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4 July 2012: Higgs-dependence day

Clear evidence for the production of a new neutral particle with
a mass of 125 GeV, corresponding to a background fluctuation
probability of 1.7 x 107° (5.9 o).
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SM Higgs sector
After the discovery of a Higgs boson at 125 GeV, a major

question is whether this is the scalar particle predicted by
the Standard Model to break the electroweak symmetry...
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Introduction

BSM Higgs sector

After the discovery of a Higgs boson at 125 GeV, a major
question is whether this is the scalar particle predicted by
the Standard Model to break the electroweak symmetry...
or is it the first state of an extended Higgs sector?

(D © Q€

Several BSM models predict an extended scalar sector,
e.g. with two Higgs doublets (2HDM) or Higgs triplets, all
containing neutral and charged Higgs bosons.
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Two Higgs Doublet Models (2HDMs)

UPPSALA

UNIVERSITET e Two Higgs doublets ¢4 and ®,, with vevs v4 and v, such that
tanpg = V2/V1.
poESM Higgs e Two CP-even Higgs bosons h and H (with a mixing angle «),
with ATLAS one CP-odd Higgs boson A, two charged Higgs bosons H*.
Armaud Ferrar To avoid flavour-changing neutral currents, each group of
Introduction fermions must couple to exactly one of the two doublets

= four 2HDM types, depending on fermion couplings:

Model up-type | down-type | charged
quarks quarks leptons
Type-l ¢2 ¢2 ¢2
Type-ll d)g ¢1 ¢1
Lepton-specific o2 0P OF
Fllpped (O b4 (02

Alignment limit: cos(8 — «) ~ 0 = h has SM-like couplings.
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Minimal Supersymmetric Standard Model

The MSSM is the minimal extension of the Standard Model
which realises Supersymmetry:

@ It can provide dark matter candidates and grand unification;

@ Super-partners have high masses (not observed = SUSY softly broken);
@ MSSM Higgs sector = type-Il 2HDM.

Tree-level predictions use one Higgs boson mass and tan S.

Various benchmark scenarios where SUSY parameters enter
as radiative corrections:

e m'®: mj, is maximised for fixed tan 3 and large mj.

o m,TOdi: the top-squark mixing parameter is chosen so that mj, is close to
125 GeV.

o hMSSM: the measured value of my, is used to predict the remaining Higgs
boson masses and couplings, without explicit reference to soft SUSY-breaking
parameters.
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Minimal Supersymmetric Standard Model

Example of search projections in the hMSSM, taken from
A. Djouadi, et al., JHEP06 (2015) 168:

In this talk:
§§ [Jam-= + JHEPO1 (2018) 055
* nwssm | W+ < JHEPO9 (2018) 139

LheiaTeV | Wllw-w « JHEP11 (2018) 085

tanp

.Hﬁww PRD 98, 052008 (2018): VV combination.
[Jn-2zz | See also Refs. [9-14] therein.

[Ja»zn « JHEPO3 (2018) 174

|lFHhh <+ ATLAS-CONF-2018-043: hh combination.
See also Refs. [21-23] therein.

L AHSt
1000
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Minimal Supersymmetric Standard Model

Example of search projections in the hMSSM, taken from
A. Djouadi, et al., JHEP06 (2015) 168:

In this talk:
§§ [Jam-= + JHEPO1 (2018) 055
* nwssm | W+ < JHEPO9 (2018) 139

LheiaTeV | Wllw-w « JHEP11 (2018) 085

tanp

[Jn-2zz | See also Refs. [9-14] therein.
[Ja-zn « JHEPO3 (2018) 174

|:|FHhh <+ ATLAS-CONF-2018-043: hh combination.
See also Refs. [21-23] therein.

.Hﬁww {PRD 98, 052008 (2018): VV combination.

L AHSt

)
200 300 400 500 600 700 1000
M, (GeV)

Disclaimer: most experimental results shown here are
motivated by or interpreted in 2HDMs, but several other
theories predict extended Higgs sectors, e.g. 2ZHDM+S,
Higgs triplets, etc.
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Large Hadron Collider

o

Circumference = 27 km,

Proton revolutions per
second = 112455,

Centre-of-mass energy:

e 7TeVin2011;

e 8TeVin2012;

e 13 TeVin 2015-2018;
Luminosity: 10% cm—2.s~'
(design), but achieved twice
higher!

From https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2:
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The ATLAS experiment in one slide
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Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker
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9 Charged Higgs boson searches
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H* production and decays

Charged Higgs bosons are primarily produced in decays of
(low-mass) or in association with (high-mass) a top quark:

Theoretical predictions are now
available in the region my+ ~ my.

harged Higgs production at he LHC._+
13 TeV, NLO total cross-section H
WL e —

maloov
M. Zaro @ cHarged2018 (Uppsala).
3rd ComHEP, Cali (Colombia), 3-7 December 2018
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H™ — v — event selections

pp — bBWH* — bb(jj)(mhag) | PP — bBWH* — bb(tv)(Thaa?) |

— Sensitive at large my+ . — Sensitive at low/intermediate my,+ .

1) E{“‘SS trigger: efficiency from 1) Single-lepton triggers.
data, applied to simulation.

2) Select events with a Thag and  2) Select events with a 749 and

a hadronic top-quark decay: a leptonic top-quark decay:
© >1 7 object with pT > 40 GeV,
e >3 jets with py > 25 GeV, including >1 b-tag,

. Elﬁgon and muon veto,  Two opposite-sign channels: e + 7 and p + T,
o E{"™° > 150 GeV, e >1 b-tagged jet with py > 25 GeV,

o mr = \/2pT EMSS Cos Ay, miss > 50 GeV. o EINSS > 50 GeV.

e Backgrounds with a true 7: simulation; J

o =1 lepton (e/u) with p¢ > 30 GeV,
e =1 7 object with p{ > 30 GeV,

e Backgrounds with e, u — 7 fakes: simulation + data-driven corrections;
e Backgrounds with j — 7 fakes: data-driven fake-factor method.

A single-bin control region using { + T selections but with an e
pair is used to constrain the normalisation of the tt background.

3rd ComHEP, Cali (Colombia), 3-7 December 2018 14
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boson searches

H* — v — analysis strategy

Multivariate discriminant:
@ BDTs trained in 5 H* mass bins;
@ Separate training for 7+jets and r+lepton final states;

@ Polarisation variable used for 1-prong 7 objects when
my+ < 500 GeV:

* 0 -track
SO Bl S SUUPY SR
- N
2;:1‘ input variable T]md_\f;{iets n.ud,m;»lepton BDT mass b|ns
T v v
N y y @ 90-120 GeV;
¢
Vil p v @ 130-160 GeV;
Aa’)bjj — v v
A, miss v @ 160-180 GeV;
AR, , v
ARH 6,0 v @ 200-400 GeV;
ARp et + v
T v v @ 500-2000 GeV.
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H™ — v —results

No statistically significant deviation from the SM predictions.
Exclusion limits obtained from a fit of the BDT distributions.

