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This year, the LHC has performed extremely well.  ATLAS and CMS 
have collected over 5/fb of data each!!



Limits, limits everywhere...

ATLAS and CMS have searched for SUSY far and wide...
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Figure 19: A summary of the limits on gluino mass for various NLSPs, in the gluino-NLSP plane

(one of the many simplified models considered in this paper). Masses in the blue band are ruled

out, while the green band represents the range of possible excluded values as the NLSP mass varies.

The dashed vertical line represents the idealized “kinematic limit” of LHC7, as discussed in the

Introduction.

Figure 19. Some of the limits are strong and are already close to the kinematic limit of the

7 TeV LHC (depicted by the dashed vertical line in Figure 19). Still, a large amount of

parameter space remains viable at 7 TeV.

Scenarios in which just a single third-generation squark is light have much weaker limits.

We have found a limit of Msbottom � 280 GeV on the direct pair production of sbottom NLSPs.

We have also found that multiple SUSY searches are interesting for light stop NLSPs, becoming

competitive with the current estimated Tevatron limit of Mstop � 150 GeV. It should be noted

though that the cuts used in these searches are rather hard relative to the stop mass, and the

light stop events make it into the sample only due to their large cross sections. Because of

these tiny efficiencies, the results strongly depend on the tails of distributions which we cannot

claim to have simulated reliably. Therefore, we prefer not to quote a limit on the stop NLSP

mass, which might be somewhere around 175 GeV. More dedicated experimental searches for

stop NLSPs, or more careful simulations of the existing ones, are sorely needed. We have

pointed out that small optimizations of some of the existing analyses, or certain other types

of searches, can probe the light stop regime more thoroughly. Clearly, stop NLSPs can still

be as light as ∼ 200 GeV, and we have also seen that in such a scenario all the other squarks

can be relatively light as well, near just 600 GeV.

Constraining electroweak production is harder, and overall the LHC is far from reaching
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Where is SUSY hiding??

Limits, limits everywhere...
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• Where could current LHC searches be missing something?

• Low mass, low cross section (e.g. EW SUSY production)

• 3rd generation

• Squeezed spectra

• Multiple final states

• In today’s talk, we will

• motivate and describe the stop NLSP scenario

• discuss the current constraints on stop NLSPs from Tevatron and LHC

• suggest ways to improve searches for stop NLSPs

} Stop NLSPs 
realize all of these



Motivations
Degenerate squarks are highly constrained by LHC searches:
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Figure 11: Gluino NLSP (left) and squark co-NLSPs (right). The thick black lines indicate the

NLO pair production cross sections for gluino and squarks, respectively. The colored lines indicate

the limits on σprod from representative jets+MET searches.

search region that is best for the gluino NLSP and one that is best for the squark co-NLSPs
scenario. Some interesting differences emerge from this comparison. For example, looking at
the ATLAS jets+MET limits, we see that the 2j search sets the best limit for squarks, but
the 4jHM search sets the best limit for gluinos. This can be traced back to the higher jet
multiplicity for gluino NLSPs discussed above.

Despite these minor differences, we see that the best limits on both scenarios are about
MNLSP � 800− 850 GeV. These extremely stringent constraints on the bottom of the MSSM
spectrum strongly disfavor the promptly-decaying gluino NLSP and degenerate squark co-
NLSPs scenarios. Of course, if the squarks are not all degenerate, the limit can be much
weaker; if the left-handed squarks are decoupled, so that only the right-handed down-type
squarks are light, the limit is only 450 GeV.

4.2 Third Generation Squark NLSPs

Given that the point of weak-scale SUSY is to solve the gauge hierarchy problem, and that
stop loops contribute most of all to the renormalization of the higgs mass, light stops are very
well-motivated components of a natural MSSM spectrum, as is the light sbottom that comes
with the left-handed stop. In general, even in a flavor blind mediation scheme such as GGM,
the third generation squarks can be split from the first two generations. Already at tree level,
the third generation is split due to off-diagonal mass matrix elements proportional to Yukawa
couplings, which can be large either due to large A-terms or large µ. Further large splittings
among generations can arise when renormalization-group running effects are included from
the SUSY breaking scale to the weak scale, due to the larger Yukawa couplings of the third
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Figure 2: Combined exclusion limits for simplified SUSY models with m(χ̃01) = 0 (left) and MSUGRA/CMSSM models with tan β = 10, A0 = 0 and µ > 0 (right).
The combined limits are obtained by using the signal region which generates the best expected limit at each point in the parameter plane. The dashed-blue line
corresponds to the median expected 95% C.L. limit and the red line corresponds to the observed limit at 95% C.L. The dotted blue lines correspond to the ±1σ
variation in the expected limits. Also shown for comparison purposes in the figures are limits from the Tevatron [35, 36, 37, 38] and LEP [39, 40] , although it
should be noted that some of these limits were generated with different models or parameter choices (see legends). The previous published ATLAS limits from this
analysis [5] are also shown. The MSUGRA/CMSSM reference point used in Figure 1 is indicated by the star in the right-hand figure.
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Motivations

• However, a single stop can be much lighter.  Cross section 
reduced by a factor of ~10.

• As we will see, stop decays usually lead to top-like final states. 
Light stops could be hiding in the top sample!
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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



Motivations

• Other reasons for considering light stops include

• Loosely motivated by SUSY naturalness. See Papucci et al (1110.6926) and 
Sundrum et al (1110.6770) for a recent discussion

• Light stops can occur even in flavor-blind mediation schemes, through RGEs 
and L-R splitting

• Light stops are also possible in models of “effective SUSY”, for instance those 
with composite 1st/2nd generations

• Summary: light stops are theoretically possible, detecting them 
presents an interesting experimental challenge, and currently 
they represent a big “blind spot” for LHC searches.
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t̃→ t + G̃ (mt̃ > mt)

t̃→W+ + b + G̃ (mt̃ � mt)

“Stop NLSP”

will consider both in 
today’s talk



Minimal Stop NLSP Scenario
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Apart from the CDF stop search, we have not reinterpreted analyses 
with sophisticated kinematic discriminants. These include xsec 
measurements, top mass measurements, and the D0 stop search. 

T → t + X



Our Modus Operandi

• Generate events with combination of 

• Pythia 8 for initial hard process, showering and hadronization

• Homemade code to decay stops to W+b+gravitino. 
( Available at: http://www.physics.harvard.edu/~kats/stop_NLSP )

• Reconstruct events using basic homemade detector sim (jet 
algorithms via FastJet, lepton isolation, b-tagging requirements)

• Code up relevant analyses, validate them on publicly available 
results (ttbar; stop signal where applicable). Correct by scale 
factors where necessary (~10-30%).

