
Searches for supersymmetric particles  
with prompt decays with the ATLAS detector

Tomohiro Yamazaki (UC Berkeley) 
on behalf of the ATLAS Collaboration

Jan 10th 2023

HEP 2023
Valparaíso, Chile 



Jan 10, 2023 HEP 2023 2

SUSY

Supersymmetry (SUSY) is one of the most elegant 
theories beyond the Standard Model


- solves the hierarchy problem

- achieves grand unification

- provides Dark Matter candidate


introduces supersymmetric partners 


No evidence for SUSY at LHC Run1 and Run2 so far

Why is there no clue yet?


- SUSY exists beyond the limit → Run 3 and beyond

- We have, but missed it 


Exploiting the large amount of data

- New techniques allow us to tackle challenging 

signatures

- New scenarios and models

T. Eifert - Status & frontiers of SUSY searches - Colloquium at DESY - May 2018

Supersymmetry

 8

Supersymmetry (SUSY):
New symmetry between bosons and fermions. 
For every SM particle introduce a supersymmetric partner with Δspin=1/2.

  

15

Supersymmetry
Supersymmetry (SUSY) is a favored source for WIMP

New symmetry between bosons and fermions

For every SM particle, introduces partner with Δspin=½
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SUSY Production at LHC

140 fb-1 data recorded at √s=13 TeV in Run 2

- 140 gluino (2 TeV) pairs 

- 960 stop (1 TeV) pairs


- 6400  (500 GeV) wino pairs


- 1500  (500 GeV) higgsino pairs
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Chargino, Neutralino SleptonStopGluino

ETmiss + b-jets ETmiss + Bosons ETmiss + leptonsETmiss + jets

Stable Lightest Supersymmetric Particle (LSP) 
in R-parity conserved models

　　→ large ETmiss is the key signature
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SUSY Search Strategy
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Forbidden

Excluded
Large ETmiss + high pT objects

Sensitivity limited by cross section

Compressed region: Low pT objects

Signal model building 
- Simplified model — 100% branching ratio, decoupled other SUSY particles


Event selection: ETmiss + something (jets, leptons, etc.) for R-parity conserving SUSY

- ETmiss trigger in many analyses


Background estimation 
- Normalize MC in control regions. Normalization checked in validation regions


Uncertainty evaluation 
- Experimental syst.: Jet energy scale/resolution,  b-tagging, lepton ID, etc.

- Theoretical syst.: scale uncertainties, parton shower, etc.

- Statistical uncertainty is dominant in most SUSY analyses


Discover SUSY! … or exclude models
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New Techniques
Dedicated object reconstruction for challenging signatures

Soft muon and electron for compressed region

Fake lepton background

→ data-driven background estimation


Soft b-tagging for compressed stop and sbottom

pT below jet reconstruction threshold (20 GeV)

Dedicated SV-based algorithm

Measurement of WW production in decay topology 
inspired by EW SUSY searches (2206.15231)

→ improved background modeling in control regions
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Calorimeter-jet-based b-tagging
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ATLAS Simulation Preliminary

soft b-tag

WW measurement

Low pt objects for compressed region

High pt objects for high mass region

Boosted top and boson tagging for large radius jet

using jet substructure variables (2108.07586)

Background measurement for SUSY searches

ATLAS-CONF-2019-027

https://arxiv.org/abs/2206.15231
https://arxiv.org/abs/2108.07586
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-027/
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ETmiss + jets signatures

Excluded up to around 2 TeV thanks to the large cross sections
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Gluino → tt, bb, tb 2211.08028
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Gluino decay via off-shell stop or sbottom

≥ 3 b-jets + 0/1L + ETmiss

Neural network in event selection


- Input: 4 vectors of jets and leptons, ETmiss


- m( ) and m( ) added as parameters


Interpretation for 3 mixed decay modes
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Stop Searches

Observed limits

Expected limits
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- Boosted top reconstruction
t̃ χ̃0

1

Low Δm ( , ) — compressed region

- Soft b-tagging

t̃ χ̃0
1

Excluded up to 1.25 TeV for the simplest stop model


However, m(stop) < 1 TeV is still allowed in the compressed region and 
complicated scenarios (e.g. higgsino LSP,  mixed scenarios)t̃ → tχ̃0