T
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H* — tb — event selections

@ At least one leptonic top-quark decay

= single-lepton triggers;

@ Single- and di-lepton (OS) channels;

@ Z-veto in ee and uu channels;

g

¢ \RQQQQ0Q/

Event categorisation in signal and control regions according to

the number of jets and b-jets.

10° T

s 10 T T T T T T
A wae H 00GOY)
8w AT : Cieste
3 E foemasiw = ix
€ g o Uncerainy
o E
10° |
10t |
we B [, .
107 e nel— ]
10 =
5 14F =
8 12fF o 3
] 8 o ° & . Lo o B o
% 08 e
& os E
CR,. _ Say CRs.  SAR..  SR..  CA, R e, CRey SRy SR
%3 Cr, ‘s ‘s ‘s e, K2 e e, el Hets
72 “jgy U2 U Yy TSz T by 5 g, O 26, 25, 2634

Single-lepton: CR 5j2b, SR 5i3b, SR 5j>4b, CR >6j2b, SR >6i3b, SR >6j>4b.
Di-lepton: CR 3j2b, CR/SR 3i3b, CR >4j2b, SR >4j3b, SR >4j>4b.
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Charged Higgs
boson searches

H* — tb — analysis strategy

The dominating background is
ti+jets (o = 83275 pb).

¢ Model = Powheg+Pythia8.

e Categorised according to the
flavour of additional jets.

e tt+>1b further split based on
the number of jets matched to
b-hadrons.

e Normalisation of {f + >1c and

tt + >1b freely floating in the fit.

3rd ComHEP, Cali (Colombia), 3-7 December 2018

Multivariate technique (BDT)
used to separate signal and
background in the SRs. The
BDT is trained:

e separately for each my+
and SR,

e against all backgrounds for
the single-lepton channel,

e against tt in the di-lepton
channel.

ATLAS Simulation

f+jets, 5280 e H' (BDT 200 GeV)

Background (BDT 800 GeV)—|
e H' (BDT 800 GeV)

D Background (BDT 200 GeV)

Fraction of events / 0.1

1 Il Il 1

ok 5 S i
-1 -0.8-06-04-02 0 02 04 06 08 1

BDT output
18



; H* — tb —results

uﬁ&?ﬁ% No statistically significant deviation from the SM predictions.
e Exclusion limits obtained from a fit of the BDT distributions in
SRs and a single bin in CRs.

BSM Higgs

boson searches 5 eooop o wodm] & s woa
a 2 + light iz @ 1000 + light
with ATLAS I eI = = S B R TR =
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Arnaud Ferrari 400 I
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i~y T T T T 1 H e
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= o5 cosared it L)
2 5=13 TeV, 36.1 fo' 95% expected lmit (CL.) Uncertainty Source Au(Hz) o] | Ap(Hg) b
T ’ B Exvected o Jet Mavour tagging 070 D050
e [ Expected =20 # 4 21b modelling 0.65 0.008
& g anp =05 Jet energy scale and resolution 0.44 0.031
X et #-light modelling 044 0019
= e sta 037 0011
T e tanp = 0.36 0.032
s 036 0039
1T 024 0.010
a tex assoc., pile-up modelling 010 0.006
a D, isol., trigger 0.08 0.003
=] 0.03 0.006
Total systematic uncertainty 11 011
1T+ =1b normalisatic 0.6T 0.022
i+ >1e normalisation 0.28 0.012
Ol Satistical uncertaiy 06 [
200 400 600 800 1000 1200 1400 1600 1800 2000 ToT wncertaity o o
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Charged Higgs boson searches: summary
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Projecting the H™ — 7 and H™ — tb exclusion limits in
the (my+;tan ) plane of two MSSM scenarios illustrates

BSM Higgs
Whsseivoill  the complementary of the two channels.
with ATLAS
Arnaud Ferrari
= T @ i
S 40 S 40
30 30[
Charged Higgs 20 ATLAS 20} ATLAS
boson searches 10H 95% CL exclusions 10 95% CL exclusions 4
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Neutral Higgs
boson decays to
fermions

e Neutral Higgs boson decays to fermions
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Neutral Higgs
boson decays to
fermions

A/H production and decays

Heavy neutral Higgs bosons are produced via gluon-gluon
fusion or b-associated production (enhanced at high tan 53):

gg fusion

‘Sushi (gH + Santander boH) /£ =13 TeV

PMSSM, tanp = 30 PSS, anp= 30

2

z e

X 2 At

- < = g10°3 — aow

: :

5
T T T T 10 T T T T
200 400 600 800 200 400 600 80

1
ma [GeV]

G. Hamity, private communication
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0 1000
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b-associated, 5FS

Decays to
bb& 77 at
high tan 3,
orto tf at
low tan 3.
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Neutral Higgs
boson decays to
fermions

A few words about A/H — tt

Gluon-gluon fusion production of A/H — tt is potentially the
golden channel for my,; above 350 GeV at low tan 3, however
the destructive interference of the signal and tt background
must be taken into account — peak-and-dip structure, as
illustrated in PRL 119 (2017) at 8 TeV.

(bb/tt) + A/H — tt has:
@ negligible interference with backgrounds :-)
@ complicated final states :-(

ATLAS has no dedicated search for (bb/tt) + A/H — tt.
Other searches for tf + X final states were re-interpreted in
2HDMs, e.g. ATLAS-CONF-2016-104 and arXiv:1807.11883.

3rd ComHEP, Cali (Colombia), 3-7 December 2018
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A/H — 77 — analysis strategy

@ The couplings to b and 7 are enhanced at large tan g.
@ Two production modes: gg fusion, b-associated.

BSM Higgs i . >
ok Four categories: OS [ry7h, ThTh] ® [0 b, >1 b].
with ATLAS Event or -
Arnaud Ferrari selection bveto | btag bveto |  btag
Trigger 1¢ 1¢ 17 1T
Ny (pr in GeV) >1(30) >1(30) veto veto
Ny (pr in GeV) =1 (25) =1 (25) 28,65 | 28, 65)
Np (70% efficiency) = >1 =0 >1
A (Crp, OF Ty Tho) >24 >24 >27 >27
' mr (€, ETSS) [GeV] <40 <40 - :
Neutral Higgs ) . )
boson decays to myis(e, 7) [GeV] # 80-110 # 80-110

fermions

Discriminating variable:

m!lr_.u = ‘\fl(p‘Trl +P¥ + E_rfnin)z — (p“_rrl + p“;: +E]n:1iss)2

Background modelling

@ simulation for backgrounds with true leptons and 7, objects;

@ data-driven fake-factor method for backgrounds with j — 7, (for 7,7
and multi-jet events in m,73);

@ fake-rate method for j — 74, in simulated backgrounds for 7, 7.

