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Supersymmetry

Superpartner for every SM particle

Spin difers by one half.

Mostly heavier than SM
partners → broken symmetry.

Rich array of signatures to
search for at the LHC and
future LC.

" New superpartners cancel quadratic divergences in Higgs mass corrections.

" R-parity conserving models offer a stable LSP (usually χ̃
0
1) → a good dark matter candidate.

To avoid high levels of “unnatural” fine tuning in Higgs mass corrections, some sparticles need
to be light. For natural SUSY (low levels of fine tuning)

Light higgsinos

Light stop (<1 TeV)

Light gluinos (< 1− 2 TeV)
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SUSY Search Strategy

Search strategy designed to provide coverage for a broad class of SUSY
models

Prompt Long-lived

R-Parity Conserving

Strong
gluinos,
1st, 2nd

gen.
squarks

3rd gen.

stop,
sbottom

EWK

EWKinos,
sleptons

R-Parity Violating

RPC
prod.
RPV

decays

RPV
prod.
RPV

decays

RPC or
RPV.

Various
ranges of
lifetimes

For each search, a number of signal regions is optimised based on a variety
of models

Focus today on recent 3rd gen., EWK and γ+X results
+ pMSSM interpretations.
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Third Generation SUSY Searches

Expect light stops for natural SUSY.
Example: Compressed scenarios, t̃1 → cχ̃

0
1, or b̃1 → bχ̃

0
1

DRAFT

The analyses that have already been published are only briefly reviewed, while those presented for the83

first time in this paper are discussed in detail. Appendix C provides further details of a combination of84

analyses which is performed for the first time in this paper. Finally, Appendix D provides details about85

the generation and simulation of the signal Monte Carlo samples used to derive the limits presented.86

2. Third-generation squark phenomenology87

The cross section for direct stop pair production in proton–proton collisions at
p

s = 8 TeV as a function88

of the stop mass as calculated with PROSPINO [43, 44] is shown in Figure 1a. It is calculated to next-to-89

leading order accuracy in the strong coupling constant, adding the resummation of soft gluon emission at90

next-to-leading-logarithmic accuracy (NLO+NLL) [45–47]. In this paper, the nominal cross section and91

its uncertainty are taken from an envelope of cross-section predictions using di↵erent parton distribution92

function (PDF) sets and factorisation and renormalisation scales described in Ref. [44]. The di↵erence in93

cross section between the sbottom and stop pair production is known to be small [46], hence the values94

of Figure 1a are used for both.95
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Figure 1: (a) Direct stop pair production cross section at
p

s = 8 TeV as a function of the stop mass. The band
around the cross section curve illustrates the uncertainty (which is everywhere about 15–20%) on the cross section
due to scale and PDF variations. (b) Illustration of stop decay modes in the plane spanned by the masses of the
stop (t̃1) and the lightest neutralino (�̃0

1), where the latter is assumed to be the lightest supersymmetric particle and
the only one present among the decay products. The dashed blue lines indicate thresholds separating regions where
di↵erent processes dominate.

Searches for direct production of stops and sbottoms by the ATLAS collaboration have covered several96

possible final-state topologies. The experimental signatures used to identify these processes depend on97

the masses of the stop or sbottom, on the masses of the other supersymmetric particles they can decay98

into, and on other parameters of the model, such as the stop and sbottom left-right mixing and the mixing99

between the gaugino and higgsino states in the chargino–neutralino sector.100

Assuming that the lightest supersymmetric particle is a stable neutralino (�̃0
1), and that no other super-101

symmetric particle plays a significant role in the sbottom decay, the decay chain of the sbottom is simply102

b̃1 ! b�̃0
1 (Figure 2a).103
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Third Generation SUSY Searches
Example: Compressed scenarios, t̃1 → cχ̃

0
1, or b̃1 → bχ̃

0
1

Small ∆m = m(t̃1)−m(χ̃
0
1) or ∆m = m(b̃1)−m(χ̃

0
1) leave little visible energy in

detectors ⇒ difficult to distinguish from SM background.

CMS JHEP 06 (2015) 116

Monojet selection targets t̃1t̃1 and b̃1b̃1

Single jet (ISR) + Emiss
T

7 SR: jet pT > 250− 550 GeV

Z(νν̄)+jets and W (`ν)+jets from Z(µµ)
and W (µν) in data.

