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/19Introduction 2

Higgs boson plays a central role in the Standard Model (SM). 

Electroweak symmetry breaking gives rise to massive W/Z bosons. 

Yukawa couplings (proportional to particle mass) provide massive fermions. 

This talk covers the Higgs boson coupling to t, b, c, τ, and μ.
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/19LHC, ATLAS, and Run 2 Data Taking 3

Proton-proton collision at 13 TeV 

139 fb-1 usable for data analyses

LHC

ATLAS detector

2008 JINST 3 S08003

https://doi.org/10.1088/1748-0221/3/08/S08003


/19SM Higgs Production and Decay 4

Gluon-gluon fusion (ggF) Vector-boson fusion (VBF)

Associated production 
with vector boson (VH)

Associated production 
with top quark pair (ttH)
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/19General Overview of the Style of Presented Results 5

All analyses use profile likelihood fits in order to constrain systematics 
and background using the data. 

The results are either presented as inclusive measurements of 

cross section   

signal strength     ( : branching ratio) 

coupling strength scale factor relative to SM    (  for SM) 

or using the Simplified Template Cross Section (STXS) framework 
to define differential bins of Higgs pT in order to further probe 
the Higgs properties.

σ

μ =
σ ⋅ B
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/19ttH, H→γγ 6

Probe of the Higgs coupling to the top quark — a third-generation quark 

Best sensitivity in the ttH, H→γγ channel. Full Run 2 data (139 fb-1) yielded 
observed (expected) significance of 5.2σ (4.4σ) 

Pure CP-odd coupling excluded at 3.9σ, |α| > 43° excluded at 95% CL

PRL 125, 061802 (2020)

α: CP-mixing angle (α = 0 in the SM)

https://doi.org/10.1103/PhysRevLett.125.061802
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The signals of ttH, H→γγ exploited for the STXS measurements 

Observed (expected) significance in this analysis: 4.7σ (5.0σ) 

All measurements for ttH, H→γγ consistent with the SM expectation

ATLAS-CONF-2020-026

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
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Search for the ttH production in H→bb final state 

Observed (expected) significance 1.3σ (3.0σ) 

STXS consistent with the SM expectation

ATLAS-CONF-2020-058

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-058/
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Search for ttH production in H→WW/ZZ/ττ (“multi-lepton”) final states 

Data sample: 79.9 fb-1 (analysis using full Run 2 data ongoing) 

Observed (expected) significance: 1.8σ (3.0σ)

ATLAS-CONF-2019-045

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-045/
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Probe of the Higgs coupling to the bottom quark — a third-generation quark 

H→bb analysis challenging due to large background from QCD (multijet) 

VH: leptonic decay of W/Z enables efficient triggering and a large reduction of 
QCD background (V = Z→vv , W→lv , Z→ll , with l = e,μ) 

Result with full Run 2 dataset: observed (expected) significance of 6.7σ (6.7σ), 
measurements within the STXS framework, all consistent with the SM

EPJC 81, 178 (2021)

https://doi.org/10.1140/epjc/s10052-020-08677-2


/19H→bb, Boosted 11

A dedicated analysis targeting the high pT regime (“boosted” regime) 
in VH production mode, PLB 816, 136204 (2021) 
observed (expected) significance 2.1σ (2.7σ), STXS consistent with the SM

Note: another H→bb analysis targeting the boosted regime: 
boosted H→bb + jet in ggF production mode (see ATLAS-CONF-2021-010)

https://doi.org/10.1016/j.physletb.2021.136204
https://cds.cern.ch/record/2759284
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VBF production used for background reduction by requiring two forward jets 

Two orthogonal analyses feature different techniques to identify this signal 

Inclusive (high energy photon vetoed), two b tagged jets and two forward jets, 
observed (expected) significance 2.6σ (2.8σ) EPJC 81, 537 (2021) 

Additional initial state radiation photon to provide a trigger and to reduce 
multijet background, observed (expected) 1.3σ (1.0σ), JHEP 03, 268 (2021) 

The combination of these two channels results in a significance of 3σ

https://doi.org/10.1140/epjc/s10052-021-09192-8
https://doi.org/10.1007/JHEP03(2021)268


/19VH, H→cc 13ATLAS-CONF-2021-021

Probe of the Higgs coupling to the charm quark — a second-generation quark 

Search in VH production mode, general analysis strategy similar to VH, H→bb 

c-tagging algorithm used, the efficiencies for c, b, and light jets: 27%, 8%, and 1.6% 

Observed (expected) limit of σVH x BR(H→cc): 26 (31) x SM @ 95% CL

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-021/
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Interpretation of the VH, H→cc result in the κ framework 

κi: coupling strength scale factor relative to the SM for particle i (κi = 1 in SM) 

Assume κi = 1 for i ≠ c and no BSM contribution to the Higgs boson width 

First direct constraint on κc: |κc| < 8.5 @ 95% CL
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Precision measurements of H→ZZ*→4l and H→γγ are also sensitive to κc 

Enhanced κc can affect shape and normalisation of pT(H) through loops

H→ZZ*→4l, EPJC 80, 942 (2020) H→γγ, ATLAS-CONF-2019-029

- Simultaneous fit to κc and κb 

- Higgs boson width fixed to SM value 
- Observed limit at 95% CL: −12 < κc < 11 
  (from pT shape only, minimal assumptions)

- Cross section fixed to SM value 
- Assume κi = 1 for all other fermions/bosons 
  and the SM Higgs boson width 
- Observed limit at 95% CL: −19 < κc < 24

https://doi.org/10.1140/epjc/s10052-020-8223-0
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/
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Probe of the Higgs coupling to tau lepton — third-generation lepton 

First observation in ATLAS+CMS combination with Run 1 data 

The cross section of pp→H→ττ measured at ATLAS using full Run 2 data is 
, consistent with the SM ( )σ = 2.90 ± 0.21(stat)+0.37

−0.32(syst) pb σ = 3.15 ± 0.09 pb

ATLAS-CONF-2021-044

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-044/


/19H→ττ, STXS 17

The H→ττ signal exploited for the measurement of STXS 

All measurements are in agreement with the SM predictions



/19H→μμ 18PLB 812, 135980 (2021)

Probe of the Higgs coupling to muon — second-generation lepton 

Clean final state, but need to handle overwhelming background from Z→μμ 

Observed (expected) significance: 2.0σ (1.7σ) 

Interpretation in the κ framework: κμ = 1.1 ± 0.3

https://doi.org/10.1016/j.physletb.2020.135980
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ATLAS-CONF-2020-027

Higgs coupling to 3rd-generation fermions 
(ttH, H→bb, and H→ττ) established. 
All measurements consistent with the 
Standard Model expectation. 

Searches for the Η→cc and H→μμ decays 
crucial for probing the Higgs coupling 
to 2nd-generation fermions. 

LHC Run 3 operation will start in 2022. 
The data size will be twice as large as 
what we have now, providing opportunity 
for more precise understanding of Higgs 
properties and the origin of masses. Improved combinations using the latest sets 

of results shown in this talk are currently in progress

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
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/19H→bb, Boosted 21ATLAS-CONF-2021-010

High-pT Higgs production targeted 

At least one large-R jet 
with two b-tagged subjets required 

Fully hadronic final state 
with initial state radiation

https://cds.cern.ch/record/2759284

