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Introduction

SUSY	(s"ll)	well	mo,vated	
as	a	theory	of	physics	
beyond	the	Standard	Model	
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Rich	phenomenology	depending	on	mass	
hierarchy,	allowed	decay	modes,	nature	of	lightest	
supersymmetric	par,cle	(LSP)	

Many	places	to	look	

Current	constraints	(usually)	based	on	simplified	
models,	need	to	be	aware	of	assump;ons

Unification of forces Higgs mass stability Dark Matter

Sample SUSY spectrum

arXiv:hep-ph/0106204

https://arxiv.org/abs/hep-ph/0106204


SUSY with taus

SUSY	may	be	more	hidden	than	we	hoped	but	
could	s7ll	be	accessed	at	the	LHC	with	more	data!	

Staus	could	be	the	key,	light	τ	̃well	mo,vated	in	
many	models	

Direct	produc7on:	challenging	because	of			
small	cross	sec;ons	

Indirect	produc7on:	decay	chains	of										
heavier	SUSY	par;cles	

Final	states	with	tau	leptons	
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Light	stau	coannihila.on	with	bino	
LSP	(small	∆m)	could	account	for	
observed	DM	relic	density	
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Strategy
Mainly	focus	on	hadronic	tau	decay	mode	(65%	BR,	
fewer	neutrinos	in	final	state),	leptonic	decay	
modes	also	considered	for	some	searches	

Par$cle-flow	reconstruc;on	(charged	hadrons,	
photons	from	π0	decays)	key	to	τh	iden;fica;on	

Isola7on	an	important	handle	to	reject	fakes:	
new	approaches	using	DNNs	
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χ̃
τ ̃

τ

0 Missing transverse momentum

e/μ + νe/μντ
or

hadrons + ντ

Misiden&fied	τh	background	from	
other	hadronic	jets	es;mated	using	
data-driven	techniques	

Extrapola;on	from	relaxed	
(“loose”)	to	full	(“;ght”)	isola;on	

SUSY	vs	SM	discrimina&on	using	mass-
related	observables,	exploit	pTmiss	from	LSPs	



Hadronic tau isolation
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Evolu,on	of	techniques:	cut-based	→	MVA	(BDT)	→	DNN,	significant	
boost	in	sensi,vity	with	each	advancement	

DNN	approach	for	τh	isola,on	brings	~2x	
reduc,on	in	fake	rate	with	respect	to	BDT	

Convolu(onal	neural	network	using	features	
of	par(cles	in	tau	isola(on	cone	(low-level	
inputs)	

Average	CNN	score	with	BDT	score	(high-level	
inputs)	

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-006/index.html


Evolu,on	of	techniques:	cut-based	→	MVA	(BDT)	→	DNN,	significant	
boost	in	sensi,vity	with	each	advancement	

DNN	approach	for	τh	isola,on	brings	~2x	
reduc,on	in	fake	rate	with	respect	to	BDT	

Convolu(onal	neural	network	using	features	
of	par(cles	in	tau	isola(on	cone	(low-level	
inputs)	

Average	CNN	score	with	BDT	score	(high-level	
inputs)	

Extensive	valida(on	in	data	with	Z→ττ

Hadronic tau isolation
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Direct stau pair production

Selec"on:	τ+τ-	(τhτh,	μτh,	eτh	final	states),	
DNN-based	isola,on	for	τhτh	

Search	strategy:	categorize	events	using	
N(jets),	mass-related	observables	for	τhτh,	
BDT	shape	analysis	for	eτh,	μτh
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mT2: Kinematic endpoint 
given by m(X) → minimize 
mT(p, q) solutions over 
possible pTmiss partitions.
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Direct stau pair production
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lL̃/lR̃: superpartners of left-/right-handed 
leptons. Different couplings → ~3x smaller 
cross section for lR̃lR̃ vs lL̃lL̃ of same mass

τL̃τL̃	produc&on
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Degenerate scenario

τL̃τL̃	+	τR̃τR̃	produc&on

Exclusion up to m(τ)̃ = 150 GeV 
for ~massless 𝜒̃10

Strongest limit at m(τ)̃ = 125 GeV 
for ~massless 𝜒̃10

Pushing past LEP stau limits for the first time at the LHC!
Submitted to Eur. Phys. J. C

https://arxiv.org/abs/1907.13179


Chargino/neutralino→stau
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Decays via τ ̃or tau-sneutrino (ντ̃) → 
same final state either way
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Selec"on:	τ+τ-	(τhτh,	μτh,	eτh,	eμ	final	states)	

Search	strategy:	categorize	events	using	
pTmiss,	mT2,	ΣmT	(mT(τ1)	+	mT(τ2)),	also	N(jet)	
for	μτh,	eτh,	eμ
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Chargino-neutralino	produc&on Chargino-pair	produc&on
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Exclusion up to m(𝜒̃1±) = 700 
GeV for ~massless 𝜒̃10

Assume m(𝜒̃1±) = m(𝜒̃20),    
m(τ)̃ = 0.5[m(𝜒̃1±) + m(𝜒̃10)]

Exclusion up to m(𝜒̃1±) = 630 
GeV for ~massless 𝜒̃10

Small Δm challenging

Chargino/neutralino→stau

https://link.springer.com/article/10.1007/JHEP11(2018)151


Stop→stau
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CMS-PAS-SUS-19-003

Charginos in stop decay chains 
decay via τ ̃or ντ̃p
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τhτh + 2b
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Selec"on:	τhτh	+	2b	+	pTmiss	

Search	strategy:	categorize	events	using	pTmiss,	mT2,	HT

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-003/index.html


Stop→stau

 12 CMS-PAS-SUS-19-003
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Exclusion up to m(t)̃ = 1100 GeV

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-003/index.html


Outlook

Searches	targe,ng	staus	a	cri,cal	but	challenging	avenue	to	
explore:	star,ng	to	make	inroads	using	new	and	powerful	tools,	
data-driven	background	es,ma,on	techniques	

With	more	data,	we	should	be	able	to	explore	substan,al	new	
territory	where	new	physics	could	be	hiding	
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Degenerate scenario

New	physics??



Sensitivity for staus at HL-LHC
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Discovery

Exclusion

Significant	region	of	τ-̃LSP	mass	plane	can	be	explored	with	3000	]-1,	upgraded	detectors	

Performance	can	be	improved	with	dedicated	techniques	

arXiv:1812.07831
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