• Infer limits on stop NLSPs using published backgrounds and 
systematic errors.

http://www.physics.harvard.edu/~kats/stop_NLSP
http://www.physics.harvard.edu/~kats/stop_NLSP


D0 stop search
(hep-ex/1009.5950)

• Integrated luminosity: 5.4/fb

• Search for stop pair production with

• Initial selection

• Exactly one OS (e,mu) with pT > (15,10) GeV

• MET>7

• MET>20 or DeltaPhi(e,mu)<2.8   (to reject Z->tautau)

• This is all we were able to simulate from this search. The final 
selection involves using multiple composite discriminants, 
optimized separately for each point in parameter space.

t̃→ b�+ν̃



D0 publication did not provide enough information (e.g. the 
definition of these discriminants) to allow us to reinterpret this 
search. 

It would be very interesting for D0 to apply this analysis to stop 
NLSP, it could a strong limit!!
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CDF Stop Search
(hep-ex/0912.1308)

• Integrated luminosity: 2.7/fb

• Search for stop pair production with 

• Basic selection: 

• two leptons with pT > 20 GeV

• at least two jets with ET > (15,12) GeV

• MET > 20 GeV

• >=1 btags

• Final limits are based on comparing signal and background 
distributions for the  “reconstructed stop mass” variable 

t̃→ bχ̃+
1 , χ̃+

1 → �+νχ̃0
1

There is also a 0 btag selection, but 
the limits for this are not shown.



The “reconstructed stop mass” is 
computed using the leptons, the two 
highest ET jets, and the MET as follows:

• Fix a chargino mass, perform reconstruction for 
different values (in the paper, 105.8 GeV and 
125.8 GeV).

• Treat invisible         as coming from a 
“pseudoparticle”  with mass 75 GeV and width 
10 GeV. Scan over pseudoparticle phi directions.

• Pair jets and leptons to minimize summed 
invariant masses

• Minimize “chi-squared”, varying observables 
within their experimental resolutions, to obtain 
best fit reconstructed top mass

νχ̃0
1

6

Events per 2.7 fb−1 in the signal region.

Top Z/γ∗+jets Diboson W+jets Total Data
b-tag 49.0±6.9 4.0±0.4 0.5±0.1 2.8±0.9 56.4±7.2 57
no tag 25.2±3.3 25.0±5.6 6.0±1.3 9.8±2.9 65.9±9.8 65

TABLE I: The expected event yields from SM processes with
the total uncertainties and the observed numbers of events in
the signal region.

100 120 140 160 180 200 220 240 260 280 300 320

2
Ev

en
ts

/2
0 

G
eV

/c

5

10

15

20

25

30

100 120 140 160 180 200 220 240 260 280 300 320

2
Ev

en
ts

/2
0 

G
eV

/c

5

10

15

20

25

30
2=132.5 GeV/c

1t
~ M

2=105.8 GeV/c
1
±
!" M

2=47.6 GeV/c
1
0
!" M

 6.0 excluded# Signal 1t
~
1t

~
b-Tagged Channel

100 120 140 160 180 200 220 240 260 280 300 320100 120 140 160 180 200 220 240 260 280 300 320

)-1CDF Run II data (2.7 fb

)2=172.5 GeV/c
 t

Top (M

* + Jets$Z/

Other SM

Non-b-Tagged Channel

)2 Mass (GeV/c1t
~Reconstructed 

FIG. 1: The reconstructed t̃1 mass distribution. The dashed
line represents an example of the t̃1

¯̃t1 signal distribution.

NLO theoretical cross sections for t̃1
¯̃t1 and tt̄ production.

These uncertainties come from two sources: the renor-

malization and factorization scale (11% and 7% for t̃1
¯̃t1

and tt̄, respectively) and PDFs (14% and 7%) [4, 5]. We

assume that the scale uncertainty is uncorrelated for t̃1
¯̃t1

and tt̄ processes, while the PDF uncertainty is fully cor-

related. The theoretical uncertainty of the diboson cross

sections is 10% [20], and assumed to be uncorrelated with

other systematic uncertainties. The experimental uncer-

tainties applied to MC-based background estimates in-

clude those due to jet energy scale (3%), b-tagging prob-

ability (5%), lepton ID and trigger efficiencies (1% per

lepton), initial and final state radiation (2%), and the in-

tegrated luminosity (6%). The uncertainty on W+jets is

dominated by the uncertainties in the rate to misidentify

jets as leptons (30%), while the uncertainty on Z/γ∗+
jets comes from MC mis-modeling of the high- /ET tail, jet

multiplicity distribution and Z/γ∗+ heavy-flavor contri-

bution (16%).

Prior to looking at data in the signal sample we study

the sensitivity of the search, taking into account all sys-

tematic effects, for various event selection criteria im-

posed separately for the b-tagged and the non-b-tagged
channels. An algorithm based on biological evolution (a

so-called genetic algorithm) [27] is employed to deter-

mine the most sensitive selection criteria. Requirements

yielding poorer expected 95% C.L. limit are culled, while
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FIG. 2: The observed 95% C.L. exclusion regions in the mχ̃0
1

and mt̃1
mass plane for several values of B(χ̃±

1 → χ̃0
1�

±ν) and
mχ̃±

1
. The excluded region corresponds to the area below the

lines. Universality of e, µ, and τ in the χ̃±
1 decays is assumed.

those improving the limit are bred together until reaching

a plateau. This procedure optimizes the event selection

criteria directly to produce the best expected 95% C.L.

limit in the no-signal hypothesis.

In the b-tagged (non-b-tagged) channel the optimiza-

tion procedure yields the following event selection crite-

ria [28]: the leading jet ET is required to be greater than

15 (20) GeV, and the sub-leading jet ET must be greater

than 12 (20) GeV. In both channels we require /ET > 20

GeV, while this requirement is tightened to 50 GeV in

the non-b-tagged channel if there is a lepton or jet within

an azimuthal angle of 20◦ from the �/ET direction. Due to

the fact that the t̃1 is a scalar particle, and the top quark

is a fermion, the angular distributions of their final de-

cay products are very distinct. Therefore we implement

an additional topological cut in both the b-tagged and

non-b-tagged channels to suppress tt̄ events:

�
pT <

�
∆φjj ×∆φ��

π2
× 325 + 215

�
GeV/c, (2)

where
�

pT is the scalar sum of transverse momenta of

the leptons, jets and the /ET , the ∆φjj and ∆φ�� are

the azimuthal angles between the jets and leptons, re-

spectively, and the numerical values are the result of the
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Events per 2.7 fb−1 in the signal region.

