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Abstract

This note presents a search for supersymmetry in the final state events containing jets,
large missing transverse momentum, and a Z boson that decays into electron or muon pairs.
The analysis uses a data sample that corresponds to a total integrated luminosity of 5.8 fb™!
of /s =8 TeV proton-proton collisions recorded with the ATLAS detector at the Large
Hadron Collider. No excess above the Standard Model background expectation is observed.
The results are interpreted in the context of a general gauge mediation scenario, where the
lightest supersymmetric particle is the gravitino and the next-to-lightest supersymmetric par-
ticle is a Higgsino-like neutralino.
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1 Introduction

Supersymmetry (SUSY) [1-9] is one of the most popular extensions of the Standard Model (SM). It
provides a solution to the hierarchy problem by postulating the invariance of the theory under a new
symmetry which transforms fermions into bosons and vice versa. The minimal supersymmetric exten-
sion to the SM (MSSM) [10-14] predicts a supersymmetric partner (or superpartner) for each SM particle
that differs in spin by 1/2 from its SM counterpart. In R-parity conserving SUSY [10-14], each super-
symmetric interaction involves an even number of supersymmetric particles (sparticles), and as a result
the lightest supersymmetric particle (LSP) is stable. In many SUSY models, the LSP serves as a viable
candidate for non-baryonic dark matter. Assuming R-parity conservation, SUSY production is charac-
terized by pair-produced sparticles, that then decay via long chains, otherwise known as “cascades”, into
final states involving LSPs.

Because evidence for supersymmetric particles has not yet been found, if SUSY exists it must be a
broken symmetry, allowing the superpartners to be heavier than the corresponding SM particles. One
popular scenario that provides a formalism to explain the mechanism of SUSY breaking, which in
turn gives rise to the superpartner masses and interactions, is gauge-mediated supersymmetry breaking
(GMSB). In GMSB models [15-20], SUSY is broken in a hidden sector and the SUSY breaking is prop-
agated to the visible sector via SM-like S U(3)¢c xS U(2); X U(1)y gauge boson and gaugino interactions
between some new chiral supermultiplets, called messengers, and the MSSM particles. A distinguish-
ing feature of GMSB models relative to the minimal supergravity [21-25] and anomaly-mediated SUSY
breaking models [26, 27] is that scalars with the same gauge quantum numbers, but different flavors,
have identical soft SUSY breaking masses. As a result, flavor-changing neutral currents (FCNC) are
suppressed.

In GMSB models, the gravitino (G) is the LSP. In this note we consider short-lived gravitinos with
negligible masses. The gravitino escapes detection, leading to missing transverse momentum (denoted
p?iss and its magnitude EIF“iSS). The phenomenology of GMSB models is determined by the nature of the
next-to-lightest supersymmetric particle (NLSP), which for a large part of the GMSB parameter space is
the lightest neutralino )2(1).

Neutralinos are mixtures of gaugino (B, W) and higgsino (Hj), HY) eigenstates, and therefore the
lightest neutralino decays to a G and either a vy, Z, or h. If the )2‘1) is bino-like, the main decay mode is
/\?(1) — vG. If the )2(]) is higgsino-like, it decays as )}? — hG or )2(]) — ZG. In this scenario, pair production
of SUSY particles would lead to two NLSPs resulting in /4 or Z and E7™. By selecting events with at
least one Z decaying into an oppositely-charged electron or muon pair and E7"*, good sensitivity can be
obtained over a broad range of SUSY scenarios assuming different /\7(1) — ZG branching ratios.

Searches for GMSB at the Tevatron have been interpreted in minimal GMSB models, where the )2(1)
is bino-like [28,29]. In recent years, the effort to formulate GMSB in a more general way has led to the
development of general gauge mediation (GGM) [30,31]. GGM includes an observable sector with all
the MSSM fields, together with a hidden sector that contains the source of SUSY breaking.

