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Abstract

We present a search for direct production of pairs of top squarks, each decaying into a b- and
an s-quark through R-parity violating couplings. The analysis uses 3.2 fb−1 of proton-proton
collision data recorded at

√
s=13 TeV by the ATLAS experiment at the LHC in 2015. Four

jets, two of which are b-tagged, are selected and paired according to their angular separation.
Signal regions are defined by imposing requirements on the masses of the two resonance
candidates and their angular distribution. The average mass of the resonances is then used
as the final discriminant. No significant excess is observed above the background prediction
and a 95% confidence level lower limit on the mass of the top squark in the model considered
of 345 GeV is derived.
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1 Introduction

Massive coloured particles decaying into quarks are predicted in several extensions of the Standard Model
(SM). At hadron colliders, the search for new phenomena in fully hadronic final states, without missing
transverse energy or leptons, is experimentally challenging because of the very large multijet production
cross-section. This note presents a search for the pair production of resonances each decaying into two
SM quarks using 3.2 fb−1 of

√
s = 13 TeV proton–proton (pp) collision data recorded by the ATLAS

experiment at the Large Hadron Collider (LHC).

Supersymmetry (SUSY) [1–6] is a generalization of the Poincaré symmetry group that fundamentally
relates fermionic and bosonic degrees of freedom. In the generic superpotential, Yukawa couplings can
lead to baryon- and lepton-number violation:

WRPV = κiLiHd + λi jk LiL j Ēk + λ ′i jk LiQ̄ j D̄k + λ ′′i jkŪi D̄ j D̄k , (1)

where i, j, k are generation indices. While these terms in many scenarios are removed by imposing an
additional Z2 symmetry (R-parity) [7], the possibility that at least some of these R-parity violating (RPV)
couplings are not zero is not ruled out experimentally. This family of models leads to unique collider
signatures which would elude conventional searches for R-parity conserving SUSY. Scenarios in which
any of the λ ′′ couplings are not zero are often referred to as UDD scenarios.

This search specifically targets pair production of the top squark1 (stop) which decays via the λ ′′323 coup-
ling, thus resulting in the process t̃ → b̄s̄ (assuming a 100% branching ratio), depicted in Fig. 1. The aim
of the analysis is to achieve sensitivity for stop production at high masses, taking advantage of the increase
in the signal cross-section at

√
s = 13 TeV. Naturalness arguments [8, 9] suggests higgsinos and stops to

be light, with masses below a TeV [10, 11]. Third generation squarks in R-parity conserving scenarios,
and stops in particular, have been the subject of a thorough programme of searches at the LHC [12–14].
Current indirect experimental constraints [15] on the sizes of each of the UDD couplings λ ′′ from sources
other than proton decay are primarily valid for low squark mass and for first- and second-generation coup-
lings. In theories with minimal flavour violation [16], in which the flavour and CP-violating interactions
of SUSY particles are governed by the SM Cabibbo-Kobayashi-Maskawa matrix, only the λ ′′323 coupling
is significant [17] resulting in prompt decays of the stop into t̃ → b̄s̄.

Previous searches for pair produced resonances in hadronic final states have been performed at 7 and 8
TeV by both the ATLAS [18, 19] and CMS experiments [20, 21]. For stop decays including heavy-flavour
jets in the final state exclusion limits at 95% confidence level (CL) between 100 ≤ mt̃ ≤ 320 GeV and
200 ≤ mt̃ ≤ 385 GeV have been reported by ATLAS [19] and CMS [21], respectively. In addition two
ATLAS searches [22, 23] have placed constraints on RPV stops that decay to bs when they are produced
in the decays of light gluinos. Further searches targeting the production of gluinos decaying through
UDD couplings have been performed by both the ATLAS [24] and CMS [25] collaborations.

This note is organised as follows: in Section 2 an overview the ATLAS detector is presented, Section 3
describes the data and simulated event samples. Section 4 discuss the definitions of the objects used in
the analysis, and Section 5 the event selections. The background estimate is presented in Section 6 with
the systematic uncertainties discussed in Section 7. Finally the results of the analysis and the statistical
interpretation are given in Section 8.

