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Searches for additional neutral Higgs bosons in ATLAS

The discovery of the Higgs boson with

my = 125 GeV completed the observations of

particles predicted by the Standard Model (SM) and
all measurements so far are compatible with the SM

- The SM |leaves some open questions and there are
many theories Beyond the Standard Model (BSM)
that predict additional Higgs bosons

Many searches for additional Higgs bosons

performed in ATLAS targeting different production
and decay modes and different mass ranges

— Selection of the most recent searches for

additional high-mass and low-mass neutral Higgs
bosons, performed in ATLAS using full LHC Run 2

dataset (140 fb~ 1)

All ATLAS public

ts can be found here
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Search for heavy Higgs bosons (H/A) produced in association with a top-quark pair and decaying in a top-quark pair
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- Heavy BSM Higgs (H/A) in the mass range 400-1000 GeV

« Heavy scalar (H) or pseudo-scalar (A) BSM Higgs bosons from the Two Higgs Doublet
Model (2HDM) of Type-ll (MSSM-like)

« BSM Higgs H/A produced in association with a top-quark pair and decaying in a top-

quark pair leading to a 4 tops final state

— Analysis performed in the 2SS and >=3| plus >=6 jets and >=1 b-jet final states

» Boosted Decision Tree (BDT) classifier trained to distinguish the SM 4tops events

from the rest of the backgrounds (SMBDT) and used to define the BSM Signal
Region (BSM SR) and a low-BDT Control Region (lowBDT CR)

« Other 4 Control Region (CR) categories for controlling HF non-prompt leptons,

photon conversion, and ttW
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https://www.sciencedirect.com/science/article/pii/S0370157312000695?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370157312000695?via%3Dihub
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Search for heavy Higgs bosons produced in association with a top-quark pair and decaying in a top-quark pair

JHEP Q7 (2023) 203

» Mass-parameterised BDT (BSM pBDT) trained in the SR to distinguish between the signal and all backgrounds and
pBDT output used as final discriminant variable in the SR

Upper limits set on tan f as a function of ni; in the 2HDM Type-||

- No significant excess above the SM predictions observed
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A - ZH — ££1t/ ubb ATLAS-CONF-2023-034

Search for a heavy CP-odd Higgs boson (A) decaying to a heavy CP-even Higgs Boson (H) and a Z in the ££tt/vvbb channels

« Heavy CP-odd Higgs (A) in the mass range 450-1200 GeV and heavy CP-
even Higgs (H) in the mass range 350-800 GeV

b
A %55&7/ P S Heavy BSM Higgs bosons (A/H) from the Two Higgs Doublet Model (2HDM)
{ Z LA « BSM A boson produced via gluon-gluon fusion or in association with a b-
% @9999)\ % quark pair and decaying to a BSM H boson and a Z boson
‘ b - Z boson decaying to 2| or 2v and H boson decaying to tt or bb, leading to
£Ctt and vuvbb final states

3 Signal Region categories defined based on § 0 amasereiminay ¢ pata | S 6 amasrrommay ¢ om
: : © 350F Vs=13TeV, 140 fb~" 0 WHVWY 2 4l vs=13Tev, 140 b = t
requirements on the number of leptons, jets, b- =77} A-zn-ii e B N A e ——
. v 300+ B W + tEH + tEWW + tett ] 9 | 2 b-tag 1 single-top tW
jets, MET, reconstructed Z and H boson masses: 5__ | -7 e - SM v
L|>J 250 W 0 twz > I single-top (s+t chan)
. . C ] tt i 1 VIf
- 1£Ctt SR: 3, >=4 jets and 2 b-jets 200} — 1 oal — w
NN Uncertainty ] -\ Whf |
« 2 vvbb SRs: Ol, MET, 2 b-jets and >=3 b-jets 1500 S tncertainy
100;— _________________ 0.2
50} »
11 Control region categories for controlling ttZ . ESEENEuuEl . I | ) |
: U NN A NN N §1.00f-- . . . TN
and ttbar in the £t (3 CRs) and Z+HF and ttbar £*°R\ ! nNilimkninyy g5 ;
( ) 9 0.75 = i5500 ' HRi500 S5 L3hi, Zout L3I0, Zin = o7 OL’H'IOZOO OL 200 e 2L it
in the vvbb channel (8 CRs) CR SR CR CR CR VR
CR SR CR CR VR VR