1 /bχ̃±
1

0, 1, 2 lepton searches have compatible 
sensitivities


- Combination will improve the limit

Stop → t(*) + LSP
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Electroweak production
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1lepton + large-R jet for WZ and WW channels (ATLAS-CONF-2022-059)

2 same-sign or 3 leptons for WZ and Wh, and RPV higgsino (ATLAS-CONF-2022-057)

2 taus for electroweakino to stau decays (ATLAS-CONF-2022-042)

(h)

Chargino/Neutralino → WZ + LSP

New results for electroweak production

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-059/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-057/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-042
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1L + large-R jet

Targeting WZ and WW channels

For large Δm(wino, bino)

W/Z boson tagging for large-R jet

Large ETmiss significance, mT, meff


Consistent with SM prediction (1.1σ, 1.5σ)
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Figure 6: Model-dependent exclusion contour at 95% CL on (top) the chargino pair production and (bottom) the
production of a chargino and a next-to-lightest neutralino. The observed limit is given by the solid line with the
signal cross-section uncertainties shown by the dotted lines as indicated in the text. Expected limits are given by the
dashed line with uncertainties shown by the shaded band.
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No significant excess observed
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Figure 13: Exclusion limits at 95% CL for the (a) ,⌘-mediated and the (b) ,/-mediated simplified model of wino
j̃
±

1 j̃
0
2 production. Observed (solid) and expected (dashed) limits on j̃

±

1 /j̃0
2 and j̃

0
1 masses. The red dotted lines

around the observed limit reflect the theoretical variation due to the signal cross-section uncertainty. The band around
the expected limits express the ±1f variation due to all uncertainties except theoretical uncertainties in the signal
cross-section. The grey region in (a) denotes the observed limits obtained in a previous search in the same channel
with 36.1 fb�1 of data [43].

Model-dependent exclusion limits have been extracted by performing a statistical interpretation of the
results also using the H���F����� package. The procedure to extract the limits is a model-dependent
fit, which performs hypothesis tests on the background-only hypothesis and the signal-plus-background
hypothesis. Both of the fits have been carried out simultaneously in all SRs designed for each model and for
each assumed benchmark point. The signal contribution to each region participating in the fit is taken into
account together with its uncertainty according to the model predictions. Following the CLs prescription,
the ?-values of the signal-plus-background hypothesis are tested against those of the background-only
hypothesis to extract the corresponding CLs values for each point. A signal point is considered excluded at
95% CL when such values fall below the 5% threshold.

The resulting expected and observed exclusion limit for the ,⌘ model is shown in Figure 13(a). All SRs
are statistically combined. The large ±1f uncertainty band of the expected limit, shown in Figure 13(a),
is almost entirely dominated by the statistical error on the signals from MC. The observed bounds are
stronger than the expected ones due to the deficit of data with respect to the SM background expectation
seen in SR,⌘

high�<T2
-3-``, as shown in Figure 10. However, this discrepancy falls within the 2f fluctuation

of the expected limit.

In the ,⌘ model, j̃±

1 j̃
0
2 masses are excluded up to about 525 GeV for a massless j̃

0
1 . On the other hand,

the exclusion for j̃0
1 masses reaches about 180 GeV for <( j̃

±

1 j̃
0
2) ' 400 GeV. The comparison with the

observed exclusion limits of the previous 36.1 fb−1 search [43] in the same channel, demonstrates the large
improvement of the reach of the current analysis.