In GGM, no specific SUSY mass hierarchy is predicted for colored and uncolored states. Unlike in
classic GMSB models, the GGM masses for gluinos and squarks, superpartners of gluons and quarks,
respectively, can be below the TeV scale and therefore in the reach of the LHC. Both ATLAS and CMS
have performed searches for GGM models with a bino-like /\?(]) [32,33] and wino-like )2(1) [34,35]. ATLAS
also performed searches for higgsino-like )2(1) GGM [36,37]. No excesses above the SM background
expectations were observed.

This analysis presents an updated search for higgsino-like )2(1) GGM SUSY models, as suggested
in Ref. [38,39], using a larger dataset and higher center-of-mass energy than the previous searches in
Ref. [36]. In these GGM models, the gluino mass, m(g), and the higgsino mass parameter, y, are treated
as free parameters. The higgsino mass parameter was chosen to be positive to ensure )2(1) — ZG is the



dominant NLSP decay. The U(1) and S U(2) gaugino mass parameters (M; and M>) are fixed to 1 TeV.
The masses of all other sparticles are fixed at ~1.5 TeV. In this particular region of parameter space,
the two lightest neutralinos ()2(1) and )2(2)) and lightest chargino (¥7) become higgsino-like. In the limit
(M, M,) — oo, the exact relations m(,?(l)) = m(/Qg) = m(/ﬁ) = w hold true. In practice, M| and M, are
never infinite, and therefore the effect of neutralino and chargino mixing will push the masses of )2(1), )N(g
and g7 away from u. Two different values of tan(B) were used in this analysis. A tan(3) value of 1.5
was chosen, in analogy to the previous 2011 analysis [36], to ensure )2(1) — ZG is the dominant NLSP
decay (BR()}? — ZG) ~ 97%) [38]. Since large values of tan(B) increase the BR()Z(]) — hG) up to 40%, a
tan(B) value of 30 was chosen to investigate models with mixture of ¥ — ZG and {9 — hG final states.
Finally, the NLSP decay length is fixed to be ctnrsp < 0.1 mm.

Gluinos cascade-decay into final states iervolving the NLSP /\7(1) and jets via § — qq)”(?(/\”/g), followed
by the higgsino—like )2(1) decay to ZG or hG. Depending on the masses of the § and higgsino states,
SUSY particle production is dominated either by § pair production (referred to as “strong”) or by the
production of chargino/neutralino pairs (referred to as “weak™). This analysis focuses on the strong
production processes searching for final states that are characterized by the presence of at least one Z
boson, which can be detected via its decays to a pair of electrons or muons, large E?iss, and jets. The
ET"™ results from the undetected gravitinos. The main SM backgrounds are the Z/y* +jets, 7, single-top,
and diboson processes. The evaluation of the instrumental Z/y* + jets background, which has ET™* that
is mostly due to hadronic mismeasurement, was made using a data driven method. The WW, tf, Wt, and
77 backgrounds were estimated from data using eu events. The ZZ and WZ backgrounds were estimated
using Monte Carlo (MC) simulation. The multijet and inclusive W + jets backgrounds are negligible.

2 ATLAS detector

The ATLAS detector [40] is a general-purpose particle detector with forward-backward symmetric cylin-
drical geometry!'. ATLAS consists of inner tracking devices surrounded by a superconducting solenoid,
electromagnetic and hadronic calorimeters, and a muon spectrometer inside an air-core toroid magnet
system. The inner detector (ID) consists of a silicon pixel detector, a silicon microstrip detector, and a
transition radiation tracker. In combination with the 2 T field from the solenoid, the ID provides precision
tracking of charged particles for || < 2.5. The calorimeter system covers the pseudorapidity range || <
4.9 and is composed of sampling calorimeters with either liquid argon or scintillating tiles as the active
media. The muon spectrometer has separate trigger and high precision tracking chambers which provide
muon identification and measurement for || < 2.7.

3 Simulation

Simulated MC event samples were used to model the SUSY signal and to describe the SM background.
For the GGM models, the SUSY mass spectra, the gluino branching ratios, and the gluino decay width
were calculated using SUSPECT [41] and SDECAY [42]. The MC signal samples were generated using
PYTHIA 6.423 [43] with MRST2007 LO* [44] parton distribution functions (PDF).

