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Introduction SUSY at colliders

A brief introduction to supersymmetry

What is it?

Generalization of the SM where
force and matter are described by
the same equations!

Introduces sfermions and gauginos
⇒ doubles SM particle content

(picture from Don Lincoln’s video describing SUSY for the general public)

SUSY is attractive

Only possible extension of the
Poincaré algebra

Alleviates hierarchy problem

Allows for gauge coupling
unification

Can provide Dark Matter particle

but. . .

> 100 free parameters
⇒ wide range of possible
experimental signatures!

So, SUSY is theoretically appealing,

phenomenologically rich, and therefore

experimentally challenging (to exclude)
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http://www.youtube.com/watch?v=0CeLRrBAI60


Results from SUSY searches Overview

Overview of SUSY searches with ATLAS and CMS
Selected sparticle mass limits from SUSY searches at the LHC

ATLAS (see summary page)

Model e, µ, τ, γ Jets Emiss
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃ ) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e,µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0541.1 TeVg̃

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

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

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

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃ g̃ , g̃→qqχ̃
±
1→qqW ±χ̃01 1 e,µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1 )+m(g̃ )) ATLAS-CONF-2013-0621.18 TeVg̃

g̃ g̃→qqqqℓℓ(ℓℓ)χ̃
0
1χ̃

0
1 2 e,µ (SS) 3 jets Yes 20.7 m(χ̃

0
1)<650 GeV ATLAS-CONF-2013-0071.1 TeVg̃

GMSB (ℓ̃ NLSP) 2 e,µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV 1209.07531.07 TeVg̃

GGM (wino NLSP) 1 e, µ + γ 0 Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z ) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃ )>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄ χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <200 GeV ATLAS-CONF-2013-0541.14 TeVg̃

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

0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄ χ̃
+
1

0-1 e,µ 3 b Yes 20.1 m(χ̃
0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

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

0
1)<100 GeV ATLAS-CONF-2013-053100-630 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e,µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007430 GeVb̃1

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

0
1)=55 GeV 1208.4305, 1209.2102167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1 2 e,µ 0-2 jets Yes 20.3 m(χ̃

0
1) =m(t̃1)-m(W )-50 GeV, m(t̃1)<<m(χ̃

±
1 ) ATLAS-CONF-2013-048220 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1 2 e,µ 2 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-065225-525 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1 )=5 GeV ATLAS-CONF-2013-053150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 1 e,µ 1 b Yes 20.7 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

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

0
1)<85 GeV ATLAS-CONF-2013-068200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z ) 1 b Yes 20.7 m(χ̃
0
1)>150 GeV ATLAS-CONF-2013-025500 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z ) 1 b Yes 20.7 m(t̃1)=m(χ̃
0
1)+180 GeV ATLAS-CONF-2013-025520 GeVt̃2

ℓ̃L,Rℓ̃L,R, ℓ̃→ℓχ̃01 2 e,µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-04985-315 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 )) ATLAS-CONF-2013-049125-450 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ 0 Yes 20.7 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

χ̃±1 χ̃
0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2013-035600 GeVχ̃±

1 , χ̃
0
2

χ̃±1 χ̃
0
2→W ∗χ̃01Z ∗χ̃

0
1 3 e,µ 0 Yes 20.7 m(χ̃

±
1 )=m(χ̃

0
2 ), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-035315 GeVχ̃±

1 , χ̃
0
2

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 ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057857 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ 0 - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃ , long-lived χ̃

0
1 2 γ 0 Yes 4.7 0.4<τ(χ̃

0
1)<2 ns 1304.6310230 GeVχ̃0

1

χ̃01→qqµ (RPV) 1 µ 0 Yes 4.4 1 mm<cτ<1 m, g̃ decoupled 1210.7451700 GeVq̃

LFV pp→ν̃τ + X , ν̃τ→e + µ 2 e,µ 0 - 4.6 λ′311=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X , ν̃τ→e(µ) + τ 1 e,µ + τ 0 - 4.6 λ′311=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e,µ 7 jets Yes 4.7 m(q̃)=m(g̃ ), cτLSP<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ee ν̃µ, eµν̃e 4 e,µ 0 Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+1 χ̃
−
1 , χ̃

+
1→W χ̃

0
1, χ̃

0
1→ττν̃e , eτν̃τ 3 e,µ + τ 0 Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6 jets - 4.6 1210.4813666 GeVg̃

g̃→t̃1t, t̃1→bs 2 e,µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]
10−1 1√

s = 7 TeV

full data

√
s = 8 TeV

partial data

√
s = 8 TeV

full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: EPS 2013

ATLAS Preliminary∫
L dt = (4.4 - 22.9) fb−1

√
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.

