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My contributions within ATLAS in a nutshell

Detector Data reconstruction 
simulation
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Physics Analysis

✓Detector optimizations for the 
ATLAS upgrades 

✓Coordination of TRT software 
team (~20 persons)

✓MC simulation / modelling studies

✓ Analyst of 9 ATLAS publications 

✓ Analysis contact of 4 publications.             
~ 10-20 persons

✓ Convener of the ATLAS Standard Model 
Electroweak Group (~ 250 persons)

✓ Convener of the ATLAS-Germany 
Standard Model Group (14 Universities + 
DESY + MPI)

✓ Convener of the ATLAS Diboson 
resonance search group (~ 100 persons)✓ LHC Electroweak Multibosons working group

✓VBSCan EU COST Network
✓COMETA EU COST Network

Representing ATLAS

In this talk:

Direct participation
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2020 Carsten Bittrich * WZ VBS CERN-THESIS-2020-039

2022 Stefanie Todt * Same sign WW VBS EFT interpretations
CERN-THESIS-2022-268
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2023 Tim Herrmann * Same sign WW VBS CERN-THESIS-2023-419
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Where the actors meet

the Electroweak symmetry breaking 
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Symmetric: 
mw = mz = m! = 0

quantumdiaries.org

Value of the 
Higgs Field !

W
+

W
-

+

-

4 massless gauge bosons 
(Only Transversal polarization states)

https://www.quantumdiaries.org/2011/10/10/who-ate-the-higgs/
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Value of the 
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Broken Symmetry! 
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mw, mz ≠ 0

The Goldstone bosons

W
+

W
-
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Broken Symmetry! 

m! = 0 
mw, mz ≠ 0

W,Z longitudinal polarization
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Broken Symmetry! 
m! = 0 

mw, mz ≠ 0

The Goldstone bosons are absorbed 
becoming the W and Z  

The photon remains massless and with only transversal polarization

W
+

W
-

W
+

Z

Goldstone boson 
Equivalence theorem 

“At high energy, longitudinal 
vector bosons are analogous 

to goldstone bosons”

Longitudinal polarization (V0 = Z0, W0)
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the main actors 

supporting actor

1. Challenge the SM

Now we know that the cast is all related

Quartic Bosons interactions ◦ 
Longitudinally polarized boson interactions ◦ 

Higgs Boson self interactions ◦ 

H

H

H

H

H
V

V

VL

H

VL

VL VL

VL VL

VL VL
©

Verify if the 
unitarisation 
is complete

Higgs 
potential

Longitudinal polarization (V0 = Z0, W0)
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the main actors 

supporting actor

Longitudinal polarization (V0 = Z0, W0)

1. Challenge the SM

The Outline

Quartic Bosons interactions ◦ 
Longitudinal polarised bosons interactions ◦ 

Higgs Boson self interactions ◦ 

Look for New physics2.

New resonance ◦ 
Deviations on SM predictions ◦
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New physics in bumps and tails

X If MX > ELHC,

new interaction in tails
V1

V2

V1

V2

MX
MX

ELHC

Mx > ELHCMV1V2MV1V2

Direct search approach
(model dependent)

Indirect search approach
(model independent)

New physics may 
be (just) beyond 

our reach

New resonance Deviation in tails



How do we explore those interactions?
1. Bosons collisions
2. Compare measurements with theory predictions

21
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~100 m

underground

p p

p-p collisions happen the 
center of the detector

The Large Hadron Collider and ATLAS

proton proton

22

Beschleunigerphysik – ein Kochrezept

4/33
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The Large Hadron Collider and ATLAS
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Run 1 
= 7 TeV 


5 fb-1 

= 8 TeV

20 fb-1

s

s

Run 2 
= 13 TeV 


140 fb-1 
s

Run 3 
= 13.6 TeV 
s

Long 

Shutdown

Long 

Shutdown 2
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From proton collisions to vector boson pairs

proton

proton

time

ATLAS detector

?

24
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Testing the Standard Model predictions
Detector measurement Theory

Measuring and calculating Cross-
sections!