The signal production rate is dominated at high u by strong production of gluinos and squarks, but
at low u the direct production of charginos and neutralinos is greatly enhanced. Signal cross sections are
calculated to next-to-leading order (NLO) in the strong coupling constant using PROSPINO 2.1 [45] .

'ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector
and the z-axis coinciding with the axis of the beam pipe. The x-axis points from the IP to the center of the LHC ring, and the
y-axis points upward. Cylindrical coordinates (7, ¢) are used in the transverse plane, ¢ being the azimuthal angle around the
beam pipe. The pseudorapidity is defined in terms of the polar angle 6 as = —Intan(6/2). The distance AR in the 1 — ¢ space
is defined as AR = +/(An)? + (A¢)>.



The nominal cross section and the uncertainty are taken from an envelope of cross section predictions
using different PDF sets and factorization and renormalization scales, as described in Ref. [46]. The PDF
sets used for those calculations are CTEQ6.6M and MSTW2008 NLO. The addition of the resummation
of soft gluon emission at next to-leading-logarithmic precision (NLL) [47-51] is performed in the case
of strong SUSY pair-production.

Single-top and #f production were simulated using POWHEG [52] and PYTHIA with the NLO CT10
PDF set. The Z/y*+jets, W+jets, and diboson samples were generated using SHERPA [53] with the NLO
CT10 PDF set. The Z/y* + jets samples were normalized to inclusive next-to-next-to-leading (NNLO)
cross-sections [54]. Diboson processes were normalized to NLO cross-sections [55,56]. A POWHEG
sample was used to assess the systematic uncertainties associated with the choice of generator for diboson
production.

All samples were processed through the GEANT4 simulation [57, 58] of the ATLAS detector [40].
The in-time and out-of-time pile-up conditions, which result from multiple proton-proton interactions
per crossing, were taken into account by overlaying minimum-bias events on the hard-scattering process
in each MC sample. The simulated events were then reweighted such that the distribution of the number
of interactions per bunch crossing in MC matched the one observed in data.

4 Object and Event Selection

The analysis was performed using data recorded in proton—proton collisions at a center-of-mass energy
of 8 TeV, corresponding to an integrated luminosity of f Ldt =5.8+0.2fb~! [59] after the application
of beam, detector and data quality requirements. Events were selected using dilepton triggers that have
constant efficiency as a function of lepton transverse momentum (pr) above the offline pr cuts used in
the analysis.

Jets were reconstructed using the anti-k; jet clustering algorithm [60] with a distance parameter of
R = 0.4 (in n — ¢ space). Jets were required to have pt > 20 GeV and to lie within || < 4.5. Electron
candidates were required to have pt > 10 GeV and || < 2.47 and pass the “medium” shower shape
and track selection criteria [61]. Muon candidates within || < 2.4 were considered, and their pt was
required to be greater than 10 GeV. Muons were identified by matching an extrapolated ID track and one
or more track segments in the muon spectrometer [62]. The leading lepton in each event was required
to have pt > 25 GeV. To avoid double counting, any jet within AR < 0.2 of any remaining electron was
removed. Finally, electron or muon candidates within AR < 0.4 of any remaining jet were also discarded.

The missing transverse momentum was calculated from calorimeter cells with || < 4.5 and from
muons. Cells were calibrated according to the object to which they are associated.

After performing the baseline object selection described above, including jet overlap removal, “sig-
nal” objects were selected with more stringent requirements. Signal electron candidates were required
to pass the “tight” selection criteria [61], which add a requirement on the ratio E/p, where E is the
calorimeter cluster energy and p is the track momentum, and the detection of transition radiation. Fur-
thermore, an isolation requirement was imposed by requiring that the sum of the pr of tracks within
AR < 0.2 around an electron candidate must be less than 10% of the electron pr. Signal muon candi-
dates must have longitudinal and transverse impact parameter values within 1 mm and 0.2 mm of the
primary vertex, respectively, and were required to be isolated. The isolation requirement was that the
sum of the pr of tracks within AR < (.2 around a muon candidate be less than 1.8 GeV. Signal jets were
required to have pr > 30 GeV and || < 2.5. To suppress jet background originating from uncorrelated
pileup interactions, more than 50% of the summed p of all tracks associated to a jet must have come
from tracks associated to the selected primary vertex.

