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Introduction

• The Search for SUSY in ATLAS is based on a well defined 
signature oriented strategy:

!2

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/
SUSYCrossSections 
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Natural SUSY: 
electroweakino and 
stops to stabilise the 

weak scale

If strongly produced particles 
are too heavy, gauginos/
sleptons production may be 
the dominant SUSY cross-
section at the LHC 
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‣ Gluino and squarks


‣ 3rd generation squarks


‣Electroweak SUSY production: 
Gauginos and sleptons 

‣ R-parity violation scenarios and 
long-lived particles


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections


SUSY electroweak searches in ATLAS - Overview
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Analysis Publications Luminosity

2 leptons  ATLAS-
CONF-2019-008(link) 139 fb-1

staus Eur.Phys.J.C78(201
8)154

36 fb-1

compressed scenario Phys.Rev.D97(2018
)052010

36 fb-1

two or three leptons  Eur.Phys.J.C78(201
8)995

36 fb-1

four or more leptons Phys.Rev.D98(2018
)032009

36 fb-1

Higgsinos in multi-b final states Phys.Rev.D98(2018
)092002

36 fb-1

recursive jigsaw Phys.Rev.D98(2018
)092012

36 fb-1

WH arXiv:1812.09432 36 fb-1

Presented here 

https://cds.cern.ch/record/2668387/files/ATLAS-CONF-2019-008.pdf
https://link.springer.com/article/10.1140/epjc/s10052-018-5583-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.052010
https://link.springer.com/article/10.1140/epjc/s10052-018-6423-7?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20181210
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092012
https://arxiv.org/abs/1812.09432


!4MK Ayoub - Pheno 2019 

Two leptons 

• Search for electroweak production of charginos and sleptons 
with two leptons (electrons or muons) in the final state


• Three models are considered:

• Background: 

• Irreducible: 
diboson and top 
(Monte-Carlo)


• Reducible: from 
fake leptons 
(data-driven)

➡Signal region: two (same/opposite 
flavors) light leptons and high MET

‣ Binned in mT2 for model-dependent 
exclusions

Good modelling in the validation regions

a[VR-WW-0J] b[VR-WW-1J] c[VR-VZ] d[VR-top-high] e[VR-top-low] f[VR-top-WW]

1−10

1

10

210

310

410

510

610

Ev
en

ts

Data SM WW

WZ ZZ tt

Single Top FNP-leptons Others

 PreliminaryATLAS
-1=13 TeV, 139 fbs

Validation Regions

[VR-WW-0J] [VR-WW-1J] [VR-VZ] [VR-top-high] [VR-top-low] [VR-top-WW]

2−
0
2

Si
gn

ific
an

ce

 [GeV]T2m

Ev
en

ts
 / 

20
 G

eV

1

10

210

310

410

510
ATLAS Preliminary

-1=13 TeV, 139 fbs
SR-DF-0J

Data SM WW
WZ ZZ tt
Single Top FNP leptons Others

)=(400,200) GeV0
1
χ∼,± l~m(

)=(300,50) GeV0
1
χ∼,±

1
χ∼m(

)=(600,300,1) GeV0
1
χ∼,± l~,±

1
χ∼m(

 [GeV]T2m
100 120 140 160 180 200 220 240 260 280

D
at

a 
/ S

M

0.5
1

1.5
2

Signal Region
Validatio regions



!5MK Ayoub - Pheno 2019 

Two leptons: exclusion limits

• Statistical interpretation is performed for the three scenarios 


• No significant deviation from the Standard Model is observed in any of the signal regions

• Results significantly improved compare to Run1 and early Run2 exclusion limits 
for the same scenarios
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• Compressed search: scenarios involving small mass differences 
between heavier SUSY particles and LSP in three models 


1. Higgsino is light and Electroweakino states are Higgsino-
dominated


2. Wino and bino are lights and Electroweakino states (C1 & N2) 
are wino-dominated (LSP bino-dominated)


3. Pair production of sleptons 


• Final state: two low momentum leptons (electron or muons) 

Background: 

• Irreducible: top, diboson and Zττ+jets 
(Monte-Carlo) and normalised using control 
regions 

• Reducible:  fake leptons  (data-driven)

!6MK Ayoub - Pheno 2019 

Compressed scenarios

Good data/
background 
agreement 

in validation 
regions 

Agreement btw data and expected 
SM background in SR

�̃±
1

�̃0
2

W ⇤

Z⇤p

p

�̃0
1

q

q

�̃0
1

`

`

j

˜̀

˜̀
p

p

j

�̃0
1

`

�̃0
1

`

obs_x_SRSF_iMLLg_mll

Ev
en

ts
 / 

5 
G

eV

1−10

1

10

210

310 ATLAS
 

1− = 13 TeV, 36.1 fbs
ll-mllSR

Data

Total SM

Fake/nonprompt

, single toptt
)+jetsττ→Z(

Diboson
Others

) = (105, 100) GeV
1
0
χ∼, 

2
0
χ∼: m(H~

) = (110, 100) GeV
1
0
χ∼, 

2
0
χ∼: m(H~

 [GeV]llm
0 10 20 30 40 50 60

D
at

a 
/ S

M

0

1

2

Ev
en

ts

2−10

1−10
1

10

210

310

410

510 ATLAS
1− = 13 TeV, 36.1 fbs

Total SM

Data

Fake/nonprompt

, single toptt

)+jetsττ→Z(

Diboson

Others

VR
-V

V e
µ

VR
-S

S 
ee

+

µ
+e

µ
µ

VR
-S

S [1
,  

   
 3

]

[3
.2

,  
 5

]

[5
,  

  1
0]

[1
0,

  2
0]

[2
0,

  3
0]

