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Why SUSY and top quarks?

• Natural SUSY ↔ ~low levels of fne 
tuning: m(t

1
) < 1-2 TeV.

 
• Top squark (stop quark) is ofen the less 
massive squark: may be produced in pp 
collisions.

Supersymmetry
introduces a symmetry 
between bosons and 
fermions. Several new 
partcles may be there. 

The SM fne tuning on higgs 
mass is solved: 
contributons from top and 
stop can cancel out.
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Stop quark: summary

Special case: m(stop) ~ m(top quark): very 
difcult search (overwhelming   background). 
New results from CMS.

Searches parametrized by m(t
1
) and m(X

1
0).

Other stop decays: chargino-mediated, stau-mediated.

Golden channel



Stops degenerate
with top quarks

Overview of stop pair producton (CMS)
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Stop producton 
exclusion limits 

up to 
m(t

1
) ~ 1.1 TeV

Compressed stop,
Δm(t

1
,X

1
0) = m

W
 excluded 

up to m(t
1
) ~ 550 GeV

Also stop to 
sleptons: exclusion 
up to 1.2 – 1.3 TeV



Recent CMS results

Sep 19, 2018 Juan R. González - U. Oviedo 5

arXiv:1805.05784 arXiv:1807.07799

CMS-PAS-SUS-18-003

https://arxiv.org/abs/1805.05784
https://arxiv.org/abs/1807.07799


Overview of stop pair producton ((TL(S)
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Stop producton 
exclusion 
limits up to 
m(t

1
) ~ 1 TeV

Compressed stop,
Δm(t

1
,X

1
0) = m

W
 

excluded up to 
m(t

1
) ~ 420 GeV

4 body decay / 
decay to c quarks,
Δm(t

1
,X

1
0) < m

W
 

excluded up to 
m(t

1
) ~ 500 GeV



(lso from 
(TL(S:

Recent (TL(S results
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arXiv:1803.10178

stop to stau

Phys. Rev. D 98, 
032008 (2018)

https://arxiv.org/abs/1803.10178


Stop quark degenerate with top quark
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Δm(t
1
,X

1
0) = m

t

Full-degenerate 
model, m(t

1
) = 175 

GeV, m(X1
0) = 1 

GeV, already 
excluded at 8 TeV 
by (TL(S and CMS.

Stops and  bar produced with very 
similar kinematcs.

Overwhelming SM background:
σ[13TeV](pp→ tt) = 832 pb

σ[13TeV](pp→ t
1
t
1
, m(t

1
) = 175 GeV)  = 121 pb

 Sensitvity reached through t cross secton precision predicton.

Eur. Phys. J. C74 
(2014) 3109

JHEP 08 (2016) 029

https://arxiv.org/abs/1406.5375
https://arxiv.org/abs/1406.5375
https://arxiv.org/abs/1603.02303
https://arxiv.org/abs/1603.02303


Stop quark degenerate with top quark (CMS)
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Strategy
● Sensitvity to 
(near-)degenerate stop signal 
through precise tt cross 
secton estmate.

Search with opposite-charged eµ pair and jets.
13 TeV, 35.9 f-1.

● Increase the sensitvity to 
higher stop masses and 
larger Δm(t

1
,X

1
0) differences 

using M
T2
(e,µ).

M
T2
 gen level, 

normalized distributon

CMS-P(S-SUS-18-003

https://cds.cern.ch/record/2638599


Degenerate stop – Background estmate
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Precise estmate of tt from MC, Powheg +

Other backgrounds: tW (~4%) and residual SM (2%: WW, WZ, ZZ, DY, 
 W,  Z, nonprompt leptons).

Preft M
T2
 

distributon
tt normalized to 
NNLO + NNLL cross 
secton, 831.76 pb.

arXiv:1112.5675

No signifcant 
excess observed 
over the SM 
predicton.

 Pythia8 sample. Contributes to ~94% of SM background.

CMS-P(S-SUS-18-003

https://arxiv.org/abs/1112.5675
https://cds.cern.ch/record/2638599


Degenerate stop – Uncertaintes
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Most important experimental uncertaintes: Lepton efciencies, jet 
energy scale, b-tagging efciencies.

Several modeling 
uncertaintes on tt 
acceptance for each bin 
in the M

T2
 distributon. 

Dominant uncertainty: 
6% tt normalizaton uncertainty from PDF + scale + top mass.

See TOP-PAS-17-001 and
talk from Matteo Defranchis

Total experimental 
uncertaintes:  2–4 %.

CMS-P(S-SUS-18-003

https://cds.cern.ch/record/2638599


Degenerate stop – Results
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m(t
1
) = 175    GeV, m(X

1
0) = 1       GeV → Signal cross secton.

m(t
1
) = 242.5 GeV, m(X

1
0) = 67.5 GeV → High M

T2
 score.

