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Introduction

Introduction

I Supersymmetry is one of the theories beyond the Standard Model offering a solution to

many open issues such as the hierarchy problem and dark matter.

I At the LHC, there are three main SUSY production mechanisms:

I strong production of squarks and gluinos
dominant

I third generation production
light stop and sbottom quarks are theoretically favoured

I electroweak production
direct production of gauginos (charginos, neutralinos)

arXiv:1411.1427

I Early Run 2 data at
√

s = 13 TeV can have better sensitivity than the full Run 1

dataset even with the integrated luminosity of 3.2 fb−1
.
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SUSY search strategy

SUSY search strategy

Discriminant variables

I large njet
coloured squark/gluino

I large Emiss
T

R-parity conserving models

I high pT objects

decay of massive squark/gluino

meff = Emiss
T +

∑
plep,jet

T , HT =
∑

plep,jet
T

I leptons

Background estimation

I irreducible background

I dominant sources (tt̄, Z ,W )

normalized to data in dedicated control regions (CRs)

I sub-dominant sources (tt̄V , VV )

estimated using MC simulation with theoretical uncertainties

I reducible background

I data-driven techniques (analysis dependent)

I validation

I all predictions validated in validation regions (VRs) close to SRs  [GeV]miss
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Analyses with leptons

Analyses with leptons

I following simplified models (100% BF) and GMSB model containing at least one lepton

in the final state have been studied by the dedicated analyses

1 lepton 2 leptons 2ss/3 leptons

I gluino production

I arXiv:1605.04285

I gluino production

I to be published soon
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I see Antonia Strubig’s talk for squark/gluino searches in hadronic final states

I see Jan Schaeffer’s talk for third generation searches

I see Jordan Tucker’s talk for long-lived particles + RPV searches
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Analyses with leptons 1L + jets + Emiss
T

1L + jets + Emiss
T arXiv:1605.04285

Main target
I gluino pair production with one-step decay

g̃ → qq̄ χ̃±1 with χ̃±1 → W± χ̃0
1

I two scenarios

a) x ≡
mχ̃±1 −mχ̃0

1

mg̃ −mχ̃0
1

=
1
2

b) mχ̃0
1

= 60 GeV

→ leptonic decay

→ hadronic decay

Signal regions

I targeting different mass hierarchies

I soft-lepton pT ∈ [6-7,35] GeV
2-jet small ∆m ⇒ low-pT/soft decay products

high-pT ISR jet

5-jet large ∆m(g̃, χ̃±1 )⇒ several high-pT jets

small ∆m(χ̃±1 , χ̃
0
1 )⇒ low-pT jets and lepton

I hard-lepton pT > 35 GeV
5-jet large ∆m(g̃, χ̃0

1 ) in a) model

6-jet smaller ∆m(g̃, χ̃0
1 ) in a) model

4-jet high-x : small ∆m(g̃, χ̃±1 )⇒ boosted W in b) model

low-x : large ∆m(g̃, χ̃±1 )⇒ virtual W in b) model

Major backgrounds

I tt̄ and W+jets

I normalized in CRs defined at lower values of

mT , Emiss
T , Emiss

T /meff and aplanarity

mχ̃0
1

mg̃

mχ̃±1
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Analyses with leptons 1L + jets + Emiss
T

1L + jets + Emiss
T arXiv:1605.04285

Main target
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1 )⇒ low-pT jets and lepton

I hard-lepton pT > 35 GeV
5-jet large ∆m(g̃, χ̃0

1 ) in a) model

6-jet smaller ∆m(g̃, χ̃0
1 ) in a) model

4-jet high-x : small ∆m(g̃, χ̃±1 )⇒ boosted W in b) model

low-x : large ∆m(g̃, χ̃±1 )⇒ virtual W in b) model

Major backgrounds

I tt̄ and W+jets

I normalized in CRs defined at lower values of

mT , Emiss
T , Emiss

T /meff and aplanarity

mχ̃0
1

mχ̃±1

mg̃
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Analyses with leptons 1L + jets + Emiss
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Analyses with leptons 1L + jets + Emiss
T