[3
0,

  4
0]

[4
0,

  6
0]

[1
00

, 1
02

]

[1
02

, 1
05

]

[1
05

, 1
10

]

[1
10

, 1
20

]

[1
20

, 1
30

] ]
∞

[1
30

,  
  

to
t

σ
) /

 
pr

ed
 n− 

ob
s

(n

2−
0
2

 [GeV]llVRDF-m  [GeV]100
T2VRDF-m



100 150 200 250

m(�̃0
2) [GeV]

0

10

20

30

40

50

�
m

(�̃
0 2,

�̃
0 1)

[G
eV

]

Expected limit
�
±1�exp

�

Observed limit
�
±1�theory

�

LEP �̃±
1 excluded

ATLASp
s = 13 TeV, 36.1 fb�1

ee/µµ, m`` shape fit
All limits at 95% CL

pp ! �̃0
2�̃

±
1 , �̃0

2�̃
0
1, �̃+

1�̃
�
1 (Higgsino)

�̃0
2 ! Z ⇤�̃0

1, �̃±
1 ! W ⇤�̃0

1
m(�̃±

1 ) = [m(�̃0
2) + m(�̃0

1)]/2

100 150 200 250 300

m(�̃0
2) = m(�̃±

1 ) [GeV]

0

10

20

30

40

50

�
m

(�̃
0 2,

�̃
0 1)

[G
eV

]

Expected limit
�
±1�exp

�

Observed limit
�
±1�theory

�

LEP �̃±
1 excluded

ATLAS 8 TeV excluded

ATLASp
s = 13 TeV, 36.1 fb�1

ee/µµ, m`` shape fit
All limits at 95% CL

pp ! �̃0
2�̃

±
1 (Wino)

�̃0
2 ! Z ⇤�̃0

1, �̃±
1 ! W ⇤�̃0

1

!7MK Ayoub - Pheno 2019 

Compressed scenarios - interpretation

• No significant excesses of the data above the expected background are observed

C1N2

Sleptons

• Exclusion limits produced using shape 
fit in the exclusive signal regions


‣ Using mll for WZ (invariant mass of 
the two light leptons)


‣ Using mT2 for sleptons 
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• A search for chargino-neutralino pair production with a W boson 
and a standard Model-like Higgs boson in the final state


• Four sub-channels are studied: 


• 0lbb, 1lbb, diphoton and multilepton


• Dominant ones are considered here 

• Background estimated using MC simulation (ttbar dominated)
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WH

Good modelling in 
the background 

validation regions 
for both 0lbb and 

1lbb 
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WH - interpretation

• No significant 
differences between the 
observed and expected 
yields 


• Exclusion limits are set 
using the different 
signal regions 

✓ Large branching ratio of Higgs boson into b-quark pairs => good sensitivity at high 
masses of charginos and next-to-lightest neutralinos 
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Electroweak production with recursive jigsaw

• A search for chargino-neutralino pair production via W and Z 
boson with two or three light leptons (e, μ)   


• Using jigsaw reconstruction to construct kinematic variables 
to separate signal and background

• Both 2l and 3l signal regions are 
designed to cover High, 
Intermediate and Low masses 
and mass splitting 

Phys.Rev.D 96 (2017) 
112007

Good 
modelling in 
all validation  
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regions
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RJR - interpretation

• Intermediate and high mass signal models: No excess


• Low mass and ISR signal model: mild excess

✓ A region of the phase space not excluded by alternative 2l/3l search is 
excluded by RJR search



!12MK Ayoub - Pheno 2019 

Summary and conclusion

• A rich electroweak SUSY search 
program is reached in ATLAS 


• Selected results for searches with 
the full Run2 dataset (140 fb-1) and 
the partial 36fb-1 dataset are 
shown 


• No significant excess seen in the 
electroweak sector so far


• Many searches with the full Run2 
dataset are ongoing  

Boson mediated searches 

Lepton mediated searches 
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SUSY electroweak searches in ATLAS - Overview
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Analysis Paper Luminosity

Charginos and sleptons via 2 leptons  ATLAS-
CONF-2019-008

139 fb-1

Chargino-neutalino decays via staus Eur.Phys.J.C78(201
8)154

36 fb-1

Gauginos and sleptons production - compressed 
scenario 

Phys.Rev.D97(2018
)052010

36 fb-1

Electroweak production with two or three leptons  Eur.Phys.J.C78(201
8)995

36 fb-1

Electroweak production with four or more leptons Phys.Rev.D98(2018
)032009

36 fb-1

Higgsinos in multi-b final states Phys.Rev.D98(2018
)092002

36 fb-1

Charginos-neutralino production with RJR Phys.Rev.D98(2018
)092012

36 fb-1

Charginos-neutralino production via WH arXiv:1812.09432 36 fb-1

Presented here 

https://link.springer.com/article/10.1140/epjc/s10052-018-5583-9
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.052010
https://link.springer.com/article/10.1140/epjc/s10052-018-6423-7?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20181210
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.092012
https://arxiv.org/abs/1812.09432
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Charginos and sleptons via two leptons + MET

• Events are required to have two opposite charge light leptons 
each with pT > 25 GeV
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mT2 variable

Signal regions Binned in mT2 for model-
dependent exclusions

What is mT2: 
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Compressed
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Electroweak production via WH 
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Electroweak production with recursive jigsaw

• The RJR technique:


• It is a method to decompose 
measured properties event-by-
event to provide a basis of 
kinematic variables


• This is achieved by approximating 
the rest frames of intermediate 
particle states in each event.


• This gives rise to a natural basis of 
kinematic observables calculated 
by recursively evaluating the 
momentum and energy of different 
objects in these reference frames.
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Set of variables
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