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Motivation

* General 2HDM: including off-diagonal Yukawa couplings for the second

doublet in the alignment limit while dropping discrete symmetry (Z,) which
will allow for FCNH

B

Extra sub-TeV Higgs bosons (H", AY) with extra Yukawa couplings: p,, p.., p,.

Satisty existing experimental constraints (Higgs coupling measurements,
flavour physics, etc.), and can address several shortcomings of the SM:
electroweak baryogenesis, strong CP problem, tlavour problem, etc

Production modes with tH and 7tH and resulting processes sstt, t1q, ttt, tttq, tttt
are studied

Final states with multiple leptons (2¢SS, 37, 4¢) and b-jets studied (expect
lepton charge asymmetry)

* Some analyses observed odd data features, that g2HDM model could
explain

P

P

P

ttHML: tension in 2LSS (++) >=2bj region

SM 4top: also observed a lepton charge asymmetry at high Njets

Recent 4tops BSM search confirms this deviation and the asymmetric high
nJets data/MC discrepancy
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* Use tight lepton definition to suppress reducible

background
> Non-prompt lepton veto BDTs

* Estimate corrections from data for various non-prompt ¢
(HF, conversions) and irreducible (VW+HF jets, ttZ, tt W)

backgrounds in simultaneous fit CRs+SRs

> Multiple control regions are defined in order to fit the

normalisation of the leading backgrounds

* Signal regions

> Split according to number of leptons, total lepton charge, and
a multi-output deep neural network classifier (DNN“') to

categorise the different BSM signals

> A second DNN is trained in a distance correlation (disCo)
approach in each CAT to discriminate the signal from the

backgrounds (DNN>B)

e Simultaneous profile likelihood fit of CRs+SRs
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* Estimate corrections from data for various non-prompt ¢

(HF, conversions) and irreducible (VW+HF jets, ttZ, tt W)
backgrounds in simultaneous fit CRs+SRs

> Multiple control regions are defined in order to fit the
normalisation of the leading backgrounds

 Simultaneous profile likelihood fit of CRs+SRs

Good modeling of various Standard
Model processes!
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1) (DNNCAT) used to categorise the signal to various
CATs has been trained separately for 2£SS & 3¢
channels

> 28SS: 5 cat. (sstt, ttq, ttt, tttg, tttt)

2) (DNNSB) used to discriminate the dedicated signal category from
the background

» decorrelated network from mass dependent variables (DisCo:

Robust Networks Through Distance Correlation (arXiv))

> 348: 3 cat. (ttt, tttq, tttt) >
2nd step
1st step var1l || var2
var var2 ... | varN

o
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CATs additionally split by charge to ++ and --
exploiting the additional separation between

charge-symmetric and charge-asymmetric signal
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o SINSNSSKSKSS
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https://arxiv.org/pdf/2001.05310.pdf

1) (DNNCAT) used to categorise the signal to various
CATs has been trained separately for 2£SS & 3¢

channels

> 28SS: 5 cat. (sstt, ttq, ttt, tttg, tttt)

> 34L:
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2) (DNNSB) used to discriminate the dedicated signal category from

the background

» decorrelated network from mass dependent variables (DisCo:
Robust Networks Through Distance Correlation (arXiv))

»  28SS: 5 training, 3£: 3 training, 4£: 1 training

Signal fraction
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Normalized distributions of the categorization
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https://arxiv.org/pdf/2001.05310.pdf

* 95% CL upper limits on the o x BR for all the 2ZHDM signals together across different heavy
Higgs masses (from 200 to 1000 GeV)

> Assuming BSM signal corresponding to benchmark match W and 4-tops tensions: 400 GeV and
py=04,p.=02, p, =0.2
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* 95% CL upper limits on the 0 x BR for all the 2HDM signals together across different heavy
Higgs masses (from 200 to 1500 GeV)

Assuming BSM signal corresponding to benchmark match t1#W and 4-tops tensions: 400 GeV and
,=04,p. =02, p, =0.2

Assuming p,, =0 or p,, =0

* Scan the full 4D planes of couplings (p,,, p,, ,p,.) Vs mass

> A mild excess is observed over SM expectation to a local significance ot 2.81¢ for a signal with
my = 1000 GeV and (p,, = 0.32, p,. = 0.05, p,, = 0.85)
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* 95% CL upper limits on the 0 x BR for all the 2HDM signals together across different heavy
Higgs masses (from 200 to 1500 GeV)

Assuming BSM signal corresponding to benchmark match ##W and 4-tops tensions: 400 GeV and
p,=04,p,.=02,p, =02

