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One-slide overview

I LHC + naturalness =⇒ SUSY w/ light 3rd gen.

I Gluino pair-production signatures:

4 boosted tops + MET

I Tagging boosted tops gives us low SM background

I Probe gluino masses up to 1 TeV at the 7 TeV LHC

with
∫
L = 30 fb−1
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SUSY with light 3rd generation
limit is recovered because g̃ → t̃±i t∓ opens up. The result, in our parameter space, is a gap in

same-sign coverage from mt̃i ∼ mb̃l
≈ 300 − 400 GeV. Our choice of µ changes the position

of this gap, but does not affect the overall limit since the search for jets plus missing energy

covers this gap and sets the strongest limit in this regime.
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FIG. 10: The limits on the Higgsino LSP and bino LSP scenarios, represented in terms of the

gluino mass versus the degenerate stop pole masses. In the limit of large gluino mass, we find that

the strongest limit on direct stop/sbottom production, mt̃
>∼ 300 GeV, comes from searches for jets

plus missing energy. With only a higgsino LSP, the strongest limit on the gluino, mg̃
>∼ 650 GeV

comes from searches for jets plus missing energy, and an ATLAS search for a single lepton plus jets

and missing energy. When both the bino and higgsino are light, we find that the strongest limit,

mg̃
>∼ 700 GeV comes from the CMS search for same-sign dileptons plus missing energy. To the left,

the dashed blue line indicates a region of parameter space, mt̃
<∼ mg̃, that may also be excluded

by the CMS search for jets plus missing energy. However, the acceptance is highly sensitive to the

precise value of the missing energy cut in this regime, signaling that the we cannot make a robust

statement, given the precision of our simulation, in this part of parameter space.

A somewhat squashed spectrum. Next, we deform the bino LSP spectrum by squash-

ing the mass splitting between the gluinos and the higgsino/bino. Compressing the spectrum

29

(arXiv:1110.6926)

I MSSM w/ degenerate

squarks: squarks and gluinos

> 1 TeV

I MSSM w/ light 3rd gen.:

stops > 2-300 GeV,

gluinos > 600 GeV
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Simplified model
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Figure 5: Diagrams for models A1 (left) and A2 (right). See text for details.

• Model A2, two-body gluino decay to a top-stop pair: �g → �t1 t̄, �t1 → tχ̃0
1 [4, 36].

The assumption of Model A1 is that the stop is the lightest squark, but all squarks are heavier
than the stop. The dominant gluino decay channel would then be �g → tt̄χ̃0

1, mediated by
virtual stop quarks. Model A2 is the same as Model A1 but with stop quarks light enough to
be on-shell. Both models result in ttt̄t̄χ̃0

1χ̃0
1 final states, i.e., final states with as many as four

isolated high pT leptons, four b-quarks, several light quark jets, and significant missing energy
from the neutrinos in W decay and the LSPs. For Model A1, the parameters are the gluino
mass, m(�g), and the LSP mass, m(χ̃0

1). Model A2 has the stop mass, m(�t1), as an additional
parameter.

SUSY events for models A1 and A2 were generated with PYTHIA. We find that for a large range
of parameter space the most sensitive signal region is SR6. This is because these new physics
scenarios result in many jets and significant ET/ . Near the kinematical boundaries, where the χ̃0

1
has low momentum, SR4 and SR5 tend to be the most sensitive.
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Figure 6: Left plot: exclusion (95 % C.L.) in the m(χ̃0
1)− m(�g) plane for model A1 (gluino decay

via virtual stop quarks). The band represents the theoretical uncertainty on the gluino pair
production cross-section. Right: exclusion (95 % C.L.) in the m(�t1) − m(�g) plane for model A2
(gluino decay to on-shell top squarks) for different choices of the LSP mass.

I Require m(g̃)−m(t̃) and m(t̃)−m(χ̃0) > m(t) to

get on-shell tops, and fix m(χ̃0) = 60 GeV

I 4 top + MET signal (figure credit: CMS PAS SUS-11-020)
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Tagging boosted topsFigure 20: Summary table for event 34533931 of run 166658. Brief description: leptonic top candidate
formed by high pT electron (145 GeV, 11 o’clock), moderate Emiss

T (1 o’clock), and the b-tagged jet at
12 o’clock. When reclustered with R = 1.0 it acquires a large pT , mass and 1 → 2 splitting scale as
it absorbs the electron. Three jets between 4 and 6 o’clock are identified with the hadronic top quark.
When reclustered with R = 1.0 the three jets merge into a single jet with m j = 197 GeV,

√
d12 = 110,√

d23 = 40. Legend: jets indicated in red correspond to R = 0.4, jets in green to R = 1.0.

