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13TH	PATRAS	WORKSHOP	ON	AXIONS,	WIMPS	AND	WISPS	

There	are	more	things	in	heaven	and	earth,	Hora<o,		
Than	are	dreamt	of	in	your	philosophy.	
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Overview

• I	will	present	details	on	three	recent	analyses	(all	released	since	March).		

– Search	for	dark	maOer	in	final	states	containing	an	
energe:c	photon	and	large	missing	transverse	momentum.	

– Search	for	new	phenomena	in	dijet	events.		
– Search	for	long-lived	charginos	based	on	a	disappearing-
track	signature	

• The	first	two	analyses	illustrate	searches	for	Dark	MaOer	at	hadron	colliders	
• The	third	is	a	non-standard	technique	for	searching	for	Supersymmetry.
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LHC
• Proton-proton	collisions	at	a	

centre-of-mass	of	13	TeV.	

• Presen:ng	results	from	
2015/16	data	taking	with	a	
data	sample	of	approximately	
37	]-1	collected	by	the	ATLAS	
experiment.
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•pp Collider 

•Run-2: √s=13 TeV 

•Peak L>1.4x1034cm-2s-1 

•25ns bunch spacing
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The	ATLAS	Experiment
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Par:cle	Iden:fica:on
• Measure	change	and	momentum	of	par:cles	in	the	tracking	detectors.	

• Use	energy	deposi:on	and	range	of	par:cles	to	separate	electrons,	
photons,	hadrons	and	muons.	
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Proton	-	Proton	Collision
• The	collision	looks	

something	  
like	this	
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• We	usually	want	to	
inves:gate	the	“hard”	
process…		



Jet	Reconstruc:on
• Quarks	and	gluons	produced	in	the	hard	

interac:on	undergo	fragmenta:on	and	
hadronisa:on	before	entering	the	ATLAS	
detector		

• Reconstructed	as	“Jets”	via	a	clustering	
algorithm	(an:-kt)	using	calorimeter	
clusters	as	input.		

• Combines	pairs	of	objects	recursively		
based	on	their	separa:on:		

• A	radius	parameter	defines	the	size	of	the	
size	of	the	jet	(standard	size	is	0.4).	
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Missing	Transverse	Energy
• Reconstruc:on	of	par:cles	that	do	

not	interact	with	the	detector	is	
crucial	for	searches	for	new	
phenomena.	
– Neutrinos	are	main	cause.		

• Infer	from	the	imbalance	of	the	
total	transverse	momentum	of	all	
reconstructed	objects	 
→	Missing	transverse	Energy	(MET)		
– transverse	momentum	is	given	

by			

• Effects	due	to	addi:onal	collisions	
can	be	mi:gated	using	informa:on	
from	the	tracking	detector.	
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Triggering
• Peak	luminosity	achieved:	 

L=	1.4x1034	cm-2s-1	(design:	1.0x1034	cm-2s-1)		

• Approximately	109	interac:ons	per	
second.	We	need	to	filter	out	the	events	
of	interest.		
– Side	Note:	Many	interac:ons	per	

proton	bunch	crossing:	  
On	average	24	interac:ons.	

• Technical	Details	
– LHC	generates	30	MHz	bunch	

crossings		
– Hardware	Trigger	in	detectors	

reduces	rate	to	100	kHz		
– Sopware	Trigger	(par:al	

reconstruc:on)	writes	out	1	kHz	
events.		
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Something	plus	MET

• WIMPs	can	be	recognised	as	a	large	amount	
of	MET	in	the	ATLAS	detector.		

• Need	an	associated	recoil	object	in	the	
interac:on		to	trigger	on	the	event.		
– jets,	W/Z,	γ,	Higgs	are	possibili:es.		

• Event	Signatures	are	denoted	as	Mono-X	
– Look	for	single	high-pT	object	and	

nothing	else	in	the	event.		
– W/Z,	γ	are	nice	clean	signatures	with	

“small”	backgrounds.	
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Dark Matter Searches at the LHC

How to look for dark matter?

WIMPs can only be recognised as 6ET at the
LHC: need a recoiling object: jets, W/Z, �, Higgs
boson

focus on simplified models

event signatures denoted as Mono-X:

- jet + 6ET

- � + 6ET

- W/Z + 6ET

,! di↵erent decay modes

- Higgs + 6ET

,! di↵erent decay modes
,! Higgs directly involved in
WIMP production
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dark matter+heavy flavour production:

di-jet resonant production:
mediator can also decay to quarks

dark matter benchmark models for early lhc run-2 searches:
report of the atlas/cms dark matter forum 39
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Figure 2.22: Representative Feynman
diagram showing the pair production
of Dark Matter particles in association
with tt̄ (or bb̄).

the pMSSM) privilege the coupling of spin-0 mediators to down
generation quarks. This assumption motivates the study of final
states involving b-quarks as a complementary search to the tt̄+DM
models, to directly probe the b-quark coupling. An example of such
a model can be found in Ref. [BFG15] and can be obtained by re-
placing top quarks with b quarks in Fig. 2.22. Note that, because
of the kinematics features of b quark production relative to heavy t
quark production, a bb̄+DM final state may only yield one experi-
mentally visible b quark, leading to a mono-b signature in a model
that conserves b flavor.