1L + jets + Emiss
T arXiv:1605.04285
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Analyses with leptons 1L + jets + Emiss
T

1L + jets + Emiss
T arXiv:1605.04285

Results

I data/MC agreement within 2σ in all SRs

I no significant excess observed

I high ∆m(g̃, χ̃0
1 ): mg̃ excluded up to 1.6 TeV

I low ∆m(g̃, χ̃0
1 ): mg̃ excluded up to 870 GeV
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Analyses with leptons 2L(on-Z ) + jets + Emiss
T

2L(on-Z ) + jets + Emiss
T ATLAS-CONF-2015-082

Main target

I gluino pair production with one-step decay

g̃ → qq̄ χ̃0
2 with χ̃0

2 → Z χ̃0
1

I fixed LSP mass: mχ̃0
1

= 1 GeV
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Z

→ leptonic decay

→ hadronic decay

Signal region

I e+e− or µ+µ− pairs

I m`` ∈ [81,101] GeV
I Emiss

T > 225 GeV
I HT > 600 GeV
I njets ≥ 2
︸                             ︷︷                             ︸
same selections as in Run 1
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Major backgrounds

I flavour-symmetric→ ∼ 60% from tt̄, WW , Wt
estimated using data-driven method from eµ CR

I Z/γ∗+jets→ fake Emiss
T from jet mismeasurements

estimated using data-driven method from γ+jets events
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Analyses with leptons 2L(on-Z ) + jets + Emiss
T

2L(on-Z ) + jets + Emiss
T ATLAS-CONF-2015-082

Results

I very good data/exp. bkg agreement in all VRs

I modest 2.2σ deviation in SR

I 10.3 expected and 21 observed events

I for mχ̃0
2
∼700 GeV: mg̃ excluded up to 1.1 TeV

I for mχ̃0
2
∼200 GeV: mg̃ excluded up to 0.95 TeV

E
v
e

n
ts

20

40

60

80

100
Data 2015

Standard Model (SM)

*γZ/

Flavour symmetric

Rare top

WZ/ZZ

ATLAS Preliminary
­1

=13 TeV, 3.2 fbs

VRS VR­WZ VR­ZZ VR­3L SR­Z

 
to

t
σ

 )
/

e
x
p

­N
o
b
s

(N 2−

0

2

m`` distribution in SR

 [GeV]
ll

m
82 84 86 88 90 92 94 96 98 100

E
v
e

n
ts

 /
 2

 G
e

V

0

5

10

15

20

25

Data 2015

Standard Model (SM)

+jets)γ* (from γZ/

Flavour symmetric

Rare top

WZ/ZZ

)=(920,230) GeV
2

0
χ
∼,g~m(

)=(940,660) GeV
2

0
χ
∼,g~m(

­1 = 13 TeV, 3.2 fbs

µµSRZ ee+

ATLASPreliminary

g̃ → qq̄ χ̃0
2 → qq̄Z χ̃0

1

) [GeV]g
~

m(

600 700 800 900 1000 1100 1200 1300 1400

) 
[G

e
V

]
20

χ∼
m

(

200

400

600

800

1000

1200

1400

0

1
χ
∼ Z→

0

2
χ
∼, 

0

2
χ
∼’q q→g

~
, g

~
g
~

­1=13 TeV, 3.2 fbs SR­Z

ATLAS Preliminary
)

exp
σ1 ±Expected limit (

)
theory

SUSY
σ1 ±Observed limit (

)0

2
χ∼

)<m(
g~m(

Martina Javurkova-Pagacova (UNI Freiburg) Squark/gluino in leptonic channels with ATLAS LHCP2016, 13th
June − 18th