The observed and expected exclusion limits for the ,/ model are shown in Figure 13(b), where two
orthogonal SRs, SR,/

high�<T2
and SR,/

low�<T2
, are statistically combined. The deficit of data events compared

to the SM expectation in SR,/
high�<T2

leads to the observed limits being more stringent than the expected
ones, as seen in Figure 12, yet within the 1f band of the latter. The uncertainty on the expected exclusion
limit is dominated by the FNP background determination, as observed in Figure 7. For <( j̃

0
1) < 1 GeV,
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cross-section. The grey region in (a) denotes the observed limits obtained in a previous search in the same channel
with 36.1 fb�1 of data [43].
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account together with its uncertainty according to the model predictions. Following the CLs prescription,
the ?-values of the signal-plus-background hypothesis are tested against those of the background-only
hypothesis to extract the corresponding CLs values for each point. A signal point is considered excluded at
95% CL when such values fall below the 5% threshold.
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Figure 1: Representative Feynman diagrams of SUSY scenarios which are being searched for in this note. In all
cases, the subsequent decays contain a two g-lepton final state. In the case of j̃±

1 j̃
0
2 production (b), the final state can

contain more than two g-leptons.

2 ATLAS detector

The ATLAS experiment [16] at the LHC is a multipurpose particle detector with a forward–backward
symmetric cylindrical geometry and a near 4c coverage in solid angle.1 It consists of an inner tracking
detector (ID) surrounded by a thin superconducting solenoid providing a 2 T axial magnetic field,
electromagnetic and hadron calorimeters, and a muon spectrometer. The inner tracking detector covers
the pseudorapidity range |[ | < 2.5. It consists of silicon pixel, silicon microstrip, and transition radiation
tracking detectors. Lead/liquid-argon (LAr) sampling calorimeters provide electromagnetic (EM) energy
measurements with high granularity. A steel/scintillator-tile hadron calorimeter covers the central
pseudorapidity range (|[ | < 1.7). The endcap and forward regions are instrumented with LAr calorimeters
for both the EM and hadronic energy measurements up to |[ | = 4.9. The muon spectrometer (MS)
surrounds the calorimeters and is based on three large superconducting air-core toroidal magnets with
eight coils each. The field integral of the toroids ranges between 2.0 and 6.0 T m across most of the
detector. The muon spectrometer includes a system of precision tracking chambers and fast detectors for
triggering. A two-level trigger system is used to select events. The first-level trigger is implemented in
hardware and uses a subset of the detector information to accept events at a rate below 100 kHz. This is
followed by a software-based trigger that reduces the accepted event rate to 1 kHz on average depending
on the data-taking conditions. An extensive software suite [17] is used in the reconstruction and analysis
of real and simulated data, in detector operations, and in the trigger and data acquisition systems of the
experiment.

1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the I-axis along the beam pipe. The G-axis points from the IP to the centre of the LHC ring, and the H-axis points
upwards. Cylindrical coordinates (A, q) are used in the transverse plane, q being the azimuthal angle around the I-axis.
The pseudorapidity is defined in terms of the polar angle \ as [ = � ln tan(\/2). Angular distance is measured in units of
�' ⌘

p
(�[)2 + (�q)2.
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Figure 12: The 95 % CL exclusion contours for simplified models with j̃
+
1 j̃

�
1 production (a) and production of j̃+

1 j̃
�
1

and j̃
±
1 j̃

0
2 (b) and (c). The solid (dashed) lines show the observed (expected) exclusion contours. The band around

the expected limit shows the ±1f variations, including all uncertainties except theoretical uncertainties in the signal
cross-section. The dotted lines around the observed limit indicate the sensitivity to ±1f variations of the theoretical
uncertainties in the signal cross-section. The green curves are from the contribution of C1N2SS scenario, while the
blue curves are from the contribution of C1C1 and C1N2OS scenarios, and the red curves are the combination of the
channels.
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Slepton Searches
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Motivated by the g-2 anomaly 
2L + ETmiss searches

Our slepton searches are exploring the 
preferred phase space

New analysis targeting Δm~mW (2209.13935)

The gap region still needs to be searched 
using more data in Run3
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Searches for various SUSY scenarios at Run-2

- All ATLAS SUSY results are available [here]

- No evidence found so far


SUSY might be 

- a little bit heavier than the current limits.

- not simple (e.g. low ETmiss, SM-like signal)

- uncovered models, e.g. mixed decay branching ratios


Final Run2 analyses to tackle those challenging scenarios are ongoing

We already have Run3 data!

