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Introduction

Many popular models within the community include additional fields to motivate searches for new
phenomena:

e Extensions of the Higgs sector predicted in many BSM theories: Higgs doublets or triplets,
composite Higgs,...

e New Physics fields weakly coupled to the SM (e.g. with axion-like particles or SUSY)

Most of these searches require leptons or photons in the final
state, benefiting from the large trigger bandwidth allocated for
those objects.

ATLAS Trigger Operation
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An overview of ATLAS searches for additional Higgs bosons is
presented.
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e Full Run 2 pp collision data at \/E = 13 TeV used in all results o5
shown here.
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Search for charged Higgs bosons H * 5 cb produced in top quark decays

e Motivated in non-minimal SM extensions (e.g. 3HDM)

Large jet multiplicity events (>4 jets, with > 3b-tagged) with an additional e/u for triggering.
Mass-parametrised Neural Networks (NN) [Eur. Phys. J. C 76, 235]

o Kinematical information from the jets, leptons and E,Z;ZSS are used as input variables.

Upper limits set on B(H* — ¢b) covering masses from 60 to 160 GeV.

Mp+ = 130 GeV
e Improves previous LHC result by factor x5. Local signi: 36
 Broad excess consistent with the expected mass resolution Global signi: 1.60
I—ol 1_2 [ LI [ | L | L | L L | L | L | L | | L
1.0 , , = o~ AS Preliminary —e— Observed 7
3§ ] S | (s=13TeV, 139 f0" - et e i
- 1—H"—cb search Exgected 126 —
S i
T = - ——— X=1Y=12=1 -
& 0.8 ——— X=5Y=12Z=5 |
] - —— X=10Y=0.1 Z=5 -
] O i Z
X 0.6 —
. LO - -
y » n .
0.7 K y - n 4
) Eur. Phys. J. C 76, 235 04—
/ — —
o6l // x—x Parameterized NN (mass is a feature) |
y x--X Network trained on all masses 0.2~ /\A\
¢ % % Network trained at mass=1000 only
0.5 . L L _I 1 1 | | [ | | 1 1 1 1 | [ | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1
500 750 1000 1250 1500 % 70 80 90 100 110 120 130 140 150 160

Mass of signal ATLAS-CONF-2021-037 ™"

Searches for additional Higgs bosons in ATLAS luis.pascual@cern.ch 3


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-037/
https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4
https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4
https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4
https://link.springer.com/article/10.1140/epjc/s10052-016-4099-4

Hi

(o)}
o

Events / 3 GeV
(@)}
o

I
o

30

W*A, A — U

Search for a charged Higgs boson H = decaying to a pseudoscalar A
and a W¥ produced in association with a top quark.
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o uue final state easy to reconstruct.

At least 3 jets (1 b-tagged) with one electron and two muons

e Muons used for triggering the events.

Strategy: scan the m,,, invariant

mass for event excesses.

Upper limits computed as a
function of the m, for various

M+ hypotheses.

e First lower limit on tang for a
2HDM type-I model

Searches for additional Higgs bosons in ATLAS

% 160 ?
% 155 |,
€ 150 ATLAS Preliminary_; i
145 Vs =13 TeV, 139 fo™' -
140 95% CL lower limits— ”
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ATLAS-CONF-2021-047
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-047/

titH — tttt

Search for heavy additional neutral Higgs-like bosons produced in
association with a pair of top quarks in the tftf final state.

e Additional pair of top quarks motivated to reduce negative inference

effects from SM gg — 1.
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Only multi-lepton events are selected
(2 same signed leptons or 3 leptons)

Analysis selection relies on sequentially
applied BDTs:
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section translated to limits on tang 04 O 07 08 09 1
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/

t > gX,X - bb (g =u,c)
Search for scalar resonances in flavour-changing neutral currents in top quark g

decays % n 0~

 Behaviour predicted in flavour models including light massive fields from W~ _

SH

broken approximate symmetries.

