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Supersymmetry remains a compelling answer to our deepest questions 
connected to the weak scale.
→ What stabilizes the higgs? What is the nature of dark matter?

Today, the electroweak sector is one of the most interesting targets.
→ Colored sparticles may be heavier by a loop factor or more ("Split")
→ Naturalness (higgsinos), dark matter (co-annihilation), even anomalies 
(g-2 from smuons?) give extra motivation to search in every corner!

Experimentally, we are in excellent position conduct these searches now.
→ Have accumulated large datasets of 13 TeV data (~2*150/fb).
→ Developed an excellent understanding of our detectors, and 
continually push the limits of their capabilities.

Introduction

2
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Simplified models of EWK SUSY
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LHC phenomenology should be dominated by the few (lightest) sparticles.
→ target Simplified Models, where heavy sparticles decouple.

Should systematically cover 
all production channels, and 
mass spectraNext-to-lightest sparticle (NLSP) mass
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Wino production
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LHC phenomenology should be dominated by the few (lightest) sparticles.
→ target Simplified Models, where heavy sparticles decouple.

Next-to-lightest sparticle (NLSP) mass
Wino-like, mN2=mC1
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Higgsino production

5

LHC phenomenology should be dominated by the few (lightest) sparticles.
→ target Simplified Models, where heavy sparticles decouple.

Next-to-lightest sparticle (NLSP) mass
Higgsino-like mN2
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Recent analyses from ATLAS+CMS
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Broad set of results from ATLAS and CMS that use the complete Run 2 
dataset that target electroweak SUSY!

Not 
covered

See also LL searches for SUSY
R. Rosen (displaced sleptons),
E. Kuwertz (disappearing track)

SUS-18-004

2106.01676

SUS-19-012

2011.10543

2103.11684

0L/1L 2L 3L 4L+

Z+lepton resonances

4L high-MET/meff, 
generic 5L

WZ on/off-shell/compressed combo

Low-mll, compressed spectra

2L opposite-sign
A: 1908.08215
C: 2012.08600

Disappearing track
A: CONF-2021-015

C: 2004.05153

WZ/Wh/ZZ+MET with parametric signal extraction

https://indico.cern.ch/event/905399/timetable/?view=standard%23285-searches-for-displaced-and
https://indico.cern.ch/event/905399/timetable/?view=standard%23368-searches-for-disappearing
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-004/index.html
https://arxiv.org/abs/2106.01676
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html
http://arxiv.org/abs/2011.10543
http://arxiv.org/abs/2103.11684
http://arxiv.org/abs/1908.08215
http://arxiv.org/abs/2012.08600
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/
http://arxiv.org/abs/2004.05153
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Includes e, μ, as well as τ categories for slepton-mediated decays.
Low pTmiss / mT2 selection enhances sensitivity to dM~mZ region.

CMS EWK Multilepton SUS-19-012

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html
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Multivariate classifiers improve sensitivity to 
difficult signals (i.e. very similar to SM WZ).

Event kinematics 
(mll, pTZ,pTmiss, mTW, 
mT3l, LT+pTmiss, HT)

CMS EWK Multilepton

"Signal likelihood"

Background
Signal

NN 'hidden layers'
yi = �(wijxi + bi)� wij bi

SUS-19-012

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html
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Multivariate classifiers improve sensitivity to 
difficult signals (i.e. very similar to SM WZ).

Event kinematics 
(mll, pTZ,pTmiss, mTW, 
mT3l, LT+pTmiss, HT)

CMS EWK Multilepton

B

S1
S2 S3

Varying kinematics → a single classifier is 
generally not optimal for all signal models.

NN 'hidden layers'
yi = �(wijxi + bi)� wij bi
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html
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neural network output
1

10

210

310

410

510Ev
en

ts Data WZ
Nonprompt ZZ/H

γX + /t + Xtt
Multiboson Total bkg. unc.

