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Motivation

WHY?	
Strong	limits	from	LHC	on	strong	SUSY	
producCon,	electroweak	producCon	less	
constrained.	If	colored	spar1cles	are	at	
higher	masses,	electroweak	sector	could	
be	key	to	finding	SUSY	at	the	LHC		

Higgsinos	key	to	stabilizing	Higgs	mass,	
light	Higgsinos	important	aspect	of	
“natural”	SUSY	

WHY	NOW?	
Growing	LHC	dataset:	start	probing	more	
challenging	processes
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HOW?	

Rich	phenomenology,	depends	on	mass	
hierarchy,	nature	of	LSP.	Combina&ons	
important!	

Leptonic	signatures	(most	analyses)



Electroweak SUSY searches at CMS
Covered in this talk
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Analysis Final state Models Analysis identifier

Charginos e+e-/μ+μ-/e±μ∓	(off-Z) Chargino-pair,	chargino-pair	
with	slepton	mediated	decay CMS-PAS-SUS-17-010

EWKino	
combina&on

e/μ	+	H(bb)	(WH)	
4b	(HH)	
e+e-/μ+μ-	(on-Z)	
e+e-/μ+μ-	(low-pT)	
≥3l	
H(ɣɣ)

Chargino-neutralino CMS-SUS-17-004

Selectron/smuon e+e-/μ+μ- Direct	selectron/smuon	 CMS-SUS-17-009

Stau	
combina&on* τhτh,	μτh,	eτh,	eμ

Direct	stau,	chargino-pair/	
chargino-neutralino	with	stau	

mediated	decays
CMS-SUS-17-003

RPV	smuon** μ±μ± Resonant	smuon CMS-PAS-SUS-17-008

EWKino	producCon,	decays	via	SM	bosons	(can	be	off-shell)
EWKino	producCon,	decays	via	sleptons	(sufficiently	light)

Direct	slepton	pair	producCon

*New combination!

Resonant	slepton	(RPV)

**New result (this summer)!



Overview of search strategies
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GENERAL	FEATURES:	
Few	search	regions	(SRs):	discriminants	include	
mass	esCmators	(MT2,	MT),	pTmiss	from	LSPs	

Control	regions	(CRs)	to	derive	SM	background	
esCmates,	validate	in	signal-depleted	regions

BACKGROUNDS:	
1) Real	charged	leptons:	Drell-Yan+jets,	top	pair,	etc.	

Background-enriched	CRs	(orthogonal	to	SRs)	

MC	for	extrapolaCon	

2) Misiden&fied	hadronic	jets:	QCD	mulCjet,	W+jets	
Relaxed	(“loose”)	lepton	selecCon	sidebands	

Apply	measured	loose→“Cght”	raCos

SM background validation
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DATASET	ANALYZED:	
36	o-1	of	good	data	(2016)	

NB:	41	2-1	collected	in	2017	+	~60	2-1	
expected	in	2018	s/ll	to	be	analyzed!



2 opposite charge leptons (off-Z)
CMS-PAS-SUS-17-010

Selec1on:	e+e-/μ+μ-/e±μ∓	+	b-veto	
(reject	top),	M(ll)	cuts	(reject	Z)	

SR	binning:	pTmiss	+	N(jet)	categories,	
MT2	shape	for	signal	extracCon	
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https://cds.cern.ch/record/2309556


2 opposite charge leptons (off-Z)
CMS-PAS-SUS-17-010
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https://cds.cern.ch/record/2309556
https://cds.cern.ch/record/2309556


Electroweakino combination
CMS-SUS-17-004
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Signal topology
Search WZ WH ZZ ZH HH
1` 2b X
4b X
2` on-Z X X X
2` soft X
�3` X X X X X
H(gg) X X X
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JHEP 11 (2017) 029

JHEP 03 (2018) 076

JHEP 03 (2018) 166

Phys. Rev. D 97 (2018) 032007

Phys. Lett. B 779 (2018) 166

Phys. Lett. B 782 (2018)

StaCsCcal	combinaCon	of	analyses	targeCng	chargino-neutralino	/	neutralino	pair	
producCon	with	direct	decays	to	SM	W/Z/H	bosons

JHEP 03 (2018) 160

http://dx.doi.org/10.1007/JHEP11(2017)029
http://dx.doi.org/10.1007/s13130-018-7845-2
http://dx.doi.org/10.1007/JHEP03(2018)166
http://dx.doi.org/10.1103/PhysRevD.97.032007
http://dx.doi.org/10.1016/j.physletb.2017.12.069
http://dx.doi.org/10.1016/j.physletb.2018.05.062
http://dx.doi.org/10.1007/JHEP03(2018)160
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Chargino-neutralino	produc&on