Top Z/γ∗+jets Diboson W+jets Total Data
b-tag 49.0±6.9 4.0±0.4 0.5±0.1 2.8±0.9 56.4±7.2 57
no tag 25.2±3.3 25.0±5.6 6.0±1.3 9.8±2.9 65.9±9.8 65

TABLE I: The expected event yields from SM processes with
the total uncertainties and the observed numbers of events in
the signal region.
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FIG. 1: The reconstructed t̃1 mass distribution. The dashed
line represents an example of the t̃1

¯̃t1 signal distribution.

NLO theoretical cross sections for t̃1
¯̃t1 and tt̄ production.

These uncertainties come from two sources: the renor-

malization and factorization scale (11% and 7% for t̃1
¯̃t1

and tt̄, respectively) and PDFs (14% and 7%) [4, 5]. We

assume that the scale uncertainty is uncorrelated for t̃1
¯̃t1

and tt̄ processes, while the PDF uncertainty is fully cor-

related. The theoretical uncertainty of the diboson cross

sections is 10% [20], and assumed to be uncorrelated with

other systematic uncertainties. The experimental uncer-

tainties applied to MC-based background estimates in-

clude those due to jet energy scale (3%), b-tagging prob-

ability (5%), lepton ID and trigger efficiencies (1% per

lepton), initial and final state radiation (2%), and the in-

tegrated luminosity (6%). The uncertainty on W+jets is

dominated by the uncertainties in the rate to misidentify

jets as leptons (30%), while the uncertainty on Z/γ∗+
jets comes from MC mis-modeling of the high- /ET tail, jet

multiplicity distribution and Z/γ∗+ heavy-flavor contri-

bution (16%).

Prior to looking at data in the signal sample we study

the sensitivity of the search, taking into account all sys-

tematic effects, for various event selection criteria im-

posed separately for the b-tagged and the non-b-tagged
channels. An algorithm based on biological evolution (a

so-called genetic algorithm) [27] is employed to deter-

mine the most sensitive selection criteria. Requirements

yielding poorer expected 95% C.L. limit are culled, while
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FIG. 2: The observed 95% C.L. exclusion regions in the mχ̃0
1

and mt̃1
mass plane for several values of B(χ̃±

1 → χ̃0
1�

±ν) and
mχ̃±

1
. The excluded region corresponds to the area below the

lines. Universality of e, µ, and τ in the χ̃±
1 decays is assumed.

those improving the limit are bred together until reaching

a plateau. This procedure optimizes the event selection

criteria directly to produce the best expected 95% C.L.

limit in the no-signal hypothesis.

In the b-tagged (non-b-tagged) channel the optimiza-

tion procedure yields the following event selection crite-

ria [28]: the leading jet ET is required to be greater than

15 (20) GeV, and the sub-leading jet ET must be greater

than 12 (20) GeV. In both channels we require /ET > 20

GeV, while this requirement is tightened to 50 GeV in

the non-b-tagged channel if there is a lepton or jet within

an azimuthal angle of 20◦ from the �/ET direction. Due to

the fact that the t̃1 is a scalar particle, and the top quark

is a fermion, the angular distributions of their final de-

cay products are very distinct. Therefore we implement

an additional topological cut in both the b-tagged and

non-b-tagged channels to suppress tt̄ events:

�
pT <

�
∆φjj ×∆φ��

π2
× 325 + 215

�
GeV/c, (2)

where
�

pT is the scalar sum of transverse momenta of

the leptons, jets and the /ET , the ∆φjj and ∆φ�� are

the azimuthal angles between the jets and leptons, re-

spectively, and the numerical values are the result of the

t̃→ bχ̃+
1 , χ̃+

1 → �+νχ̃0
1



The “reconstructed stop mass” is 
computed using the leptons, the two 
highest ET jets, and the MET as follows:

• Fix a chargino mass, perform reconstruction for 
different values (in the paper, 105.8 GeV and 
125.8 GeV).

• Treat invisible         as coming from a 
“pseudoparticle”  with mass 75 GeV and width 
10 GeV. Scan over pseudoparticle phi directions.

• Pair jets and leptons to minimize summed 
invariant masses

• Minimize “chi-squared”, varying observables 
within their experimental resolutions, to obtain 
best fit reconstructed top mass

νχ̃0
1

6

Events per 2.7 fb−1 in the signal region.

Top Z/γ∗+jets Diboson W+jets Total Data
b-tag 49.0±6.9 4.0±0.4 0.5±0.1 2.8±0.9 56.4±7.2 57
no tag 25.2±3.3 25.0±5.6 6.0±1.3 9.8±2.9 65.9±9.8 65

TABLE I: The expected event yields from SM processes with
the total uncertainties and the observed numbers of events in
the signal region.
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FIG. 1: The reconstructed t̃1 mass distribution. The dashed
line represents an example of the t̃1

¯̃t1 signal distribution.

NLO theoretical cross sections for t̃1
¯̃t1 and tt̄ production.

These uncertainties come from two sources: the renor-

malization and factorization scale (11% and 7% for t̃1
¯̃t1

and tt̄, respectively) and PDFs (14% and 7%) [4, 5]. We

assume that the scale uncertainty is uncorrelated for t̃1
¯̃t1

and tt̄ processes, while the PDF uncertainty is fully cor-

related. The theoretical uncertainty of the diboson cross

sections is 10% [20], and assumed to be uncorrelated with

other systematic uncertainties. The experimental uncer-

tainties applied to MC-based background estimates in-

clude those due to jet energy scale (3%), b-tagging prob-

ability (5%), lepton ID and trigger efficiencies (1% per

lepton), initial and final state radiation (2%), and the in-

tegrated luminosity (6%). The uncertainty on W+jets is

dominated by the uncertainties in the rate to misidentify

jets as leptons (30%), while the uncertainty on Z/γ∗+
jets comes from MC mis-modeling of the high- /ET tail, jet

multiplicity distribution and Z/γ∗+ heavy-flavor contri-

bution (16%).

Prior to looking at data in the signal sample we study

the sensitivity of the search, taking into account all sys-

tematic effects, for various event selection criteria im-

posed separately for the b-tagged and the non-b-tagged
channels. An algorithm based on biological evolution (a

so-called genetic algorithm) [27] is employed to deter-

mine the most sensitive selection criteria. Requirements

yielding poorer expected 95% C.L. limit are culled, while
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lines. Universality of e, µ, and τ in the χ̃±
1 decays is assumed.

those improving the limit are bred together until reaching

a plateau. This procedure optimizes the event selection

criteria directly to produce the best expected 95% C.L.

limit in the no-signal hypothesis.

