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Physics at the Large Hadron Collider
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• LHC is a powerful probe into high energy physics.


• Measurements of Standard Model (SM) processes. 

• Searches for rare SM processes.


• Searches for Beyond-SM (BSM) phenomena.


• No direct observation reported by ATLAS & CMS.
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Effective Field Theory frameworks

Linear EFT

Standard Model Effective Field Theory (SMEFT)

• BSM phenomena as perturbations around SM:




• Expansion around .


•  : energy scale of process.

•  : BSM resonance mass scale.
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BSM (UV)

BSM (EFT)

SM

EELHC

Non-linear EFT

Higgs Effective Field Theory (HEFT)

• Higgs as a pseudo-Goldstone boson:




• Expansion around .


•  : electroweak scale.
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• Possible that BSM resonances are out of LHC reach.

• BSM physics at accessible energies described by EFT.

• Reduces to SM at low-energy.

• Higher-dimension operators  consist of SM fields.

• Wilson coefficients (WC)  are free parameters.
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Effective Field Theory frameworks
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BSM (UV)

BSM (EFT)

SM

EELHC

Non-linear EFT

Higgs Effective Field Theory (HEFT)

• Higgs coupling:




• Couplings among different numbers of Higgs 

independent.
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• Possible that BSM resonances are out of LHC reach.

• BSM physics at accessible energies described by EFT.

• Reduces to SM at low-energy.

Linear EFT

Standard Model Effective Field Theory (SMEFT)

• Physical amplitudes:




• : Warsaw basis.

• : Select operators identified.


• Interference same -order as  BSM.
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From measurements to interpretations
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Presented in this talk

EFT interpretations performed by ATLAS and CMS Collaborations.

• Only select results.

• Limited details on analysis techniques.

• Measurement/limits on physical observable → Wilson coefficient constraint.
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Measurement-side

Need more and more precise measurements.

• Differential information enhances sensitivity.

• Combination of multiple measurements.

• Parton/particle/detector-level?

Interpretation-side

Many free parameters.

• Reduced by additional symmetry assumptions.

• Only a subset usually relevant for a process.

• One-at-a-time vs. simultaneous constraints.
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 differential cross-sectionW±γ
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• Vector boson pair production sensitive to presence of anomalous triple gauge coupling (aTGC).

• SMEFT operator: CP-even modification of TGC.

PhysRevD.105.052003

• Particle-level cross-section measured 
by unfolding detector effects.

• -differential spectrum provides sensitivity to 
interference effects.
(pγ

T, |ϕf | )

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.052003


• Signal strength parametrization:
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 differential cross-sectionW±γ
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<latexit sha1_base64="WLF5lIueoBX+bbIMFeaW4bR64Hw="></latexit>

O3, = n 8 9:, 8a
` , 9d

a , :`
d

• Vector boson pair production sensitive to presence of anomalous triple gauge coupling (aTGC).

• SMEFT operator: CP-even modification of TGC.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.052003


 searchesHH → bbττ, bbγγ
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SM-like 
SM: ctth, chhh = 1

BSM 
SM: cggh, cgghh, ctthh = 0

ATL-PHYS-PUB-2022-019

• Upper limit on Higgs pair production via gluon-fusion in  decay channels.

•  uniquely sensitive to double-Higgs couplings , de-correlated from others 

 under HEFT.

HH → bbττ, bbγγ
HH cgghh & ctthh
(ctth, chhh, cggh)

• Existing limits on  [ATLAS-CONF-2021-052]

• Constrain  with  fixed (one-at-a-time).

κλ( ≡ chhh) ∈ (−1.0,6.6)exp, (−1.2,7.2)obs

cgghh & ctthh (ctth, chhh, cggh)SM

https://cds.cern.ch/record/2806411
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/


 differential cross-sectionH → γγ
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• Differential observables: .pγγ
T , Njet, p j1

T , mjj, Δϕjj

JHEP08(2022)027

CP-even (ci)

CP-odd (c̃i)(…)

https://link.springer.com/article/10.1007/JHEP08(2022)027


• CP-even & -odd WCs constrained (one-at-a-time).

 differential cross-sectionH → γγ
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Interference Interference+BSM

JHEP08(2022)027

https://link.springer.com/article/10.1007/JHEP08(2022)027


Top quark pair + boosted Z/H 
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• Measurement of  with high .

• One large-radius, -tagged jet from .

• Jets from .

