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Motivation
A minimal SUSY solution to the hierarchy !

problem requires light stops
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There is no (approximate) 
symmetry to protect the Higgs 

mass from Quantum Corrections
Naively, the mass receives 

quadratic corrections to 
highest mass scale

The largest (quantum) 
contribution comes from the 

[fermionic] top quark loop - can 
cancel with [scaler] stop loops
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ATLAS and CMS have a 
comprehensive program in 

direct stop searches
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The stealth stop is difficult: looks like the SM!

mstop~mtop
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-Three Strategies-

1

1 Introduction
Supersymmetry (SUSY) with R-parity conservation [1] is an extension to the standard model
(SM) that provides a candidate particle for dark matter and addresses the hierarchy problem [2–
7]. The hierarchy problem originates in the spin-zero nature of the Higgs (H) boson, whose
mass is subject to divergences from higher-order corrections. The leading divergent contribu-
tion from SM particles arises from the H boson coupling to the top quark. SUSY provides a
possible means to stabilize the H boson mass calculation, through the addition of contribu-
tions from a scalar top quark (top-squark) with a mass not too different from that of the top
quark [8–12]. Searches for direct top-squark production from the ATLAS [13–18] and Com-
pact Muon Solenoid (CMS) [19] Collaborations at the Large Hadron Collider (LHC) at CERN
have focused mainly on the simplest scenario, in which only the lighter top-squark mass eigen-
state,et1, is accessible at current LHC collision energies. In these searches, the top-squark decay
modes considered are those to a top quark and a neutralino, et1 ! tec0

1 ! bWec0
1, or to a bot-

tom quark and a chargino, et1 ! bec+
1 ! bWec0

1. These two decay modes are expected to have
large branching fractions if kinematically allowed. The lightest neutralino, ec0

1, is the lightest
SUSY particle (LSP) in the R-parity conserving models considered; the experimental signature
of such a particle is missing transverse energy (Emiss

T ).

Searches for top-squark pair production are challenging because the cross section is approxi-
mately six times smaller than that for top-antitop quark pair (tt) production if met1

⇠ mt and
decreases rapidly with increasing top-squark mass [20]. When the mass difference between
the top-squark and the ec0

1 is large, top-squark production can be distinguished from tt pro-
duction, as the former is typically characterized by events with extreme kinematic features,
especially large Emiss

T . This strategy is being pursued in existing searches and has sensitivity to
top-squark masses up to about 650 GeV for low ec0

1 masses [13–19]. The sensitivity of searches
for direct top-squark pair production is, however, significantly reduced in the et1 ! tec0

1 de-
cay mode for the region of SUSY parameter space in which met1

� mec0
1
' mt. For example, in

Ref. [19], the region |met1
� mec0

1
� mt| . 20 GeV is unexplored. In this region, the momentum

of the daughter neutralino in the rest frame of the decayinget1 is small, and it is exactly zero in
the limit met1

� mec0
1
= mt. As a result, the Emiss

T from the vector sum of the transverse momenta
of the two neutralinos is typically also small in the laboratory frame. It then becomes difficult
to distinguish kinematically betweenet1 pair production and the dominant background, which
arises from tt production. This region of phase space can be explored using events with topolo-
gies that are distinct from the tt background. An example is gluino pair production where each
gluino decays to a top squark and a top quark, giving rise to a signature with four top quarks
in the final state [21, 22].

P1

P2

t̃⇤2

t̃2

t̃⇤1

t̃1

H

t̄

�̃0
1

�̃0
1

t

H

P1

P2

t̃⇤2

t̃2

t̃⇤1

t̃1

Z

t̄

�̃0
1

�̃0
1

t

Z

P1

P2

t̃⇤2

t̃2

t̃⇤1

t̃1

H

t̄

�̃0
1

�̃0
1

t

Z

Figure 1: Diagrams for the production of the heavier top-squark (et2) pairs followed by the
decayset2 ! Het1 oret2 ! Zet1 withet1 ! tec0

1. The symbol * denotes charge conjugation.

This analysis targets the region of phase space where met1
� mec0

1
' mt by focusing on signatures

of ttHH, ttHZ, and ttZZ with Emiss
T . These final states can arise from the pair production of the

heavier top-squark mass eigenstate et2. There are two non-degenerate top-squark mass eigen-
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mObserved UL,