Leptonic top Emiss
T : ET = 36 GeV, φ = -1.5

electron: pT = 145 GeV, η = 1.1, φ = 2.5
jet: index = 1, ET = 194 GeV, η = 1.2, φ = 1.7, m j = 17 GeV

Hadronic top jet 2, ET = 155 GeV, η = 1.1, φ = -0.7 rad, m j = 22.7 GeV
(R =0.4 clustering) + jet 3, ET = 113 GeV, η = 1.3, φ = -1.7 rad, m j = 14 GeV

+ jet 4, ET = 54 GeV, η = 0.6, φ = -1.7 rad, m j = 8 GeV
Hadronic top jet 1, ET = 356 GeV, η = 1.3, φ = -1.1 rad, m j = 197 GeV
(R =1.0 clustering)

√
d12 = 110,

√
d23 = 40

22

I First done at Johns Hopkins (arXiv: 0806.0848)

I Cluster “fat jets” with R ∼ 1.0

I Examine substructure and invariant

mass of hadronic tops

I (figure credit: ATLAS-CONF-2011-073)
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Johns Hopkins Top Tagger

(BOOST 2010 workshop, arXiv:1012.5412)

I 50% tag rate, with only a few % mistag rate

I Used in search for Z ′ → tt̄ (CMS-EXO-11-006)
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Signal simulation

MG 5 + PROSPINO

PYTHIA 8

FastJet 3

Johns Hopkins tagger

I Gluino pair-production

I We require

I ≥ 4 jets with pT > 100 GeV,

I some jets top-tagged,

I and significant ��ET
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Background simulation

I Backgrounds:

I n tops + (4− n) jets

I n tops + (4− n) jets + leptonic W

I n tops + (4− n) jets + invisible Z

I LO cross sections used; known K-factors are < 1

I pT and ��ET cut efficiencies computed at parton level

I pT -dependent tagging efficiencies and mistag rates

from the BOOST2010 workshop used (arXiv:1012.5412)
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Cuts at 7 TeV and 30 fb−1

I Optimized for (m(g̃),m(t̃)) = (800, 400) GeV

I ≥ 4 jets with pT > 100 GeV

I ≥ 2 of those have top tags

I ��ET > 100 GeV

I 32 signal events, S/B = 2.4, stat. sig. 6.8
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Benchmark efficiencies at 7 TeV

Process σtot(fb) Eff(pT ) (%) Eff(tag) σtag Eff(�ET ) σall cuts

signal 61.5 37 6 1.31 81 1.06

Z + 4j 2× 105 0.2 0.1 0.44 66 0.29

2t + 2j 5× 104 3 0.3 5.7 2 0.10

W + 4j 2× 105 0.2 0.03 0.12 29 0.04

Z + 2t + 2j 50 4 1 0.02 72 0.02
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Reach at 7 TeV and 30 fb−1
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I Probe g̃ mass up to

1 TeV

I 5σ up to m(g̃) ∼ 900

GeV

I S/B > 1 throughout

the probed region
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Going to 14 TeV and 10 fb−1

600 800 1000 1200 1400 1600

400

600

800

1000

1200

mg� HGeVL

m
t�

HG
eV

L

LHC, s = 14 TeV, Lint = 10 fb-1

mg� - mt
� = mt

95 % CL expected exclusion
5 Σ

I Optimized for

(1200, 600)

I ≥ 4 jets with

pT > 100 GeV

I ≥ 3 top tags

I ��ET > 175 GeV

I S/B > 10
12



However. . .

I Detector effects/systematics not included

I Larger background samples needed

I QCD 4j ��ET tail needs studying

I But, the reach may be underestimated
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Conclusion

I SUSY could be hiding if lightest colored super

partner is stop

I Boosted top tagging provides excellent coverage of

this scenario, including at 7 and 8 TeV

I Let’s get an experimental analysis going!
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Extra Slides
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Johns Hopkins top tagger settings

I δp = 0.04

I δr = 0.19

I 160 < mt < 265 GeV

I cos θh < 0.95

I 60 < mW < 120 GeV
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�
�ET after top tag cuts at benchmark
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Update: CMS PAS SUS-11-020 (March

2012)
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Figure 5: Diagrams for models A1 (left) and A2 (right). See text for details.

• Model A2, two-body gluino decay to a top-stop pair: �g → �t1 t̄, �t1 → tχ̃0
1 [4, 36].

The assumption of Model A1 is that the stop is the lightest squark, but all squarks are heavier
than the stop. The dominant gluino decay channel would then be �g → tt̄χ̃0

1, mediated by
virtual stop quarks. Model A2 is the same as Model A1 but with stop quarks light enough to
be on-shell. Both models result in ttt̄t̄χ̃0

1χ̃0
1 final states, i.e., final states with as many as four

isolated high pT leptons, four b-quarks, several light quark jets, and significant missing energy
from the neutrinos in W decay and the LSPs. For Model A1, the parameters are the gluino
mass, m(�g), and the LSP mass, m(χ̃0

1). Model A2 has the stop mass, m(�t1), as an additional
parameter.

SUSY events for models A1 and A2 were generated with PYTHIA. We find that for a large range
of parameter space the most sensitive signal region is SR6. This is because these new physics
scenarios result in many jets and significant ET/ . Near the kinematical boundaries, where the χ̃0

1
has low momentum, SR4 and SR5 tend to be the most sensitive.
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Figure 6: Left plot: exclusion (95 % C.L.) in the m(χ̃0
1)− m(�g) plane for model A1 (gluino decay

via virtual stop quarks). The band represents the theoretical uncertainty on the gluino pair
production cross-section. Right: exclusion (95 % C.L.) in the m(�t1) − m(�g) plane for model A2
(gluino decay to on-shell top squarks) for different choices of the LSP mass.

(CMS PAS SUS-11-020)

I Preliminary update

after 4.7 fb−1:

I gluinos > 800 GeV
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