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•  What	it	is?		
▫  global	symmetry	between	fermions	&	bosons		

•  Why	is	it	aGracHve?	
▫  Higgs:	predicts	a	below-135-GeV	Higgs	scalar	

�  may	be	SM-like	
�  completely	solves	hierarchy	problem		

▫  unificaMon	of	gauge	couplings	at	single	scale	
▫  dark	maNer	candidate	

Corfu	2016	



Framework	versus	model	
•  SparHcle	masses	from	SUSY	breaking	not	fixed	by	theory		
⇒	huge	parameter	space	to	explore	
▫  MSSM:	>	100	parameters	
▫  pMSSM:	19	parameters	
▫  CMSSM:	5	parameters	

•  How	to	test	that	at	LHC?	
1.  Top-down	approach	

▫  SUSY	breaking	mechanism	➞	different	models	
▫  GUT	scale	unificaHon	➞	few	free	parameters	

2.  BoGom-up	approach	
▫  Phenomenological	models	

�  fix	mass	hierarchy	and	mass	scales	
�  scan	remaining	parameters	

▫  Simplified	topologies	
�  specific	decay	chain	
�  easy	to	interpret	results	in	terms	of	other	models	
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R-parity	and	the	LSP	
V.A.	Mitsou	Corfu	2016	

4	

•  R	=	(-1)3(B-L)+2s			→			R	=		
	

•  R-parity	conservaHon	hinted	but	not	
required	by	proton	stability	

•  If	R-parity	conserved	
▫  stable	LSP	neutral	and	colourless	
▫  in	colliders	could	be	detected	as	

“missing	energy”(MET)	
▫  dark	maNer	candidate	

•  In	broken	R-parity	
▫  LSP	may	be	charged	and/or	carry	colour	
▫  LSP	is	not	stable	

LSP	

Lightest	Supersymmetric	ParHcle	(LSP)	and	R-parity	conservaHon/violaHon	largely	
define	final	states	of	SUSY	events	

+1	for	SM	parHcles	
–1	for	superpartners	
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SUSY	searches	strategy	
V.A.	Mitsou	
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Strong-producMon	channels	
•  Copious	producHon	at	hadron	colliders	
•  MET-based	generic	channels	

Corfu	2016	

RPC	or	RPV	
•  RPV	implies	more	leptons	and/or	jets	
and	less	MET	

•  RPV	prompt	or	delayed	LSP	decay	

InterpretaMons	on	Dark	MaNer	scenarios	

(Meta)stable	sparMcles	
•  Suppressed	(effecHve)	coupling	
•  Lack	of	phase	space,	e.g.	mass	degeneracies	
•  May	induce	non-trivial	signals	in	detectors	

Third-generaMon	sparMcles	
•  Naturalness	➜	mass	of	O(<TeV)	
•  Lighter	than	other	squarks	

Leptons/photons	
Coloured	spartners	too	heavy		
➞	direct	gaugino/slepton	producHon	
➞	relevant	for	Dark	MaNer	searches	



Typical	ATLAS	SUSY	search	
•  Signal	selecHon	targeHng	specific	producHon/decay	mode	(simplified	topology)	
•  Signal	region	(SR)	
▫  single-bin	opHmised	for	best	discovery		
▫  to	cover	different	mass	hierarchies	➜	few	SRs	for	each	final	state	

•  Data-driven	background	esHmate	
▫  irreducible	backgrounds	esHmated	using	control	region	(CR)	data	as	a		

constraint	and	Monte	Carlo	to	extrapolate	from	CR	to	SR	in	likelihood	fit	
▫  reducible	background	(fake/non	isolated	leptons,	MET	from	jet	mismeasurement)	from	data	
▫  only	well	modelled	variable	in	CR	➔	SR	extrapolaHons		
▫  validaHon	regions	(VR)	to	check	assumpHons	in	background	esHmate	and	CR	➔	SR	variable	

modelling	

V.A.	Mitsou	Corfu	2016	
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LHC	and	ATLAS	performance	
V.A.	Mitsou	Corfu	2016	
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ProducHon	of	1st	and	2nd	generaHon	squarks	and	gluinos	with	
subsequent	cascade	decay	to	lighter	sparHcles	