June 2016 8 / 15

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-082/


Analyses with leptons 2SS/3L + jets + Emiss
T

2SS/3L + jets + Emiss
T EPJC(2016)76:259

Main target

I gluino pair production with two-step decay

a) g̃ → qq̄ χ̃0
2 with χ̃0

2 → `̃` and ˜̀→ `χ̃0
1

b) g̃ → qq̄ χ̃±1 with χ̃±1 → W± χ̃0
2 and χ̃0

2 → Zχ̃0
1

I sbottom pair production with one-step decay

c) b̃1 → t χ̃±1 with χ̃±1 → W± χ̃0
1

I gluino pair production with direct decay

d) g̃ → tt χ̃0
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Signal regions

I few SM processes with same-sign leptons
︸                                             ︷︷                                             ︸
looser kinematic requirements

sensitive to many SUSY processes
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Analyses with leptons 2SS/3L + jets + Emiss
T

2SS/3L + jets + Emiss
T EPJC(2016)76:259

Results

I fair data/MC agreement within 1.5σ in VRs

I no significant excess observed in SRs

a) mg̃ excluded up to 1.3 TeV for low mχ̃0
1

b) mg̃ excluded up to 1.1 TeV for low mχ̃0
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Analyses with leptons 2SS/3L + jets + Emiss
T
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Results

I fair data/MC agreement within 1.5σ in VRs

I no significant excess observed in SRs

c) mb̃1
excluded up to 540 GeV for low mχ̃0

1

d) mg̃ excluded up to 1.2 TeV for mχ̃0
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Analyses with leptons τ + jets + Emiss
T

τhad
+ jets + Emiss

T NEW!

Main target

a) GMSB model

I free parameters: Λ, tan �
I other parameters set such that τ̃1 is NLSP for large tan �
I squark pair production dominates for high Λ

b) simplified model

I gluino pair production with two-step decay
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Analyses with leptons τ + jets + Emiss
T

τhad
+ jets + Emiss

T NEW!

Results

I good data/MC agreement in all VRs

I no excess observed in SRs

a) smaller tan �: Λ/mg̃ excluded up to 92 TeV/2.0 TeV
large tan �: Λ/mg̃ excluded up to 107 TeV/2.3 TeV

b) for mχ̃0
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∼750 GeV: mg̃ excluded up to 1.4 TeV

for mχ̃0
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∼100 GeV: mg̃ excluded up to 1.57 TeV
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Conclusions

Conclusions

I no statistically significant excess over Standard Model prediction observed

I improved mass limits wrt Run 1 results even with the very first 2015 Run 2 data

I exciting times in front of us with much better statistics!

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Conclusions

Thank you for your attention!
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Backup

ATLAS experiment

I general purpose detector at

the LHC

I 3.9 fb
−1
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s = 13 TeV during 2015

pp data-taking

I large luminosity results in
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Mass reach of ATLAS SUSY searches
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q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 3.2 m(χ̃

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

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m(χ̃

0
1 )<5 GeV To appear610 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 1503.03290820 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 3.2 m(χ̃

0
1)=0 GeV ATLAS-CONF-2015-0621.52 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃01 1 e, µ 2-6 jets Yes 3.3 m(χ̃

0
1)<350 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2015-0761.6 TeVg̃

g̃g̃, g̃→qq(ℓℓ/ℓν/νν)χ̃
0
1

2 e, µ 0-3 jets - 20 m(χ̃
0
1)=0 GeV 1501.035551.38 TeVg̃

g̃g̃, g̃→qqWZχ̃
0
1 0 7-10 jets Yes 3.2 m(χ̃

0
1) =100 GeV 1602.061941.4 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 20.3 tanβ >20 1407.06031.63 TeVg̃

GGM (bino NLSP) 2 γ - Yes 20.3 cτ(NLSP)<0.1 mm 1507.054931.34 TeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃
0
1)<950 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.054931.37 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 20.3 m(χ̃
0
1)<850 GeV, cτ(NLSP)<0.1 mm, µ>0 1507.054931.3 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→bb̄χ̃
0
1 0 3 b Yes 3.3 m(χ̃