Complementarity of 
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Leptonic/hadronic stau combination
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To be submitted shortly
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Leptonic/hadronic stau combination
CMS-SUS-17-003
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Selectrons and smuons
CMS-SUS-17-009
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Direct	leG-	and	right-handed	ẽ/μ̃	pair	produc&on

Assume mass-degenerate ẽ, μ ̃

https://arxiv.org/abs/1806.05264
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Selec1on:	μ±μ±	+	≥2	jets,	0b	

SR	binning:	Mslepton	[M(μ1,μ2,jets)],	
Mχ	[M(μ2,j1,j2)]

CMS-PAS-SUS-17-008

simplified model 1 simplified model 2
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λ’211 coupling limits

RPV	SUSY	parameter	space	
much	less	constrained	than	RPC	

https://cds.cern.ch/record/2621561
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Left-handed scenario

Summary

Rapidly	improving	electroweak	SUSY	
sector	reach	with	accumulaCng	LHC	
data	

Strong	sensiCvity	to	electroweakinos,	
1st	&	2nd	generaCon	slepton	
producCon	under	various	assumpCons	

StarCng	to	probe	challenging	Higgsino-
like	scenarios	(see	backup),	
approaching	sensiCvity	to	direct	stau	
producCon	(very	challenging!)	

Only	a	fracCon	of	planned	LHC	Run-2	
dataset	analyzed	so	far,	huge	potenCal	
for	upcoming	results!
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Additional Material



Selec1on:	Low-momentum	lepton	(e/μ)	pair	+	ISR	jet,	0b	

Dedicated	low	pT	di-μ	trigger	gives	access	to	lower	pTmiss	events	

SR	binning:	M(ll),	pTmiss

2 soft leptons + ISR
CMS-SUS-16-048
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Phys. Lett. B 782 (2018)

Exploiting initial 
state radiation 
(ISR): important for 
many compressed 
SUSY searches; 
boosted system, 
improved signal vs 
background 
discrimination
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2 soft leptons + ISR
CMS-SUS-16-048
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Higgsino pMSSM model, NLO exclusion
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Simplified	model	interpreta&ons	
(chargino-neutralino	produc&on)
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Higgsino	pMSSM	model

Wino, mass-degenerate 
𝜒1±, 𝜒20, bino 𝜒10

Higgsino-like, include 
𝜒10𝜒20 production Scan Higgsino vs bino 

mass parameter, fixed 
ratio of wino to bino 
mass (2), tan β (10) 

Assume m(𝜒1±) = 
0.5[m( 𝜒10) + m(𝜒20)]

Phys. Lett. B 782 (2018)

http://dx.doi.org/10.1016/j.physletb.2018.05.062


Electroweakino combination
CMS-SUS-17-004

StaCsCcal	combinaCon	of	analyses	targeCng	chargino-neutralino	/	neutralino	pair	
producCon	with	direct	decays	to	SM	W/Z/H	bosons
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Signal topology
Search WZ WH ZZ ZH HH
1` 2b X
4b X
2` on-Z X X X
2` soft X
�3` X X X X X
H(gg) X X X
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GMSB models

1 e/μ, 2 b-jets consistent 
with m(H), large pTmiss 4-5 jets, ≥2 b-jets, large pTmiss, 

form 2 2-jet groupings, average 
mass consistent with m(H)2 OC, SF e/μ consistent 

with m(Z), large pTmiss
2 low pT OC, SF e/μ, 
jets, large pTmiss

2 photons consistent with 
m(H), jets, large pTmiss

≥3 charged leptons (e, μ, 
up to two τh) + category 

targeting WZ with 3 light-
flavor leptons

JHEP 03 (2018) 160

http://dx.doi.org/10.1007/JHEP03(2018)160
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Electroweakino combination
CMS-SUS-17-004

GMSB	model	with	Higgsino	
NLSP,	gravi&no	LSP
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Complementarity of analyses

JHEP 03 (2018) 160

http://dx.doi.org/10.1007/JHEP03(2018)160


Leptonic/hadronic stau combination
CMS-SUS-17-003
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missing momentum 
correlations) from other 
processes
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Leptonic/hadronic stau combination
CMS-SUS-17-003
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τhτh

SR1 MT2 > 90 GeV

SR2
40 < MT2 < 90 GeV
ΣMT > 350 GeV
pTmiss > 50 GeV

SR3
40 < MT2 < 90 GeV

300 < ΣMT < 350 GeV
pTmiss > 50 GeV



Leptonic/hadronic stau combination
CMS-SUS-17-003
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Selectrons and smuons
CMS-SUS-17-009
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Assume mass-degenerate 
selectrons, smuons 

Direct	leG-handed	selectron/
smuon	pair	produc&on

Direct	right-handed	selectron/
smuon	pair	produc&on

Direct	leG-	and	right-handed	
selectron/smuon	pair	produc&on
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