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Did we find SUSY?
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No
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But, there are key regions still unexplored!
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Where do we stand?
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General picture from ATLAS
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MSUGRA/CMSSM 0-3 e, µ /1-2 τ 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.055251.85 TeVq̃, g̃

q̃q̃, q̃→qχ̃0
1 0 2-6 jets Yes 13.3 m(χ̃0

1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) ATLAS-CONF-2016-0781.35 TeVq̃

q̃q̃, q̃→qχ̃0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m(χ̃0

1)<5 GeV 1604.07773608 GeVq̃

g̃g̃, g̃→qq̄χ̃0
1 0 2-6 jets Yes 13.3 m(χ̃0

1)=0 GeV ATLAS-CONF-2016-0781.86 TeVg̃

g̃g̃, g̃→qqχ̃±1→qqW±χ̃0
1 0 2-6 jets Yes 13.3 m(χ̃0

1)<400 GeV, m(χ̃±)=0.5(m(χ̃0
1)+m(g̃)) ATLAS-CONF-2016-0781.83 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃0
1 3 e, µ 4 jets - 13.2 m(χ̃0

1)<400 GeV ATLAS-CONF-2016-0371.7 TeVg̃

g̃g̃, g̃→qqWZχ̃0
1 2 e, µ (SS) 0-3 jets Yes 13.2 m(χ̃0

1) <500 GeV ATLAS-CONF-2016-0371.6 TeVg̃
GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 3.2 1607.059792.0 TeVg̃
GGM (bino NLSP) 2 γ - Yes 3.2 cτ(NLSP)<0.1 mm 1606.091501.65 TeVg̃
GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃0

1)<950 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.054931.37 TeVg̃
GGM (higgsino-bino NLSP) γ 2 jets Yes 13.3 m(χ̃0

1)>680 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2016-0661.8 TeVg̃
GGM (higgsino NLSP) 2 e, µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290900 GeVg̃
Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 × 10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518865 GeVF1/2 scale

g̃g̃, g̃→bb̄χ̃0
1 0 3 b Yes 14.8 m(χ̃0

1)=0 GeV ATLAS-CONF-2016-0521.89 TeVg̃

g̃g̃, g̃→tt̄χ̃0
1 0-1 e, µ 3 b Yes 14.8 m(χ̃0

1)=0 GeV ATLAS-CONF-2016-0521.89 TeVg̃
g̃g̃, g̃→bt̄χ̃+1 0-1 e, µ 3 b Yes 20.1 m(χ̃0

1)<300 GeV 1407.06001.37 TeVg̃

b̃1b̃1, b̃1→bχ̃0
1 0 2 b Yes 3.2 m(χ̃0

1)<100 GeV 1606.08772840 GeVb̃1

b̃1b̃1, b̃1→tχ̃±1 2 e, µ (SS) 1 b Yes 13.2 m(χ̃0
1)<150 GeV, m(χ̃±1 )= m(χ̃0

1)+100 GeV ATLAS-CONF-2016-037325-685 GeVb̃1

t̃1 t̃1, t̃1→bχ̃±1 0-2 e, µ 1-2 b Yes 4.7/13.3 m(χ̃±1 ) = 2m(χ̃0
1), m(χ̃0

1)=55 GeV 1209.2102, ATLAS-CONF-2016-077117-170 GeVt̃1 200-720 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃0
1 or tχ̃0

1 0-2 e, µ 0-2 jets/1-2 b Yes 4.7/13.3 m(χ̃0
1)=1 GeV 1506.08616, ATLAS-CONF-2016-07790-198 GeVt̃1 205-850 GeVt̃1

t̃1 t̃1, t̃1→cχ̃0
1 0 mono-jet Yes 3.2 m(t̃1)-m(χ̃0

1)=5 GeV 1604.0777390-323 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃0
1)>150 GeV 1403.5222150-600 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 13.3 m(χ̃0
1)<300 GeV ATLAS-CONF-2016-038290-700 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1 e, µ 6 jets + 2 b Yes 20.3 m(χ̃0
1)=0 GeV 1506.08616320-620 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃0
1 2 e, µ 0 Yes 20.3 m(χ̃0

1)=0 GeV 1403.529490-335 GeVℓ̃
χ̃+1 χ̃

−
1 , χ̃+1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 13.3 m(χ̃0

1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1)) ATLAS-CONF-2016-096640 GeVχ̃±