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-034/
https://www.sciencedirect.com/science/article/pii/S0370157312000695?via%3Dihub

A - ZH — ££1t/ ubb ATLAS-CONF-2023-034

Search for a heavy CP-odd Higgs boson (A) decaying to a heavy CP-even Higgs Boson (H) and a Z in the ££tt/vvbb channels
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Events
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Heavy Higgs in multi-lepton plus b-jets

Search for heavy Higgs bosons in multilepton plus b-jets final states arXiv:2307.14759 (Sub. to JHEP)

, Py : t__ q o H pé<£ - Heavy BSM Higgs (H) in the mass range 200-1000 GeV
_ tq q -_———
:ﬁ{% ' pu -2 t ;&T\ t « BSM Higgs (H) from the Two Higgs Doublet Model with extra
g : g g ! flavor-changing neutral Higgs interactions (FCNH) (g2HDM)

— Considering only BSM couplings of the Higgs involving the

q D q qg _ Ptq ¢t
Ptq H OC< _\?7
;k i i top-quark and the 3 up-type quarks (p,,, p;.. Ps,)
g t q — Dig — ¢ - Targeted signals lead to final states with a same-sign top-quark
pair, three top-quarks, or four top-quarks
17 Si | Reqi ' : " : :
Signal Region categories — Analysis performed in final states with 2I, 3| or 4l, + b-jets
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Cawsn - Dorer ey 317 Signal Region (SR) categories defined based on:
ol |+ Number of leptons
: | { « Charge sign of leptons
- Deep Neural Network (DNN) classifier trained to distinguish the different

production/decay modes

S S — 10 Control Region (CR) categories for controlling HF non-prompt leptons, photon
b e e Ko Ky cONversion, VV and ttZ



https://arxiv.org/pdf/1706.07694.pdf
https://arxiv.org/abs/2307.14759

Search for heavy Higgs bosons in multilepton plus b-jets final states

Heavy Higgs in multi-lepton plus b-jets

arXiv:230714759 (Sub. to JHEP)

Deep Neural Network (DNN) classifier trained in each SR to separate signal and background and DNN output used as
final discriminant variable in all SRs

Upper limits set on o X BR and on the BSM Higgs couplings p as a function of my; from fit of all SRs and CRs
No significant excess above the SM predictions observed

Mild excess observed with most significant deviation at my = 900 GeV for p,,, p,., p,, = (0.6,0.0,1.1) with local

significance of 2.80
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https://arxiv.org/abs/2307.14759

[ — QX,X — bb JHEP 07 (2023) 199

Search for new scalars X produced in the decay of a top-quark and decaying to bb

« New scalars (X) in the mass range 20-160 GeV

g b
%% » 0~ - New scalar (X) inspired by the non-SM Higgs from the Flavon Model with flavor-
e ) changing neutral current (FCNC) top-decays
Vy
: » Considering top-quark pair production with 1 top decaying to bW according to the
}yy\J\\X\< SM and 1 top decaying to Xg(u,c) and X decaying to bb
b . . . . .
g 7= u/c — Analysis performed in final states with 1l, >=4 jets and 3 b-jets
3 Control Region categories
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https://arxiv.org/abs/2301.03902
https://link.springer.com/article/10.1140/epjc/s10052-018-6150-0

f — qX’X — bbb JHEP 07 (2023) 199

Search for new scalars produced in the decay of a top-quark and decaying to bb

Mass-parameterised Neural Network (pNN) classifier trained to separate signal and background, separately for the uX
and cX channels, and pNN output used as final discriminant variable in all SRs

Upper limits set on BR(t — uX) X BR(X = bb) and on BR(t — ¢X) X BR(X — bb) as a function of m, from fit of all