WZ (650/50)→
0
2
χ∼
±

1
χ∼

CMS Preliminary  (13 TeV)-1137 fb

M = 600 GeVδWZ , →
0
2
χ∼±

1
χ∼

0 0.2 0.4 0.6 0.8 1
neural network output

0
0.5

1
1.5

O
bs

./P
re

d.

Stat. pred. unc. Total pred. unc. Obs./Pred.

10

Multivariate classifiers improve sensitivity to 
difficult signals (i.e. very similar to SM WZ).

Event kinematics 
(mll, pTZ,pTmiss, mTW, 
mT3l, LT+pTmiss, HT)

CMS EWK Multilepton

NLSP mass
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Parametric NN score varies with target ∆m
→ S, B, and data distributions all change!

Train one classifier, robust for a range of models.

SUS-19-012

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html
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neural network output
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Multivariate classifiers improve sensitivity to 
difficult signals (i.e. very similar to SM WZ).

Event kinematics 
(mll, pTZ,pTmiss, mTW, 
mT3l, LT+pTmiss, HT)

CMS EWK Multilepton

NLSP mass

LS
P 

m
as

s

q2 (vi
sib

le)
≪mZ

2

q2(visible)≫mZ2

Target 
∆m

SUS-19-012

Parametric NN score varies with target ∆m
→ S, B, and data distributions all change!

Train one classifier, robust for a range of models.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html
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CMS EWK Multilepton
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html
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Analyses targeting 3L EWKino decays 
via WZ (on- and off-shell) and WH are 
combined w/ the compressed 2L search 
(1911.12606)

2106.01676
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://arxiv.org/abs/2106.01676
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ATLAS 3L combination
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2106.01676
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ATLAS 3L combination
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2106.01676
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Compressed spectra
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Prompt reconstruction is more challenging 
and fake/non-prompt rates rise.
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SUS-18-004

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://arxiv.org/abs/2106.01676
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-004/index.html
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CMS search with 2 or 3 soft (3<pT<30 GeV), 
isolated leptons, low-mass e+e-/μ+μ- pair.
Trigger on MET, requiring high-pT jet(s) to 
boost the invisible LSPs.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-004/index.html
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Wino / Bino interpretation
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Beyond the MSSM

20

In extended models of SUSY, the lightest neutralino may decay:
GMSB: Small couplings allow N1 decays to a near-massless Gravitino.  
Can test Higgsinos w/o reconstructing soft decays.
R-parity non-conservation: Allows for B and L-violating LSP decays 
(many possibilities including N1 → llv, lqq, vqq, or 3q).

4+ lepton searches are experimentally clean and general probes.
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21

RPV selection: 
High meff=Σ(all pT), veto Zs, consider 
bins in b-jet and τ multiplicity.

GMSB selection: 
High MET, pair of Z(→ee/μμ), 
without b-jets.

2103.11684

http://arxiv.org/abs/2103.11684
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ATLAS 4L

22

�̃0
1

�̃±
1 /�̃

0
2

Z/h

�̃0
1

Z/hp

p

G̃

`
`

W ⇤/Z⇤

G̃

`
`

�̃±
1

�̃⌥
1 /�̃

0
2

�̃0
1

�̃0
1

p

p

W

�

`

`

⌫

W/Z/h

�

`

`

⌫

RPV LSP 
decays

800 1000 1200 1400 1600 1800
) [GeV]0

2χ
∼ / ±

1χ
∼m(

200
400
600
800

1000
1200
1400
1600
1800
2000
2200
2400

) [
G

eV
]