How?

A cross section is a measure of 
the probability that a specific process 
will take place 

25



14 orders of 
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The Standard Model testing status
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The Standard Model testing status
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* at 13 TeV assuming 3fb-1 are collected per month

The Standard Model testing status

By focusing on Vector bosons scattering 
we are pushing our knowledge of the 

Standard model !
2

15.104

Events per 
month*

15.104

29
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1. Challenge the SM
Quartic Bosons interactions ◦ 

Longitudinal polarised bosons interactions ◦ 
Higgs Boson self interactions ◦ 

Verify if the 
unitarisation 
is complete



Vector Boson Scattering at the LHC
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Protons in LHC serve as source of vector boson beams.
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ũ
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Vektorbosonstreuung
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Unitarität

Vektorbosonstreuung
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W ) Prozess mit folgenden Feynman-Diagrammen:
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                 =

gauge structure of the 
Standard Model

electroweak symmetry 
breaking

Vector Boson Scattering at the LHC

31

 : order 6 
 : order 0 

αEW
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The Large Hadron Collider and ATLAS

32

Run 1 
= 7 TeV 


5 fb-1 

= 8 TeV

20 fb-1

s

s

Run 2 
= 13 TeV 


140 fb-1 
s

Run 3 
= 13.6 TeV 
s

Long 

Shutdown

Long 

Shutdown 2
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Run 1: Vector Boson Scattering 
 a bit of perspective 

33

4.5 σ (3.6 σ)

2.0 σ (3.1 σ)

Only upper limit on the cross section reported

The 8 TeV dataset gave us first analyses and with them the first evidence !

Best EFT  
limits

final state
W±W± l±vl±v jj PRL 120 (2018) 081801 arXiv:1906.03203
W±Z l±vll jj arXiv:1901.04060 arXiv:1812.09740 
W! l±v! jj JHEP 06 (2017) 106
Z! ll! jj PLB 770 (2017) 380 JHEP07(2017)107
ZZ llll jj PLB 774 (2017) 682 
WV l±vJ jj

PAS-SMP-18-006 arXiv:1905.07714
ZV llJ jj
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Experimental results
Datasets

ATLAS: 8 TeV (20.2 fb-1) and 13 TeV (36.1 fb-1)
CMS: 8 TeV (19.7 fb-1) and 13 TeV (35.9 fb-1) 

Channels studied

Best EW/QCD

very sensitive 
to new physics

Largest cross section

First 
observation !!
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Experimental results
Datasets

ATLAS: 8 TeV (20.2 fb-1) and 13 TeV (36.1 fb-1)
CMS: 8 TeV (19.7 fb-1) and 13 TeV (35.9 fb-1) 

Channels studied

Best EW/QCD

very sensitive 
to new physics

Largest cross section

First 
observation !!

3.0 σ (2.1 σ)

Run-2 data was coming:

Increased energy → larger cross-sections (factor ~3)
But still a small signal/background ratio
Required analysis optimisations to reach observation
First observations were expected with the early Run-2 
dataset !

P. Anger CERN-THESIS-2014-105

Run 1: Vector Boson Scattering 
 a bit of perspective 



Analysis strategies

dijet invariant mass →

122 events

Discriminant variable for ssWW measurement

161 events

Discriminant variable for WZ measurement

35

C. Bittrich CERN-THESIS-2020-039

S. Todt CERN-THESIS-2022-268

Small signal over a large irreducible background
Control regions to estimate from data the main backgrounds 
Use of discriminant variables or MVA to increase the signal and background sedation

https://repository.cern/records/za3hy-z5z39
https://repository.cern/records/wkatj-kcz38


Very different cross 
sections !

Third jet centrality →

and shapes!

It is essential to get and provide 
feedback to theorists 

✓ Accurate MC modeling is essential — the 
shapes of the distributions are key!

Some lessons learned

36

VBSCan
COST Action



First observations of VBS in 2019!

Observations > 5σ !!