Large fraction of experimental
programs devoted to SUSY searches

Limits summary: ∼60 papers/notes

Here four recent and diverse results

See E. Halkiadakis’ summary!

CMS (see summary page)
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

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

EPSHEP 2013

 = 7 TeVs

 = 8 TeVs

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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Summary of CMS RPV SUSY Results*

CMS Preliminary

EPSHEP 2013

 = 7 TeVs

 = 8 TeVs

Prompt LSP decays

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

Probe *up to* the quoted mass limit
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/pub/AtlasPublic/CombinedSummaryPlots/AtlasSearchesSUSY_EPS2013.pdf
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/pub/CMSPublic/SUSYSMSSummaryPlots8TeV/barplot_blue_orange_EPSHEP2013.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/SUSYSMSSummaryPlots8TeV/RPVbarplot_blue_orange_EPSHEP2013.pdf


Results from SUSY searches Searches for direct t̃ pair production in 1-lepton channel with CMS

Natural SUSY and direct t̃ pair production at the LHC
Experimental signature & motivation

Increasing luminosity ⇒ from broad and
inclusive searches to dedicated ones
targeting specific processes/scenarios,
development fueled by “natural” SUSY:

t̃/b̃ lightest squarks
(g̃ and 1st/2nd gen. q̃ heavier)

χ̃0
and χ̃

±
directly accessible

8 Lepton-Photon, 24–29 June, 2013  Andreas Hoecker — Searches for Supersymmetry at Colliders  

Where do we start? 

Huge parameter space, but guiding principles 

SUSY searches strategy driven by cross section and luminosity 

Early analyses dominated by 
broad and inclusive searches for 
gluino and squark production,  
but right from the start also addressed 
experimentally challenging searches such 
as for long-lived particles and RPV 

Increasing luminosity gave 
access to rarer production 
channels. Additional motivation 
from Natural SUSY paradigm 

It was quickly realised that 
dedicated searches had to be 
developed to adequately cover 
the rich decay spectrum  
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Figure 9.3: Feynman diagrams for gluino and squark producti on at hadron colliders from strong quark-
antiquark annihilation and quark-quark scattering.

belong to theC +
1 C −

1 and C 1N 2 channels, because they have signi!cant couplings to γ, Z and W bosons,
respectively, and because of kinematics. At the LHC, the sit uation is typically reversed, with production
of gluinos and squarks by gluon-gluon and gluon-quark fusion usually dominating, unless the gluino and
squarks are heavier than 1 TeV or so. At both colliders, one ca n also have associated production of a
chargino or neutralino together with a squark or gluino, but most models predict that the cross-sections
(of mixed electroweak and QCD strength) are much lower than f or the ones in (9.1)-(9.6). Slepton pair
production as in (9.2) may be rather small at the Tevatron, bu t might be observable there or at the
LHC [210]. Cross-sections for sparticle production at hadr on colliders can be found in refs. [211], and
have been incorporated in computer programs including [186],[212]-[217].

The decays of the produced sparticles result in !nal states w ith two neutralino LSPs, which escape
the detector. The LSPs carry away at least 2 m

N 1
of missing energy, but at hadron colliders only

the component of the missing energy that is manifest in momenta transverse to the colliding beams
(denoted /E T ) is observable. So, in general the observable signals for su persymmetry at hadron colliders
are n leptons + m jets + /E T , where either n or m might be 0. There are important Standard Model
backgrounds to many of these signals, especially from proce sses involving production of W and Z
bosons that decay to neutrinos, which provide the /E T . Therefore it is important to identify speci!c
signals for which the backgrounds can be reduced. Of course, this depends on which sparticles are
being produced and how they decay.