0
1)<800 GeV ATLAS-CONF-2015-0671.78 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 3.3 m(χ̃
0
1)=0 GeV To appear1.76 TeVg̃

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

0
1)<300 GeV 1407.06001.37 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 3.2 m(χ̃

0
1)<100 GeV ATLAS-CONF-2015-066840 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 0-3 b Yes 3.2 m(χ̃

0
1)=50 GeV, m(χ̃

±
1 )= m(χ̃

0
1)+100 GeV 1602.09058325-540 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

0
1)=55 GeV 1209.2102, 1407.0583117-170 GeVt̃1 200-500 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 1506.08616, ATLAS-CONF-2016-00790-198 GeVt̃1 205-715 GeVt̃1 745-785 GeVt̃1

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

0
1 )<85 GeV 1407.060890-245 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222150-600 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)<200 GeV 1403.5222290-610 GeVt̃2

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

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃01 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV 1403.529490-335 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)) 1403.5294140-475 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)) 1407.0350355 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)) 1402.7029715 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, 1402.7029425 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 1501.07110270 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)) 1405.5086635 GeVχ̃0

2,3

GGM (wino NLSP) weak prod. 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493115-370 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 1506.05332495 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 1310.6584850 GeVg̃

Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃
0
1)=100 GeV, τ>10 ns To appear1.54 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 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542440 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 1404.25001.45 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 1405.5086760 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→qqχ̃
0
1, χ̃

0
1 → qqq 0 6-7 jets - 20.3 m(χ̃

0
1)=600 GeV 1502.05686980 GeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.2500880 GeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 20.3 1601.07453320 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 1501.01325510 GeVc̃

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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Definitions of transverse masses

Transverse mass mT

m2
T (p1

T ,p
2
T)= [E1

T + E2
T ]2 − [p1

T + p2
T]2

I mT ≡ mT(`, Emiss
T )=

√
2p`TEmiss

T [1 − cos∆φ(p`T ,p
miss
T )] bounded by mW : reduce WW,Wt, tt̄

Stransverse mass mT2

I generalization of mT to pair decay with final state consisting of 2 visible objects and Emiss
T

mT2(p1
T ,p

2
T ,qT)= min

q1
T+q2

T=qT

{
max[mT(p1

T ,q
1
T), mT(p2

T ,q
2
T)]
}

I mT2 ≡ mT2(pl1
T ,p

l2
T ,p

miss
T ) bounded by mW : reduce WW,Wt, tt̄ → 2`

I amT2 bounded by mt : reduce tt̄ → 2` with a lost lepton

I mτ
T2 bounded by mW : reduce tt̄ → `τhad

mT2 amT2 mτ
T2
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1L + jets + Emiss
T arXiv:1605.04285

2-jet soft-lepton SR 5-jet soft-lepton SR

Nlep(p
`
T

=e(µ) > 7(6)GeV ) = 1 = 1

p`T
=e(µ) (GeV) 7(6)–35 7(6)–35

Njet ≥ 2 ≥ 5

pjet
T (GeV) > 180, 30 > 200, 200, 200, 30, 30

Emiss
T (GeV) > 530 > 375

mT (GeV) > 100 -
Emiss

T /minc
eff > 0.38 -

HT (GeV) - > 1100
Jet aplanarity - > 0.02

4-jet high-x SR 4-jet low-x SR 5-jet SR 6-jet SR

Nlep(p
`
T

=e(µ) > 10GeV ) = 1 = 1 = 1 = 1

p`T
=e(µ) (GeV) > 35 > 35 > 35 > 35

Njet ≥ 4 ≥ 4 ≥ 5 ≥ 6

pjet
T (GeV) > 325, 30, ..., 30 > 325, 150, ..., 150 > 225, 50, ..., 50 > 125, 30, ..., 30