V.A.	Mitsou	Corfu	2016	
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Strong	prod:	0L	+	jets	+	MET	
•  Final	states	with	2-6	jets,	MET	&	no	isolated	lepton	

(e/μ)	
•  Signal	enhancement	based	on:	Meff,	MET,	Rjigsaw	
•  30	signal	regions	defined	targeHng	different	search	

scenarios	and	phase	space	

V.A.	Mitsou	Corfu	2016	
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•  Excludes	gluino	(squark)	masses	up	to	1.86	(1.35)	TeV	for	massless	LSP	
•  For	gluino	decay	via	χ̃20,	gluino	masses	below	1.9	TeV	excluded	for	m(χ̃20)	∼	600	GeV	

ATLAS-CONF-2016-078	
see	also	EPJC	76	(2016)	392	



Strong	prod:	1	lepton	+	2-6	jets	+	MET	
•  TargeHng	1-step	decays	with	variety	of	

mass	hierarchies	
•  MET	triggered;	one	sot	(6-35	GeV)	or		

hard	(>	35	GeV)	lepton;	2	to	6	jets	
•  Dominant	background	W+jets	and	Gbar	
•  Background	normalised	to	CRs	with	low	

mT	and	aplanarity	

V.A.	Mitsou	Corfu	2016	
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No	excess	seen,	leading	to	improved	limits	



Strong	prod:	0L	+	mulHjets	+	MET	
•  Veto	on	isolated	leptons	(e/μ)	
•  ≥8	jets	up	to	≥10	jets,	consistent	with	decays	of	

heavy	objects,	reclustered	into		
smaller	number	of	high-mass	jets	

•  DiscriminaHon	also	with	MET/√HT	

V.A.	Mitsou	Corfu	2016	
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ATLAS-CONF-2016-095	
see	also	PLB	757	(2016)	334	

pMSSM	

•  For	a	pMSSM	slice	with	bino-like	χ̃10	and	higgsino	
χ̃1±/χ̃20,	gluino	masses	up	to	1500	GeV	excluded			

•  For	2-step	simplified	model	m(g̃)	<	1600	GeV	
excluded	at	95%	CL,	extending	previous	limits	



Strong	prod:	γ	+	jets	+	MET	
•  TargeHng	neutralino	NSLP	decaying	to	graviHno	

and	photon	with	non-100%	branching	raHos	
•  Low-background	signature	
•  Wγ,	Gγ,	γ+jets	normalised	in	CRs	

V.A.	Mitsou	Corfu	2016	
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ATLAS-CONF-2016-066	
•  No	significant	excess	observed	
•  Limits	set	represent	400	GeV	improvement	w.r.t.	Run-1	



Strong	producHon	–	summary		
V.A.	Mitsou	Corfu	2016	
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Exclusion	curves	not	necessarily	
directly	comparable;	different:	
•  stop	decay	channels	
•  sparHcle	mass	hierarchies	
•  simplified	decay	scenarios	

GG	model	



Only	stops	are	presented	here		
Emphasis	on	representaHve	channels	
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“Natural”	SUSY	
To	cancel	large	top	correcHons	to	Z	mass	(fine-tuning)	…	

V.A.	Mitsou	
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…	only	need	light	higgsinos,	
stops,	gluinos	

(and	light	messenger	scale	Λ)	

ProducHon	and	decay	diagrams	at	LHC	
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Stop:	1	lepton	+	(b)jets	+	MET	
•  Search	for	stop	and	for	dark	maNer	

producHon	in	associaHon	with	two	tops	
•  SelecHon	based	on	MET,	mT,	HT	

•  7	SRs	for	specific	scenarios	and	phase	space		
▫  3.3σ	excess	in	DM_low	SR	

V.A.	Mitsou	Corfu	2016	
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•  Exclusion	for	m(t̃1)	<	~830	GeV	for	massless	LSP	
•  Maximal	coupling	of	g	=	3.5	is	excluded	@95%	CL	
for	a	(pseudo-)scalar	mediator	mass	up	to	(350)	
320	GeV	assuming	a	1	GeV	DM	mass	