SRs and CRs
No significant excess above the SM predictions observed

Mild excess observed in the uX channel at my, = 40 GeV with local significance of 1.8¢

Mild excess of roughly 2o local observed in the cX channel in the broad mass range 40 GeV - 120 GeV

*: normalised to total background
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https://arxiv.org/abs/2301.03902

lta,a — uu

arXiv:2304.14247 (Sub. t

PRD)

Search for light pseudo-scalar Higgs bosons (a) produced in association with a top-quark pair and decaying in uu

2 Signal Region categories defined based on
lepton flavours and di-muon invariant mass
requirements:

. epp with 12 GeV <m,,, <77 GeV
o pup with 12 GeV <my,, <77 GeV and
mo® < 77 GeV or > 107 GeV

 Light pseudo-scalar Higgs (a) in the mass range 15-72 GeV

- BSM Higgs (a) from the 2HDM+a extended Higgs sector model
(NMSSM-like)

« a produced in association with a top-quark pair (ffa) or produced
from the decay of a charged Higgs coming from the top-quark

decay (t - H* — Wa)

« a decaying in a muon pair

— Analysis performed in the 3l (euy, pupup) plus >=3 jets and >=1 b-jets

final states
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ttZ/WZ and tt

i

Obs. / Pred.

N
o
o

150

100

O)
o

QO =)

o
T

o o
[

~ ATLAS B -fakes 4 _
- Vs=13TeV,139fb"! mm iz e-fakes A
B . ttH BN Rare

i W 227, Syst. Unc.
- B SingleTop+Z ¢ Data -
~ On-ZCR (euu) ]

éé///////////+///////////////////////+’//////////////////////)///////////§‘



https://arxiv.org/abs/2304.14247

lta,a — uu

Search for liaht pseudo-scalar Higgs bosons produced in association with a top-quark pair and decaying in pu
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Di-muon invariant mass used as final discriminant variable in the SRs

Upper limits set on o(tta) X BR(a — uu) and on

BR(t - bH™) X BR(H™ - W¥a) X BR(a — uu) as a function of m,, (for 3 values of

my. = 120,140,160 GeV) from fit of all SRs and CRs
No significant excess above the SM predictions observed

arXiv:2304.14247 (Sub. to PRD)

Mild excess observed in both channels at m, = 27 GeV with local significance of 2.4¢

o(tta) x B(a - uu) [fb]
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https://arxiv.org/abs/2304.14247

Summary and outlook

Vast program of searches for additional neutral Higgs bosons in ATLAS motivated by many BSM models

Searches with full LHC Run 2 dataset covering several production modes and final states and covering broad mass range
— Improved sensitivity compared to previous searches thanks to larger dataset and improved analysis techniques

— Previously uncovered final states and mass ranges probed

No significant deviations from the SM observed so far

LHC Run 3 data-taking is ongoing, stay tuned for new results in the future!
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Why searching for additional neutral Higgs bosons?

» Many extensions of the SM introduce additional fields that produce additional physical Higgs bosons, for example:

- Electroweak Singlet Model: SM Higgs doublet + additional singlet |<?Q> l_ga

— 2 neutral CP even Higgs bosons

neutral CP even

- Two Higgs Doublet Model (2HDM, e.g. MSSM): SM Higgs doublet + additional doublet

— 5 Higgs bosons: 2 neutral CP even, 1 neutral CP odd and two charged
2HDM Type-I: all quarks and leptons couple to only one doublet @
2HDM Type-ll (MSSM-like): one doublet couples to up-type quarks, the other to
down-type quarks and leptons

neullé;dd @ |£2

charged

neutral CP even

- 2HDM + singlet (e.g. NMSSM): SM Higgs doublet + additional doublet + additional singlet

— 7 Higgs bosons: 5 of the 2HDM + 2 additional neutral Q neutral CP odd
(1 CP even and 1 CP odd) ‘@ L ‘ L ‘QQ

charged

‘ neutral CP even
neutral CP odd |_
neutral CP even

- Higgs triplet model: SM Higgs doublet + additional triplet ‘ | neul?é;dd ‘_SE ‘ I @ E

