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Physics Motivation

« The discovery of the Higgs boson confirmed the mass generation mechanism
via spontaneous electroweak symmetry breaking and completed the SM
« However, additional scalar fields can explain phenomena that SM fails to
answer, like new sources of CP violation, dark matter candidates, etc
> 2 Higgs doublet model (2HDM): h, H, A, H*

> 3HDM: 2 additional Higgs doublet; Georgi-Machacek (GM) Model: 1 Higgs doublet
+ 2 triplets

« This talk will present recent searches for additional low-/high-mass Higgs
bosons, as well as decays of the SM Higgs boson to new light scalar
particles, using full Run 2 data collected by the ATLAS detector at 13 TeV



Analysis Topics Covered Today

« Search for additional neutral Higgs boson
» Low mass H->yy
> ttH->4top
> WH>WWW
» H->hh

« Search for additional charged Higgs boson
> H*D1
> H*>WZ
> t>H*b, H+>cb

« Search for exotic decay of the SM Higgs boson
» h—>aa->4y
» h—>aa—>bbup

Caveat: SM Higgs boson denoted as “h” in this talk

"I” refers to electron or muon 3



Search for Additional Neutral Higgs Boson




Search for Low-mass H2>yy
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https://cds.cern.ch/record/2862024

Search for Heavy Higgs in 4 Top Events

Predicted by 2HDM, heavy
Higgs mass assumed to be

400 — 1000 GeV

o(pp—> ttH/A) x B(H/A— ) [pb]

Events selected with 2 same-sign leptons or
=3 leptons; =6 jets (=2 of which are b-jets)
Major bkg. coming from SM 4-top, ttW/Z/H
BDT trained to separate sig. and bkg., used for

final fitting
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https://arxiv.org/pdf/2211.01136.pdf

Search for Heavy Higgs via WH Mode

« Single lepton un-prescaled trigger used

« Selected two same-sign leptons plus MET
together with 2 small-R jets (resolved SR)
or 1 large-R jet (boosted SR)

* No deviation from SM seen
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A generic search for heavy ]

H->WW-=1Ivqq in the model =1

where H is fermiophobic
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https://arxiv.org/pdf/2211.02617.pdf

Search for Heavy Scalar with hh Events

III T | T LI IIIIIIIIII[ 1 I

3 ATLAS Preliminary E

VS =13 TeV, 126 - 139 fo-! 1+ Many BSM theories predicted a
Spin-0 1 . .
— omservedimit 059 1) | heavy scalar decaying into two
3 ---- Expected limit (95% CL) 3 SM H|ggs bosons
[ Comb. exp. limit+ 10 ] . agn
= comb.exp.imitz2s | ® 1Nree major sensitive channels for

ool 1 hh:bbre, 4b and bbyy
1« Performed statistical combination
for these three channels to

10k
: maximize the sensitivity to heavy

—— bbbttt dominates

- —— bbyy scalar resonance production
109 —— Combined bbbb a
F Ll 1 1 I 1 I 1 1 1 1 qom’naIQS 1l Il 1 I 3
200 300 500 1000 2000 3000

my [GeV]
= ATLAS-CONF-2021-052

No statistically significant excess found, largest excess at 1.1
TeV: local (global) significance is 3.20 (2.10)



http://cdsweb.cern.ch/record/2786865

Search for Additional Charged Higgs Boson




Search for Doubly Charged Higgs
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https://arxiv.org/pdf/2211.07505.pdf

Search for Charged Higgs Decaying into WZ

* Events selected with 3 leptons and 2

{+ .
forward jets
A Ys * ANN used for sig. and bkg. (WZ, ZZ, etc)
classification
W S « WZ invariant mass used for final fitting
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https://arxiv.org/pdf/2207.03925.pdf
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Search for Charged Higgs in Top Decays

Events selected with 1 e/p and 24 jets

NN trained to separate sig. vs bkg. (mainly
from ttbar+jets) and used for fitting

No significant data excess seen

: GeVis 3.0 (2.5)0

Local (global)
significance for 130

m,,. [GeV]

arXiv:2302.11739
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https://arxiv.org/pdf/2302.11739.pdf

Search for Exotic Decay of the SM Higgs Boson
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Search for h>aa—>4y

« Axion-like particles (ALPs) decaying into yy is sensitive to various models that
could explain (g-2), discrepancy

« Signal signature depending on the axion mass (collimated/resolved photons)
and C,,, (long-lived/promptly decaying)

« mi..° (invariant mass of all photon candidates) used for final fitting

m,[GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-040

Search for h>aa—>bbup

- Events selected with single/di-muon triggers, m,, in 15 — 65 GeV

- Performed kinematic likelihood fit exploiting equal my, and m,,, to improve
mass resolution and reduce bkg.

« BDT further trained to separate signal from SM bkg. (DY +jets, ttbar)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012006

Summary

Presented the latest searches for additional low/high-mass Higgs bosons, as
well as decays of the SM Higgs boson based on the full Run 2 data

Many other related searches not covered for today due to time constraint
ATLAS-CONF-2022-039, JHEP 01 (2022) 063, JHEP 03 (2022) 041, arXiv:2301.03902, etc

No sign of new symmetries in the Higgs sector at the current precision level,
stringent limits have been set according to relevant models

Large amount for Run 3 data can provide us room for more precise probe,
stay tuned!
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https://cds.cern.ch/record/2815674/files/ATLAS-CONF-2022-039.pdf
https://link.springer.com/content/pdf/10.1007/JHEP01(2022)063.pdf
https://link.springer.com/article/10.1007/JHEP03(2022)041
https://arxiv.org/abs/2301.03902

Backup
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CMS Ppreliminary 132.2 b7 (13 TeV)
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o o[ N
3 0 ko =
? A e
S Ry /N Y NN\ N :
810 F .
3 E ]
A/ (S U WY A 1/ B o :

107
(3o i

0 °F TN T L TR E

- ATLAS Preliminary =

. 1 —— bbt™T :

- Vs =13TeV, 126 - 139 fb - -

10_45— Spin-0 —— bbyy =
4o —e— Combined 3

Ly ol 5§ e ¢ ¢ w0 ggiwrippel ¢ I d

200 300 500 1000 2000 3000

my [GeV]

22
s



«10° CMS Preiiminary 138 b (13 TeV)
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