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LHC Run1 (8 TeV) SUSY Searches (Examples) 
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Limits depend strongly on type, mass, BR of NLSP.

Summary plots for Run 1:   link to ATLAS, CMS

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SUSYSMSSummaryPlots8TeV
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CMS Run 1 SUSY Results

3

Mass scales [GeV]
0 200 400 600 800 1000 1200 1400 1600 1800

233
'λ  µ tbt→ 

R
t
~

233
λt  ντµ → 

R
t
~ 123

λt  ντµ → 
R

t
~

122
λt  νeµ → 

R
t
~

112
''λ qqqq  → 

R
q
~ 233

'λ  µ qbt→ q
~

231
'λ  µ qbt→ q

~ 233
λ  ν qll→ q

~
123

λ  ν qll→ q
~

122
λ  ν qll→ q

~ 112
''λ qqqq  → g

~
323

''λ tbs  → g
~ 112

''λ qqq  → g
~

113/223
''λ qqb  → g

~ 233
'λ  µ qbt→ g

~
231
'λ  µ qbt→ g

~
233

λ  ν qll→ g
~ 123

λ  ν qll→ g
~

122
λ  ν qll→ g

~

0
χ∼ l → l~

 
0

χ∼ 
0

χ∼ν τττ → ±χ∼ 
2

0
χ∼

 
0

χ∼ 
0

χ∼ν τ ll→ ±χ∼ 
2

0
χ∼

0
χ∼ 

0
χ∼ H W → 

2

0
χ∼ ±χ∼

0
χ∼ 

0
χ∼ H Z → 

2

0
χ∼ 

2

0
χ∼

0
χ∼ 

0
χ∼ W Z → 

2

0
χ∼ ±χ∼

0
χ∼ 

0
χ∼ Z Z → 

2

0
χ∼ 

2

0
χ∼

0
χ∼

0
χ∼νν-l

+
 l→ 

-
χ∼

+
χ∼

 
0

χ∼ 
0

χ∼ν lll → ±χ∼ 
2

0
χ∼

0
χ∼ bZ → b

~

0
χ∼ tW → b

~

0
χ∼ b → b

~

) H 
1

0
χ∼  t → 

1
t
~

 (→ 
2

t
~

) Z 
1

0
χ∼  t → 

1
t
~

 (→ 
2

t
~

 H G)→ 
0

χ∼(
0

χ∼ t b → t
~

)
0

χ∼ W→ 
+

χ∼ b(→ t
~

0
χ∼ t → t

~

0
χ∼ q → q

~

))
0

χ∼ W→ 
±

χ∼ t(→ b
~

 b(→ g
~

)
0

χ∼ W→
±

χ∼ qq(→ g
~

)
0

χ∼ t→ t
~

 t(→ g
~

0
χ∼ tt → g

~

0
χ∼ bb → g

~

0
χ∼ qq → g

~

 