Stay tuned for final Run2 and fresh Run3 results

Conclusion

14
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SUSY Summary

Model Signature
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1)<400 GeV 2010.142931.85q̃ [1×, 8× Degen.] 1.0q̃ [1×, 8× Degen.]

mono-jet 1-3 jets Emiss
T 139 m(q̃)-m(χ̃

0
1)=5 GeV 2102.108740.9q̃ [8× Degen.]

g̃g̃, g̃→qq̄χ̃
0
1

0 e, µ 2-6 jets Emiss
T 139 m(χ̃

0
1)=0 GeV 2010.142932.3g̃

m(χ̃
0
1)=1000 GeV 2010.142931.15-1.95g̃̃g Forbidden

g̃g̃, g̃→qq̄Wχ̃
0
1

1 e, µ 2-6 jets 139 m(χ̃
0
1)<600 GeV 2101.016292.2g̃

g̃g̃, g̃→qq̄("")χ̃
0
1

ee, µµ 2 jets Emiss
T 139 m(χ̃

0
1)<700 GeV CERN-EP-2022-0142.2g̃

g̃g̃, g̃→qqWZχ̃
0
1

0 e, µ 7-11 jets Emiss
T 139 m(χ̃

0
1) <600 GeV 2008.060321.97g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃
0
1)=200 GeV 1909.084571.15g̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Emiss
T 79.8 m(χ̃

0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃
0
1)=300 GeV 1909.084571.25g̃

b̃1b̃1 0 e, µ 2 b Emiss
T 139 m(χ̃

0
1)<400 GeV 2101.125271.255b̃1

10 GeV<∆m(b̃1,χ̃
0
1)<20 GeV 2101.125270.68b̃1

b̃1b̃1, b̃1→bχ̃
0
2 → bhχ̃

0
1

0 e, µ 6 b Emiss
T 139 ∆m(χ̃

0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=100 GeV 1908.031220.23-1.35b̃1b̃1 Forbidden

2 τ 2 b Emiss
T 139 ∆m(χ̃

0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=0 GeV 2103.081890.13-0.85b̃1b̃1

t̃1 t̃1, t̃1→tχ̃
0
1

0-1 e, µ ≥ 1 jet Emiss
T 139 m(χ̃

0
1)=1 GeV 2004.14060,2012.037991.25t̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1

1 e, µ 3 jets/1 b Emiss
T 139 m(χ̃

0
1)=500 GeV 2012.037990.65t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1-2 τ 2 jets/1 b Emiss
T 139 m(τ̃1)=800 GeV 2108.076651.4t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→cχ̃
0
1 / c̃c̃, c̃→cχ̃

0
1

0 e, µ 2 c Emiss
T 36.1 m(χ̃

0
1)=0 GeV 1805.016490.85c̃

0 e, µ mono-jet Emiss
T 139 m(t̃1,c̃)-m(χ̃

0
1)=5 GeV 2102.108740.55t̃1

t̃1 t̃1, t̃1→tχ̃
0
2, χ̃

0
2→Z/hχ̃

0
1

1-2 e, µ 1-4 b Emiss
T 139 m(χ̃

0
2)=500 GeV 2006.058800.067-1.18t̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ 1 b Emiss
T 139 m(χ̃

0
1)=360 GeV, m(t̃1)-m(χ̃

0
1)= 40 GeV 2006.058800.86t̃2t̃2 Forbidden

χ̃±
1
χ̃0

2 via WZ Multiple "/jets Emiss
T 139 m(χ̃

0
1)=0, wino-bino 2106.01676, 2108.075860.96χ̃±

1 /χ̃
0

2
ee, µµ ≥ 1 jet Emiss

T 139 m(χ̃
±
1 )-m(χ̃

0
1 )=5 GeV, wino-bino 1911.126060.205χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via WW 2 e, µ Emiss
T 139 m(χ̃

0
1)=0, wino-bino 1908.082150.42χ̃±

1

χ̃±
1
χ̃0

2 via Wh Multiple "/jets Emiss
T 139 m(χ̃

0
1)=70 GeV, wino-bino 2004.10894, 2108.075861.06χ̃±

1 /χ̃
0

2
χ̃±

1 /χ̃
0

2 Forbidden
χ̃±

1
χ̃∓

1 via "̃L/ν̃ 2 e, µ Emiss
T 139 m("̃,ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1908.082151.0χ̃±

