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Introduction

e The Standard Model is a very successful theory but fails to:

— Provide new sources of CP violation
— Provide a dark matter candidate, etc.

* An extended Higgs sector can solve some of these problems and require
additional scalar Higgs states:

— Two Higgs doublet models (2HDM) are required in the minimal Charged CPeven CPodd

supersymmetric extension of the SM @ @ @ @ @
* Parameters: mixing angle o, between neutral states, tan B (ratio of

VEVs), masses

— Higgs triplets are required in models with a type-| or type-Il see saw
mechanism CP even

* One Higgs doublet and two Higgs triplets in the Georgi-Machacek @
model

* Parameters: mixing angle o between neutral states, ratio of doublet @
and triplet VEVs, masses @ @

— Rich phenomenology and final states
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Status of Higgs searches exclusion in ATLAS

LHC sensitivity in (m,, tan B) plane with 300 fb™ ATLAS excluded regions in (m,, tan B) with Run 2
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e Already achieved better than expected  Latest results shown today:
sensitivity with the full Run 2 data — H—WW, H—hh, ttH/A(tt),

low mass a—pp
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https://inspirehep.net/literature/1345353
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-043/

Search for a heavy Higgs boson H*WW —evuv

ATLAS-CONF-2022-066 (Nov 2022)

Introduction:

— Studied ggF and VBF production modes separately

— Search for new resonances with leptonic Ws (evpyv final state)

— Used m; between £¢ system and MET as discriminating variable

mr = (B + EF)2 - |pé¢ + BTS2

Event categorization in signal and control regions (SR/CR):
— 3 SRs: ggF, VBF 1J, VBF >2J with m;> 500 GeV

— 2 Top background CRs: ggF, VBF

— 2 WW background CRs: ggF, VBF1J

Main backgrounds:
— tt and single-top, WW
— Smaller backgrounds from W/Z+jets

Interpretation in three models:
— Spin-0 NWA, GM scalar and Radion
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-066/

arXiv:2210.05415 (Oct 2022) Higgs-strahlung from off-shell V ZH decay from a heavy A

14 9
¢ Introduction: P AP N f L

A
— Search for a resonant hh production o
— Two BSM scenarios considered: V—=VH and A—ZH I ‘
» Final state and event categorization: h
. h
— Leptonic Vand h—bb
— 3 SRs: Post-fit BDT bin for IWA—ZH o x Blimits in (m,,m,) for LW A

. K 2 Tepata v 1 ST 400F )
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. - & 280~ E
— Small excess with a local(global) significance of &8t : 8
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-31/

Search for new bosons A/H—tt decays

arXiv:2211.01136 (Nov 2022) Post-fit distr. Of the pBDT for 1 TeV

normahsed to total background
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¢ Introduction: 2 [ esMmsR =|iH EQ(miZI[)( s ]
w60 [— Post-Fit [lMat. Conv. [llLowm,. ]
F @HFe WHF

— Search for heavy scalar or pseudo-scalar produced
in association with tt with A/H—tt

[l Others it
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e Final state:

— Two (same-sign) or three charged leptons
— 4b-jets Pre-fit distr. of the SM BDT | b

o
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e Analysis strategy: ! v BSM pBDT @ 1000 GeV
meFy . Womes oxB //m/ts versus My,

— Two sequential BDTs are used: o IowBDS'“ - SR”"“”‘“"‘,’ _______ g [ ?STLI::TeV . ISS::LZ::.!:L‘ i
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-26/

Search for a—uu 1n top quark pair events

arXiv:2304.14247 (Apr 2023)

¢ Introduction:

