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Higgs boson production at the LHC

2

Observation of H ! ⌧⌧
Search for H ! µµ

Beyond the Standard Model Higgs decays

Higgs boson production at the LHC
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Exploit all possible production modes with their respective topologies
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Run 1 Run 2 Run 3
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BRH→ττ ≈ 6.3 %

• Measure  for all relevant production modes: 
, ,  and 

σ × BRH→ττ
ggH VBF V( → qq)H ttH
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The ATLAS experiment at the LHC

• Use full Run 2 dataset: 
 after 

data quality cuts
ℒint = 139 fb−1
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• Leptonic 𝜏-lepton decays are reconstructed as 
electrons and muons (with relaxed  cuts) 

• Reconstruction of hadronic 𝜏-lepton decays starts from 
anti-  jets with  as seeds 

• Classify tracks within cone into tau, isolation, pile-up 
and conversion tracks using multiple BDTs - require 
exactly 1 or 3 tau-tracks 

• Use RNN to identify hadronic tau decays and reject 
quark and gluonjets 

• Use all relevant combinations of tau decay modes: 
, ,  ( ) 

• No same flavour light leptons to avoid  peak

d0

kT R = 0.4

τhτh τℓτh τeτμ ℓ = e, μ

Z
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Reconstruction of 𝜏-lepton decays

ATL-PHYS-PUB-2019-033 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-033/
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Di-tau mass reconstruction

• Use visible tau decay products and missing energy in missing mass calculator (MMC) 

• Sample PDFs ad use  Markov chain to find most likely solution to underconstrained problem
5

Phys. Rev. D 99 (2019) 072001 

https://link.aps.org/doi/10.1103/PhysRevD.99.072001
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Preselection

• Use single muon, single 
electron, muon+electron 
and (+jet) triggers 

• Define exclusive 
categories of medium 
quality electrons, muons 
and hadronic tau decays 
to define analysis 
categories

τhτh
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Event categories
• Boosted (ggH): 

 

• : , 
, , 

jets in opposite hemispheres 

• : , 
 

• : 6 jets and at least 1 b-tag 
or 5 jets and at least 2 b-tags 

• Additional BDT classifiers to 
purify ,  and  
categories

pT(H) > 100 GeV

VBF mjj > 350 GeV
pj2

T > 30 GeV |Δηjj | > 3

VH 60 < mjj < 120 GeV
pj2

T > 30 GeV

ttH

VBF VH ttH
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Modelling in event categories

•  and  are split into two regions to maximise 
sensitivity by cutting on BDT scores 

• For  a rectangular cut is performed on both BDTs

VBF VH

ttH
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Simplified Template Cross Section Bins
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Background Composition

• Largest backgrounds from 
, misidentified -leptons 

and top quark processes
Z → ττ τ
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Signal purity in STXS bins
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Modelling of  backgroundZ → ττ

• “Simplified embedding”: use  events, correct for ,  and  trigger and reconstruction 
efficiencies and scale visible  to correspond to hadronic -lepton decays - all event quantities are 
re-evaluated 

• All detector uncertainties are propagated + non-closure uncertainties from comparison to  MC

Z → ℓℓ e μ τh
pT τ

Z → ττ
12
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Misidentified -lepton backgroundτ

•  and  use a fake factor approach to estimate hadronic tau fakes, light lepton fakes are negligible in  

•  uses a matrix method to estimate light lepton fakes 

• Check modelling in validation regions. Uncertainties are estimated from non-closure effects and statistics

τhτh τℓτh τℓτh

τeτμ
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Fits and signal extraction
• Binned maximum likelihood fits in 32 

signal regions (10 boosted, ,  
bins x 3 decay modes + 2  bins) 
+ 6 top CRs ( , ) and 30 

 regions to derive simplified 
embedding and  
normalisation 

• Measure correlated signal combined 
over all regions (1 POI), per Higgs 
production mode (4 POIs), per STXS 
bin (9 POIs: , ,  + 6 
boosted bins)

VBF VH
ttH

τℓτh τeτμ
Z → ℓℓ

Z → ττ

VBF VH ttH
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Post fit distributions
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Fit results
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Exclusive measurements

Combined measurement
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STXS fit results
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Systematic uncertainties
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Summary and Outlook
• Measurement of  in 9 STXS bins using full 

Run 2 data 

• First look at  with , complementary to  
multi-lepton analysis (Phys. Rev. D 97 (2018) 072003) 

• Significant improvement over previous result (Phys. Rev. 
D 99 (2019) 072001): more data, improved tau ID and 
improved signal categorisation (especially VBF BDT) 

• Still room for improvement: improved event 
reconstruction, better understanding of systematics, 
more STXS bins 

• Looking forward to doubled statistics from Run 3 
starting later this year!

σ × BRH→ττ

ttH H → τhτh ttH
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
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