1

τ̃τ̃, τ̃→τχ̃
0
1 2 τ Emiss

T 139 m(χ̃
0
1)=0 1911.066600.12-0.39τ̃ [τ̃L, τ̃R,L] 0.16-0.3τ̃ [τ̃L, τ̃R,L]

"̃L,R "̃L,R, "̃→"χ̃
0
1

2 e, µ 0 jets Emiss
T 139 m(χ̃

0
1)=0 1908.082150.7#̃

ee, µµ ≥ 1 jet Emiss
T 139 m("̃)-m(χ̃

0
1)=10 GeV 1911.126060.256#̃

H̃H̃, H̃→hG̃/ZG̃ 0 e, µ ≥ 3 b Emiss
T 36.1 BR(χ̃

0
1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃

4 e, µ 0 jets Emiss
T 139 BR(χ̃

0
1 → ZG̃)=1 2103.116840.55H̃

0 e, µ ≥ 2 large jets Emiss
T 139 BR(χ̃

0
1 → ZG̃)=1 2108.075860.45-0.93H̃

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Emiss

T 139 Pure Wino 2201.024720.66χ̃±
1

Pure higgsino 2201.024720.21χ̃±
1

Stable g̃ R-hadron pixel dE/dx Emiss
T 139 CERN-EP-2022-0292.05g̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

pixel dE/dx Emiss
T 139 m(χ̃

0
1)=100 GeV CERN-EP-2022-0292.2g̃ [τ( g̃) =10 ns]

"̃"̃, "̃→"G̃ Displ. lep Emiss
T 139 τ("̃) = 0.1 ns 2011.078120.7ẽ, µ̃

τ("̃) = 0.1 ns 2011.078120.34τ̃
pixel dE/dx Emiss

T 139 τ("̃) = 10 ns CERN-EP-2022-0290.36τ̃

χ̃±
1
χ̃∓

1 /χ̃
0
1 , χ̃

±
1→Z"→""" 3 e, µ 139 Pure Wino 2011.105431.05χ̃∓

1 /χ̃
0

1 [BR(Zτ)=1, BR(Ze)=1] 0.625χ̃∓
1 /χ̃

0

1 [BR(Zτ)=1, BR(Ze)=1]

χ̃±
1
χ̃∓

1 /χ̃
0
2 → WW/Z""""νν 4 e, µ 0 jets Emiss

T 139 m(χ̃
0
1)=200 GeV 2103.116841.55χ̃±

1 /χ̃
0

2 [λi33 ! 0, λ12k ! 0] 0.95χ̃±
1 /χ̃

0

2 [λi33 ! 0, λ12k ! 0]

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 4-5 large jets 36.1 Large λ′′

112 1804.035681.9g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV]

t̃t̃, t̃→tχ̃
0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05t̃ [λ′′

323
=2e-4, 1e-2] 0.55t̃ [λ′′

323
=2e-4, 1e-2]

t̃t̃, t̃→bχ̃
±
1 , χ̃

±
1 → bbs ≥ 4b 139 m(χ̃

±
1 )=500 GeV 2010.010150.95t̃̃t Forbidden

t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→q" 2 e, µ 2 b 36.1 BR(t̃1→be/bµ)>20% 1710.055440.4-1.45t̃1

1 µ DV 136 BR(t̃1→qµ)=100%, cosθt=1 2003.119561.6t̃1 [1e-10< λ′
23k
<1e-8, 3e-10< λ′

23k
<3e-9] 1.0t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9]

χ̃±
1 /χ̃

0
2/χ̃

0
1, χ̃0

1,2
→tbs, χ̃

+

1→bbs 1-2 e, µ ≥6 jets 139 Pure higgsino 2106.096090.2-0.32χ̃0

1

Mass scale [TeV]10−1 1

ATLAS SUSY Searches* - 95% CL Lower Limits
March 2022

ATLAS Preliminary
√

s = 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Stop Searches
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Light stop favored by naturalness

Decay modes depend on Δm(stop, LSP)

stop simplified model : stop → t(*) + LSP
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