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[Phys. Lett. B 716 (2012) 1-29]

https://indico.in2p3.fr/event/37323/
https://www.sciencedirect.com/science/article/pii/S037026931200857X
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ℒSM = −
1
4

GA
μνGAμν −

1
4

WI
μνWIμν −

1
4

BμνBμν

+ ∑
ψ=qL, uR, dR, ℓL, eR

ψ̄ iγμDμψ + (DμH)†(DμH)

−μ2H†H − λ(H†H)2

−(q̄LYuH̃ uR + q̄LYdH dR + ℓ̄LYeH eR + h.c.) .
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Generalities about the Higgs boson in the SM
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SM introduce a spin-0 Higgs field ϕ
• EWSB : Explains how  and  bosons aquire massW Z
• Yukawa couplings : Explains how fermions aquire mass

After EWSB, remaining degree of freedom : Higgs Boson

Quantum diaries

V(H) =
1
2

m2
HH2 + λvH3 +

λ
4

H4

In SM, Higgs Boson properties are tied to the EWSB mechanism

https://www.quantumdiaries.org/2012/02/14/why-do-we-expect-a-higgs-boson-part-ii-unitarization-of-vector-boson-scattering/
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Unbroken phase

ϕ =
ϕ+ = ϕ1 + iϕ2

ϕ0 = ϕ3 + iϕ4
( )

 4 real d.o.f. from Higgs doublet→

 doubletSU(2)L

 4x2 real d.o.f. from Gauge bosons→
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Unbroken phase Broken phase

ϕ =
ϕ+ = ϕ1 + iϕ2

ϕ0 = ϕ3 + iϕ4
( )

 4 real d.o.f. from Higgs doublet→

 doubletSU(2)L

1 Higgs scalar h
3 Goldstone bosons

1physical Higgs boson

Massive gauge 
bosons with 3 
polarizations

Goldstone are eaten
Become longitudinal polarization of W±, Z0

 4x2 real d.o.f. from Gauge bosons→

Vacuum picks a 
direction

SSB

Gauge
Interaction

+
 1 d.o.f. from Higgs scalar→
 3x3 d.o.f. from Vector Bosons→
 2 d.o.f. from Photon→

< ϕ > =
1

2
0

v + h( )
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Beyond the Standard Model (BSM) ?
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Beyond the SM

Gravity ? 

Matter-antimatter 
asymmetry ? 

Shape of Higgs potential ? 

Vacuum stability ? 1
? GeV/c2

0

Loryons

χ

0
0

2

Graviton

g
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SM

This is what we measure if SM is realized in nature

Energy

Events
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SM

Energy

Direct searches, e.g. "bump hunt"

BSM?

Events

14 TeV

 Limited by collider energy reach→
 No new particle discovered (yet?)→
 Searches are very model dependent→
We somehow need to roughly know what we are 
looking for...



Adrien Auriol - LAPP Seminar

 No new particle discovered (yet?)→

Going beyond the SM - direct or effective ?
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SM

Energy

Direct searches, e.g. "bump hunt"

BSM?

Events

14 TeV

 Limited by collider energy reach→

 Searches are very model dependent→
We somehow need to roughly know what we are 
looking for...

Nothing so far! ATL-PHYS-PUB-2024-008

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-008/
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SM

Energy 14 TeV

BSM?

What if NP lives at much higher mass?

Events
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SM

Energy 14 TeV

BSM?

What if NP lives at much higher mass?
 Parametrization of already existing 

     deviations via EFTs
→

Events
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GFn

p

e−

νe

Proposal by E. Fermi to explain  decayβ
during early stage of weak interaction  
theory development

 Point-like interaction→
 Describes well the weak interaction but→

σ =
2

π
sGF
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GFn

p

e−

νe

Proposal by E. Fermi to explain  decayβ
during early stage of weak interaction  
theory development

 Point-like interaction→
 Describes well the weak interaction but→

σ =
2

π
s

Cross-section grows with   Violation of unitaritys →
 Valid for energies << 100 GeV→
 Later developments determined the correct tensor  

     structure + two massive bosons
→

GF

e−

νe

u

d

W

p > > mW
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With Fermi theory we went from GFn

p

e−

νe

e−

νe

u

d

W
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With Fermi theory we went from ?n

p

e−

νe

e−

νe

u

d

?

But can we go the other way? 
i.e. infer New Physics by parametrizing "low" energy
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With Fermi theory we went from 

But can we go the other way? 
i.e. infer New Physics by parametrizing "low" energy

EFT recipe

?n

p

e−

νe

e−

νe

u

d

?

Step 1 : We fix the field content
Step 2 : We fix the symmetries
Step 3 : We write an exhaustive list of allowed interactions 
                at a fixed order
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With Fermi theory we went from 

But can we go the other way? 
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SU(2)L × SU(3)C × U(1)Y

i.e. infer New Physics by parametrizing "low" energy
EFT recipe

?n

p

e−

νe

e−

νe

u

d

?