In the b-tagged (non-b-tagged) channel the optimiza-

tion procedure yields the following event selection crite-

ria [28]: the leading jet ET is required to be greater than

15 (20) GeV, and the sub-leading jet ET must be greater

than 12 (20) GeV. In both channels we require /ET > 20

GeV, while this requirement is tightened to 50 GeV in

the non-b-tagged channel if there is a lepton or jet within

an azimuthal angle of 20◦ from the �/ET direction. Due to

the fact that the t̃1 is a scalar particle, and the top quark

is a fermion, the angular distributions of their final de-

cay products are very distinct. Therefore we implement

an additional topological cut in both the b-tagged and

non-b-tagged channels to suppress tt̄ events:

�
pT <

�
∆φjj ×∆φ��

π2
× 325 + 215

�
GeV/c, (2)

where
�

pT is the scalar sum of transverse momenta of

the leptons, jets and the /ET , the ∆φjj and ∆φ�� are

the azimuthal angles between the jets and leptons, re-

spectively, and the numerical values are the result of the

6

Events per 2.7 fb−1 in the signal region.

Top Z/γ∗+jets Diboson W+jets Total Data
b-tag 49.0±6.9 4.0±0.4 0.5±0.1 2.8±0.9 56.4±7.2 57
no tag 25.2±3.3 25.0±5.6 6.0±1.3 9.8±2.9 65.9±9.8 65

TABLE I: The expected event yields from SM processes with
the total uncertainties and the observed numbers of events in
the signal region.
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FIG. 1: The reconstructed t̃1 mass distribution. The dashed
line represents an example of the t̃1

¯̃t1 signal distribution.

NLO theoretical cross sections for t̃1
¯̃t1 and tt̄ production.

These uncertainties come from two sources: the renor-

malization and factorization scale (11% and 7% for t̃1
¯̃t1

and tt̄, respectively) and PDFs (14% and 7%) [4, 5]. We

assume that the scale uncertainty is uncorrelated for t̃1
¯̃t1

and tt̄ processes, while the PDF uncertainty is fully cor-

related. The theoretical uncertainty of the diboson cross

sections is 10% [20], and assumed to be uncorrelated with

other systematic uncertainties. The experimental uncer-

tainties applied to MC-based background estimates in-

clude those due to jet energy scale (3%), b-tagging prob-

ability (5%), lepton ID and trigger efficiencies (1% per

lepton), initial and final state radiation (2%), and the in-

tegrated luminosity (6%). The uncertainty on W+jets is

dominated by the uncertainties in the rate to misidentify

jets as leptons (30%), while the uncertainty on Z/γ∗+
jets comes from MC mis-modeling of the high- /ET tail, jet

multiplicity distribution and Z/γ∗+ heavy-flavor contri-

bution (16%).

Prior to looking at data in the signal sample we study

the sensitivity of the search, taking into account all sys-

tematic effects, for various event selection criteria im-

posed separately for the b-tagged and the non-b-tagged
channels. An algorithm based on biological evolution (a

so-called genetic algorithm) [27] is employed to deter-

mine the most sensitive selection criteria. Requirements

yielding poorer expected 95% C.L. limit are culled, while
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1 decays is assumed.

those improving the limit are bred together until reaching

a plateau. This procedure optimizes the event selection

criteria directly to produce the best expected 95% C.L.

limit in the no-signal hypothesis.

In the b-tagged (non-b-tagged) channel the optimiza-

tion procedure yields the following event selection crite-

ria [28]: the leading jet ET is required to be greater than

15 (20) GeV, and the sub-leading jet ET must be greater

than 12 (20) GeV. In both channels we require /ET > 20

GeV, while this requirement is tightened to 50 GeV in

the non-b-tagged channel if there is a lepton or jet within

an azimuthal angle of 20◦ from the �/ET direction. Due to

the fact that the t̃1 is a scalar particle, and the top quark

is a fermion, the angular distributions of their final de-

cay products are very distinct. Therefore we implement

an additional topological cut in both the b-tagged and

non-b-tagged channels to suppress tt̄ events:
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pT <
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∆φjj ×∆φ��

π2
× 325 + 215
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GeV/c, (2)

where
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pT is the scalar sum of transverse momenta of

the leptons, jets and the /ET , the ∆φjj and ∆φ�� are

the azimuthal angles between the jets and leptons, re-

spectively, and the numerical values are the result of the
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The “reconstructed stop mass” is 
computed using the leptons, the two 
highest ET jets, and the MET as follows:

• Fix a chargino mass, perform reconstruction for 
different values (in the paper, 105.8 GeV and 
125.8 GeV).

• Treat invisible         as coming from a 
“pseudoparticle”  with mass 75 GeV and width 
10 GeV. Scan over pseudoparticle phi directions.

• Pair jets and leptons to minimize summed 
invariant masses

• Minimize “chi-squared”, varying observables 
within their experimental resolutions, to obtain 
best fit reconstructed top mass

νχ̃0
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6

Events per 2.7 fb−1 in the signal region.

Top Z/γ∗+jets Diboson W+jets Total Data
b-tag 49.0±6.9 4.0±0.4 0.5±0.1 2.8±0.9 56.4±7.2 57
no tag 25.2±3.3 25.0±5.6 6.0±1.3 9.8±2.9 65.9±9.8 65

TABLE I: The expected event yields from SM processes with
the total uncertainties and the observed numbers of events in
the signal region.
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FIG. 1: The reconstructed t̃1 mass distribution. The dashed
line represents an example of the t̃1

¯̃t1 signal distribution.

NLO theoretical cross sections for t̃1
¯̃t1 and tt̄ production.

These uncertainties come from two sources: the renor-

malization and factorization scale (11% and 7% for t̃1
¯̃t1

and tt̄, respectively) and PDFs (14% and 7%) [4, 5]. We

assume that the scale uncertainty is uncorrelated for t̃1
¯̃t1

and tt̄ processes, while the PDF uncertainty is fully cor-

related. The theoretical uncertainty of the diboson cross

sections is 10% [20], and assumed to be uncorrelated with

other systematic uncertainties. The experimental uncer-

tainties applied to MC-based background estimates in-

clude those due to jet energy scale (3%), b-tagging prob-

ability (5%), lepton ID and trigger efficiencies (1% per

lepton), initial and final state radiation (2%), and the in-

tegrated luminosity (6%). The uncertainty on W+jets is

dominated by the uncertainties in the rate to misidentify

jets as leptons (30%), while the uncertainty on Z/γ∗+
jets comes from MC mis-modeling of the high- /ET tail, jet

multiplicity distribution and Z/γ∗+ heavy-flavor contri-

bution (16%).