1
χ̃+1 χ̃

−
1 , χ̃+1→τ̃ν(τν̃) 2 τ - Yes 14.8 m(χ̃0

1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1 )) ATLAS-CONF-2016-093580 GeVχ̃±

1
χ̃±1 χ̃

0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 13.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0

1)) ATLAS-CONF-2016-0961.0 TeVχ̃±
1 , χ̃

0
2

χ̃±1 χ̃
0
2→Wχ̃0

1Zχ̃0
1 2-3 e, µ 0-2 jets Yes 20.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, ℓ̃ decoupled 1403.5294, 1402.7029425 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→Wχ̃0

1h χ̃0
1, h→bb̄/WW/ττ/γγ e, µ, γ 0-2 b Yes 20.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, ℓ̃ decoupled 1501.07110270 GeVχ̃±

1 , χ̃
0
2

χ̃0
2χ̃

0
3, χ̃0

2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃0
2)=m(χ̃0

3), m(χ̃0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃0

2)+m(χ̃0
1)) 1405.5086635 GeVχ̃0

2,3
GGM (wino NLSP) weak prod. 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493115-370 GeVW̃
GGM (bino NLSP) weak prod. 2 γ - Yes 20.3 cτ<1 mm 1507.05493590 GeVW̃

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 Disapp. trk 1 jet Yes 20.3 m(χ̃±1 )-m(χ̃0

1)∼160 MeV, τ(χ̃±1 )=0.2 ns 1310.3675270 GeVχ̃±
1

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 dE/dx trk - Yes 18.4 m(χ̃±1 )-m(χ̃0

1)∼160 MeV, τ(χ̃±1 )<15 ns 1506.05332495 GeVχ̃±
1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584850 GeVg̃

Stable g̃ R-hadron trk - - 3.2 1606.051291.58 TeVg̃
Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃0

1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

GMSB, stable τ̃, χ̃0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795537 GeVχ̃0

1

GMSB, χ̃0
1→γG̃, long-lived χ̃0

1 2 γ - Yes 20.3 1<τ(χ̃0
1)<3 ns, SPS8 model 1409.5542440 GeVχ̃0

1

g̃g̃, χ̃0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃0

1)< 740 mm, m(g̃)=1.3 TeV 1504.051621.0 TeVχ̃0
1

GGM g̃g̃, χ̃0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃0

1)< 480 mm, m(g̃)=1.1 TeV 1504.051621.0 TeVχ̃0
1

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.45 TeVq̃, g̃
χ̃+1 χ̃

−
1 , χ̃+1→Wχ̃0

1, χ̃
0
1→eeν, eµν, µµν 4 e, µ - Yes 13.3 m(χ̃0

1)>400GeV, λ12k,0 (k = 1, 2) ATLAS-CONF-2016-0751.14 TeVχ̃±
1

χ̃+1 χ̃
−
1 , χ̃+1→Wχ̃0

1, χ̃
0
1→ττνe, eτντ 3 e, µ + τ - Yes 20.3 m(χ̃0

1)>0.2×m(χ̃±1 ), λ133,0 1405.5086450 GeVχ̃±
1

g̃g̃, g̃→qqq 0 4-5 large-R jets - 14.8 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2016-0571.08 TeVg̃

g̃g̃, g̃→qqχ̃0
1, χ̃0

1 → qqq 0 4-5 large-R jets - 14.8 m(χ̃0
1)=800 GeV ATLAS-CONF-2016-0571.55 TeVg̃

g̃g̃, g̃→tt̄χ̃0
1, χ̃0

1 → qqq 1 e, µ 8-10 jets/0-4 b - 14.8 m(χ̃0
1)=700 GeV ATLAS-CONF-2016-0941.75 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 14.8 625 GeV<m(t̃1)<850 GeV ATLAS-CONF-2016-0941.4 TeVg̃
t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084410 GeVt̃1 450-510 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 20.3 BR(t̃1→be/µ)>20% ATLAS-CONF-2015-0150.4-1.0 TeVt̃1

Scalar charm, c̃→cχ̃0
1 0 2 c Yes 20.3 m(χ̃0

1)<200 GeV 1501.01325510 GeVc̃

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: August 2016

ATLAS Preliminary√
s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new
states or phenomena is shown.
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Supersymmetric Electroweak (SUSY EWK) sector:

Physics motivation:
If gluinos/squarks are heavy (O(TeV)) SUSY EWK production will be the
dominant process at the LHC.

Signatures of direct EWK-ino production:
Multiple leptons, low hadronic activity and missing-energy.