Step 1 : We fix the field content
Step 2 : We fix the symmetries
Step 3 : We write an exhaustive list of allowed interactions 
                at a fixed order



Adrien Auriol - LAPP Seminar

How to build an Effective theory?

27

Step 1 : We fix the field content
Step 2 : We fix the symmetries
Step 3 : We write an exhaustive list of allowed interactions 
                at a fixed order

With Fermi theory we went from 

But can we go the other way? 

SM

ℒSMEFT = ℒSM +
∞

∑
d=5

∑
i

ci,d

Λd−4
𝒪(d)

i

i.e. infer New Physics by parametrizing "low" energy
EFT recipe

?n

p

e−

νe

e−

νe

u

d

?

SU(2)L × SU(3)C × U(1)Y
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Effective field theory approach
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Current data tends to incate that NP lives at (very) high energy scale

EFTs provide :

 Fairly model-agnostic approach→

New heavy particles beyond the reach of LHC could distord "low" energy physics

 Way to integrate out heavy degrees of freedom→

 Only considers SM content (exhaustive list of fields)→

 Treats all SM sectors equivalently→
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- Accelerates protons and heavy-
ions to nearly speed of light

- 27 km circumference accelerator

- Four collisions points, each with a 
detector designed for specific 
purpose
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- Accelerates protons and heavy-
ions to nearly speed of light

- 27 km circumference accelerator

- Four collisions points, each with a 
detector designed for specific 
purpose
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General purpose detectors : ATLAS & CMS
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- "Onion layers" detector 
structure

- Various subsystems used in 
combination : 
- Trigger 
- Tracking 
- Calorimetry 
- Particle Identification 

(biased) e.g. ATLAS here, but same main principle for CMS



1st protagonist
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Higgs @ proton collider : prod. and decay
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Production mode Cross-section (pb)
ggH

VBF

WH

ZH

ttH

bbH

tH

Rest
6 %

VBF
7 %ggH

87 %

For SM Higgs @ 13 TeV...

Ht, b
g

g

H
q

V
q q

q

48.31

3.771

1.359

0.877

0.503

0.482

0.092
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Higgs has narrow width and decays very quickly!

Production mode Cross-section (pb) Branching ratioDecay Channel
ggH

VBF

WH

ZH

ttH

bbH

tH

48.31

3.771

1.359

0.877

0.503

0.482

0.092

Rest
6 %

VBF
7 %ggH

87 %

bb

For SM Higgs @ 13 TeV...

WW
gg

ττ
cc
ZZ
γγ

57.63
22

8.15
6.21

2.86
2.71

0.227

Rest
0,1 %

γγ
0,2 %

ZZ
2,7 %

cc
2,9 %

ττ
6,2 %

gg
8,2 %

WW
22,0 %

bb
57,7 %

Ht, b
g

g

H
q

V
q q

q
H

V

V
H

f

f

H
t, b γ

γV
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Discovery 
~200k Higgs prod.

Today 
~24M Higgs prod.
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~170M Higgs prod.

End of Run 2 
~7.7M Higgs prod.

We analysed barely ~5% of the (HL)LHC dataset! 
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The Top quark as a probe for new physics
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Heaviest particle in the SM
why?

 Strongest coupling to Higgs sector→
 Particuliar connection to Heavy New Sector?→

Decays before hadronization

 Allows to study a "bare" quark→
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Production mode Cross-section (pb)

gg → tt̄

qq → tt̄
833.9}

~90%

~10%

qq
10 %

gg
90 %

Mostly producted via QCD in  pairtt̄
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Production mode Cross-section (pb)
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Production mode Cross-section (pb) Branching ratioDecay Channel

gg → tt̄

qq → tt̄
833.9}

~90%

~10%

tt̄W

tt̄Z

tt̄H

tt̄tt̄

0.745

0.811

0.529

0.015

qq
10 %

gg
90 %

Mostly producted via QCD in  pairtt̄

t → b + W 99.8
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Production mode Cross-section (pb) Branching ratioDecay Channel

gg → tt̄

qq → tt̄
833.9}

~90%

~10%

tt̄W

tt̄Z

tt̄H

tt̄tt̄

0.745

0.811

0.529

0.015

qq
10 %

gg
90 %

Mostly producted via QCD in  pairtt̄

t → b + W 99.8

Then, final states from  decaysW

t → b + W( → qq̄)
t → b + W( → eνe)
t → b + W( → μνμ)
t → b + W( → τντ)

66.5
11
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11
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Production mode Cross-section (pb) Branching ratioDecay Channel

gg → tt̄

qq → tt̄
833.9}

~90%

~10%

tt̄W

tt̄Z

tt̄H

tt̄tt̄

0.745

0.811

0.529

0.015

qq
10 %

gg
90 %

Mostly producted via QCD in  pairtt̄

t → b + W 99.8

Then, final states from  decaysW

t → b + W( → qq̄)
t → b + W( → eνe)
t → b + W( → μνμ)
t → b + W( → τντ)