SUS-13-006 L=19.5 /fb

SUS-13-008 SUS-13-013 L=19.5 /fb

SUS-13-011 L=19.5 /fb
x = 0.25 x = 0.50

x = 0.75

SUS-14-002 L=19.5 /fb

SUS-13-006 L=19.5 /fb
x = 0.05

x = 0.50
x = 0.95

SUS-13-006 L=19.5 /fb

SUS-12-027 L=9.2 /fb

SUS-13-007 SUS-13-013 L=19.4 19.5 /fb

SUS-12-027 L=9.2 /fb

SUS 13-019 L=19.5 /fb

SUS-14-002 L=19.5 /fb

SUS-12-027 L=9.2 /fb
SUS-13-003 L=19.5 9.2 /fb

SUS-13-006 L=19.5 /fb

SUS-12-027 L=9.2 /fb

EXO-12-049 L=19.5 /fb

SUS-14-011 L=19.5 /fb

SUS-12-027 L=9.2 /fb

SUS-13-008 L=19.5 /fb

SUS-12-027 L=9.2 /fb

EXO-12-049 L=19.5 /fb

SUS-12-027 L=9.2 /fb

SUS-12-027 L=9.2 /fb

SUS-13-024 SUS-13-004 L=19.5 /fb

SUS-13-003 L=19.5 /fb

SUS-12-027 L=9.2 /fb

SUS-13-019 L=19.5 /fb

SUS-13-018 L=19.4 /fb

SUS-13-014 L=19.5 /fb

SUS-14-011 SUS-13-019 L=19.3 19.5 /fb

SUS-13-008 SUS-13-013 L=19.5 /fb

SUS-13-024 SUS-13-004 L=19.5 /fb

SUS-13-013 L=19.5 /fb x = 0.20x = 0.50

SUS-12-027 L=9.2 /fb

SUS-13-003 L=19.5 9.2 /fb

SUS-12-027 L=9.2 /fb

SUS-13-008 SUS-13-013 L=19.5 /fb

SUS-12-027 L=9.2 /fb

SUS-14-002 L=19.5 /fb

SUS-12-027 L=9.2 /fb

SUS-13-013 L=19.5 /fb

SUS-13-006 L=19.5 /fb x = 0.05x = 0.50
x = 0.95

SUS-13-006 L=19.5 /fb

R
P

V
gl

ui
no

 p
ro

du
ct

io
n

sq
ua

rk
st

op
sb

ot
to

m
E

W
K

 g
au

gi
no

s
sl

ep
to

n

Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV

ICHEP 2014

lsp
m⋅+(1-x)

mother
m⋅ = xintermediatem

For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit
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LHC Run2 (2015) at ! s =13 TeV
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Analyses based on:
ATLAS: 3.2 - 3.3 fb-1

CMS:    2.1 - 2.4 fb-1

Peak luminosity: 5 x 1033 cm-2 sec-1

Pile-up at 25 ns:  "  13.5
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Strong SUSY Production has Highest Cross Section
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• Highest mass limits at LHC run1
• Benefits the most from 8 #  13 TeV energy increase. 
• 3 fb-1 is sufficient to surpass the Run 1 mass reach.

SUSY: Inclusive Strong Production Searches

Chris Young

8 → 13TeV
! For Run II we now have 13 TeV CoM collisions - this leads to a very large

increase in the cross-section for the signal compared to the background.

! Therefore with the 2015 data the sensitivity easily surpasses that of the
whole of Run I in many cases.

Main background

Signal

6 / 21
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ATLAS 13 TeV SUSY Searches
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ATLAS # SR Key Variables Link

