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INTRODUCTION

DI-HIGGS PRODUCTION
▸ Standard Model:  small! σ(hh) = 33.41 fb @ 13 TeV 
▸ destructive interference between processes involving 

Higgs self-coupling and box-diagram with two tth vertices 

▸ Beyond the Standard Model: possible enhancements? 
▸ enhanced self-coupling? resonant production via a heavy 

scalar? addition of a tthh vertex?
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OUTLINE

SEARCHES FOR DI-HIGGS PRODUCTION WITH ATLAS

▸ Run 1 combination (γγbb, 
γγWW, bbττ, bbbb) 

▸ 13 TeV hh ➞ γγWW  

▸ 13 TeV hh ➞ γγbb 

▸ 13 TeV hh ➞ bbbb 

▸ Prospects at the HL-LHC
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RUN 1 DI-HIGGS COMBINATION

PHYS. REV. D 92, 092004 (2015)
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▸ combination of Run 1 hh searches (γγbb, γγWW, bbττ, bbbb) 
in 20.3 fb-1 of 8 TeV data 

▸ σ(hh)SM = 10.15 fb @ 8 TeV 
▸ non-resonant combination:                                                       

0.69 pb (0.47 pb) observed (expected) → 70 (48) * σ/σSM

https://arxiv.org/abs/1509.04670
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RUN 1 DI-HIGGS COMBINATION

PHYS. REV. D 92, 092004 (2015)
6

▸ observed (expected) limits on σ(H)*BR(H→hh) range from 2.1 
(1.1) pb at 260 GeV to 0.011 (0.018) pb at 1000 GeV

https://arxiv.org/abs/1509.04670
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RUN 1 DI-HIGGS COMBINATION

PHYS. REV. D 92, 092004 (2015)
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▸ di-Higgs combination is an input to the hMSSM summary plot 
(in green)

https://arxiv.org/abs/1509.04670


FINAL STATE 
WITH TWO 
PHOTONS 
AND TWO     
W BOSONS
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DI-HIGGS PRODUCTION IN THE YYWW FINAL STATE

ATLAS-CONF-2016-071
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▸ search for non-resonant and resonant (260-500 GeV)                                  
hh production in 13.3 fb-1 of 13 TeV data 

▸ BR(hh ➞ γγWW) = 0.1% 

▸ main backgrounds: SM Higgs (small, from MC), γγ/γj/jj continuum (large, 
data-driven) 

▸ cut-and-count in signal region defined by: mγγ ± 3.4 GeV 

two jets (b-veto 
@ 70% eff.) 

pT > 25 GeV
two tight, isolated 

photons 
pT/mγγ > 0.25,0.35

one lepton (e or μ) 
pT > 10 GeV

no MET requirement 
(does not improve 

result)

http://cdsweb.cern.ch/record/2206222
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DI-HIGGS PRODUCTION IN THE YYWW FINAL STATE

ATLAS-CONF-2016-071
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▸ estimate continuum background using data sidebands in mγγ  
▸ due to low stats, fit mγγ in 0-lepton control region and transfer 
εγγ to 1-lepton signal region 
▸ continuum background in SR: nSR = nSB * (εγγ/1-εγγ)

http://cdsweb.cern.ch/record/2206222
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DI-HIGGS PRODUCTION IN THE YYWW FINAL STATE

ATLAS-CONF-2016-071
11

▸ the CLS method and the asymptotic approximation are 
used to set limits on hh ➞ γγWW 
▸ non-resonant: 25 pb (12.9 pb) observed (expected) 
▸ resonant: 47.7 to 24.7 pb (24.3 to12.7 pb) observed 

(expected)

http://cdsweb.cern.ch/record/2206222


FINAL STATE 
WITH TWO 
PHOTONS 
AND TWO    
B-TAGGED 
JETS
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DI-HIGGS PRODUCTION IN THE YYBB FINAL STATE

ATLAS-CONF-2016-004
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▸ search for non-resonant and resonant (275-400 GeV) hh production in      
3.2 fb-1 of 13 TeV data 

▸ BR(hh ➞ γγbb) = 0.26% 

▸ main backgrounds: SM Higgs (small, from MC), γγ/γj/jj continuum (large, 
data-driven) 

▸ fit mγγ (non-resonant search), cut-and-count (resonant search)

two b-tagged jets @ 
85% efficiency

two tight, isolated 
photons 

pT/mγγ > 0.25,0.35

http://cdsweb.cern.ch/record/2138949
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DI-HIGGS PRODUCTION IN THE YYBB FINAL STATE

