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Physics motivations

● Tiny SM σHH
ggF due to destructive interference

● Deviation can be a manifestation of new physics

● Here σHH = σHH
ggF + σHH

VBF

κλ=λHHH/λSM

● Search for a spin 0 resonance in the 251 GeV ≤ X ≤ 1 TeV range
● Narrow width models such as :

- two Higgs doublets
- MSSM 
- twin Higgs model 
- composite Higgs model 
contain such spin 0 resonances

Non-resonant

resonant

V(H) = λv2H2 + λvH3 + λH4

https://www.sciencedirect.com/science/article/abs/pii/0550321381905228?via%3Dihub
https://arxiv.org/abs/hep-ph/0510273
https://arxiv.org/abs/1105.5403
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Channel choice 

● Excellent mγγ resolution (less than 1.9 GeV)

● Good photon identification & reconstruction :
- good trigger (advantage for low mHH)
- High S/B

● High H->bb branching ratio 

Fully reconstructable final state
● Main backgrounds are di-photon 

continuum and single Higgs boson 
(Non-resonant ggF and VBF for 
resonant analysis)
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Analysis strategy
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Pre-selection

● Di-photon trigger

● ET/mγγ >0.35 (0.25) for leading (subleading) photon

● Isolation criteria in a cone of R =0.2
- ET

iso <0.065* ET

- pT
iso <0.05* ET

● 105 GeV ≤ mγγ ≤160 GeV

● Less than 6 central jets (|η|<2.5) with PT>25 GeV
● 2 b-jets with 77 % b-tagging efficiency

Common pre-selection for resonant and non-resonant analysis
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mHH categorization
● m*bbγγ used in both analysis to improve resolution

● 2 category in Non-resonant analysis : 
-low : < 350 GeV for BSM
-High : >350 GeV for SM

● Resonant analysis : selection applied on m*bbγγ at +/-2  σ (+/- 4σ) around the 
expected mean signal value for each resonance (at 900-1000 GeV)
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Non-resonant 
BDT selection

● Low and High mass region are both 
separated in 2 sub-category 

● BDT trained for each region to 
discriminate signal from continuum and 
single Higgs 

● Loose and Tight BDT selection
- Selection taken to maximize the 
combined expected significance 
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Resonant 
BDT selection

● One BDT for all resonances but selection 
depends on the mass 

● Two BDT to separate signal for continuum (BDTɣɣ) 
and from single Higgs background (BDTSingleH)

● Combination of both score into one score BDTtot 
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Signal and 
background modelisation

● Fit mγγ on for both non-resonant & resonant
● Signal and single Higgs background is modeled from fit on MC using Double Sided 

Crystal Ball function
● Continuum background is modeled from data side-band fit using Exponential function

ResonantNon-resonant
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Non-resonant results 
No signal, limits are set via the CLs method

● Observed (Expected) non-resonant HH production of 180 (130) fb : 4.1 (5.5) times the SM

● Previous paper, 36 fb-1
 results : 22 (28) times the SM, -8.2 (-8.3) < κλ < 13.2 (13.2) 

● Full Run 2 CMS results : 7.7 (5.2) times the SM, -3.3 (-2.5) < κλ < 8.5 (8.2)

https://link.springer.com/article/10.1007/JHEP11(2018)040
https://cds.cern.ch/record/2742937/files/HIG-19-018-pas.pdf?version=1
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Resonant results

● Observed (Expected)  σ upper limits at 95% CL for a scalar resonance vary between 
610-47 (360-43) fb in the 251 GeV ≤ mx ≤ 1000 GeV mass range.

● Previous paper, 36 fb-1
 results: observed (expected) limits between 1140-120 

(900-150) fb in the 260 GeV ≤ mx ≤ 1000 GeV mass range.