0L jets+MET (2-6 jets) 7 Njet, Meff arXiv:1605.03814

0L jets+MET (7-10 jets) 15 Njets,Nbjet (lower MET) arXiv:1602.06194

Mono jet + MET 13 Njets, MET arXiv 1604.07773

1L jets+MET 6 Pt(lep), Njet, MET, MT arXiv:1605.04285

2L Z+jets+MET 1 Same SR as 8 TeV ATLAS-CONF-2015-082

2L SS/3L jets+MET 4 Njet, Nbjet, MET, Meff arXiv:1602.09058

Multi-b jets+MET (0L, 1L) 8 Nbjet, MET, Meff, Ntop ATLAS-CONF-2015-067

Sbottom (2b+MET) 4 MCT, Pt(jet1), MET ATLAS-CONF-2015-066

Stop 1L 3 MT(+var), topness, MET ATLAS-CONF-2015-007

Stop 2L 2 MT2, SF/OF, MET/Meff ATLAS-CONF-2015-009

Metastable ch. particle 2 MET, MT, Pt, µID, dE/dx arXiv 1604.04520
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CMS 13 TeV SUSY Searches
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CMS # SR Key Variables Link
0L jets+MHT (≥ 4 jets) 72 Njet, Nbjet, HT, MHT arXiv: 1602.06581
0L MT2 (≥ 1 jets) > 150 Njet, Nbjet, HT, MT2 CMS-PAS-SUS-15-003
0L alphaT (≥ 1 jets) > 150 Njet, Nbjet, HT, 𝛂T, Pt(jet2) CMS-PAS-SUS-15-005
0+1L Razor > 400 Nlep, Nbjet, R2, MR CMS-PAS-SUS-15-004
1L jets+MET 24 Njet, Nbjet, HT, MET, ΣMJ CMS-PAS-SUS-15-007
1L 43 Njet, Nbjet, HT, LT CMS-PAS-SUS-15-006
2L SS jets+MET 66 Njet, Nbjet, HT, MET, MTmin CMS-PAS-SUS-15-008
2L OS jets+MET 47 Njet, Nbjet, HT, MET, M�i�i CMS-PAS-SUS-15-011

Multi-L jets+MET 15 Njet, Nbjets, MET, HT CMS-PAS-SUS-16-003
Slow, massive ch. particle Mass Pt, dE/dx, TOF CMS-PAS-EXO-15-010
MT2 (incl. reinterpretation) 44 Njet, Nbjet, HT, MT2 arXiv:1603.04053
Stop 1L 9 N(b)jet, MT2, topness, MET CMS-PAS-SUS-16-002
Stop 1L (all hadronic) 37 Njet, Nbjet, MET, MT CMS-PAS-SUS-16-007
SMS reinterpretation 2 𝛂T, 2L, MHT, Razor, MT2 CMS-PAS-SUS-16-004
γ + MET 1 Njet, MET CMS-PAS-SUS-15-012
sbottom, stop pairs 18 Njets, Nbjets, MT, MCT CMS-PAS-SUS-16-001
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Searches for Gluino and Squark Production
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Typical decay cascades contain multiple jets (possibly b-tagged), Etmiss, 
(possibly multi-) leptons, and (possibly) top quarks

Typical decay cascades contain:
• multiple jets (possibly b-jets)
• missing transverse energy (Etmiss)
• (possibly multi-) leptons
• (possibly) top quarks
• (possibly) W/Z bosons
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Run 1 Excesses in Z+jets+Etmiss
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47

CMS and ATLAS have seen excesses 
in different channels

JHEP 04 (2015) 124
Eur. Phys. J. C75 (2015) 318

ATLAS-CONF-2015-082
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Significant improvement  compared to Run 1.
Gluino mass limits up to ~ 1500 - 1600 GeV 
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Squark NLSP: ÷q ! q÷! 0
1
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arXiv 1603.04053

Limits are weaker if light flavour  squarks are not mass degenerate

CMS: 0L, MT2
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Search for stops and sbottoms
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21.3.2016 J. Lorenz, SUSY searches at ATLAS 11

 0-lepton + 2 b-tagged jets + E
T

miss

Search for direct sbo:om pair produc�on:
● Two sets of signal regions – for large and small mass 

diferences between sbo�om and LSP.
● For large mass diferences cut on cotransverse mass:

 m2
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(v

1
 ) + E

T
(v

2
 )]2 − [p
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 ) − p
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 )]2

→ for �bar events clear endpoint at 135 GeV.
● For small mass diferences use recoil against ISR jet.
● Backgrounds: W+jets, Z+jets and top events from control 

regions with 1 or 2 leptons.

Data in good 
agreement 
with 
background 
expecta-on.

[ATLAS-CONF-2015-066]
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""""""""""""""#$2&-()2*@"A-0"15,2">2$ stops"1*&""""
"""""""""""""sbo�oms."

Example 
signatures

Direct production of stop and sbottom pairs.
Interesting in “Natural SUSY” scenarios with light stops and sbottom.

Expect to find events with many b-jets. 
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1-lepton direct stop analysis

Sbottom and Stop Pair Production

Stop mass limits up to 750 GeV for 
100% BR into top + LSP. 
Lower limits for reduced BR.