Expected UL:

ℬ(t̃2 → t̃1Z)=100%

ℬ(t̃2 → t̃1Z)=50%

ℬ(t̃2 → t̃1Z)=0%

CMS              √s = 8 TeV, ∫ ℒdt = 19.5 fb
−1

Figure 6: Upper limits on the cross section for et2 pair production for different branching frac-
tions of et2 ! Het1 and et2 ! Zet1, assuming that B(et2 ! Het1) + B(et2 ! Zet1) = 100%. The et1
squark is assumed to always decay to a top quark and a neutralino ec0

1 with met1
� mec0

1
= mt.

The decayet2 ! Het1 is only considered when the H boson production is kinematically allowed,
met2

� met1
> mH.

pair in association with Higgs or Z bosons. The analysis explores final states with exactly one
lepton and at least three identified bottom-quark jets (b jets), with exactly two leptons of oppo-
site charge and at least three b jets, with exactly two same-sign leptons and at least one b jet,
and with three or more leptons and at least one b jet, where by “lepton” we mean an electron
or muon. No significant excess event yield above standard model expectations is observed.
The results are used to exclude a range ofet2 masses below approximately 575 GeV foret1 masses
below approximately 400 GeV. The interpretation assumes that the et1 squark always decays
to tec0

1 and that met1
� mec0

1
' mt, where the ec0

1 particle represents a stable, weakly interacting
lightest supersymmetric particle neutralino whose signature in the detector is missing trans-
verse energy. This region of phase space is not probed by searches for direct et1 squark pair
production.
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Figure 6: Expected (black dashed) and observed (red solid) 95% CL excluded region (under the curve)
in the plane of mχ̃01 vs. mt̃1 , assuming B(t̃1 → tχ̃01) = 100%. All uncertainties except the theoretical signal
cross-section uncertainties are included. The contours of the yellow band around the expected limit are
the ±1σ results. The dotted red lines around the observed limit illustrate the change in the observed limit
as the nominal signal cross-section is scaled up and down by the theoretical uncertainty. For comparison
the light grey dashed line shows the expected exclusion limit of the ATLAS stop 1-lepton search on
13 fb−1 [24].

limits, especially for the t̃1 → b + χ̃±1 decay scenario and for the t̃1 → t + χ̃01 decay scenario near the
mt̃1 ! mt + mχ̃01 diagonal.

Figure 9 compares the upper cross section limits at 95% CL for a fixed LSP mass of 50GeV —
which covers a large range of possible top squark masses and also covers quite nicely all three SRtN
signal regions — obtained for signal models where t̃1 is purely t̃L or mostly (∼ 70%) t̃R. The mostly-t̃R
mixing composition is used for all other scenarios studied in this note. The weaker t̃L model exclusion
is mainly the result of a reduced lepton and mT acceptance. The acceptance is affected because the
polarization of the top quark changes as a function of the field content of the supersymmetric particles,
changing the boost of the lepton in the top quark decay. The excluded t̃1 mass reach of the t̃L model is
reduced by about 75GeV, for the assumed LSP mass.

Generic limits on beyond-SM contributions are derived from the same simultaneous fit as used for
calculating the CLs values but without signal model-dependent inputs — the generic signal model in-
cludes neither signal contamination in the control regions, nor experimental and theoretical signal sys-
tematic uncertainties. In the case of the shape fit, the generic signal model assumes, for each EmissT slice,
the presence of events only in the tightest mT bin, the signal being absent in the other bins. The resulting

17
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The stealth stop is difficult: looks like the SM!

One way forward: Precision top quark 
properties to complement direct searches
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Figure 1: The NLO+NLL stop pair production cross section at the Tevatron (left) and 7 TeV
LHC (right) as a function of the stop mass. The values of tt cross sections are indicated as
well. For more details, see appendix B.1.

