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Motivation

After Higgs boson discovery, only a portion of Higgs potential has been measured.

Higgs boson trilinear self-coupling

• The shape of Higgs potential

• Experimentally accessed by studying Higgs boson pair (HH) production

• Better understanding of Higgs mechanism and electroweak symmetry breaking

• Any deviation from the self-coupling predicted by the SM —> a sign of new physics
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Non-resonant HH Production in SM
Very small cross-section! ~3 orders of magnitude smaller than single H production
• Gluon-gluon fusion: σSM

ggF = 31.05 fb @13TeV

• Vector-boson fusion: σSM
VBF = 1.73 fb @13TeV

• Other production modes (e.g. VHH, ttHH) have even smaller cross-section.

Modifier : κλ =
λHHH

λSM
HHH

Probe to trilinear self-coupling

Probe to VVHH coupling

κλ = 1, in the case of SM
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Overview of analysis strategy
Re-analysis of the full Run 2 dataset inherited from previous analysis to improve  
the Higgs boson self-coupling measurement!
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Overview of analysis strategy
Targeting at non-resonant HH—>bbtautau signal (2 b-tagged jets + OS tau-leptons)

two analysis channels: 
lephad and hadhad

Events further categorized by triggers

hadhad Single-tau triggers (STT) + Di-tau triggers (DTT) High purity
lephad SLT Single-lepton triggers (SLT) High acceptance, large ttbar background
lephad LTT Lepton + tau triggers (LTT) Lower     increases low mass sensitivitypl

T
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Data and MC Samples 6



Event selection

Search for HH with bbtautau final states

HH − > bbττ 7



Categorization
In each sub-channel (hadhad, lephad SLT, lephad LTT), events passing all the 
selection are further divided into 3 Signal Regions (SR):

• VBF region       High-mHH ggF region       Low-mHH ggF region

8

hadhad 
or 

Lephad SLT 
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Lephad LTT



9 Signal Regions + 1 Control Region
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Background estimation

Main backgrounds:
• Top-quark, Z+jets, W+jets, diboson, single Higgs boson and multi-jet production

• Fake tau-had is estimated by data-driven method
1. backgrounds with tau-had mis-identified by quark-/gluon-initiated jet

• Other backgrounds are estimated by MC simulation
Normalizations of simulated ttbar and Z+HF are determined by data in the ZCR fit
• ZCR: bbll trigger selection

             Exactly 2 muons or 2 electrons with opposite-sign charges

             Exactly 2 b-tagged jets

             mll window 75-110 GeV (select Z mass peak)

             mBB < 40 GeV or mBB > 210 GeV (to ensure orthogonality to bbll SR)
• Typical norm factors

Z+HF 1.35    0.1
ttbar 0.96    0.04

±
±

Use the same strategy with last round analysis. Verified for this round!
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Background estimation — Fake tau-had in lephad channel
Two sources: Multi-jet process and ttbar process

Fake factor (FF) method

• Define Multi-jet (MJ) CR and ttbar CR respectively for deriving FFMJ and FFtt̄

• The fraction of multi-jet events in the template

• The combined FF applied to the SR template to estimate fake tau-had in SR
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Background estimation — Fake tau-had in hadhad channel
Two sources: Multi-jet process and ttbar process

Fake tau-had from multi-jet: FF method

Fake tau-had from ttbar: Fake scale factors

• FFs are derived in 1 b-tag SS control region

• Extrapolated to 2 b-tag SS control region

    by a transfer factors (TFs)

• Fake tau-had Scale factors (SF)

• Measured in the lephad ttbar CR 

    by fitting       to datamW

T

• Applied to simulated fake-tau ttbar in SR 
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Signal extraction: Boosted Decision Tree (BDT)
In each sub-channel (hadhad, lephad SLT, lephad LTT), train: 
3 different signal-vs-background BDTs  
1 ggF/VBF separation BDT
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Signal extraction: Boosted Decision Tree (BDT)
Input variables selection

Stop at the plateau
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3-fold training
• Divide events into 3 folds based on the event number
• Train 3 BDTs on each fold, and optimized and applied on other folds

Hyperparameter optimization (on validation folds)



BDT output distributions

• hadhad channel

• lephad SLT channel

The binning is determined 
by an algorithms to 
optimize sensitivity while 
ensuring valid background 
stats.
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Preliminary results (expected)
Expected upper limit on the HH signal strength
• Upper limit HH (ggF+VBF), as well as separately for each production mode

• 1D fit of μggF (μVBF) While fixing the other to 1

• Simultaneous 2D fit of μggF and μVBF
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Constraint on coupling modifiers



Summary

A general overview of the Legacy Run 2 HH—>bbtautau analysis
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Expected results
• Upper limit on the HH signal strength: ~16% improvement

• Constraint on coupling modifier     : 11.7% improvement

• Constraint on coupling modifier        : 12% improvement

κλ

κ2V

Changes that lead to the improvement
• Dedicated ggF and VBF regions
• Improved background modeling
• Fully harmonized and optimized MVA strategy
• Optimized binning



Thanks for your attention!
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Non-resonant enhancement to HH production
Varying the value of 
• Lead to significant enhancement to HH production

κλ or κ2v

• Allowed in many BSM scenarios, which makes it possible to probe new physics

SM : κλ = 1

ggF HH

VBF HH
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HH decay modes

HH —> bbtautau final state

• Medium branch ratio and S/B
• One of the most sensitive channels
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Data and MC Samples
Data samples

fb−1

Monte Calo (MC) Samples
• full Run 2 dataset @ 13TeV with L = 140 collected by ATLAS detector

Results

• Signal samples generation:
A representative number of samples

Sample combination technique

Samples with a fine grid in plane (          )κλ, κ2v

• Upper limit on μggF+VBF, μggF, μVBF

• 95% CL interval for modifier κλ, κ2v

Targeting at 10~20% improvement!

• Improved bkg samples: 

Considering Dilepton ttbar, Sherpa 2.2.11 
V+jets —> reduction of stat. Unc by 30~50%
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Overview of analysis strategy

A sketch depicting the analysis strategy
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hadhad channel lephad SLT channel lephad LTT channel
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Systematic uncertainties
Considering the uncertainties from:

• Experimental uncertainties
• Background modeling for MC-based processes: ttbar, Z+HF, single-top, single Higgs

• Background modeling for data-driven processes: fake-tau in lephad and hadhad

• Signal modeling: ggF HH, VBF HH 

Modeling uncertainties (take the difference between nominal and alternative)
• Acceptance: event yield variation in SRs due to imperfect modeling
• Shape: shape variation in SRs due to imperfect modeling
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Statistical model
Binned likelihood

Implementation
• The fit model is defined in terms of python/C++ code based on the Root HistFactory
• In this analysis, WSMaker is used.

Event yield in each bin 
as a linear combination 
of histogram templates
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Breakdown of the improvements
Hadhad channel
• For upper limit on HH signal strength, the improvement equally comes from new BDT 

binning, the usage of improved samples, the new optimized BDT

• For     interval, the new optimized BDT brings largest relative improvement

• For        interval, the introduction of a dedicated VBF SR brings largest relative improvementκ2v

κλ
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ZCR re-definition 40



ZCR re-definition 41



Event selection 42



The plot further motivate the mHH splitting 

Current analysis projected to HL-LHC

Previous analysis projected to HL-LHC
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