Dedicated implementations of these models for the work of
this Forum are available at LO+PS accuracy, even though the state
of the art is set to improve on a timescale beyond that for early
Run-2 DM searches as detailed in Section 4.1.5. The studies in this
Section have been produced using a leading order UFO model
within MadGraph5_aMC@NLO 2.2.2 [Alw+14; All+14; Deg+12]
using pythia 8 for the parton shower.

2.2.3.1 Parameter scan

The parameter scan for the dedicated tt̄+/ET searches has been stud-
ied in detail to target the production mechanism of DM associated
with heavy flavor quarks, and shares many details of the scan for
the scalar model with a gluon radiation. The benchmark points
scanning the model parameters have been selected to ensure that
the kinematic features of the parameter space are sufficiently rep-
resented. Detailed studies were performed to identify points in the
m�, m�,a, g�, gq (and ��,a) parameter space that differ significantly
from each other in terms of expected detector acceptance. Because
missing transverse momentum is the key observable for searches,
the mediator pT spectra is taken to represent the main kinemat-
ics of a model. Another consideration in determining the set of
benchmarks is to focus on the parameter space where we expect
the searches to be sensitive during the 2015 LHC run. Based on a
projected integrated luminosity of 30 fb�1 expected for 2015, we
disregard model points with a cross section times branching ratio
smaller than 0.1 fb, corresponding to a minimum of one expected
event assuming a 0.1% efficiency times acceptance.

The kinematics is most dependent on the masses m� and m�,a.
Figure 2.23 and 2.24 show typical dependencies for scalar and

Cora Fischer (IFAE Barcelona) Dark Matter Searches April 4, 2017 3 / 23

γ	+	MET	event



Photon	plus	MET

• Select	events	with	one	high	pT	photon  
pT	>	150	GeV.		
– Veto	on		reconstructed	electrons	and	

muons	in	the	event.		

• MET	>	150	GeV		
– at	most	one	jet	with	pT	>	30	GeV.	

• Photon	and	MET	must	not	collinear	
– also	jet	and	MET	must	not	be	aligned	
– remove	backgrounds	due	to	miss-

measurement.	

• Main	Backgrounds		
– SM	Z	→	(νν)γ	
– Irreducible	and	iden:cal	kinema:cs	to	

the	signal.
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Dark Matter Searches at the LHC

How to look for dark matter?

WIMPs can only be recognised as 6ET at the
LHC: need a recoiling object: jets, W/Z, �, Higgs
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Figure 2.22: Representative Feynman
diagram showing the pair production
of Dark Matter particles in association
with tt̄ (or bb̄).

the pMSSM) privilege the coupling of spin-0 mediators to down
generation quarks. This assumption motivates the study of final
states involving b-quarks as a complementary search to the tt̄+DM
models, to directly probe the b-quark coupling. An example of such
a model can be found in Ref. [BFG15] and can be obtained by re-
placing top quarks with b quarks in Fig. 2.22. Note that, because
of the kinematics features of b quark production relative to heavy t
quark production, a bb̄+DM final state may only yield one experi-
mentally visible b quark, leading to a mono-b signature in a model
that conserves b flavor.

Dedicated implementations of these models for the work of
this Forum are available at LO+PS accuracy, even though the state
of the art is set to improve on a timescale beyond that for early
Run-2 DM searches as detailed in Section 4.1.5. The studies in this
Section have been produced using a leading order UFO model
within MadGraph5_aMC@NLO 2.2.2 [Alw+14; All+14; Deg+12]
using pythia 8 for the parton shower.

2.2.3.1 Parameter scan

The parameter scan for the dedicated tt̄+/ET searches has been stud-
ied in detail to target the production mechanism of DM associated
with heavy flavor quarks, and shares many details of the scan for
the scalar model with a gluon radiation. The benchmark points
scanning the model parameters have been selected to ensure that
the kinematic features of the parameter space are sufficiently rep-
resented. Detailed studies were performed to identify points in the
m�, m�,a, g�, gq (and ��,a) parameter space that differ significantly
from each other in terms of expected detector acceptance. Because
missing transverse momentum is the key observable for searches,
the mediator pT spectra is taken to represent the main kinemat-
ics of a model. Another consideration in determining the set of
benchmarks is to focus on the parameter space where we expect
the searches to be sensitive during the 2015 LHC run. Based on a
projected integrated luminosity of 30 fb�1 expected for 2015, we
disregard model points with a cross section times branching ratio
smaller than 0.1 fb, corresponding to a minimum of one expected
event assuming a 0.1% efficiency times acceptance.

