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Introduction 

Why searching Dark Matter at LHC?  

Where do we look for Dark Matter?  

Pool of MET+X analysis 

Simplified model summary 

Many more but not covered in this presentation. 

Summary
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How do we find Dark Matter? 
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Direct detection:  

χ + SM ➞ χ + SM 

Indirect detection:  

χ + χ ➞ SM + SM 

Collider experiment:  

SM + SM ➞ χ + χ
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How do we find Dark Matter? 
indirect

direct

collider
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Direct detection:  

χ + SM ➞ χ + SM 

Indirect detection:  

χ + χ ➞ SM + SM 

Collider experiment:  

SM + SM ➞ χ + χ
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How do we find Dark Matter? 

Covered in this 
presentation

indirect

direct

collider
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Pros 

Independent of 
astrophysical uncertainties.  

Local density/velocity 

Galaxy density 

Only possible way to create 
DM particles at laboratory. 

Complementary to other 
DM experiments.  

Rich physics results due to 
many signatures. 
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Dark Matter at LHC
Cons 

Main property of Dark 
Matter 

It is DARK 

Invisible things are hard 
to see in the collider 
experiments detectors. 

Many objects can fake 
invisible particles.  

Requires interaction with 
some component of proton. 
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In which final state(s) one should look for Dark 
Matter at LHC? 
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In which final state(s) one should look for Dark Matter?

Everywhere..!!

List of simplified models discussed in ATLAS-CMS DM Forum: 
 http://arxiv.org/pdf/1507.00966v1.pdf

http://arxiv.org/pdf/1507.00966v1.pdf
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Be as general as possible: 
everything but mediator is heavy 

Vary Lorentz structure, spin 
assignment. 
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Effective Field Theories
ATLAS: http://arxiv.org/abs/1502.01518

Several EFT Models have been considered

http://arxiv.org/abs/1502.01518
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Failure of EFTs
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Failure of EFTs
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Simplified Models 

Now we have turned a 1-D problem into a multi-
dimensional one.  

mχ, mmediator, gχ, gq, Γmediator …
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Discussing one 
example of Mono-Jet in 
details 

Rest of the analysis 
can be seen in details 
from quoted 
references. 
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Analysis strategy for Mono-X
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Classifying the models
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Classifying the models
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Background composition
Mono-Jet signal

irreducible background

W+Jets

Main backgrounds:  

Z➞νν is the main background 
[irreducible] 

W➞lν when one lepton is out of 
acceptance or not identified.  

Minor backgrounds:  

Top: Semi-leptonic tt 

Di-boson: WW and WZ production 
mainly 

γ+Jets 

QCD multijet

missing lepton
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Look for events with high pT jet and high MET.  

event categorisation:  

Dedicated MET triggers.  

No additional lepton (e,μ,τ) in the event to reduce ZJets and WJets 

No additional photons to reduce γ+Jets.  

No additional b-jets to reduce the Top backgrounds.
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Mono-Jet/Hadronic V selection
CMS Analysis

Mono V 

AK08 jet with pT > 250 GeV  

mass compatible with W/Z mass 
window (65-105 GeV) 

MET > 250 GeV

Mono-jet 

No AK08 jets 

Two AK04 jets with leading jet   
pT > 100 GeV.  

MET > 200 GeV

CMS-PAS-EXO-16-013
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Background extraction

Main backgrounds Z/W
+Jets are estimated from 

data considering 5 control 
regions. 

γ+Jets

Z➞μμ+Jets

W➞μν+Jets W➞eν+Jets

Z➞ee+Jets
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Background extraction

Main backgrounds Z/W
+Jets are estimated from 

data considering 5 
control regions. 

CMS-PAS-EXO-16-013
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Mono-Jet

CMS

ATLAS

ATLAS:arXiv:1604.07773CMS-PAS-EXO-16-013
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MonoJet Event in ATLAS

Monojet event selected in 2015 data
pT = 973 GeV

MET = 954 GeV
ATLAS:arXiv:1604.07773
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Mono-Jet
Not directly comparable.  

Different couplings.  

Different confidence level. 

CMS-PAS-EXO-16-013

ATLAS:arXiv:1604.07773

ATLAS:arXiv:1604.07773
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Different coupling 

Different X and Y scale

ATLAS:arXiv:1604.07773CMS-PAS-EXO-16-013
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Mono-γ
ATLAS: arXiv:1604.01306

Main challenges: 

Mis-identification rate 

Non-collision backgrounds
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Mono-Z(➞ll)

CMS: arXiv:1511.09375ATLAS: arXiv:1404.0051

Main background: ZZ production.  

Very critical to understand the ZZ pT spectrum. 
Spin dependent
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New area to search for DM opens with the 
discovery of SM Higgs boson.  

Interpretation in terms of simplified models.  

Two decay channel considered:  

bb  

Main challenge: boosted vs resolved 
categorisation.  

γγ 

Main challenge: low cross-section/statistics 
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Mono-H

Simplified Z’ Model2HDM

MonoH➞γγ ATLAS-CONF-2016-011 
MonoH➞ZZ ATLAS-CONF-2015-059

ATLAS-CONF-2016-019 
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Mono-H ATLAS-CONF-2016-019

ATLAS-CONF-2016-019 ATLAS-CONF-2016-019 
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Heavy Flavour

CMS-PAS-B2G-15-007
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Heavy Flavour
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Simplified model summary
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A summary of dark matter search analyses at LHC experiments (CMS and 
ATLAS) are presented.  

Results include usage of latest data collected in 2015 and from Run1.  

Proven to deal with main challenges from Run1 and early Run2.  

Restricting the phase space for simplified models using existing data.  

Consistent signal models within ATLAS and CMS. 

We are completing the picture:  

Prepared to do various interpretations.  

Looking forward to dark matter signal at LHC.  

This is just scratching the surface of the possibilities, and the program 
will become much richer (more searches, more signals) as Run 2 continues. 

31

Summary and Conclusions
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Thank you 

Stay tuned with new results from 2016 data.  

We may have new surprises this year. 

32
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Backup slides



Raman Khurana                 Warsaw Workshop on Dark Matter            

Pool of MET+X analysis 

MET+J 

MET+Vhad 

MET+γ 

MET+HF 

MET+H (➞γγ and bb) 

MET+top
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Mono-Mania
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Mono-Jet CR selection
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Mono-Jet

Mono-VMono-Jet
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`

Preliminary 
results from 
Mono-Jet at 13 
TeV. 
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Mono-γ
CMS-PAS-B2G-15-007
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DM can be discovered at LHC assuming that:  

the dark matter exist. 

very likely exist.  

the dark matter is made from particles.  

not established yet.  

the dark matter particles can be commonly 
produced at LHC in p-p collisions.  

need not be the case. 
39

Dark Matter @ LHC: Assumption
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Dirac DM Operators
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What are we discriminating against
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Mono-Z(➞ll)

CMS: arXiv:1511.09375ATLAS: arXiv:1404.0051

Main background: ZZ production.  

Very critical to understand the ZZ pT spectrum. 

Spin independent
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EFT Validation http://arxiv.org/pdf/1603.08002v1.pdf

http://arxiv.org/pdf/1603.08002v1.pdf

