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1. Introduction

Despite the large number of experimental proofs showing the predictive power of the Stan-
dard Model (SM) [1-6], there are still several arguments suggesting SM is an effective theory valid
up to a given energy scale. The hierarchy problem, the matter-antimatter asymmetry, the nature
of the dark matter (DM) or the muon’s anomalous magnetic moment are some of the open ques-
tions that Standard Model does not address. Between the possible SM extensions, Supersymmetry
(SUSY) [7-12] is one of the most interesting theories since it provides a natural solution to the hi-
erarchy problem and a viable DM candidate, for example. In its minimal formulation, the Minimal
Supersymmetric Standard Model (MSSM) [13], it predicts a new bosonic (fermionic) partner for
each fermionic (bosonic) SM particle with identical quantum number, except for a difference of half
unit of spin (S). An additional Higgs doublet is also introduced together with its supersymmetric
partner and a new multiplicative quantum number, R-parity, is defined as R = (—1)3B-1)+25 with B
as baryon number and L as lepton number. The possibility of a supersymmetric dark matter [14,15]
candidate is closely related to the R-parity conservation [16]; in fact, under this assumption, the
lightest supersymmetric particle (LSP) is stable and represents a possible DM candidate.

In this proceeding the latest SUSY analyses performed by the ATLAS [17] collaboration,
considering the Large Hadron Collider (LHC) [18] Run-2 data (139 fb~1), for the search of the
mass eigenstates! of the superpartners of the Higgs and electroweak gauge bosons, neutralinos
(721'0:1,2.3. 4) and charginos ()Zli 1,2)> in @ R-parity conserving scenario are presented.

1.1 Signal models

The investigated SUSY scenarios assume the lightest neutralino as LSP and the direct produc-
tion of )Zli )Zli or )Zli )Zg , considering for the latter the produced particles to be degenerate in mass. In
all the models )Zli decays into a W boson and )Z?, while 2 different decay modes are considered for
)Zg : one involving the Higgs boson ( )Zg — h)Z?) and the other the Z boson ()Zg —Z Z?); nevertheless
only one of the 2 decays were allowed in each signal model.

Three additional models were also studied, the so-called compressed scenarios, where the
mass differences between the involved particles are lower than Z and W masses:

e Higgsino-like case where a direct production of Zli )Zg is assumed; Zli, )Zg, )Z? are a triplet of
Higgsino-like states with m(¥;") = 3 [m(%3) +m(%?)].

e Wino/Bino-like case where there is always a direct production of )Zli )Zg but Zli )ZZO are degen-
erate pure wino states with )Z? being pure bino?.

e Sleptons case where there is a direct production of selectrons and smuons, which are degen-
erate in mass, and )Z? is a pure bino state.

In the first 2 models )Zg is allowed to decay only into Z )Z?; for the third one, only the slepton decay
into )Z? and the corresponding SM partner is considered.

T All the mass eigenstates are ordered by increasing mass.
2For the Wino/Bino-like scenario the process kinematic depends on the relative sign between )Zg and Z?
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2. }Zli )Zg direct production

Depending on the assumed decay of )ZS and on the decay modes of W, Z and #, different
analysis strategies were considered for the signal models targeting a direct production of )Zli )ZS [19—
21].

In the case of )Zg decaying into a Higgs boson and 5(?, final states with 2 b—quarks, 2 photons
(y) or multi-leptons coming from £ are expected and they were considered separately [19]. A
different trigger choice was also used, respectively missing transverse energy (E%liss), diphoton and
leptonic triggers. For all the analysis strategies the basic idea was to identify events with a Higgs
candidate, selecting an invariant mass of 2 b—quarks (my,;,) or of 2 photons (m,y) close to the i
mass, or applying an upper cut on the invariant mass between the jet (or the 2 leading jets) and the
closest lepton () which is a good estimator of the Higgs boson mass (Figure 1). The analyses
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Figure 1: Distributions of myy, (top left), m;; (top right) and my, for some of the signal regions defined in
Ref. [19], obtained with an integrated luminosity of 36.1 fb~!. A mild excess is present for the signal regions
targeting a diphotons decay of the Higgs boson (bottom plots).