1 The superpartners of the left- and right-handed top quarks, t̃L and t̃R , mix to form the two mass eigenstates t̃1 and t̃2, where
t̃1 is the lightest one. This analysis considers only the production of the t̃1, which thereafter is simply refererred to as t̃.
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2 ATLAS detector

The ATLAS detector [26] is a multi-purpose particle physics detector with a forward-backward symmetric
cylindrical geometry and nearly 4π coverage in solid angle2. The inner tracking detector consists of pixel
and silicon microstrip detectors covering the pseudorapidity region |η | < 2.5, surrounded by a transition
radiation tracker which enhances electron identification in the region |η | < 2.0. Starting in Run-2, a
new inner pixel layer, the Insertable B-Layer (IBL) [27], has been inserted at a mean sensor radius of
3.3 cm. The inner detector is surrounded by a thin superconducting solenoid providing an axial 2 T
magnetic field and by a fine-granularity lead/liquid-argon (LAr) electromagnetic calorimeter covering
|η | < 3.2. A steel/scintillator-tile calorimeter provides hadronic coverage in the central pseudorapidity
range (|η | < 1.7). The endcap and forward regions (1.5 < |η | < 4.9) of the hadronic calorimeter are
made of LAr active layers with either copper or tungsten as the absorber material. An extensive muon
spectrometer with an air-core toroid magnet system surrounds the calorimeters. Three layers of high-
precision tracking chambers provide coverage in the range |η | < 2.7, while dedicated fast chambers
allow triggering in the region |η | < 2.4. The ATLAS trigger system consists of a hardware-based level-1
trigger followed by a software-based high level trigger [28].

3 Data and simulated event samples

The data used in this analysis were collected by the ATLAS detector in pp collisions at the LHC using
a centre-of-mass energy of 13 TeV and a 25 ns minimum proton bunch crossing interval during 2015.
Events were recorded using a four-jet trigger with transverse energy thresholds of 85 GeV at the high
level trigger which is fully efficient after the analysis selections are applied. After requiring beam, data,
and detector quality criteria, the available dataset corresponds to an integrated luminosity of 3.2 fb−1 with
an associated uncertainty of ±5% derived from a preliminary calibration of the luminosity scale using a
pair of x-y beam-separation scans performed in August 2015, following a methodology similar to that
which is detailed in Ref. [29].

The dominant background of SM multijet production is estimated with a data-driven technique, while
Monte Carlo (MC) simulated events are used to model the signals and to establish and validate the back-
ground estimation method. The small background contribution from top pair production is also estimated
using MC simulation. Interactions with the detector are modeled using a Geant4-based simulation [30,
31]. To account for additional pp interactions from the same and close-by bunch crossings (pileup), a
set of minimum bias interactions is generated using Pythia 8.186 [32] with the A2 tune [33] and the
MSTW2008LO [34, 35] parton density function (PDF) set and is superimposed on the hard scattering
events. The EvtGen v1.2.0 program [36] is used to simulate properties of bottom and charm hadron
decays for all samples.

2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point in the centre of the detector.
The positive x-axis is defined by the direction from the interaction point to the centre of the LHC ring, with the positive
y-axis pointing upwards, while the beam direction defines the z-axis. Cylindrical coordinates (r , φ) are used in the transverse
plane, φ being the azimuthal angle around the z-axis. The pseudorapidity η is defined in terms of the polar angle θ by
η = − ln tan(θ/2). Rapidity is defined as y = 0.5 · ln[(E + pz )/(E − pz )] where E denotes the energy and pz is the component
of the momentum along the beam direction.
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Figure 1: Direct production of stops, in red, decaying into a b- and an s-quark through the RPV λ ′′ coupling,
indicated by the blue dots.

Background samples of multijet production are simulated with multiple 2 → 2 matrix elements (ME) at
leading order (LO) using the Pythia 8.186 generator. The A14 tune [37] of shower and multiple parton
interactions parameters is used together with the NNPDF23LO PDF set [38].