66.5
11
11
11

So, for  pair :tt̄

leptonic
9,0 %

τ+jets
15,0 %

μ+jets
15,0 %

e+jets
15,0 %

all jets
46,0 %

LHC is a top quark factory
O(100M)  events produced in Run 2tt̄
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Simulation of a process
Using generators e.g. MadGraph

Include "soft" processes (e.g. hadronisation)
Include info. about Proton Distrib. Fonction
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Simulation of a process

Simulation of ATLAS detector

Using generators e.g. MadGraph
Include "soft" processes (e.g. hadronisation)
Include info. about Proton Distrib. Fonction
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Simulation of a process

Simulation of ATLAS detector

Reconstruction of an event

Using generators e.g. MadGraph
Include "soft" processes (e.g. hadronisation)
Include info. about Proton Distrib. Fonction

i.e. [electronic signals]  [photon with ]→ pT = 500 GeV
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Simulation of a process

Simulation of ATLAS detector

Reconstruction of an event

Event selection

Using generators e.g. MadGraph
Include "soft" processes (e.g. hadronisation)
Include info. about Proton Distrib. Fonction

i.e. [electronic signals]  [photon with ]→ pT = 500 GeV

Defining phase space regions rich (and poor) in signal
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Simulation of a process

Simulation of ATLAS detector

Reconstruction of an event

LHC dataset

Event selection

Using generators e.g. MadGraph
Include "soft" processes (e.g. hadronisation)
Include info. about Proton Distrib. Fonction

i.e. [electronic signals]  [photon with ]→ pT = 500 GeV

Defining phase space regions rich (and poor) in signal
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Simulation of a process

Simulation of ATLAS detector

Reconstruction of an event

LHC dataset
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Using generators e.g. MadGraph
Include "soft" processes (e.g. hadronisation)
Include info. about Proton Distrib. Fonction

i.e. [electronic signals]  [photon with ]→ pT = 500 GeV

Defining phase space regions rich (and poor) in signal
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Simulation of a process

Simulation of ATLAS detector

Reconstruction of an event

LHC dataset

Event selection

Using generators e.g. MadGraph
Include "soft" processes (e.g. hadronisation)
Include info. about Proton Distrib. Fonction

i.e. [electronic signals]  [photon with ]→ pT = 500 GeV

Defining phase space regions rich (and poor) in signal
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Simulation of a process

Simulation of ATLAS detector

Reconstruction of an event

LHC dataset

Event selection

ℒ( | )

Using generators e.g. MadGraph
Include "soft" processes (e.g. hadronisation)
Include info. about Proton Distrib. Fonction

i.e. [electronic signals]  [photon with ]→ pT = 500 GeV

Defining phase space regions rich (and poor) in signal

 Dependance of theory param. on observables→

data prediction  Experimental related uncertainties (calibrations, 
fake reco., ...)
→

 Theory uncertainties (PDF, loop calculations)→



Recap. so far
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SM is heathlier than ever  we need to go beyond→
We have a already large dataset to explore

and a even larger one yet to explore

Higgs boson and Top quark seems to be the most promissing probes of NP at LHC

Current data tends to incate that NP lives at (very) high energy scale
 Effective approach is needed→

EFTs



Probing the Top-Higgs Quartic 
interation
through an EFT interpretation of ttHH production at ATLAS
arXiv:2026.13113

https://arxiv.org/abs/2603.13113
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Motivations
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LHC @ 13.6 TeV
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(a)

3

SM

• 3rd leading HH production mode @ LHC 

ggF - H

ggF - HH

VBF - HH

tt̄HH

~50k fb

~35 fb

~2 fb

0.87fb

÷ 1500

LHC @ 13.6 TeV

• Gives direct access to  quartic interactiontt̄HH

÷ 18

÷ 2
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ttHH production

62

arXiv:1401.7340

We stand here

• Cross-section scales faster with  

• Unique interference pattern dependance on 

s

κλ
We'll come back to that later...

https://arxiv.org/abs/1401.7340
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Single lep. channel (1L) 

 and semileptonic HH → 4b tt̄
Multi-lep. Channel (ML)  

 HH → bb̄WW, bb̄ττ, . . .

20%

7%

• 1L and ML : Fit Transformer score
•  :            Fit on  after BDT selectionbb̄γγ mγγ

Obs. limit on  : 26 x SMμ Obs. limit on  : 40 x SMμ Obs. limit on  : 75 x SMμ

Obs. limit on  : 20 x SMμ

 channel bb̄γγ
HH → bb̄γγ

dom. bkg :  tt̄ + jets dom. bkg : , QmidID tt̄W, tt̄tt̄ dom. bkg :  continuumγγ + jets

Strategy

0.3%
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20%
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•  :            Fit on  after BDT selectionbb̄γγ mγγ

Obs. limit on  : 26 x SMμ Obs. limit on  : 40 x SMμ Obs. limit on  : 75 x SMμ

Obs. limit on  : 20 x SMμ

 channel bb̄γγ
HH → bb̄γγ

dom. bkg :  tt̄ + jets dom. bkg : , QmidID tt̄W, tt̄tt̄ dom. bkg :  continuumγγ + jets