— Search for a light pseudo-scalar produced in
association with tt

— Used two signal models:
* pp—*tta(pup) with 15 GeV < m(a) < 72 GeV
* pp—tt with t—=bH*(Wa) and a—pup with
120 GeV < m(H*) <160 GeV

o Signature: m(uu) distr. for the euu SR ﬁ)( g—’bH",—’Wa,—mu) limits versus m,

. . § ATLAS m y-fakes e-fakes ’5“ é ' §
-2 >1 b- hr | ns: r 2 [ _ -1 L are 2 - ATLAS —e— Observed Limit 3
3 jets, 21 b-jet, three leptons: epp or pup £ qf VE-aTeV 100 = 2 o I - s =13 Tev,139 fb-" —2 Expectedlimit
] — gwl tons 7/’//, Syst. Unc. :, | 95% CL Limits BN Expected 10 4

* Analysis strategy: . . e ata S Expected +20
y gy 100 Signal Region (ep) == 12 % 10 4? my- =140 GeV _§
— Used 2 SRs X - ]
T - ]
— Used ttZ CRs with various jet and b-jet s N - |
multiplicities and tt CR with 1 non-prompt p i T 107 =

Fit m(up) gttt L -
3 [T

® -6 -
* Results: £ /J( ! {Tl 2 ; A | BT e
. .. 8 0 1 L L L 1 N
— Local significance of 2.40 at m(a)=27 GeV ° 20 3 40 50 &0 70 20 25 30 35 40 45
My [GeV] ma [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-12/

Status of GM Higgs searches exclusion in ATLAS

ATLAS excluded regions in (m,s, sin 8,) plane of the GM model with Run 2

March 2022
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e Latest results shown today:
— Fermiophobic H* Wz, HE= ¢+, H*—cb, FCNC t—gX
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-008/

Search for fermiophobic H" »WZ

Post- flt m(WZ) dlstr for SR

arXiv:2207.03925 (July 2022)

g - aTLAS'
q S 25’ Vs=13TeV, 139 1™ 4 Daa _‘
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e Introduction: . & | versn wzew
. . . 4 e - " 44t B
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. i i L . i s A Posl-!l{uncenamly N
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2 E Wz-Qcb
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‘ 10° -
- E
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107 -
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-19/

s HEE= =P~ search
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arXiv:2211.07505 (Nov 2022)

’

e Introduction: .
— Drell-Yan production of two doubly charged Higgs in L HTT o

multi-lepton final states

* ¢ o
— Predicted by left-right symmetric models, type-Il see Z/y WH '

saw models, GM model, etc. 4 .
e///—
e Selection: .
. + =+ - . . i i
— Same-charge lepton pairs with 2, 3 or 4 leptons " 35POSt fit m(e=,e~) for SRZfD _ _ Cross sect/on /lmlts VS m(H ,,,,,,
. < F ATLAS ¢ Data Drell-Yan 1 ;9 I I I I I l I _I X
— Electrons or muons considered S b fs=13TeV, 13916 %Toaism pirve 4 — {QATLAS -+~ Expected 95% CL limit |
w £ SR2L (e’e"), post-it [EDiboson 7 g Vs =13TeV, 139 fb" Expected limit + 16 3
25 () = 900 gce; 31 B B Expected limit + 26 ]
. o0 f —m(H)=1100Gevxs0 5 D L — Observed 95% CL limit |
4 Analy5|s: F T 1 & 1 — Doubly charged Higgs
— . , , 15E l = 3 =o(pp > H'H) E
CBS, vallf:latlon and signal regions ngfl'ned ok i L. 5 2 o(op — HH, or k™K)
with various lepton charge multiplicities g : 1 S i 5 BHT 5 FI%) =100% ]
. . 5 = O
— Used m(£*£’'*) for the fit with £=(e,u) - T F o' —
. G 1 1+ + 17 E =
215 ] S
b ’ , - : 5
© 0.5
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-34/

Search for H"—c¢b in top-quark decays

arXiv:2302.11739 (Feb 2023)

¢ Introduction:
— Predicted by 3HDMs:
* 3 CP even, 2 CP odd neutral Higgs and 2H*