Evidence  4.1σ !!
Standard 

Model

← my contributions →

← my contributions →

I was the convener of the EWK physics group, overseeing VBS analyses during the first 
observations.

37

C. Bittrich CERN-THESIS-2020-039

S. Todt CERN-THESIS-2022-268

With Full Run-2 observations for all diboson combinations even with semi-leptonic decays!

https://repository.cern/records/za3hy-z5z39
https://repository.cern/records/wkatj-kcz38


Now with full Run-2 !
Let’s have a closer look to our VBS golden channel

We have with full run-2 ~500 events in this region (~250 ssWW signal)

With this data  we can now go differential !

Are we really testing quartic couplings and the EWSB?

T. Herrmann CERN-THESIS-2023-419
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A unitarity argument

39

“No-lose theorem” for LHC

We need something to regularise the  cross-section 
Either we find the Higgs Boson
Or some new physics must be there 

W0W0 → W0W0

Cross-section for longitudinal WL
+WL

− → 
WL

+WL
− scattering: [Denner, Hahn, 1997]  

Theoretical answer
A possible approach to test this, is to remove the quartic vertex from the SM Lagrangian.
) Cross section for longitudinal W+

L W-
L ! W+

L W-
L scattering: [Denner, Hahn, 1997]

The scope of such an approach is, however,
theoretically limited as the SM Lagranian with removed
quartic EW couplings is not gauge invariant any more!

In a similar way this has been done at LEP when
measuring triple EW gauge couplings for the first time:
[LEP Physics Report, Fig 5.1]
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Example: Cross-section for longitudinal WL+WL− → WL+WL− scattering

Now that we know the Higgs exist, we 
can still verify if he is doing the job

σ0000
Born
pb

Michael S. Chanowitz

https://arxiv.org/search/hep-ph?searchtype=author&query=Chanowitz,+M+S
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Example: Cross-section for longitudinal WL+WL− → WL+WL− scattering
S. Todt CERN-THESIS-2022-268
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https://repository.cern/records/wkatj-kcz38


Challenge: Unitarisation
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Are we really testing quartic couplings and the EWSB?

S. Todt CERN-THESIS-2022-268

https://repository.cern/records/wkatj-kcz38


42

A unitarity argument

42

“No-lose theorem” for LHC

We need something to regularise the  cross-section 
Either we find the Higgs Boson
Or some new physics must be there 

W0W0 → W0W0

We need longitudinal bosons!

σ0000
Born
pb
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1. Challenge the SM
Quartic Bosons interactions ◦ 

Longitudinal polarised bosons interactions ◦ 
Higgs Boson self interactions ◦ 

✔



The state-of-the-art

44

Measurements at LEP: 

Only diboson process accessible for such measurements e+e- → W+W- 

Single boson polarization measurements: L3 [arXiv:0301027], OPAL [arXiv:0312047], DELPHI [arXiv:0801.1235]

Joint-polarization measurements: OPAL [arXiv:0009021], DELPHI [arXiv:0908.1023] 

Never reached observation level sensitivity for longitudinal-longitudinal joint-polarization

Measurements at the LHC: 

Single and Joint- boson polarization measurements

pp → W±Z

CMS @13TeV 137 fb-1 (inclusive phase space)  CMS-SMP-20-014 
ATLAS @13TeV 139 fb-1 (inclusive phase space) Phys. Lett. B 843 (2023) 137895
ATLAS @13TeV 139 fb-1 (high pT (Z) phase space)  Phys. Rev. Lett. 133 (2024) 101802 

pp → ZZ

ATLAS @13TeV 140 fb-1 (inclusive phase space) JHEP 12 (2023) 107

pp → W±W±jj

CMS @13TeV 137 fb-1 (VBS phase space) Phys. Lett. B 812 (2020) 136018
ATLAS@13TeV 140 fb-1 (VBS phase space) Accepted by PRL (2025) 

https://arxiv.org/abs/hep-ex/0301027
https://arxiv.org/abs/hep-ex/0312047
https://arxiv.org/abs/0801.1235
https://arxiv.org/abs/hep-ex/0009021
http://0908.1023
http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-014/index.html
https://www.sciencedirect.com/science/article/pii/S0370269323002290?via=ihub
https://arxiv.org/abs/2402.16365
https://arxiv.org/abs/2310.04350
https://www.sciencedirect.com/science/article/pii/S0370269320308212?via=ihub
https://arxiv.org/abs/2503.11317
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W
+