ATLAS-CONF-2016-050	
see	also	1606.03903	



Direct	stop	producHon	–	summary		
V.A.	Mitsou	Corfu	2016	
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Limits	depend	on	
chargino-neutralino	

mass	spli�ng	

Region	m(stop)	≲	
m(top)	+	m(~χ10)	
difficult	to	cover	➜	

charm	tagging	essenHal	
Overlaid	contours	belong	to	different		
•  stop	decay	channels	
•  sparHcle	mass	hierarchies	
•  simplified	decay	scenarios	

Different	assumed	chargino	masses	
Stop	0	lepton		

Stop	2	lepton		

Stop	1	lepton		
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Summary	8-TeV	results	
SensiHve	to	details	of	
scenario	considered,		

e.g.	nature	of	gaugino	
(bino,	wino,	higgsino)	



EW	prod:	2/3	leptons	+	MET	
•  Two	opposite-sign	leptons	(e/μ)	or	3	leptons	and	large	MET	
•  Jet	veto	(2L),	b-jet	veto	(3L)	and	Z	veto	applied		
•  Large	(s)transverse	mass,	mT	(mT2),	in	3L	(2L)	SRs	

V.A.	Mitsou	Corfu	2016	
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ATLAS-CONF-2016-096	

•  Results	interpreted	in	simplified	models	of	chargino	and	
neutralino	producHon	

•  Limits	set	extend	previous	from	Run-1	by	140	GeV	for	
χ̃1+χ̃1-	producHon	and	by	300	GeV	for	χ̃1±χ̃20	producHon	



EW	prod:	di-taus	+	MET	
•  Analysis	similar	to	2L	(e/μ)	
•  MoHvated	by	models	with	light	staus	

leading	to	dark	maGer	relic	density	
consistent	with	cosmological	observaHons	
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ATLAS-CONF-2016-093	

•  Limits	are	derived	in	scenarios	of	χ̃1+χ̃1-	pair	producHon	and	
χ̃1±χ̃20	and	χ̃1+χ̃1-	associated	producHon	

•  χ̃1±	masses	and	common	χ̃1±/χ̃20	masses	up	to	580	and	700	GeV	
respecHvely	are	excluded	at	95%	CL	assuming	a	massless	χ̃10		



EW	prod:	dark	maGer	in	pMSSM	
•  Aim:	study	EW	SUSY	searches	

impact	on	dark	maGer	candidates	
•  Focusing	on	the	gaugino-higgsino	

and	Higgs	sector	(EWKH)	of	the	
phenomenological	minimal	
supersymmetric	SM	(pMSSM)	

V.A.	Mitsou	Corfu	2016	
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arXiv:1608.00872	
see	also	PRD	93	(2016)	052002		

Experimental	constraints	
direct	DM	detecHon	experiments	
relic	DM	density	
precision	flavour	physics	results	
ATLAS	Higgs	mass	measurement		
SUSY	searches	at	LEP	

•  ATLAS	searches	substanMally	impact	models	with		
m(χ̃10)	<	65	GeV,	excluding	86%	of	such	models	

•  Searches	have	limited	impact	on	models	with	larger	m(χ̃10)	
due	to	either	heavy	gauginos	or	compressed	mass	spectra	

20	�-1	@	8	TeV	



•  No	results	with	2016	data	on	LL	parHcles	yet	
•  Emphasis	on	RPV	analyses	with	~14	�-1	presented	here	

V.A.	Mitsou	Corfu	2016	
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Summary	8-TeV	on	
disappearing	track	