Events that contain at least two same-flavor leptons, with the two leading leptons having opposite
charge and an invariant mass in a window around the Z boson mass, [81, 101] GeV, were selected. When



Signal Region ‘ SR1 SR2

EPS[GeV] >220 >140
3 leading jets pr[GeV] | >80, >40, >40 -
Hr[GeV] - >300

Table 1: Criteria for each of the signal regions.

plotting kinematic distributions of the selected events, two representative GGM signal points, which are
characterized by the gg — gg production mechanism, were chosen to illustrate the SUSY contribution:

o m(g) = 600 GeV, u = 120 GeV represents the region m(g) > p.
o m(g) = 600 GeV, u = 590 GeV represents the region m(g) ~ u.

By examining these GGM grid points, one can see how the SUSY contributions from different kine-
matic regions behave in the distributions of interest. The source of the E%li“ in the GGM models is the
G, which is produced in the decays ¥V — ZG and §? — hG. As a result, ET"™ depends on mass of ).
This is illustrated in the upper panels of Figure 1, which show the ET™* distribution of data and nominal
MC simulated events after the Z mass requirement in the ee (left) and pu (right) channels.

Due to the different kinematics of the GGM signal points, two signal regions (SR) were selected
to optimize the GGM search throughout the parameter space [36]. The signal regions, characterized
by ErTniSS, jet multiplicity, and the scalar sum of the pr of the signal jets and leptons (denoted Ht =
i p‘;t’i +> plTepton’i) are defined in Table 1. SR1 was designed to probe events with high jet activity, and
the more inclusive SR2 selection allows for better sensitivity in events with fewer jets. The distribution
of Hr for data and nominal MC events after the Z mass requirement in the ee and pu channels are shown

in the lower panels of Figure 1.

5 Background Evaluation

After applying the SR selection requirements, the dominant SM background processes are Z/y* + jets, tf,
Wt, and WW production; these backgrounds were estimated with data-driven techniques. The remaining
contributions from WZ and ZZ production were estimated using MC simulation. Multijet and W +
jets backgrounds were found to be negligible.

51 WW,tt, Wt, Z/y* — 77 background estimation

Since the leptonic decay branching fractions for the ee, pu and eu decays from WW, tf, Wt, Z/y* — 11
are 1:1:2, different-flavor ey events were used to estimate the background in the ee and pu channels from
these processes in the SR. The estimation was performed using, for each SR, the relations:

1 1

d« a, _ d R
Nee:t - ENe/;ltd COIT X kee’ N;;t - ENe/jta corr X kﬂﬂ’ (1)
where ijm*w” is the number of ey events observed in data after applying the SR requirements, corrected

for the WZ, ZZ, W + jets, and Z + jets processes in the eu channel, which were estimated with MC. The
total contribution of these processes is estimated to be negligible in SR1 and < 4% in SR2. k., and k,
take into account the differences between the electron and muon reconstruction efficiencies as follows

d
P L b = 1| )
ee Nﬁzta ’ 74 Ngélta ’
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Figure 1: Distribution of ErTniss (top) and Hr (bottom) for data and, for illustration, MC events with
nominal cross sections, after Z — ee (left) and Z — pu (right) selections. Two GGM signal points from
the tan(B) = 1.5 grid are included. The first point was produced with m(g) = 600 GeV and u = 120 GeV,
and the second with m(g) = 600 GeV and u = 590 GeV. The plot labeled “data/SM” shows the ratio of the
distribution from data to that of the total SM background. The error bars on the data represent statistical
uncertainties. The hatched grey band represents the systematic uncertainties on the MC expectations.



Control Region \ Ndaa \ Nﬁzta \ koe \ Ky
CR1 3683 4503 | 0.91 = 0.01(stat.) | 1.11 = 0.01(stat.)
CR2 16626 | 19142 | 0.93 = 0.01(stat.) | 1.07 + 0.01(stat.)

