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Introduction to dark matter

Norraphat SRIMANOBHAS  | DIS2016

73%	Dark	Energy

23%	Dark	MaRer

3.6%	IntergalacBc	Gas
0.4%	Stars,	Organic	forms,	etc.
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GalacBc	rotaBon	
curves	
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Dark matter searches
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Limit interpretations
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‣ Limits are quoted in terms of the WIMP-Nucleon cross-section

Direct	detecBon Collider

‣	Contact	interac+on	if ‣	Use	of	effec+ve	field	theory	(EFT)	to	
place	a	limit	on	the	contact	interac+on	
scale	

‣	EFT	will	be	valid	if	
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Limit interpretations
EffecBve	Field	Theory Simplified	Model

‣Main	interpreta+on	used	for	8	
TeV	analysis	
‣DM-SM	contact	interac+on

‣ Explicit	defini+on	of	the	mediator	
‣ LHC	DM	Forum:	defini+on	of	a	set	of	minimal	
benchmark	simplified	models	to	consider	RunII	
DM	searches
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Dark matter searches at CMS
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Figure 1: Dark matter production in association with a single jet in a hadron collider.

3.1. Comparing Various Mono-Jet Analyses

Dark matter pair production through a diagram like figure 1 is one of the leading channels
for dark matter searches at hadron colliders [3, 4]. The signal would manifest itself as an excess
of jets plus missing energy (j + /ET ) events over the Standard Model background, which consists
mainly of (Z ! ⌫⌫)+ j and (W ! `inv⌫)+ j final states. In the latter case the charged lepton ` is
lost, as indicated by the superscript “inv”. Experimental studies of j + /ET final states have been
performed by CDF [22], CMS [23] and ATLAS [24, 25], mostly in the context of Extra Dimensions.

Our analysis will, for the most part, be based on the ATLAS search [25] which looked for mono-
jets in 1 fb�1 of data, although we will also compare to the earlier CMS analysis [23], which used
36 pb�1 of integrated luminosity. The ATLAS search contains three separate analyses based on
successively harder pT cuts, the major selection criteria from each analysis that we apply in our
analysis are given below.3

LowPT Selection requires /ET > 120 GeV, one jet with pT (j1) > 120 GeV, |⌘(j
1

)| < 2, and events
are vetoed if they contain a second jet with pT (j2) > 30 GeV and |⌘(j

2

)| < 4.5.

HighPT Selection requires /ET > 220 GeV, one jet with pT (j1) > 250 GeV, |⌘(j
1

)| < 2, and events
are vetoed if there is a second jet with |⌘(j

2

)| < 4.5 and with either pT (j2) > 60 GeV or
��(j

2

, /ET ) < 0.5. Any further jets with |⌘(j
2

)| < 4.5 must have pT (j3) < 30 GeV.

veryHighPT Selection requires /ET > 300 GeV, one jet with pT (j1) > 350 GeV, |⌘(j
1

)| < 2, and
events are vetoed if there is a second jet with |⌘(j

2

)| < 4.5 and with either pT (j2) > 60 GeV
or ��(j

2

, /ET ) < 0.5. Any further jets with |⌘(j
2

)| < 4.5 must have pT (j3) < 30 GeV.

In all cases events are vetoed if they contain any hard leptons, defined for electrons as |⌘(e)| < 2.47
and pT (e) > 20 GeV and for muons as |⌘(µ)| < 2.4 and pT (µ) > 10 GeV.

The cuts used by CMS are similar to those of the LowPT ATLAS analysis. Mono-jet events
are selected by requiring /ET > 150 GeV and one jet with pT (j1) > 110 GeV and pseudo-rapidity
|⌘(j

1

)| < 2.4. A second jet with pT (j2) > 30 GeV is allowed if the azimuthal angle it forms with
the leading jet is ��(j

1

, j
2

) < 2.0 radians. Events with more than two jets with pT > 30 GeV are
vetoed, as are events containing charged leptons with pT > 10 GeV. The number of expected and
observed events in the various searches is shown in table I.

3 Both ATLAS and CMS impose additional isolation cuts, which we do not mimic in our analysis for simplicity and
since they would not have a large impact on our results.
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Monojet signal
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hRp://cms-results.web.cern.ch/cms-results/
public-results/preliminary-results/EXO-15-003/

Event	selecBons		
‣	Large	missing	transverse	energy	
‣	One	energe+c	central	jet	
‣	Lepton	veto	
Background	
‣	Z(->vv)+jets	
‣	W(->lv)+jets;	Lepton	can’t	be	
reconstructed,	out	of	detector	acceptance	
‣	Data-driven	to	es+mate	background	in	
signal	regions	
•	Dimuon,	Dielectron,	G+Jets	=>	Z(nunu)	
•	SingleMu,SingleElectron	=>		W(->lv)+jets
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Monojet signal
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hRp://cms-results.web.cern.ch/cms-results/
public-results/preliminary-results/EXO-15-003/

