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Searches for sleptons 
with the ATLAS detector
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Supersymmetry: sleptons
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Sleptons play a key role in several models:

• Smuons ( ) and sneutrinos ( ) can play a 

key role in 


• Staus ( ) could play a role in co-

annihilation of neutralinos ( ) and give 
correct Dark Matter relic density consistent 
with cosmological observations


• Naturalness reasons suggest that sleptons 
might have masses close to the EWK scale


• Rare processes but with very clean 
signatures

μ̃ ν̃
(g − 2)μ

τ̃
χ̃0



ATLAS and the Sleptons
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Several searches at ATLAS target direct sleptons production
• Different experimental final states


• Sleptons ( / ) → Soft leptons 

( ) +  (compressed mass 

splitting between  and )


• Sleptons ( / ) → high pT leptons 

( ) +  


• Direct stau → hadronic taus + 




• R-parity violating models


• Both direct production and 
cascade from heavier particles
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ATLAS and the Sleptons
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Analysis references:

Signature Signal More info

Phys. Rev. D 101 
(2020) 052005

Phys. Rev. D 101 
(2020) 032009

Eur. Phys. J. C 80 
(2020) 123

JHEP 167 (2021)

Phys. Rev. Lett. 127 
(2021) 051802 (*)

ℓ̃L,R → ℓ χ̃0
12ℓ + Emiss

T (compressed)

2τ + Emiss
T

2ℓ + Emiss
T + 0 jet

4ℓ + Emiss
T

τ̃L,R → τ χ̃0
1

ℓ̃L,R → ℓ χ̃0
1

χ̃±
1 → ℓ̃L,R ν → ℓνχ̃0

1

ℓ̃L,R → ℓG̃2 displaced ℓ

ℓ̃L,R /ν̃ → χ̃0
1ℓ → 3ℓ ν

(*) displaced leptons will be presented by Emily Thompson!
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.032009
https://link.springer.com/article/10.1140/epjc/s10052-019-7594-6?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20200217
https://link.springer.com/article/10.1007/JHEP07(2021)167?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue&utm_source=ArticleAuthorIncrementalIssue&utm_medium=email&utm_content=AA_en_06082018&ArticleAuthorIncrementalIssue_20210731
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.051802


ATLAS current limits
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Current limits on direct sleptons and chargino/neutralino via 
sleptons
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˜̀ 2 [ẽ, µ̃]
˜̀ 2 [ẽ, µ̃]
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ATLAS current limits and (g − 2)μ
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Current limits on (only) direct smuons production
The bands indicate 
regions that are 
compatible with the 
observed muon 

 anomaly 

(arXiv:2104.03281)

Calculated using the 
GM2Calc and SPheno 
packages for 

(g − 2)μ

m( χ̃0
1) ≥ 10 GeV

Sleptons are very interesting to study for this anomaly!

https://arxiv.org/abs/2104.03281


Compressed EKW: analysis overview
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Phys. Rev. D 101 (2020) 052005 analysis targeting very compressed spectra:

Targeting region with 
  ~ 2 - 50 GeVΔm(ℓ̃, χ̃0)

Very soft leptons!

ETmiss> 200 GeV 

+ 

MET Triggers

Boost to MET from ISR jet 
pT>100 GeV

pT>4(4.5) GeV for muons (electrons)
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˜̀ 2 [ẽ, µ̃]
˜̀ = ø̃

arXiv:1403.5294
arXiv:1911.12606
arXiv:1908.08215
arXiv:1911.06660

All limits at 95% CL
Observed limits
Expected limits

All limits at 95% CL
Observed limits
Expected limits

m(̃` L,R
) <

m(¬̃
0

1
)

ATLAS Preliminary
p

s = 13 TeV, 139 fb°1

May 2020

pp ! ˜̀+
L,R

˜̀°
L,R, ˜̀ ! `¬̃0

1

Pure bino χ̃0

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005


100 150 200 250 300 350 400

m( ˜̀L,R) [GeV]

0.5

1

5

10

50

¢
m

(˜̀
,¬̃

0 1)
[G

eV
]

Expected limit
°
±1æexp

¢

Observed limit
°
±1ætheory

¢

ATLAS 8 TeV ˜̀L,R excluded
ATLAS 13 TeV 36 fb°1 ˜̀L,R excluded
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Compressed EKW: analysis Strategy
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Non prompt leptons: Main source of background → 
Data Driven method 

Irreducible backgrounds: VV, top (tt, Wt), and Z→𝜏𝜏. 

Taken from MC, normalised in dedicated CR
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2 0J: analysis overviewℓ
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Phys. Rev. D 101 (2020) 032009 Analysis targeting both direct production of 
sleptons and direct chargino production with intermediated sleptons

Targeting region with  
large  Δm(ℓ̃, χ̃0)
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2 0J: analysis strategyℓ
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Irreducible backgrounds: top (tt, Wt) and VV. Main 
source is WW: exactly same signature, especially 
when Δm ~ mW

Non prompt leptons → Data Driven method 

Main Backgrounds:

Binned SR in stransverse mass (mT2) 

SR divided by number of jets and lepton 
flavour (SF/DF)


Relying on high  significance to suppress 

background from fake   

Emiss
T

Emiss
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Direct 𝜏: analysis overview
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Phys. Rev. D 101 (2020) 032009 Analysis targeting direct production of staus 
decaying to fully hadronic tau

First LHC results for direct status 

Analysis based on BDT to identify hadronically decaying taus

Di-tau trigger + MET trigger


High mass and low mass signal region (orthogonal) 
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Multijet backgrond (2 fakes 𝜏): main 

background, estimated with ABCD method

W+jets background (1 fake 1 real 𝜏)→ 

Control Region

Main Backgrounds:

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.032009


Direct 𝜏: results
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No excess observed. Limits set on sleptons masses (two SR combined)

Combined production of  τ̃L /τ̃R Only  productionτ̃L
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Multi lepton: analysis overview
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JHEP 167 (2021) Analysis targeting final states with multiple leptons (4+)

Assuming R-Parity violating (RPV) term (𝝀): neutralino 

(LSP) to leptons ( ). 