3rd ComHEP, Cali (Colombia), 3-7 December 2018 24
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Neutral Higgs
boson decays to
fermions

A/H — 1,7, — background

Background with a true 75, estimated with simulation.

Background with j — 7, from a fake-factor method:

Low transverse mass
Fail lepton isolation

Low transverse mass
Pass lepton isolation

High transverse mass
Pass lepton isolation

3rd ComHEP, Cali (Colombia), 3-7 December 2018

Signal Region
a
=
;E
2
2
~
pass
i fy Nl
a
=
= CR-2 CR-1
E
E
=
§ Nraill Npass _ Npass
X fail
2 [ wijes (10)
I Multijet
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A/H — 1 — background

UPPSALA

UNIVERSITET Simulated background processes — fake-rate method:

® j — 7y fake rates are measured with data in regions
BSM Higgs enriched with W+jets (ur, + 0b) or tt (urh + >1b);

boson searches
with ATLAS

@ j — 7, fake rates are applied as a weight to each 7,
candidate in simulation not matched to a true 7.

Arnaud Ferrari

Multi-jet processes — fake-factor method:

ATLAS Vs =13TeV, 36.11b" one-track
0.3 TraaTrag Channel

Neutral Higgs SR
boson decays to N (V3 ¥) = fou(¥) - [ o (V) Nnun-n1J(V33')]
fermions

NCR-1 CR-1

Thag.is AKe-factor

@ fake factors are measured in
a dijet control region;

@ fake factors are applied to
data where the sub-leading
7p, fails the ID criteria (CR-1).

Thagwvis Py [GeV]
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A/H — 77 —results
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Neutral Higgs
boson decays to
fermions

A/H — 771 — exclusion limits

ATLAS EZANTLAL 2015 + Gblerv
-~ Expecte

o xB(p - 1) [pb]
o xB(p - 10) pb]

500 1000 1500 2000 50010001500

m, [GeV]

For masses of 0.2-2.25 TeV,
model-independent limits are
in the range 0.78-0.0058 pb
(gg fusion) or 0.70—0.0037 pb
(b-associated production).

hMSSM limits —
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Reminder: the Higgs potential

After discovering the Higgs boson, the
ultimate probe of the Standard Model
is to fully measure the Higgs potential.

1 1
V(o) = —§u2¢2+zx¢4 TN+ AR + %)\h"’

mass term  self-interaction terms

1,92 42 .’ .’
Emhh e ’

— v =pu/V =246 GeV and A = m2/(2v?) = 0.13 fully
determine the shape of the Higgs potential.

— In order to further test the Standard Model, one must
observe h — hh (and eventually h — hhh t00).
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SM Higgs boson pair production

UPPSALA Gluon-gluon fusion:
UNIVERSITET

000 ---h ,-h
h_-°
BSM Higgs A -
boson searches AN
with ATLAS Q90 ——-h \‘h

Arnaud Ferrari

Due to the destructive interference between the box and Higgs
self-coupling diagrams, the SM Higgs boson pair production
cross-section is very small, about one order of magnitude less
than for single Higgs boson production.

Higgs boson pair Other production modes: even smaller cross-sections...

production NG | 8TeV | 13TeV | 14 TeV
ggF hh 10.2 33.4 39.6
VBF hh 0.46 1.62 1.95
W/Z+ hh | 0.36 0.86 0.98
tt+ hh 0.17 0.77 0.95
ol in fb (https:/arxiv.org/abs/1610.07922)
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BSM Higgs boson pair production

Enhancements of the hh production cross-section and modified
kinematics (e.g. mnn, Pf) may occur through variations of the
Yukawa- or self-coupling, as well as new vertices.

T T T T T T
HH production at 14 TeV LHC at (N)LO in QCD
My=125 GeV, MSTW2008 (N)LO pdf (68%c)

"
e o

MadGraphs_aMCENLO

<— Phys. Lett. B732 (2014) 142
(X = Higgs self-coupling)

Resonant Higgs boson pair production:

@ Randall-Sundrum graviton
(spin-2): G — hh

@ 2HDM heavy Higgs boson
(spin-0): H — hh
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Higgs boson pair decays

UPPSALA

UNIVERSITET .
Many final states to explore...

In this talk:

BSM Higgs
boson searches
with ATLAS

@ bbbb: arXiv:1804.06174
@ bby~: JHEP11 (2018) 040

@ bbr7: Phys. Rev. Lett. 121,
191801

Arnaud Ferrari

@ Statistical combination:
ATLAS-CONF-2018-043

Run-1 legacy:

1 f% +20 expected — — bbbb exp _|
Upper limit on the cross section relative to the SM prediction g

Fxpocted 00 680 30 63 s , LN
Observed 220 1150 160 63 70 107 E
102k 4
PhyS Rev. D 92, 092004 (2015) 300400 500 600 706 806 900 1000

m,, [GeV]

" - gz 10%gT T T T T T T
Higgs boson pair ‘é FATLAS 15 -8 TeV,203 fb"
production Analysis b AWV bbrr Bbbb  Combined £ —+ observed sbrcoxp
Upper Jimit on the cross section [pb] i TOE T Expected e Wiy oxp
Fxpected 70 6.7 T3 0.62 047 & 190 £ 10 expected bbyy oxp
Observed 2.2 11 L6 0.62 0.69 =
5
S
5
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https://arxiv.org/abs/1804.06174
https://link.springer.com/article/10.1007%2FJHEP11%282018%29040
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.191801
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hh — bbbb — event categories

UPPSALA
b Two event topologies depending on the probed mass range:

@ Non-resonant and resonant production of hh — bbbb with

oo o mass up to ~1 TeV: resolved topology.

boson searches
with ATLAS

@ Resonant production of hh — bbbb with mass >1 TeV:
boosted topology.

Arnaud Ferrari

<« Topology/ Resolved Boosted
WW Objects (260-1400 GeV) | (800-3000 GeV)
\ Triggers and Combination of Single large-R
Higgs boson pair I corresponding b-jet triggers jet trigger
production o J Lat (fo— 1) 3.2+24.3 36.1
4& Noots Shjets, R—04 | >2jets, R=1.0
pr cut 40 GeV 450/ 250 GeV
b-tagging 70% for 70% on track-jets
all jets with R =0.2
No-jets 4 2,3,4

3rd ComHEP, Cali (Colombia), 3-7 December 2018

35



UPPSALA
UNIVERSITET

BSM Higgs
boson searches
with ATLAS

Arnaud Ferrari

Higgs boson pair
production

hh — bbbb — resolved topology
Event selection:
@ Use 4 jets with highest b-tagging scores.