Single lepton triggers, categories defined to improve sensitivity based on the
number of reconstructed jets and b-tagged jets.
T g
* NN used for SM background discrimination
Upper limits set on (¢t — gX), excluding values larger than ~0.08%. 7L e e e B
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PHENO 2022 Searches for additional Higgs bosons in ATLAS luis.pascual@cern.ch 0


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-027/
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- Search for a doubly charged Higgs in multi-lepton final states in the 300 GeV to 1.3
q '< TeV mass range.
4
, " . .
RO e A Sensitive to lepton-flavour violation scenarios.
' " [ "
/ . Data collected with dilepton triggers (ee,uu, eu)
/v s g——
S — . . . . .
‘. £ Fit performed over the invariant mass of the leading lepton pair.
q - Upper limits set on the total production cross section of H—.
* Doubly charged Higgs excluded for masses below 1080 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-010/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-010/

hMSSM summary plots from (in)direct searches

July 2021
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JHEP 06 (2021) 145
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Eur. Phys. J. C 78 (2018) 24
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Phys. Lett. B 800 (2020) 135103
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e Unless otherwise specified,
only gluon fusion is
considered.

ATL-PHYS-PUB-2021-030

m, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-030/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-030/

High mass diphoton resonance search

% SEIII\TLASI """"" _|1 """" +'|'L:)e;t; """""""""" j
Search for high mass (m,, > 160 GeV) diphoton resonances !0k, Ye-13Tev 1391 sackgomaony it
3104 s . T Generic NW signal at 0.4 TeV —
. _ . -g % --------------- Generic NW signal at 1 TeV §
e Benefit from excellent energy resolution and clean signature. G10° -2 Generic NW signal at 2 TeV
Signal and background shapes parametrized with analytical functions. ° +
10 Pty g ¥
No significant excess observed. 1 | L i 4
_ o 4 = o————————u ..:!.::!::.:
» Largest excess at mx~684 GeV with 3.29¢ (1.300) of local (global = oby o b '
e ( ) 9 ) o ottty it +++4++$+ﬁ**+%m“*1&t&*& SNIERE M%
significance. ga v o T -
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210
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1.5 - i
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Phys. Lett. B 822 (2021) 136651 ™ [GeV

m, [GeV]
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https://inspirehep.net/literature/1849059
https://inspirehep.net/literature/1849059
https://www.sciencedirect.com/science/article/pii/S0370269321005918?via=ihub
https://www.sciencedirect.com/science/article/pii/S0370269321005918?via=ihub

resonances

Search for boosted diphoton

10°

= LA IR LRI IR RN I TR -10 (@
. . .. . . o ATLAS Preliminary ¢,=C,=c, =10 - =
First LHC result with pp collisions covering diphoton masses D ot V5=13TeV, 13817 o - ke comrchs ] B
between 10 and 70 GeV. - — Observed (this paper) @ Diphoton searches - 10 %
_ _ _ 103 & - - Expected (this paper) 0 Dijet searches EP —
® Challenglng background Shape due to trlgger Sculptlng the m Expected =10 = Inclusive yy cross-section | 10
background distribution. 10 Expected =2 0 = LHCD diphoton
i 1 Z— vya(jj) searches =107’
Selection of Lorentz-boosted photon pairs smooths background 10 P s b V== ciaT A
: : (ye = 6
shape improving the sensitivity. z | Excluded 10
e (Gaussian Process Regression used to estimate modellin 1 =10
systematics -
| 107
>12000 [T e e e e e e e e e e e e - 2.5 L LA e o s ey sy e —
&L amas  preiminen . - gw JF — Nominat  ATLAS Simulation Preliminary 10 20 30 40 50 60 70 80 90 100
z;nooog— I5=13TeV, 135 —— Background-only fit _g = 1-55_ fCoc;rr?;trlzansn variations /s = 13 TeV, 138 fb' | - o | m, [ GeV]
Bl E 1+ P variations No significant deviation with respect to SM
9000 = 0.5 prediction observed.
o Y o Largest excess at 19 GeV, 3.1¢ local (1.4¢ global)
7000 — _1
_1.5E = s envelope * Limits recast on the ALP parameter space
2 . _oF = SS envelope (including GP bias)
E _ggg WWW&WMQ @*WM@ 2 ‘= ssenvelopewithoutsmooting 3 This search covers a longstanding gap in diphoton
= %9 1377 21 25 26 33 37 41 45 49 53 57 61 65 69my7[%5e\7]7 0 20 30 40 50 il(:( [Ge\j]o resonance searches. ATLAS_CONF_2022_O1 8
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-018/