Sleptons (NLSP) mass degenerate

Two assumptions on 𝝀: 


Only decay to  allowed ( )


Only decay to  and  allowed ( ) 

 
 

Signal regions based on meff 
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Multi lepton: analysis strategy
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Irreducible background → From ZZ and ttZ.  
MC normalised in data (main bkg in 4L0T)

Reducible backgrounds: estimated in data with  
Fake Factor method (main bkg in 3L1T/2L2T)

Main Backgrounds:
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• Sleptons are a well motivated scenario to investigate


• ATLAS has a large variety of searches targeting sleptons in 
different final states and with different models


• No significant excess has been observed


• Improved reconstruction techniques and new strategies 
allowed us to reach new phase space and set new strong limits


• Stay tuned for even more results from ATLAS!
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Backup



ATLAS and the Sleptons
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Several searches at ATLAS target direct sleptons production
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Preselection requirements
Variable 2` 1`1T

Number of leptons (tracks) = 2 leptons = 1 lepton and � 1 track
Lepton pT [GeV] p`1

T > 5 p`T < 10
�R`` �Ree > 0.30, �Rµµ > 0.05, �Reµ > 0.2 0.05 < �R`track < 1.5
Lepton (track) charge and flavor e±e⌥ or µ±µ⌥ e±e⌥ or µ±µ⌥
Lepton (track) invariant mass [GeV] 3 < mee < 60, 1 < mµµ < 60 0.5 < m`track < 5
J/ invariant mass [GeV] veto 3 < m`` < 3.2 veto 3 < m`track < 3.2
m⌧⌧ [GeV] < 0 or > 160 no requirement
Emiss

T [GeV] > 120 > 120
Number of jets � 1 � 1
Number of b-tagged jets = 0 no requirement
Leading jet pT [GeV] � 100 � 100
min(��(any jet, pmiss

T )) > 0.4 > 0.4
��( j1, pmiss

T ) † � 2.0 � 2.0

Slepton SR Requirements
Variable SR–S–low SR–S–high

Emiss
T [GeV] [150, 200] > 200

m100
T2 [GeV] < 140 < 140

p`2
T [GeV] > min(15, 7.5 + 0.75 ⇥ (mT2 � 100)) > min(20, 2.5 + 2.5 ⇥ (mT2 � 100))

RISR [0.8, 1.0] [max(0.85, 0.98 � 0.02 ⇥ (mT2 � 100)), 1.0]

Compressed analysis SR definition
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Stansverse mass defined by:
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Compressed analysis SR systematics
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No excess observed. Limits set on sleptons masses
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Direct 𝜏 analysis SR definition

SR-lowMass SR-highMass

2 tight ⌧ (OS) 2 medium ⌧ (OS) , � 1 tight ⌧

asymmetric di-⌧ trigger di-⌧+E
miss
T trigger

75 < E
miss
T < 150 GeV E

miss
T > 150 GeV

⌧ pT cut described in Section 5

light lepton veto and 3rd medium ⌧ veto

b-jet veto

Z/H veto (m(⌧1, ⌧2) > 120 GeV)

|��(⌧1, ⌧2)| > 0.8

�R(⌧1, ⌧2) < 3.2

mT2 > 70 GeV



2 0J: analysis Strategyℓ
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2 0J analysis SR definitionℓ
Signal region (SR) SR-DF-0J SR-DF-1J SR-SF-0J SR-SF-1J
nnon-b-tagged jets = 0 = 1 = 0 = 1
m`1`2

[GeV] >100 >121.2

Emiss
T [GeV] >110

Emiss
T significance >10

nb-tagged jets = 0
Binned SRs

mT2 [GeV]

2[100,105)
2[105,110)
2[110,120)
2[120,140)
2[140,160)
2[160,180)
2[180,220)
2[220,260)
2[260,1)

Inclusive SRs

mT2 [GeV]
2[100,1)

2[160,1)

2[100,120)
2[120,160)
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2 0J analysis SR Systematicsℓ
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Direct 𝜏 analysis SR systematics

Source of systematic uncertainty on background prediction SR-lowMass [%] SR-highMass [%]

Statistical uncertainty of MC samples 11 21
⌧ -lepton identification and energy scale 19 10
Normalization uncertainties of the multi-jet background 12 8
Multi-jet estimation 4 10
Jet energy scale and resolution 5 8
Diboson theory uncertainty 5 6
W+jets theory uncertainty 2 3
Emiss

T soft-term resolution and scale 2 2
Total 28 32

Source of systematic uncertainty on signal prediction SR-lowMass [%] SR-highMass [%]

m (⌧̃ ,�̃
0
1) [GeV] (120, 1) (280, 1)

⌧ -lepton identification and energy scale 29 14
Statistical uncertainty of MC samples 6 10
Jet energy scale and resolution 3 2
Signal cross-section uncertainty 2 2
Emiss

T soft-term resolution and scale 3 < 1
Total 31 17



Multi Lepton: analysis Strategy
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Multi Lepton analysis SR definition



Multi Leptons: analysis Strategy
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Multi Leptons analysis SR Systematics
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