Strategy

0.3%



Adrien Auriol - LAPP Seminar

Limitations

65

Dominant systematic unc. :  
heavy flavour modelling and 4 tops

Overall  Balance between stat. and 
modelling

→
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Higgs Effective Field Theory

66

E ∼ ΛNPELHC < <

ctt̄HH
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Higgs Effective Field Theory
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E ∼ ΛNPELHC < <

Step 1 : We fix the field content
Step 2 : We fix the symmetries
Step 3 : We write an exhaustive 
list of allowed interactions at 
given order

EFT recipe

ctt̄HH
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E ∼ ΛNPELHC < <

Step 1 : We fix the field content
Step 2 : We fix the symmetries
Step 3 : We write an exhaustive 
list of allowed interactions at 
given order

EFT recipe

HEFT relaxes the assumption that the 
physical Higgs boson  is part of a 

 doublet
h

SU(2)L

 Higgs properties 
unconstrained by EWSB pattern
→

ctt̄HH



Adrien Auriol - LAPP Seminar

Higgs Effective Field Theory
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E ∼ ΛNPELHC < <

Step 1 : We fix the field content
Step 2 : We fix the symmetries
Step 3 : We write an exhaustive 
list of allowed interactions at 
given order

EFT recipe

HEFT relaxes the assumption that the 
physical Higgs boson  is part of a 

 doublet
h

SU(2)L

 Higgs properties 
unconstrained by EWSB pattern
→

 single and multi-Higgs 
couplings are decoupled
→

ctt̄HH
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Higgs Effective Field Theory

70

E ∼ ΛNPELHC < <

ℒHEFT ⊃ − mt(ctt̄H
h
v

+
h2

v2
)tt̄ − κλ

m2
H

2v
h3ctt̄HH

Step 1 : We fix the field content
Step 2 : We fix the symmetries
Step 3 : We write an exhaustive 
list of allowed interactions at 
given order

EFT recipe

HEFT relaxes the assumption that the 
physical Higgs boson  is part of a 

 doublet
h

SU(2)L

 Higgs properties 
unconstrained by EWSB pattern
→

 single and multi-Higgs 
couplings are decoupled
→

ctt̄HH
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Strategy and results

71

Exploit cross-section 
dependance  

in 1L and ML channels

Reinterpretation

ℒ(d |μ) ℒ(d |σ( ))ctt̄HH



Adrien Auriol - LAPP Seminar

Strategy and results

72

Exploit cross-section 
dependance  

in 1L and ML channels

Acceptance effects 
covered by 30% unc. on 

signal yield

Shape variations 
neglected (evaluated to 

have a small impact)

Reinterpretation

ℒ(d |μ) ℒ(d |σ( ))ctt̄HH
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Aparte : EFT modelling
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Sample simulation is expensive
in €, in time, and in CO2
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Sample simulation is expensive
in €, in time, and in CO2

 we need a way to save ressources while covering the most out of the phase space→
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1. Generate  events at parton level (~ free)tt̄HH
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3a. Save the ratio of kinematic information
3b. Save the evolution of cross-section
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3a. Save the ratio of kinematic information

4. Reapply it back to the fully simulated sample

3b. Save the evolution of cross-section
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in €, in time, and in CO2

 we need a way to save ressources while covering the most out of the phase space→

1. Generate  events at parton level (~ free)tt̄HH

2. Do it for multiple values of ctt̄HH

3a. Save the ratio of kinematic information

4. Reapply it back to the fully simulated sample

Pros : 
It's cheap!

3b. Save the evolution of cross-section



Adrien Auriol - LAPP Seminar

Aparte : EFT modelling

80

Sample simulation is expensive
in €, in time, and in CO2

 we need a way to save ressources while covering the most out of the phase space→

1. Generate  events at parton level (~ free)tt̄HH

2. Do it for multiple values of ctt̄HH

3a. Save the ratio of kinematic information

4. Reapply it back to the fully simulated sample

Pros : Cons : 
It's cheap! How can we be sure that we capture well the 

dependances for the variable we fit?
We can't, but we can estimate that the effect is ~small

3b. Save the evolution of cross-section
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First : we need a model!