2 b-jets + MET

pp! ÷b÷b⇤, ÷b! b÷! 0
1 pp ! t̃ t̃⇤, t̃ ! t�̃0

1
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Long lived massive R-hadron (metastable gluino)
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Photon + Etmiss
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ATLAS SUSY Summary
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Model e, µ, !, " Jets Emiss
T

!
L dt[fb ! 1] Mass limit Reference

In
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e
S

ea
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s
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n.

g̃
m

ed
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E
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pa
rt

ic
le

s
R

P
V

Other

MSUGRA/CMSSM 0-3 e, µ /1-2 ! 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.055251.85 TeV÷q, ÷g

q̃q̃, q̃! q"̃ 0
1 0 2-6 jets Yes 3.2 m("̃ 0

1)=0 GeV, m(1st gen. q̃)=m(2nd gen. q̃) ATLAS-CONF-2015-062980 GeV÷q

q̃q̃, q̃! q"̃ 0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m("̃ 0

1 )<5 GeV To appear610 GeV÷q

q̃q̃, q̃! q(##/#$/$$)"̃ 0
1

2 e, µ (off-Z) 2 jets Yes 20.3 m("̃ 0
1)=0 GeV 1503.03290820 GeV÷q

g̃g̃, g̃! qq̄"̃ 0
1 0 2-6 jets Yes 3.2 m("̃ 0

1)=0 GeV ATLAS-CONF-2015-0621.52 TeV÷g

g̃g̃, g̃! qq"̃ ±
1 ! qqW±"̃ 0

1
1 e, µ 2-6 jets Yes 3.3 m("̃ 0

1)<350 GeV, m("̃ ±
)=0.5(m("̃ 0

1)+m(g̃)) ATLAS-CONF-2015-0761.6 TeV÷g

g̃g̃, g̃! qq(##/#$/$$)"̃ 0
1

2 e, µ 0-3 jets - 20 m("̃ 0
1)=0 GeV 1501.035551.38 TeV÷g

g̃g̃, g̃! qqWZ"̃ 0
1 0 7-10 jets Yes 3.2 m("̃ 0

1) =100 GeV 1602.061941.4 TeV÷g

GMSB (#̃ NLSP) 1-2 ! + 0-1 # 0-2 jets Yes 20.3 tan% >20 1407.06031.63 TeV÷g
GGM (bino NLSP) 2 & - Yes 20.3 c! (NLSP)<0.1 mm 1507.054931.34 TeV÷g
GGM (higgsino-bino NLSP) & 1 b Yes 20.3 m("̃ 0

1)<950 GeV, c! (NLSP)<0.1 mm, µ<0 1507.054931.37 TeV÷g
GGM (higgsino-bino NLSP) & 2 jets Yes 20.3 m("̃ 0

1)<850 GeV, c! (NLSP)<0.1 mm, µ>0 1507.054931.3 TeV÷g
GGM (higgsino NLSP) 2 e, µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290900 GeV÷g

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! bb̄"̃ 0
1 0 3 b Yes 3.3 m("̃ 0

