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The third generation squarks are expected to be lighter than the other squarks due to mixing
of mass matrices and due to large Yukawa couplings. Moreover, naturalness of Higgs mass
requires top squarks to be light. Both ATLAS and CMS experiments have searched for the
third generation squarks using

√
s = 7 TeV of 5 fb−1 and

√
s = 8 TeV of 20 fb−1 data.

Updated results on these searches are presented.

1 Introduction

Supersymmetry is an extension of the Standard Model (SM) which predicts new bosonic partners
for the existing fermions and fermionic partners for the known bosons. In the framework of
a generic R-parity conserving minimal supersymmetric extension of the SM (MSSM), SUSY
particles are produced in pairs and the lightest supersymmetric particle (LSP) is stable, providing
a possible dark matter candidate.

The scalar partners of right-handed and left-handed quarks, q̃R and q̃L, mix to form two
mass eigenstates, q̃1 and q̃2, with q̃1 defined to be the lighter of the two. Third generation
squarks (stop and sbottom, t̃ and b̃) can be lighter than the other squarks due to the mixing
between q̃R and q̃L, and due to large Yukawa couplings. Moreover, naturalness arguments imply
that the stop is light, with mass below 1 TeV.

Stop and sbottom production via gluino decay dominates if gluinos are not too heavy.
Gluinos can decay into virtual or real stop or sbottom depending on the mass hierarchy. The
cross sections for direct t̃ or b̃ pair productions are also relatively high due to their strong cou-
plings. Stop and sbottom can decay into a variety of final states depending on the hierarchy of
the mass eigenstates formed from higgsinos and electroweak gauginos.

ATLAS 1 and CMS 2 performed dedicated searches for stop and sbottom signals in variety
of signatures using pp collision data obtained at the LHC and have placed exclusion limits on
these models. Updated results as well as a summary of previous searches are described in the
following sections.

2 Gluino Mediated Stop/Sbottom Production

One of the most important searches for gluino-mediated t̃/b̃ production require high b-jet multi-
plicity as performed both in ATLAS 3 and CMS 4 5 6 7. From the signal of gluino pair production
followed by g̃ → b̃1b or g̃ → t̃1t decays, four b-jet final state can be expected. Therefore, in these
searches more than three b-jets are required in the signal regions and sensitivity to signal are
enhanced using the effective mass meff = Emiss

T + Σpjet
T + (plepton

T ), or Slep
T = Emiss

T + plepton
T with

∆φ(W, l). From these analyses, gluino masses up to 1.3 TeV are excluded for portions of the
parameter space in the simplified models with gluino decaying to g̃ → b̃1b or g̃ → t̃1t exclusively.



3 Direct Sbottom Pair Production

For the direct sbottom pair production, searches for b̃1 → bχ̃0
1 are performed in ATLAS 8 and

CMS 9. Both analyses use the mCT variable defined as m2
CT(v1, v2) = [ET(v1) + ET(v2)]2 −

[pT(v1)− pT(v2)]2, where v1, v2 are b-jets in this analysis, to suppress tt̄ background while
enhancing sbottom signals. The CMS result excludes mb̃1

< 700 GeV for mχ̃0
1
≈ 0 GeV.

Other decays of sbottom are also searched for by interpretations from other analyses. The
decay mode b̃1 → tχ̃±

1 is searched for in both ATLAS 10 and CMS 11 in the two same-sign lepton
channel. Sbottom decaying to the second lightest neutralino (χ̃0

2) followed by Higgs boson or
Z boson is searched for by ATLAS in a multi-b-jet analysis 3 and by CMS in a multi-lepton
analysis 12 respectively.

4 Direct Stop Pair Production

The searches for direct stop pair production have been performed in various channels both in
ATLAS and CMS, targeting t̃1 → tχ̃0

1 and t̃1 → bχ̃±
1 . In the all-hadronic channel, the top quark

mass reconstruction is utilised 13 14. In the one-lepton channel, cleaner background conditions
can be obtained as well as relatively large branching fraction can be expected. Therefore, addi-
tional to the usual cut-based searches, more elaborate analyses are performed. Two dimensional
shape fit using Emiss

T and mT(plepton
T ,Emiss

T ) 15 is used in ATLAS and a boosted decision tree
(BDT) multivariate discriminant is used in CMS 16 taking as input variables such as Emiss

T ,

mT(plepton
T ,Emiss

T ), leading b-jet pT.

Recently ATLAS published results in the two-lepton channel 17 using the mT2 variable de-
fined as mT2(p1

T,p
2
T,E

miss
T ) = minq1

T+q2
T =Emiss

T

{
max

[
mT(p1

T,q
1
T),mT(p2

T,q
2
T)

]}
, where p1

T, p2
T

are transverse momentum of two leptons or two b-jets, to suppress tt̄ background, or BDT mul-
tivariate methods. This two-lepton search is also extended to signals of stop decaying to stau
(t̃1 → bντ̃1 followed by τ̃1 → τG̃) 18.

Figure 1 shows the summary of exclusion limits for direct stop pair production by ATLAS
and CMS. Stop masses below 700 GeV are excluded for mχ̃0

1
≈ 0 GeV in a simplified model

characterised by the t̃1 → tχ̃0
1 decay.
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Figure 1 – Summary of exclusion limits for direct stop pair production by ATLAS 19 and by CMS 20.

Direct stop pair production searches are also extended to other scenarios. One of them is
the pair-production of the heavier stop (t̃2) decaying to t̃1 with a Z or Higgs boson. As seen
in Figure 1, if mt̃1

−mχ̃0
1
≈ mt in t̃1 → tχ̃0

1 decay, the current analyses have little sensitivity

due to the similarities in kinematics with SM tt̄ background. If t̃2 is not too heavy, its signal
can be discriminated from SM background. ATLAS search is optimised for Z final state 21

combining two-opposite-sign and three-lepton channels while CMS searches combine one-lepton



and two-same-sign-lepton channels additionally to cover both Z and Higgs boson final state 22.
The exclusion limits on mt̃2

reaches 600 GeV for Z final state and 530 GeV for Higgs final state
(Figure 2). This ATLAS search is also interpreted in light stop and light higgsino scenario in
GMSB-like model. For this scenario, CMS performed another analysis looking for hh → γγbb
final state 23.
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Figure 2 – Exclusion limits for t̃2 → t̃1Z or t̃1h by ATLAS 21 (left) and by CMS 22 (right).

5 Conclusions

ATLAS and CMS have searched for the third generation squarks using 20 fb−1 of pp collision
data at

√
s = 8 TeV collected at the LHC. However, no excess beyond the SM is found so far.

For gluino-mediated stop and sbottom production, gluino masses up to 1.3 TeV are excluded,
and for direct sbottom pair production with b̃1 → bχ̃0

1 decay, mb̃1
< 700 GeV are excluded at

mχ̃0
1
≈ 0 GeV, and for direct stop pair productions with t̃1 → tχ̃0

1 decay, mt̃1
< 700 GeV are

excluded at mχ̃0
1
≈ 0 GeV.

LHC operation will restart in 2015 at
√
s = 13-14 TeV for pp collision. For an integrated

luminosity of 300 fb−1, discovery reach for direct stop pair production is expected to be up to
stop mass of 1 TeV 24 25.
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