Table 2: The number of ee and uu events and the values of k., and k,, estimated from data in the control
regions.

where N9 and Nﬁﬁm are the numbers of ee and pu events from data in each of the control regions, CR1
and CR2, defined as the corresponding SRs, but with EITrliss < 140 GeV. Signal contamination in the CRs
was found to be negligible: less than 0.25% in CR1 and less than 0.15% in CR2. Table 2 summarizes
the values of the N32, Ngﬁta, kee, and k,, in the control regions.

Systematic uncertainties in the determination of the WW, #f, Wt, Z/y* — 11 backgrounds from the
different-flavor samples are due to the subtraction of the MC events from the ey data sample, the signal
contamination in the signal regions in the eu channel and the possible dependence of the lepton recon-
struction efficiency on E?iss. After combining the uncertainties from all sources, the total systematic
uncertainty of the estimate for flavor symmetric backgrounds was found to be 9% for SR1 and 5% for
SR2.

5.2 Z/y* + jets background estimation

After the Z mass requirement, significant SM background stems from Z/y* + jets events. Since only
Z/y* — ee and Z/y* — pu (and not Z/y* — 77) decays were selected, this background has E‘T“iss that
mostly stems from mismeasurement of the reconstructed objects, especially jets. To estimate the contri-
bution of the instrumental Z/y* + jets background in the SRs, a “jet smearing” method was used [63].
This method implements a momentum smearing of well-measured jets with a function modeling the re-
sponse of the calorimeters to determine the acceptance in the SRs for poorly measured Z/y* + jets events.
The jet response function, estimated for data in Ref. [63], quantifies the probability of fluctuation of the
measured pr of jets and takes into account both the effects of jet mis-measurement and contributions
from neutrinos and muons in jets from heavy flavor decays. The jet smearing method proceeds in the
following steps:

o definition of a seed region, characterized by events with low—EITniSSand well measured jets;
e convolution of jets in the seed events with the response function to generate pseudo-data events;
o validation of the pseudo-data in the control regions;

o validation of the method using an MC-based closure test.

5.2.1 Seed event selection

The selection of the seed events starts from the Z preselected data sample to provide similar topology
between seed, control and signal regions. Since there are no jets in a significant fraction of Z preselected
events, at least 3 signal jets were required. The seed events were grouped into two regions, one for each
SR: ZSeed1 and ZSeed2. Similar kinematics between the seed and the signal regions were ensured by
applying the same Hr cut for ZSeed2 as in SR2. To ensure similar hadronic activity in the seed, control



Signal Region | ZSeedl |  CRI | ZSeed2 | CR2

EM' significance [GeV'/?] <15 \ - \ <1.5 \ -
Efrmss[GeV] < 140 GeV

3 leading jets pt[GeV] >30, >30, >30 | >80, >40, >40 | >30, >30, >30 -
f <04 - <04 -
Hr1[GeV] - - >300 >300

Table 3: The cuts defined for the seed and control regions.

and signal regions, the E‘Tnisssigniﬁcance, which is defined as

Emiss
§=—", 3)
]Vjets .

o

was used instead of EIT’rliss to select events with well measured jets. Njeis and pr are the number and the
transverse momentum of the reconstructed signal jets in a event. The ET™* significance is required to be
less than 1.5 GeV!/2, which corresonds to ETT‘"iss less than 50 GeV, for both seed regions.

Since Z/y* + jets events at high-E%liss tend to have EmeSS dominated by hadronic mismeasurement,
seed events whose ET"** is mostly due to contribution from calorimeter cells outside objects should not
be selected. This is satisfied by requiring that the fraction, f, of the ET"** associated to these cells be less
than 0.4. Table 3 summarizes the definitions of seed and control regions used in this method. The signal
contamination in the seed region is negligible, < 1%, due to the real source of E‘T’fliss in these events. The
contributions of the non-Z sources in the seed region was also found to be negligible (< 1%).