81

• Modification of the SM Lagrangian with additional vertices  

• Implemented by M. Ryczkowski & R. Groeber using FeynRules UFO model 
format. Can be found on github.com/Ryczek/CttHH 

• Model validated against SMEFT using SMEFTsim with internal studies

ctt̄HH, ctt̄H, κλ

https://github.com/Ryczek/CttHH
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• Modification of the SM Lagrangian with additional vertices  

• Implemented by M. Ryczkowski & R. Groeber using FeynRules UFO model 
format. Can be found on github.com/Ryczek/CttHH 

• Model validated against SMEFT using SMEFTsim with internal studies

ctt̄HH, ctt̄H, κλ

ctt̄HH = −
3v3

2 2Λ2mt

cuH +
v2

Λ2
cH□ −

v2

4Λ2
cHD

cHHH = 1 −
v2

Λ2
(2

v2

m2
H

cH − 3cH□ +
3
4

cHD)

ctt̄H = 1 −
v2

Λ2
(cH□ −

1
4

cHD) −
v3

2Λ2mt

cuH

arXiv:2304.01968

https://github.com/Ryczek/CttHH
https://arxiv.org/abs/2304.01968
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• Modification of the SM Lagrangian with additional vertices  

• Implemented by M. Ryczkowski & R. Groeber using FeynRules UFO model 
format. Can be found on github.com/Ryczek/CttHH 

• Model validated against SMEFT using SMEFTsim with internal studies

ctt̄HH, ctt̄H, κλ

ctt̄HH = −
3v3

2 2Λ2mt

cuH +
v2

Λ2
cH□ −

v2

4Λ2
cHD

cHHH = 1 −
v2

Λ2
(2

v2

m2
H

cH − 3cH□ +
3
4

cHD)

ctt̄H = 1 −
v2

Λ2
(cH□ −

1
4

cHD) −
v3

2Λ2mt

cuH

arXiv:2304.01968

 Agreement at ~1% level→

https://github.com/Ryczek/CttHH
https://arxiv.org/abs/2304.01968
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A probe for HEFT vs. SMEFT

84

ctt̄HH = −
3v3

2 2Λ2mt

cuH +
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Λ2
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v2

4Λ2
cHD

cHHH = 1 −
v2
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cH − 3cH□ +
3
4

cHD)

ctt̄H = 1 −
v2

Λ2
(cH□ −

1
4

cHD) −
v3

2Λ2mt

cuH

arXiv:2304.01968

https://arxiv.org/abs/2304.01968
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ctt̄HH = −
3v3

2 2Λ2mt

cuH +
v2

Λ2
cH□ −

v2

4Λ2
cHD

cHHH = 1 −
v2

Λ2
(2

v2

m2
H

cH − 3cH□ +
3
4

cHD)

ctt̄H = 1 −
v2

Λ2
(cH□ −

1
4

cHD) −
v3

2Λ2mt

cuH

arXiv:2304.01968

Connects HEFT and SMEFT in tt̄HH

In SMEFT,  and  processes are bound together tt̄HH tt̄H

HEFT provides a way to decorellate them and study the Higgs mechanism

https://arxiv.org/abs/2304.01968
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Cross-section dependance

88

Quadratic dependance  Expected→
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| |2 + cross-terms...

This also tells us that the cross-terms are small wrt. 
quad. terms
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How to extract the most kin. information?

Ideally : ∼
ℳSM

ℳBSM

 optimal as long as phase-space is ~comparable→
not trivial as we proble heavy-mass

 but require to define the Wilson coefficient space to be probed→
i.e. you need to know your plan in advance

no modifications a posteriori
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Ideally : ∼
ℳSM

ℳBSM

 optimal as long as phase-space is ~comparable→
not trivial as we proble heavy-mass

 but require to define the Wilson coefficient space to be probed→
i.e. you need to know your plan in advance

no modifications a posteriori

Not possible as no HEFT model existed at the time!

How to extract the most kin. information?
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Ideally : ∼
ℳSM

ℳBSM

 optimal as long as phase-space is ~comparable→
not trivial as we proble heavy-mass

 but require to define the Wilson coefficient space to be probed→
i.e. you need to know your plan in advance

no modifications a posteriori

Not possible as no HEFT model existed at the time!
Instead we can take a sensitive distribution
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How to extract the most kin. information?
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Ideally : ∼
ℳSM
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 optimal as long as phase-space is ~comparable→
not trivial as we proble heavy-mass

 but require to define the Wilson coefficient space to be probed→
i.e. you need to know your plan in advance

no modifications a posteriori

Not possible as no HEFT model existed at the time!
Instead we can take a sensitive distribution
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Or even better...

How to extract the most kin. information?
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Ideally : ∼
ℳSM

ℳBSM

 optimal as long as phase-space is ~comparable→
not trivial as we proble heavy-mass

 but require to define the Wilson coefficient space to be probed→
i.e. you need to know your plan in advance

no modifications a posteriori

Not possible as no HEFT model existed at the time!
We can take a 2D distribution: 
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arXiv:2502.20976
answers this question in the context of ggF diHiggs 

How to extract the most kin. information?

https://arxiv.org/abs/2502.20976v2
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Fit Variable

Events
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What effects do we need to take into account?

96

Acceptance effects 
covered by 30% unc. on 

signal yield

Fit Variable

Events

Signal regionControl region

30% is very conservative
Flat uncertainty for all values of ctt̄HH
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What effects do we need to take into account?
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Shape variations 
neglected (evaluated to 

have a small impact)

Fit Variable

Events

Signal region

SM

Reweighting 1

Reweighting 2

Does the shapes 
have an impact on 

the sensitivity?