Emiss
T (GeV) > 200 > 200 > 250 > 250

mT (GeV) > 425 > 125 > 275 > 225
Emiss

T /minc
eff > 0.3 - > 0.1 > 0.2

minc
eff (GeV) > 1800 > 2000 > 1800 > 1000

Jet aplanarity - > 0.04 > 0.04 > 0.04
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1L + jets + Emiss
T arXiv:1605.04285
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2L(on-Z ) + jets + Emiss
T ATLAS-CONF-2015-082

Region Emiss
T HT njets m`` SF/DF ∆φ(jet12,p

miss
T ) mT(`3, E

miss
T ) nb-jets

[GeV] [GeV] [GeV] [GeV]

Signal regions

SRZ > 225 > 600 ≥ 2 81 < m`` < 101 SF > 0.4 - -

Control regions

Z normalisation < 60 > 600 ≥ 2 81 < m`` < 101 SF > 0.4 - -
CR-FS > 225 > 600 ≥ 2 61 < m`` < 121 DF > 0.4 - -
CRT > 225 > 600 ≥ 2 m`` /∈ [81, 101] SF > 0.4 - -

Validation regions

VRZ < 225 > 600 ≥ 2 81 < m`` < 101 SF > 0.4 - -
VRT 100–200 > 600 ≥ 2 m`` /∈ [81, 101] SF > 0.4 - -
VRS 100–200 > 600 ≥ 2 81 < m`` < 101 SF > 0.4 - -
VR-FS 100–200 > 600 ≥ 2 61 < m`` < 121 DF > 0.4 - -
VR-WZ 100–200 - - - 3` - < 100 0
VR-ZZ < 100 - - - 4` - - 0
VR-3L 60–100 > 200 ≥ 2 81 < m`` < 101 3` > 0.4 - -
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2L(on-Z ) + jets + Emiss
T ATLAS-CONF-2015-082

Source Relative systematic uncertainty [%]

SRZ

Total systematic uncertainty 22

Flavour symmetry (statistical) 14
Flavour symmetry (systematic) 12
Z/γ∗ + jets (systematic) 7.8
WZ generator uncertainty 7.6
Z/γ∗ + jets (statistical) 2.2
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lept (Ncand

lept ) N20
b−jets N25

jets Emiss
T [GeV] meff [GeV] Other

VR-WW =2 (=2) =0 ≥2 35–200 300–900 m(j1j2) > 500 GeV

=1 SS pair pT(j2) > 40 GeV

pT(`2) > 30 GeV

veto 80 < mee < 100 GeV

VR-WZ =3 (=3) =0 1–3 30–200 <900 pT(`3) > 30 GeV

VR-ttV ≥2 (-) ≥2 ≥5 (e±e±,e±µ±) 20–200 200–900 pT(`2) > 25 GeV

≥1 SS pair ≥3 (µ±µ±) veto {Emiss
T > 125 and meff > 650GeV}

VR-ttZ ≥3 (-) ≥1 ≥4 (=1 b-jet) 20–150 100–900 pT(`2) > 25 GeV

≥1 SFOS pair ≥3 (≥2 b-jets) pT(`3) > 20 GeV (if e)

80 < mSFOS < 100 GeV

All VRs Veto events belonging to any SR, or if `1 or `2 is an electron with |η| > 1.37 (except in VR-WZ)
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Backup

2SS/3L + jets + Emiss
T EPJC(2016)76:259

VR-WW VR-WZ VR-ttV VR-ttZ

Observed events 4 82 19 14

Total background events 3.4 ± 0.8 98 ± 15 12.1 ± 2.7 9.7 ± 2.5

Fake/non-prompt leptons 0.6 ± 0.5 8 ± 6 2.1 ± 1.4 0.6 ± 1.0
Charge-flip 0.26 ± 0.05 − 1.14 ± 0.15 −
tt̄W 0.05 ± 0.03 0.25 ± 0.09 2.4 ± 0.8 0.10 ± 0.03
tt̄Z 0.02 ± 0.01 0.72 ± 0.26 3.9 ± 1.3 6.3 ± 2.1
WZ 1.0 ± 0.4 78 ± 13 0.19 ± 0.10 1.2 ± 0.4
W±W±jj 1.3 ± 0.5 − 0.02 ± 0.03 −
ZZ 0.02 ± 0.01 8.2 ± 2.8 0.12 ± 0.15 0.30 ± 0.19
Rare 0.10 ± 0.05 2.8 ± 1.4 2.3 ± 1.2 1.1 ± 0.6

