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Higgs boson pair production - HH

Two Higgs bosons produced in a singlepp collision

HH cross-section is1000� smaller than single Higgs one

Still challenging, limits on its production cross-section
Could be enhanced byBeyondStandard Model physics:

� Non-resonant: self-coupling variation �
� Resonant: new particles X
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Higgs boson self-coupling
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Higgs boson trilinear coupling: self-coupling

Controls the shape of the Higgs potential
� � SM � 0.13, to be experimentally veri�ed

BSM modi�cations quanti�ed as� � = �
� SM , can

manifest as:
� Total cross-section
� Differential cross-section

Measurement of� � ! � � 6= 1, presence of BSM
physics

�'�H�V�W�U�X�F�W�L�Y�H���L�Q�W�H�U�I�H�U�H�Q�F�H
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Higgs boson pair production at the LHC

Production modes:
� non-resonant at 13 TeV for mH = 125.09 GeV:

I ggF: � ggF
HH = 31.02 fb

I VBF: � VBF
HH = 1.72 fb

� resonant ggF: Spin 0 decay,mX 2 [251; 1000] GeV
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Di-Higgs boson decay modes

Focusing on HH! b�b

 (Golden channel)

Despite low decay rate, one of the most sensitive channels:
� High H! b�b branching ratio
� Very clean signature
� Excellent m

 mass resolution
� Good signal extraction

?ATLAS-CONF-2021-016

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-016/
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Data used

Previous search used 2015-2016 data,L int = 36.1 fb� 1

Today presentation:search with full Run-2 data
� data-taking: 2015-2018
� L int = 139 fb� 1

HH HH! b�b

 � 10% e�.
Events 4.3k 11 O(1)

JHEP 11 (2018) 040

https://link.springer.com/article/10.1007%2FJHEP11%282018%29040
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Object and event pre-selection

Di-photon trigger, e�ciency:
� 83% for SM HH signal
� 70% for resonant signal (mX = 300 GeV)

� 2 Tight and isolated photons (H! 

 ):

� p


T

m


> 35% (25%) for leading (subleading)

� m

 , built with the two leading photons, satis�es
105 < m

 < 160 GeV

Exactly 2 b-jet (H! b�b):
� particle 
ow jet ( pT > 25 GeV & j� j < 2.5)
� b-tagging at 77% e�ciency (DL1r algorithm)
� b-jet energy correction

< 6 jets, reduce hadronict �t H

Zero leptons, reduce semi-leptonict �t H

Common forresonant and non-resonant analysis
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Non-resonant categorization

Two mass regions:
� High mass m�

b �b

 > 350 GeV
� Low mass m�

b �b

 < 350 GeV

In each mass region,BDT trained to
discriminating signal from backgrounds:

� High mass: SM HH (� � = 1)
� Low mass:BSM HH (� � = 10)

Same inputs: object and event kinematic
4 categories, maximum combined
signi�cance:

� High mass: tight and loose BDT
� Low mass: tight and loose BDT m�

b �b

 = mb �b

 � mb �b � m

 + 250 GeV

High mass

Low mass
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Resonant categorization

Two BDTs trained discriminating signal
from:

� BDT

 : continuum 

 +jets
� BDTSingleH : single Higgs

Inclusive training for all resonances masses

BDTs scorescombined in quadrature
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Signal extraction

Non-resonant & resonant: m

 �t
HH signal (ggF + VBF), single Higgs and
resonant signal:

� from Monte Carlo using Double-sided Crystal-Ball
� Yield parametrized as a function of � � for

non-resonant search

Continuum 

 + jets:
� fully data driven
� smoothly falling analytic function
� Spurious signal test: quantify model bias!

systematic uncertainty
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Non-resonant results
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� � constrain: [-1.5, 6.7] (Exp. [-2.4, 7.7])
Statistically limited

� Systematic e�ect � 4%
� background modelling & photon energy scale

5� improvement w.r.t 36 fb� 1 analysis
� Increased luminosity: 2�
� Analysis improvement: 3�

I mHH categorization and MVA strategy ( 80%)
I b-jet energy calibration (7%)
I ...

————
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Non-resonant results
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Non-resonant results

most sensitive category

No signi�cant signal observed
� HH
� SM

HH
limit: 4.1 (Exp. 5.5)

� � constrain: [-1.5, 6.7] (Exp. [-2.4, 7.7] )
Statistically limited

� Systematic e�ect � 4%
� background modelling & photon energy scale

5� improvement w.r.t 36 fb� 1 analysis
� Increased luminosity: 2�
� Analysis improvement: 3 �

I mHH categorization and MVA strategy ( 80%)
I b-jet energy calibration (7%)
I ...
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Non-resonant results
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Resonant results

No signi�cant excess is observed

� X ! HH limit: 610-47 fb (Exp. 360-43 fb)
Statistically limited

� Systematic e�ect up to 10%
� background modelling & photon energy scale

30% improvement from BDT w.r.t 36 fb� 1 on top
luminosity increase

||||
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Summary
Non-resonant and resonant HH! b�b

 searches using the full Run-2 data (139 fb� 1)
Other channels are published:

� Resonant HH! b�bb�b: ATLAS-CONF-2021-035
� Resonant & Non-resonant HH ! b�b� � : ATLAS-CONF-2021-030

Resonant & Non-resonant comparisons: ATL-PHYS-PUB-2021-031

Great improvement in Run-2,ready to Run-3
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Thank you for your attention
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BACKUP
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Large Hadron Collider
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ATLAS detector
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Di-Higgs - production modes
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Di-Higgs - cross-section
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Data and Monte Carlo samples
ggF HH signal (� � = 1, 10) at NLO with Powheg-Box v2 PDF4LHC15 +Pythia 8

VBF HH signal (� � = 0, 1, 2, 10) at LO with MadGraph5 aMC@NLO v2.6.0
NNPDF3.0nlo + Pythia 8

resonant spin-0 X! HH via ggF at LO withMadGraph5 aMC@NLO v2.6.1
NNPDF2.3lo + Herwig v7.1.3. mX 2 [251; 1000] GeV and �X = 10 MeV
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m�
b�b

 variable
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m�
b�b

 for ggF vs VBF HH
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non-resonant BDT variables

� Wt = min

s �
mj1j2 � mW

mW

� 2

+
�

mj1j2j3 � mt

mt

� 2
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non-resonant BDT scores
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resonant BDT variables



27/37

resonant BDT scores
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non-resonant data/MC
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background-only �t : non-resonant
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resonant data/MC
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background-only �t : resonant
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Expected and observed numbers of events of the non-resonant
HH search
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Expected and observed numbers of events of the resonant HH
search
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Syetamtic impact
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HH ! b�b

 36 fb� 1 results
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CMS full Run-2 results

Expected Observed
CMS � HH

� SM
HH

limit 5.2 7.7

CMS � � interval [-2.5, 8.2] [-3.3, 8.5]
ATLAS � HH

� SM
HH

limit 5.5 4.1

ATLAS � � interval [-2.4, 7.7] [-1.5, 6.7]
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Early Run-2 combination
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