Top pair production events are simulated using the Powheg-Box v2 [39] generator with the CT10 [40]
PDF set, as detailed in [41]. The top mass is set to 172.5 GeV. The hdamp parameter, which regulates the
transverse momentum (pT) of the first extra emission beyond the Born configuration and thus controls the
pT of the tt̄ system, is set to the mass of the top quark. The parton shower (PS), fragmentation, and the
underlying event are simulated using Pythia 6.428 [42] with the CTEQ6L1 [43] PDF set and the corres-
ponding Perugia 2012 tune (P2012) [44]. The sample is normalized to the next-to-next-to-leading order
cross-section including the resummation of soft gluon emission at next-to-next-to-logarithmic accuracy
using Top++2.0 [45].

The stop signal samples are generated using MG5_aMC@NLO [46] v2.2.3 interfaced to Pythia 8.186
with the A14 tune for the modeling of the parton showering, hadronization and underlying event. The
ME calculation is performed at tree-level and includes the emission of up to two additional partons. The
PDF set used for the generation is NNPDF23LO. The ME/PS matching is done using the CKKW-L [47]
prescription, with a matching scale set to one quarter of the pair-produced stop mass. All non-SM particle
masses are set to 5 TeV except for the stop mass (mt̃ ), which is scanned in steps of 25 GeV from mt̃ = 250
GeV to mt̃ = 650 GeV. The two stops are then forced to decay promptly into a b- and an s-quark each.
Signal cross-sections are calculated to next-to-leading order in the strong coupling constant, adding the
resummation of soft gluon emission at next-to-leading-logarithmic accuracy [48–50]. The nominal cross-
section and its uncertainty are taken from an envelope of cross-section predictions using different PDF
sets and factorization and renormalization scales, as described in Ref. [51].

4 Object reconstruction

Each event is required to have a reconstructed primary vertex consistent in location with the beamspot
envelope and with at least two associated tracks with pT > 400 MeV [52]. If more than one such vertex
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is found, the vertex with the largest
∑

p2
T of the associated tracks is chosen.

Candidate jets are reconstructed from three-dimensional topological energy clusters [53] in the calori-
meter using the anti-kt jet algorithm [54] with a radius parameter of 0.4. Each topological cluster is
calibrated to the electromagnetic scale response prior to jet reconstruction. The reconstructed jets are
then calibrated to the particle level by the application of a jet energy scale (JES) derived from simulation
and in situ corrections based on 8 TeV data [55, 56] and validated with early Run-2 data. The expected
event average energy contribution from pileup clusters is subtracted using a factor dependent on the jet
area [56].

Quality criteria are imposed to identify jets arising from non-collision sources or detector noise and any
event containing such a jet is removed [57].

Jets containing b-hadrons (b-jets) are tagged by a multivariate algorithm (referred to as MV2c20) using
information about the impact parameters of inner detector tracks associated to the jet, the presence of
displaced secondary vertices, and the reconstructed flight paths of b- and c-hadrons inside the jet [58,
59]. A b-tagging working point with a 77% efficiency, as measured in a simulated sample of tt̄ events, is
chosen. The corresponding rejection factors against jets originating from c-quarks and from light-quarks
or gluons are 4.5 and 130, respectively. Corrections derived from data control samples are applied to
account for differences between data and simulation for the efficiency and mis-tag rate of the b-tagging
algorithm.

5 Event Selection

As the stops are produced on mass-shell the final state consists of four jets forming two pairs each
with invariant masses close to that of the stop. Only events with at least four reconstructed jets with
pT > 150 GeV and |η | < 2.4 are retained in the analysis. For the stop mass range considered, a significant
fraction of the stops will be produced with a large transverse momentum. As a result we expect the decay
products to be close-by in ∆R. Taking advantage of this property, candidate resonances are constructed
by pairing the four leading jets in the event. Two jet pairs are identified by minimizing the following
quantity:

∆Rmin =
∑
i=1,2

|∆Ri − 1.0| (2)

where ∆Ri =
√

(∆ηi )2 + (∆φi )2 is the angular distance between the two jets for the ith pair and the sum
is over the two pairs of dijets. The offset of −1.0 has been chosen to maximize the signal efficiency for the
stop masses of interest while minimizing the effects of soft jets from radiated gluons being recombined
with their parent jets in multijet topologies. In order to reduce the multijet background, where the quality
of this pairing is expected to be poor, the event is discarded if the best combination of the four leading
jets has ∆Rmin > 1.6.