The classic /E T signal for supersymmetry at hadron colliders is events with jets and /E T but no
energetic isolated leptons. The latter requirement reduce s backgrounds from Standard Model processes
with leptonic W decays, and is obviously most e"ective if the relevant spart icle decays have sizable
branching fractions into channels with no leptons in the !na l state. One must choose the /E T cut high
enough to reduce backgrounds from detector mismeasurements o# et energies. The jets+ /E T signature
is one of the main signals currently being searched for at the Tevatron, and is also a favorite possibility
for the !rst evidence for supersymmetry to be found at the LHC . It can get contributions from every
type of sparticle pair production, except sleptons.

The trilepton signal [218] is another possible discovery mo de, featuring three leptons plus /E T , and
possibly hadronic jets. At the Tevatron, this would most lik ely come about from electroweak C 1N 2

production followed by the decays indicated in eq. (8.4), in which case high-pT hadronic activity should
be absent in the event. A typical Feynman diagram for such an e vent is shown in !g. 9.4. It could
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Experimental signature of direct
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Results from SUSY searches Searches for direct t̃ pair production in 1-lepton channel with CMS

Direct t̃ pair production in 1-lepton channel with CMS
Event selection and example signal region distributions (arXiv:1308.1586, submitted to EPJC)

Event selection
Pre-selection

Single-lepton trigger

Exactly one isolated lepton

e : pT > 30 GeV, |η| < 1.44
µ : pT > 25 GeV, |η| < 2.1

Jets:

≥ 4 jets with pT > 30 GeV and
|η| < 2.4
including at least one b-tagged

Emiss
T > 100 GeV

Signal regions

MT > 120 GeV

Several regions defined using cuts
on kinematic variables, or BDT
discriminants
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Similar ATLAS results in ATLAS-CONF-2013-037
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Results from SUSY searches Searches for direct t̃ pair production in 1-lepton channel with CMS

Search for direct t̃ pair production in 1-lepton channel
Exclusion limits (arXiv:1308.1586)
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1
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0
1
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t~ 
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1
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In both decay scenarios, up to mt̃ . 650 GeV and mχ̃0
1
. 250 GeV is excluded

Main results from BDT analysis, cut-based analysis with similar results also public

Similar ATLAS results in ATLAS-CONF-2013-037
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Results from SUSY searches SUSY in final states with at least three b-jets with ATLAS

SUSY in final states with at least three b-jets
Experimental signature & motivation

Final states with many third
generation quarks can also be
g̃-mediated:

g̃

g̃
p

p

χ̃0
1

b/t

b/t

χ̃0
1

b/t

b/t

g̃-mediated b̃:

other q̃ heavier than g̃ ⇒
BR(g̃ → b̃b) = 100%

BR(b̃→ bχ̃
0
) = 100%

g̃-mediated t̃:

other q̃ heavier than g̃ ⇒
BR(g̃ → t̃t) = 100%

BR(t̃→ bχ̃
±

) = 100% (mχ̃± = 2mχ̃0), or

BR(t̃→ tχ̃
0
) = 100%

“Gbb” (“Gtt”):

BR(g̃ → bb̄χ̃
0
) = 100%, via virtual b̃

(similar for Gtt)

Yields signature with four b-quarks, two χ̃
0

(+ leptons, additional jets)
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Results from SUSY searches SUSY in final states with at least three b-jets with ATLAS

SUSY in final states with at least three b-jets with ATLAS
Event selection and example signal region distributions (ATLAS-CONF-2013-061, June 25)

Event selection

Emiss
T -based trigger,

offline Emiss
T > 150 GeV

≥ 4 jets with pT > 30 GeV,
including ≥ 3 b-tagged, ≥ 1 jet with
pT > 90 GeV

Two classes of signal regions:

0-lepton: defined using mincl
eff ,

m4j
eff , ∆Φ4j

min, Emiss
T /

√
H4j

T

≥ 1-lepton: defined using mincl
eff ,

Emiss
T /

√
H4j

T , mT

CMS results targeting similar scenarios in

1305.2390, PAS-SUS-13-008, , PAS-SUS-13-007, . . .
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Results from SUSY searches SUSY in final states with at least three b-jets with ATLAS