ATLAS-CONF-2016-004
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▸ non-resonant signal and background modeling: 

▸ signal and single Higgs background are fit with double-sided 
Crystal Ball function  

▸ γγ/γj/jj continuum: simultaneous fit in mγγ for 0-tag CR and 2-tag SR

http://cdsweb.cern.ch/record/2138949
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DI-HIGGS PRODUCTION IN THE YYBB FINAL STATE

ATLAS-CONF-2016-004
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▸ resonant background modeling: 
▸ scale mbb 4-vector to have mbb ≣ mh  
▸ fit mγγ with an exponential function, mγγbb with a Landau function 
▸ cut and count — make cuts on mγγ and mγγbb that keep 95% of 

signal (nB
SR = nSB*(εB

γγ/1-εB
γγ)*εB

γγbb)

http://cdsweb.cern.ch/record/2138949


Elizabeth Brost - SUSY17 - December 14th, 2017

DI-HIGGS PRODUCTION IN THE YYBB FINAL STATE

ATLAS-CONF-2016-004
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▸ no events in data in the signal region  
▸ 95% CL upper limits (low stats — throw toys): 
▸ non-resonant: 3.9 pb (5.4 pb) observed (expected) 
▸ resonant: 7 to 4 pb (7.5 to 4.4 pb) observed (expected)

http://cdsweb.cern.ch/record/2138949


FINAL STATE 
WITH FOUR    
B-TAGGED 
JETS
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DI-HIGGS PRODUCTION IN THE BBBB FINAL STATE

ATLAS-CONF-2016-049
18

▸ search for non-resonant and resonant (300 - 3000 GeV) hh 
production in 13.3 fb-1 of 13 TeV data 

▸ BR(hh ➞ bbbb) = 33% 
▸ main backgrounds: multi-jet (data-driven), ttbar (MC)

≥4 b-tagged jets @ 
70% efficiency 
pT > 30 GeV

resolved boosted

≥2 large-R (1.0) jets                           
(≥1 (R=0.2, 70% eff.) 
b-tagged jet in each)

http://cdsweb.cern.ch/record/2206131
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DI-HIGGS PRODUCTION IN THE BBBB FINAL STATE

ATLAS-CONF-2016-049
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resolved

▸ ~95% of background is from multi-jet events (data-driven) 

▸ define signal, control, and sideband regions in 2-tag selection 

▸ multi-jet background is estimated in sidebands and reweighted to 
correct for differences between 2- and 4-tag selections 

▸ similar method in boosted analysis using 0-tag data

http://cdsweb.cern.ch/record/2206131
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DI-HIGGS PRODUCTION IN THE BBBB FINAL STATE

ATLAS-CONF-2016-049
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▸ resolved and boosted analyses are sensitive in different ranges 
▸ 95% CL upper limits: 
▸ non-resonant: σ(hh➞ bbbb) < 330 (430) fb observed (expected) 

▸ resonant: excluded from 1000 fb to 2 fb for mG*KK
 between 300 and 

3000 GeV

http://cdsweb.cern.ch/record/2206131


DI-HIGGS 
PROSPECTS 
FOR HL-LHC
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DI-HIGGS PROSPECTS AT THE HL-HLC

HH ➞ YYBB @ HL-LHC (ATL-PHYS-PUB-2017-001)
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▸ set expected limits using truth-level MC for  √s = 14 TeV, ∫L = 3000 fb
-1 

▸ The truth-level objects are smeared according to predicted detector resolution 
at <μ> = 200 

▸ expected significance for non-resonant SM hh ➞ γγbb: 1.05σ 
▸ limits on Higgs self-coupling: -0.8 < λ/λSM < 7.7

http://cdsweb.cern.ch/record/2243387
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DI-HIGGS PROSPECTS AT THE HL-HLC

HH ➞ BBBB @ HL-LHC (ATL-PHYS-PUB-2016-024)
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▸ extrapolate current Run 2 results to √s = 14 TeV, ∫L = 3000 fb-1 
▸ expected limit on non-resonant SM hh ➞ bbbb: 1.5*σSM 

▸ with current systematic uncertainties: 5.2*σSM 
▸ limits on Higgs self-coupling: 0.2 < λ/λSM < 7.0 (-3.5 < λ/λSM < 11 syst)

http://cdsweb.cern.ch/record/2221658
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CONCLUSION

SEARCHES FOR DI-HIGGS PRODUCTION WITH ATLAS

▸ wide variety of final states covered by ATLAS 
▸ searches for non-resonant and resonant di-Higgs 

production 
▸ stay tuned for results with 2015+2016 dataset (36.1 fb-1) 