SR0b3j SR0b5j SR1b SR3b

Observed events 3 3 7 1

Total background events 1.5 ± 0.4 0.88 ± 0.29 4.5 ± 1.0 0.80 ± 0.25
p(s = 0) 0.13 0.04 0.15 0.36

Fake/non-prompt leptons < 0.2 0.05 ± 0.18 0.8 ± 0.8 0.13 ± 0.17
Charge-flip − 0.02 ± 0.01 0.60 ± 0.12 0.19 ± 0.06
tt̄W 0.02 ± 0.01 0.08 ± 0.04 1.1 ± 0.4 0.10 ± 0.05
tt̄Z 0.10 ± 0.04 0.05 ± 0.03 0.92 ± 0.31 0.14 ± 0.06
WZ 1.2 ± 0.4 0.48 ± 0.20 0.18 ± 0.11 < 0.02
W±W±jj − 0.12 ± 0.07 0.03 ± 0.02 < 0.01
ZZ < 0.03 < 0.04 < 0.03 < 0.03
Rare 0.14 ± 0.08 0.07 ± 0.05 0.8 ± 0.4 0.24 ± 0.14
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Backup

2SS/3L + jets + Emiss
T EPJC(2016)76:259

SR0b3j SR0b5j SR1b SR3b

Diboson theoretical uncertainties 23% 16% 1% <1%
tt̄V theoretical uncertainties 3% 4% 13% 9%
Other theoretical uncertainties 5% 3% 9% 15%

MC statistical uncertainties 11% 14% 3% 6%

Jet energy scale 12% 11% 6% 5%
Jet energy resolution 3% 9% 2% 3%
b-tagging 4% 6% 3% 10%
PDF 6% 6% 6% 8%
Fake/non-prompt leptons 18% 20% 18% 21%
Charge flip – 1% 3% 8%

Total background uncertainties 30% 34% 22% 31%

Total background events 1.5 0.88 4.5 0.80
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Backup 1L stop + jets + Emiss
T

1L stop + jets + Emiss
T ATLAS-CONF-2016-007

Main target

I gluino-mediated stop pair production with one-step decay

a) g̃ → t t̃ with t̃ → χ̃0
1 + soft where ∆m (̃t, χ̃0

1) = 5 GeV
I stop pair production with direct decay

b) t̃ → t χ̃0
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Signal regions

I signal signature: tt̄ + Emiss
T︸                    ︷︷                    ︸

difficult to separate from tt̄
I discriminant variables against bkg

tt̄ → 1` mT > mW
tt̄ → 2` amT2 > mt
tt̄ → `τhad mτ

T2 > mW
W+jets Nb-jets ≥ 1

I 3 SRs with exactly one lepton

SR1 Emiss
T > 260 GeV

SR2 Emiss
T > 350 GeV, large-R jet (boosted t)

SR3 Emiss
T > 480 GeV, large-R jet (boosted t)

Major backgrounds

I tt̄, W+jets, single top Wt and tt̄+W/Z
I estimated using CRs defined with reverted

values of mT and amT2 and different Nb-jets

mT2(p1
T ,p

2
T ,qT )= min
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{
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Backup 1L stop + jets + Emiss
T

1L stop + jets + Emiss
T ATLAS-CONF-2016-007

Results

I very good data/MC agreement in all VRs

I modest 2.3σ deviation in SR1

I 5.5 expected and 12 observed events

a) mg̃ excluded up to 1.5 TeV
b) mt̃1 excluded only from 745 GeV to 780 GeV
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Backup 1L stop + jets + Emiss
T