Additional selections are applied to further enhance the signal fraction. These are based on four discrim-
inating variables established from simulation studies and previous ATLAS searches [18, 19].

The absolute value of the cosine of the stop-pair production angle in the center-of-mass frame with respect
to the beamline is | cos(θ∗) |. Background jets from multijet production are frequently originating from
t-channel gluon exchange and are preferentially produced in the forward region, while jets originating
from stop decays are instead expected to be more central.
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Figure 2: Comparison of the shape of theA and | cos(θ∗) | distributions for data and two signal point with mt̃ = 250
and 550 GeV. The distributions are normalised to unity and shown after the requirement of four jets paired into two
candidate resonances. The green arrow indicates the requirement applied for the signal region selection.

Since the two reconstructed resonances are expected to have equal mass, their mass difference is a power-
ful discriminant between signal and background. The mass asymmetry (A) is defined as:

A =
|m1 − m2 |

m1 + m2
(3)

where m1 and m2 are the invariant masses of the two reconstructed dijet pairs. A is expected to be close
to zero for well-paired signal events and is relatively flat for background events.

The distribution of A and | cos(θ∗) | is shown for data and two signal samples with stop masses of mt̃ =

250,450 GeV in Fig. 2(a) and 2(b) respectively. Given the very small amount of signal expected before
additional selections are applied the data distribution can be viewed as representative of the background
expectation. The signal region (SR) selection applies a requirement of ofA < 0.075 and | cos(θ∗) | < 0.6,
following an optimization procedure maximizing the discovery significance.

Another quantity that is exploited for background discrimination is the number of b-tagged jets in the
event. By requiring each of the reconstructed resonances to contain at least one b-tagged jet the multijet
background can be significantly reduced.

The final analysis discriminant is the average mass of the two reconstructed resonances:

mavg =
1
2

(m1 + m2) . (4)

A peak in mavg at a mass of about that of the stop is expected for the signal, over a non-peaking background
from multijet processes. For each stop mass hypothesis a counting experiment is then performed in a
window of the mavg variable optimised to maximize the expected discovery significance. Fig. 3(a) shows
the expected mavg distribution for signal samples with different mt̃ masses, while the acceptance times
efficiency of the SR selections is shown before and after applying the mavg mass window requirement in
Fig. 3(b). The acceptance of the SR selection increases for large stop masses due to its decay products
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Figure 3: 3(a): Distribution of the average mass mavg for signal samples with mt̃ = 250,350,450 and 550 GeV
(solid lines), with the mass windows used for the counting experiments highlighted by shaded rectangles. The
mean and standard deviations obtained by gaussian fits to the signal peaks are quoted in the legend. 3(b): The
acceptance times efficiency (Acc. × ε) of the SR selection is shown before and after the mass windows cuts are
applied.

having larger pT. However due to the jet pairing not properly assigning the stop decay products, at high
mass the signal exhibits a tail extending to low mavg values, degrading the efficiency of the mass window
selection.

6 Background estimation

The dominant background of SM multijet production is estimated directly from data with a method that
predicts both the normalization and the shape of the mavg distribution. MC simulation is used to validate
the method as well as to estimate the small contribution from top quark pair production3. The multijet
background is estimated in two steps. The shape of the mavg distribution is first predicted in a region with
a b-tag veto (zero-tag) and then extrapolated to the signal region where at least two b-tagged jets, one
associated to each dijet pair, are required (two-tag).

The mavg spectrum in the zero-tag region is obtained from data with an ABCD method. The data sample
is divided into one region where the signal selection is applied (D) and three background dominated
control regions (A, B, and C). The variables used to define the different regions, summarised in Tab. 1,
are | cos(θ∗) | and A. Provided the two variables defining the regions are uncorrelated, the amount of
background in the region of interest D can be predicted from the observed number of events in the control
regions as ND = NB × NC/NA. This approach, which does not use data in region D, avoids potential
contamination from signals of stop decays into light-flavor quarks. The correlation between the two
variables has been tested in the multijet MC sample, where it amounts to less than 4%.

3 In the mass region considered the top pair contributes less than 2% of the total background.
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Table 1: Definition of the four regions used for data-driven background determination. Region D is the signal
region.