were done with 36.1 fb~! data collected during 2015 and 2016. A mild excess was observed for
the diphoton case and a follow up was done with the full Run-2 data, following exactly the same
selection of the 36.1 fb~! analysis, but no significant excess was found as shown in Figure 2 [20].
To be more sensitive to the signal models with & — Yy, the full Run-2 analysis performed also a
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series of unbinned likelihoot fits in different categories, which were based on different requests on
the number of jets and leptons, the ratio between E%‘iss and scalar sum of the transverse momenta
of calibrated objects, the dijets invariant mass. No significant excess was found in all the analyses
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Figure 2: Unbinned likelihood fit for the signal regions targeting the mild excess observed in Ref. [19] (top
plots) and for one of the categories considered in Ref. [20] (bottom plot). No significant excess is present
once the full Run-2 data are considered.

and exclusion limits at 95% confidence level (CL) were set in the mass plane m(¥;"/%9) —m(j%")
(Figure 3).

For the case where )ZS decays into a Z boson and Z?, an analysis targeting the full Run-2
data was developed [21]. It looked at three-lepton final states and was a follow-up of the Re-
cursive Jigsaw Reconstruction (RJR) based analysis, which shows an excess with 2015 and 2016
data [23]. RJR variables were translated in conventional variables and a selection nearly identical
to the 36.1 fb~! analyses was used. However no significant excess was found and limits at 95% CL
were set (Figure 4).
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Figure 3: The 95% CL exclusion limits on ;%) with 7© — W*%? and 79 — h%?, as a function of
)Zli / )Zg and )Z? masses, for the analysis strategies targeting in the final state 2 b—quarks (1/bb and 0lbb), 2
photons (17yy and W yy respectively for the analyses considering 36.1 fb~! and the full Run-2 dataset) and
multileptons (1*1%) [22].

=

@ T T T T T T T L T > W 7 26 m 7
S 10°= ATLAS Preliminary e Data ~—TotalSM = 5 %0
o Vs=13TeV, 139" ~ EEWZ mzz 3 S, ATLAS Preliminary
SR-low Fake/non-prompt " Others = Vs = 13 TeV, 139 fb”, All limits at 95% CL
10° Top-quark like —= g 250

=~~~ Expected Limit (+10,,;)

0ot 0
~—m(%,/%,. %,) = (200,100) GeV
o oo Observed Limit (&1 ooy

S

off-shell not considered

151

S

101

T 1 50
r'y

S

I 1 S

Data/SM
R
Lo
—o—
—e—
—
—e—

e e '
[ ]
% 002 004 006 ‘oos 0.1 +012 0.14 L . : - ! L .
- ! ! ! 1 012 014 00 ~f50 200 250 500 350 400 450 _ 500
Py (P +mgy) m(%,/%,) [GeV]

Figure 4: On the left, distribution of one of the variables defined to emulate RJR variables for one of the

signal regions defined in Ref. [21]; pST"ft and mg’f,-f are respectively vectorial and scalar sum of transverse

momenta of the 3 leptons and Efrniss [21]. On the right, the 95% CL exclusion limits on )Zli )Zg with )Zli —
WE20 and 79 — Zj?, as a function of %;"/7 and %) masses for the analysis in Ref. [21].

3. )Zli )Zli direct production

The search for a direct pair production of the lightest chargino was developed considering a
dileptonic final state and vetoing b—tagged jets with full Run-2 data [24]. The analysis was based
on the stransverse mass [25,26] defined as

m12(PT,1,PT,2,4T) = a“ h{f(iiTll:qT {max[ mr(pr,1,qr,1),mr(pPr2,9712) |} 3.1

where m indicates the transverse mass,’ pr,1 and pr are the transverse momentum vectors of two
particles (assumed to be massless), and qr,; and gt are vectors so that gt = qt,1 +qr2, With gt

3The transverse mass is defined by the equation mt = /2[pr.1[[pr2|(1 — cos(A9)), where A¢ is the angle between
the particles with transverse momenta pt,; and pr > in the plane perpendicular to the beam axis.
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assumed to be the missing transverse momentum of the system. Different categories were defined,
based on the lepton flavour and jet multiplicity (maximum 1 jet was allowed) and a binning on mT;
was performed to fit the different signal models (Figure 5). No significant excess was found and
limits at 95% CL on the mass plane m(;") —m(Z?) were set (Figure 5).
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Figure 5: On the top, data/Monte Carlo event comparison for each of the bin considered for the given signal
regions; the signal regions were defined considering the lepton flavour (same flavour, SF, or different flavour,
DF) and if no jet (0J) or 1 jet (1J) is present in the final state. On the bottom, the 95% CL exclusion limits
on the direct chargino pair production as a function of )Zli and Z? masses [24].