5.2.2 Jet smearing and generation of the pseudo-data

To smear the momenta of jets in the seed events, the response functions, composed of a Gaussian core
and non-Gaussian tails and defined in Ref. [63], were used. As the seed selection is defined such that
the jets are mostly well-measured, smearing the jets with these response functions will generate higher-
EIT]rliss events, known as “pseudo-data”, which should provide a shape for the E‘T’fliss that accurately repre-
sents effects from jet mismeasurement. The smeared ET™* is derived as:

E$iss’ — E?iss — Z pr’ (ji) + Z pr(j) @)
i i

where E?iss (E%ﬁssl) and pr and (pt’) are the unsmeared (smeared) E‘T’f1iss and jet momenta, respectively.

The systematic uncertainties associated with the jet smearing method are due to the fluctuations in
the non-Gaussian tails of the response function [63]. This region of the response function is responsible
for large jet mis-measurement and is thus the dominant factor in smearing to large EITniSS values.

5.2.3 Validation of the pseudo-data and MC closure test

Figure 2 shows the E?iss of the data and different SM contributions in the control regions in the ee
and pu channels. The Z/y* + jets contribution shows the estimate using pseudo-data; top, WW, and
Z/y* — 77 contributions were estimated with the data-driven method described in Section 5.1. The WZ
and ZZ contributions were taken from MC. The pseudo-data are normalized to the data in the region
E‘T]rliss < 40 GeV. An MC-based closure test was performed by comparing the Eme“distribution of fully



SR1

ee \ ot
WW, tt, Wt, Tt 1.8 + 1.1(stat.) =+ 0.2(syst.) 2.2 + 1.3(stat.) + 0.2(syst.)
wz 0.7 + 0.1(stat.) £+ 0.3(syst.) 0.5 £ 0.1(stat.) + 0.2(syst.)
77 0.2 + 0.03(stat.) + 0.1(syst.) | 0.2 +0.03(stat.) + 0.1(syst.)
Z[y* + jets 0.5 + 0.1(stat.) = 0.3(syst.) 0.3 + 0.04(stat.) + 0.2(syst.)
Total SM Background 3.1 + 1.1(stat.) £ 0.5(syst.) 3.2 + 1.3(stat.) + 0.4(syst.)
Observed 5 5
GGM (m(g), ) = (600,120) GeV | 0.3 £ 0.2(stat.) = 0.01(syst.) | 0.1 £ 0.04(stat.) + 0.1(syst.)
GGM (m(g), 1) = (600,590) GeV | 52.9 + 0.9(stat.) = 11.0(syst.) | 47.3 + 0.9(stat.) + 9.8(syst.)
UgBSSOfA’maX - A - € (exp) [fb] 1.3
0'9135501/\0/1 max A - € (0bs) [fb] 2.0

Table 4: Expected SM background event yields and number of events observed in data for an integrated
luminosity of 5.8 fb~! after the SR1 requirements for the electron and muon channels. In addition, yields
are given for the two representative tan(8) = 1.5 GGM grid points (presented in Figures 1, 2, and 3).
Finally, the observed and expected 95% CL upper limits on the visible cross section for SR1 selection
are shown.

simulated Z/y* + jets samples with that of events obtained with a jet smearing method using an MC-
based response function. Satisfactory agreement between these samples was found, and no additional
systematic uncertainty was added.

6 Systematic Uncertainties

Systematic uncertainties affecting the background rate and SUSY signal yields in the signal regions have
been evaluated.

The systematic uncertainties for the data-driven evaluation of WW, tf, Wt, Z/y* — t7 background
were found to be 9% for SR1 and 5% for SR2. The systematic uncertainties on the data-driven estimates
of the Z/v* + jets background were found to be 70% (80%) for SR1 and 50% (67%) for SR2 for the
electron (muon) channel. The total uncertainty on the MC WZ prediction was estimated to be 46%
(46%) for SR1 and 21% (23%) for SR2 for the electron (muon) channel. The uncertainty on the MC ZZ
estimate was found to be 28% (38%) for SR1 and 10% (19%) for SR2 for the electron (muon) channel.
The uncertainties for these MC estimated backgrounds are dominated by the uncertainty on the jet energy
scale and the uncertainty due to the choice of generators.

For the GGM signal processes, the total cross-section uncertainties vary from 3 to 34% depending
of the SUSY particle production in the signal models. The systematic uncertainties due to experimental
sources were also assessed for signal MC.

