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L KK gravitons, heavy higgs, ... tthh vertex, coloured scalars, ... J

* Coupling strength directly related to Higgs potential
— A, determined in SM through vev & m,, its measurement is test of Higgs potential
A €an be measured at LHC through observation of Higgs boson pair production
— Potential enhancement of cross-section due to BSM physics and modified A,
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* Some of highest BRs and cleanest channels
studied so far

* Will present a selection of 27 - 139 fb!
results
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 “Resolved” and “Boosted” topologies targeting non- jfﬁglﬁeﬂ
res/low-mass and high-mass resonances respectively %”
* Reconstruct 2 Higgs boson candidates from 4 b-jets ARMQ %

///

* Biggest background is QCD multijet, shape from 2 b- Ar](hh) AR
tag sample while normalization comes from fit to “‘25”“333“”“.“‘“”‘

sidebands Boosted
. . . >2 trimmed fat-jets (R=1.0, 450/250 GeV)
* For top-quark, shape from MC while normalization 1 brtag track-et

(R=0.2) in each fat-jet //f',.

from from fit to data
* Final discriminant is m,,; perform fit to m,
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e Fairly clean signature with two photons and two b-jets
* SR categories according to #b-jets (1 and 2)
e Bkg: Fit exponential + DSCB function in O-tag region

* Perform unbinned fit to m , (my,) non-res (res) case
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* Target final states with e/u and hadronic-t, together with 2 b-
jets and MET

* Train BDT with several discriminating variables in T, +1,,4 and
Tj.q TThag Channels

 Dominant backgrounds: top-quark and Z+HF, constrained in
data CR

* Signal extraction through fit to BDT output
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HH > bb\W W * | /Hep 04 (2019) 092

Resolved and boosted event selection targeting low-mass and high-mass
regions respectively

Most SM bkgs from MC simulation, except:
— Top bkg normalized in dedicated CR in resolved case
— Multijet bkg from data-driven method

Count events in m,, windows for resonant (resolved) or fit m,, shape
(boosted)
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EXPERIMENT

JHEP 05 (2019) 124
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* In addition to Higgs pair, also search for heavier S bosons

e Data-drive background estimate for dominant V+jets, WZ, and mis-
identified charge while MC simulation for smaller backgrounds

e Cut & count analysis exploiting kinematics in various #lepton bins
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H H %VVWW* EPJC 78 (2018) 1007
* Select at least 2 photons, | lectron / muon
1 lepton, & 2 central jets \ /
X G

* Require pT, > 100 GeV
for high mass resonances

. 7 2 jets
e Bke from m.. sidebands . \\ (0 b-jets)
A% . O

* Fitm,, spectrum
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ATLAS

EXPERIMENT

Combination: Non-Resonant | arxiv: 1906.02025 | [llaliT

* Simultaneous fit to data for signal cross-section and nuisance parameters
(for statistical and systematic uncertainties), using the CLs approach
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Combination: Resonant

a — T T T T T ] a C L ]
2 f ATLAS : 2 f ATLAS ]
T {s=13TeV, 27.5-36.1 fo | T B Vs=13TeV, 27.5-36.1 fb" |
T 10g E T 10 3
UT) : X spin-0 : T§ : sp|_n-2 ;
T B 7] o B k/MP| = 2.0 7]
a 1E 3 ) 15 E
o = = = =
R : g - 5
i oo i S B~ R U ;
107 E 107 E
10_2 E_ — 10—2 E_
3x10? 10° 2x10° 3x10° 3x10? 10° 2x10° 3x10°
mg [GeV] mg [GeV]
e EXP.95% CL _ Obs. 95% CL
limits limits
—WWWW — Wy EWK Singlet:
TTHBWW bt Exclusion limits in (mg, sina) and (sina, tanp)
= bbt*t = bbyy
=—e= Comb. (obs.) . (C;c;(m'l)). =lo
) i hMSSM:
g?(’;_t)" 20 BUKkRS ) o
Exclusion limits in (mA, tanp)

11



ATLAS

EXPERIMENT

New Result in bbll+MET channel

5

ﬂﬂlﬂ T

I

50

New channel targeting bbll+MET final state
Can be sensitive to bbZZ, bbWW, and bbtautau

Dominant backgrounds ttbar and Z+HF from CRs
DNN for signal vs background classification with multi-class output
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New Result in 4b channel (VBF) | atLas-conF-2019-030 i

ATLAS

EXPERIMENT

* First analysis targeting VVHH vertex

* Analysis strategy similar to other 4b analysis with
two 2 VBF jets in opposite hemispheres

 Dominant QCD multijet bkg estimated from data in
2-btag CR

* Signal extracted from fit to m,, shape
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Conclusion & Outlook T

Search for diHiggs production and measurement of the
Higgs trilinear self-coupling is one of the major goals of
the (HL-) LHC

Several channels with high BRs and/or clean final states
have been studied by ATLAS so far

First combination of all analyses with 2015-16 data
completed, and two more analyses public now

No enhanced Higgs pair production observed yet

Most stringent limit set by the combination of ATLAS
analyses using 2015-16 data

Stay tuned for more results with full run2 data
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