SUSY in final states with at least three b-jets with ATLAS
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Exclusion limits (ATLAS-CONF-2013-061):

↖: g̃-mediated b̃ (g̃ → bbχ̃
0
)

↗: g̃-mediated t̃ (g̃ → tbW ∗χ̃
0
)

←: Gtt (g̃ → tt̄χ̃
0
, mq̃ � mg̃)

CMS: 1305.2390, PAS-SUS-13-008, , PAS-SUS-13-007, . . .
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Results from SUSY searches Search for electroweak production of χ̃
±

, χ̃
0

and ˜̀with CMS

Electroweak production of χ̃
±

, χ̃
0

and ˜̀ production
Experimental signature

Direct production of “ewkinos” (˜̀, χ̃
±

and χ̃
0
) - does not depend on mg̃ and mq̃

˜̀

˜̀
p

p

χ̃0
1

l

χ̃0
1

l

χ̃±
1

χ̃0
2

˜̀

˜̀

p

p

ν

`

χ̃0
1

`

`

χ̃0
1

χ̃±
1

χ̃0
2

W

Zp

p

χ̃0
1

`

ν

χ̃0
1

`

`

Many variations in signal models: handedness of leptons (coupling to ν̃), m˜̀,
lepton flavor assumptions (“democratic”, τ -enriched or τ -dominated)

Final state: ≥ 2` + Emiss
T (same-sign and opposite-sign configurations)

Backgrounds: tt̄, WZ, fake and non-prompt ` (tt̄ , Z+jets, WW+jets)
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Results from SUSY searches Search for electroweak production of χ̃
±

, χ̃
0

and ˜̀with CMS

Search for electroweak χ̃
±

, χ̃
0

and ˜̀ production with CMS
Event pre-selection and outline of example signal regions (CMS-PAS-SUS-13-006, July 19)

Common event and object selection

Di-lepton trigger

Well-identified and isolated leptons

Substantial Emiss
T

b-jet veto

3-lepton search:

3 leptons: e/µ with pT > 10 GeV,
had. τ with pT > 20 GeV

4-lepton search:

Leptons as above (at most one
hadronic τ)

Require one e+e− or µ+µ− pair
with |m`` −mZ | < 15 GeV

ATLAS: ATLAS-CONF-2013-049, ATLAS-CONF-2013-028,
ATLAS-CONF-2013-035, ATLAS-CONF-2013-036

Two same-sign leptons

Targets χ̃
±χ̃0

production where one
lepton is missed (compressed
spectrum)

SRs divided by Emiss
T , njets

Veto OSSF pairs with
|m`` −mZ | < 15 GeV
(tt̄Z and WZ)

OSSF pair + two jets

Targets processes with on-shell
Z → `` another W/Z decaying
hadronically

. . .
⇒ >100 mutually exclusive signal
regions!
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Results from SUSY searches Search for electroweak production of χ̃
±

, χ̃
0

and ˜̀with CMS

Search for electroweak χ̃
±

, χ̃
0

and ˜̀ production with CMS
Example distributions in SR (CMS-PAS-SUS-13-006)

Emiss
T in 3` (e±e±µ and e±µ±µ)
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 = 8 TeV, LsCMS Preliminary   
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(MCT⊥: arXiv:0910.1584)

C. Ohm (CERN) Recent searches for supersymmetry at the LHC Aug 14, 2013 12 / 24

http://cds.cern.ch/record/1563142?ln=en
http://cds.cern.ch/record/1547565
http://cds.cern.ch/record/1525889
http://cds.cern.ch/record/1532426
http://cds.cern.ch/record/1532429
http://arxiv.org/abs/0910.1584


Results from SUSY searches Search for electroweak production of χ̃
±

, χ̃
0

and ˜̀with CMS

Search for electroweak χ̃
±

, χ̃
0

and ˜̀ production with CMS
Example exclusion limits (CMS-PAS-SUS-13-006)