— 7 Higgs bosons: 5 of the 2HDM + 2 additional double charged

neutral CP even charged

- Georgi-Machacek model (GM): SM Higgs doublet + 2 additional triplets
— 10 Higgs bosons 16



Heavy H - WW — evuv

Search for heavy resonances decaying to WW in evuv final states ATLAS-CONF-2022-066

q

%% _{ W .

g H ,JJ . Vg L7 HJ - Heavy resonances in the mass range 300-4000 GeV
R === . .
9"1 V & ‘:LLL « Resonances produced via ggF and VBF and decaying to WW

g A * q _K 4%

- | q _ — Analysis performed in the evuv final state

Model =~ Resonance spin  Production mode Interpretations of the results with heavy resonances from 5 different

ool qqA VBF

models, two of them being extended Higgs sectors models:

o ol ) . Two Higgs Doublet Model (2HDM, NWA)
Radion < < « Georgi-Machacek model (GM): include a fermiophobic Higgs 5-plet
HVT Spin-1 X X (that can only produced via VBF mode)
RS Gk Spin-2 X X
3 Signal Region (SR) categories defined based on the 4 Control Region (CR) categories for controlling WW
number of reconstructed VBF jets: and Top backgrounds, defined based on:
. VBF Tjet: 1 VBF jet - Number of reconstructed VBF jets
. VBF 2jets: at least 2 VBF jets » Number of b-jets
+ ggF: all events not going into VBF 1jet or VBF 2jets . | An, .| requirements

17
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Heavy H - WW — evuv

Search for heavy resonances decaying to WW in evuv final states

« Final discriminant variable in all
SRs is the transverse mass my:

My = \/ ( Eff + EmlSS)Z (—nﬂf E’i;}issy

Upper limits set on 0 X BR as a

function of my; from fit of all SRs

and CRs for the different models
considered

No significant excess above the
SM predictions observed

95% CLs Limit on o(pp— H) x BR(H— WW) [pb]
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Heavy H - WW — evuv

Search for heavy resonances decaying to WW in evuv final states ATLAS-CONF-2022-066

3 Signal Region categories: 4 Cok?trcl)(I Reglodn c;at?go;lis fordcontrolllng WW and
. VBF 1jet: 1 VBF jet Top backgrounds defined base on:
» Number of reconstructed VBF jets

» VBF 2jets: at least 2 VBF jets ,
« Number of b-jets

- ggF: all events not going into VBF 1jet or VBF 2jets

. | An, .| requirements

Signal regions Control regions
Pre-Selection Pre-Selection
Two Different Flavour, Opposite S;gn Leptons, pp > 25 GeV Two Different Flavour, Opposite Sign Leptons, pET > 25 GeV
Third lepton veto, pr > 15 GeV Third lepton veto, pgT > 15 GeV
Comjlvnon Se_legtlon WW CR,p Top CR,,p WW CRyprij Top CRygp
|Al;7_tTg<_1 8 Nb—tag =0 Nb—tag =1 Nb—tag =0 Nb—tag > 1
élﬁgd S A5 GeV myy > 55 GeV 10 GeV < my, < 55 GeV) myy > 55 GeV
’ e
Zg;uead péllead > 45 GeV - pgilead > 45 GeV
Pr > 30GeV £,sublead £,sublead
W Dy > 30 GeV - o > 30 GeV
max(my ) > 50 GeV W W
SCp SCyorng SCvpray | n@x(mT ) > 59 1GeV — max(mqg ) > 50 GeV
Inclusive in N, but excluding Niey = 1 and [n;]| > 2.4, Niet > 2 and my; > 500 GeV, METSigRatio > 0.8 GeV - -
SCyvar1s and SCygraj min(|An,,|) > 1.75 |Ay,;| >4 Excluding VBF1/2J phase space VBF1J phase space VBF'1/2J phase space
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Search for heavy resonances decaying to WW in evuv final states
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itH/IA — 4t(2fSS/3f) arXiv:2211.01136