We tested 7 alternative 
reweightings against no 

shape variation

At most 10% impact on 95% CL interval
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Strategy and results

98

Exploit cross-section 
dependance  

in 1L and ML channels

Acceptance effects 
covered by 30% unc. on 

signal yield

Shape variations 
neglected (evaluated to 

have a small impact)

Reinterpretation

ℒ(d |μ) ℒ(d |σ( ))ctt̄HH
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Strategy and results
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Almost flat likelihood 
(small degeneracy in ML channel)

Obs. : ctt̄HH ∈ [−3.9, 3.3] @ 95 %CL
Exp. : ctt̄HH ∈ [−4.1, 3.5] @ 95 %CL

Exploit cross-section 
dependance  

in 1L and ML channels

Acceptance effects 
covered by 30% unc. on 

signal yield

Shape variations 
neglected (evaluated to 

have a small impact)

Reinterpretation

ℒ(d |μ) ℒ(d |σ( ))ctt̄HH
 Not sensible to sign→
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Outlook of ATLAS analysis
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Obs. : ctt̄HH ∈ [−3.9, 3.3] @ 95 %CL
Exp. : ctt̄HH ∈ [−4.1, 3.5] @ 95 %CL

• First search for  done by ATLAS 

 

tt̄HH
 Most stringent direct limits on → ctt̄HH
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Outlook of ATLAS analysis
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Obs. : ctt̄HH ∈ [−3.9, 3.3] @ 95 %CL
Exp. : ctt̄HH ∈ [−4.1, 3.5] @ 95 %CL

• First search for  done by ATLAS 

 

tt̄HH

CMS tt̄HH

Obs. 95% CL limits on ctt̄HH [-8.0, 7.5]

[CMS-PAS-HIG-23-004]

 Most stringent direct limits on → ctt̄HH

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-004/index.html
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CMS ttHH analysis (1)

102

• Targets  with  with Run 2 dataγγ + X X ∈ [b, W±, τ±]
• Similar modelling strategy as ATLAS (MVA discriminant)
• Both         and  probed (called resp.  and )ctHH c2 κtctt̄HH

Not ...κλ

CMS-PAS-HIG-23-004

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-004/index.html
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CMS ttHH analysis (2)

Limits on resonant production of CP-even heavy neutral scalar ( )  in 
the context of type-II 2HDM and heavy VLQ   pair production in the  

 final state

H2
T′￼

T′￼ → tH

CMS-PAS-HIG-23-004

natural candidate to test HEFT vs. SMEFT

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-004/index.html
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Outlook of ATLAS analysis
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Obs. : ctt̄HH ∈ [−3.9, 3.3] @ 95 %CL
Exp. : ctt̄HH ∈ [−4.1, 3.5] @ 95 %CL

• First search for  done by ATLAS 

 

tt̄HH

CMS tt̄HH

Obs. 95% CL limits on ctt̄HH [-8.0, 7.5]

[CMS-PAS-HIG-23-004]

 Most stringent direct limits on → ctt̄HH

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-004/index.html
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Outlook of ATLAS analysis
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Obs. : ctt̄HH ∈ [−3.9, 3.3] @ 95 %CL
Exp. : ctt̄HH ∈ [−4.1, 3.5] @ 95 %CL

• First search for  done by ATLAS 

 

tt̄HH

CMS tt̄HH ATLAS HH comb. CMS HH comb.

Obs. 95% CL limits on ctt̄HH [-8.0, 7.5] [-0.19, 0.7] [-0.29, 0.59]

[arXiv:2406.09971] [arXiv:2510.07527][CMS-PAS-HIG-23-004]

 Most stringent direct limits on → ctt̄HH

https://arxiv.org/abs/2406.09971
https://arxiv.org/abs/2510.07527
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-004/index.html
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Comparison with ggF - HH

106

Parametrised with more couplings
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Outlook of ATLAS analysis
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Obs. : ctt̄HH ∈ [−3.9, 3.3] @ 95 %CL
Exp. : ctt̄HH ∈ [−4.1, 3.5] @ 95 %CL

• First search for  done by ATLAS 

 

tt̄HH

CMS tt̄HH ATLAS HH comb. CMS HH comb.

Obs. 95% CL limits on ctt̄HH [-8.0, 7.5] [-0.19, 0.7] [-0.29, 0.59]

[arXiv:2406.09971] [arXiv:2510.07527][CMS-PAS-HIG-23-004]

 Most stringent direct limits on → ctt̄HH

https://arxiv.org/abs/2406.09971
https://arxiv.org/abs/2510.07527
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-004/index.html
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Obs. : ctt̄HH ∈ [−3.9, 3.3] @ 95 %CL
Exp. : ctt̄HH ∈ [−4.1, 3.5] @ 95 %CL

• First search for  done by ATLAS 

 

tt̄HH

CMS tt̄HH ATLAS HH comb. CMS HH comb.

