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Motivation: DiHiggs searches
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resonant production

• Di-Higgs searches is of uttermost importance, however… 
• Cross-section is very small: 𝜎𝑔𝑔→𝐻𝐻 = 31.05 fb at 13 TeV, due to:

• Box diagram destructively interfere with triangle diagram 
• Small phase space 

• Though in many BSM…
• modify the interaction strength (or add anomalous interaction), 
• or enhanced greatly via BSM resonances

Non-resonant production
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EFT interpretation: Motivation

• Effective Field Theory (EFT) interpretation on di-Higgs searches

• Two EFT frameworks available:
• SM EFT
• Higgs EFT 

• HH searches present constraints on:
• 𝑘𝜆 (𝒄𝒉𝒉𝒉) or 
• 𝒄𝒕𝒕𝒉𝒉, 𝒄𝒈𝒈𝒉𝒉

SM: 𝒄𝒉𝒉𝒉 = 𝒄𝒕𝒕𝒉= 1 and 𝒄𝒈𝒈𝒉= 𝒄𝒕𝒕𝒉𝒉= 𝒄𝒈𝒈𝒉𝒉= 0.



Motivation: 𝑏𝑏𝜏𝜏 channel

• Combines the advantages of high branching ratio and clean background

• …relative to the bbyy and bbbb channels

• Further divided into 𝜏𝑙𝑒𝑝 𝜏ℎ𝑎𝑑 (Lephad) and 𝜏ℎ𝑎𝑑𝜏ℎ𝑎𝑑 (Hadhad) channels

• Based on the decay mode of the two 𝜏-leptons   
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Analysis: Introduction

• Triggers: 
• A set of triggers is used, for...

• Lephad: Single Lepton Triggers (SLT) + Lepton plus Tau Triggers (LTT)
• Hadhad: Single Tau Triggers (STT) + Di-Tau Triggers (DTT)
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Event selection

• Signal targeting:
• SM ggF + VBF non-resonant, and 
• Generic narrow width scalar particle with mass  251 GeV ~ 1600 GeV

Non-resonant MC  

Resonant MC 
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Background estimation

• Dominant background simulated:
• 𝑡 ҧ𝑡 and single top (normalised in fit) 
• 𝑉 (𝑊,𝑍) + jets (normalised in fit – dedicated CR) 
• Single SM Higgs/Other (simulation)

• Data-driven background:
• Background due to a 𝜏ℎ𝑎𝑑 is fake by a jet (data-driven method)



Fake background estimation

𝑡 ҧ𝑡Multi-jet

𝑡 ҧ𝑡 FF-CR, with fake 
background simulated by MC 
(not doing a good job!)
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Systematics Uncertainties

• Experimental Systematics covering:
• Luminosity, pileup reweighting
• Physics objects reconstruction and identification: Tau, leptons, Jet, 

vertex…
• b-tagging 
• And more on triggers, energy scale, resolution…
• ~110 in total! Each are run independently for all samples 

• Modelling Systematics:
• Theory uncertainties on cross section 
• Uncertainties on acceptance:

• Signal: Non-resonant + resonant 
• 𝑡 ҧ𝑡 , Single top
• Z+jets 
• Single Higgs
• + other minor background 

Single-top uncertainty due 
to the interference term
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Statistical analysis: Non-resonant 

• Signal / background classifiers provide discriminant for likelihood fit
• 𝜏ℎ𝑎𝑑𝜏ℎ𝑎𝑑: Boosted Decision Trees 
• 𝜏𝑙𝑒𝑝𝜏ℎ𝑎𝑑: Neural Networks

• Trained on signal vs. all backgrounds using high-level variables:
• E.g. 𝑚𝐻𝐻, 𝑚𝑏𝑏, 𝑚𝜏𝜏

𝑀𝑀𝐶,Δ𝑅(𝜏, 𝜏), more in backup

Non-resonant production
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Statistical analysis: Resonant 

• Parametrised neural networks (PNN) as discriminant 
• Same for Lephad and Hadhad 

• Provide single classifier (per channel) for all considered 𝑚𝑋

• Achieving high sensitivity for each mass points, and
• also able to interpolate across them

Resonant production



Event display: 𝐛 ҧ𝐛 𝝉𝝁𝝉𝒉𝒂𝒅

Motivation: 𝑏𝑏𝜏𝜏 channel
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Results: Limits 

ATL-PHYS-PUB-2021-031 ATLAS-CONF-2021-030

• Upper limit on 𝜎𝑔𝑔𝐹+𝑉𝐵𝐹
𝐻𝐻 : obs. 4.7 × 𝜎𝑆𝑀 (exp. 3.9 × 𝜎𝑆𝑀)

• Highest expected sensitivity to date
• Upper limits on 𝜎𝑋 → HH for narrow-width scalars ranging from approx. 20–103 fb

• Largest excess at 1 TeV with local (global) significance of 3.0σ (2.0σ)
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Results: 𝑘𝜆, 𝑐𝑡𝑡ℎℎ, 𝑐𝑔𝑔ℎℎ scan

• Scanning over a range of coupling 
modifier 𝒌𝝀, 𝒄𝒕𝒕𝒉𝒉, 𝒄𝒈𝒈𝒉𝒉
• Using the same background and 

classifiers: 
• Perform 𝑚𝐻𝐻 reweighting using weights 

derived from truth samples

ATLAS-CONF-2021-052

ATL-PHYS-PUB-2022-019
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Results: HEFT Benchmarks

• 7 benchmarks of HEFT framework
• represent the different shapes of 𝑚𝐻𝐻

• Using a similar reweighting method used for 1-d scan

ATL-PHYS-PUB-2022-019



• A short tour in the 𝒃𝒃𝝉𝝉 analysis…

• Fruitful  results produced!
• Limits on di-Higgs production cross sections, 𝑘𝜆, 𝑐𝑡𝑡ℎℎ, 𝑐𝑔𝑔ℎℎ and 7 HEFT benchmarks 

• World leading upper limit on non-resonant production 
• Excess around 1TeV resonance mass with 2𝜎 global significance

• Stay tuned in Run 3 for more exciting results!

Summary 



Backup: Lepton + Tau triggers menu 



Backup: Object selection



Backup: Neural network inputs 



Backup: Fit setup 

• MVA scores rebinned to optimize sensitivity while limiting background stat. uncertainty
• Fit to MVA score in three SRs with μ = σ/𝜎𝑟𝑒𝑓 as POI

• Non-resonant HH (ggF+VBF): σref = 𝜎𝑆𝑀
𝑔𝑔𝐹+𝑉𝐵𝐹

(mH = 125 GeV)

• Resonant HH: 𝜎𝑟𝑒𝑓 = 1 pb × BR

• 𝑡 ҧ𝑡 and Z+HF normalisation determined from data

NP Correlation scheme:
• Experimental uncertainties (CP) are correlated between regions
• Cross section and acceptance uncertainties are correlated
• Rel. acceptance uncertainties originating from the same source are
correlated between regions
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Combination Results: Non-resonant and Resonant

ATLAS-CONF-2021-030

bbtautau dominates the 
sensitivity at medium 𝑚𝑋

4b dominates the
sensitivity at high 𝑚𝑋