Conclusions and future prospectives

Searches for additional Higgs bosons by the ATLAS experiment with data collected in 2015-2018

at \/E = 13 TeV have been presented, including the production of new light and heavy resonances,
and single and double charged Higgs bosons.

e No significant deviations with respect to the SM prediction have been observed.
New results released this year:

e Search for heavy additional neutral Higgs-like bosons produced in association with a pair of
top quarks in the ¢z final state.

e Search for boosted diphoton resonances
e Search for a doubly charged Higgs in multi-lepton final states.
e Search for scalar resonances in flavour-changing neutral currents in top quark decays

Work ongoing to set the machinery for the next data taking period, but interesting results are still to
be published with Run 2 data.

e Stay tuned!
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Diphoton resonance searches: Introduction

Diphoton analyses strengths:
e EXxcellent mass resolution.

e \ery clean signature: 2 isolated photons in the
calorimeter.

Results published with partial dataset:

 No significant excesses for diphoton invariant
masses above 200 GeV.

x B [fb] [

—_
o

e Upper limits expressed in terms of the fiducial
cross-section to allow for easier theory
Interpretations.

—h
o
1

95% CL Upper Limit on o

Today: new results for the high mass range with

—
<

Expected + 20

| —— Observed CL, limit ATLAS
2~ ---- Expected CL_limit
~ [ Expected = 1o

Is=13TeV, 36.7 fb™

Spin-0 Selection

NWA (', = 4 MeV)

myy >160 GeV with the full Run 2 dataset. N

|
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https://www.sciencedirect.com/science/article/pii/S0370269317308511
https://www.sciencedirect.com/science/article/pii/S0370269317308511

Analysis strategy ANA-HIGG-2013:27

Strategy:

e Describe with analytical functions both signal and background components.
e Search for event excesses compatible with the signal shape.
Benchmark models:
e Model independent search of a spin-0 particle.
e |owest KK graviton in the RS model: a spin-2 resonance.
- Various widths (couplings) are considered for the spin-0 (2) search.
Improvements w.r.t. previous result:
e Optimized event selection common for both interpretations.
e Updated photon reconstruction, identification and calibration

* Functional decomposition method to reduce systematic uncertainties
(arxiv:1805.04536).

PHENO 2022 Searches for additional Higgs bosons in ATLAS luis.pascual@cern.ch 14


https://arxiv.org/abs/1805.04536
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Signhal and background description  aiceisz

Signhal shape obtained from simulation. Background shape obtained from

Analytical function: simulation and data control regions.
| detector
* Double Sided Crystal Ball= ooq10ution

e Breit-Wigner — resonance width

Composition:

e Non-resonant QCD diphoton pairs (yy).

