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A much larger dataset 
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36 fb-1 

Full Run-2 
147 fb-1 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/  

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/


A factory for many things 

11/09/2019 Scalars 2019 3 

Particle        Produced in 139 fb–1 at √s = 13 TeV 

Higgs boson 7.7 million 

Top quark 275 million 

Z boson 2.8 billion (→ ℓℓ, 290 million) 

W boson 12 billion (→ ℓ𝜈, 3.7 billion) 

Bottom quark ~40 trillion (significantly reduced by 
acceptance) 

Andreas Hoecker, EPS-HEP-2019  



The “discovery” plots…  
…but with all that data 
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ATLAS-CONF-2019-029 ATLAS-CONF-2019-025 



At the cost of lots of pileup 
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Excellent reconstruction is 
still possible (with innovation) 
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Example: missing momentum 
• Calculate resolution  

for each visible object 
• Find likelihood that the vector 

sum differs from zero 

ATLAS-CONF-2018-038 



Making and breaking them 
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As of Scalars 2017 
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3.5σ evidence 
4.2σ 

Production 
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As of Scalars 2017 

µµ 

1610.07922 

3.5σ 

<110×SM 

<2.8×SM 

<6.6×SM x Decay 



Towards H bb 
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b-tagging measured  
using tt events 

Previously: 
b-layer added  
before Run-2 

1%-8% uncertainties 

1907.05120 



VH &  H bb 
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1808.08238 

VH production and bb decay both observed 5.4σ 

5.3σ 
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1806.00425 

Four different decay modes 
contributed to ttH observation 

6.3 σ observation 

Observation of ttH production 

Photon identification and 
diphoton resolution were key 



Observation of ttH production 
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Hγγ 

ATLAS-CONF-2019-004 

4.9σ in a single decay channel 
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Display of a tt(e+jets)+H(μμμμ) candidate 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/  

Summary of some production and decay mode measurements 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/HIGGS/


Probing the small 
couplings 
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H  μμ  
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ATLAS-CONF-2019-028 

BRSM = 2.2 × 10-4 

Upper limit on the signal strength: 1.7  
(expect 1.3 for the case of no signal) 
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ATLAS-CONF-2019-028, ATLAS-CONF-2019-005  



Electron modes 
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ATLAS-CONF-2019-039 

BR < 3.6 × 10-4 BR < 6.1 × 10-5 

ee eμ 
BRSM ≈ 5 × 10-9 BRSM ≈ 0 



More flavour-violating modes 
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1907.06131 

BR < 0.47% BR < 0.28% 

eτ μτ 

Example signal region BDT scores 

More signal-like More signal-like 



 λHHH self-coupling 
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Loop effects 

Direct HH searches 



 λHHH self-coupling 
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HH production 
Loop effects 

ATL-PHYS-PUB-2019-009 

1906.02025 

See also: 
HHbbWW (139/fb) 
(1908.06765) 

Φ  HH  bbbb (VBF) 126/fb 
(ATLAS-CONF-2019-030)  

1906.02025 



Measure measure measure 
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Differential distributions 
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ATLAS-CONF-2019-032 
ATLAS-CONF-2019-029 

pT 

mjj 

njets 

Δφjets 

ATLAS-CONF-2019-025 

njets 
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EFT constraints 1008.4884 
Grzadkowski et al 

“Warsaw basis” 



EFT constraints 
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ATLAS-CONF-2019-029 



EFT constraints 
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ATLAS-CONF-2019-029 



The other scalars? 
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Extended Higgs sector? 
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Other BSM Higgs searches (flipped 2HDM, scalar resonances, …) at: 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults  

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HDBSPublicResults


Scalar leptons? 
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ATLAS-CONF-2019-014 

Difficult due to  
leptonic WW background, 
small cross section 
and low pT leptons 

First sensitivity beyond LEP 

This region particularly interesting for  
• DM relic density 
• gμ-2 



First sensitivity to staus 
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LHC now has sensitivity 

ATLAS-CONF-2019-018 

Many more SUSY searches (stops, sbottoms, …) at 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults   

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults


Long lived scalars 
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1902.03094 

Many more exotic scalar searches (leptoquarks, dark scalars, …) 
can be found at: 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults  

Simulation 
Trigger on narrow jets 
in HCAL (little ECAL & 
no tracks) 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
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59 γγ → γγ events observed for          
12 ± 3 expected background (8.2σ) 

Light-by-light scattering 1904.03536 

σ 
σ ∝ Z4 



Conclusion 
• Run-2 data-taking was a great success 
• VH and ttH production are now observed 
• Hbb decay is now observed 
• Second generation couplings getting closer 
• Rare and flavour-violating decays being tested 
• Differential distributions used to test EFTs 
• Searches continue on a broad front 
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Lots more results at: 
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/  

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
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Mass 
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Total width (off-shell measurement) 
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1808.01191 

ΓSM ≈ 4.1 MeV 



Higgs  invisible 
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1904.05105  

BR < 0.26 

Interpretation in plane of direct 
detection cross-section vs WIMP 
mass 



H quarkonium + γ 
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1807.00802 



Indirect constraint on charm Yukawa 
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ATLAS-CONF-2019-029 

cc  H affects H pT distribution  
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VH: H  eeμμ candidate 
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ATLAS-CONF-2019-025 
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ATLAS-CONF-2019-029 

Constraints on a different EFT basis (SILH) on two parameters 
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1906.08589 



bφ, φbb 
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1907.02749 

tan(β) enhancement 
of b-quark couplings 
(but not τ leptons)  

2HDM flipped 
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