The kinematics is most dependent on the masses m� and m�,a.
Figure 2.23 and 2.24 show typical dependencies for scalar and
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Photon	plus	MET
• Strategy:	

– Use	data	to	confirm	simula:on	  
(MC)	of	backgrounds.		

– Dominant	background	Z	→	(νν)γ	 
is	scaled	by	Z	→	(ll)γ	rates.		

– Extract	signal	by	fivng	to	MET	
distribu:ons.	

• Use	events	with	one	muon,	two	 
muons,	two	electrons	and	a	photon	 
plus	jet	to	check/correct	the	simula:on.
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Photon	plus	MET
• Event	yield	consistent	with	

background.		

• Calculate	upper	limits	on	the	
visible	cross	sec:on.	
– sensi:vity	limited	by	sta:s:cal	

uncertainty	in	the	control	
regions.
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Photon	plus	MET:	Limits
• Use	binned	fit	to	MET	-distribu:on	to	interpret	results	in	terms	of	

DM	models		
• Limits	given	in	plane	of	DM	and	mediator	mass	(CL=95%)		
• Model	dependent	(Axial	Vector	or	Axial	mediator,	gq=0.25,	gΧ=1.0,	

gl=0,	or		gq=0.1,	gΧ=1.0,	gl=0.01)
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Photon	plus	MET:	Limits
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Axial-Vector
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• Model	dependent	(Axial	Vector	or	Axial	mediator,	gq=0.25,	gΧ=1.0,	gl=0,	or		gq=0.1,	gΧ=1.0,	gl=0.01)



Photon	plus	MET:	Limits
• Comparisons	with	Direct	Searches	Limits	 

given	in	plane	of	χ-nucleon	scaOering	cross	
sec:on	and	DM	mass	(CL=90%)		

• Model	dependent	 
Axial	Vector	or	Axial	mediator,	  
gq=0.25,	gΧ=1.0,	gl=0.
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Photon	plus	MET:	Limits
• Observed	and	expected	95%	CL	limits	on	M*	

for	a	dimension-7	operator	EFT	model	with	a	
contact	interac:on	of	type	γγχχ	as	a	func:on	
of	dark-maOer	mass	mχ.	

• These	limits	depend	on	number	of	events	
where	MET	>	300	GeV.
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The	EFT	model	becomes	invalid	
when	Mcut	=	g*M*.	  

	M*	is	the	effec:ve	mass	scale.			
 
The	truncated	limits	show		
where	this	occurs	for	different		
values	of	M*.		

M⇤ =
mmedp
gqg�



High	Mass	Resonances
• On-shell	produc:on	of	new	par:cles	

leads	to	resonance	in	the	mass	spectrum.	

• Off-shell:	Modifies	shape	of	SM	
distribu:ons	(think	Rutherford	
ScaOering),	e.g.	4-point	contact	
interac:on	model	of	compositeness.

18

Tails(and(Peaks
• High(mass(resonances:

– s+channel4production4=>4peak
– t+channel4exchange4=>4hard4tail4(as4e.g.4in4
contact4interaction)

• Requires(good(understanding(of(
invariant(mass(spectrum(of(
backgrounds
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See'WG3'talks'by'H.'Meyer'zu Theenhausen,'J.'Zhang,'Y.'Liu'and'H.'Saka''on'Wednesday

Mjj	=	8.12	TeV,	Jet1	pT	=	Jet2	pT	=	3.79	TeV	

Dark Matter Searches at the LHC

How to look for dark matter?

WIMPs can only be recognised as 6ET at the
LHC: need a recoiling object: jets, W/Z, �, Higgs
boson

focus on simplified models

event signatures denoted as Mono-X:

- jet + 6ET

- � + 6ET

- W/Z + 6ET

,! di↵erent decay modes

- Higgs + 6ET

,! di↵erent decay modes
,! Higgs directly involved in
WIMP production

q

q̄

Z
0

Z
0

h

�

�̄

dark matter+heavy flavour production:

di-jet resonant production:
mediator can also decay to quarks

dark matter benchmark models for early lhc run-2 searches:
report of the atlas/cms dark matter forum 39
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t̄(b̄)
Figure 2.22: Representative Feynman
diagram showing the pair production
of Dark Matter particles in association
with tt̄ (or bb̄).

the pMSSM) privilege the coupling of spin-0 mediators to down
generation quarks. This assumption motivates the study of final
states involving b-quarks as a complementary search to the tt̄+DM
models, to directly probe the b-quark coupling. An example of such
a model can be found in Ref. [BFG15] and can be obtained by re-
placing top quarks with b quarks in Fig. 2.22. Note that, because
of the kinematics features of b quark production relative to heavy t
quark production, a bb̄+DM final state may only yield one experi-
mentally visible b quark, leading to a mono-b signature in a model
that conserves b flavor.