1)<800 GeV ATLAS-CONF-2015-0671.78 TeV÷g

g̃g̃, g̃! tt̄"̃ 0
1

0-1 e, µ 3 b Yes 3.3 m("̃ 0
1)=0 GeV To appear1.76 TeV÷g

g̃g̃, g̃! bt̄"̃ +
1 0-1 e, µ 3 b Yes 20.1 m("̃ 0

1)<300 GeV 1407.06001.37 TeV÷g

b̃1b̃1, b̃1! b"̃ 0
1 0 2 b Yes 3.2 m("̃ 0

1)<100 GeV ATLAS-CONF-2015-066840 GeV÷b1

b̃1b̃1, b̃1! t"̃ ±
1 2 e, µ (SS) 0-3 b Yes 3.2 m("̃ 0

1)=50 GeV, m("̃ ±
1 )= m("̃ 0

1)+100 GeV 1602.09058325-540 GeV÷b1

t̃1 t̃1, t̃1! b"̃ ±
1 1-2 e, µ 1-2 b Yes 4.7/20.3 m("̃ ±

1 ) = 2m("̃ 0
1), m("̃ 0

1)=55 GeV 1209.2102, 1407.0583117-170 GeV÷t1 200-500 GeV÷t1

t̃1 t̃1, t̃1! Wb"̃ 0
1 or t"̃ 0

1
0-2 e, µ 0-2 jets/1-2 b Yes 20.3 m("̃ 0

1)=1 GeV 1506.08616, ATLAS-CONF-2016-00790-198 GeV÷t1 205-715 GeV÷t1 745-785 GeV÷t1

t̃1 t̃1, t̃1! c"̃ 0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m("̃ 0

1 )<85 GeV 1407.060890-245 GeV÷t1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m("̃ 0
1)>150 GeV 1403.5222150-600 GeV÷t1

t̃2 t̃2, t̃2! t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m("̃ 0
1)<200 GeV 1403.5222290-610 GeV÷t2

t̃2 t̃2, t̃2! t̃1 + h 1 e, µ 6 jets + 2 b Yes 20.3 m("̃ 0
1)=0 GeV 1506.08616320-620 GeV÷t2

#̃L,R#̃L,R, #̃! #"̃ 0
1

2 e, µ 0 Yes 20.3 m("̃ 0
1)=0 GeV 1403.529490-335 GeV÷#

"̃ +
1
"̃ #
1 , "̃ +

1 ! #̃$(#$̃) 2 e, µ 0 Yes 20.3 m("̃ 0
1)=0 GeV, m(#̃,$̃)=0.5(m("̃ ±

1 )+m("̃ 0
1)) 1403.5294140-475 GeV÷$±

1
"̃ +
1
"̃ #
1 , "̃ +

1 ! !̃$ (! $̃) 2 ! - Yes 20.3 m("̃ 0
1)=0 GeV, m(!̃, $̃)=0.5(m("̃ ±

1 )+m("̃ 0
1)) 1407.0350355 GeV÷$±

1
"̃ ±
1
"̃ 0
2! #̃L$#̃L#($̃$), #$̃#̃L#($̃$) 3 e, µ 0 Yes 20.3 m("̃ ±

1 )=m("̃ 0
2), m("̃ 0

1)=0, m(#̃,$̃)=0.5(m("̃ ±
1 )+m("̃ 0

1)) 1402.7029715 GeV÷$±
1 , ÷$0

2
"̃ ±
1
"̃ 0
2! W"̃ 0

1Z"̃ 0
1

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

2), m("̃ 0
1)=0, sleptons decoupled 1403.5294, 1402.7029425 GeV÷$±

1 , ÷$0
2

"̃ ±
1
"̃ 0
2! W"̃ 0

1h"̃ 0
1, h! bb̄/ WW/!!/&& e, µ, & 0-2 b Yes 20.3 m("̃ ±

1 )=m("̃ 0
2), m("̃ 0

1)=0, sleptons decoupled 1501.07110270 GeV÷$±
1 , ÷$0

2
"̃ 0
2
"̃ 0
3, "̃ 0

2,3 ! #̃R# 4 e, µ 0 Yes 20.3 m("̃ 0
2)=m("̃ 0

3), m("̃ 0
1)=0, m(#̃,$̃)=0.5(m("̃ 0

2)+m("̃ 0
1)) 1405.5086635 GeV÷$0

2,3

GGM (wino NLSP) weak prod. 1 e, µ + & - Yes 20.3 c!< 1 mm 1507.05493115-370 GeV÷W