W
-

W
+

Z

Goldstone boson Equivalence theorem 
“At high energy, longitudinal vector 
bosons are analogous to goldstone 

bosons”

Longitudinal polarised bosons interactions 

The goal 

Measure longitudinal bosons interactions → even better if it is a high energy 

The challenges 
Simulation tools for polarised amplitudes → Madgraph  [D. Buarque Franzosi et al. 2020]  
Vector Boson Scattering cross sections are tiny (~5% of it is )V0V0

https://arxiv.org/pdf/1912.01725.pdf


14 orders of 
magnitude!
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15.104

* at 13 TeV assuming 3fb-1 are collected per month
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Standard Model Production Cross Section Measurements
Status: June 2024

ATLAS Preliminary
p
s = 5,7,8,13,13.6 TeV

The Standard Model testing status

Larger cross sections → we          
     can afford splitting in 
             by polarisation !
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W0Z0 joint polarization - 00-enhaced region

Increase the  contribution → exploit the RAZ by pT(WZ)<70 GeV

Require high boson  → closer to the Goldstone boson behaviour

W0Z0
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https://arxiv.org/abs/2402.16365
https://repository.cern/records/eb2kp-nva28
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 We are able to measure  bosons at high pT (Z) !!W0Z0

Are we really testing longitudinal bosons interactions?

WZ joint polarization - 00-enhaced region

The spin correlations using  

Measured value  excluding the no correlation hypothesis with 

Rc = f00
fW
0 f Z

0

2.4+0.8
−0.6 2.8(2.2)σ

Observation Evidence

 No correlation


  SM prediction

Rc = 1
Rc = 2.1

J. Nitschke CERN-THESIS-2024-044
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What can we do better?

J. Nitschke CERN-THESIS-2024-044
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Some nice work has started

NLO corrections are 
polarization aware and 
have different shape 

and size

Small LL 
contribution !

Monte Carlo generators

Several generators in the market:

PHANTOM: 2 → 6 processes @ LO+PS [A. Ballestrero et al. 2008, 2017]

Madgraph: arbitrary processes @ LO, PS matching, multi-jet merging  [D. Buarque Franzosi et al. 2020]

POWHEG-BOX-RES: diboson processes @NLO QCD+PS  [G. Pelliccioli, G. Zanderighi 2023]

Sherpa: arbitrary processes @nLO QCD, PS matching, multi-jet merging [MH, M. Schönherr, F. Siegert 2023]

Madgraph has been so far the one used by the collaborations

Fixed-order calculations

Fixed-order calculations available for some 
processes (NNLO QCD, NLO QCD and EW) 
show large polarization depended corrections  

R. Poncelet and A. Popescu

https://arxiv.org/abs/0801.3359
https://arxiv.org/abs/1710.09339
https://arxiv.org/pdf/1912.01725.pdf
https://arxiv.org/abs/2311.05220
https://arxiv.org/abs/2310.14803
https://arxiv.org/pdf/2102.13583
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Some nice work has started

NLO corrections are 
polarization aware and 
have different shape 

and size

Small LL 
contribution !