Search for heavy Higgs bosons produced in association with a top-quark pair and decaying in a top-quark pair

« Boosted Decision Tree (BDT) classifier trained to distinguish the SM 4tops events from the rest of the background
(SMBDT) and used to define the Beyond the Standard Model Signal Region (BSM SR) and a low-BDT Control Region
(lowBDT CR) by applying a cut on this BDT output

« Other 4 Control Region (CR) categories for controlling HF non-prompt leptons, photon conversion, and ttW,
defined based on different requirements on:
- Flavour and charge of the leptons
- Number of jets and b-jets

*: normalised to total background

S [amas ' gbaa  mH-a00Gev | . . .
R A ot Signal Region and Control Regions
§ fpmre e g . — —
ol .L;‘V'Smw .Hf__"é on. _ Region Channel N; Ny Other selection requirements Fitted variable
- Etl_fltlzM zﬁizr:aint-y"""; CR Conv efet ei,ui 4 S]Vj< 6 > 1 mgev € [0’01] GeV mleDZ
10° & . CR lowBDT BSM SR iTE 200 < Ht < 500 GeV .
,,,,, - CR HF e eee || eeu = 100 < Ht < 250 GeV Yield
10 e Fyx. CR HF u e || ppu = 100 < Ht < 250 GeV Yield
mSY ¢ [0,0.1] GeV, [n(e)| < 1.5
: CR #tW eru* || p*u* >4 > 2 | for N, =2, Hr < 500 GeV or Nj < 6; Zp%
for N, > 3, Ht < 500 GeV
91015!!!!.!!!!.!!!!.!!...!!!?!.!!!!.!T!!!!!!!!!!!!!; CR lowBDT SS+3L > 6 > 2 HT>500GCV,SMBDT<055 SM BDT
m 1.5 -
;4(% O;WW/%W WM BSM SR SS+3L > 6 > 2 Ht > 500 GeV, SM BDT > 0.55 BSM pBDT
01 02 03 04 05 06 07 08 09 -

0.7 0.8 0.9 1
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itHIA — 41(2655/3¢)

arXiv:2211.01136

Search for heavy Higgs bosons produced in association with a top-quark pair and decaying in a top-quark pair

« Boosted Decision Tree (BDT) classifier trained to distinguish the SM 4tops events from the rest of the background
(SMBDT) and used to define the Beyond the Standard Model Signal Region (BSM SR) and a low-BDT Control Region

(lowBDT CR) by applying a cut on this BDT output

« Other 4 Control Region (CR) categories for controlling HF non-prompt leptons, photon conversion, and ttW,

Events

Data / Bkg.

defined based on different requirements on:
- Flavour and charge of the leptons
- Number of jets and b-jets
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itH/IA — 4—t(2fSS/3f) arXiv:2211.01136

Search for heavy Higgs bosons produced in association with a top-quark pair and decaying in a top-quark pair

- Boosted Decision Tree (BDT) classifier trained to distinguish the SM 4tops events from the rest of the background
(SMBDT) and used to define the Beyond the Standard Model Signal Region (BSM SR) and a low-BDT Control
Region (lowBDT CR) by applying a cut on this BDT output

» Mass-parameterised BDT (BSM pBDT) trained in the SR to distinguish between the signal and all backgrounds and
used as final discriminant variable in the SR

Input variables for the SM BDT

- Jet multiplicity Input variables for the BSM pBDT
- Pseudo-continuos b-tagging score of the b-jets . SM BDT output (most important)
« Minimum DeltaR between two leptons among all .

pairs

. pt of leptons and jets, MET

 Scalar sum of pt of all objects

. DeltaR of two leptons for all possible pairs

- Maximum DeltaR between a b-jet and a lepton
among all pairs

« Minimum DeltaR between a jet and a b-jet
among all pairs
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Events / bin

Data / Bkg.

itH/IA — 4t(2fSS/3f) arXiv:2211.01136

Search for heavy Higgs bosons produced in association with a top-quark pair and decaying in a top-quark pair