No signal, limits are set via the CLs method

https://link.springer.com/article/10.1007/JHEP11(2018)040
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Conclusion
● Non-resonant and resonant searches for HH production in the HH-> 

bbγγ final state are presented
● Both channel are limited by statistics

4.1 (5.5) times the SM
-1.5 (-2.4) < κλ < 6.7 (7.7)

Compared to previous paper :
~60% improvement from mHH 

categorization
~20% from BDT strategy
~10% from b-jet corrections

610-47 (360-43) fb  in the 
251 GeV ≤ mX ≤ 1000 GeV mass range

~30% improvement from BDT strategy 
compared to the baseline strategy

Best channel for low regime 

Non-resonant Resonant

Presented as a conf note for 2021 winter conference

http://cds.cern.ch/record/2759683/files/ATLAS-CONF-2021-016.pdf
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● Thanks for your attention !



22/09/2021 Higgs boson pair production, HULSKEN Raphaël 14

Variable in BDT non-resonant analysis
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Variable in BDT resonant analysis
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Yields 
Non-resonant analysis

Resonant analysis
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Data and simulation samples
● Full run 2 data (139 fb-1)
● ggF HH signal at NLO (κ

  λ =1,10) with Powheg-box v2 + Pythia 8
● VBF HH signal at LO (κ

  λ =0,1,2,10) with MadGraph5_aMC@NLO + pythia 8
● Spin 0 resonance at LO MadGraph5_aMC@NLO + Herwig
● Single Higgs and continuum background summarized in the table
● PU overlay : Pythia 8.1 

mailto:MadGraph5_aMC@NLO
mailto:MadGraph5_aMC@NLO
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Physics motivations (non-resonant)

● Study of the Higgs potential

MH=  ~ 125.09 GeV
v ~ 246 GeV 
-> we know λ (theo) 

● Tiny SM σHH
ggF (31.02 fb at 13 TeV for mH=125.09) due to destructive 

interference
● Deviation can be a manifestation of new physics
● σHH

VBF (1.7 fb at 13 TeV for mH=125.09)

κλ=λHHH/λsm

Not accessible 
yet

Access through 
HH pairs

● Here σHH = σHH
ggF + σHH

VBF
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Data/MC 
comparison

Non-resonant Resonant
Events dominated 
by continuum yybb 
background 

Data-driven 
method using 
2x2D method 
based on 
reverting the 
isolation and 
identification 
photon criteria 
(only used for 
data/MC 
comparison)
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Systematic uncertainties
● Both analysis dominated by statistical uncertainty, systematic 

uncertainty have relatively low effects

● Only spurious signal uncertainty affects continuum background as fitted 
from data

● Other uncertainties affects the resonant and non-resonant signal as well as 
the single Higgs background
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Object 
and preselection

● Tight photon identification

● Isolation criteria in a cone of R =0.2
- ET

iso <0.065* ET

- pT
iso <0.05* ET

● 105 GeV ≤ mγγ ≤160 GeV

● ET/mγγ >0.35 (0.25) for leading (subleading) photon

● Less than 6 central jets
● Pflow jets, anti-kt R=0.4
● Tight JVT applied
● 2 b-jets with DL1r 77 % WP
● B-jet correction applied

- Muon in jet + PT-reco
Taken from Evidence for the H->bb decay with the ATLASdetector

https://arxiv.org/pdf/1708.03299.pdf


22/09/2021 Higgs boson pair production, HULSKEN Raphaël 22

Choice of the continuum function

● Choice of the continuum function done via 
spurious signal method
- Estimate the signal bias by fitting a 
background only MC template using a 
signal+background function
- Exponential function chosen due to small bias 
and small number of free parameters
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Statistical analysis
Non-resonant

Resonant

● Maximum likelihood fit in the 
105 GeV < mγγ < 160 GeV region 
(simultaneously for all non-resonant 
category)

Single Higgs yield fixed to SM value (SM 
signal yield fixed in resonant analysis) 
while µ float in the fit 
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ATLAS resonant results

From CONF note

https://cds.cern.ch/record/2777013/files/ATL-PHYS-PUB-2021-031.pdf
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