VV , multijet and tt̄ from simulation
corrected to data.
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Third Generation SUSY Searches
Example: Compressed scenarios, t̃1 → cχ̃

0
1, or b̃1 → bχ̃

0
1

Small ∆m = m(t̃1)−m(χ̃
0
1) or ∆m = m(b̃1)−m(χ̃

0
1) leave little visible energy in

detectors ⇒ difficult to distinguish from SM background.

ATLAS Phys. Rev. D 90, 052008 (2014)

Monojet selection targets t̃1t̃1 and b̃1b̃1

Single jet (ISR) + Emiss
T

3 SR: large jet pT and Emiss
T

c-tagging selection targets t̃1t̃1

4 jets, ≥1 c-tagged jet
2 SR: large jet pT and Emiss

T

Z(νν̄)+jets and W (`ν)+jets from
simulation corrected to data.

tt̄ from simulation
(corrected to data for c-tagged SR).

Others from simulation.
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Third Generation SUSY Searches
Exclusion limits t̃1 → cχ̃

0
1

arXiv:1506.08616 JHEP 06 (2015) 116
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t0L/t1L combined
t2L, SC
WW
t1L, t2L
tc
tc, t1L
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-1SUS-14-001 0-lep (2 body decays) 19.4 fb

-1SUS-13-011 1-lep (2 and 3 body decays) 19.5 fb
-1SUS-14-015 1,2-lep (2 and 3 body decays) 19.5 fb

-1SUS-14-011 0-lep (Razor) + 1-lep (MVA) 19.5 fb
-1SUS-14-011 0,1,2-lep (Razor) 19.3 fb

-1) 19.7 fb
1

0
χ∼ c →t~SUS-14-001 Monojet (

-1SUS-14-021 1-lep (4 body decays) 19.7 fb
-1SUS-14-021 2-lep (4 body decays) 19.7 fb

Observed
Expected

t

 =
 m

1
0
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 - 
m

t~m

t̃1 masses below ∼250 GeV are excluded for m(t̃1)−m(χ̃
0
1) < 85 GeV.

Similar limits on t̃1 → cχ̃
0
1 set by ATLAS and CMS.
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Third Generation SUSY Searches
Exclusion limits t̃1 → cχ̃

0
1 arXiv:1506.08616
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can vary by ∼ 100 GeV depending
on BR.
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Third Generation SUSY Searches
Exclusion limits b̃1 → bχ̃

0
1

 [GeV]
1

b
~m

100 200 300 400 500 600 700

 [
G

e
V

]
0 1

χ∼
m

0

100

200

300

400

500

600

­1 = 8 TeV, 20 fbs

All limits at 95% CL

ATLAS

) = 1
1

0
χ
∼

 b → 
1

b
~

 production, BR(
1

b
~

1
b
~

Observed

Expected

Observed

Expected

Monojet­like (tc)

 (b0L)
miss

T
0­leptons + 2 b­jets + E

b

) <
 m

0

1χ∼, 
1b

~
m(

∆

 (GeV)
b
~m

100 200 300 400 500 600 700

 (
G

eV
)

10 χ∼
m

0

100

200

300

400

500

600

1

0
χ∼

 =
 m

b~
m

 (8 TeV)-119.4-19.7 fb

CMS 

NLO-NLL exclusion

) = 100% 
1

0χ∼ b → b
~

B(
Dijet b-tagged search

Monojet search

thσ 1 ±Observed 

expσ 1 ±Expected 

b̃1 masses below ∼280 GeV are excluded for small m(b̃1)−m(χ̃
0
1).

Similar limits on b̃1 → bχ̃
0
1 set by ATLAS and CMS.
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Electroweak SUSY Searches ATLAS arXiv:1509.07152

Focus on compressed scenarios and low
cross-section processes (τ̃ τ̃ , VBF prod.)

New analyses

2` selections using super-razor variables

target compressed χ̃
+
1 χ̃

−
1 .

3` soft leptons/ISR and SS 2` MVA target

compressed χ̃
±
1 χ̃

0
2.

2τ MVA target τ̃ τ̃ .

SS 2` target VBF χ̃±
1 χ̃

±
1 .

New analyses + combinations to set limits.

Little dependence on mass of intermediate
slepton for ˜̀-mediated decays.
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SUSY Searches with photons

Focus on GGM scenarios with bino-, wino- or higgsino-like χ̃
0
1 NLSP.