Obs. 95% CL limits on ctt̄HH [-8.0, 7.5] [-0.19, 0.7] [-0.29, 0.59]

[arXiv:2406.09971] [arXiv:2510.07527][CMS-PAS-HIG-23-004]

 More challenging in ggF unless further assumptions imposed→

 Most stringent direct limits on → ctt̄HH

 In , these enter at higher loop order→ tt̄HH
• ggF more sensitive, but parametrised with two additional Higgs-gluon couplings :  and  cggH cggHH

https://arxiv.org/abs/2406.09971
https://arxiv.org/abs/2510.07527
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-004/index.html


Adrien Auriol - LAPP Seminar

Possible improvements

109

Effect of running?
We set limits on Wilson coefficients at a given scale

~1TeV @ LHC
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Effect of running?

renormalization group eqs

We set limits on Wilson coefficients at a given scale

• From SMEFT implementation of RGEs

• Educated guess ~ limits from ggF at typical LHC scale
~30% at 2 TeV

• Subdominant for now, what about in the future?

~1TeV @ LHC

Is this running valid?  proper implementation of HEFT running needed→

• Other operators that could become important at  
   higher scale

probably not

In effective theories : operators mixing depends on Λ
Negligible operators could become 

~important at higher scale



Conclusion
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Top and Higgs sectors are promissing probes 
for exploring EWSB + connexion to heavy NP

 is promising but still limited tt̄HH
 Importance of processes such as , → tt̄tt̄ tt̄H
 Factor ~2 of size of 95%CL interval by the end of Run 4→

We are already in the SM precision era, even though ~95% of the LHC dataset yet to be analyzed
EFT approach is a powerful tool to probe BSM, in particular heavy physics
Still a lot of room for improvement

 Combinations, between analysis, and between experiments→
 Higher order effets to be taken into account (running of the coeffs)→
 Designing analysis specifically for EFT→

HEFT vs. "traditional" SMEFT interpretion when relevant
What UV model have different predictions in both frameworks?



Thank you!
😊



Backup
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Single lepton from W and  4 b-tagged jets≥

Dominant background : tt̄ + jets

Signal / Background split by jet-multiplicity

Fit from a GNN score
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1L Run 2 CR distributions

• Signal defined by jet 
multiplicity  

• Well understood 
background
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1L Run 2 SR distributions
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1L Run 3 CR distributions

• Signal defined by jet 
multiplicity  

• Well understood 
background
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1L Run 3 SR distributions
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 2 b-tagged jets 
 2 same-sign leptons from top and Higgs

≥
≥

Dominant irreducible backgrounds : 
 and  normalizationtt̄W tt̄tt̄

Channel which suffers a lot from 
instrumental backrounds :

 Charge mis-identification→
 "Fake" leptons from HF decays or 

photon conversions
→

i.e. photons which look like lepton
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ML Run 2 CR distributions
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ML Run 2 SR distributions
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ML Run 3 CR distributions
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ML Run 3 SR distributions
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Expected likelihood for EFT fit
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HEFT vs. SMEFT power counting

Loop expansion

EFT expansionLO NLO

NNLO

NLO

NNLO

SMEFT power counting keeps EFT independent of loop expansion
HEFT power counting counts loops, so one is constrained on the diagonal

SMEFT HEFT

[arXiv:2511.23410]

https://arxiv.org/abs/2511.23410
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Lagrangian : 

Event rates :

ℒEFT = ℒSM + ∑
i

c(6)
i

Λ2
𝒪(6)

i + ∑
i

c(8)
i

Λ4
𝒪(8)

i + . . .

σEFT ∼ |ℳSM + ℳ6 + ℳ6+6 + ℳ8 + . . . |2

One d=6 Two d=6 One d=8

Λ0

Λ−2

Λ−4

Λ−6

Λ−8

One d=6 Two d=6 One d=8SM

σ ∼ |ℳSM |2

+Re(ℳ6 ⋅ ℳSM)

+ |ℳ6 |2

+ |ℳ6+6 |2
+ |ℳ8 |2

+Re(ℳ6+6 ⋅ ℳSM) +Re(ℳ8 ⋅ ℳSM)

+Re(ℳ6+6 ⋅ ℳ6) +Re(ℳ8 ⋅ ℳ6)

+Re(ℳ8 ⋅ ℳ6+6)
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Lagrangian : 

Event rates :

ℒEFT = ℒSM + ∑
i

c(6)
i

Λ2
𝒪(6)

i + ∑
i

c(8)
i

Λ4
𝒪(8)

i + . . .

σEFT ∼ |ℳSM + ℳ6 + ℳ6+6 + ℳ8 + . . . |2

One d=6 Two d=6 One d=8

Λ0

Λ−2

Λ−4

Λ−6

Λ−8

One d=6 Two d=6 One d=8SM

σ ∼ |ℳSM |2

+Re(ℳ6 ⋅ ℳSM)

+ |ℳ6 |2

+ |ℳ6+6 |2
+ |ℳ8 |2

+Re(ℳ6+6 ⋅ ℳSM) +Re(ℳ8 ⋅ ℳSM)

+Re(ℳ6+6 ⋅ ℳ6) +Re(ℳ8 ⋅ ℳ6)

+Re(ℳ8 ⋅ ℳ6+6)

SMEFT linear d=6



Adrien Auriol - LAPP Seminar

HEFT vs. SMEFT power counting

139

Lagrangian : 

Event rates :

ℒEFT = ℒSM + ∑
i

c(6)
i

Λ2
𝒪(6)

i + ∑
i

c(8)
i

Λ4
𝒪(8)

i + . . .