Dedicated implementations of these models for the work of
this Forum are available at LO+PS accuracy, even though the state
of the art is set to improve on a timescale beyond that for early
Run-2 DM searches as detailed in Section 4.1.5. The studies in this
Section have been produced using a leading order UFO model
within MadGraph5_aMC@NLO 2.2.2 [Alw+14; All+14; Deg+12]
using pythia 8 for the parton shower.

2.2.3.1 Parameter scan

The parameter scan for the dedicated tt̄+/ET searches has been stud-
ied in detail to target the production mechanism of DM associated
with heavy flavor quarks, and shares many details of the scan for
the scalar model with a gluon radiation. The benchmark points
scanning the model parameters have been selected to ensure that
the kinematic features of the parameter space are sufficiently rep-
resented. Detailed studies were performed to identify points in the
m�, m�,a, g�, gq (and ��,a) parameter space that differ significantly
from each other in terms of expected detector acceptance. Because
missing transverse momentum is the key observable for searches,
the mediator pT spectra is taken to represent the main kinemat-
ics of a model. Another consideration in determining the set of
benchmarks is to focus on the parameter space where we expect
the searches to be sensitive during the 2015 LHC run. Based on a
projected integrated luminosity of 30 fb�1 expected for 2015, we
disregard model points with a cross section times branching ratio
smaller than 0.1 fb, corresponding to a minimum of one expected
event assuming a 0.1% efficiency times acceptance.

The kinematics is most dependent on the masses m� and m�,a.
Figure 2.23 and 2.24 show typical dependencies for scalar and

Cora Fischer (IFAE Barcelona) Dark Matter Searches April 4, 2017 3 / 23



Dijet	Bump	Hunt	
• Quarks	and	gluons	lead	to	jets	of	par:cles	in	the	detector.	

- reconstruct	energy	deposi:on	in	calorimeter	within	a	cone	(“an:-kt”	
clustering	algorithm	with	R=0.4).		

- we	select	events	where	at	least	on	jet	has		transverse	momentum	>	380	GeV.		

- offline	we	apply	quality	cuts	 
to	remove	“detector	noise”		

- apply	kinema:c	cuts	to	 
ensure	that	trigger	is	 
100%	efficient	and	to	  
op:mise	signal	to	background.	
- pT(jet	1)	>	440	GeV	
- pT(jet	2)	>	60	GeV	
- mjj	>	1.1	TeV		
- |y*|	<	0.6	or	1.2

19
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Dijet	Bump	Hunt	
• Calculate	the	invariant	mass	for	each	event		

• Fit	the	data	to	

• Exclude	a	window	from	the	fit	
– find	the	window	with	the	largest	 

excess.	
– method	does	not	depend	on	a 

signal	model.		
– the	probability	that	fluctua:ons	 

of	the	background	model	would	
produce	an	excess	at	least	as	
significant	as	the	one	observed	in	the	
data	anywhere	in	the	distribu:on  
is	0.63	including	the	look	elsewhere	
effect.			

– Place	Limits	on	different	models	 20
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– Signal	shapes	depend	on	the	decay	 
products		(quark	or	gluon)



Dijet	Bump	Hunt	
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Excited	Quark	(q*) Quantum	Blackholes

W’ W*Addi:onal	W 
Boson

Chiral	W*  
Boson



Dijet	Bump	Hunt	
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2D	limits:	coupling	to	quark	 
(gq)	vs	Z’	mass		

Folded	Gaussians	signal	shapes	

Apply	jet	energy	folding	to	separate	 
detector	effects	from	intrinsic	width	

Leptophobic	Z’:	  
Dark	MaOer	Candidate	

Dark Matter Searches at the LHC

How to look for dark matter?