(including new final states!)
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FOR MORE HIGGSES:  HTTPS://TWIKI.CERN.CH/TWIKI/BIN/VIEW/
ATLASPUBLIC/HIGGSPUBLICRESULTS

γγbb γγWW bbττ bbbb
σ/σSM 120 750 160 29
dataset 3.2 fb-1, 13 TeV 13.3 fb-1, 13 TeV 20.3 fb-1, 8 TeV 13.3 fb-1, 13 TeV

most recent non-resonant upper limits on σ(hh)/σ(hh)SM

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults


BACKUP 
SLIDES 
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RUN 1 DI-HIGGS COMBINATION

PHYS. REV. D 92, 092004 (2015)
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MC generators

https://arxiv.org/abs/1509.04670
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RUN 1 DI-HIGGS COMBINATION

PHYS. REV. D 92, 092004 (2015)
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analysis strategy and limits, per channel

https://arxiv.org/abs/1509.04670


Elizabeth Brost - SUSY17 - December 14th, 2017

RUN 1 DI-HIGGS COMBINATION

PHYS. REV. D 92, 092004 (2015)
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resonant limits, per mass point, per channel

https://arxiv.org/abs/1509.04670
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RUN 1 DI-HIGGS COMBINATION

PHYS. REV. D 92, 092004 (2015)
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γγ
W

W
bb

ττ

https://arxiv.org/abs/1509.04670


Elizabeth Brost - SUSY17 - December 14th, 2017

DI-HIGGS PRODUCTION IN THE YYWW FINAL STATE

ATLAS-CONF-2016-071
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systematic uncertainties

http://cdsweb.cern.ch/record/2206222
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DI-HIGGS PRODUCTION IN THE YYBB FINAL STATE

ATLAS-CONF-2016-004
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http://cdsweb.cern.ch/record/2138949


Elizabeth Brost - SUSY17 - December 14th, 2017

DI-HIGGS PRODUCTION IN THE YYBB FINAL STATE

ATLAS-CONF-2016-004
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http://cdsweb.cern.ch/record/2138949
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DI-HIGGS PRODUCTION IN THE YYBB FINAL STATE

ATLAS-CONF-2016-004
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systematic uncertainties

http://cdsweb.cern.ch/record/2138949
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DI-HIGGS PRODUCTION IN THE BBBB FINAL STATE

ATLAS-CONF-2016-049
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resolved analysis

http://cdsweb.cern.ch/record/2206131
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DI-HIGGS PRODUCTION IN THE BBBB FINAL STATE

ATLAS-CONF-2016-049
35

boosted analysis

http://cdsweb.cern.ch/record/2206131
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DI-HIGGS PRODUCTION IN THE BBBB FINAL STATE

ATLAS-CONF-2016-049
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resolved analysis

http://cdsweb.cern.ch/record/2206131
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DI-HIGGS PRODUCTION IN THE BBBB FINAL STATE

ATLAS-CONF-2016-049
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boosted analysis

http://cdsweb.cern.ch/record/2206131
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DI-HIGGS PRODUCTION IN THE BBBB FINAL STATE

ATLAS-CONF-2016-049
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http://cdsweb.cern.ch/record/2206131
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DI-HIGGS PROSPECTS AT THE HL-HLC

HH ➞ YYBB @ HL-LHC (ATL-PHYS-PUB-2017-001)
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signal and bkg event yield

http://cdsweb.cern.ch/record/2243387
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DI-HIGGS PROSPECTS AT THE HL-HLC

HH ➞ YYBB @ HL-LHC (ATL-PHYS-PUB-2017-001)
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http://cdsweb.cern.ch/record/2243387
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DI-HIGGS PROSPECTS AT THE HL-HLC

HH ➞ YYBB @ HL-LHC (ATL-PHYS-PUB-2017-001)
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http://cdsweb.cern.ch/record/2243387
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DI-HIGGS PROSPECTS AT THE HL-HLC

HH ➞ BBBB @ HL-LHC (ATL-PHYS-PUB-2016-024)
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http://cdsweb.cern.ch/record/2221658
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DI-HIGGS PROSPECTS AT THE HL-HLC

HH ➞ BBBB @ HL-LHC (ATL-PHYS-PUB-2016-024)
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http://cdsweb.cern.ch/record/2221658
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DI-HIGGS PROSPECTS AT THE HL-HLC

HH ➞ BBBB @ HL-LHC (ATL-PHYS-PUB-2016-024)
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http://cdsweb.cern.ch/record/2221658

