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Introduction

e Discovery of (the) Higgs boson was major

milestone in particle physics
o Major evidence in support of Standard Model (SM)

e "“The” Higgs boson?
o Many puzzles remain unsolved in SM
m Hierarchy problem
m Baryon asymmetry
m Dark matter

|
o Many extensions of the SM propose additional neutral
and charged Higgs bosons
m E.g. a%h%A%HH* predicted in Two-Higgs
Doublet Models (2HDM)
e This talk summarises recent ATLAS searches

for these additional scalar particles




A->Z(ll/vv)h(bb)

Search for pseudoscalar (A) in ggF or b-associated

production; decaying to Z boson and SM Higgs boson

o Interpreted in Type-l, Type-Il, Lepton-specific and Flipped 2HDM models
o Also constrained Z'/W’' production in Heavy Vector Triplet (HVT) model

ATLAS-HDBS-2020-19
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Events/GeV
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ATLAS-HDBS-2020-19

A->Z(ll/vv)h(bb) b

h <
e Search for pseudoscalar (A) in ggF or b-associated i}A y b

vl
production; decaying to Z boson and SM Higgs boson 1Z\<
o Interpreted in Type-l, Type-Il, Lepton-specific and Flipped 2HDM models
o Also constrained Z'/W’' production in Heavy Vector Triplet (HVT) model

b
[ anas = =wn 7 @ Signal regions split by lepton i P -
O s Bz ey . S ’ ]
oA G Multiplicity bt

o 0O-lepton channel targeting Z->vv decay
o 2-lepton channel targeting Z->££ decay o0t

e Further splitting into regions with resolved and
boosted H->bb decay

I e Likelihood fit on signal discriminant: Transverse

1 | (O-lepton) or invariant (2-lepton) mass of Zh

INIRHIEIREE system
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ATLAS-HDBS-2020-19

>Z(ll/vv)h(bb)
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ATLAS-CONF-2022-039

Flavourful 2HDM o

Ptq -11: _ptq Ptq _}5 _ptt
Multilepton channel (2LSS, 3L, >=4L) __,_._o\ ;\ D\

Final states containing two to four top

quarks 9 — e

First analysis to target BSM production of Pre y_°< : pre H.o< t
. , ,

t t

3top final states
o Targets general 2HDM with FCNH
couplings (p,, P, Py) Of the heavy Higgs
bosons
o p,and p,can explain baryon number asymmetry
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Flavourful 2HDM o

Ptq H p‘q
Multilepton channel (LSS, 3L, >=4) "4 ;\

Final states containing two to four top
quarks
First analysis to target BSM production of

3top final states
o Targets general 2HDM with FCNH

couplings (p,, P, Py) Of the heavy Higgs
bosons
o p,and p,can explain baryon number asymmetry

Signal regions based on lepton multiplicities
and output of multi-output deep neural

network (DNN) classifier
o Likelihood fit on score of second DNN

ATLAS-CONF-2022-039
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ATLAS-CONF-2022-039

Flavourful 2HDM
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WH (WW) ATLAS-CONF-2022-033

e Associated production of heavy scalar (H) with W boson
o Complementary to gluon-gluon fusion searches
m Involves top loop = reduced fermionic coupling would render ggF
channel insensitive
o Larger cross sections than VBF and smaller backgrounds



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-033/

WH(WW)

e Associated production of heavy scalar (H) with W boson

@)

(@)

Complementary to gluon-gluon fusion searches

m Involves top loop = reduced fermionic coupling would render ggF

channel insensitive
Larger cross sections than VBF and smaller backgrounds

e Generic search in SS2L signature
e Dominant background: SM diboson production

ATLAS-CONF-2022-033

Selections Boosted SR | Resolved SR | ssWW CR | Boosted WZ CR Resolved WZ CR
Trigger . Single lepton
| two same-sign leptons with three leptons with
T > 27,20 GeV T > 27,20,20 GeV
TEpians ! at lez,:st one SFOS lepton pair
zero additional veto leptons
Megp > 100 GeV -
Mmeee - > 100 GeV
b-jets zero b-tagged small-R jets
Ex*® > 80 GeV > 60 GeV | > 40 GeV
at least one large-R jet with zero large-R jets with at least one large-R jet with zero large-R jets with
TinrgeR jeis pr > 200 GeV, || <2.0 pr > 200 GeV, |n]<2.0 pr > 200 GeV, |n| < 2.0 pr > 200 GeV, |n] <2.0
50 GeV < my < 200 GeV 50 GeV < m ;< 200 GeV 50 GeV < my < 200 GeV 50 GeV < my < 200 GeV
and pass 80% W-tagger WP and pass 80% W-tagger WP
Seoail-Tjets = at least two small-R jets with - at least two small-R jets with
pr > 20 GeV and || < 2.5 pr > 20 GeV and |p| < 2.5
m;; - 50 GeV < m;; < 110GeV | > 200 GeV - - 10
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ATLAS-CONF-2022-033