7 Results

Tables 4 and 5 show the number of expected events in the SRs for each background source together with
the observed number of events. Good agreement is observed between data and SM expectations within
uncertainties. These tables also show the 95% confidence-level upper bound (79B55617{j[,max -A - € on the cross
section times efficiency within acceptance for the corresponding selection as well as yields for the two
reference GGM grid points. In Figure 3 the distributions of ErT“isS for data and SM expectations in the ee

and pu channels after application of the SR1 and SR2 requirements, except for the E?iss cut, are shown.



s 10T s 10T
) Ldt~581b" (s=8Tey _*_ Data 2012 & Ldt~5.81" s=g Tey _*_ Data 2012
o 105 h | 3% SM Background o 105 h | 3% SM Background
= eechamnet B Z/v(ee)+ets = Wi channe! B 2y (p)+Hets
7 ATLAS Preliminary —op, ww, 1t 7 ATLAS Preliminary —op, ww, 1t
4] 4 ! ’ 4] 4 ! ’
s 10 R1 Ewz S 10 EBwz
@ 2z (TR Bz
10°E popildles @ - GGM m_=600, u=120 0= - GGM m_=600, u=120
== = e GGM m_=600, u=590 B T GGM m_=600, u=590
s s 1% L T T T _}_\ L L
n n 1.9 - .
- - 1k $ il
g g 05 \ \ \ \ | \ 1
g g 0 Ll L L1 L Ll L1 L Ll Ll L L L \]-40
ETS [GeV] ETS [GeV]
%107 — T T %107 — T T
8 Ffrat-ssm’ is=sTey 5 Dara0l2 8 Ffrat-ssm’ is=sTey T Dara0l2
g ¥ O g ¥ O
o ZIy*(ee)+jets - ZIy*(up)+ets
@ 105EATLAS Preliminary —top, ww, 1t @ 105EATLAS Preliminary —top, ww, 1t
g CR2 mwz S Ewz
o 10 Bl zz @ 10t Bl zz
..... GGM m.=600, 1=120 ~--- GGM =600, 4=120
..... GGM m_=600, u=590 .- GGM m_=600, u=590
& 15[ ‘ REAE Y 31| SEAARAAR - e R
- 1 - 1 R 22gad
% % 0'8 T Y P N
o] o 100 120 140
ETS [GeV] ETS [GeV]

Figure 2: E‘T]fliSS distributions in CR1 (top) and CR2 (bottom), in the ee (left) and uu (right) channels. The
black points represent selected data. The Z/y* +jets contribution comes from the data-driven jet smearing
method, the top+WW+tt contribution comes from the data-driven ey sample method, and the WZ and
ZZ contributions come directly from MC. The hatched grey band represents the systematic uncertainties
on the Z/y* + jets estimation and the MC expectations for WZ and ZZ.
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Figure 3: E?iss distributions in SR1 (top) and SR2 (bottom), before any cuts on E?iss, in the ee (left) and
pu (right) channels. The black points represent selected data. The Z/y* + jets contribution comes from
the data-driven jet smearing method, the top+WW+t7 contribution is from the data-driven ey sample
method, and the WZ and ZZ contributions come directly from MC. The hatched grey band represents the
systematic uncertainties on the Z/y* + jets estimation and the MC expectations for WZ and ZZ.
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SR2

ee \ U
WW, tt, Wt, Tt 26.9 + 3.8(stat.) + 1.7(syst.) 30.9 + 4.3(stat.) + 1.8(syst.)
wz 8.4 + 0.5(stat.) + 1.8(syst.) 9.0 + 0.5(stat.) £ 2.1(syst.)
77 3.7 £ 0.1(stat.) = 0.4(syst.) 4.8 + 0.2(stat.) + 0.9(syst.)
Z[y* + jets 17.0 £ 0.6(stat.) = 8.1(syst.) 14.8 + 0.5(stat.) = 10.0(syst.)
Total SM Background 55.9+ 3.9(stat.) + 8.4(syst.) 59.5+ 4.4(stat.) + 10.4(syst.)
Observed 66 61
GGM (m(g), u) = (600, 120) GeV 1.1 + 0.3(stat.) + 0.2(syst.) 1.0 + 0.3(stat.) + 0.2(syst.)
GGM (m(g), 1) = (600,590) GeV | 151.8 + 1.6(stat.) + 28.9(syst.) | 133.8 + 1.5(stat.) + 25.8(syst.)
U%:Sstlyija,max - A - € (exp) [fb] 6.3
0'9135501/\71 max A - € (0bs) [fb] 7.7