@ Selection and pairing of jets into Higgs
boson candidates using ARj;, my; and
differences in my;.

@ my;- and my;-dependent requirements on the
pr and mass of the Higgs boson candidates
= SR centered at (120 GeV; 110 GeV).

@ Events where a three-jet-combination is compatible with a top-quark
decay are vetoed to reduce the tt background contamination.

Background estimation:

@ Multi-jet sample: built with the nominal event selection, but N, = 2: one
h candidate from the two b-tagged jets, one from two non-b-tagged jets;

@ Weights are derived by comparing 2b+2j and 4b samples in a sideband
(SB) region, then applied to the 2b+2j sample of the SR;

@ (i sample: simulated my; shape for fully-hadronic and semi-leptonic tt;

@ Normalisations of multi-jet events, fully-hadronic and semi-leptonic tf by
a simultaneous fit of three background-enriched regions of the SB.
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hh — bbbb — resolved topology

After the validation of backgrounds in
control regions, no significant excess
of events is found in the SR:

Sample 2015 SR 2016 SR 2015 CR 2016 CR
Multijet 866, +70 6750 4170 880+ 71 71104180
U, hadronic 52 &35 259 & 57 56+ 37 276+ 61
17, semileptonic 139 £ 65 123 £ 30 20+ 9 168+ 40
Total 930 +70 7130 £+130 956+ 50 75504130
Data 928 7430 969 7656

Gk (800 GeV') 125 + 19 80 + 14

Scalar (280 GeV) 24 += 75 180 + 57

SM HH 0.607£ 0.091 443+ 0.66

Largest local deviation at 280 GeV:
it is 3.6¢ for a narrow-width scalar
resonance (global significance of
2.30).
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hh — bbbb — boosted topology

UPPSAL Event selection:
UNIVERSITET

@ The two large-R jets with highest pr are used,
with [Anyy| < 1.7;
BSM Higgs )

boson searches
with ATLAS

>1 b-tagged track-jet per J = 2, 3, 4 b-tags;

) @ Requirements on the jet masses = SR
SraudiEsiiat centered at (124 GeV; 115 GeV).

Background estimation:

@ Multi-jet template from "lower-tagged" event selections (i.e. one of the
large-R jet has no b-tagged track-jet and at least one failing b-tagging)
+ re-weight the kinematics of the non-b-tagged J to mimic a h candidate;

@ Shape of the tf background from simulation;

Higgs boson pair
production @ Normalisation of the backgrounds from binned likelihood fits of the
leading large-R jet mass distribution in the sideband region.

Events /0.1 TeV
Events /0.1 TeV
Events /0.1 TeV

1l Wr

53 35

m,,(Tev]
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hh — bbbb — boosted topology

After the Val|dat|on Of Two-tag Three-tag Four-tag
backgrounds in control Multijet 3300 £150 702 £63 329 £6.9
R o t 860  +110 80 £33 17 +14
regions, no SIgnIfICant Total 4250 £130 782 +£51 34.6 +£6.1
i Ckx (2 TeV 097+ 029 123+ 016 0.40%0.13
excesg of events is Sealar (2 Te\)r') 282 £ 90 350 +£ 46 109 £3.5
found in the SR: Data 4376 801 31

Discriminant = my after correction of the large-R jet

momenta by my/m.

Events /0.1 TeV.

Events /0.1 TeV.

Events /0.1 TeV

T

Data / Bkgd

Data / Bkgd

£ PN
% 05 1 15 2 25 3 35
m;,[TeV]

Data / Bkgd
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hh — bbbb — results

Statistical analysis:

@ Combination of the resolved and boosted topologies in the
range 800-1400 GeV, where they overlap.

@ Simultaneous fit of my; in the 2015 and 2016 dataset for
resolved topologies, and of myy in the 2, 3 and 4 b-tag
regions for boosted topologies.

Non-resonant hh production:

Observed 95% CL upper limit
on opy x BR(bbbb) at 147 fb.

In units of the SM prediction:

Observed —20 —1lo Expected +lo +20
13.0 111 149 20.7 30.0 43.5
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Resonant hh production
(2HDM interpretation):

o(pp—Scalar—HH—bbbb) [fb]

[ ATLAS —— Observed 95% CLiimit |
0 E \s=13TeV,27.536.1 1" ... eupected 9% CLImt ]
i C ]

i
e E
3 E

F Scalar — HH — bbb
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hh — bbvy~ — event selections
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Two photons

@ Di-photon trigger with thresholds at 35 and 25 GeV;

ok @ 2 photons with E£r/m.., above 0.35/0.25 & m.,, C [105; 160] GeV.

with ATLAS

v
Arnaud Ferrari Jet selection

@ >2 central jets with pr > 25 GeV, reject events with >2 b-tags (70%);

@ 2-tag: exactly 2 b-jets (70%);
@ 1-tag: fails 2-tag but has 1 b-jet (60%) + BDT to choose the second jet;

@ 0-tag — data-driven estimates of the background shape.

Higgs boson pair
production

Additional loose (tight) selection

@ Optimised for 260—500 GeV & varied A (> 500 GeV & non-resonant);
@ Leading jet pr > 40 (100) GeV, sub-leading jet pr > 25 (30) GeV;
@ mj; between 80 (90) and 140 GeV;

@ m,, within 4.7 (4.3) GeV of my, [resonant].
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hh — bb~y~ — signal and background models

Non-resonant hh production

@ Analysis strategy: fit the m.,, distribution.
@ Signal modelling: double-sided Crystal Ball function.

@ Single Higgs boson production: simulation, double-sided Crystal Ball
function.

@ Continuum background modelling: fit to the data with a first-order
exponential, which minimises the spurious signal*.

Resonant hh production

@ Analysis strategy: rescale the dijet four-momentum by mjp,/mj; and fit the
m,.;; distribution around my.

@ Signal modelling: Gaussian core with exponential tails.

@ Background modelling: fit to the data, with a functional form chosen to
minimise the spurious signal — Novosibirsk (exponential) function for
the loose (tight) event selection.

(*) Spurious signal: bias measured by fitting a signal+background model to a
background-only sample.
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hh — bb~~ — results

Non-resonant hh production:

Events /25 GaV.
&
§2
%
1
i
Events 125 Gov

RN KR

No significant excess.