WIMPs can only be recognised as 6ET at the
LHC: need a recoiling object: jets, W/Z, �, Higgs
boson

focus on simplified models

event signatures denoted as Mono-X:

- jet + 6ET

- � + 6ET

- W/Z + 6ET

,! di↵erent decay modes

- Higgs + 6ET

,! di↵erent decay modes
,! Higgs directly involved in
WIMP production

q
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Z
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Z
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dark matter+heavy flavour production:

di-jet resonant production:
mediator can also decay to quarks

dark matter benchmark models for early lhc run-2 searches:
report of the atlas/cms dark matter forum 39
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Figure 2.22: Representative Feynman
diagram showing the pair production
of Dark Matter particles in association
with tt̄ (or bb̄).

the pMSSM) privilege the coupling of spin-0 mediators to down
generation quarks. This assumption motivates the study of final
states involving b-quarks as a complementary search to the tt̄+DM
models, to directly probe the b-quark coupling. An example of such
a model can be found in Ref. [BFG15] and can be obtained by re-
placing top quarks with b quarks in Fig. 2.22. Note that, because
of the kinematics features of b quark production relative to heavy t
quark production, a bb̄+DM final state may only yield one experi-
mentally visible b quark, leading to a mono-b signature in a model
that conserves b flavor.

Dedicated implementations of these models for the work of
this Forum are available at LO+PS accuracy, even though the state
of the art is set to improve on a timescale beyond that for early
Run-2 DM searches as detailed in Section 4.1.5. The studies in this
Section have been produced using a leading order UFO model
within MadGraph5_aMC@NLO 2.2.2 [Alw+14; All+14; Deg+12]
using pythia 8 for the parton shower.

2.2.3.1 Parameter scan

The parameter scan for the dedicated tt̄+/ET searches has been stud-
ied in detail to target the production mechanism of DM associated
with heavy flavor quarks, and shares many details of the scan for
the scalar model with a gluon radiation. The benchmark points
scanning the model parameters have been selected to ensure that
the kinematic features of the parameter space are sufficiently rep-
resented. Detailed studies were performed to identify points in the
m�, m�,a, g�, gq (and ��,a) parameter space that differ significantly
from each other in terms of expected detector acceptance. Because
missing transverse momentum is the key observable for searches,
the mediator pT spectra is taken to represent the main kinemat-
ics of a model. Another consideration in determining the set of
benchmarks is to focus on the parameter space where we expect
the searches to be sensitive during the 2015 LHC run. Based on a
projected integrated luminosity of 30 fb�1 expected for 2015, we
disregard model points with a cross section times branching ratio
smaller than 0.1 fb, corresponding to a minimum of one expected
event assuming a 0.1% efficiency times acceptance.

The kinematics is most dependent on the masses m� and m�,a.
Figure 2.23 and 2.24 show typical dependencies for scalar and

Cora Fischer (IFAE Barcelona) Dark Matter Searches April 4, 2017 3 / 23

Can	interpret	a	Z’	as	a	DM	mediator	  
with	a	coupling	to	quarks	of	gq	and	  

a	coupling	to	DM	of	gχ	=	1.	



Dijet	Bump	Hunt:	Z’	
• Combine	results	with	analysis	carried	out	using	informa:on	collected	by	the	

trigger	and	an	analysis	using	events	tagged	by	ini:al	state	radia:on	for	more	
extensive	limits	(ATLAS	Summary	Plots).
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/index.html#ATLAS_Diboson_Summary


Combined	DM	Limits
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Combined	DM	Limits
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Effect	of	changing	couplings



Combined	DM	Limits
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Disappearing	Tracks
• In	many	supersymmetric	models,	the	supersymmetric	partners	of	the	SM	boson	

W	fields,	the	wino	fermions,	are	the	lightest	gaugino	states.	

• This	implies	that	the	lightest	chargino	is	nearly	mass-degenerate	with	the	LSP,	
and	its	life:me	can	be	long	enough	to	have	measurable	effects
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ATLAS-CONF-2017-017

• For	Wino	LSP	generic	predic:on	of	~160	MeV	splivngs,	or	life:mes	of	
~0.2ns	->	6cm	distance	travelled	in	the	detector.	

• Chargino	leaves	a	short	track!

ATLAS Simulation Preliminary

π+

χ0
1

~ χ+
1

~

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-017/


Disappearing	Tracks
• Search	for	long-lived	charginos	based	on	a	disappearing-track	signature.
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ATLAS-CONF-2017-017

ATLAS Simulation Preliminary
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• Chargino	and	neutralino	are	nearly	mass	degenerate.	

• The	sop	pions	in	the	decays	are	not	
reconstructed.		

• Chargino	leaves	a	short	track!

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-017/


Disappearing	Tracks
• Search	for	long-lived	charginos	based	on	a	disappearing-track	signature.
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• Background	to	the	signal		are 
caused	by		

• hard	scaOers	of	hadrons	and	
leptons.		