σEFT ∼ |ℳSM + ℳ6 + ℳ6+6 + ℳ8 + . . . |2

One d=6 Two d=6 One d=8

Λ0

Λ−2

Λ−4

Λ−6

Λ−8

One d=6 Two d=6 One d=8SM

σ ∼ |ℳSM |2

+Re(ℳ6 ⋅ ℳSM)

+ |ℳ6 |2

+ |ℳ6+6 |2
+ |ℳ8 |2

+Re(ℳ6+6 ⋅ ℳSM) +Re(ℳ8 ⋅ ℳSM)

+Re(ℳ6+6 ⋅ ℳ6) +Re(ℳ8 ⋅ ℳ6)

+Re(ℳ8 ⋅ ℳ6+6)

SMEFT linear d=6

SMEFT 
linear+quad d=6
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Lagrangian : 

Event rates :

ℒEFT = ℒSM + ∑
i

c(6)
i

Λ2
𝒪(6)

i + ∑
i

c(8)
i

Λ4
𝒪(8)

i + . . .

σEFT ∼ |ℳSM + ℳ6 + ℳ6+6 + ℳ8 + . . . |2

One d=6 Two d=6 One d=8

Λ0

Λ−2

Λ−4

Λ−6

Λ−8

One d=6 Two d=6 One d=8SM

σ ∼ |ℳSM |2

+Re(ℳ6 ⋅ ℳSM)

+ |ℳ6 |2

+ |ℳ6+6 |2
+ |ℳ8 |2

+Re(ℳ6+6 ⋅ ℳSM) +Re(ℳ8 ⋅ ℳSM)

+Re(ℳ6+6 ⋅ ℳ6) +Re(ℳ8 ⋅ ℳ6)

+Re(ℳ8 ⋅ ℳ6+6)

SMEFT linear d=6 SMEFT linear d=8

SMEFT 
linear+quad d=6
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Lagrangian : 

Event rates :

ℒEFT = ℒSM + ∑
i

c(6)
i

Λ2
𝒪(6)

i + ∑
i

c(8)
i

Λ4
𝒪(8)

i + . . .

σEFT ∼ |ℳSM + ℳ6 + ℳ6+6 + ℳ8 + . . . |2

One d=6 Two d=6 One d=8

Λ0

Λ−2

Λ−4

Λ−6

Λ−8

One d=6 Two d=6 One d=8SM

σ ∼ |ℳSM |2

+Re(ℳ6 ⋅ ℳSM)

+ |ℳ6 |2

+ |ℳ6+6 |2
+ |ℳ8 |2

+Re(ℳ6+6 ⋅ ℳSM) +Re(ℳ8 ⋅ ℳSM)

+Re(ℳ6+6 ⋅ ℳ6) +Re(ℳ8 ⋅ ℳ6)

+Re(ℳ8 ⋅ ℳ6+6)
HEFT

SMEFT linear d=6 SMEFT linear d=8

SMEFT 
linear+quad d=6
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Results on signal stength

• No excess observed 

• 95% CL Upper Limits :  
20 (21) x SM 

• Most stringent limits to date
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Signal strength results split by channels

• 1L and ML are the most 
sensitive channels
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Most of the results / figures presented in this seminar are sourced, but here is a list of other very 
good presentations I've used as reference while preparing it

Arthur Lafarge's Ph.D. defense

Rahul Balasubramanian's seminar @ LAPP

Jonathon Langford's seminar @ CERN

Tina Ojeda's talk @ Moriond EW
Search for deviations within the EFT framework at ATLAS and CMS

 Overview of EFT landscape, highlighting the current problems with this tool →

Combined measurements and interpretations of Higgs boson production and decay in CMS
 Overview of Higgs boson physics in CMS (and LHC in general)→

 Overview of Standard Model Effective field theory in ATLAS→
Effectively going beyond the Standard Model with the ATLAS experiment

What the double production of the Higgs boson with a two-photon signature in ATLAS 
reveals about the stability of our universe and how a chronometer will illuminate our 
understanding?

 Overview of di-Higgs physics →

https://indico.in2p3.fr/event/37323/attachments/97708/150441/Lafarge_PhD_HH-and-HGTD_2025.pdf
https://indico.in2p3.fr/event/31998/attachments/84116/125417/slides_RahulBalasubramanian.pdf
https://indico.cern.ch/event/1652151/attachments/3225718/5748772/lpcc_seminar_260224.pdf
https://indico.in2p3.fr/event/39055/contributions/170267/attachments/100441/155722/8_MOjeda-v2.pdf

