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Abstract: Results obtained from various searches,with and without missing transverse momentum(E£7®), are used to constrain a Two-Higgs-Doublet Model (2HDM) with an additional pseudo-scalar

that mediates the interaction between ordinary and dark matter (2HDM+a). The analyses utilize a dataset of up to 139 fb~! of proton-proton collisions at a center-of-mass energy of /s = 13 TeV, with
the ATLAS detector data at the Large Hadron Collider between 2015 and 2018. The results from three highly sensitive searches are statistically combined. These searches focus on signatures involving
significant E?”SS with a leptonically decaying Z boson, large E?"SS in association with a Higgs boson decaying into bottom quarks, and the production of charged Higgs bosons in final states with top and
bottom quarks. Constraints are derived for several benchmark scenarios in the 2ZHDM+-a.
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Searching for Dark Matter at | | 2HDM+pseudo scalar model:
LHC:

e 2HDM+a: Type-Il Two-Higgs-Doublet Model with an additional pseudoscalar mediator between visible and dark sectors |1].

e DM existence is supported by astrophysical e 2HDM+a has rich phenomenology predicting wide range of signatures, including X+£%> and non-E7"*° signatures.
measurements. e Fully defined by 14 parameters but many are fixed by EW, flavour, and vacuum stability constraints
e One of the pr | and most interesting DM candi-
One o.t e proposed anc .OStL te .estt g ) candt g s ; . b Free parameters:
dates is a Weakly Interactive Massive Particle. ) v v Y Scans:
o | 2 ) = s = VAL _
e WIMP passes invisibly through the detector — t H/A‘(f *’ i Afoa-(”’*“- o mg — MA
C ] t ==== Af/Hfa rt -—-
detectable as Missing trasverse energy (E7%°) due A A <; i o Mg , My, oma—tanp
. i b/t .
to p7 imbalance " etanf, sin 6 o My — My
. ' g X '!;f iIT q g I':J'J-'ri’: -
e Search for a signature of X+ E?“SS, where "X e sin 6

represents some visible SM particle(s)

|
Most sensitive analyses: \T

Ceneral analysis strateqy: arXiv: 2111.08372
@© Definition of a set of signal region(s) Emiss Z(1):
(SIQ): background T _I_ ( )’ - <I :; 108
— EMN55 X signatures: Require MET; NML P = 10 E‘:"l.gff‘z%
Select for X (Zh,jet..); Veto other MET e Search for the production of DM candidates in association with a Z boson decaying f { B 10° - sora

to two leptons(e,u)

objects background X
— Resonance search: The mediator ma' e Backgrounds:ZZ, WZ, Z+jets, tt s Dl
. veto on 3rd lepton
decays back into quarks i e Three Control Regions (CRs) used to constrain SM background Monte Carlo pre-

@ Definition of a set of control regions (CR) to with cer- dictions in SR for all signal models: 3l CR, 4l CR and ey CR )
tam. background processes .enrtchecl in order to nor- o look for excess of events in the m%Z: 4 : R
malize the MC expectation in the SR 4 “1500" 2000 *2500" 3000

) Emiss > 90 GeV mZ [GeV]

2

3 — . 3 — .

@ Validate the background estimation technique in a m%z = (\/m% + |p7H2 + \/m% + |ET”“55|2) — ‘pT” + Epmiss
Validation Region (VR)

@ Unblinding = Is there an excess?

% 0.5 ATLAS Internal
@ If no excess is found the results are interpreted in . 2 e G e ]
) .. ) E/mss | | | . G OAFEeE0s0Gy  mmsegeon E
terms of limits on models under study T +n(bDb): T & =aw
soee Background Uncertalnty 1
QY ST
e Search for the production of DM candidates in association with a SM Higgs boson /1 Asaab s
Combination Stl'ategl:j: e Resolved and merged topologies are used in the reconstruction of h — bb. ST "
. o : e Dominant backgrounds: tt and W/Z +jet, estimated using 1 or 2 leptons CRs S S R
e [o improve sensitivity: H — tb added to & wuiws ise- I S 6080 T00 120 140 60 180 200 220 246 260 280
statatistical combination with EF*>+Z(ll) = . . 52 |
miss o i =>arXiv:2102.10076
and ET=>+h(bb). ST 21 b 0000000
° e . . . : Y - , %mmuinlll“Irl1lelr|.1:a““l““|”“I.filili """" l__
Hybrid co.m‘btnatton §|?|?|9ac!1 excluclg chan.nels that thHE(HE = th): ___q___<; o R
have negligible sensitivities in a certain region. I ' s gride
D ma > 1500GeV: ETSS1Z(I) and EMSS+h(bb) - o s T S,
A ev. bt c T e search for charged Higgs bosons decaying into top and bottom quarks. - oo v
@my < 1500GeV and my > mg : all 3 channels com- e Events classi ed into 4 separated SRs according to number of jets and number of " ) "t By
bined. b-jets. | — .= J
' miss _ W L g
@ mp < mg: oft-shell region for E7™°-X searches: only e Backgrounds: tt+ jets,Wt and single-top. e e e e M
H N tb 5 6 7 28 jets i=e
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