Table 5: Expected SM background event yields and number of events observed in data for an integrated
luminosity of 5.8 fb~! after the SR2 requirements for the electron and muon channels. In addition, yields
are given for the two representative tan(8) = 1.5 GGM grid points (presented in Figures 1, 2, and 3).
Finally, the observed and expected 95% CL upper limits on the visible cross section for SR2 selection
are shown.

8 Interpretation

In the SRs, the expectation from SM and observation agree within uncertainties. As the number of
observed events in consistent with the SM prediction, the results of the analysis are interpreted as 95%
confidence level (CL) exclusion limits on m(g) and u in the higgsino-like NLSP scenario defined for
the GGM model grids. The expected and observed 95% CL upper limits were computed using the
CL; method [64] combining the ee and yu channels. Systematic uncertainties were treated as nuisance
parameters, and their correlations were taken into account.

The observations in the SRs were first interpreted in the context of the low tan(8) GGM grid, which
is characterized by a high BR(,%(I) — ZG). Figure 4 shows the exclusion limit for this interpretation
using results from SR1. Because the upper expected limits computed at each point in the GGM grid are
stronger in the case of SR1, SR2 results do not enter the computation. For the range 180 < u < 800 GeV,
an upper limit of 680 — 880 GeV is placed on the gluino mass. In addition to the results presented in this
analysis, the excluded region from the 2011 Z + EmeSS analysis [36] is shown.

Te results of the analysis were also interpreted using models with tan(8) = 30. This is the first
interpretation using such models in ATLAS. Figure 5 shows the exclusion limit for SR1 using this high-
tan(f) interpretation. Again, the expected upper limits are stronger across the grid for SR1, and therefore
SR2 results do not contribute. For the range 180 < u < 740 GeV, an upper limit of 680 — 820 GeV is
placed on the gluino mass.

9 Conclusions

A search for events with large EITIliSS and a Z boson that decays to a pair of electrons or muons has been
performed using 5.8 fb~! of ATLAS data collected in 2012. With no excess observed in the selected sig-
nal regions, limits on m(g) and u have been derived in the context of GGM, when the lightest neutralino
NLSP is higgsino-like. Assuming tan(8) = 1.5, M| = M, = 1 TeV, and ctnpsp < 0.1 mm, gluino masses
up to 680 — 880 GeV are excluded at 95% CL for masses of )2(1) in the range 160 — 760 GeV. To probe the
GGM parameter space at larger values of tan(), an interpretation with tan(8) = 30 was also performed.
Using these signal models, gluino masses of 680 — 820 GeV are excluded at 95% CL for masses of /\7(1)
in the range 160 — 720 GeV.
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GGM: higgsino-like %‘1) tan(B) = 1.5, M, = M, = 1 TeV, m(g) = 1.5 TeV
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Figure 4: Expected and observed 95% CL exclusion limits for SR1 on the m(g) and u parameters for
GGM models with tan(8) = 1.5, My = My = 1TeV, crnesp < 0.1 mm, and m(g) = 1.5 TeV. An
additional axis corresponding to m(f((l’) is provided. The dark grey area shows the observed exclusion
based on the analysis in Ref. [36]. The light grey area indicates the region where the NLSP is the gluino,
which is not considered in this analysis.
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Figure 5: Expected and observed 95% CL exclusion limits for SR1 on the m(g) and u parameters for
GGM models with tan(8) = 30, M; = M, = 1TeV, ctnsp < 0.1mm, and m(g) = 1.5 TeV. An
additional axis corresponding to m(,{/(l)) is provided. The light grey area indicates the region where the
NLSP is the gluino, which is not considered in this analysis.
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