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Electroweak supersymmetry (SUSY) 

-  Naturalness motivates weak scale masses 
-  Small cross section, but typically a distinct leptonic signature  
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➱  SUSY predicts partner particles for all SM particles 
➱  Addresses the Higgs hierarchy problem, Dark Matter,.. 

LPCC SUSY Cross Section WG

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections                   arXiv:1407.5066
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Searches for staus 

➱  Searches for staus with final states: eµ, eτh, µτh, and τhτh 

➱  Experimentally challenging à large backgrounds 
–  DY Z à ττ : Use Z à µµ CR to correct modeling in m(Z) vs pT(Z)  
–  QCD and W+jets à fake rate from data with loosened isolation 
–  Top quarks and other SMà from MC, dominant for eµ final state 

➱  Signal region binned number of jets, pT
miss, mT2 and Dζ 
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Results: staus 

➱  No significant excesses above predictions in any of the categories 
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Left-handed 
R

ight-handed 

➱  Direct stau production very difficult to 
excluded due to low cross section 

➱  Interpretations for left and right handed 
staus, and maximal mixing 
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Compressed analysis 

➱  Search for a compressed electroweak spectrum 
➱  Electron (muon) reconstruction to 4 (4.5) GeV ! 
➱  Dominant backgrounds: 

–  Top backgrounds (tt and tW) 
–  Diboson WZ and WW 
–  Low mass DY Z à ττ 
–  Fake/non prompt leptons à data driven 
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Good modeling down to low lepton pT and low mll ! 

Normalized using 
data control regions 
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Compressed results: WZ 
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Observations in agreement with predictions �̃±
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Compressed results: sleptons 
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Observations in agreement with predictions 
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Two lepton + MET 
➱  Search for charginos and sleptons with well separated mass states 

–  Irreducible backgrounds: diboson and top à MC simulation 
–  Reducible backgrounds: fake non prompt leptons à data driven 

➱  Signal region selection 
–  Same/opposite flavor lepton selections  
–  Binned in mT2 for exclusion 
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Good modeling in VRs!  
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ATLAS-CONF-2019-008 
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Significantly 
improved sensitivity 
beyond Run 1! 

Light flavor 
sleptons excluded 
up to 700 GeV 
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Resonant RPV sleptons 
➱  R-parity violating (RPV) models can lead to completely different 

signatures than their conserving counterparts 

➱  Search for events two same sign muons and two jets 
➱  Multiple categories with m(µ1µ2+jets) and m(µ2j1j2) cuts 
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Decays back to 
SM particles! 



Chargino/Neutralino: Whàbb 
➱  Search for hàbb final state with 105 GeV < mbb < 135 GeV 
➱  Benefit from improved light-flavor rejection due to new IBL pixel layer! 

11	

1−10

1

10

210

310

Ev
en

ts
 / 

50
 G

eV

 > 160 GeVCTm

60 110 160 210 260 310 360 410
 [GeV]CTm

0.5
1

1.5

D
at

a/
SM 2.9

Data W+jets
Total SM Vtt
tt Diboson
Single top Others

)=(550,75) GeV
1

0
χ∼,

2

0
χ∼/

1
±
χ∼m(

)=(625,0) GeV
1

0
χ∼,

2

0
χ∼/

1
±
χ∼m(

ATLAS
-1 = 13 TeV, 36.1 fbs

SR1Lbb-High

15 135 255 375 495 615
 [GeV]bbm

2

4

6

8

10

12

14

16

18

20

Ev
en

ts
 / 

30
 G

eV

 135≤/GeV bb m≤105 

Data W+jets
Total SM Z+jets
tt Vtt
Single top Diboson

)=(550,0) GeV
1

0
χ∼,

2

0
χ∼/

1
±
χ∼m(

)=(700,0) GeV
1

0
χ∼,

2

0
χ∼/

1
±
χ∼m(

ATLAS
-1 = 13 TeV, 36.1 fbs

SRHad-Low

�̃±
1

�̃0
2

W

hp

p

�̃0
1

`

⌫

�̃0
1

b

b

March	18,	2019	 Ma-hew	Gignac	(SCIPP)	

➱  Events triggered with MET > 200 GeV and selected with 
large contransverse mass mCT to reduce top backgrounds 

➱  No excesses in either zero or one lepton final states 



Chargino/Neutralino: Whàγγ 
➱  Search for narrow resonance from h->γγ decay in Wh signature 
➱  Robust background estimation: 