Assuming p, = O or p,, =0

* Scan the full 4D planes of couplings (p,, p,, ,p,.) Vs mass

A mild excess is observed over SM expectation to a local significance of 2.81¢ for a signal with
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* Analysis search for heavy Higgs bosons from a g2HDM in multilepton plus b-jets final states in
pp collisions at 13 TeV with the ATLAS detector

» Presented in conference note - Link

*  Additional sensitivity to novel SUSY signals

* A mild excess is observed over the Standard Model expectation corresponding to a local
significance of 2.81 standard deviations for a signal with m; = 1000 GeV and
(py=0.32, p,. =0.05, p,, = 0.85)

* BSM signal profiting mostly from charge-asymmetric ++ ttg/tttq categories

* New paper with updated mass points is on the way, stay tuned!
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https://cds.cern.ch/record/2815674/files/ATLAS-CONF-2022-039.pdf
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Table 2: Description of the loose inclusive (“L”’), medium inclusive (“M”’), medium exclusive (“M.”’), and tight
(“T”’) lepton definitions. The electron e* is required to fulfil, in addition to the corresponding lepton definition
requirements, those corresponding to an internal or material conversion candidate.

e H
L M M. T L M M 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 N/A

Electron conversion candidate veto No Yes (except e*) N/A

Transverse impact parameter <35 <3

significance |dy|/ o,

Longitudinal impact parameter
|20 sin 6|

< 0.5 mm
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Backup

Table 4: Event selection summary in the control regions. The notation e is used to denote material conversion or
internal conversion candidates, as described in Section 4. In the HF non-prompt lepton region naming, “2£SStt(e)”
(“2€SStt(u)”’) refer to the control regions enriched in non-prompt electrons (muons) from semileptonic b-decays
originating mostly from ¢ and with the lepton flavours for the leading and subleading leptons corresponding to “ee, ue”
(“pup, ep”’). The additional (7', Mgy ), (Mey, T), and (M., M.y ) subscripts refer to the lepton definitions required for the
leading and subleading leptons in each region.

Control regions WZ ttZ Conversions HF non-prompt

Niets 2 or3 >4 >0 > 2

N —iets > 1 p50% || > 2 p77% 0 p77% 1 p77%

Lepton requirement 3¢ uue” 2LSS

Lepton definition (L,M, M) (T, M) || (Mex, T) || (Mex, Mey)

Lepton pt [GeV] (10, 20, 20) (20, 20)

m$->F [GeV] >12 >12 -

im$5-5" — mz| [GeV] <10 >10 -

\mece — mz| [GeV] - <10 —

mr (o, ET™%) [GeV] — < 250

Region split — — internal / material subleading e/u X [(T, Mey), (Mex, T), (Mex, Mex)]

Region naming 3(VV RIA1V4 3¢IntC 2ttt(e)(r, m.,), 2€tt(€)(a,,.T)> 2€tt(€) (M, M)
3¢MatC 200(L)(T, Moy)> 20081 (M T 2E88 (L) (M, M)
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Backup

AMat Conv — 1 16 +0.29
A2 =0.92+0.18

Abad — 1,05 +0.31

Aaw = 1.50 £ 0.14,
Ayy = 0.85 +0.30
Aiiz =0.97 £0.19
Aiiz =0.97 £0.19
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The sample used to model the W (ttZ/y*) background was generated using SHERPA-2.2.10 [79] (SHERPA-
2.2.11), where the matrix element (ME) was calculated for up to one (zero) additional parton at next-to-
leading-order (NLO) in QCD and up to two partons at LO in QCD using Comix [80] and OpeNLoorps [81]
and merged with the SHERPA parton shower (PS) [82] using the MEPs @ NLo prescription [83], with a CKKW
merging scale of 30 GeV for the 1tW sample. These samples are generated using the NNPDF3.0nnlo [84]
PDF set. Both the factorisation and renormalisation scales are set to y, = pr = mr /2 in the W sample,

where mr is defined as the scalar sum of the transverse masses \/mz + p% of the particles generated

from the ME calculation. The LO #tW electroweak (EW) contributions are obtained from a dedicated
sample simulated with SHERPA-2.2.10. The invariant mass of the lepton pair (mg+¢-) in the ttZ/y*
sample is set to be greater than 1 GeV. The complete 1#W simulation is normalised to the total cross
section of o (¢1tW) = 614.7 fb that comes from the SHERPA configuration outlined above considering NLO
QCD and NLO EWK effects, based on a similar strategy as used in Ref. [85]. The ¢Z/y* sample is
normalised to the cross section o-(¢tZ /y*) = 839 fb, calculated at NLO QCD and NLO EW accuracy using
MADGRrRAPHS_AMC@NLO [86] and scaled by an off-shell correction estimated at one-loop level in as.
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