Prior to looking at data in the signal sample we study

the sensitivity of the search, taking into account all sys-

tematic effects, for various event selection criteria im-

posed separately for the b-tagged and the non-b-tagged
channels. An algorithm based on biological evolution (a

so-called genetic algorithm) [27] is employed to deter-

mine the most sensitive selection criteria. Requirements

yielding poorer expected 95% C.L. limit are culled, while
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FIG. 2: The observed 95% C.L. exclusion regions in the mχ̃0
1

and mt̃1
mass plane for several values of B(χ̃±

1 → χ̃0
1�

±ν) and
mχ̃±

1
. The excluded region corresponds to the area below the

lines. Universality of e, µ, and τ in the χ̃±
1 decays is assumed.

those improving the limit are bred together until reaching

a plateau. This procedure optimizes the event selection

criteria directly to produce the best expected 95% C.L.

limit in the no-signal hypothesis.

In the b-tagged (non-b-tagged) channel the optimiza-

tion procedure yields the following event selection crite-

ria [28]: the leading jet ET is required to be greater than

15 (20) GeV, and the sub-leading jet ET must be greater

than 12 (20) GeV. In both channels we require /ET > 20

GeV, while this requirement is tightened to 50 GeV in

the non-b-tagged channel if there is a lepton or jet within

an azimuthal angle of 20◦ from the �/ET direction. Due to

the fact that the t̃1 is a scalar particle, and the top quark

is a fermion, the angular distributions of their final de-

cay products are very distinct. Therefore we implement

an additional topological cut in both the b-tagged and

non-b-tagged channels to suppress tt̄ events:

�
pT <

�
∆φjj ×∆φ��

π2
× 325 + 215

�
GeV/c, (2)

where
�

pT is the scalar sum of transverse momenta of

the leptons, jets and the /ET , the ∆φjj and ∆φ�� are

the azimuthal angles between the jets and leptons, re-

spectively, and the numerical values are the result of the

6

Events per 2.7 fb−1 in the signal region.

Top Z/γ∗+jets Diboson W+jets Total Data
b-tag 49.0±6.9 4.0±0.4 0.5±0.1 2.8±0.9 56.4±7.2 57
no tag 25.2±3.3 25.0±5.6 6.0±1.3 9.8±2.9 65.9±9.8 65

TABLE I: The expected event yields from SM processes with
the total uncertainties and the observed numbers of events in
the signal region.
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FIG. 1: The reconstructed t̃1 mass distribution. The dashed
line represents an example of the t̃1

¯̃t1 signal distribution.

NLO theoretical cross sections for t̃1
¯̃t1 and tt̄ production.

These uncertainties come from two sources: the renor-

malization and factorization scale (11% and 7% for t̃1
¯̃t1

and tt̄, respectively) and PDFs (14% and 7%) [4, 5]. We

assume that the scale uncertainty is uncorrelated for t̃1
¯̃t1

and tt̄ processes, while the PDF uncertainty is fully cor-

related. The theoretical uncertainty of the diboson cross

sections is 10% [20], and assumed to be uncorrelated with

other systematic uncertainties. The experimental uncer-

tainties applied to MC-based background estimates in-

clude those due to jet energy scale (3%), b-tagging prob-

ability (5%), lepton ID and trigger efficiencies (1% per

lepton), initial and final state radiation (2%), and the in-

tegrated luminosity (6%). The uncertainty on W+jets is

dominated by the uncertainties in the rate to misidentify

jets as leptons (30%), while the uncertainty on Z/γ∗+
jets comes from MC mis-modeling of the high- /ET tail, jet

multiplicity distribution and Z/γ∗+ heavy-flavor contri-

bution (16%).

Prior to looking at data in the signal sample we study

the sensitivity of the search, taking into account all sys-

tematic effects, for various event selection criteria im-

posed separately for the b-tagged and the non-b-tagged
channels. An algorithm based on biological evolution (a

so-called genetic algorithm) [27] is employed to deter-

mine the most sensitive selection criteria. Requirements

yielding poorer expected 95% C.L. limit are culled, while
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FIG. 2: The observed 95% C.L. exclusion regions in the mχ̃0
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and mt̃1
mass plane for several values of B(χ̃±
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1�

±ν) and
mχ̃±

1
. The excluded region corresponds to the area below the

lines. Universality of e, µ, and τ in the χ̃±
1 decays is assumed.

those improving the limit are bred together until reaching

a plateau. This procedure optimizes the event selection

criteria directly to produce the best expected 95% C.L.

limit in the no-signal hypothesis.

In the b-tagged (non-b-tagged) channel the optimiza-

tion procedure yields the following event selection crite-

ria [28]: the leading jet ET is required to be greater than

15 (20) GeV, and the sub-leading jet ET must be greater

than 12 (20) GeV. In both channels we require /ET > 20

GeV, while this requirement is tightened to 50 GeV in

the non-b-tagged channel if there is a lepton or jet within

an azimuthal angle of 20◦ from the �/ET direction. Due to

the fact that the t̃1 is a scalar particle, and the top quark

is a fermion, the angular distributions of their final de-

cay products are very distinct. Therefore we implement

an additional topological cut in both the b-tagged and

non-b-tagged channels to suppress tt̄ events:

�
pT <

�
∆φjj ×∆φ��

π2
× 325 + 215

�
GeV/c, (2)

where
�

pT is the scalar sum of transverse momenta of

the leptons, jets and the /ET , the ∆φjj and ∆φ�� are

the azimuthal angles between the jets and leptons, re-

spectively, and the numerical values are the result of the

Not a rigorous process, but it 
gives a useful discriminant...

t̃→ bχ̃+
1 , χ̃+

1 → �+νχ̃0
1



CDF Stop Search
• To reinterpret this search as a limit on stop NLSP, we computed 

the “reconstructed stop mass” distribution for stop NLSPs and for 
the benchmark stop scenarios used by CDF, using their method. 

• By matching distributions and comparing to the CDF limits on the 
benchmark scenarios, we obtained the limit on the effective cross 
section for stop NLSPs. 

• This procedure obviates the need to understand the limit-setting 
procedure and systematic uncertainties. It should also cancel out 
many of the systematic biases from our simulations.