Monte Carlo generators

Several generators in the market:

PHANTOM: 2 → 6 processes @ LO+PS [A. Ballestrero et al. 2008, 2017]

Madgraph: arbitrary processes @ LO, PS matching, multi-jet merging  [D. Buarque Franzosi et al. 2020]

POWHEG-BOX-RES: diboson processes @NLO QCD+PS  [G. Pelliccioli, G. Zanderighi 2023]

Sherpa: arbitrary processes @nLO QCD, PS matching, multi-jet merging [MH, M. Schönherr, F. Siegert 2023]

Madgraph has been so far the one used by the collaborations

Fix order calculations

Fix order calculations available for some 
processes (NNLO QCD, NLO QCD and EW) 
show large polarization depended corrections  

R. Poncelet and A. Popescu

https://arxiv.org/abs/0801.3359
https://arxiv.org/abs/1710.09339
https://arxiv.org/pdf/1912.01725.pdf
https://arxiv.org/abs/2311.05220
https://arxiv.org/abs/2310.14803
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In the future 

Now in 2025: The same sign  team reached evidence  of single boson polarization  !!

Some projection studies for polarization measurements in the HL-LHC were made back in 2018 

Updated projection results are more optimistic with evidence of  possible with 500 fb-1 !

W±W±jj 3.3σ W±
L W±jj

W±
L W±

L jj
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H
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20
18

-0
52

 

Simple cut-based analysisM. Stange PhD thesis

Polarised interactions will keep us busy 
Exploiting polarization in hadronic decays?

https://cds.cern.ch/record/2652447/files/ATL-PHYS-PUB-2018-052.pdf
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1. Challenge the SM
Quartic Bosons interactions ◦ 

Longitudinally polarized boson interactions ◦ 
Higgs Boson self interactions ◦ 

Look for New physics2.

New resonances ◦ 
Deviations on SM predictions ◦

✔

✔
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How to look for the unknown ?
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New physics may be 
beyond the energy 
reach of the LHC



Diboson resonance searches in ATLAS
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ATL-PHYS-PUB-2023-007

http://cds.cern.ch/record/2853753


Diboson resonance searches in ATLAS
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ATL-PHYS-PUB-2023-007

http://cds.cern.ch/record/2853753
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What if new physics is fermiophobic?
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What if new physics is fermiofobic?
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Georgi-Machacek (GM) model

The new particles couple bosons

Extends SM Higgs sector with scalar triplets
Keeps custodial symmetry → ρ = 1 at tree level
Among the new scalars 
These couple directly to vector boson pairs

H±
5 , H±±

5 , H0
5
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Charged Higgs resonance search

An excess of  local (  global) 
significance found at 375GeV

2.8σ 1.6σ

A. Nag CERN-THESIS-2022-115

Limits on  quantifies how much of EWSB is due to 
triplet fields

: triplet VEV , pure SM limit
: doublet VEV , triplet-dominated

sin θH

sin θH → 0 → 0
sin θH → 1 → 0

https://repository.cern/records/q220p-j2788
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Charged Higgs resonance search
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Charged Higgs resonance search
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An excess of  global significance found 
after combining  and  
channels together
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A small excess to follow up, but so far no clear sign of a new physics….
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Effective Field Theory interpretation  
Eboli model 

Extends SM using higher order operators
Focus on genuine quartic couplings i.e dim-8

How to look for the unknown ?

 14

Effective Field Theory (EFT) 

New interactions 
from UV theories

New physics 
theories?

Deviations are parametrized by higher order operators from SM fields 

LEFT = LSM  + ∑ ci 
 Λ2 

Oi,dim-6  + ∑ cj 
 Λ2 

Oj,dim-8
ji

LSM ~ determines 
the bulk distribution

UV theories maps 
to specific 
coefficients 

[arXiv:1711.10391]

dim-8 operators can 
affect VBS at tree level

EFT are model independent and self consistent framework for parametrizing deviations from 
the SM 

4

mV1V2
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The dim-8 Operators

• "-type operators: Involving both Higgs fields and gauge field strengths, these operators contribute
to vertices with mixed longitudinally and transversely polarized vector bosons.

• )-type operators: Quartic in the gauge field strengths, affecting interactions between transversely
polarized gauge bosons.

The full mathematical expressions for these operators can be found in [178, 183]. Tab. 3.1 summarizes all
the operators included in the latest version of the model [183] and the quartic vertices they are contributing
to. The bottom half of the table includes the recently introduced operators O" ,8 and O" ,9 that were
mistakenly identified as CP odd in previous publications, as well as the CP-odd operators, denoted as��O8 .