WH(WW)
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. . . . . & | |
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ATLAS-CONF-2022-027

FCNC top quark decay t->qX(bb); q=u,c

e Search for FCNC decay of top quark t->gX in ttbar events

o  X:light scalar with flavour charge (flavon) ; X->bb dominant decay
for masses below 200 GeV

12
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FCNC top quark decay t->qX(bb); q=u,c

Search for FCNC decay of top quark t->gX in ttbar events
o  X:light scalar with flavour charge (flavon) ; X->bb dominant decay
for masses below 200 GeV

Signal discrimination using NN trained on jet, lepton
kinematics and b-tagging information

Entries
o
N
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T T SR RPN .., —
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uX 80 GeV NN output
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[ ATLAS Simulation [—]1t—cX 80 GeV |
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0.4

O
0.6 0.8 1.0
cX 80 GeV NN output

ATLAS-CONF-2022-027
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ATLAS-CONF-2022-027

FCNC top quark decay t->qX(bb); q=u,c

e Search for FCNC decay of top quark t->gX in ttbar events
o  X:light scalar with flavour charge (flavon) ; X->bb dominant decay
for masses below 200 GeV

e Signal discrimination using NN trained on jet, lepton
kinematics and b-tagging information

e Profile likelihood fit on NN score across [4-6]j3b signal
regions and total yield in [4-6]j>=4b background control

regions
g 0-25 r T T T T T .\ T T . T T T T T T T I T T T ] % 0.2 i T T T T T -| T T . T T T T T T T T T T T ]
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095 02 04 06 0.8 1.0 8.0 02 04 0.6 0.8 1.0 14

uX 80 GeV NN output cX 80 GeV NN output
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ATLAS-CONF-2022-027

FCNC top quark decay t'>QX(bb); Jq=u,C

3 E .
G oo 15 =13 TeV, 139 1" I UX 80 GeV
F touX [ tt+>1b
7000 4i 3b [Jtt+1c

[ Post-Fit [ ti+light

e No significant excess observed B
e Small deviation in observed limit for t->cX process but not

for t->uX

o Both processes have similar kinematics o
o Difference arises in flavour and b-tagging score of 4th jet
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Low mass X->yy
Light axion-like particle (ALP) with gluon coupling

o Abundant production in pp collisions
o Diphoton decay suppressed, but favourable search channel
due to clean signature

ATLAS-CONF-2022-018

16
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Low mass X->yy
Light axion-like particle (ALP) with gluon coupling

o Abundant production in pp collisions
o Diphoton decay suppressed, but favourable search channel
due to clean signature
Low mass X->yy search affected by trigger threshold

o Mitigated by selecting boosted close-by photon pairs with
pT>50 GeV
o Search reaches down to 10 GeV resonance mass

ATLAS-CONF-2022-018

17
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(data-fit)/c

4

e

Low mass X->yy

ATLAS-CONF-2022-018

Light axion-like particle (ALP) with gluon coupling

o Abundant production in pp collisions S 14005 ATLAS Prefminary | womn | -

o Diphoton decay suppressed, but favourable search channel %120{— fs=13Tev, 63" E?ﬂv —
due to clean signature 2100 , =

Low mass X->yy search affected by trigger threshold  *°¢ e S

o Mitigated by selecting boosted close-by photon pairs with jZZ:__: —-——-—:
pT>50 GeV 3 T — ]

o Search reaches down to 10 GeV resonance mass — 7
e 9% 20 30 40 50 60 70 80
F ATLAS  Preliminary m, [GeV]

¢ Data

= _ El
- 18-13TeV, 1381 —— Background-only fit

Illlllllllllll

||||||||||||||||

I|III1|IIII|IIII|IIII|IIII

9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 7%\7
e

m,, [GeV]

e Signal discriminant: invariant mass of diphoton system
e Data-driven estimation of continuum SM background

18
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ATLAS-CONF-2022-018

10

Low mass X->yy Wt
e Most significant deviation from background 5 b [ V¥4 1
observed at 19.4 GeV - SR | Jeo
o Local significance 3.050 (global significance 1.480) 102 ATLAS Profi oo
e Results interpreted as limits in the plane : o 13 TeV. 138 1 il
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H*H" -> 4l

e H™/H" predicted by many BSM theories, e.g.
Left-Right Symmetric (LRS) models, Type-ll

seesaw models, etc.

o LHand RH chiralities
o Decays to same-charge lepton pairs; LFV decays
permitted