1L stop + jets + Emiss
T ATLAS-CONF-2016-007

Common event selection
Trigger Emiss

T trigger
Lepton exactly one signal lepton (e, µ), no additional baseline leptons.
Jets at least four signal jets, and |��(jeti, ~pmiss

T ) | > 0.4 for i 2 {1, 2}.
hadronic ⌧ veto events with a hadronic ⌧ and m⌧

T2 < 80 GeV.
Variable SR1 TCR1 / WCR1 STCR1
�4 jets with pT > [GeV] (80 50 40 40) (80 50 40 40) (80 50 40 40)
Emiss

T [GeV] > 260 > 200 > 200
Hmiss

T,sig > 14 > 5 > 5
mT [GeV] > 170 [30,90] [30,120]
amT2 [GeV] > 175 [100, 200] / > 100 > 200
topness > 6.5 > 6.5 > 6.5
m�

top [GeV] < 270 < 270 < 270
�R(b, `) < 3.0 – –
�R(b1, b2) – – > 1.2
number of b-tags � 1 � 1 / = 0 � 2

SR2 TCR2 / WCR2 STCR2
�4 jets with pT > [GeV] (120 80 50 25) (120 80 50 25) (120 80 50 25)
Emiss

T [GeV] > 350 > 250 > 200
Hmiss

T,sig > 20 > 15 > 5
mT [GeV] > 200 [30,90] [30,120]
amT2 [GeV] > 175 [100, 200] / > 100 > 200
�R(b, `) < 2.5 – –
�R(b1, b2) – – > 1.2
number of b-tags � 1 � 1 / = 0 � 2
leading large-R jet pT [GeV] > 200 > 200 > 200
leading large-R jet mass [GeV] > 140 > 140 > 0
��(~pmiss

T , 2ndlarge-R jet) > 1.0 > 1.0 > 1.0
SR3 TCR3 / WCR3 STCR3

�4 jets with pT > [GeV] (120 80 50 25) (120 80 50 25) (120 80 50 25)
Emiss

T [GeV] > 480 > 280 > 200
Hmiss

T,sig > 14 > 8 > 5
mT [GeV] > 190 [30,90] [30,120]
amT2 [GeV] > 175 [100, 200] / > 100 > 200
topness [GeV] > 9.5 > 0 > 9.5
�R(b, `) < 2.8 – –
�R(b1, b2) – – > 1.2
number of b-tags � 1 � 1 / = 0 � 2
leading large-R jet pT [GeV] > 280 > 200 > 200
leading large-R jet mass [GeV] > 70 > 70 > 70

Table 3: Overview of the event selections for all SRs and the associated tt̄ (TCR), W+jets (WCR), and Wt (STCR)
control regions. Round brackets are used to describe lists of values and square brackets denote intervals.
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Signal region SR1 SR2 SR3

Observed 12 1 1

Total bkg 5.50 ± 0.72 1.25 ± 0.26 1.03 ± 0.18

tt̄ 2.21 ± 0.60 0.29 ± 0.10 0.20 ± 0.07

Single top 0.46 ± 0.39 0.09 ± 0.08 0.10 ± 0.09

W+jets 0.71 ± 0.43 0.15+0.19
−0.15 0.20 ± 0.09

tt̄+W/Z 1.90 ± 0.42 0.61 ± 0.14 0.41 ± 0.10

Diboson 0.23 ± 0.15 0.11 ± 0.07 0.12 ± 0.07

tt̄ NF 1.10 ± 0.14 1.06 ± 0.14 0.80 ± 0.13

Single top NF 0.62 ± 0.46 0.65 ± 0.49 0.71 ± 0.42

W+jets NF 0.75 ± 0.12 0.78 ± 0.15 0.93 ± 0.12

tt̄+W/Z NF 1.42 ± 0.24 1.45 ± 0.24 1.46 ± 0.24

p0 0.01(2.3σ) 0.50 (0.0σ) 0.50 (0.0σ)

N limit
non−SM exp. (95% CL) 6.4+3.2

−2.0 3.6+2.3
−1.3 3.5+2.2

−1.2

N limit
non−SM obs. (95% CL) 13.3 3.4 3.4
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Main target

