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Introduction

Double Higgs boson (hh) production is the principal way to to study the
Higgs boson self-interaction extracting the trilinear coupling (AHHH)
— this is generally considered as an analysis for the HL-LHC

g //h g < ---h
t ---a’ Ly A
g h \\\h g > ---h
AHHH

gluon fusion channel

" HH production at 14 TéV LHC at (N)LO in QCD osm(gg—hh)
~~~~~~~~~~~~~~~ M,=125 GeV,EMSTW2008 (N)LO pdf (68%cl) | mn = 125 GeV
12 =
| f Vs o (fb)
B T W 7TeV | 685
"= L . 8leV | . 2.96
£ 13TeV | 343
14TeV | 407
101 £ — e —§ Preliminary recommendations
FarXiv:1401.7340 PP ;o 1% from the hh group of LHXSWG
-arX|v:14|08.6542 | | | | | | 1=
-4 -3 -2 -1 0 1 2 3 4

AHHH/AHHHSM
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Introduction

Double Higgs boson (hh) production is the principal way to to study the
Higgs boson self-interaction extracting the trilinear coupling (AHHH)
— this is generally considered as an analysis for the HL-LHC

g //h g < ---h
h >«
g ~h g > ---h

AHHH

gluon fusion channel

Even if in LHC Run1 we did not have any sensitivity to “measure” Standard
Model Aunn an easy pattern to look for hh are :
— resonant production from decay of new exotic particles

— non-resonant production from SM or from new diagrams increasing the

production cross section
« non SM Yukawa couplings
 ttHH interactions
 dimension-6 gluon Higgs operators
- light coloured scalars
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?{" ﬁ‘ 20 ‘3Whi"éh’ﬁnal states?

Branchlng ratios and productlon mechanisms are decoupled effects
Double Higgs boson production has a phenomenologically rich set of final states
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% by ATLAS/CMS

Rarer BR

— SM branching ratios (for mn = 125 GeV) are used as first approximation for all the analyses
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Phys. Lett. B 749 (2015) 560

CMS-EXO-12-053

(X)>hh—bbbb

Eur. Phys. J. C (2015) 75:412

BRsm(hh—bbbb) ~ 33.3%
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cMms (X)—=>hh—bbbb : resolved analysis s e sa

A model-independent search for a narrow-width resonance in 270-1100 GeV range

4 anti-kt AR=0.5 b-jets with pt > 40 10

The kinematic distributions of the decay
products vary substantially over the mass range

A kinematic fit is performed to improve the

mass resolution
mx resolution is 4-30 GeV (improves by 20-40%)
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CMS

The exclusion limits for

> (X)—>hh—bbbb : resolved analysis

Phys. Lett. B 749 (2015) 560

production and Kaluza-Klein graviton production

17.9 b7 (8 TeV)
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different acceptance
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380 and 830 GeV are excluded at 95% CL

The low mass region sensitivity not enough to probe (N)MSSM predictions
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Above mx > 1TeV significant merging takes place
— one massive jet instead of two resolved b jets

— jet sub-structure techniques exploited to perform

H-tag and jet quality

Starting with 2 CA AR=0.8 central jets 10*

H-tag jet quality o)
—
1 4 N
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o cMs (X)=>hh—bbbb : boosted analysis CMS-PAS-EXO-12-053
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@ ATLAS

(X)>hh—bbbb : resolved analysis

Eur. Phys. J. C (2015) 75:412

> 0.2 N e
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‘Q" ATLAS (X) —}hh—}bbbb : boosted analysis Eur. Phys. J. C (2015) 75:412
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i - AW ) (X) —hh—-bbbb : results Eur. Phys. J. C (2015) 75:412
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arXiv:1510.01181

(X)?hh—bbtt

BRsm(hh—=bbtt) ~ 7.2%

arXiv:1509.04670
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| CMS

Final states: ThTth €Th MTh

divided in categories based on
number of b-jets (0 or 1 or 2)

Selection largely following
the SM H—tt analysis

Kinematical fit (Mygkinfit) for Mun

signal-to-background ratio is
greatly improved

Background (tt, L—TT,e..)
shapes/yields mainly from data
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arXiv:1509.04670

(X)>hh—bbtTt

Final discriminants used to extract the signal (1D analysis)
non-resonant: mn

resonant: mbbm-

Final states: eth MTh

> SR LI LR > /Opr T
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CMS-HIG-13-032

(X)>hh—bbyy

Aact Muon Solenoid

BRsm(hh—bbyy) ~ 0.26%

Phys. Rev. Lett. 114, 081802 (2015)
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o, x BR(X—hh) [pb]

Follow SM h—yy measurement analysis
Only one category of events

Search for:

— spin 0 resonances in the 260<mx<500 GeV

mass range SM Higgs boson

— non-resonant pair production

Constrained m,,j to extract the signal

(X)2hh—-bbyy

ATLAS

det =20fb"at {s=8TeV

—a— Observed 95% CL Limit
2 Expected Limit 1o
- Expected Limit +20
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-l .—_‘ .

—t
IIII|IIII|
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bl N

L o L
350 400 450
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500

Phys. Rev. Lett. 114, 081802 (2015)
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VY]
Limit non-resonant analysis:

Expected: 1.070245 pb
Observed: 2.2 pb (2.40)

N

Limit resonant analysis:
1pb in the higher mass region
Local excesses below 350 GeV around 3.5 pb
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Other channels

Multileptons
—-hh—
Lepton plus photons (X)=hh=>WWyy
CMS/|
CMS/!
Phys. Rev. D 90 (2014) 112013 S : Phys. Rev. Lett. 114, 081802 (2015)
CMS,/|
< BRsm(hh—=WWyy) ~ 0.1%
BRsm(hh—=WWWW) ~ 4.6% )
BRsm(hh—=WWTT) ~ 2.7% 12;
BRsw(hh—=WWyy) ~ 0.1% J 108
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(X) — hh = Wwyy arXiv:1509.04670
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Combination



/ ATLAS Upper limits arXiv:1509.04670

The four individual analyses are sensitive to different kinematic regions of the
hh production and decays

hh Nonresonant search Resonant search

final state Categories Discriminant Categories Discriminant mpy [GeV]

yybb 1 My 1 event yields ~ 260-500

yvyWw* 1 event yields 1 event yields  260-500

bbtt 4 My 4 Mpbrr 260-1000

bbbb 1 event yields 1 Mppbb 500-1500
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ATLAS Interpretation RO

The upper limits on o(gg—H)xBR(H—hh) can be interpreted as exclusion
regions in the (tanf, mA) plane.
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Summary

Search for hh final state in Run1 performed by both LHC
experiments investigating a large variety of final states

The non-resonant search is far from SM sensitivity (50x SM) but new
physics can be probed

Limits on resonant hh set on wide mass range
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