‣ Results	interpreted	in	terms	of	the	
different	hypotheses	of	mDM	-	mMED	
considered		
‣ 2D	scan	over	different	mass	
hypotheses	of	both	mediator	and	dark	
ma^er	masses

‣Mediator	couplings	to	SM	and	DM	=	1	
‣ Limits	converted	in	terms	of	spin-
independent	DM-nucleon	sca^ering	
cross	sec+on

Results	interpreted	in	terms	of	the	simplified	models	



9

Dark matter associated with b-quarks

Norraphat SRIMANOBHAS  | DIS2016

hRp://cms-results.web.cern.ch/cms-results/
public-results/preliminary-results/B2G-15-007/

Background	
‣	Z(->vv)+jets	
‣	W(->lv)+jets	
‣	^bar

Event	selecBons		
‣	Large	missing	transverse	energy	
‣	b-tagged	jet(s)	
‣	Lepton	veto	
‣	2	categories	of	signal-like	events	based	on	
jet	and	b-tag	mul+plicity
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Dark matter associated with b-quarks
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‣ Results	are	interpreted	in	terms	of	Simplified	Models	
‣ 95%	CL	limits	on	DM	-	heavy	flavour	produc+on	
‣On	the	scalar/pseudoscalar	DM	produc+on	wrt	coupling	gDM	=	1
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Monotop signal

Norraphat SRIMANOBHAS  | DIS2016

hRp://cms-results.web.cern.ch/cms-results/
public-results/preliminary-results/B2G-15-001/

‣Monotop	signature	consists	of	single	top	
quark	and	large	missing	energy	
‣ FCNC	or	resonant	models	

Event	selecBons		
‣Use	transverse	mass	of	W	as	
discrimina+ng	variable	
‣ Signal	region	+	2	control	regions																
(W-enriched,	^bar-enriched)		

Background	
‣	^bar	
‣	W(->lv)+jets
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Monotop signal
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hRp://cms-results.web.cern.ch/cms-results/
public-results/preliminary-results/B2G-15-001/

‣	95%	CL	limits	on	the	signal	cross	sec+on	for	the	non	resonant	and	resonant	cases
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Search using razor variables
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arXiv:1603.08914

‣	Force	events	to	be	dijet+MET	
topology,	two	megajets	are	
formed	
‣	Use	momenta	of	two	megajets	
to	compute	razor	variables,	

with

Phys.	Rev.	D	86	(2012)	015010	
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Search using razor variables
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arXiv:1603.08914

‣	Events	are	classified	according	to	the	muon	and	b-tagged	jet	mul+plici+es
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arXiv:1603.08914

spin-dependent		
axial-vector

spin-independent	
vector

Search using razor variables
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•A	lot	of	work	has	been	done	so	far	to	search	for	dark	ma^er	produced	from	
collider	

•Many	channels	are	include:	Jet,	Lepton,	Photon	

•Data-driven	background	techniques	are	used	for	background	es+ma+on	

•No	evidence	for	existence	of	dark	ma^er	produc+on	so	far	

• Limits	are	quoted	

•More	results	to	come	

•Approval	period	for	the	first	LHC	Run	II	data	

•Wai+ng	for	the	LHC	2016	run	

Conclusions
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Higgs portal to dark matter
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EPJC	74	(2014)	2980

DM	parBcles	have	the	direct	couplings	
to	the	SM	Higgs	sector,	H	➝	χ	χ			
‣ 	Limits	on	branching	frac+on	of	Higgs	to	
“invisible”	par+cles	used	for	limits	on	DM	
‣ 	Can	be	scalar,	vector	or	fermionic	couplings	
‣ 	Limits	only	up	to	DM	mass	Mχ	<	MH/2
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Monophoton signal
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Phys.	LeR.	B	755	(2016)	102
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Event	selecBons		
‣ 	Large	missing	transverse	energy	
‣ 	One	energe+c	photon	
‣ 	Veto	on	jets,	leptons	and	and	pixel	
seeds	(hit	pa^ern	in	the	pixel	
detector)	
‣ 	DeltaPhi(photon,MET)	
‣ 	Reduce	fake	MET	events
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Monophoton signal
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‣ Limits	on	the	DM	mediator	mass		
‣ Limits	in	term	of	DM-Nucleon	cross	
sec+on	
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MonoZ signal
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arXiv:1511.09375

Event	selecBons		
‣ Two	well-iden+fied,	isolated	leptons	
with	the	same	flavour	and	opposite	
charge	
‣ Invariant	mass	of	the	lepton	pair	is	
required	to	be	within	±10	GeV	of	the	
nominal	mass	of	the	Z	boson	
‣Large	missing	transverse	energy
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MonoZ signal
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arXiv:1511.09375

spin-dependent		
axial-vector

spin-independent	
vector