» Mass-parameterised BDT (BSM pBDT) trained in the SR to distinguish between the signal and all backgrounds and
used as final discriminant variable in the SR

« normalised to total backaround *: normalised to total background *: normalised to total background
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A —- ZH — £¢r1it/vvbb

Search for a heavy CP-odd Higgs boson (A) decaying to a heavy CP-even Higgs Boson (H) and a Z in the ££tt/vvbb channels

3 Signal Region categories defined based on
requirements on the number of leptons, jets, b-
jets, MET, reconstructed Z and H boson masses:

ATLAS-CONF-2023-034

Signal Region and Control Regions

Regions
Cut
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Search for a heavy CP-odd Higgs boson (A) decaying to a heavy CP-even Higgs Boson (H) and a Z in the ££tt/vvbb channels

3 Signal Region categories defined based on requirements on the number
of leptons, jets, b-jets, MET, reconstructed Z and H boson masses: wwbb  Signal Region and Control Regions

« 12Ctt SR: 3l, >=4 jets and 2 b-jets ot Regions
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Search for a heavy CP-odd Higgs boson (A) decaying to a heavy CP-even Higgs Boson (H) and a Z in the ££tt/vvbb channels
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accept conversion
candidate electrons

veto conversion
candidate electrons

28SS
HF non-prompt £ CRs

no conversion
requirement

SRs [=22], =1bj]

[22], 1bj] [T or T™]
2¢tt(e) 2¢0tt(e) split: [++/- -] x [DNNCAT]
MexT MexMex
PT Esublead
2¢et(p)
MeXMeX 42
Pt gsublead pT Esublead SRs [sz: =1 bJ]
[4L]
32 32
Conversions CRs W/ttZ CRs [LMM] SRs [>2], =1bj] =0Z cand.
[LMM] [Obj] 2-3}, =1bj] [24j, =1bj] [LTM or LMM ] DNINSE

split: [++/- -] x [DNNCAT]

3euz SR
=1Z cand.
Nevents Nevents N bjets
Lepton definitions
e H

Lepton categorization L | M | Mx T L | M | Mx T
Isolation Yes Yes
Non-prompt lepton BDT WP No Tight | Tight-not- | VeryTight No Tight | Tight-not- | VeryTight

VeryTight VeryTight
Identification Loose Tight Loose Medium
Electron charge-misassignment veto No Yes Not applicable
Electron conversion candidate veto No Yes (except e*) Not applicable
Transverse impact parameter <5 <3
significance |dy|/og4,
Longitudinal impact parameter < 0.5 mm

|z sin 6|

Heavy Higgs in multi-lepton plus b-jets

Search for heavy Higgs bosons in multilepton plus b-jets final states

arXiv:230714759

17 signal region categories defined based on:

« Number of leptons

- Charge sign of leptons

- DNN classifier trained to distinguish the different
production/decay modes

10 control region categories for controlling HF non-prompt leptons,
photon conversion, VV and ttZ defined based on different requirements on:
« Lepton definition