–  Non-peaking contributions à side band fit in 105 GeV < mγγ < 160 GeV  
–  Peaking standard model Higgs à dominant contribution from Wh, taken 

from Monte Carlo and normalized to NLO cross section 
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Discovery p0 values: 
→  SR1Lγγ-a: 0.03 
→  SR1Lγγ-b: 0.09  
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Wh exclusion 

➱  No significant excesses observed for ATLAS Wh searches 
➱  Excluding chargino masses up to 680 GeV for a massless LSP 
➱  Significant improvement in sensitivity compared to Run 1 analysis! 
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ATLAS Run 1 combined limit for 
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Chargino/Neutralino combinations 

➱  Searches for charginos and neutralinos decaying through WZ or Wh 
➱  Statistical combination of analyses targeting WZ and Wh  

–  Dedicated efforts to target the challenging scenario 

➱  Interpretation assuming mixed decays to Wh / WZ 
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Exotic Higgs decays with photons 

➱  Gauge Mediated Supersymmetry Breaking (GMSB) model 
➱  Events with MET > 95 GeV and no jets with pT>20 GeV 
➱  Require balance between Zàll  and higgs + MET 
➱  Dominant backgrounds 

–  Electron faking a photon (WZàevll)  
–  Z+jets with jet faking a photon  
–  SM Zγ à shape from MC, normalization in CRs 
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Data-driven 

Observations consistent with predictions 
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Exotic Higgs decays with photons 

➱  Upper limits of the BR of Higgs boson decays to one or two photons 
in this GMSB model ranges from ~5-15% 
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Summary 
ATLAS and CMS have a rich electroweak SUSY search program 
→  Strong constraints on electroweak SUSY parameter space 
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Summary 
ATLAS and CMS have a rich electroweak SUSY search program 
→  Strong constraints on electroweak SUSY parameter space 
 

18	March	18,	2019	 Ma-hew	Gignac	(SCIPP)	

 ) [GeV]
2
0χ∼, 

1
±χ∼m( 

200 400 600 800 1000 1200

 ) 
[G

eV
]

0 1χ∼
m

( 

0

100

200

300

400

500

600

700
      2lν∼ / Ll

~
arXiv:1509.07152
ATLAS-CONF-2019-008

τ    2τν
∼ / Lτ

∼

arXiv:1407.0350
arXiv:1708.07875
WW      2l
arXiv:1403.5294
ATLAS-CONF-2019-008

  via −
1χ
∼ +1χ

∼

      2l+3lν∼ / Ll
~

arXiv:1509.07152
arXiv:1803.02762
WZ       2l+3l
arXiv:1403.5294
arXiv:1712.08119
arXiv:1803.02762
arXiv:1806.02293

±l±+lγγWh  lbb+2jbb+l 
arxiv:1812.09432

  via0
2χ
∼ ±1χ

∼

τ    2τν
∼ / Lτ

∼

arXiv:1708.07875

  via0
2χ
∼ ±1χ

∼/ −
1χ
∼ +1χ

∼

Observed limits at 95% CL PreliminaryATLAS -1=8,13 TeV, 20.3-139 fbs March 2019

 ) ]
2
0
χ∼, 

1
±χ∼ ) + m( 

1
0
χ∼ [ m( 2

1 ) = ν∼/ Lτ
∼/ Ll

~m( 

 )
1

0
χ∼

 ) =
 m

( 
2

0
χ∼

m( 



Summary 
ATLAS and CMS have a rich electroweak SUSY search program 
→  Strong constraints on electroweak SUSY parameter space 
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Both experiments have a lot more data on tape ! Stay tuned ! 
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Stau limits 
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Compressed results 
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ATLAS B-tagging improvements 
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Exotic Higgs decays with photons 

➱  GMSB diphoton limits 
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GMSB event selection 
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Chargino/Neutralino: Whàleptons 

➱  Searches for Wh using 2-3 leptons + MET, h à WW/ZZ/ττ 
➱  Backgrounds estimated from data and MC: 

–  Non-prompt leptons from heavy flavor jets à data-driven matrix method 
–  Charge flip probability extracted from Zàee events vs pT and η 
–  Real backgrounds from WZ and ZZ production à MC estimate validated in VRs 
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Good agreement in all validation regions 
No excess observed 
in any of the 8 SRs 
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Wh lepton SRs 
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WZ Corridor SRs 
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ATLAS direct stau results 

➱  ATLAS limits from 8 TeV data using 20.1 fb-1 of data 
➱  BDT trained to separate signal from backgrounds 
➱  Exclude stau (left+right) mass of 108 GeV for a massless LSP! 
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