CP Operator
Vertices

,
,
,
,

,
,
/
/

,
,
W
/

,
,
W
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/
/
/
/

/
/
/
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/
/
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W
W
W

W
W
W
W

/
/
�
�

,
,
�
�

/
W
�
�

W
W
�
�

++

O(,0, O(,1, O(,2 X X X X X

O" ,0, O" ,1, O" ,7 X X X X X X X X X X X

O" ,2, O" ,3, O" ,4, O" ,5 X X X X X X X X X

O) ,0, O) ,1, O) ,2 X X X X X X X X X

O) ,5, O) ,6, O) ,7 X X X X X X X X

O) ,8, O) ,9 X X X X X

��

O" ,8 ? ? ? ? ? ? ? ? ?

O" ,9 ? ? ? ? ? ? ? ? ? X

�+

+�

�O" ,1,�O" ,2,�O" ,4,�O" ,5 ? ? ? ? ? ? ? ? ? X X X

�O" ,3,�O" ,6 ? ? ? ? ? ? ? ? ?

�O) ,1,�O) ,2,�O) ,3 ? ? ? ? ? ? ? ? ?

�O) ,4,�O) ,5,�O) ,6 ? ? ? ? ? ? ? ? ?

Table 3.1: dim-8 operators in the model [183] and the quartic vertices each operator is contributing to.

Table. 3.1 also serves to highlight the correlations; we can see that a single operator can affect multiple
quartic vertices. This implies that if new physics modifies a particular operator, we should expect to observe
correlated deviations across different channels sensitive to these quartic vertices. Such correlations are
a powerful tool for distinguishing genuine new physics effects from statistical fluctuations or systematic
uncertainties.
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S-Type: affecting Longitudinal polarised bosons and Higgs

H
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M-Type: involving Higgs and gauge Fields
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T-Type: involving transversally polarised gauge bosons

19 parameters*

* 43 considering CP violating
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The dim-8 Operators

• "-type operators: Involving both Higgs fields and gauge field strengths, these operators contribute
to vertices with mixed longitudinally and transversely polarized vector bosons.

• )-type operators: Quartic in the gauge field strengths, affecting interactions between transversely
polarized gauge bosons.

The full mathematical expressions for these operators can be found in [178, 183]. Tab. 3.1 summarizes all
the operators included in the latest version of the model [183] and the quartic vertices they are contributing
to. The bottom half of the table includes the recently introduced operators O" ,8 and O" ,9 that were
mistakenly identified as CP odd in previous publications, as well as the CP-odd operators, denoted as��O8 .

CP Operator
Vertices

,
,
,
,

,
,
/
/

,
,
W
/

,
,
W
W

/
/
/
/

/
/
/
W

/
/
W
W

/
W
W
W

W
W
W
W

/
/
�
�

,
,
�
�

/
W
�
�

W
W
�
�

++

O(,0, O(,1, O(,2 X X X X X

O" ,0, O" ,1, O" ,7 X X X X X X X X X X X

O" ,2, O" ,3, O" ,4, O" ,5 X X X X X X X X X

O) ,0, O) ,1, O) ,2 X X X X X X X X X

O) ,5, O) ,6, O) ,7 X X X X X X X X

O) ,8, O) ,9 X X X X X

��

O" ,8 ? ? ? ? ? ? ? ? ?

O" ,9 ? ? ? ? ? ? ? ? ? X

�+

+�

�O" ,1,�O" ,2,�O" ,4,�O" ,5 ? ? ? ? ? ? ? ? ? X X X

�O" ,3,�O" ,6 ? ? ? ? ? ? ? ? ?

�O) ,1,�O) ,2,�O) ,3 ? ? ? ? ? ? ? ? ?

�O) ,4,�O) ,5,�O) ,6 ? ? ? ? ? ? ? ? ?

Table 3.1: dim-8 operators in the model [183] and the quartic vertices each operator is contributing to.