Direct "̃ +
1
"̃ #
1 prod., long-lived "̃ ±

1 Disapp. trk 1 jet Yes 20.3 m("̃ ±
1 )-m("̃ 0

1)$160 MeV, ! ("̃ ±
1 )=0.2 ns 1310.3675270 GeV÷$±

1

Direct "̃ +
1
"̃ #
1 prod., long-lived "̃ ±

1 dE/dx trk - Yes 18.4 m("̃ ±
1 )-m("̃ 0

1)$160 MeV, ! ("̃ ±
1 )<15 ns 1506.05332495 GeV÷$±

1
Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m("̃ 0

1)=100 GeV, 10 µs<! (g̃)<1000 s 1310.6584850 GeV÷g
Metastable g̃ R-hadron dE/dx trk - - 3.2 m("̃ 0

1)=100 GeV, !> 10 ns To appear1.54 TeV÷g

GMSB, stable !̃ , "̃ 0
1! !̃ (ẽ, µ̃)+! (e, µ) 1-2 µ - - 19.1 10<tan%<50 1411.6795537 GeV÷$0

1

GMSB, "̃ 0
1! &G̃, long-lived "̃ 0

1
2 & - Yes 20.3 1<! ("̃ 0

1)<3 ns, SPS8 model 1409.5542440 GeV÷$0
1

g̃g̃, "̃ 0
1! ee$/eµ$/µµ$ displ. ee/ eµ/µµ - - 20.3 7 <c! ("̃ 0

1)< 740 mm, m(g̃)=1.3 TeV 1504.051621.0 TeV÷$0
1

GGM g̃g̃, "̃ 0
1! ZG̃ displ. vtx + jets - - 20.3 6 <c! ("̃ 0

1)< 480 mm, m(g̃)=1.1 TeV 1504.051621.0 TeV÷$0
1

LFV pp! $̃! + X, $̃! ! eµ/e!/µ! eµ,e! ,µ! - - 20.3 ' %
311=0.11, ' 132/ 133/ 233=0.07 1503.044301.7 TeV÷%!

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), c! LS P<1 mm 1404.25001.45 TeV÷q, ÷g
"̃ +
1
"̃ #
1 , "̃ +

1 ! W"̃ 0
1, "̃ 0

1! eẽ$µ, eµ$̃e 4 e, µ - Yes 20.3 m("̃ 0
1)>0.2" m("̃ ±

1 ), ' 121!0 1405.5086760 GeV÷$±
1

"̃ +
1
"̃ #
1 , "̃ +

1 ! W"̃ 0
1, "̃ 0

1! !! $̃e, e! $̃! 3 e, µ + ! - Yes 20.3 m("̃ 0
1)>0.2" m("̃ ±

1 ), ' 133!0 1405.5086450 GeV÷$±
1

g̃g̃, g̃! qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% 1502.05686917 GeV÷g

g̃g̃, g̃! qq"̃ 0
1, "̃ 0

1 ! qqq 0 6-7 jets - 20.3 m("̃ 0
1)=600 GeV 1502.05686980 GeV÷g

g̃g̃, g̃! t̃1t, t̃1! bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.2500880 GeV÷g

t̃1 t̃1, t̃1! bs 0 2 jets + 2 b - 20.3 1601.07453320 GeV÷t1

t̃1 t̃1, t̃1! b# 2 e, µ 2 b - 20.3 BR(t̃1! be/µ )>20% ATLAS-CONF-2015-0150.4-1.0 TeV÷t1

Scalar charm, c̃! c"̃ 0
1 0 2 c Yes 20.3 m("̃ 0

1)<200 GeV 1501.01325510 GeV÷c

Mass scale [TeV]10#1 1

"
s = 7, 8 TeV

"
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: March 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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• With new data at 13 TeV with ~2.2 (3.2) fb-1, CMS (ATLAS) 
have significantly extended the limits beyond Run1 for strong 
production of gluinos and squarks.

• Some excesses observed, e.g.  ATLAS in Z+jets+MET, 3$  in 
Run1 and 2.2$  in Run2, but not confirmed by CMS. 

• Expecting 25 fb-1 in 2016

• 2016 data will extend significantly the reach for low cross 
section processes, e.g. EW production. 