Light stops in theories of gauge-mediated supersymmetry breaking (GMSB) are an espe-
cially interesting and motivated possibility. As is well known, gauge mediation is an appealing
supersymmetric scenario: it automatically solves the flavor problem, and it generates phe-
nomenologically viable soft masses. In such theories, the lightest superpartner (LSP) is always
a nearly-massless gravitino G̃. Assuming R-parity, the next-to-lightest superpartner (NLSP)
decays in a universal fashion to the gravitino plus its Standard Model partner. Recently, a
model-independent framework for general gauge mediation (GGM) was established in [5, 6].
In GGM, essentially any MSSM superpartner can be the NLSP. So it is interesting to consider
the case that the NLSP is the lightest stop t̃. The dominant decay of the stop in such a
scenario is

t̃ → W+bG̃ (1.1)

Intriguingly, despite the fact that this possibility has been known for more than a decade [7,
8, 9], no searches have addressed it explicitly. And this scenario is far from being obviously
excluded.

In this paper, we will focus on the following simple question: how light can the stop NLSP
be without being in conflict with existing data? In particular, can the stop be lighter than the
top? Since the stop is colored, stop-antistop pairs have sizeable production cross sections at
hadron colliders, especially if the stop is light. Still, they can be missed if their decay products
have a large Standard Model background. Indeed, tt production (where t → W+b) has a very
similar signature to t̃t̃∗ production, with a much larger cross section (see figure 1). Meanwhile
the uncertainties on the top cross section, both experimental and theoretical, are of the order
of 10%. As a result, the stop signal may not stand out in tt cross section measurements that
use simple cuts and event counting. On the other hand, more sophisticated measurements of

2
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1406.5375 ATLAS-CONF-2014-056

Top Spin 
Correlations

ATLAS is leading the community on this front: measurements 
in both cases are used to constrain light stops
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Important Assumption: mtop is known

If there are light stops, they could bias 
the top mass measurement

The top mass is a parameter of the SM 
Lagrangian, so we can’t use this to find stops

But the cross section prediction 
depends strongly on the mass!
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cross-sections at NLO+NLL precision for the LHC8 [18], LHC14 [19], and Tevatron [20] settings.4

The LHC8 and LHC14 t̃1 pair production cross-sections are provided with a fine granularity in m

t̃1
,

while for the Tevatron the m
t̃1

variations are obtained following the approach described in ref. [21].
For comparison, the values for a stop quark mass of m

t̃1
= 175GeV are 36.8 pb (LHC8), 143.4 pb

(LHC14), and 0.70 pb (Tevatron).

The events are reconstructed using the RIVET 1.8.2 framework [22] and jets are clustered using
FASTJET 3.0.6 [23] with the anti-k

t

algorithm [24] and radius parameter R = 0.4. Stable particles
(excluding electrons and muons) with p

T

> 500MeV and |⌘| < 5 are clustered into jets. Jets are b-
tagged5 by identifying b-hadrons from the Monte Carlo truth record within a �R =

p
��

2 +�⌘

2

cone of 0.4 of the jet axis. Events are selected which have a single electron or muon (lepton) in the
final state in order to identify tt̄ decays where one of the W bosons from the t ! bW decays into
leptons and the other decays hadronically. We require at least four jets with p

T

> 25GeV and at
least two must be b-tagged. Leptons are required to have p

T

> 25GeV and be at least �R > 0.4
from any jet. The missing transverse momentum is the negative of the vector sum of all stable
particles within |⌘| < 5. Three jets j1, j2, b1, exactly one with a b-tag (b1), are associated with the
hadronically decaying top quark by minimizing the following �

2:

�

2 =
(m

j1j2b1 �m

b2l⌫)
2

(20 GeV)2
+

(m
j1j2 �m

W

)2

(10 GeV)2
,

where j

i

are from the set of all non b-tagged jets with p

T

> 25GeV, b1 and b2 are the highest p
T

b-tagged jets (not necessarily in order), m
W

⇠ 80GeV, and the neutrino four-vector is determined
from the missing transverse momentum in the x and y coordinates and by requiring m

l⌫

= m

W

for the z component.6 A variable sensitive to the top quark mass is then given by m

jjj

⌘ m

j1j2b1 .
Figure 1 shows the distribution of m

jjj

for SM tt̄ production with mtop = 172.5GeV along with
the same distribution for t̃1 pair production with a two-body t̃1 ! t

�̃

0
1 decay with m

t̃1
= 175GeV

(and mtop = 172.5GeV), and a three-body decay t̃1 ! bW

�̃

0
1 for m

t̃1
= 170GeV. In all SUSY

scenarios considered, the lightest neutralino is assumed to be massless. The SUSY distributions are
significantly different than the one for SM tt̄. For the three-body decay this is because of the lack
of a resonant top quark. Even for the two-body stop decay, which contains a resonant top quark, the
distribution is shifted to slightly lower values due to the finite widths of both the stop and the top
(the top quark Breit Wigner is skewed low).