I gluino pair production with one-step decay

t̃ → b χ̃±1 with χ̃±1 → W± χ̃0
1

I two scenarios

a) ∆m (̃t, χ̃±1 ) = 10 GeV
b) mχ̃±1 = 2 ·mχ̃0

1

t̃

t̃

χ̃±
1

χ̃∓
1

p

p

b

χ̃0
1

W

b

χ̃0
1

W

→ leptonic decay

→ leptonic decay

Signal regions

I 2 SRs defined for different-flavour and

same-flavour opposite-sign lepton pairs

I soft b-jets: no requirement on Nb-jets

I discriminant variables against bkg

tt̄, WW mT2 > 245 GeV

Z/γ∗+jets R1 =
Emiss

T

meff
> 0.3

Z contribution Z -mass veto in SF

Major backgrounds

I VV → ``νν
normalized in SF CR defined within Z -mass window

I tt̄
normalized in DF CR defined at lower mT2 and R1

I fake and non-prompt lepton

estimated using data-driven matrix method
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Results

I good data/MC agreement in SRs

a) mt̃ excluded up to 577 GeV
b) mt̃ excluded up to 520 GeV for mχ̃0

1
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Events are selected using the leptonic stransverse mass [33, 34] mT2, defined as

mT2(pT,1, pT,2, pmiss
T ) = min

qT,1+qT,2=pmiss
T

�
max[ mT(pT,1, qT,1),mT(pT,2, qT,2) ]

 
, (1)

where mT indicates the transverse mass3, pT,1 and pT,2 are the transverse momentum vectors of the two
leptons (assumed to be massless), and qT,1 and qT,2 are unknown transverse momentum vectors of two
invisible particles, which satisfy qT,1 + qT,2 = pmiss

T . The minimisation is performed over all the possible
decompositions of pmiss

T . For tt̄ and WW decays, mT2 is bounded from above by the mass of the W boson.
In the t̃1 ! b+ �̃±1 decay, the upper bound is instead strongly correlated with the mass di�erence between
the chargino and the lightest neutralino. The SR candidates are required to have mT2 > 145 GeV.

The main change with respect to the Run 1 analysis targeting the same process [35] is the use of the event
kinematic variable R1, defined as

R1 =
Emiss

T
me�

=
Emiss

T
Emiss

T + pT(`1) + pT(`2) + pT(j1) + pT(j2)
, (2)

considering up to the two most energetic jets with pT > 50 GeV. The SR candidates are required to have
R1 > 0.3. This selection is useful to reject Z/�⇤+jets events with high mT2.

The p``
Tb variable, defined as

p``
Tb = pmiss

T + p`1
T + p`2

T (3)

with magnitude p``Tb, is used in the control regions (CR) defined in section 5 to discriminate between tt̄
and diboson production.

Table 1: Definition of the signal regions used in the analysis. The first three rows summarise the event preselection,
while the last three indicate the cuts that define the two signal regions.

Signal Region DF SF
leading lepton pT [GeV] > 25
sub-leading lepton pT [GeV] > 15
additional lepton (veto) pT [GeV] > 10
m`` [GeV] >20 (>20 and < 71) or > 111
mT2 [GeV] > 145
R1 > 0.3

4 Simulated event samples

Monte Carlo (MC) simulated event samples are used to model the SUSY signal and those SM backgrounds
with two or more real leptons in the final state. The MC samples are processed by an ATLAS detector
simulation [36], based on G����4 [37], or a fast simulation that uses a parameterisation of the calorimeter
response and G����4 for the other parts of the detector [38], and are reconstructed with the same
algorithms as used for the data.
3 The transverse mass of a massless particle is defined by the equation mT =

p
2|pT,1 | |pT,2 |(1 � cos(��)), where �� is the

angle between the particles with transverse momenta pT,1 and pT,2 in the plane perpendicular to the beam axis.

5
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