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Higgs physics
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arXiv:2211.11084

https://arxiv.org/abs/2211.11084
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Higgs mechanism and SM predictions
• Postulated to explain masses of elementary particles in the SM through electroweak symmetry 

breaking


• SM predictions:
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• Higgs boson production and decays at LHC

ggF VBF

87.2% 6.8%
(Most dominant modes)

Scalar: spin 0, CP even

Width ~ (MeV)𝒪
Higgs to fermion couplings ~fermion mass

Higgs to boson couplings ~boson mass2


Higgs to itself coupling ? 

quantumdiaries.com

Valid for mH = 125 GeV

http://quantumdiaries.com
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July 4th: Happy Higgs day 🎆

• The Higgs boson was discovered by ATLAS and 
CMS in 2012,  GeV


• Discovery driven by  decay channels


• Nobel Prize awarded to Peter Higgs and Francois 
Englert in 2013

mH ∼ 125

γγ, 4l, WW

4
physicsworld

CERN

New York Times

Also check: 10th anniversary of Higgs boson discovery

?

https://physicsworld.com/a/keep-on-keeping-on-why-we-must-persevere-in-our-study-of-the-higgs-boson/
https://indico.cern.ch/event/1135177/timetable/
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From discovery to precision physics
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Full Run 2 datasetPartial Run 1 dataset

Phys. Lett. B 716 (2012) 1-29 arXiv:2207.00320 Accepted by PLB

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-27/
https://arxiv.org/abs/2207.00320
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Higgs boson mass
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• Only free parameter in SM Higgs sector


• Latest ATLAS full Run 2 measurement 



• Improved momentum-scale calibration 
for muons


• Run 1+2: 0.14% uncertainty

H → ZZ* → 4l

arXiv:2207.00320

arXiv:2212.07338

Accepted by PLB

Submitted to EPJC

https://arxiv.org/abs/2207.00320
https://arxiv.org/abs/2212.07338
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Cross-section measurements in H → WW* → eνμν
• Inclusive ggF and VBF cross-sections, 

and a combined measurement
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• Differential ggF cross-sections in a 
fiducial phase-space 

Results consistent with SM expectations
arXiv:2301.06822arXiv: 2207.00338

Accepted by PRD Accepted by EPJC

https://arxiv.org/abs/2301.06822
https://arxiv.org/abs/2207.00338
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Higgs sector in SM
• Since the Higgs boson discovery, the scalar 

sector has been greatly studied by the 
experiments


• But the Higgs potential is mostly unexplored at 
the LHC


• V(H) =
1
2

mHH2 + λυH3 + . . .
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Higgs potential?

Gauge boson 
couplings

Yukawa 
couplings

Self-interaction

λHHH = λυ

“Let’s have a coffee with the Standard Model of particle physics”

Nature (review article)

https://iopscience.iop.org/article/10.1088/1361-6552/aa5b25
https://www.nature.com/articles/s42254-021-00341-2
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Twice the Higgs, twice the fun
• A measurement of  production will provide evidence of the Higgs self-coupling


➡  ultimate probe of the shape of the Higgs potential


• Any deviation of the self-interaction from its SM expectation is a sign of new physics!


•  production at the LHC: very rare process,  (at 13 TeV)

HH

HH σggF(pp → HH) = 31 fb
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Phys. Lett. B 800 (2020) 135103

https://www.sciencedirect.com/science/article/pii/S0370269319308251?via=ihub
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searches
• Recent combination of the most sensitive decay channels: bbγγ, bbττ, bbbb

10

Best obs. limit yet on  productionHH

Upper limits on  productionHH Constraints on  from single- and di-H analysesκλ
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arXiv:2211.01216 [hep-ex] Accepted by PLB

https://arxiv.org/abs/2211.01216
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New physics..

• Reveal high energy physics through precise 
measurements at low energy


• No strong model-dependence 


• Multiple efforts in the  communityHH
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with Effective Field Theories? testing heavy resonance hypotheses?
or   S

lighter scalar 
boson

heavy scalar 
boson

Λ ∼ 𝒪(TeV)

(Resonant HH / SH)

ATLAS-CONF-2021-052

ongoing

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/
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EFT interpretations in                 
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Benchmark model chhh ctth cggh cgghh ctthh

SM 1 1 0 0 0
BM 1 3.94 0.94 1/2 1/3 �1/3
BM 2 6.84 0.61 0.0 �1/3 1/3
BM 3 2.21 1.05 1/2 1/2 �1/3
BM 4 2.79 0.61 �1/2 1/6 1/3
BM 5 3.95 1.17 1/6 �1/2 �1/3
BM 6 5.68 0.83 �1/2 1/3 1/3
BM 7 �0.10 0.94 1/6 �1/6 1

• Constraints on SMEFT Wilson coefficients 

• Upper limits on HEFT benchmarks with characteristic  shape featuresmHH
ATL-PHYS-PUB-2022-019

arXiv:2301.03212 [hep-ex]
Submitted to PRD

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/
https://arxiv.org/abs/2301.03212


Other BSM activities 
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Higgs→invisible combination
• In SM, , arising from the decay of Higgs boson via 


• Dark matter: Searches for invisible decays of the Higgs boson,  is one of them


• Observed (expected)  at 95% CL (Run 1+ Run 2 combination)

ℬH→inv = 0.1 % ZZ* → 4ν

tt̄ + Emiss
T

ℬH→inv < 10.7 % (7.7%)
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Phys. Lett. B 842 (2023) 137963

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-05/
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Doubly charged Higgs boson search
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arXiv:2211.07505

• Some theories like left-right symmetric models (LRSMs) or BSM scenarios with neutrino mass 
generation predict the existence of doubly charged Higgs bosons


• Search for  pair production in all lepton flavour and charge combinations, , where 
 (only studies electrons or muons in the final state)


• Split in 2-, 3-, and 4-  channels


• Observed lower limit on  at 1080 GeV (95% CL)

H±± H±± → l±l±

l = e, μ, τ

l

mH±±

Submitted to EPJC

https://arxiv.org/abs/2211.07505
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Summary

• Many new measurements with Run 2 ATLAS data characterising the Higgs boson and further 
exploring the Higgs sector


• Improved precision


• Large contributions from Swedish institutes 


• Looking forward to Run 3 and beyond 
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mentimeter.com



Back-up



Summary of Higgs boson couplings



EFTs in HH productionChristina Dimitriadi

EFT frameworks
SMEFT


• Canonical counting, expansion in 1/




• SM symmetries and fields, traditional EWSB 
mechanism (Higgs field: SU(2)L doublet)


• More restrictive (correlated Wilson 
coefficients)

Λ

ℒSMEFT = ℒSM + ∑
n,i

c(n)
i

Λn−4
𝒪(n)

i

19

Raquel Gomez Ambrosio

HEFT


• No power-counting like in SMEFT, more similar 
to chiral perturbation theory 




• Higgs field: EW singlet


• Much more general (independent couplings)

ℒdχ
= ℒ(dχ=2) +

∞

∑
L=1

∑
i

( 1
16π2 )

L

c(L)
i O(L)

i

https://indico.cern.ch/event/1001391/contributions/4827316/attachments/2453244/4204095/Raquel_HiggsPairs.pdf