Region A | cos(θ∗) |

A < 0.075 ≥ 0.6
B ≥ 0.075 ≥ 0.6
C ≥ 0.075 < 0.6

D < 0.075 < 0.6

The ABCD prediction in the zero-tag region is validated with a closure test in a region where the selections
of the signal region are applied, but with the asymmetry requirement changed to 0.075 < A < 0.15. The
A, B and C regions for this validation region are defined analogously to the signal region by inverting
the A and | cos(θ∗)| requirements. The output of the ABCD prediction is found to be consistent with the
observed data, and the difference is used to assign a systematic uncertainty, which varies from about two
to ten percent as function of mavg.

The zero-tag prediction obtained from the ABCD method is then extrapolated to the two b-tag plane by
means of projection factors similarly to the approach described in [19]. The projection factors, in a given
region X , are defined as the ratio between the number of events in the two- and zero-tag planes (NX2/NX0)
after the top quark background is subtracted. Given that the mass windows considered in the search start
at mavg=225 GeV, all the projection factors are computed in the region mavg>200 GeV, to avoid potential
bias from the subtraction of the top pair production background. For the signal region prediction, the
average of the projection factors PAC from the signal-depleted regions A and C, where the signal region
requirements are reverted one at a time, is used:

PAC =
1
2

(
NA2

NA0
+

NC2

NC0

)
. (5)

The projection factor from region B is not considered being farther away from the signal region. The
underlying assumption of this method is that the mavg shape for the background is invariant across b-tag
multiplicities and that a single projection factor can be used for all regions of the A,| cos(θ∗) | plane. A
validation of these assumptions has been performed in the MC for both the signal and control regions.
The shape of mavg in data (after subtracting the expected tt̄ background) for various b-tag selections is
shown in regions A and C in Fig. 4. It is found to be largely compatible across b-tag multiplicities, within
large statistical uncertainties.

The signal contamination in regions A and C has been computed in the mavg>200 GeV range for a signal
with mt̃ = 400 GeV, and it amounts to 2.2% and 2.5%, respectively.

The validity of the data-driven method is also estimated directly in data by projecting the mavg shape from
the zero-tag plane in a validation region where exactly one b-tag is required, thus limiting the amount
of signal contamination. Two additional validation regions with selections close to those of the signal
region are defined to evaluate the quality of the background prediction in the two b-tag plane. The first
region, VRa, requires 0 < | cos(θ∗) | < 0.6 and 0.1 < A < 0.25; while the second, VRb, requires
0.6 < | cos(θ∗) | < 0.75 and 0.0 < A < 0.2. In all of these regions a good agreement is observed between
data and the data-driven background expectation over the full mavg range considered.
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Figure 4: The mavg spectrum in regions A and C in data for different b-tag multiplicities. The distributions are
normalised to the integral of events with mavg>150 GeV. The shaded and hatched bands include the statistical
uncertainty of the samples.

7 Systematic uncertainties

Several sources of systematic uncertainty are considered when determining the estimated contributions
from signal and background.

The multijet background uncertainties pertain primarily to the estimation method itself, as described in
the previous section. The first systematic uncertainty considered is the non-closure uncertainty in the
zero-tag plane. Additional systematic uncertainties are assigned to cover possible differences in the mavg
spectrum across b-tag multiplicities, the variations of the projection factors within theA, | cos(θ∗) | plane
and differences in the jet calibrations for b- and light-jets. The projection factor is averaged over the A and
C regions and the difference between the individual projection factors entering the average is assigned as
an uncertainty to account for possible dependences within theA, | cos(θ∗) | plane. As the projection factor
is assumed to be constant as function of mavg an additional uncertainty is assigned by comparing it to the
projection factors derived in 50 GeV wide bins of mavg. The comparison is done separately in the A and
C regions and the largest of the two differences is assigned as an uncertainty on the projection factor in
each bin of mavg. This uncertainty, which is the dominant one for this search, is largely dominated by the
statistical uncertainty in the control regions. The different calibrations applied to b- and light-jets, could
lead to differences in the mavg shape across b-tag multiplicities. An uncertainty to account for this effect
is assigned as a function of mavg by computing the difference between the projection factors obtained
with the nominal jet pT selection varied from 150 to 140 or 160 GeV. The four sources of uncertainty are
computed in 50 GeV bins in mavg, which is close to the size of the mass windows used for the counting
experiments, and further smoothed using a gaussian kernel with a 200 GeV bandwidth. The smoothed
uncertainties are shown in Fig. 5 as a function of mavg.