Results benefit greatly from combining several channels

Both generic (left) and model-specific (right) limits
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Results from SUSY searches Search for nearly mass-degenerate χ̃
±

and χ̃
0

with ATLAS

Compressed spectrum: nearly mass-degenerate χ̃
±

and χ̃
0

Phenomenology

χ̃±
1

χ̃±
1p

p

g

χ̃0
1

π±

χ̃0
1

π±

χ̃±
1

χ̃0
1

p

p

g

χ̃0
1

π±

Motivation

E.g. Anomaly-Mediated
Supersymmetry Breaking (AMSB),
hep-ph/9810442, hep-th/9810155

Generally: models with Higgsino- or
Wino-like χ̃

0
1/χ̃

0
2

Signature

Typically: mχ̃± −mLSP ∼ 160 MeV
⇒ cτχ̃± ∼ 10 cm, i.e. measurable
in collider experiment!

χ̃± → χ̃0
+ π±, where

pπ
±

T ∼ 100 MeV

Disappearing-track signature!

Exploit QCD ISR jets for triggering
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Results from SUSY searches Search for nearly mass-degenerate χ̃
±

and χ̃
0

with ATLAS

Search for nearly mass-degenerate χ̃
±

and χ̃
0

with ATLAS
Event selection & disappearing-track reconstruction (ATLAS-CONF-2013-069, July 16)

Event selection

Topological jet+Emiss
T trigger

Emiss
T > 90 GeV and ≥ 1 jet with

pT > 90 GeV

Lepton (e/µ) veto (W/Z+jets, tt̄)

Backgrounds

Primarily W+jets with naturally
high Emiss

T

Selection of disappearing-track
candidates

Extended track reconstruction for
long-lived χ̃

±

Start from pixel-only tracks

Good fit quality, no shared or
missing hits

Well-isolated

pT > 15 GeV
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Results from SUSY searches Search for nearly mass-degenerate χ̃
±

and χ̃
0

with ATLAS

Search for nearly mass-degenerate χ̃
±

and χ̃
0

with ATLAS
Example distributions (ATLAS-CONF-2013-069)

TRT hits for high-pT isolated tracks
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Results from SUSY searches Search for nearly mass-degenerate χ̃
±

and χ̃
0

with ATLAS

Search for nearly mass-degenerate χ̃
±

and χ̃
0

with ATLAS
Exclusion limits (ATLAS-CONF-2013-069)

Exclusions in mχ̃± -τχ̃± space
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Excludes up to m
χ̃± ≈ 500 GeV for 0.1 ns < τ

χ̃± < 10 ns

Limits from previous ATLAS analysis (4.7fb−1 at 7 TeV) extended considerably
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Summary

Summary
Supersymmetry is an attractive extension of the Standard Model

The LHC and the ATLAS and CMS detectors have been operated very
successfully in Run I and have provided around ∼20 fb−1 of 8 TeV of
excellent data per experiment (and ∼ 5 fb−1 at 7 TeV)

Four recent signature-driven searches at the LHC were summarized:
Direct top squark pair-production in one-lepton channel in CMS:
arXiv:1308.1586
Searches for strong production of sparticles in final states with at least three
b-jets in ATLAS: ATLAS-CONF-2013-061

Search for electroweak production of χ̃
±

, χ̃
0
, and ˜̀ using leptonic final states

in CMS: CMS-PAS-SUS-13-006
Search for χ̃

±
nearly mass-degenerate with the lightest χ̃

0
based on a

disappearing-track signature in ATLAS: ATLAS-CONF-2013-069

(far from a complete summary - see ATLAS and CMS public results for more!)

⇒ no sign of SUSY ⇒ exclusion limits!

. . . but SUSY is hard to kill! Many places left to hide in ⇒ hunt will continue
at the LHC in Run II at higher

√
s and luminosities!
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Back-ups

Back-up slides
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Back-ups ATLAS and CMS summary plots

Summary plots for g̃-mediated t̃ production
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Back-ups ATLAS and CMS summary plots

Summary plots for direct t̃ pair-production
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Back-ups ATLAS and CMS summary plots

Examples of ATLAS exclusions for direct χ̃
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Back-ups The ATLAS and CMS experiments

The ATLAS detector
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Back-ups The ATLAS and CMS experiments

The CMS detector
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