T 0.05F - o Misidentified jets as photons (yj/jy/])).
) - ATLAS Simulation : e
('2' 0 04__ s =13 TeV, G*—yy - % 10° ? ATLAS —e— Data yield _§
Ei O F Spin-2 Selection ‘ = 100 e (5=13TeV,139fy" —=— Estimated yy yield
B | - —o— —— Estimated yj+jy yield
g - Mg = 1000 GeV _ § 1wgT - —s— Estimated jj yield
O 0'03:_ k/Nip, = 0.01 (Tg/mg. = 0.01%) - S 10k, & .
Z . _ S
~ B _ 1=
T . — — = —7— A
i _ 102 b ¥ . e;
0-01—_ _— E |||||||||| I |||||||||||||| T ||||||||| E
B B = 1_—I"'I"I"'I"'I"'I"'I'i'l"'l"'—_
| — O - —i— = T =
- - [} 095 —
O i T I R N TR AN TR T S Y T o—. g E"?' 3
960 980 1000 1020 1040 1060 1080 09 =
- 200 400 600 800 1000 1200 1400 1600 1800 2000
Phys. Lett. B 775 (2017) 105 My [GeV] m,, [GeV
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Background modelling ANAHIGG201527

g 10 ATLAé Simulation E;
_ _ § 10° E (s=13 TeV, 139 fb é
In practice, the analytic g wk e T
description cannot be usually o ~_ Improvement of up
derived from first principles. i s to 30% on the
_10-1__§ | agn '
e Background model 2. h expected sensitivity!
emplrlca”y ChOsen :21: 200 300 400 500600 1000 2000 300 l
. . . , [GeV]
Systematic uncertainties address ) 5 [ osacLime  ATIAS Smuion
discrepanCieS between: i& 1.5;_gp;li-lr:‘(\JSMii(;nelljlal\tli\(l)\7A — Unsmoothed Template_; § 102? -- gﬁirthogze:yitfr;ea?sﬁc gf);-l)sl\)l-;;/e,lmg o é
1‘@ 13TeV. 139167  —— Smoothed Template _ 3 10: Ezgzziji 20 NWA E
Background True Background o5 ) ‘ g 'E
> l N . -
Model Shape o t‘ ‘,M"l H H‘n"‘“muru W%r”" o
* A large difference could create - T %
“SpuriOUS SignaIS” = _1-5:_ 2(')0 3(')0 4(')0 5(I)OGCI)OI ' %Ol()O 20'00 3_(;00 q§; 18 500 1000 1500 2000 2500 30_00
= my [GeV]

m, [GeV]

Functional decomposition provides an estimate of the true background shape
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Table 2: Summary of regions defined in the analysis. The table is split into four blocks: the upper block indicates
the final states for each region, the second block lists the lepton multiplicity of the region, the third block indicates
the mass range of the corresponding final state, and the lower block indicates the event selection criteria for the
region. The application of a selection requirement is indicated by a check-mark (v'), or by inverted when it is
inverted. The three- and four-lepton regions include all lepton flavour combinations. No selection i1s applied
when a dash is present in the corresponding cell. The average invariant mass of the two same-charge lepton pairs
M = (mg+¢+ + me-¢-) /2 is used to increase the signal significance in the four-lepton signal region.

| control regions | signal regions | validation regions
| DYCR DBCR2L | DBCR3L | CR4L | SR2L | SR3L | SR4L |  VR2L VR3L VR4L
efe” | ete* CCCT | € | etet | 00T | £ | ete” {06~ AR AR
Channel e*u* e u* e*u*
/.li/.li #:t#:t ﬂ:t#:t
Nr. Leptons | 2 2 3 4 | 2 3 4 | 2 3 4
m(€*, € )ead[GeV] | = 300 - : - . . . - . -
m(€*, €'*)1eaq [GeV] - [200, 300) > 300 | [100, 200) | =300 | > 300 > 300 > 300 [100, 300) | [200, 300)
pT(€*, €*)1ead [GeV] - - - - > 300 | >300 - [200, 300) - -
AR(fi, fli)lead - - - - < 3.5 - - < 3.5 = =
M [GeV] - - : - : : > 300 - - -
EM™s [GeV] - | >30 - : - - - : >30 - : -
In(¢, )| - <3.0 - - - - - - <3.0 - - -
Z-veto : - inverted - - v v - v -
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