+ Experimental signature:
— 1¢ (e or p), E;™ss, >4 jets, >3 b-tags

Post-fit NN distr. for 4j3b B(H* —cb) limits vs m,,,
S SOOI T T
° Analysis: 2 Sooui?srf?;ev.msfb‘ ;3o‘z1b E:mf §, C AT}-AS —e— Observed ]
& [ H* — cb search [@tt + light  [Jnon-tt > | Ys=13TeV, 139 fb! _
Lo . . I 7000F- M = 130 GoV, & = 0.16% 7 Uncertainty & 1LHS b search Expected N
— NN used to distinguish signal from background o e 5 959 CL limits I Expected +io i
6000 = r ]
— Used CRs to correct the tt background : E sl vt 2 4
. . . . 8 - s — X=5Y=1,Z=5 i
— Used SRs with 4,5,6 jets and 3 b-jets or 24 b-jets so00f 3] r X=10, Y=0.1, =5 ]
a000f &\: 0-6_- ]
£ [e)] - -
2000 L B
* Result: oo 0.4f
— Small excess with a local (global) significance of . C
£ o5 0.2—
30 (1.60) at 130 GeV PR
8 o095
0.9

100 110 120 130 140 150
m,,: [GeV]
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90

NN score
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-24/

Search for a scalar X—bb in FCNC top-quark decays

arXiv:2301.03902 (Jan 2023) g BIE2UXubb) limitsvs my
'EF - ATLAS —e— 95% CL observed limit
5 L — 2hno r\r dammd 95% CL expected limit |

e Introduction: Vs =13 TeV, 139 fo!

m . A2 [ Expected + 16 |

. . X 10 E [ Expected + 26 E

— Search for new scalar in flavour-changing neutral current < 3
< ]

top quark decays Tl .
=107k =

— Predicted by the Froggatt-Nielsen mechanism

SH
B
S

T T
Ll

* Introduces a flavon, a field with charge g \
10

» Experimental signature:

M PR P P R R R
40 60 80 100 120 140 1

— 1¢ (e or p), E;™=, >4 jets, >3 b-tags 0 14 [Gev?o
B(t—cX—cbb) limits vs m,,
e Analysis: S B R BN B 3
L. . L. 'EF F ATLAS —e— 95% CL observed limit
— Very similar strategy to the H*—cb search with similar g x [ eo13Tev 130" O 95% CL expected fimit |
CRs and SRs with various jet and b-jet multiplicities 102 e o E
— Mass-parameterised NN used to distinguish signal from S b 1
background %10—3_— g
* Result: W
107

— About 20 excess in the t—cX channel through a broad
my range, incompatible with a X resonance

T T
Ll

-5 PR SR T SN T SN T (NN ST ST (NN NN SR SN (T SN ST SN (AT SN ST SN NN S N
1050""20 60 80 100 120 140 160
my [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2020-16/

Higgs to a dark matter portal

arXiv:2301.10731 (Jan 2023)

¢ Introduction:

— Many models predict a massive, stable and electrically
neutral particle, i, as a dark matter candidate

— The Higgs boson acts as a portal between the SM and the
dark sector, H>yy

B(H—invisible) upper limits vs analysis
[ [ I [ [ |

2 ' e

e Analysis: 1009 ATLAS — Observed
-1 =

— Combined searches of invisible decays of the Higgs across ch 0.8 fs=7TeV, 476" e Expected 3
Itiple production modes and including the Run 1 2 fs-oTev.2000 @t -
multiple production modes and including the Run £ 07 (5= 13TeV. 130 16" 20 E
results = 3

() -

o =

2 E

=3 3

e Result: ) =
— B(H—invisible) < 10.7% (7.7% expected) 3 . =

D =

|
i
|

18 May 2023 Imma Riu (IFAE-BIST) Searches for new physics in the Higgs sector at ATLAS


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-05/

Search for ZH, H— vy,

arXiv:2212.09649 (Dec 2022)

e Introduction:

