – − 1
2 [yR2 ]iβ [yR2 ]∗jα –[

C(1)
lq

]
αβij

1
4 [yL1 ]∗iα[yL1 ]jβ – − 1

2 [xL1 ]iβ [xL1 ]∗jα[
C(3)
lq

]
αβij

− 1
4 [yL1 ]∗iα[yL1 ]jβ – − 1

2 [xL1 ]iβ [xL1 ]∗jα



16

U1 ∼ (3,1, 2/3)

LU1
= [xL1 ]iα q̄i /U1lα + [xR1 ]iα d̄i /U1eα + h.c.

LH couplings only

SMEFT operators:

[C(1,3)
lq ]3333,3323,3322
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S1 ∼ (3̄,1, 1/3)

LS1
= [yL1 ]iα S1q̄

c
i εlα + [yR1 ]iα S1ū

c
ieα + h.c.

SMEFT operators:

[C(1,3)
lq ]3333

[C(1,3)
lequ ]3332

[Ceu]3322
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R2 ∼ (3,2, 7/6)

LR2
= −[yL2 ]iα ūiR2εlα + [yR2 ]iα q̄ieαR2 + h.c.

SMEFT operators:
[Cqe]3333

[C(1,3)
lequ ]3332

[Clu]3322
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Outlook

The LHC can provide complementary and competitive bounds on
NP compared to low-energy experiments

HighPT will provide a combined framework to do such analyses

v1 with all high-pT searches (without flavour and EWPT) on
arXiv this month

Stay tuned for the low-energy observables (later this year)!

Thank you!