Table. 3.1 also serves to highlight the correlations; we can see that a single operator can affect multiple
quartic vertices. This implies that if new physics modifies a particular operator, we should expect to observe
correlated deviations across different channels sensitive to these quartic vertices. Such correlations are
a powerful tool for distinguishing genuine new physics effects from statistical fluctuations or systematic
uncertainties.
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Many vertices affected by the same operator

S. Todt CERN-THESIS-2022-268

Effort so far by the ATLAS 
and CMS collaborations

First results HH !

A. Tegetmeier, T. Amezza

https://repository.cern/records/wkatj-kcz38


LEFT = LSM + FT2 OT2

BSM interactions 
of SM particles 

Coefficient

The effect of the EFT operators
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Coefficient values  

Other channels affected by 
the same operators, huge 
possible gain by 
combination!
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The SM Effective Field Theory
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Huge gain by combining channels!
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ATL-PHYS-PUB-2023-002

First combination of dim-8 EFT operators !

Ongoing work in preparation for EFT dim-8 recommendations inside ATLAS

so far there is no clear sign of a new physics…. But many ideas to test !

https://cds.cern.ch/record/2850667
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EFT dim-8

On peut établir une correspondance entre chaque opérateur, les vertex qu’il modifie et sa polarisation

M0 operator

 14

Effective Field Theory (EFT) 

New interactions 
from UV theories

New physics 
theories?

Deviations are parametrized by higher order operators from SM fields 

LEFT = LSM  + ∑ ci 
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Oi,dim-6  + ∑ cj 
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Oj,dim-8
ji

LSM ~ determines 
the bulk distribution

UV theories maps 
to specific 
coefficients 

[arXiv:1711.10391]

dim-8 operators can 
affect VBS at tree level

EFT are model independent and self consistent framework for parametrizing deviations from 
the SM 
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Polarisation dependence of the VBF jets
• Distribution of the VBS/VBF jets is expected to depend on the 

polarisation of the intermediate vector bosons

• W, Z longitudinal polarised

• W, Z transversal polarised


• Due to the polarisation dependence of the EFT operators we know 
which polarisation the intermediate vector bosons are expected to have


• To test this polarisation dependence we can also look at VBS processes

• For that I produced polarised samples for various VBS processes, 

where I specified the polarisation of the final state vector bosons 
(polarisation defined in the rest frame of the corresponding vector 
bosons)


• With that we can infer the polarisation of the intermediate vector 
bosons 

6

: higher , lower   -> higher 

: lower , higher   -> lower 


|ηj | pT( j) Δηjj
|ηj | pT( j) Δηjj Our current understanding

VBS 

H
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q q

q q

V

V

2V

VBF 
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Couplage quartique jauge-Higgs

H

H

L’aspect polarisation et EFT reste à approfondir 
dans les analyses futures.
Un article de phénoménologie est en cours de 
préparation.

Polarised EFT dim-8
There is correspondence between each operator, the vertices it modifies, and its polarization.

The link between polarization and EFT still 
needs to be explored further, especially in 
the context of future analyses.

H

HVT

VT

VT

VT

VL

VL

A. Tegetmeier PhD

68



69

1. Challenge the SM
Quartic Bosons interactions ◦ 

Longitudinal polarised bosons interactions ◦ 
Higgs Boson self interactions ◦ 

Look for New physics2.

New resonances ◦ 
Deviations on SM predictions ◦

✔

✔

✔

✔

What is next?3.
Di-Higgs ◦ 

Quartic gauge Higgs couplings ◦ 
Polarised EFT ◦
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Outlook : More data

Run 1 
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20 fb-1

s

s

Run 2 
= 13 TeV 


140 fb-1 
s

Run 3 
= 13.6 TeV 
s

Long 

Shutdow

Long 

Shutdown 

!"
#$
%&
'#
$(
)*
+,
-"
./
-#0
)12
34
5 6

2011  2012   2013  2014  2015  2016  2017   2018  2019   2020  2021  2022  2023  

Run 3 already has delivered 220 fb-1 of data, we might triple the Run-2 dataset by July 2026
HL-LHC expected to deliver ~ 3000 fb-1 by 2041
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Projection studies
Polarisation

Run-3 will probably confirm interactions VLVLVL

Double longitudinal interactions will probably have to wait for the 
HL-LHC statistics 

Di-Higgs

H

H

Di-Higgs

H

<latexit sha1_base64="MsA5uGPceN9GvWBf2bjGik97AzE="></latexit>

V (h) ' 1

2
m2

H
h2 + �vh3 +

1

4
�h4 + . . .