. dilepton invariant mass

. jet and b-jet multiplicities

Signal regions

Lepton category 2¢SS 3¢ 4¢
T,T) with > 1 p0% L,T,M) with > 1 p0% | I
©.7) I @rn e Control regions
(T, M) with > 2 p77% (L, M, M) with > 2 p"7%
Lepton pt [GeV ] (20, 20) (10, 20, 20) (10, 10, 10, 10)
mO55F [GeV ] - > 12
Control regions ‘ \\/4 ttZ Conversions HF non-prompt
Im@SF —mz| [GeV ] - > 10
Niets 2o0r3 >4 >0 >2
Niets 22 60% 77% 77% 77%
60% | 5 5 7T Np—jets >1b 1>2b 0b 1b
No—jers 21077 = Lepton requirement 3¢ upe’ 2£SS
Region split (sstt, ttq, ttt, titq, ttet) X (@™, 077) (ttt, tteq, tttt) X (QF, 07) - Lepton definition (L,M, M) (T, Mex) | (Mex, T) || (Mex, Mey)
Region naming 2¢SS ++ CAT sstt 3¢ ++ CAT ttt 4¢ Lepton pt [GeV ] (10, 20, 20) (20, 20)
2£SS ++ CAT ttq 3¢ ++ CAT titq mpS 5" [GeV ] > 12 > 12 -
S-S
20SS ++ CAT ttt 3¢ ++ CAT titt s> = mz| [GeV ] <10 > 10 -
2¢SS ++ CAT tttq 3¢ —— CAT ttt |meee — m;l [GeV ] - <10 -
mr(lo, EM) [GeV | - <250
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2SS —— CAT sstt 3¢ —— CAT tttt Region split - - internal / material subleading e/u X [(T, Mex), (Mex, T), (Mex, Mex)]
Region namin 3VV 3z 3¢IntC 2¢tt(e  2018(e) (ao. 1) » 2000(€) (e M
20SS —— CAT tig g g (&)(T,Mer) (&)(Mu,T) (&) (Mer, Mey)
36MatC 200() (7 p1 ) 200 (11 ) > 2C6 (1) (M1 M)
2¢SS —— CAT ttt
2¢SS —— CAT tttq
2¢SS —— CAT tttt
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Search for heavy Higgs bosons in multilepton plus b-jets final states

10 Control Region categories
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DNNs input variables

- Categorisation DNN trained on all signal types and all Variablo DNNE | DNNSP
. | . t Number of jets (Njes) v v
SI g Nal Mass pO| NS Sum of pseudo-continuous b-tagging scores of jets v v
. . . Pseudo-continuous b-tagging score of 1st, 2nd, 3rd leading jet in pt v v
¢ S VS B DNN tralned In eaCh SR On the ta rgeted Slgnal Sum Opr Of'[heje’[s and leptons (HT,jet87HT,lep) v v
. | | . . h d I . | Angular distance of leptons (sum in the case of 3¢ and 4¢) v v
. . . . Leading transverse momentum of jet - v
term added to the |OSS fu nCtIOH Vida dISta nce Correlatlon Invariant mass of leading lepton and missing transverse energy - v
o o . Di/tri/quad-lepton type variable (associated with the number of electrons/muons in event) - v
to minimize the mass dependence of the performance)
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Search for heavy Higgs bosons in multilepton plus b-jets final states
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Heavy Higgs in multi-lepton plus b-jets

Search for heavy Higgs bosons in multilepton plus b-jets final states arXiv:230714759
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[ — QX, X —> bb arXiv:2301.03902

Search for new scalars produced in the decay of a top-quark and decaying to bb

» Mass-parameterised Neural Network (pNN) classifier trained to separate signal and background, separately for the uX
and cX channels, and pNN output used as final discriminant variable in all SRs

Input variables for the pNN:
. Pt, eta and phi of the jets
- Pseudo-continuos b-tagging score of the b-jets
- Pt and eta of the leptons
« MET and MET phi
3 Invariant masses of two b-jets from the three leading jets combined in pairs
- 3 Delta R between two b-jets from the three leading jets combined in pairs

34
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t—>QX,X—>bb arXiv:2301.03902

Search for new scalars produced in the decay of a top-quark and decaying to bb

» Mass-parameterised Neural Network (pNN) classifier trained to separate signal and background, separately for the uX
and cX channels, and pNN output used as final discriminant variable in all SRs
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lta,a — uu

Search for light pseudo-scalar Higgs bosons produced in association with a top-quark pair and decaying in uu
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2 Signal Region categories defined based on lepton flavours and di-muon invariant mass

requirement

S:

. epp with 12 GeV <m,,, <77 GeV

: ther
o pup with 12 GeV <m,, <77 GeV andm, <77 GeV or > 107 GeV

3 Control Region categories for controlling ttZ/WZ and tt, defined based on:

- Lepton flavours
« Di-muon invariant mass
- Number of jets and b-jets

Signal Regions on-Z Control Region tt Control Region

Channel epp MU epp MU epp

. fak
Binning mzﬂ mﬁu Rjets,> Nb-jets Njets> Nb-jets l; e
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Npjets > 1 1
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