Due to the differences in kinematic distributions, the probability of passing the selection will also
vary by process. In the cases with a resonant top quark the efficiency for direct stop pair production
is very similar to tt̄, but the three-body model has a softer p

T

spectrum and so has a lower probability
of passing the kinematic selection (⇠ 60% lower).

One way of measuring the top quark mass is to measure the average value of m
jjj

in some window
and then relate this average to the true top quark mass via simulation. We use a window of 100–
200GeV and the calibration curve which relates the measured value of hm

jjj

i to the top quark mass

4 The k-factor from NLO+NLL to NNLO+NNLL for the SM tt̄ process is at the per cent-level (see ref. [17]).
Hence, applying this k-factor to the stop signal (in order to treat both processes on the same footing) would not
change the results.

5We do not emulate an efficiency loss ✏ or mistag rate m. Such effects do not have a big impact and
are similar between signal and background. So long as the two true b-jets are leading and subleading, the
probability to choose a tagged jet which is not a true b-jet is ⇠ 4(1� ✏)m ⇠ 1%.

6The solution to ml⌫ = mW is quadratic in the neutrino pz and the value corresponding to the smaller �2

is used. In some cases, there is no solution to the quadratic equation in which case the neutrino pz is set to zero.
The neutrino is assumed to be massless.

3

To quantify the 
existence of sneaky 

stops, we simulate SM 
and SUSY events

Herwig++ nominal 
Madgraph+Herwig as a cross-check

We perform a simple 
mass measurement, 

using a c2 to create a mjjj 
observable 

Choose semileptonic 
events with jets/leptons 
above a pT threshold

SUSY
On-shell top
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Origin of (Negative) Biases
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Figure 3: Distributions of the Wb invariant mass for stops with masses (in GeV) 120 (blue),
150 (black), 172 (pink), 180 (green) and 200 (red). We assume mt = 173 GeV.

where
√
F is the SUSY breaking scale, g is the SU(2) gauge coupling, and ct̃, st̃ describe

the mixing in the stop sector. For mt̃ ! mt, the contributions of the two diagrams are
comparable, while for higher masses the diagram involving the top starts to dominate and
eventually reduces to the 2-body decay t̃ → tG̃. The transition between the 3-body decay and
the 2-body decay is demonstrated in figure 3.

From (2.1), we see that our model depends on just two parameters: the mass of the lighter
stop and the stop mixing angle. For a more general spectrum, diagrams with virtual charginos
or sbottoms would also contribute, but as was noticed in [8], where a much larger parameter
space has been explored, the kinematic distributions, such as the invariant masses mℓb and
mbW , do not depend strongly on the assumptions about the spectrum or the stop mixing angle
(which we will set to st̃ = −0.8). We therefore believe that the simplified scenario we consider
is a good representative of the whole class of stop NLSP scenarios.

In this paper we will focus on the situation in which the stop decays promptly. More
generally, the lifetime of the stop is dominantly a function of its mass, the SUSY-breaking
scale

√
F (equivalently, the gravitino mass), and various Standard Model parameters. An

approximate analytical expression for the stop decay rate for mt̃ < mt is [8]

Γ ∼
α

sin2 θW

(mt̃ −mW )7

128π2m2
WF 2

(2.2)

while for mt̃ > mt the decay process gradually starts being dominated by t̃ → t G̃ (with a
subsequent t → W+b decay) which has the rate [7]

Γ =
m5

t̃

16πF 2

(

1−
m2

t

m2
t̃

)4

(2.3)

Contours of constant stop lifetime are shown in figure 4. We see that, as is generally the case
in gauge mediation, the lifetime of the NLSP can range from prompt (corresponding to lower