CMS arXiv:1507.02898

γ + 2 jets + large Emiss
T

γγ + 1 jets + super-razor variables

Interpretations for gluino
production with bino- or wino-like
NLSP
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ATLAS Summary

Model e, µ, τ, γ Jets Emiss

T

∫
L dt[fb−1] Mass limit Reference

In
c
lu

s
iv

e
S

e
a

rc
h

e
s

3
rd

g
e

n
.

g̃
m

e
d

.
3
rd

g
e
n
.

s
q
u
a
rk

s
d
ir

e
c
t

p
ro

d
u
c
ti
o
n

E
W

d
ir

e
c
t

L
o

n
g

-l
iv

e
d

p
a

rt
ic

le
s

R
P

V

Other

MSUGRA/CMSSM 0-3 e, µ /1-2 τ 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.055251.8 TeVq̃, g̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV, m(1st gen. q̃)=m(2nd gen. q̃) 1405.7875850 GeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 20.3 m(q̃)-m(χ̃

0
1 )<10 GeV 1507.05525100-440 GeVq̃

q̃q̃, q̃→q(ℓℓ/ℓν/νν)χ̃
0
1

2 e, µ (off-Z) 2 jets Yes 20.3 m(χ̃
0
1)=0 GeV 1503.03290780 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV 1405.78751.33 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃01 0-1 e, µ 2-6 jets Yes 20 m(χ̃

0
1)<300 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) 1507.055251.26 TeVg̃

g̃g̃, g̃→qq(ℓℓ/ℓν/νν)χ̃
0
1

2 e, µ 0-3 jets - 20 m(χ̃
0
1)=0 GeV 1501.035551.32 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 20.3 tanβ >20 1407.06031.6 TeVg̃

GGM (bino NLSP) 2 γ - Yes 20.3 cτ(NLSP)<0.1 mm 1507.054931.29 TeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃
0
1)<900 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.054931.3 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 20.3 m(χ̃
0
1)<850 GeV, cτ(NLSP)<0.1 mm, µ>0 1507.054931.25 TeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290850 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→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<400 GeV 1407.06001.25 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃
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0-1 e, µ 3 b Yes 20.1 m(χ̃
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1)<400 GeV 1407.06001.34 TeVg̃

g̃g̃, g̃→bt̄χ̃
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1 0-1 e, µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV 1407.06001.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<90 GeV 1308.2631100-620 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 0-3 b Yes 20.3 m(χ̃

±
1 )=2 m(χ̃
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1) 1404.2500275-440 GeVb̃1

t̃1 t̃1, t̃1→bχ̃
±
1 1-2 e, µ 1-2 b Yes 4.7/20.3 m(χ̃

±
1 ) = 2m(χ̃

0
1), m(χ̃
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1)=55 GeV 1209.2102, 1407.0583110-167 GeVt̃1 230-460 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 20.3 m(χ̃
0
1)=1 GeV 1506.0861690-191 GeVt̃1 210-700 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1 )<85 GeV 1407.060890-240 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222150-580 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)<200 GeV 1403.5222290-600 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃01 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV 1403.529490-325 GeVℓ̃

χ̃+
1
χ̃−
1 , χ̃

+
1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1403.5294140-465 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ - Yes 20.3 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1407.0350100-350 GeVχ̃±

1

χ̃±
1
χ̃0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1402.7029700 GeVχ̃±

1
, χ̃

0

2

χ̃±
1
χ̃0
2→Wχ̃

0
1Zχ̃

0
1

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

0
2), m(χ̃

0
1)=0, sleptons decoupled 1403.5294, 1402.7029420 GeVχ̃±

1
, χ̃

0

2

χ̃±
1
χ̃0
2→Wχ̃

0
1h χ̃

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

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled 1501.07110250 GeVχ̃±

1
, χ̃

0

2

χ̃0
2
χ̃0
3, χ̃

0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

0
2)+m(χ̃

0
1)) 1405.5086620 GeVχ̃0

2,3

GGM (wino NLSP) weak prod. 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493124-361 GeVW̃

Direct χ̃
+
1
χ̃−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
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(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )<15 ns 1506.05332482 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584832 GeVg̃

Stable g̃ R-hadron trk - - 19.1 1411.67951.27 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795537 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 2<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542435 GeVχ̃0

1

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 TeV 1504.051621.0 TeVχ̃0

1

GGM g̃g̃, χ̃
0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃

0
1)< 480 mm, m(g̃)=1.1 TeV 1504.051621.0 TeVχ̃0

1

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 20.3 λ′
311

=0.11, λ132/133/233=0.07 1503.044301.7 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.35 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ121,0 1405.5086750 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133,0 1405.5086450 GeVχ̃±