The estimated signal and top pair production yields, taken from MC, are effected by uncertainties related
to the description of the detector response and the modelling of the physics process. The dominant
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Figure 5: Systematic uncertainty for the data-driven multijet background estimation. The blue line shows the non-
closure uncertainty in the zero-tag plane. The uncertainty due to the compatibility between the projection factors
obtained in regions A and C is shown in green, while the uncertainty due to the jet measurement uncertainties is
shown in brown. The dominant uncertainty, due to the mavg dependence of the projection factors, is indicated by a
red line.

detector-related systematic effects are due to the uncertainties on the jet energy scale (JES) [56] and
resolution (JER) [55] and on the b-tagging efficiency and mistagging rates, estimated from 8 TeV data.

Systematic uncertainties related to the physics modelling of top pair production events are included. The
systematic uncertainty related to the modeling of top pair production is taken as the difference between
the predictions of the nominal sample and a alternative sample generated with MG5_aMC@NLO and
showered with Herwig++ 2.7.1 [60]. This uncertainty amounts to 10% to 20% of the total expected top
background in the mavg range considered in the analysis and has a negligible impact on the results.

For the SUSY signal processes, both detector and theoretical uncertainties are considered. Each signal
model is varied according to these systematic uncertainties and the impact on the acceptance and effi-
ciency in each mass window is then propagated to the final result. The JES-related uncertainty on the
predicted signal yield is up to 10% while the flavour-tagging uncertainties go up to 15% in specific mass
windows

The nominal signal cross-sections and their uncertainties are taken from an envelope of cross-section
predictions derived using different PDF sets and different factorization and renormalization scales, as
described in Ref. [51]. The theoretical uncertainties on the acceptance of the signal simulation include
variations of the renormalization and factorization scales, the CKKW-L merging scales, and the value
of αS in MG5_aMC@NLO as well as shower uncertainties in Pythia 8 evaluated from the A14 tune
variations. The uncertainties are evaluated on a single signal point with mt̃=250 GeV, as at low mass the
effect of additional radiation becomes more important, and are assumed to be constant as function of mt̃ .
After normalizing the samples to the same cross-section, the difference in the yield in the mass window,
which is typically below 1%, is considered as an uncertainty.
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8 Results and interpretation

The mavg distribution in the two-tag signal region selection is shown in Fig. 6. The data are compared
with the prediction obtained by projecting the background from the zero-tag plane. The observed number
of events in each mass window, with the total background prediction and the expected signal yield is
shown in Tab. 2. The contribution from top quark pair production amounts to less than 2% in any of the
mass windows considered. The compatibility of the observed number of events with the background-only
hypothesis is quantified in each mass window using p0-values.
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Figure 6: The observed mavg spectrum in the signal region (black points) compared to the total background predic-
tion (blue line). Also shown are the separate contributions of the multijet background, estimated with the projection
method, and the tt̄ obtained from simulation. All systematic uncertainties on the background estimate are included
in the grey hatched band. The expected signal distributions for a few representative signal points are overlaid.

In the absence of a statistically significant excess in data, exclusion limits can be derived on the signal
models of interest. A profile likelihood ratio combining Poisson probabilities for signal and background
is computed to determine the 95% CL for compatibility of the data with the signal-plus-background
hypothesis (CLs+b) [61]. A similar calculation is performed for the background-only hypothesis (CLb).
From the ratio of these two quantities, the confidence level for the presence of a signal (CLs) is determined
[62]. Systematic uncertainties are treated as nuisance parameters and are assumed to follow Gaussian
distributions. This procedure is implemented using a software framework for statistical data analysis,
HistFitter [63]. The observed and expected 95% CL upper limits on the allowed cross-section are shown
in Fig. 7. For stop decays into bs, the expected limit excludes stop masses up to 410 GeV, while the
observed mass limit goes up to 345 GeV, improving on the previous ATLAS limit of 320 GeV4.