4
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Measured Bias
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mtrue
top mmeasured

top True �tt̄(m
true
top ) True �tt̄(m

measured
top ) True �t̃t̃⇤ Measured �tt̄

LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron

170 168.6 169.0 271.1 8.0 279.0 8.1 42.6 0.87 295.4 8.5
172.5 170.8 171.3 251.7 7.3 264.4 7.6 42.6 0.87 276.0 7.8
175 172.9 173.5 233.8 6.8 249.7 7.2 42.6 0.87 258.1 7.3

Table 1: Bias in the measured top quark mass and tt̄ cross-section due to the presence of a light
stop (m

t̃1
= 170GeV) that decays via the three-body process. All masses are in GeV and all cross-

sections are in pb. The measured top quark mass is biased low from the true mass which results in
the true cross-section at the measured top mass, true �

tt̄

(mmeasured
top ) to be higher than the true cross-

section at the true mass, true �

tt̄

(mtrue
top ). The former quantity is what would be predicted under

the SM-only hypothesis in the presence of the 170 GeV stop. The measured �

tt̄

is the sum of true
�

tt̄

(mtrue
top ) and true �

t̃t̃

⇤ , corrected for the lower acceptance for the three-body decay.

mtrue
top mmeasured

top True �tt̄(m
true
top ) True �tt̄(m

measured
top ) True �t̃t̃⇤ Measured �tt̄

LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron

170 169.8 169.8 271.1 8.0 273.7 8.0 36.8 0.70 304.8 8.6
172.5 172.0 172.2 251.7 7.3 255.4 7.4 36.8 0.70 285.4 8.0

Table 2: Bias in the measured top quark mass and tt̄ cross-section due to the presence of a light stop
(m

t̃1
= 175GeV) that decays via the two-body process. All masses are in GeV and all cross-sections

are in pb. For more details, see the caption for Table 1.

but in general the biased measurement is lower than the true mass. For the three-body
stop decay and m

t̃1
⇠ 170GeV, the shift in mass is significant compared to the current

experimental precision.

2. This negative shift in the measured mass combined with the increase in the predicted tt̄

cross-section (at the biased top quark mass) makes the relationship between measured
cross-section and measured top quark mass similar to the SM-only relationship. Thus,
a degenerate sneaky light stop can evade detection from precision measurements.

The results presented here are obtained using truth-level studies and simplifying assumptions about
the top quark mass methodology. If confirmed, however, this could mean that SUSY is well within
the energy reach of the LHC.
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6 Combination of the measurements

In the following sections we describe the results obtained from the combination of the CMS
measurements listed in Tables 1 and 2.

6.1 The combined CMS result

 [GeV]tm
165 170 175 180

0

5

10
CMS 2010, dilepton

-1JHEP 07 (2011) 049, 36 pb
 4.6 GeV± 4.6 ±175.5 
 syst)± stat ±(value 

CMS 2010, lepton+jets
-1PAS TOP-10-009, 36 pb

 2.6 GeV± 2.1 ±173.1 
 syst)± stat ±(value 

CMS 2011, dilepton
-1EPJC 72 (2012) 2202, 5.0 fb

 1.4 GeV± 0.4 ±172.5 
 syst)± stat ±(value 

CMS 2011, lepton+jets
-1JHEP 12 (2012) 105, 5.0 fb

 1.0 GeV± 0.4 ±173.5 
 syst)± stat ±(value 

CMS 2011, all-hadronic
-1EPJ C74 (2014) 2758, 3.5 fb

 1.2 GeV± 0.7 ±173.5 
 syst)± stat ±(value 

CMS 2012, lepton+jets
-1PAS TOP-14-001, 19.7 fb

 0.7 GeV± 0.1 ±172.0 
 syst)± stat ±(value 

CMS 2012, all-hadronic
-1PAS TOP-14-002, 18.2 fb

 0.8 GeV± 0.3 ±172.1 
 syst)± stat ±(value 

CMS 2012, dilepton
-1PAS TOP-14-010, 19.7 fb

 1.4 GeV± 0.2 ±172.5 
 syst)± stat ±(value 

CMS combination
September 2014

 0.65 GeV± 0.10 ±172.38 
 syst)± stat ±(value 

Tevatron combination
July 2014 arXiv:1407.2682

 0.52 GeV± 0.37 ±174.34 
 syst)± stat ±(value 

World combination March 2014
ATLAS, CDF, CMS, D0

 0.71 GeV± 0.27 ±173.34 
 syst)± stat ±(value 
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CMS Preliminary

Figure 1: Summary of eight CMS mt measurements and their combination.