Tight selection used to set 95%
CL limits on the cross section
for non-resonant production:

: RLLAMIIRS:
LI . A AL A ‘“mél
Observed —10 Expected +1o
PP R e T 22 20 28 40
gm,vnwmuu\mm SR 3o 2 .
£
© s - E 5 4 T T T T T T T
t ] = ATLAS — Observed limit
200 s 4 35 - 4 ---- Expected limit
t l T VS=13TeV,36.1 1" oo o o red imit +1o
L A el 8 3.0 Expected limit +20
RIS IR g
1 'M"m' M G MH {;H{%h“w' Theory
o880 o180 o0 180 40780

o (GoV) my, (GeV]

Loose selection used to set
95% CL limits on the Higgs
self-coupling — — — —

— —82< k)< 13.2@ 95% CL!J
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hh — bb~~ — results
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Resonant hh production:

BSM Higgs 3
boson searches £ ]
with ATLAS LIRC

e~ .. Loose (tight) selection used
} | up to (above) 500 GeV.

. Observed 95% upper limits
E,MMUH 4+ ranging from 1.14 to 0.12 pb.

Events 10 Gov

Arnaud Ferrari

Data

H “Wﬂhu‘ W
My [GeV] My [GeV)

7 18
= H ATLAS
I 16 '
z ! V§=13TeV,36.1fb™" ]
x 14 i —e— Observed limit 3
) H ---- Expected limit ]
x 12 i mmm Expected limit £10
N N ' Expected limit +20
Higgs boson pair 10 i
production 0.8 :
i
06
0.4
0.2 i
1
0.0CxL | | | |
°7300 400 500 600 700

800 900 1000

my [GeV]
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hh — bbrT — event selections

Two sub-channels: 7, and 7,7, but three signal regions
based on the trigger strategy:

@ 7,7, channel:
o Single-lepton trigger (SLT) b % b %

o If ISLT, lepton-tau trigger (LTT)

@ 7,7, channel: “/7 2y
o Single- (STT) or di-~ (DTT) trigger | i <§ | i

T,TH Selections: ThThH Selections:
e 1 lepton and 1 medium 7, (OS) e 2 medium 75’s (OS)
. p‘T based on SLT/LTT thresholds ° p;‘(z) > 100-180 (20) GeV for STT

* p > 20/30 GeV o p]'® > 40 (30) GeV for DTT

o >2jets, p1? > 45-80 (20) GeV* e >2jots, P19 > 4580 (20) GeV*
For all selected events, there must be 2 b-jets and the output of
the Missing Mass Calculator must be m"MC ~ 60 GeV.

p’} is raised (45—80 GeV) when using LTT or DTT (level-1 trigger jet).
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hh — bbrT — analysis strategy

BDTs to separate signal and background:

Evens 75Gov
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hh — bbrT — analysis strategy
T Background estimation techniques:

@ Top-quark background with true 7,s: simulation + normalisation from
data at low-BDT;

BSM Higgs
boson searches @ Jet — fake 7:

with ATLAS e 7,7h: data-driven fake-factor method for all processes; B
Arnaud Ferrari o 7471 fakes rates measured in data and applied to simulated tf +

data-driven ABCD method for multi-jet events;
@ Z — 77+ bb/bc/cc: simulation + normalisation from data;

@ All other backgrounds: simulation.

ATLAS
- 13Tov, 3.1 1
buags

Events / Bin
Events /Bin

Higgs boson pair
production

—i"08" 0604202002704 06 081 0806040200204 08081
BDT score BDT score BDT score

3
4
so
8

Data/Pred.

Data/Pred.

3rd ComHEP, Cali (Colombia), 3-7 December 2018 49



hh — bbrT — results

UPPSALA

UNIVERSITET @ Exclusion limits obtained from a fit of the BDT distributions

in SRs and a single-bin Z — pu + bb region.

ok @ Non-resonant hh: BDT separately trained for xy = 1 (SM)

with ATLAS and x, = 20 (Higgs self-coupling scan).

Arnaud Ferrari

@ Resonant hh: BDT trained for every mass point, including
the two neighbouring masses in the signal model.

Non-resonant hh production: Resonant hh production
(2HDM interpretation):

Obser

. . a(HH = bbrr) [fb]
Higgs b9son pair TlopThad HSM ) o] o
production o(HH = W) 5] 400
16.4 12.5 17.4 24.2
ion CCHH Db 0] 300 26.0 36.1 50
oo 127 107 148 206

ATLAS —e— Obs 95% CL imit
L 13Tev, 36107 <ese Exp 95% CL lmit

G (X HH - bbee) [pb)

Most stringent limit on
non-resonant hh at the LHC:
obs. (exp.): 12.7 (14.8) x agf,(4

—— hMSSM Scalar (tanf = 2)

\ \ \ , | | L
30 400 500 600 700 800 80 10l

mx) (Gev]

10°
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hh — statistical combination

UPPSALA
b AE Lx Statistical combination of the 3 most sensitive channels:

BSM Higgs Non-resonant hh production: ~ Resonant hh production:

boson searches

with ATLAS
. : : : T T T T T 10% T T T T 3
Arnaud Ferrari ATLAS Preliminal - Observed 5 E --bbbb (exp)  --- Combined (exp) 3
ry
Remore o1’ S, T ol hee)  —comnesons)
[ o(p - HH)=334m Expected 20 T 10°F  TURRNTERR) e Expected 1o (Combined)
s E -~ - bbyy (exp.) Expected +20 (Combined) 3
F ——bbyy (obs)  —— hMSSM (tanp =2) 1
L Obs. Exp. Exp. stat.| n  10F -
1 E 3
HH-. bbbb 129 207 185 a F 3
=Y 1= -
L g 5 E 3
HH- bbr't 126 146 119 s C 1
= e =
i 1 E :
HH - bbyy 204 263 251 = £ |
. 2 1072 ATLAS Preliminary -
. q Eg F {s=13Tev, 27.5-36.1fb" spin-0 E
Higgs boson pair Combined o7 104 92 d10—37”\””\””HH\H‘\HHHH\H‘\T
production b £ 300 400 500 600 700 800 900 1000
E3

95% CL upper limit on 6, (pp ~ HH) normalized to U;MF mg [GeV]

Non-resonant hh combined limit:

Observed (expected): 6.7 (10.4) x o)
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hh — variation of the Higgs self-coupling

UPPSALA

UNIVERSITET z~h b Variations of « affect the
__h_.:- interference, hence mp, and
g Fa S h the signal acceptances.