1

g̃g̃, g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% 1502.05686917 GeVg̃

g̃g̃, g̃→qχ̃
0
1, χ̃

0
1 → qqq 0 6-7 jets - 20.3 m(χ̃

0
1)=600 GeV 1502.05686870 GeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.250850 GeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 20.3 ATLAS-CONF-2015-026100-308 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→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
1)<200 GeV 1501.01325490 GeVc̃

Mass scale [TeV]10−1 1

√
s = 7 TeV

√
s = 8 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: July 2015

ATLAS Preliminary√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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CMS Summary

Mass scales [GeV]
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

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

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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pMSSM Interpretations ATLAS JHEP 10 (2015) 134

Study the impact of the full set of ATLAS SUSY searches on the pMSSM.

Use 19-parameter pMSSM Minimal flavor violation with no new source of CP violation

Degenerate 1st and 2nd generation squarks and sleptons

No RPV and the LSP is the χ̃
0
1

500×106 models in the pMSSM are randomly sampled.
300×103 models survive theory and non-LHC constraints
(precision EW, LEP, Higgs, DM)

22 ATLAS Run 1 RPC SUSY searches are reinterpreted in
the pMSSM⇒ 200 SR!
Best expected SR used for exclusion.
Makes full use of ATLAS simulation, reconstruction and
analysis.

>30×109 events generated for truth-based analysis.

>600×106 events simulated & reconstructed.

Most comprehensive results from ATLAS on SUSY to
date

Analysis Ref. Category

0-lepton + 2–6 jets + Emiss
T [57]

Inclusive

0-lepton + 7–10 jets + Emiss
T [58]

1-lepton + jets + Emiss
T [59]

τ(τ/`) + jets + Emiss
T [60]

SS/3-leptons + jets + Emiss
T [61]

0/1-lepton + 3b-jets + Emiss
T [62]

Monojet [63]

0-lepton stop [64]

Third generation

1-lepton stop [55]

2-leptons stop [65]

Monojet stop [66]

Stop with Z boson [67]

2b-jets + Emiss
T [68]

tb+Emiss
T , stop [56]

`h [69]

Electroweak

2-leptons [53]

2-τ [54]

3-leptons [52]

4-leptons [70]

Disappearing Track [71]

Long-lived particle [72,73]
Other

H/A→ τ+τ− [74]
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pMSSM Interpretations ATLAS JHEP 10 (2015) 134
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ATLAS 1− = 8 TeV, 20.3 fbs Highest sensitivity to strong processes.

Simplified models ↔ pMSSM models

(some differences observed).

Good complementarity between different

searches and with direct detection

experiments (see paper for details).
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pMSSM Interpretations CMS CMS-PAS-SUS-13-020

Combination of 7 TeV and 8 TeV results to scan 19-parameter pMSSM.

Prompt decays only (χ̃
±
1 lifetime <10 mm).

Bayesian approach (see paper for details).
Likelihood constructed from non-Direct CMS Searches, “non-DCS”:

indirect measurements, Higgs, and non-LHC data (not DM).
3 analyses included

Hadronic HT+MHT (strong production)

Hadronic HT+MET + b-jets (3rd gen.)

Leptonic EW (SS, 3`, 4` channels)

 mass [GeV]g~
0 500 1000 1500 2000 2500 3000

pr
ob

ab
ili

ty
 d

en
si

ty
 / 

G
eV

0

0.2

0.4

0.6

0.8

1

-310×

) prior from non-DCS dataθ(non-DCSp
-1) HT + MHT, 7 TeV, 4.98 fbCMS|Dθp(
-1) HT + MHT, 8 TeV, 19.5 fbCMS|Dθp(

) HT + MHT, 7 and 8 TeVCMS|Dθp(

=0.5µ =1.0µ =1.5µ

pMSSM, CMS preliminary

Strong analyses disfavour g̃ masses <1.2 TeV.
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Third gen. analyses have negligible impact on t̃
mass.
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Tina Potter SUSY searches at the LHC 16



Summary

LHC is searching in many different channels for SUSY.

Did not find SUSY in 7 TeV and 8 TeV runs.

Evaluated SUSY searches on a broad set of pMSSM models.

Strong SUSY production is excluded to high masses.
More room left in third generation and EWK SUSY scenarios.

13 TeV LHC run already begun
→ great potential for SUSY discovery!
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