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Physics Letters B716.1 
(2012): 30-61 Physics Letters B716.1 (2012): 1-29

Higgs Boson discovery 
in 2012

https://www.sciencedirect.com/science/article/pii/S0370269312008581
https://www.sciencedirect.com/science/article/pii/S0370269312008581
https://www.sciencedirect.com/science/article/pii/S037026931200857X
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https://en.wikipedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg


The Matter Universe

14% Regular Matter

86% Dark Matter
M. Tanabashi et al. (Particle Data 

Group), Phys. Rev. D 98 , 030001 (2018)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
https://en.wikipedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg


The Matter Universe

14% Regular Matter

86% Dark Matter

2nd and 3rd fermion generations
άǳƴƴŜŎŜǎǎŀǊȅέ

x2 for antiparticles

Massless

¿Maybe more than one particle here?

M. Tanabashi et al. (Particle Data 
Group), Phys. Rev. D 98 , 030001 (2018)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
https://en.wikipedia.org/wiki/File:Standard_Model_of_Elementary_Particles.svg
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ÅThe Higgs boson couples to massive particles

ÅDark matter must be massive

H

Dark Matter / Dark Sector 

Dark Matter / Dark Sector 

H

Standard  Model

Dark Matter / Dark Sector
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(extended) Standard Model

Ὗρ gauge Lagrangian: ὒ ὄ ὄ ὄ ὤ ὤ ὤ

For details see for example 
Curtin et al. PhysRevD.90.075004
Curtin et al. J. High Energ. Phys. (2015) 2015: 157

ὛὟσ ἆὛὟς ἆὟρ ἆὟρ

ὡ ȟὡ , ὡ ὄ ὤ

ὡ ȟὡ ȟὤ

electroweak symmetry breaking

Standard Model Gauge Symmetries

Ὣ

‎

ὒ ς‭ Ὄὤὤ

ὒ ЉЉ Ὣ ὤ ӶὪ‎Ὢ

ὒ Ὓ Ὄ

ὒ ςί Ὄὤ ὤ

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.075004
https://link.springer.com/article/10.1007/JHEP02(2015)157
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ὒ ς‭ Ὄὤὤ

ὒ ЉЉ Ὣ ὤ ӶὪ‎Ὢ

ὒ Ὓ Ὄ

ὒ ςί Ὄὤ ὤ

5ŀǊƪ IƛƎƎǎ {Σ ŎƻǳǇƭƛƴƎ ˁ
(controls coupling between 

S and H)

Ὄᴼὤ ὤ ᴼτЉ

Kinetic mixing 
parameter ‭
(controls coupling 
between ὤ & SM)
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Muon g-2 constraints on ὤ

Physical Review D89.9 (2014): 095006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.095006
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Cosmic positron abundance anomaly

Expected positron fraction 
via production from cosmic 
rays propagating the galaxy

Nature458.7238 (2009): 607-609.

https://www.nature.com/articles/nature07942
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Search for exotic decays of the Higgs in four lepton final states, three channels

High-mass: (ᴼὤὤ ᴼτЉ ρυ'Å6ά φπ'Å6 Љ Åȟʈ

Low-mass: Ὄᴼὤὤ ᴼτ‘ πρ'Å6ά ρυ'Å6

:8channel: (ᴼὤὤ ᴼτЉ ρυ'Å6ά υυ'Å6 Љ Ὡȟ‘

Search for Higgs bosons decaying to new spin-0 or spin-1 
particles in four-lepton final states at the ATLAS detector with 
139 fb-1 of ὴὴcollision data at ί ρσTeV
ATLAS-CONF-2021-034

https://cds.cern.ch/record/2777860
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TheATLAS detector
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The ATLAS detector

Inner Detector

Liquid Argon Calorimeter
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The ATLAS detector

Inner Detector

Liquid Argon Calorimeter

Muon Spectrometer



Analysis Scheme

All analysis channels

ÅSearch for two pairs of prompt same-flavor opposite sign leptons, or just muons

ÅFour-lepton invariant mass compatible with Higgs Boson mass

Ὄᴼὤὤ ᴼτЉ

ÅOne di-lepton pair invariant mass compatible 
with Z boson mass

ÅSignal region is the spectrum of the other 
di-ƭŜǇǘƻƴ ǇŀƛǊΩǎ ƛƴǾŀǊƛŀƴǘ mass

Ὄᴼὤὤ ᴼτЉ/ τ‘

Åbƻ ŘƛƭŜǇǘƻƴ ǇŀƛǊΩǎ ƛƴǾŀǊƛŀƴǘ Ƴŀǎǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ά (HighMassonly)

Å.ƻǘƘ ŘƛƭŜǇǘƻƴ ǇŀƛǊΩǎ ƛƴǾŀǊƛŀƴǘ Ƴŀǎǎ ǎǳŦŦƛŎƛŜƴǘƭȅ ǎƛƳƛƭŀǊ

ÅSignal region is the average dilepton invariant mass άЉЉ ά ά
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pair(1,2)

pair(3,4)

quadruplet

ρρυ'Å6ά

ά

ά

signal 
region

Kinematic phase space 

ά Љ ρσπ'Å6

υπ'Å6
ά

ρπφ'Å6
ά

Cutflow Scheme
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SignalRegions

Low Mass Ὄᴼὤὤ ᴼτ‘ High Mass Ὄᴼὤὤ ᴼτЉ ZX  Ὄᴼὤὤ ᴼτЉ
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Statistical Analysis
Profile Likelihood Ratio

Likelihood ὒ‘ȟ„ Бὒὄ „ ‘Ὓ„ȿὲ

Likelihood ratio ɤ‘
ȟ

ȟ

Ƕ‘ȟ„global maximum of likelihood  ὒ‘ȟ„
ȟ

π

„local maximum of ὒat ‘ ὒ‘ȟ„ π

ςÌÎɤ‘ Gaussian Significance of ‘

Example likelihood ratio profile
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High Mass Ὄᴼὤὤ ᴼτЉ

Ὄᴼὤὤ ᴼτЉ

Low & High Mass Ὄᴼὤὤ ᴼτ‘

Results

Additional limits & interpretations in Conf Note
ÅὌᴼὢὢȾὤὢfiducial limits
ÅὌᴼὥὥȾὤὥO τ‘
Å Higgs Coupling parameter ‖
Å kinematic mixing, mass mixing
Å 2HDM+S in different Yukawa couplings