ATLAS-CONF-2022-010

20
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H*H" -> 4l

wyl
-~
/\
o~
_|_

H**/H~ predicted by many BSM theories, e.g. /'}{++ a
Left-Right Symmetric (LRS) models, Type-II ZIv* s -
seesaw models, etc. <
o LH and RH chiralities q
o Decays to same-charge lepton pairs; LFV decays ¢
permitted § e T
Signal regions separated by lepton multiplicities R et moter -
(2L, 3L, 4L) w
o m(&*, £%) used as discriminant in 2L and 3L regions; total 1ok E
yield in 4L regions ) :
Main backgrounds: Diboson (DB), Drell-Yan (DY), 5%

. - .0
- o 1.4 ' T . .
fake lepton and charge mis-ID 1 — - ———
O 300 400 500 600 700 1000

m(F, F)__ [GeV]

ATLAS-CONF-2022-010

21
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H.|..|.H__ > 4l ATLAS-CONF-2022-010

e Limits set on pair production cross section of
H™/H"-, assuming democratic decays to lepton
flavours

e Sensitivity driven by 4L channel £ L ATLAS Preliminary — combined - stat only _
) L g Ks =13 TeV, 139 fo! ----two-lepton ---three- IePton§
e Higher sensitivity to LH scalars, due to larger £ iwrlepon - 18
. . S SR e -
production cross section TN ——————
. .. a 1 — Doubly charged Higgs 3
e Combined lower mass limit at 1080 GeV S == o(pp — H™ H)) ]
[%) T T T T T T T T T T _._(E B unmsiy — 6(pp = HR+ H;{) :
= ATLAS Preliminary | 4 Data | | Drell-Yan 1 O TN N
& 10t fs=13TeV, 139" #HTomlsM [ NP F 40 7 SN
. ! ' ' [ Diboson =
10° | ' i ! [ Other _E
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10 ' 400 500 600 700 800 900 1000 1100 1200 1300
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'QO; 1.4 il .......... I,"r .......... ] ;
n‘: 12_ ............ ° ......................
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< 0.8 ¢ pre -fit ratio
g 0.61—| ¢ post-fit ratio
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ATLAS-CONF-2022-008

ttH/A->4tops

Search for heavy scalar (H)/pseudoscalar (A) from 2HDM models
o  H/A->tt decays dominate whenm,, , >2m,_
Inclusive searches for gg->H/A->tt difficult due to large negative interference

with SM ttbar

o Associated production with top quarks benefits from sizable cross section and low backgrounds

23
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ATLAS-CONF-2022-008

ttH/A->4tops

e Search for heavy scalar (H)/pseudoscalar (A) from 2HDM models
o  H/A->tt decays dominate whenm,, , >2m,_

e Inclusive searches for gg->H/A->tt difficult due to large negative interference
with SM ttbar

o Associated production with top quarks benefits from sizable cross section and low backgrounds
e Search performed in SS+3L channel

e Two BDTs used for signal discrimination:
o SMBDT to discriminate SM 4tops from other SM background
m Used to define BSM signal region
o Parameterised BSM BDT to discriminate BSM 4tops from SM background
m Discriminant in likelihood fit

Region | Channel | N; | Ny | Other selection cuts Fitted variable
Cv

d ok [ Lt . mg, €[0,0.1] GeV PV
CR Conv e*e* || e*u* | 4 <Nj<6 | =1 200 < Hr < 500 GeV mg,
CR HF e eee || eeu =1 100 < Hy < 250 GeV Yield
CR HF u epp || ppp =1 100 < Ht < 250 GeV Yield

mSY ¢ [0,0.1] GeV, [n(e)| < 1.5
CR W | etpt || ptu* >4 >2 | for Ny = 2, Hr < 500 GeV or N; < 6; 34 )4
for Ny > 3. Hr < 500 GeV
CR lowBDT SS+3L >6 >2 Ht > 500 GeV, SM BDT < 0.55 SM BDT

BSMSR | SS+3L | >6 |>2| Hr>500GeV,SMBDT>0.55 | | BSMpBDT 24
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o(pp— tTH/A)X BR(H/A—s 1) [pb]

107"

1072 -

ttH/A->4tops

No significant excess above SM predictions
Results interpreted in Type-ll 2HDM model

o SM 4-top contribution constrained to predicted cross section
o tan(B) below 1.6 (0.6) excluded for m,,, = 0.4 (1.0) TeV
o Production of both A and H particles considered simultaneously

| ATLAS Preliminary
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-008/

Conclusions

e New scalar particles are a key feature of
many extensions of the Standard Model

e ATLAS has a broad programme of
searches targeting scalar particles
across a large mass range, including
scalars with exotic charges

e No significant deviation from the

Standard Model has been seen so far
o  Worthwhile to pay attention to a few mild
excesses that have emerged in some channels
o Looking forward to uncovering more of the
phase space in the imminent Run-3!
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