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Outline

• The Experiments at the Large Hadron Collider

• The Higgs boson:  What do we know now?

• Latest results (mostly from Higgs Couplings 2020)

• Summary and Outlook
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TW@LHC

ASIoP, NTHU

NTU, NCU



 NCTS Annual 2020                                                             P. Jennifer Hsu (NTHU)   4

The ATLAS Detector

• ATLAS = A Toroidal LHC ApparatuS

• Feature: A giant toroidal magnet (in yellow below)
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The ATLAS Detector
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The CMS Detector
• CMS = The Compact Muon Solenoid
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• Proton collision at center-of-mass energy of 13 TeV!

• Collected more than 6x of Run-1 data

Run-2 of the LHC (2015-2018)

1 “inverse femtobarn”  
~ 1012 p-p collisions
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• Detectors performed very well; ~95% recording efficiencies

• ~140 fb-1 “good-for-physics” 13-TeV data 

Run-2 of the LHC (2015-2018)
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Challenges for Run-2: Pileup

CMS

A typical Z ➝ 𝜇𝜇 event with 24  
additionally reconstructed vertices

ATLAS Run-2
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ATLAS: Jet Vertex Tagger (JVT)
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Challenges for Run-2: Pileup

CMS: Particle Flow (PF) jets with PUPPI 
(Pileup Per Particle Identification) weights

Number of jets 
v.s. pileup

Missing ET  v.s. pileup
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Higgs Production For a 125-GeV 
Higgs boson in 
an pp collider
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Higgs Production For a 125-GeV 
Higgs boson in 
an pp collider

All have been confirmed  
with Run-1 + Run-2 data 
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Higgs Decay
mH = 125 GeV 
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Higgs Decay
mH = 125 GeV 

Well-observed 
with Run-1 + 
Run-2 data
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Higgs Decay
mH = 125 GeV 

3σ evidence
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H ➝ μμ
CMS-HIG-19-006
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Higgs Production and Decay: Full Run-2 Data 
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Higgs Production and Decay: Full Run-2 Data 

VBF H ➝ bb: 3σ evidence
arXiv:2011.08280
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Higgs Couplings
ATLAS-CONF-2020-027
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Higgs Couplings
CMS-PAS-HIG-19-005
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Higgs Couplings
ATLAS-CONF-2020-027
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Differential Cross section
• Latest results from ATLAS H->4l channel with full Run-2 data

PT(4l)

y(4l)

Eur. Phys. J. C 80 (2020) 941 
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Simplified Template Cross Section (STXS)

• Measure Higgs X-sec*BR in exclusive phase space (bins).

• Bins chosen to maximize precision and sensitivities of BSM

• Allow combinations of different decay modes.

• A new standard to communicate LHC Higgs data to 
phenomenologists.
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STXS
ggF

VBF+V(hadronic)H

V(leptonic)H
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STXS

ATLAS-CONF-2020-027
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Higgs Mass

ATLAS-CONF-2020-005
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Higgs Mass

M. Van De Klundert’s talk at Higgs Couplings 2020
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Higgs Width

• Measured by ratio of on-shell and off-shell signal strengths  
in H ➝ ZZ*  

• Larger width may indicate BSM decays (e.g. H ➝ invisible), 
new resonances, or anomalous HVV couplings
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arXiv:1808.01191 
(2015+2016 data)

arXiv:1901.00174 
(2016 + 2017 data)

Higgs Width

https://arxiv.org/abs/1808.01191
http://arxiv.org/abs/1901.00174
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Higgs CP properties
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Higgs self couplings
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• Di-Higgs production 
measurement: most 
feasible with  
at least one H ➝ bb 

Higgs self couplings
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Higgs self couplings
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Higgs self couplings
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Higgs self couplings
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Higgs self couplings
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Higgs self couplings: Full Run-2 data
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Higgs as a Portal to New Physics

• New particles may interact with SM only via Higgs
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Search for Dark Matter (DM)

• DM are invisible for detectors (do not interact with  
ordinary materials). —Signatures as missing energy.

• Pair production:  Need a known, visible particle in  
association with the DM.
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Search for Dark Matter (DM)
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Search for Dark Matter (DM)
• ATLAS mono-H->γγ channel with full Run-2 data

ATLAS-CONF-2020-054
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Search for Dark Matter (DM)
• VBF H->invisible ATLAS-CONF-2020-052
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Search for Dark Matter (DM)
• VBF H->invisible ATLAS-CONF-2020-052

ATLAS Results
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Outlook 



 NCTS Annual 2020                                                             P. Jennifer Hsu (NTHU)   45

Higgs self couplings @ HL-LHC

arXiv:1902.00134 
Higgs Physics at the HL-LHC and HE-LHC

http://arxiv.org/abs/arXiv:1902.00134
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Summary

• The Higgs boson is a benchmark in Run-2

• Probe new physics via precision measurements 
of the Higgs boson, or use it as a new handle to  
exotic signals.

• Goals for Run-3/HL-LHC: H->μμ, H->cc, H->Zγ,  
Higgs self-couplings, Higgs width… 
 
—Inputs/Ideas from the theory side will make the list 
   longer and richer!
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Backup
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ttH multilepton couplings
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ttH multilepton couplings
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ttH multilepton couplings
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Eur. Phys. J. C 79 (2019) 421

• Can extract Higgs width from Higgs couplings combination

Higgs Width
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Higgs width @ HL-LHC
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H ➝ Zγ

Phys. Lett. B 809 (2020) 135754 

upper limit on
σ*BR = 3.6x SM
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Higgs CP properties
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Latest Results on the Higgs Boson