— Search for dark photons y, from Higgs boson
decays via the ZH production mode

— Dark Higgs Vector Portal:
* U(1) gauge boson: visible photon, y

* U(1), gauge boson: massive (or massless) dark

ATLAS i ..
photon, v, BtV Lotson’  f B(H—yy4) upper limits vs m(y,)
SR, ee+up, Post-fit 9 C
« Experimental signature: o e o> 10 ATLAS : — Observed
1 =1 T [ (s=13TeV,L=1391fb - Expected
. . @@ tiH, Vi ...,ZH(y-,d) - BN
— 2 leptons (ee or up), one isolated y and E;™** oo ) oy A b B Expected + 1o
. . . . BOT classifier response c - E t di2
— ZH production mode provides di-lepton pair for E wpeskanEe
triggering and background rejection 3 F
— Fake E;™s (from data) 3
| I | e vl L.

2
-

— top processes, e >y, VVy (from CRs in the fit)

0 m, [Gev]

. Analysis: 007 02 03 04 05 086 07 08 09 1

BDT classifier response

— BDT response as discriminant
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2019-13/

Search for Dark Higgs boson

ATLAS-CONF-2023-016 (Mar 202) q dark p:/oton

e Introduction:
— Search for a A’ produced in association with a hy, via rare decays of the Z boson A')
— Motivated by a dark Abelian Higgs model:

* Adds a U(1), gauge symmetry — dark photon, A’: mediator of the dark sector
interactions with the SM

* Symmetry spontaneously broken by a
Higgs mechanism — A’ acquires

mass, adding a dark Higgs boson, h, m(£¥) distribution for the SR aye? limits («< linearly signal yield) vs m(A’)

* -
— Search for ZA’hy A AN ) N L0~ (£=e,1) = [ o 10T T e
9 10 ATLAS Preliminary SR B-ackgfoun:: . WD ,EATLAS Preliminary! Belle Obs. ATLAS Obs.
i H € Ly 3q > ] 10~ ' PRL 114(2015)211801 —m, =20 GeV
° : & Vs=13TeV, 1391 " B Fake - o

Experlmental SIgnature. s o B Others S 109 Vs =13 TeV, 139 fb" m, =1GeV —m, =30 GeV

. L signals (ma.,my) Syst. ] m, =3 GeV R mhn=40 GeV

— 4 soft and isolated leptons e + Data 90% CL mPIs0ev  —m-50GeV

6 [ (3.40) Gev — -=em, =7 GeV —m,, =60 GeV

— Select 22 same-flavour opposite sign leptons F 1 m-9GeV  —m°=70GeV

¢ Main backgrounds:
— qq—47¢ (used a CR) 2 | ]
— Fake factor method for non-prompt leptons '

.IIIIIJ IIIIII|I| IIIIIIII| IIIIIIIJ IIIIIIII| IIIIIIIJ IIIIIIJ IIIIIIIII 1L

5

7 - [N NN U N B WS S PN PR T S
1 0 1 2 3 4 5 9 1317 21 25 29 33 37 41
0 5 10 15 20 25 30 35 40 45

« Result complementary to a search by Belle m, [GeV] ap: dark photon (A’) coupling to hy, my [GeV]
€: kinetic mixing between the y and the A’

Data/Pred
o =
a0
T T

SN\

(S

| SN NN

=4

b on

SR

=
e
NN
=
N

|

» Fit average <m,,>

N
(6]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-016/

Summary and conclusions

» The extended Higgs sector has a rich phenomenology where to look for new physics

* Many interesting searches for additional Higgs bosons including dark Higgs and exotic Higgs boson
decays are performed by ATLAS

* No significant deviation from the SM has been observed so far
— There are however small deviations of 2 or 3o that have to be followed up

e Further results using the full Run-2 data are to be expected in the future

e Analyses will continue in Run 3 and eventually at the HL-LHC
— New production and decay channels will become available

e Stay tuned!

THANK YOU!
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