BSM Higgs
boson searches
with ATLAS

With x; = 1, the Higgs self-coupling is
E observed (expected) to be constrained
] @ 95% CL to:

1 T T T T T T
Arnaud Ferrari ATLAS Simulation Preliminary
2

V5=13TeV

Abitrary units

E —50< k) <121 (-58< k) <12.0) J

O™ 00500 600~ 700 800 10% T T A T T ) T 3
E --- - -~ Combined (exp. El
M [GEV] F bbb {ov) — Combined (obs.) ]
[ T PRET (R mm Expected +1o Combined) ]
Hi . T Bhyy (oxpy Expected 20 (Combined)
iggs boson pair 10— bbyy (obs) &= Theory prediction

5 ey
production ATLAS Simulation Preliminary
12 E

Arbitrary units

V5=13 TeV

ot

-

ATLAS Preliminary
Vs =13 TeV,
275-36.1 10"

10"

! | | 1 L 1 1 !
-20 -15 -10 -5 0 5 10 15 20

1072

my, [Gev]

95% CL upper limit on [ (pp - HH) [ph]
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e Neutral Higgs boson decays to VV//Vh
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Neutral Higgs
boson decays to
VV/Vh

H — VV — summary of individual searches

There is a long list of searches for di-boson resonances
in ATLAS, in both gluon-gluon fusion and VBF production
modes. All of them provide an interpretation for H — VV
and none of them found any significant deviation from the
SM background predictions. See back-up slides for more
details.

@ H— ZZ — 40 & (lvv: Eur. Phys. J. C 78 (2018) 293

@ H— WW — (viv: Eur. Phys. J. C 78 (2018) 24

e H— WW — (vqq: JHEPQO3 (2018) 042

® H—2ZZ — (¢/vv)qq: JHEPO3 (2018) 009

@ H— VV — qqqq: Phys. Lett. B 777 (2017) 91 (*)

(*) The latest search for VV — gqqq resonances with 80/fb of data can
be found in ATLAS-CONF-2018-016.
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H — VV — combination

o . o
Statistical combinations of H - WW, H — ZZ and
H — WW + ZZ in an empirical heavy scalar model J
BSM Higgs

boson searches
with ATLAS

Arnaud Ferrari

H—ZZ H— VvV

) £ [anas 2 ol amas — OsonwdoswCLint |
g ) 10 e Tov, 361 §m' V5= 13TV, 361 1
T ! L {
goF | ! |
1 T
1
g 8 10
g ® ® 1

107} 07 S+ v g b+
i P bl b P

27 s s
o) [ToV] m(Scalar) [TeV])

g 2 Bl T o |
T ! s [~ o 1
: 3 8 P Expoctod £ 20 k|
Neutral Higgs VBF H §10) |
1 1 Tt
boson decays to g g 8 1of
VV/Vh i |
10 o s o v JOUoN ] S Ae—— ]
05T s s L 21 05~ [ S’
m(Scalar) [TeV]) m(Scalar) [TeV]) m(Scalar) [TeV]

The largest local excess is in the VBF H - WW + ZZ search,
with a significance of 2.9¢ for a mass of 1.6 TeV.
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Neutral Higgs
boson decays to
VV/Vh

A — Zh — analysis flow

Search for gg fusion & b-associated production of
A — Z(¢/vv)h(bb).

@ Z — U, vv = 0/2 leptons:
e trigger = E'sS or single-lepton;
e discriminant = mJ, or mz;
@ h — bb = two categories:
e resolved = two small-R jets:
mj = 110 — 140 GeV (0¢) or 100 — 145 GeV (2¢),
1 or 2 b-tags;
e merged = one large-R jet: m; =75 — 145 GeV,
>1 associated track-jet;
@ resolved events with >2 b-tags and merged events
with additional b-tagged track-jets = bbA mode;

@ additional cuts are applied to reduce the SM
backgrounds.
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Neutral Higgs
boson decays to
WV /Vh

A — Zh — mass plots

Resolved, 0/2 leptons, 1 or 2 b-tags:

anas
(=13 TV, 361 "

EvenisGo
e
EvenisGoy

data g
data g

bl
T

00

2o o0
™y (GOV] GV

Merged, 0/2 leptons, no extra b-tag:

EvaniaGay
EventsGey
EvenisGay

M (GoV]

Mo [GeV]

data g

g

PSR
My, [GEV]

%0
My, [GeV]

Disclaimer: a spin-1 Z’ boson (HVT) signal is shown in these plots...
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Neutral Higgs
boson decays to
VV/Vh

A — Zh — mass plots

Probing the bbA mode:

Resolved =

Merged
)

ATLAS

f5=13Tov 36115
0lep., » 2jots, » 3 bags
110Gov<m, < 140 GoV

o]
Ehis

-
--"ﬁ B,

Events/GeV

ATLAS

fE=13Tov, 361"
2lep. = 2jets, = 3brtags
L 100Gov<m, <145Gov.

Events/GeV

300 400 500 1000

2000
My, [GeV]

E aTias

G5 1370, 361 1"

(o2 0ep. = 1iagerjos
11409, » 100, btags

75 Gev<m, <145 Gov

Events/GeV

ATLAS

f5=13ToV 361 16"

0lep., = 1 large-R jots
10E" 2 -tags, = 1 add. b-tags.
75 GV <m, <145 GoV.

Events/iGeV

5 incartainy

EventsiGeV

75 Gov<m, <145 GoV.

5 ncertainy

]

1000

2000
My [GeV]

]

2000
My [GoV]
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Neutral Higgs
boson decays to
VV/Vh

A — Zh —results

3.60 excess at 440 GeV, mostly driven by the pu channel with
>3 b-tags (global excess of 2.40).

=) T T T T T T T i3 T T T T T T
= 10- ATLAS 95% CL limit 2 10- ATLAS 95% CL limit E
3 fE=1aTev. 361 1" e g B 1aTov. 361" = Goesrid oL
L o bion 5 Expected + o I famnm o Exbacted
s gluon-gluon fusior [ Expected = 20 g L [ Expected = 20
g 5
i i
¥ 5
é 107 £ 10
s g
102 102
‘02 400 600 800 1000 1200 1400 1600 1800 2000 102 0 400 600 800 1000 1200 1400 1600 1800 2000
m, [GeV] m, [GeV]
E I i f g ATLAS A-5Zh, h->bb m,=300 GeV' g ATLAS A->Zh, h—>bb m,=300 GeV
xclusion contours for 5 it ™ s et ™
Be13Tev Mimd —oposeciin e 13Tev Ml toins —posecuinn
a type-1 (Il) 2HDM at ” ” o)
36.1 10" 36.1 10"
my = 300 GeV —
Exclusion plots in the
(ma; tan B) plane for "
cos(a— B) =0.1in
)
cos (B-a) cos (B-a)
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Bonus: A — ZH — event selections

Ug@f@&;\ﬂ The mass degeneracy of Aand H can be relaxed in e.g.
2HDM electroweak baryogenesis, motivating a search for
— A — Z(L0)H(bb) [Phys. Lett. B 783 (2018) 392].
boson searches

e Gluon-gluon fusion and bbA modes probed by defining
Arnaud Ferrari two event categories: 2b and >3b.