Given the similar final state, the analysis was also interpreted for signal models where )Zli
decays via slepton (selectron, smuon or sneutrino) or a direct slepton (selectron or smuon) pair
production is assumed. Figure 6 shows the limits obtained for the last 2 models.
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Figure 6: On the left, the 95% CL exclusion limits on )Zli )Zli as a function of )Zli and )Z? masses, once it
is assumed a Zli decay into )Z? through the production of a slepton with a mass equal to the average mass
between chargino and neutralino; a branching ratio of 50% is assumed for )Zli —Ivor Zli — V1. On the
right, the 95% CL exclusion limits on [T, as a function of [ and Z? masses [24].

4. Compressed scenarios

In all the compressed scenarios [27], the final state is characterized by soft leptons and a E%‘iss
trigger was used for the event selection.

For the Higgsino-like and Wino/Bino-like cases, the final states considered were with 2 leptons
(2L) or 1 lepton plus 1 track (1L1T), with the candidate track having a transverse momentum of
less than 5 GeV. For 2L final state, 3 different categories based on E%‘iss and the ratio between the
scalar sum of the leptons and E%“iss were defined. Given the change in the dilepton (lepton-track)
invariant mass (1 (;r4cr)) distribution on the basis of the signal model under study, a binning on
My (irack) Was done to fit the signals shape (Figure 7). Limits at 95% CL were set on the sparticle
masses given the absence of any significant excess (Figure 8).

For the sleptons scenario, instead, only a 2-lepton final state was considered and 2 signal
regions were defined on E‘TniSS basis. Due to the different shape observed in the signal mr; distri-
bution, a binning on the stransverse mass was defined (Figure 9). Also in this case no significant
excess was found and limits at 95% CL were placed in the plane Am(I, 7¥) —m(IL g) (Figure 10).
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Figure 7: On the top, dilepton invariant mass for Higgsino and Wino/Bino simplified models. The endpoint
of the distribution is determined by the difference between the masses of the )Zg and )Z?; the product of
signed mass eigenvalues (m(¥3) x m(%Y) ) is negative for the Higgsino-like case and can be either negative
or positive for the Wino/Bino-like case. On the bottom, data/Monte Carlo event comparison for each of the
bin considered for the given signal regions; the signal regions were defined on the basis of the final state (2L
or 1L1T), E%‘iss and the flavour of the leptons (electrons or muons) [27].
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Figure 8: On the top, the 95% CL exclusion limits for the Wino/Bino-like scenario as a function of Zli / )Zg
and Z? masses, assuming a negative (left) or positive (right) sign between the 2 neutralino masses. On
the bottom, the 95% CL exclusion limits for the Higgsino-like scenario as a function of 5{3 mass and the
splitting in mass between the 2 neutralinos [27]. The gray regions denote the lower chargino mass limit from
LEP [28]. The blue regions indicates the limits from ATLAS Run-1 [29,30] and Run-2 [31].
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Figure 9: Data/Monte Carlo event comparison for each of the bin considered for the given signal regions;
the signal regions were defined on the basis of E‘TIliSS and the flavour of the leptons (electrons or muons) [27].
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Figure 10: On the left, the 95% CL exclusion limits for the sleptons scenario as a function of slepton mass
and the splitting in mass between slepton and neutralino; right and left-handed selectron and smuon are
considered to be degenerate in mass. On the right the 95% CL exclusion limits for the slepton scenario
once no degeneracy is assumed on the masses of the sleptons and the limits are presented separately for iz,
[g, €1, and ég [27]. The gray region is the ég limit from LEP [32]. The blue regions are the fourfold mass
degenerate slepton limits from ATLAS Run-1 [29] and Run-2 [31].

5. Conclusions

ATLAS performed a comprehensive search for the electroweak pair production of chargino
and neutralino with Run-2 data. The compressed scenarios were also addressed. No significant
excess was found and limits on the SUSY particle masses were set for the specific models under
study.
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