• One , presence of  from .

tt̄ + Z /H pT
bb̄ Z /H

tt̄
e/μ pmiss

T W

arXiv:2208.12837

• Deep neural network used to obtain signal 
regions with high  purity.tt̄ + Z /H

•  jet mass windows used to further 
discriminate against backgrounds.
Z /H

https://arxiv.org/abs/2208.12837v1


Top quark pair + boosted Z/H
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• Differential cross-section as a function of NN score,  jet mass and .Z /H pT

arXiv:2208.12837

• Both  signal &  background varied with WCs, with detector effects accounted for in 
simulation.

tt̄ + Z /H tt̄ + bb̄

https://arxiv.org/abs/2208.12837v1


Top quark pair + boosted Z/H
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arXiv:2208.12837

• Constrain 8 SMEFT WCs.

Interference-only

• Simultaneous & 1D limits comparable due to 
absence of significant correlations.

https://arxiv.org/abs/2208.12837v1
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Higgs + Electroweak combination

14EDSU 2022Tae Hyoun Park

ATL-PHYS-PUB-2022-037

ATLAS Higgs STXS ATLAS Electroweak LEP/SLD EW Precision Observables
Complementary measurements

Combined SMEFT interpretation

4-light-quark

H → γγ + EWPO

+ +

Higgs overall rate

2-lepton, 2-quark

Top quark couplings

Individual

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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Higgs + Electroweak combination ATL-PHYS-PUB-2022-037

• Impact of select SMEFT WCs on different measurements.

LEP/SLD

EWPO

ATLAS

Electroweak

ATLAS Higgs

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/


Higgs + Electroweak combination
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• Sensitivity optimized with Gaussian approximation:




• A : SMEFT parametrization

• Hμ : Signal strength information.


• 28(24) fit coefficients constrained in LHC+EWPO(ATLAS-only) interpretation.
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H → γγ + EWPO

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/


Higgs + Electroweak combination
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ATL-PHYS-PUB-2022-037

LHC+EWPO LHC-only(Simplified likelihood model available)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/


Summary

• EFTs enable a theoretically consistent, systematic characterization of deviations from SM. 

• Increasing body of interpretations from ATLAS & CMS.


• Future considerations:


• Coherent treatment of EFT effects on background & signal processes.


• Inclusion of more measurements & operators.


• Availability of information for re-interpretations.


• All presented results consistent with the SM.


•  differential cross section: PhysRevD.105.052003

•  searches:  ATL-PHYS-PUB-2022-019

•  differential cross-section: JHEP08(2022)027

• Top quark pair + boosted Z/H: arXiv:2208.12837

• Higgs+electroweak combination: ATL-PHYS-PUB-2022-037

W±γ
HH → bbττ, bbγγ
H → γγ
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.052003
https://cds.cern.ch/record/2806411
https://link.springer.com/article/10.1007/JHEP08(2022)027
https://arxiv.org/abs/2208.12837v1
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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SMEFT
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general U(3)5top

2499(+1149)

275(+71)
85(+25)

SMEFT

WCs(+CPV)
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 differential cross-sectionH → γγ arXiv:2202.00487

• The observed statistical correlations, evaluated with a bootstrapping technique.

https://arxiv.org/abs/2202.00487
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 differential cross-sectionH → γγ arXiv:2202.00487

Interference Interference+BSM

https://arxiv.org/abs/2202.00487


• CP-even & -odd WCs constrained (two-at-a-time).

 differential cross-sectionH → γγ
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Interference Interference+BSM

JHEP08(2022)027

https://link.springer.com/article/10.1007/JHEP08(2022)027


Higgs + Electroweak combination
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Higgs + Electroweak combination
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ATLAS Higgs STXS


ATLAS EW


LEP/SLD EWPO


+

+

ATL-PHYS-PUB-2022-037

Forward-backward b-quark 
asymmetry at the Z pole

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/


Higgs + Electroweak combination
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Higgs + Electroweak combination
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Higgs + Electroweak combination
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Higgs + Electroweak combination
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Higgs + Electroweak combination
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Simplified Template Cross-sections
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 searchesHH → bbττ, bbγγ ATL-PHYS-PUB-2022-019

https://cds.cern.ch/record/2806411
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 searchesHH → bbττ, bbγγ ATL-PHYS-PUB-2022-019

https://cds.cern.ch/record/2806411


 differential cross sectionW±γ
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• At high-energy limit, no EFT effects over 
inclusive decay angles.

• Boost to  centre-of-mass frame (neutrino 

four-momentum reconstructed following 
approximation).

Wγ