0 1χ∼
m

( )SUSY
theoryσ1 ±Observed Limit (

)expσ1 ±Expected Limit (
 0≠ 12kλ

 0≠ i33λ

) < 10 GeV
0
1χ

∼
) - m(0

2χ
∼ / ±

1χ
∼

m(

                          ν
-l+l→01χ

∼,  0
1χ
∼ Z/h →02χ

∼,  0
1χ
∼  ±W→

±

1χ
∼ production,  ±

1χ
∼ 02χ

∼ +  −
1χ
∼+

1χ
∼

-1=13 TeV, 139 fbs

All limits at 95% CL

4 leptons
ATLAS

200 300 400 500 600 700 800
) [GeV]0

1χ
∼ / 0

2χ
∼ / ±

1χ
∼m(

0
10
20
30
40
50
60
70
80
90

100

 ) 
[%

]
G~

 Z
 

→ 0 1χ∼
B(

 
-1ATLAS 13 TeV, 36 fb

)SUSY
theoryσ1 ±Observed Limit (

)expσ1 ±Expected Limit (

                             G~ Z/h → 0
1
χ∼,  0

1
χ∼ 0

2
χ∼ ±

1
χ∼Higgsino 

-1=13 TeV, 139 fbs

All limits at 95% CL

4 leptons

ATLAS

Also see 4L results in CMS multilepton!

GMSB 
decays

2103.11684

http://arxiv.org/abs/2103.11684


Jun 7, 2021 C. Herwig — LHCP 2021 23

200 400 600 800 1000 1200 1400 1600
) [GeV]

1
0
χ∼(m) = 

1
±χ∼(m

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1Z
 B

ra
nc

hi
ng

 F
ra

ct
io

n 
to

 
10 χ∼ / 1± χ∼

)expσ1 ±Expected Limit (

)SUSY
theoryσ1 ±Observed Limit (

Observed Exclusion Region

ATLAS
-1=13 TeV, 139 fbs

All limits at 95% CL

 production
1
0
χ∼

1
±
χ∼+

1

±

χ∼
1
±
χ∼

ν±W, ±Hl, ±Zl→
1
±
χ∼

±

l±W, νH, νZ→
1
0
χ∼

)τ, µe,  = (l

ATLAS 3L resonance

[90,110]
[110,130]

[130,150]
[150,170]

[170,190]
[190,210]

[210,230]
[230,250]

[250,270]
[270,300]

[300,330]
[330,360]

[360,400]
[400,440]

[440,580]
>580

2−10

1−10

1

10

Ev
en

ts
/G

eV Data Total SM
Fake lepton ZZ
Ztt Higgs

Other Triboson
 = 200 GeV

1
χ∼m  = 500 GeV

1
χ∼m

 = 800 GeV
1
χ∼m

ATLAS
-1=13 TeV, 139 fbs

SRFR

[9
0,

11
0]

[1
10

,1
30

]

[1
30

,1
50

]

[1
50

,1
70

]

[1
70

,1
90

]

[1
90

,2
10

]

[2
10

,2
30

]

[2
30

,2
50

]

[2
50

,2
70

]

[2
70

,3
00

]

[3
00

,3
30

]

[3
30

,3
60

]

[3
60

,4
00

]

[4
00

,4
40

]

[4
40

,5
80

]

>5
80

 [GeV]Zlm

2−
0
2

Si
gn

ific
an

ce

Wino mass limits for flavor-
universal Ze/Zμ/Zτ decays.

�̃
±
1

�̃
0
1

Z

p

p

✏i

`
±

`
±

`
⌥

✏i

`
⌥/⌫/⌫

W
±/Z/H

RPV operators may allow charginos to 
decay to "Z-lepton resonances".

Results in m(Z-lepton) bins for 
'fully-reconstructed' events.

2011.10543

http://arxiv.org/abs/2011.10543


Jun 7, 2021 C. Herwig — LHCP 2021

Conclusions

24

Electroweak SUSY is a compelling theoretical target, that ATLAS and CMS 
are exploring with broad analysis programs.

Direct electroweakino and slepton production is being scrutinized intently, 
with promising opportunities in high-mass and compressed scenarios.

Theoretically interesting and experimentally challenging!

Ongoing effort to explore signatures of beyond-minimal SUSY scenarios.
Also includes tight collaboration with state-of-the-art searches for long-
lived particles, boosted resonances, extended Higgs sectors, …

Searches for electroweak SUSY will only become more interesting as we 
collect more high-quality data, to uncover how SUSY is realized in Nature!