100 150 200 250 300
M !GeV"

A

100 150 200 250 300
M !GeV"

B

100 150 200 250 300
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Figure 11: Normalized distributions of the reconstructed stop mass obtained for the top (solid
black), and the gravity-mediated (dashed red) and NLSP (dotted blue) stops from table 4.
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case NLSP gravity-mediated

mt̃ mt̃ mχ̃±
1

mχ̃0
1

BR

A 132.5 132.5 105.8 47.6 0.17

B 145 137 105.8 47.6 0.13

C 155 140 105.8 47.6 0.11

D 165 150 105.8 47.6 0.10

case NLSP gravity-mediated

mt̃ mt̃ mχ̃±
1

mχ̃0
1

BR

E 140 150 125.8 58.8 0.25

F 150 155 125.8 58.8 0.20

G 160 160 125.8 58.8 0.16

H 165 160 125.8 58.8 0.13

Table 4: Pairs of NLSP–gravity-mediated stops which have equal numbers of events passing
the selection of the b-tagged channel of [30] and similar reconstructed mass distributions
(figure 11). The first table corresponds to figure 2(a) of [30] which assumes chargino mass of
105.8 GeV and the second table to figure 2(b) with chargino mass of 125.8 GeV.

require them to have non-equal true masses) and same number of events (which can be obtained
by tuning the dilepton branching ratio of the gravity-mediated stop). Note that by taking
this approach we bypass the need to reproduce the analysis of the systematic uncertainties.
Also, the imperfections in our simulation of the stop NLSP events and the mass reconstruction
algorithm are likely to be canceled to a large extent by similar imperfections in our simulation
of the corresponding gravity-mediated stops.

Table 4 shows pairs of NLSP and gravity-mediated stops that have same event counts and
similar reconstructed mass plots (in the b-tagged channel) which are shown in figure 11. With
these pairs in hand, we can approximately read off the corresponding 95% CL exclusion limits
from figure 2 of [30]. We include the results in figure 10 (thick green lines, corresponding to
the two chargino mass hypotheses of [30]). The conclusion is that stop NLSP is excluded for
mt̃ ! 150 GeV.

Evidently, the more sophisticated approach of the CDF stop search sets the best limit on
stop NLSPs. This illustrates the power of using more discriminating variables in searching for
new physics in the tt sample. We are optimistic that with more work the limit could be further
improved with existing data. For instance, it would be interesting to see what constraints the
existing D0 stop search [28] can set when going beyond the simple cut-and-count portion
(“selection 1”) that we have considered here.

5 Other types of measurements

In this section we discuss several additional methods that may be relevant for future searches
for stop NLSPs.

5.1 m!b and b-jet pT

As has been pointed out already in [8], the stop NLSP has a distinct distribution of the invari-
ant mass m"b which can be useful for reducing the tt background. We show this distribution
in figure 8. While there exists an ambiguity in pairing each lepton with the b jet that came

17



ATLAS ttbar+MET
ATLAS-CONF-2011-036 (35/pb)

hep-ex/1109.4725 (1.04/fb)

• Search for fermionic T->t+MET in lepton+jets final state. 

• Exactly one lepton with pT > 20 → 25 (e)

• At least four jets with pT > 20 → 25

• MET > 80 → 100

• mT > 120 → 150

• No btag requirement
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FIG. 1: (a) Transverse mass of the lepton and missing energy
and (b) Emiss

T after applying all selection criteria except the
cut on the variable shown. MC background contributions are
stacked on top of each other and normalized according to the
data-driven corrections discussed in the text. The lines with
the arrows indicate the selection criteria that define the signal
region (mT > 150 GeV and Emiss

T > 100 GeV). ‘Other Back-
grounds’ includes both multi-jet backgrounds and Z+jets,
single top and diboson production. Expectations from two
signal mass points are stacked separately on top of the SM
background. The last bin includes the overflow.

fidence level for a T mass of 420 (370) GeV and an A0

mass of 10 (140) GeV. The estimated acceptance times
efficiency for spin- 12 TT models is consistent within sys-
tematic uncertainties with that for scalar models, such
as pair production of stop squarks (with a ttχ0χ0 final
state) or third-generation leptoquarks (with a ttντντ fi-
nal state). The cross-section limits presented in Fig. 3 are
therefore approximately valid for such models, although
the predicted cross-section is typically below the current
sensitivity.

In summary, in 1.04 fb−1 of data in pp collisions at a
center-of-mass energy of 7 TeV, there is no evidence of an
excess of events with large Emiss

T in a sample dominated
by tt events. Using a model of pair-produced quark-
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FIG. 2: Excluded region (under the curve) at the 95% confi-
dence level as a function of T and A0 masses, compared with
the CDF exclusion [10, 11]. Theoretical uncertainties on the
TT cross-section are not included in the limit, but the effect
of these uncertainties is shown. The gray contours show the
excluded cross-section times branching ratio as a function of
the two masses.
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FIG. 3: Cross-section times branching ratio excluded at the
95% confidence level versus T mass for an A0 mass of 10 GeV.
Theoretical predictions for both spin- 1

2
and scalar T pair pro-

duction are also shown.

like objects decaying to a top quark and a heavy neu-
tral particle, a limit is established excluding top-partner
masses up to 420 GeV and stable weakly-interacting par-
ticle masses up to 140 GeV (see Fig. 2). In particular, a
cross-section times branching ratio of 1.1 pb is excluded
at the 95% confidence level for m(T ) = 420 GeV and
m(A0) = 10 GeV. The cross-section limits are approxi-
mately valid for a number of models of new phenomena.

We thank CERN for the very successful operation
of the LHC, as well as the support staff from our in-
stitutions without whom ATLAS could not be oper-
ated efficiently. We acknowledge the support of AN-

Large xsecs 
=> limits in 300-400 GeV range.
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Generally, we find that the efficiency of 
standard cut-and-count analyses is 

around the same for stops as for tops.

ATLAS ttbar+MET does better 
because of its mT cut!
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Results: Tevatron
(Kats & DS 1106.0030)

Standard “cut and count” 
techniques only. 

Basically no limit.



!"#$%&'(
")*+$,-'./01

"2$&/3,
&'0-(4

!"#$&/3,$&'0-(4
!./011'5

!"#$&/3,$&'0-(4
67/4$80&&

-'(39&/-:(/739

Results: Tevatron
(Kats & DS 1106.0030)

Best limit from Tevatron:
mstop > 150 GeV

Use of sophisticated 
discriminant was essential!!