Sensitvity mostly from:

CMS-P(S-SUS-18-003

https://cds.cern.ch/record/2638599


Degenerate stop – Exclusion limits
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Exclusion limits up to a stop mass 
of 205 GeV for the degenerate 
stop with Δm(t

1
,X

1
0) = m

t
. 

Exclusion limits up to a stop mass 
of 235 (245) GeV for
Δm(t

1
,X

1
0) = m

t 
+ (-) 7.5 GeV.

CMS-P(S-SUS-18-003

https://cds.cern.ch/record/2638599


Degenerate stop – Prospects
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Limited sensitvity 
in this region.

Some space for improvements:
➔ Lepton and b-tagging efficiencies.
➔ Jet energy scale / MET resolution.
➔ tt modeling.

Analysis will benefit from full Run 2 dataset.

CMS-P(S-SUS-18-003

https://cds.cern.ch/record/2638599


Search with two opposite-charged leptons.

Compressed stop (CMS)
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arXiv:1807.07799

Off shell top quarks → sofer b-jets.

Target stop producton model:

Limits extend up to 420 and 360 GeV for the stop and neutralino masses.

MET, b-tag multiplicity, 
selection of ISR Jet.

Further binning in M
T2

.

Submited to JHEP.

https://arxiv.org/abs/1807.07799


Stop producton via 4-body decay (CMS)
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arXiv:1805.05784Search with one lepton and large MET.

Requirement: ISR Jet, p
T
 > 100 GeV

Lepton p
T
 > 3.5 (5) GeV for muons (electrons).

Two different approaches:
 MV( analysis (lepton, leading 
jet, MET, H

T
, nJet, nBtag).

 Cut and count (C&C) approach. 
Best discriminatng variables: 
lepton p

T
, m

T
.

SM normalizaton from control 
region at low MV( score (MV() 
or high lepton p

T
 (C&C).

Submited to JHEP.

https://arxiv.org/abs/1805.05784


Stop producton via 4-body decay (CMS)
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MV( training depending on Δm(t
1
,X

1
0), from 10 to 80 GeV.

Limits set from 420 to 560 GeV for the stop mass, depending on Δm(t
1
,X

1
0).

Also interpretation for 
chargino- mediated 
decays:

arXiv:1805.05784
Submited to JHEP.

Also, results from ATLAS:
JHEP 01 (2018) 126

https://arxiv.org/abs/1805.05784
https://arxiv.org/abs/1711.03301


Stop to c quark ((TL(S)
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arXiv:1805.01649Search with c-tagged jets at 13 TeV.

Main backgrounds: W, Z, tt. 
Estmated from data CR.

Main uncertaintes: c-tag 
efciency, jet energy scale.

Signal regions in categories of jet 
multplicity, jet p

T
, m

T
c.

Events with 2 c-tagged jets and large MET. 
Non c-tagged, high-p

T
 ISR jet required.

JHEP 09 (2018) 050

https://arxiv.org/abs/1805.01649


Stop to tau leptons ((TL(S)
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arXiv:1803.10178
Events with two taus. 

Exclusion limits up to a 
stop mass of 1.16 TeV.

Stau-mediated decay.

2 channels: 
τ
h
τ
l
,  τ

h
τ
h
. 

Most discriminant variables:
MET, M

T2
. 

Main uncertaintes:
➔ τ

h
τ
l
: fake lepton estmate.

➔ τ
h
τ
h
: Jet and tau related unc.

Phys. Rev. D 98, 
032008 (2018)

https://arxiv.org/abs/1803.10178


General searches with 2016 dataset from CMS and ATLAS:
➔  No SUSY stops with mass below ~ 1 TeV.

New searches: looking into the corners or other decay modes.
➔  Is stop degenerate with top quark?
➔  Compressed 3-body or 4-body decays?
➔  Decays into charm quarks?
➔  Decays through staus or charginos?

Still, top quark very present in SUSY searches, both related to 
it's SUSY partner of as SM background. 

Prospects: new searches and updated/upgraded searches with 
~4-5 times the luminosity (~36 fb-1 → ~150 fb-1).

Conclusions

Sep 19, 2018 Juan R. González - U. Oviedo 20

Thank you for your attention!!



B(CK UP
SLIDES



Top-antitop spin correlations (ATLAS)
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ATLAS-CONF-2018-027

https://cds.cern.ch/record/2628770?ln=es


M
T2

 for near-degenerate stop pairs
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Stop to c quark ((TL(S)
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arXiv:1805.01649Search with c-tagged jets at 13 TeV, 36.1 f-1.

https://arxiv.org/abs/1805.01649


Stop to sleptons (CMS)
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Phys. Rev. D 97, 032009 (2018)

https://arxiv.org/abs/1711.00752
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