Single-electron or single-muon trigger
Exactly 2 leptons (e or y) (pr > 7 GeV) with the leading one having pt > 27 GeV
Opposite electric charge for pu or ey pairs; 80 GeV < myge, mey < 100 GeV, € = ¢, u
At least 2 b-jets (pr > 20 GeV) with one of them having pr > 45 GeV/

EMss [ < 3.5 GeV'/2, \[Zp2 [meevp > 0.4

np = 2 category np > 3 category
o |Buclylbtageedjes Atloast3 b-taggedjets
Signal ee or py pair ee or pp pair
region 0.85 - my —20 GeV < mpp, < my +20 GeV 0.85 - my —25 GeV < mpp < my +50 GeV
4 oae

:

31 04, ma= 550 Gev
3 Z+(ob,be, bl co)
arks

Discriminant: mygpp of AT

VE-13TeV, 3610
105 my=300GoV. n, =2

=300 GoV, 1y > 3

Neutral Higgs
boson decays to Shown here for

VV/Vh my = 550 GeV,
my = 300 GeV.

Events / 136 GeV

3
3
H
2
H

Data/Prediction
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Neutral Higgs
boson decays to
VV/Vh

Bonus: A — ZH — results

Observed 95% CL
model-independent
limits:

ma (GeV]

ATLAS
V5=13TeV, 36.1 b '
Observed 95% CL upper limits on
0 % B(A— ZH) x B(H — bb)
gluon-gluon fusion
300 400 500 600 _ 7
my [GeV]

ma (GeV]

ATLAS
VE=13TeV, 36.1 fb !
Observed 95% CL upper limits on
0 x B(A— ZH) x B(H > bb)
b-associated production

2HDM interpretations:

m,(Gev]

s
V=13 ToV, 36.1 o]

Dexp.tanies
ttatuges
Obs. tafi10
Exp =10

m,(GeV]

300300 400" 500" 600" 700" 8009907000
my, [GeV]

H Wrias H 7
E 5+ 13 ToV, 36.1 152 S % - 13Tov,36.1 %]
B 2HOMlpton spacc 5 2400 fgpoo
95% L oxclusion | 95% CL oxclusion |
0. tage1 oo, et
Eop a1
Exp.angt O el
— Ovs.tang2 D s
Do w2 Coes
1otz om w0
0.t — om0
Ep.ang-d e o
350™380™80™"605""660" 780 85™ 955" o00 300™380™35™"605™'660" 700" 850 500" 600
my (GeV) my (GeV]

High tan 8 — ggF decreases, so the
sensitivity is driven by bbA in type-ll

and flipped 2HDMs.
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6 Conclusion

Conclusion
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Conclusion

Conclusion

There is a plethora of searches for physics beyond the Standard
Model in the Higgs sector at the LHC.

Only a small selection of results were presented here...

ATLAS Prelimmary%‘:'
4t T
3 F - Expected
2 B
1200 0 400 . 1000 2000
m, [GeV]
2N
No significant excess has been observed so far. J K%EP
The LHC has performed extremely well during the CALM
Run-2, we have about 140/fb of pp collision data at AN;NEYSE
13 TeV to analyse. THE DATA
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Conclusion

Thank you for your attention! Do you have any questions?J

HAVE YOU HEARD?
THEY DISCOVERED
THE GOD PARTI...

IT’S CALLED THE
HIGGS
BOSON!

Sven Heinemeyer — Charged Higgs 2018 (Uppsala), 27.09.2018
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BACK-UP
SLIDES
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More on A/H — tt
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Gluon-gluon fusion A/H — tt (8 TeV dataset)

Potentially the golden channel for m4, 4 above 350 GeV at
low tan ... but the destructive interference between the
signal and the tt background must be taken into account!

x10°

T T T T
ATLAS Simulation
s=8TeV, 203 fb" E
Parton level; before selection J
m, =500 GeV, tanp = 0.68

Diagram removal scheme:
Madgraph was modified to
remove the SM ¢t matrix
element to yield only the
signal+interference on an

event—by—event basis. 300 400500 600 700 800
m; [GeV]

L
— S+l

Events / 10 GeV
o N A O ®
T

= Search for a peak-and-dip structure.
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Gluon-gluon fusion A/H — tt (8 TeV dataset)

Revisit the tt resonance search of JHEP08 (2015) 148:

@ final states with e/u + >4 jets (including >1 b-tag),
@ EMiss > 20 GeV and EMss + m¥ > 60 GeV,
@ jet assignment via a kinematic fit (using my and m; as constraints),

@ three b-tagging categories depending on whether b-jets are coming from
hadronic or semi-leptonic top-quark candidates;

@ main backgrounds: {f (MC), multi-jet and W+jets events (data-driven).

Example of my template for S + /:

My, =500 GeV, tanp = 0.68_

=}
3
T

> [ .|

8 WE ATLAS ¢ Daaz0i2 3

=3 E 15-8TeV, 20315 sMi 3

g .r 7

x10° o 10 Leptonsiets SMWajets =

> T T T T T T T T ] E ® ¢ . Allsignal regions 3

© 1.5 Wl Pseudoscalar A ATLAS Simulation E s F LR B otersM

o — Scalar H \s=8TeV,203 b @10t . Uncerainty

o E . 3

:r 1E S+l E L _

P All signal regions 10 E * E

c F 3

[ L -

Q g
i}

o
% - =500 GeV, tanf = 0.68
0 AR Ix4 ---?—H\i(su)u
s F -fit background
SR U = -
-05E. L L L L L L I Ee YT I
300 400 500 600 700 800 900 1000 , , . . , ]
myeeo [GeV] 400 800 1000 1200 1400 _ 1600

mEe [GeV]
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Gluon-gluon fusion A/H — tt (8 TeV dataset)

The shape of the binned reconstructed my distribution is
parameterised as a function of the signal strength u:

uS+/ul+B=/u(S+)+(p—-+r)S+B

Limits were set as a function of tan 3 in a type-ll 2HDM.
Assume sin(a — 8) = 1, m?, = matan 3/(1 + tan? 8) and
mp =125 GeV:

Vs =8TeV, 20.3 fb!, all limits at 95% CL —— Obs. === Exp.+10/20 « Signal Samples
T T T T

500 550 600 650 700 750 500 550 600 650 700 750 500 550 600 650 700 750
ma [GeV] my [GeV] ma = my [GeV]

Blue points are for the generated samples. Upper limits at intermediate points are obtained from a linear
triangular interpolation.

Correction factors Kg and Kp are applied to S and B to normalise their cross-sections to NNLO
predictions. The correction factor for the interference term /'is \/Kg x Kg.
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(bb/tt) + A/H — tt (13 TeV, 13.2/fb)

i @ negligible interference with backgrounds :-)

@ complicated final states :-(

BSM Higgs
boson searches

with ATLAS ATLAS has no dedicated search for (bb/tt) + A/H — tt.
Arnaud Ferrari But the search for tt final states + heavy-flavour jets was
re-interpreted as BSM Higgs searches.