Results: LHC
(Kats, Meade, Reece, DS 1110.6444)

There are still no firm LHC limits on direct stop pair production.
Stop could still be lighter than the top??!!
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Figure 14: Stop NLSP: limits on direct production (excluded cross section divided by the NLO+NLL

stop production cross section from [67]). Along with the best SUSY searches from Table 1, we show

the limits from the pre-tag sample of the ATLAS tt cross section measurement in the dilepton

channel [68] (orange) and the ATLAS search for tt events with large MET [14] (gray). The curves

are dashed in the low mass region where the efficiency of the jet-related and MET-related cuts (but

not the leptonic selection) is below 1%. This is to indicate that our results may not be reliable there,

since the signal efficiencies are extremely low. The black line is the Tevatron limit estimated in [31]

using the CDF search [69].

search for tt events with anomalously large missing energy [14] (1.04/fb). We find, using the
methods of [31], that neither sets the expected limit due to tightened analysis cuts. The cross
section limits are shown in Fig. 14. Since both analyses use lepton triggers, it may still be
possible to repeat them with softer cuts. Overall, Fig. 14 indicates that [14] is a very promising
search up to 300 GeV or more. Its weakness near Mstop ∼ 200 GeV stems from the fact that
for stops that are only slightly heavier than the top, the gravitinos carry very little energy
(unlike in the 3-body decays of the lighter stops or the 2-body decays of the heavier stops)
and therefore the cut on the transverse mass mT eliminates much of the signal.

At the same time, we see in Fig. 14 that some of the SUSY searches have become com-
petitive and may have already surpassed the Tevatron limit by excluding direct production
of stops up to approximately the top mass. However, since all these searches have very low
efficiencies in that low mass region, the systematic uncertainties on our simulation are likely
to be large, so the precise exclusion limits are highly uncertain. The very low efficiencies
indicate that in applying these cuts, we are making use of the far tails of the kinematic distri-
butions in the signal. We expect that these tails depend on radiation in the event, which we
are simulating with Pythia. A more careful approach would use matching of matrix elements
and parton showers to simulate stop pair production plus jets, which would be an interesting

24

ATLAS ttbar+MET will have 
good coverage over widest 

range of stop mass.

A surprise: a number of 1/fb 
SUSY searches could be 
sensitive to light stops!

Dashed lines indicate ultra-low 
acceptances (~10-4-10-3) 
where we don’t trust our 

simulation of the signal tails.



Stop NLSPs w/ Squark Production
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Figure 15: Current best limits on the simplified parameter spaces for stop NLSPs produced via
squarks, as described in Table 14 (top row). In both cases, the EW-ino mass has been fixed to
(Msquark + Mstop)/2. The shaded region either has Mstop > Msquarks or has no on-shell 3-body decay
χ̃0 → bW−t̃1.

are shown in Figure 15. Note that the bino case performs worse than the wino case. The wino

case often involves a decay χ̃+
1 → bt̃1, whereas the bino case necessarily involves χ̃0

1 → tt̃∗1 or tt̃1.
This is the general phenomenon that when more top quarks are present, searches in jets and

missing ET perform worse. A search in same-sign dileptons, however, picks up some of the

slack.

Another simplified model that we considered is the production of stops from gluinos. As

described in Table 14 (second row), this scenario has multi-top signatures. As a result, SS

dilepton searches are most sensitive to it, as shown in Figure 16.

5 Leptonic MT2

In this section, we would like to explore a promising new method for rejecting tt and W+W−

backgrounds in analyses which search for OS dileptons and missing energy, such as [9, 13].

As we will show, our proposed method could greatly improve on the current sensitivity to a

variety of GGM scenarios, such as Z-rich higgsino NLSPs, slepton and sneutrino co-NLSPs,

and stop NLSPs. For the sake of concreteness, we will focus our discussion in this section on

the first scenario.

To begin, recall from our discussion around Figure 6, that the limits from both CMS

Z+jets+MET and the jets+MET searches degrade significantly in the light higgsino region.

Moreover, there is currently no limit on direct production of light higgsino NLSPs. Let us
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Now events have multiple tops, SS tops. 
SS dileptons becomes a major constraint!

Msquark > 600-700 GeV
Somewhat weaker non-top-rich scenarios 

4t(*)+jets+MET
4t(*)+jets+MET, 

3t(*)+b+jets+MET, 
2t(*)+2b+jets+MET



Stop NLSPs w/ Gluino Production
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Figure 16: Current best limits on the simplified parameter space for stop NLSPs produced from
gluinos, described in Table 14 (bottom row). The diagonal is positioned to allow on-shell g̃ → tt̃1.

examine the reasons for this in more detail.

When the higgsino is heavy, near the gluino mass, most of the energy of the gluino goes

into the higgsino mass and the result is an energetic ZZG̃G̃ final state, for which hard missing

ET cuts perform well. However, when the higgsino is light, much of the gluino energy goes into

jets, and the Z bosons and gravitinos end up carrying a smaller fraction of the energy. The

dominant background, as shown in [13], is tt production with both tops decaying leptonically,

and the mass of the lepton pair accidentally falling near the Z mass. In Figure 17 at left,

we show the missing ET distributions for two different values of the higgsino mass and for

tt background, after applying all the cuts of [13] except the 100 or 200 GeV cut on missing

ET . It is apparent that at small higgsino masses, a cut on missing ET at 100 GeV keeps a

substantial fraction of both signal and background, while a cut at 200 GeV eliminates most

of the tt background at the cost of low signal efficiency.

We would like to propose a specific choice of cut, “leptonic MT2,” which can more precisely

remove background and probe the region of small higgsino masses. Because the dominant

background is tt, in which both the leptons and the missing transverse energy come from

the decay of two W bosons, we can remove the background very precisely. The variable

MT2 (or “stransverse mass”) is useful, since MT2 computed from the two leptons and missing

ET is bounded above by the W mass [71]. In particular, because both the leptons and the

missing neutrinos are essentially massless, we can use an analytic formula for MT2 [72] rather

than a time-consuming iterative method. In the right panel of Figure 17, we show the MT2

distributions for signal and background. Note that the tt background falls off rapidly at about

80 GeV. Previous discussions of the use of MT2 to reject backgrounds have generally included

jets [73]; an MT2 variable with jets and leptons could be used with an edge at the top mass,

27

Mgluino > 700-750 GeV
Somewhat weaker non-top-rich scenarios 
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Suggestions: leptonic MT2
(for details, see 1110.6444)

• mT2:  generalization of W transverse mass 
to events with double decay chains ending 
in invisible particles. 
(Barr, Lester, Stephens, Summers, ...)

• mT2 has been used for measurements of 
top properties, but in all cases, the full 
event was used (leptons+bjets+MET). 
Expect an endpoint at the top mass, but 
combinatorics is an issue.