• fake	trackless	from	noise	or	
combinatorics	from	mul:ple	
tracks.	
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disappearing tracks
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Backgrounds estimated by a simultaneous fit 
to the tracklet pT distribution

typically using CR with 
standard tracks 
smeared for a tracklet 
resolution function

pT templates are built for 
each background category

Search for a disappearing track in the inner detector:

Chargino and neutralino nearly degenerate, the soft 
pions in the decay are not reconstructed

For Wino LSP generic prediction of ~160 MeV 
splittings, or lifetimes of  ~0.2ns -> 6cm

Two selections are defined for weak (direct) and 
strong (gluino) production

Makes use of pixel-only tracks, 10x increase in 
acceptance over standard tracks for low lifetimes
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Disappearing	Tracks
• Using	tracks	that	are	only	visible	in	the	

pixel	detector	to	increase	acceptance	for	
small	life:mes	by	a	factor	of	10.	

• Data	Selec:on	
– Tracklets	(signal) 

pT	>	20	GeV	and	highest	in	event,	 
are	isolated	(pTcone(0.4)/pT		<	0.04), 
0.1	<	|η|	<	1.9,	all	pixel	layers	and	no	
addi:onal	hits	

– Electroweak	chargino	produc7on:	  
MET	>	140	GeV,		at	least	one	jet	pT	>	
140	GeV,	jet	and	MET	are	not	collinear	
(Δ𝝓	>	1.0)	

– Strong	produc7on:	  
MET	>	150	GeV,		one	jet	pT	>	100	GeV,	
and	at	least	two	addi:onal	jets	with	
pT	>	50	GeV	and	the	jets	&	MET	are	
not	collinear	(Δ𝝓	>	0.4) 30
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Disappearing	Tracks
• Backgrounds	es:mated	by	a	

simultaneous	fit	to	the	tracklet	pT	
distribu:on		
– pT	templates	are	built	for	each	

background	category		
– No	significant	excess	is	

observed	
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Disappearing	Tracks
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Disappearing	Tracks
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Disappearing	Tracks
• Extract	Limits	based	on	cross	sec:on	
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Disappearing	Tracks
• Combined	with	other	ATLAS	analyses	
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Model e, µ, τ, γ Jets Emiss

T

∫
L dt[fb−1] Mass limit Reference
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Other

MSUGRA/CMSSM 0-3 e, µ /1-2 τ 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.05525q̃, g̃ 1.85 TeV

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) ATLAS-CONF-2017-0221.57 TeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m(χ̃

0
1)<5 GeV 1604.07773608 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV ATLAS-CONF-2017-0222.02 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2017-0222.01 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃
0
1

3 e, µ 4 jets - 13.2 m(χ̃
0
1)<400 GeV ATLAS-CONF-2016-0371.7 TeVg̃

g̃g̃, g̃→qqWZχ̃
0
1

2 e, µ (SS) 0-3 jets Yes 13.2 m(χ̃
0
1) <500 GeV ATLAS-CONF-2016-0371.6 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 3.2 1607.059792.0 TeVg̃

GGM (bino NLSP) 2 γ - Yes 3.2 cτ(NLSP)<0.1 mm 1606.091501.65 TeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃
0
1)<950 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.05493g̃ 1.37 TeV

GGM (higgsino-bino NLSP) γ 2 jets Yes 13.3 m(χ̃
0
1)>680 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2016-0661.8 TeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290g̃ 900 GeV

Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 × 10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518F1/2 scale 865 GeV

g̃g̃, g̃→bb̄χ̃
0
1 0 3 b Yes 36.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2017-0211.92 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 36.1 m(χ̃
0
1)<200 GeV ATLAS-CONF-2017-0211.97 TeVg̃

g̃g̃, g̃→bt̄χ̃
+

1 0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<300 GeV 1407.0600g̃ 1.37 TeV

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 3.2 m(χ̃

0
1)<100 GeV 1606.08772840 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 1 b Yes 13.2 m(χ̃

0
1)<150 GeV, m(χ̃

±
1 )= m(χ̃

0
1)+100 GeV ATLAS-CONF-2016-037325-685 GeVb̃1

t̃1 t̃1, t̃1→bχ̃
±
1 0-2 e, µ 1-2 b Yes 4.7/13.3 m(χ̃

±
1 ) = 2m(χ̃

0
1), m(χ̃

0
1)=55 GeV 1209.2102, ATLAS-CONF-2016-077t̃1 117-170 GeV 200-720 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 20.3 m(χ̃
0
1)=1 GeV 1506.08616, ATLAS-CONF-2017-020t̃1 90-198 GeVt̃1 205-950 GeV

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet Yes 3.2 m(t̃1)-m(χ̃

0
1)=5 GeV 1604.0777390-323 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222t̃1 150-600 GeV

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 36.1 m(χ̃
0
1)=0 GeV ATLAS-CONF-2017-019290-790 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Yes 36.1 m(χ̃
0
1)=0 GeV ATLAS-CONF-2017-019320-880 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1 2 e, µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV 1403.5294ℓ̃ 90-335 GeV