When using the BLUE method, it is possible to obtain negative combination coefficients, which
can occur when the measurements have different degrees of precision and in the presence of
large correlations. The measurements entering this combination fulfill both criteria as they vary
significantly in precision between 2010 and 2012 and most of the systematic uncertainties are
highly correlated. The nominal values of the correlation coefficients shown in Table 5 arise from
somewhat arbitrary choices, based on our understanding of each of the uncertainties. While
the use of an extreme coefficient value of unity is the normal practice in these analyses, this may
not be the best representation; not only may it lead to an over estimation of the correlations, it
will also maximize the dependence of the result on the choice of the correlation coefficient. By
their nature, determination of the true correlation values is quite difficult and this is normally
treated by varying the values over a wide range and quoting the change in the central combined
result as the uncertainty due to the chosen correlation.

If the values of a systematic uncertainty for a pair of measurements of an observable are signif-
icantly different, then this is indicative of a correlation that is significantly less than unity. For
this analysis, we have chosen to perform a combination for which the correlation coefficients
are limited and not allowed to take the value of unity. This has been done by setting the cor-
relation coefficients for each pair of measurements in the fully correlated cases (Table 5) to r =
si/sj, where si and sj are the uncorrelated components of the uncertainties in measurements

CMS-PAS-14-015

This could be explained by or 
provide a constraint on light stops.  

Many caveats: most importably is the fact 
that different (nominal) generators are used!
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Measured Biases: 2-body

mtrue
top mmeasured

top True �tt̄(m
true
top ) True �tt̄(m

measured
top ) True �t̃t̃⇤ Measured �tt̄

LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron

170 168.6 169.0 271.1 8.0 279.0 8.1 42.6 0.87 295.4 8.5
172.5 170.8 171.3 251.7 7.3 264.4 7.6 42.6 0.87 276.0 7.8
175 172.9 173.5 233.8 6.8 249.7 7.2 42.6 0.87 258.1 7.3

Table 1: Bias in the measured top quark mass and tt̄ cross-section due to the presence of a light
stop (m

t̃1
= 170GeV) that decays via the three-body process. All masses are in GeV and all cross-

sections are in pb. The measured top quark mass is biased low from the true mass which results in
the true cross-section at the measured top mass, true �

tt̄

(mmeasured
top ) to be higher than the true cross-

section at the true mass, true �

tt̄

(mtrue
top ). The former quantity is what would be predicted under

the SM-only hypothesis in the presence of the 170 GeV stop. The measured �

tt̄

is the sum of true
�

tt̄

(mtrue
top ) and true �

t̃t̃

⇤ , corrected for the lower acceptance for the three-body decay.

mtrue
top mmeasured

top True �tt̄(m
true
top ) True �tt̄(m

measured
top ) True �t̃t̃⇤ Measured �tt̄

LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron LHC8 Tevatron

170 169.8 169.8 271.1 8.0 273.7 8.0 36.8 0.70 304.8 8.6
172.5 172.0 172.2 251.7 7.3 255.4 7.4 36.8 0.70 285.4 8.0

Table 2: Bias in the measured top quark mass and tt̄ cross-section due to the presence of a light stop
(m

t̃1
= 175GeV) that decays via the two-body process. All masses are in GeV and all cross-sections

are in pb. For more details, see the caption for Table 1.

but in general the biased measurement is lower than the true mass. For the three-body
stop decay and m

t̃1
⇠ 170GeV, the shift in mass is significant compared to the current

experimental precision.

2. This negative shift in the measured mass combined with the increase in the predicted tt̄

cross-section (at the biased top quark mass) makes the relationship between measured
cross-section and measured top quark mass similar to the SM-only relationship. Thus,
a degenerate sneaky light stop can evade detection from precision measurements.

The results presented here are obtained using truth-level studies and simplifying assumptions about
the top quark mass methodology. If confirmed, however, this could mean that SUSY is well within
the energy reach of the LHC.
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Searching for stealth 
stops will require 

precision top 
measurements

Such studies must consider 
the impact of biases in the 
top mass, in particular for 

3-body decays

Light, sneaky, stops may be hiding in the 8 TeV dataset! 
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