• ttbar is the dominant background to stop 
NLSP, especially at the LHC.  We propose 
computing mT2 using only the leptons 
and MET to reject ttbar background.  
Expect an endpoint at W mass and no 
combinatorial confusion. 

Figure 1: An event with two invisible particles N , each from a decay of a heavy particle Y .

methods using the variable mT2 [9], which is sometimes called the stransverse mass.
mT2 is defined event by event as a function of the invisible particle mass. Its endpoint

or maximal value over many events, denoted by mmax
T2 , gives an estimate of the mother

particle’s mass in the beginning of the decay chain. When the invisible particle’s mass

is unknown, one has to use a trial mass to calculate mT2 and only obtains an estimate
of the mass difference. However, it has been shown in Ref. [10] that if the two mother

particles decay through three-body decays to the invisible particles, a “kink” occurs on
the mmax

T2 curve as a function of the trial mass. The position of the kink is actually at the
true value of the invisible particle mass, which allows us to simultaneously determine

the masses of both the invisible particle and its mother particle. A generalized study
of the kink method is available in Ref. [11].

The purpose of this paper is to clarify the relation between the two mass deter-

mination techniques, i.e., the one using kinematic constraints and the one using the
variable mT2. An apparent difference between the two approaches is that the former
uses the 4-momenta of the visible particles, while the latter is defined solely on the

plane transverse to the beam direction. Nevertheless, due to the lack of total momen-
tum measurement in the beam direction, the longitudinal momenta of the two invisible

particles can be arbitrarily chosen, offsetting some of the information obtained from
the visible particles’ longitudinal momenta. As a consequence, mT2 is equivalent to the
“minimal” kinematic constraints discussed below.

We illustrate our definition of “minimal” constraints in Fig. 1. Two mother par-

ticles of the same mass, mY , each decays to a dark matter particle of mass mN , plus
some visible particles, either directly or through other on-shell particles. Since the

– 3 –

(figure from Cheng & Han 
0810.5178)
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Long-lived stop NLSPs

• Light stop NLSPs actually tend to be long-lived.  The promptly-
decaying case which we have focused on here only happens for 
the lowest-possible SUSY-breaking scales.

• Long-lived stop NLSPs would lead to R-hadrons, kinked tracks, 
displaced jets and leptons. Well-motivated benchmark scenario 
for many interesting searches!
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Figure 4: Contours of constant cτ for stop NLSP decay, as a function of the SUSY breaking
scale

√
F and the stop mass mt̃.

SUSY-breaking scales and/or heavier stops) to detector-stable (higher SUSY-breaking scales
and/or lighter stops). For mt̃ ! mt, prompt decay of the stop requires the SUSY breaking
scale

√
F to be as small as it can possibly be, on the order of 10 TeV.

It is also important to consider longer lived stops, but we will not do so in detail in
this paper. Stops that are sufficiently stable that they travel fully through the detector are
constrained by searches for stable charged or colored particles. The current best limit on
detector-stable stops comes from ATLAS and corresponds to mt̃ " 300 GeV [10]. (Very
long-lived stop NLSPs may also have important consequences for BBN [11, 12].) Even more
interesting is the intermediate case of a stop that decays at a displaced vertex. As far as
we know, there are currently no limits on this scenario. This would give rise to signatures
involving displaced jets and leptons. This could pose interesting challenges for triggering and
reconstruction, as was recently discussed in a related context in [13].

2.2 Kinematic distributions

In figures 5–8, we plot the distributions of various kinematic quantities characterizing pair-
production of stop NLSP. These plots were made using a combination of our own code for the
decay of t̃ → WbG̃ according to the matrix element (2.1); and Pythia for everything else.1

Unless stated explicitly, these distributions are purely parton-level, i.e. they do not include
showering, hadronization, detector simulation, or any cuts.

The distributions for the Tevatron and the 7 TeV LHC turn out to be very similar, both
qualitatively and quantitatively (this happens because the tops and stops are produced rela-
tively close to threshold), so we present them only for the LHC case. For comparison, we have

1Note that decaying the W through Pythia has the effect of averaging over the W polarization. This is
not a problem since the W polarization fractions for the stop are very model dependent anyway, while their
effect on the basic kinematic distributions is relatively small [8].

5



Remaining Theory Hurdles

• We find that efficiencies of current LHC searches to light stop 
NLSP are extremely low, largely due to hard jet and HT cuts.  
This is problematic, because:

• We don’t trust Pythia for modeling of extra hard jets from ISR/FSR. 

• Problems with Madgraph 4 implementation of gravitino LSP in simulating light 
stops. (4-body phase space?)

• Gravitino LSP not yet implemented in Madgraph 5.

• The current situation is unsatisfactory.  Dedicated experimental 
searches will either have to wait for Madgraph 5 to catch up, or 
(our preference) design searches with higher signal efficiencies 
which are less sensitive to the kinematic tails. 



Summary and Outlook

• We have reviewed the current constraints on stop NLSP, and 
suggested ways to improve analyses. 

• The stop NLSP could still be lighter than the top!

• Current limits are estimated to be mstop > 150 GeV from the Tevatron.  

• There are no firm LHC limits yet on direct stop production.  

• LHC should be sensitive to mstop~300 GeV in the near future.

• No dedicated search exists yet for stop NLSP.  Currently a “blind 
spot” at both the Tevatron and the LHC.

• This could be a good opportunity to discover supersymmetry 
hiding in our backyard!



The End



Gauge Mediation

• Gauge mediation is a very attractive scenario for the MSSM:

• Solves SUSY flavor problem

• Calculable framework

• Recently, a model-independent framework for GMSB was 
formulated, and the full parameter space was understood:

• “General Gauge Mediation” (Meade, Seiberg & DS; Buican, Meade, Seiberg & DS)

• LHC searches are now being designed with GGM in mind!

Hidden sector
SUSY+...

SU(3)xSU(2)xU(1)

Visible sector:
MSSM+...



The NLSP

• Gravitino LSP is a universal prediction of gauge mediation 
models:

• Lightest MSSM sparticle becomes the next-to-lightest 
superpartner (NLSP).  

m3/2 =
F√
3Mpl

(∼ eV −GeV)

..
.{MSSM

gravitino LSP

NLSP
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NLSP Collider Signatures

• In gauge mediation, the NLSP type largely determines the inclusive 
collider signatures.

• NLSP decays to the gravitino plus its SM partner. 

Gravitino and collider pheno

Gauge mediation predicts a light gravitino.
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