4 Due to a change in the convention for reporting observed limits, where the nominal signal cross-section is now considered,
the value reported here is different from what quoted in [19].
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m(t̃) [GeV] Window [GeV] Signal Expected background Data p0
(± stat. ± sys.) (± stat. ± sys.)

250 [ 225 - 255 ] 102 ± 6 ± 12 53.8 ± 2.5 ± 8.7 68 0.10
275 [ 250 - 280 ] 80 ± 6 ± 11 54.6 ± 2.5 ± 8.2 62 0.25
300 [ 275 - 305 ] 66 ± 4 ± 8 59.5 ± 2.7 ± 8.9 59 0.50
325 [ 295 - 330 ] 52 ± 5 ± 7 61.0 ± 2.7 ± 9.5 73 0.19
350 [ 320 - 355 ] 44.6 ± 3.4 ± 7.2 57.7 ± 2.6 ± 9.5 80 0.07
375 [ 345 - 375 ] 27.7 ± 2.2 ± 3.7 39.7 ± 2.0 ± 7.0 48 0.27
400 [ 365 - 400 ] 25.1 ± 1.3 ± 3.6 41.8 ± 2.1 ± 8.0 52 0.25
425 [ 390 - 425 ] 15.6 ± 1.9 ± 1.8 31.9 ± 1.7 ± 6.8 40 0.23
450 [ 415 - 450 ] 10.9 ± 1.3 ± 1.5 24.3 ± 1.4 ± 5.8 30 0.27
475 [ 435 - 475 ] 10.3 ± 1.1 ± 1.3 23.5 ± 1.4 ± 6.2 23 0.50
500 [ 460 - 500 ] 7.5 ± 0.8 ± 1.4 18.1 ± 1.2 ± 5.5 20 0.45
525 [ 485 - 525 ] 6.0 ± 0.6 ± 0.9 13.7 ± 1.0 ± 4.7 7 0.50
550 [ 505 - 550 ] 3.8 ± 0.4 ± 0.7 9.9 ± 0.9 ± 3.9 9 0.50
575 [ 530 - 575 ] 4.0 ± 0.4 ± 0.8 8.3 ± 0.8 ± 3.7 13 0.28
600 [ 555 - 600 ] 2.42 ± 0.26 ± 0.46 7.3 ± 0.8 ± 3.8 5 0.50
625 [ 580 - 625 ] 1.82 ± 0.20 ± 0.28 5.7 ± 0.7 ± 3.4 5 0.50
650 [ 600 - 650 ] 1.64 ± 0.17 ± 0.34 4.4 ± 0.6 ± 3.0 7 0.25

Table 2: The observed number of data events and the total background prediction for each signal mass window of
the signal region selection. The expected number of signal events is also shown. The significance of an excess can
be quantified by the probability (p0) that a background-only experiment is more signal-like than observed, bounded
above by 0.5.

9 Conclusion

A search has been presented for the pair production of stops decaying into a b- and an s-quark. Four jets
are reconstructed and paired into two candidate resonances according to their angular separation. Further
selections based on their angular distributions and difference in mass are applied to enhance the fraction
of signal. The average mass of the two candidate stops is used as final discriminant to define signal
regions. The results are interpreted in a SUSY model with pair production of stop quarks decaying into
two jets through the λ ′′ R-parity violating coupling. For decays into a b- and an s-quark, masses of the
stop from 250 to 345 GeV are excluded at 95% CL, extending the previous ATLAS limit.
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Figure 7: Expected and observed 95% CL upper limit on the σ × BR for the signal regions, compared to the
theoretical cross-section for direct stop production with decays to a pair of jets. The dashed black and solid red lines
show the 95% CL expected and observed limits respectively. The solid green (yellow) band around the expected
limit show the one (two) sigma uncertainties around this limit. The dashed blue line indicates the nominal signal
production cross-section with the shaded bands representing the ±1σ variations due to theoretical uncertainties
given by renormalization and factorization scale and PDF uncertainties. The observed exclusion limit from the
8 TeV ATLAS search [19] is also superimposed.
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