Electroweak Symmetry Breaking

Katharine Leney23rd November 2021 5

<latexit sha1_base64="h6hjiRuvScRTkHd7gWZkeBXj51Y="></latexit>
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λHHH

Directly measure λHHH via HH production

Higgs boson
Symmetric:  

mW = mZ = mγ  = 0

W,Z 
polarisation Value of 

Higgs field, h

Broken 
symmetry!  

mγ  = 0 
mW, mZ ≠ 0

V(h)

Direct access to

λHHH 

Crucial to describe the shape 
of the Higgs potential
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Projection studies
Polarisation

Run-3 will probably confirm interactions VLVLVL

Double longitudinal interactions will probably have to wait for the 
HL-LHC

Di-Higgs

Crucial to describe the shape of the 
Higgs potential

HH signal significance of 4.5 per 
experiment, above 7 after 
ATLAS+CMS combination. 

Imagine what we can do in 20 years!

HH prospects at the HL-LHC – ATLAS
Projected results on the HH signal significance:

A. Ferrari (UU) Krakow, 28-30 April 2025 9 / 21
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Outlook new analyses

back

Couplage quartique gauge-Higgs

Katharine Leney23rd November 2021

HH production at the LHC
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Figure 1: Leading order Feynman diagrams showing non-resonant production of

pairs of Higgs bosons in the Standard Model: (a) the triangle diagram, featuring

the Higgs boson trilinear self-coupling, labeled with the self-coupling modifier

� ⌘ / and (b) the box diagram, featuring only a loop of quarks.
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2

gluon-fusion 
σggF(pp→HH) = 31.05 fb

VBF 
σVBF(pp→HH) = 1.726 fb

Cross-section ~1000x smaller than single Higgs
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gluon-fusion 
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2

gluon-fusion 
σggF(pp→HH) = 31.05 fb

VBF 
σVBF(pp→HH) = 1.726 fb

Cross-section ~1000x smaller than single Higgs
VBF di-Higgs

VBS Higgs

A. Tegetmeier

T. Amezza

S. Zhang


A. Martone

New in ATLAS ! 

Premières études de 
sensibilité réalisées à 
Toulouse ! 

CERN-THESIS-2024-105 
ANA-HMBS-2024-57 

18

Analysis in preparation, first 
sensitivity studies made by 
our group

Look for rare processes with even smaller cross sections
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Quartic Gauge Higgs Couplings

Not that bad! 

22/2625

Discriminating Variable - DNN score
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back

Couplage quartique gauge-Higgs

Not that bad! 
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Discriminating Variable - DNN score
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ATLAS Internal
-1 = 13 TeV, 140 fbs

σ1±Expected limit 
σ2±Expected limit 

Expected upper limit
Theory prediction

VBF di-Higgs  
κ2V ∈ [ 0.4, 1.7 ]

VBS Higgs  
κ2V ∈ [ -1.0, 2.7 ]

19

Facteurs limitants : la statistique des données, la stratégie d’analyse, et la modélisation 
du signal  → plus á venir !

VBS  W±W±h → lνlνbb

CMS just presented in EPS this results using more decay channels with  observed 
(expected) range [0.40, 1.60] ([0.34, 1.66])  best result on  !

κ2V
→ κ2V

First ATLAS studies show excellent sensitivity!

T. Allene and A. Martone

Work
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Even further ahead
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And an amazing group of people

Carsten
Stefi

Max
Abhishek Tim

L2IT

LisaAnna

Jan-Eric

Alex