χ̃+
1
χ̃−

1 , χ̃
+

1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 13.3 m(χ̃
0
1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2016-096640 GeVχ̃±

1

χ̃+
1
χ̃−

1 , χ̃
+

1→τ̃ν(τν̃) 2 τ - Yes 14.8 m(χ̃
0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2016-093580 GeVχ̃±

1

χ̃±
1
χ̃0

2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 13.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2016-0961.0 TeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1Zχ̃

0
1

2-3 e, µ 0-2 jets Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled 1403.5294, 1402.7029χ̃±

1 , χ̃
0

2 425 GeV
χ̃±

1
χ̃0

2→Wχ̃
0
1h χ̃

0
1, h→bb̄/WW/ττ/γγ e, µ, γ 0-2 b Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled 1501.07110χ̃±

1 , χ̃
0

2 270 GeV
χ̃0

2
χ̃0

3, χ̃
0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

0
2)+m(χ̃

0
1)) 1405.5086χ̃0

2,3 635 GeV
GGM (wino NLSP) weak prod. 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 115-370 GeV
GGM (bino NLSP) weak prod. 2 γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 590 GeV

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Yes 36.1 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2017-017430 GeVχ̃±

1

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 dE/dx trk - Yes 18.4 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )<15 ns 1506.05332χ̃±

1 495 GeV
Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃

0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584g̃ 850 GeV

Stable g̃ R-hadron trk - - 3.2 1606.051291.58 TeVg̃

Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃
0
1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795χ̃0

1 537 GeV

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542χ̃0

1 440 GeV

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 TeV 1504.05162χ̃0

1 1.0 TeV

GGM g̃g̃, χ̃
0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃

0
1)< 480 mm, m(g̃)=1.1 TeV 1504.05162χ̃0

1 1.0 TeV

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.2500q̃, g̃ 1.45 TeV
χ̃+

1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

0
1→eeν, eµν, µµν 4 e, µ - Yes 13.3 m(χ̃

0
1)>400GeV, λ12k!0 (k = 1, 2) ATLAS-CONF-2016-0751.14 TeVχ̃±

1

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

0
1→ττνe, eτντ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133!0 1405.5086χ̃±

1 450 GeV
g̃g̃, g̃→qqq 0 4-5 large-R jets - 14.8 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2016-0571.08 TeVg̃

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 14.8 m(χ̃

0
1)=800 GeV ATLAS-CONF-2016-0571.55 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1, χ̃

0
1 → qqq 1 e, µ 8-10 jets/0-4 b - 36.1 m(χ̃

0
1)= 1 TeV, λ112!0 ATLAS-CONF-2017-0132.1 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 36.1 m(t̃1)= 1 TeV, λ323!0 ATLAS-CONF-2017-0131.65 TeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084410 GeVt̃1 450-510 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 20.3 BR(t̃1→be/µ)>20% ATLAS-CONF-2015-015t̃1 0.4-1.0 TeV

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
1)<200 GeV 1501.01325c̃ 510 GeV

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: March 2017

ATLAS Preliminary
√

s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made. March	2017
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Many	Searches:	Exo:cs
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Model ℓ, γ Jets† Emiss
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ADD GKK + g/q − ≥ 1 j Yes 3.2 n = 2 1604.077736.58 TeVMD

ADD non-resonant ℓℓ 2 e, µ − − 20.3 n = 3 HLZ 1407.24104.7 TeVMS

ADD QBH→ ℓq 1 e, µ 1 j − 20.3 n = 6 1311.20065.2 TeVMth

ADD QBH − 2 j − 15.7 n = 6 ATLAS-CONF-2016-0698.7 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → ℓℓ 2 e, µ − − 20.3 k/MPl = 0.1 1405.41232.68 TeVGKK mass

RS1 GKK → γγ 2 γ − − 3.2 k/MPl = 0.1 1606.038333.2 TeVGKK mass

Bulk RS GKK →WW → qqℓν 1 e, µ 1 J Yes 13.2 k/MPl = 1.0 ATLAS-CONF-2016-0621.24 TeVGKK mass

Bulk RS GKK → HH → bbbb − 4 b − 13.3 k/MPl = 1.0 ATLAS-CONF-2016-049360-860 GeVGKK mass

Bulk RS gKK → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 20.3 BR = 0.925 1505.070182.2 TeVgKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 4 j Yes 3.2 Tier (1,1), BR(A(1,1) → tt) = 1 ATLAS-CONF-2016-0131.46 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 13.3 ATLAS-CONF-2016-0454.05 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 19.5 1502.071772.02 TeVZ′ mass

Leptophobic Z ′ → bb − 2 b − 3.2 1603.087911.5 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 13.3 ATLAS-CONF-2016-0614.74 TeVW′ mass