AMSB	model	with		
long	lived	chargino,		

χ̃1±	→	π±	χ̃10	

First	13-TeV	
results	on		
R-hadrons	

Split	SUSY	with	
metastable		
g̃	→	g/qq	χ̃10	



EW	prod:	4	leptons	+	MET	with	RPV	decays	
•  RPV	SUSY	scenarios	with	L-number	violaHon	can	result	in	signatures	

with	high	lepton	mulHpliciHes	and	substanHal	MET		
•  Requiring	4L	(e/μ)	+	MET	in	chargino	producHon	with	indirect	LSP	

RPV	decay	
•  Two	SRs	defined	targeHng	different	chargino	mass	ranges	

V.A.	Mitsou	Corfu	2016	
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ATLAS-CONF-2016-075	

Chargino	masses	up	to	1.14	TeV	are	excluded	for	large	LSP	masses	



Gluino	RPV	decays	to	mulHjets	
•  Search	for	gluinos	with	RPV	decays	to	quarks	
•  Signal	to	BG	discriminaHon	based	on	MJ

Σ	

•  4	SRs	defined	targeHng	different	search		
scenarios	

V.A.	Mitsou	Corfu	2016	
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ATLAS-CONF-2016-057	

•  In	the	gluino	cascade	decay	model,	gluinos	with	masses	up	to	1	–	1.55	TeV	are	excluded,	
depending	on	neutralino	mass	

•  In	the	gluino	direct	decay	model,	gluinos	with	masses	up	to	1080	GeV	are	excluded	



Gluino	RPV	decays	to	1	lepton	and	jets	
•  Requiring	one	isolated	lepton		

(e/μ)	and	many	jets	(>5	in	six	
bins)	and	b-jets	(four	bins	
starHng	from	0)	

•  All	bins	are	fiGed	to	SUSY	
model	predicHon	to	obtain	
model-dependent	results	

V.A.	Mitsou	Corfu	2016	
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•  For	g̃	→	t	t̄	χ̃10	→	t	t̄	uds,	gluino	masses	up	to	
1.75	TeV	are	excluded	at	95%	CL		

•  In	a	model	with	g̃	→		t̄	t̃1	with	t̃1	→	bs,	gluino	
masses	up	to	1.4	TeV	are	excluded	

ATLAS-CONF-2016-094	



Stop	RPV	decays	to	jets	
•  Requiring	at	least	four	jets	matched	by	

minimising	separaHon	angle	
•  SR	defined	w.r.t.	asymmetry	A	and	cosθ*	

of	jets	boosted	in	resonance	system	

V.A.	Mitsou	Corfu	2016	
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ATLAS-CONF-2016-084	
No	excess	observed	➜	Exclude	𝜆’’	stop-q-q	coupling	for		
250	GeV	<	m(stop)	<	405	GeV	and	445	GeV	<	m(stop)	<	510	GeV	



V.A.	Mitsou	Corfu	2016	

27	



V.A.	Mitsou	Corfu	2016	

28	



Summary	&	outlook	
•  ATLAS	developed	a	vast	program	to	search	
for	supersymmetry	
▫  no	significant	excess	seen	so	far	

•  In	simplified	scenarios,	exclusion	achieved	
▫  up	to	~1.9	TeV	for	gluinos	
▫  up	to	~900	GeV	for	top	squarks	
▫  more	results	are	conEnuously	become	
available	

•  ~30	(100)	�-1	data	expected	by	end	of	2016	
(end	of	Run-2)	
•  Very	challenging	years	for	SUSY	ahead	of	us!	

V.A.	Mitsou	Corfu	2016	
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More	results:	
https://twiki.cern.ch/twiki/bin/view/
AtlasPublic/SupersymmetryPublicResults !
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•  RJigsaw	variables	
▫  decompose	an	event	assuming	a	decay	topology	
▫  compute	invisible	momenta	by	minimizing	each	
hemisphere	mass	
▫  all	momenta	of	decay	tree	available	for	selecHon	(mass-
sensiHve	scale	variables,	angles	for	compressed	topologies)	

V.A.	Mitsou	Corfu	2016	
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