Physics processes:

• ˜̀̀̃

• χ̃+
1 χ̃

−
1

• χ̃±
1 χ̃

0
2

Searches based on simplified models:

• RPC models
• Wino-Bino, Higgsino LSP

• GGM (higgsino triplet, χ̃
0
1, χ̃

0
2, χ̃

±
1 )

• RPV (covered in 4`) final states
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Slicing EWK SUSY searches in lepton multiplicities

1-lepton 2-lepton 3-lepton 4-lepton

Simplified models based on R-Parity Conservation/Violation;
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Results shown during the summer conferences
@
√
s = 13TeV
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Physics Procecesses with ˜̀ - ATLAS-CONF-2016-096

• 2` searches based on the stransverse mass, mT2

• 3` searches based on Emiss
T and mT

•
A. Petridis 10 / 20
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Statistical Interpretation
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Physics processes w/ τ̃ - ATLAS-CONF-2016-093
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• 2τ searches based on the stransverse mass, mT2 and Emiss
T
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Statistical Interpretation
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• ATLAS-CONF-2016-093

• CMS-PAS-SUS-16-024
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RPV SUSY EWK - ATLAS-CONF-2016-075
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• Wino-Bino scenario, where the LSP undergoes RPV decay;

• limit set at 1.14 TeV for LLĒ12k models
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Upcoming publications
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This year’s holiday present: Supersymmetry with Dark
Matter is still natural

Fine-tuning arguments point to models with a dark matter candidate yielding the
correct dark matter relic density: a bino-higgsino particle with a mass of 35-155
GeV...

arXiv:1612.06333 [hep-ph]
M. Beekveld, W. Beenakker, S. Caron, R. Peeters, R. R. de Austri
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Where we are with χ̃
±
1 χ̃

0
2 w/ WZ

ATLAS CMS
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0χ∼ →pp ICHEP 2016
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Z
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0χ∼

 = m
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H
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1
0χ∼

 = m
1

±χ∼m

Expected
Observed

SUS-16-024, 3-lep (WH)
SUS-16-024, 3-lep (WZ)
SUS-16-025, soft 2-lep (WZ)

• Challenging process due to the low cross-section (σ × BR)
• Dedicated searches from both ATLAS and CMS (exploring all

high/intermediate/compressed mass regions)
• ATLAS high priority physics process (Check Damir Duvnjak’s poster for more

details!);

• χ̃+
1 χ̃

−
1 →WW will also be considered;
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Compressed EWK SUSY searches

ATLAS: Higgsino LSP

Produced leptons can be
very soft!

Generator level studies
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• For the first time in ATLAS we measured electron efficiencies down to 4.5
GeV (Check Abhishek Sharma poster!)

• ATLAS: Working on improving electron reconstruction and identification;
• Improved trigger strategy;
• ATLAS: Provide results on both Higgsino LSP and Bino LSP scenarios
• CMS: CMS-PAS-SUS-16-025 (Sensitive up to mass-splits of 7.5 GeV for

mχ̃±
1 /χ̃

0
2

= 160 GeV)
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https://cds.cern.ch/record/2205866


χ̃±1 χ̃
0
2 via Wh
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CMS SR

• CMS: Results based on 1`+ bb̄ +Emiss
T final state; Use of contransvarse mass:

• CMS-PAS-SUS-16-026

• ATLAS: Provide results in the near future; Similar strategy by looking in many
final states
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https://cds.cern.ch/record/2205174/files/SUS-16-026-pas.pdf


Summary

• Rich SUSY EWK program from both ATLAS and CMS experiments;
• Last year’s resuts, based on a subset of the total integrated luminosity excluded

m
χ̃±
1 /χ̃

0
2
up to 1 TeV for massless LSP;

• Similar sensitivities from both experiments, binned SRs or dedicated inclusive
SRs;

• More dedicated searches are currently in ATLAS plans and hope to release
them soon!

• Stay tuned and you never know what the data might be hiding!

Thank you
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Back-up
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Integrated Luminosity

N︸︷︷︸
# of events

= σ︸︷︷︸
cross section

of the process (fb)

·
∫

Ldt︸ ︷︷ ︸
integrated luminosity (fb−1)

2015 @
√
s = 13 TeV 2016 @

√
s = 13 TeV
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General picture from CMS

A. Petridis 23 / 20



First stop: Physics Procecesses with ˜̀ - CMS
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CMS Binned SRs with e or µ and 2 hadronic τ

]
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