HVT W ′ →WZ → qqνν model A 0 e, µ 1 J Yes 13.2 gV = 1 ATLAS-CONF-2016-0822.4 TeVW′ mass

HVT W ′ →WZ → qqqq model B − 2 J − 15.5 gV = 3 ATLAS-CONF-2016-0553.0 TeVW′ mass

HVT V ′ →WH/ZH model B multi-channel 3.2 gV = 3 1607.056212.31 TeVV′ mass

LRSM W ′
R
→ tb 1 e, µ 2 b, 0-1 j Yes 20.3 1410.41031.92 TeVW′ mass

LRSM W ′
R
→ tb 0 e, µ ≥ 1 b, 1 J − 20.3 1408.08861.76 TeVW′ mass

CI qqqq − 2 j − 15.7 ηLL = −1 ATLAS-CONF-2016-06919.9 TeVΛ
CI ℓℓqq 2 e, µ − − 3.2 ηLL = −1 1607.0366925.2 TeVΛ

CI uutt 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 20.3 |CRR | = 1 1504.046054.9 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ ≥ 1 j Yes 3.2 gq=0.25, gχ=1.0, m(χ) < 250 GeV 1604.077731.0 TeVmA

Axial-vector mediator (Dirac DM) 0 e, µ, 1 γ 1 j Yes 3.2 gq=0.25, gχ=1.0, m(χ) < 150 GeV 1604.01306710 GeVmA

ZZχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV ATLAS-CONF-2015-080550 GeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 3.2 β = 1 1605.060351.1 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥ 2 j − 3.2 β = 1 1605.060351.05 TeVLQ mass

Scalar LQ 3rd gen 1 e, µ ≥1 b, ≥3 j Yes 20.3 β = 0 1508.04735640 GeVLQ mass

VLQ TT → Ht + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 T in (T,B) doublet 1505.04306855 GeVT mass

VLQ YY →Wb + X 1 e, µ ≥ 1 b, ≥ 3 j Yes 20.3 Y in (B,Y) doublet 1505.04306770 GeVY mass

VLQ BB → Hb + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 isospin singlet 1505.04306735 GeVB mass

VLQ BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B in (B,Y) doublet 1409.5500755 GeVB mass

VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

VLQ T5/3T5/3 →WtWt 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 3.2 ATLAS-CONF-2016-032990 GeVT5/3 mass

Excited quark q∗ → qγ 1 γ 1 j − 3.2 only u∗ and d∗, Λ = m(q∗) 1512.059104.4 TeVq∗ mass

Excited quark q∗ → qg − 2 j − 15.7 only u∗ and d∗, Λ = m(q∗) ATLAS-CONF-2016-0695.6 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 8.8 ATLAS-CONF-2016-0602.3 TeVb∗ mass

Excited quark b∗ →Wt 1 or 2 e, µ 1 b, 2-0 j Yes 20.3 fg = fL = fR = 1 1510.026641.5 TeVb∗ mass

Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass

Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

LSTC aT →W γ 1 e, µ, 1 γ − Yes 20.3 1407.8150960 GeVaT mass

LRSM Majorana ν 2 e, µ 2 j − 20.3 m(WR ) = 2.4 TeV, no mixing 1506.060202.0 TeVN0 mass

Higgs triplet H±± → ee 2 e (SS) − − 13.9 DY production, BR(H±±L → ee)=1 ATLAS-CONF-2016-051570 GeVH±± mass

Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, BR(H±±
L
→ ℓτ)=1 1411.2921400 GeVH±± mass

Monotop (non-res prod) 1 e, µ 1 b Yes 20.3 anon−res = 0.2 1410.5404657 GeVspin-1 invisible particle mass

Multi-charged particles − − − 20.3 DY production, |q| = 5e 1504.04188785 GeVmulti-charged particle mass

Magnetic monopoles − − − 7.0 DY production, |g | = 1gD , spin 1/2 1509.080591.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

ATLAS Exotics Searches* - 95% CL Exclusion
Status: August 2016

ATLAS Preliminary∫
L dt = (3.2 - 20.3) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.

†Small-radius (large-radius) jets are denoted by the letter j (J). August	2016



Summary

• ATLAS	has	searched	for	Beyond	the	Standard	Model	Phenomena	using	
many	different	signatures	
– No	sign	of	new	physics.		

• The	LHC	goals	for	2017	is	to	reach	an	integrated	luminosity	of	45	]-1	
[reached	40	]-1	last	year]	and	preferably	go	beyond.		
– based	on	past	performance	could	go	as	high	as	60	]-1	with	luck.	

• Stay	Tuned	for	new	and	interes:ng	results	over	the	coming	year.	
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