1 T
ATLAS Prellmlnary o Daa
10°F 5= 13TeV, 18210 :,'}“"gh“e‘s

Events

@ Lepton+jets selection.

Search regions = sib k|

@ Split between search and validation 10° ;pw,f.[ (Bhgony)  ENemit ]

regions based on #jets and #b-tags. 1o 1

_ 10°F =] r* k|

@ Main background: ff + jets. 100 = .

@ Optimized for VLQ/4t but re-used for e Ty

BSM Higgs interpretations. 2.5l L,

2 b
Conclusion § 05'7
0
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(bb/tt) + A/H — tt (13 TeV, 13.2/fb)

UPPSALA

NI @ bb + A/H(tt) not sensitive to 2HDM yet.
@ (t+ A/H(tt) can exclude very low tan 3 in 2HDM type-I/II.

BSM Higgs
BoSOn Searehes @ Limits on top-associated H* — b less stringent than with
the optimized search.

Arnaud Ferrari

1025' T T TTT T Ty
= —— 95% CL observed limit 3
------- 95% CL expected limit
I 95% CL expected limit +16

95% CL expected limit +26
Type-I or Type-Il 2HDM, cos(B-a)=0

=)
T T

ol

—tanB=0.1 — tanB=0.3 — tan=0.5 |

6(pp — fiH) x BR(H — ff) [pb]

E ATLAS Preliminary
[Vs=13TeV, 13.21b"

i -3 n 1 | | 1 |
Conclusion 10400 500 600 700 800 _ 900 _ 1000
m, [GeV]
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Individual H — VV
searches
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H — VV — summary of individual searches
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o H— 27 — 40 & Vlvv:
P j Two 3.60 excesses:
® 240 GeV in 4e only
(not covered by ¢4vv)
e 700 GeVin 4¢
(excluded by ¢¢vv)
s de e = 1.30 global excess.

my, [GeV] m,[GeV]

BSM Higgs
boson searches
with ATLAS

Hs 2Z 5 FITE 4 v
NWA, ggF production

a

Arnaud Ferrari

3
200 400 600 800 1000 1200

95% CL limit on a(gg - H) x B(H — 2Z) [pb]
95% CL limit on 6(qq — H) x B(H — 2Z) [pb]

e High-mass H - WW — evpuv:

T T
ATLAS

=) )
g 8 ATLAS
10 A s top o
g Ve 13TeV, 361" g Ve 13TeV, 361
o Wi oviy (agF. NWA) s W oy (VEF, NWA)
1 1
z ERR
& &
P x
& 53
10 107 F
0% 102
. ANV IR TTIVNT. L U T T TN TN , ;
Conclusion 500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000
m, [GeV] m, [GeV]
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H — VV — summary of individual searches

H— WW —/vqq H—ZZ— llqq

T

G(gg-H-WW) [

10T

>
3

LA v, 364 ! —— OPeeneaS CLupper

g/ aq Category Expecta 5% CLuppor it |
E Hoavy scalar model
10 Expectod i (+ 1)
Expoctd it (+ 20) -
‘ 4

2 25
m(Scalar) [Te

TLAS. ——— Observed 555 CL upper imit
s =13TeV, 36.1 1o’ . |
Ivaq Category Expocted 95% CL upper it
Heavy scalar model

Expected imit < %)

Expocted i (: 20) 4

2 25
m(Scalar) [TeV]

H— ZZ — vvqq

ATLAS —— Observed 95% CL
1ob vE-13Tev, 361 1b " ot Expocted 5% CL 1
\ —+= 1(qq Expecled 95% CL

v -== vvqq Expecied 95% CL
\ - Expected +10 1
\, Expected 420

o(99 —+ H) x B(H - 22) 6]

05 0 15 20 25 30
m(H) [TeV]
7 T T T T
& ATLAS Observed 95% CL
N 1of ve-rTevasin’ Expocted 95% CL
) 119q Expected 95% CL
z \ ¥vqq Expected 95% CL
z g\ Expected +10 1
z \ Expected 420
P N
10 5
T
&0
w107
e
Z109f
10 el L " L
05 1.0 15 20

L
25 3.0
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H— VV — gqqqq
High-mass = JJ

.

ATLAS

10°E {5= 13 TeV, 367 b E

W - qqeq — Observed 95% CL limit
Expected 95% CL limit

= Expected limit £ 1o
Expected limit 26

a(pp-»ScalarsX) x B(Scalar»WW422) b]

25
m(Scalar) (TeV]

No VBF category.
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H*T searches
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H*"H— — ¢t ¢te—¢~ (13 TeV, 36.1/fb)

Pairs of doubly-charged Higgs bosons were searched for
by ATLAS, in fully-leptonic channels. No deviation from
the SM prediction was found: arXiv:1710.09748 [hep-ex].

alpp-» H"H) 1b]

Ql

%4 Total SM
i

alpp—» HH) [1b]

alpp—» HH)) [1b]

B(e'’)=100%

300 400 500 600 700 800 900 10001100 1

m(H") (GeV]

0

300 400 500 600 700 800 900 10001100 1

m(H") (GeV)
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H*"H— — ¢t ¢te—¢~ (13 TeV, 36.1/fb)

£ 100 ATLAS 3 = 100 ATLAS
= Vs=13 TeV, 36.1 fb™! o = Vs=13 TeV, 36.1 fb”!
& B(H*— FF)=100% = & - B(H"— I)=100%
= 80 - E 2 8 R
S = 4 Y
4o I i- kS
& 60 E § 60 720 F
5} 718 707 696 67| 2
40 824 810 797 774 5\: 40 709 697 700 668| 700 o
826 812 798 g 712 699 688 677 6 §
20 829 814 800 nE) 20 715 702 689 678 680 “E’
3 718 704 691 679 2
8 8
0 ° 0 706 692 680 660 ©
0 20 40 60 80 100
(H— etet) [%] B(H, > e*e’) [%]
© 100F IAnaRR prana 3 ® 10 " T 3
= E minimum limit 3 = 3
X L ] X ]
T 4o 1 T 40 1
"EA 30t 1 AEL: 30 1
Q 20+ 4 Q 20 4
W W
o~ ATLAS ~ 1o ATLAS 3
= Vs=13 TeV, 36.1 fb' = Vs=13TeV, 36.1 b ]
g lower limit of m(H=) | T . lower limit of m(H) |
e — Observed95% CLImit | £ 3 — Observed 95% CL limit |
Q ..~ Expected 95% CL limit Q .- Expected 95% CL limit
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