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Introduction
● Three detection methods

– Direct

– Indirect

– Production in 
collisions

→ LHC

DM
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DM-nucleon scattering

DM
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● Dark Matter (DM) well 
established:

– Galaxy rotation

– CMB measurements
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Indirect Detection

Mariaangela Lisanti
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InDirect Detection

Mariaangela Lisanti
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Introduction

S. Vogel



Andreas Korn DM@LHC2016, 30th March
10

Direct Detection

Julien Billard
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Direct Detection: Direction!

Julien Billard

D3 - micro
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Direct Detection

Julien Billard
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Direct Detection

Julien Billard
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DM at the LHC

Tristan du Pree
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DM at the LHC

A. Boveia/S. Malik
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DM at the LHC

A. Boveia/O. Buchmueller
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Higgs → invisible

M. Buckley/P.Dunn
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More exotic searches
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Introduction
● Three detection methods

– Direct

– Indirect

– Production in 
collisions

→ LHC

DM
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direct detection
DM-nucleon scattering
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● Dark Matter (DM) well 
established:

– Galaxy rotation

– CMB measurements
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DM at LHC:Models
● Common: Effective Field Theory (EFT)
● Limited validity: m

mediator
 >> E(χ)

● Integrate mediator out, 
   Fermi constant G

F
 like coupling:

 
● Now mostly superseeded

qq

qq
g

q
g

DM

χχ

χχ

GDM=(√gq gDM

Mmediator
)= 1

(M *)
n

   EFT model with 
mediator

complex
(Majorana)

Dirac
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DM at LHC:Models
● Move towards simplified models 
●→ recommendations from DM@LHC14 
(arXiv:hep-ph/1506.03116)

● → recommendations from LHCDMWG
(arXiv:hep-ex/1603.04156, arXiv:hep-ex/1507.00966)

● Parameters: m
DM

, m
mediator

, g
DM

, g
q
 

● Benchmark models
● m

DM
 vs m

mediator
 plane, couplings

● Vector : g
DM

 = 1 ; g
q
 = 0.25

● Axial-Vector : g
DM

 = 1 ; g
q
 = 0.25

● Scalar : g
DM

 = 1 ; g
q
 = 1  

● Pseudo-Scalar: g
DM

 = 1 ; g
q
 = 1

q

q
g

q
g

DM

χ

χ
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DM at LHC
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Mono-jetsMono-jets

Di-jetsDi-jets
● DM χ couples loosely to SM 
particles (quarks q) through a 
mediator
→ mediator couples to DM  χ  

with g
DM 

and to SM quark with g
q
 

● Can't reconstruct DM in detector
→ need accompanying signature

● Mediator can decay into 
quark (jet) pairs 
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DM at LHC

mediator mass m
mediator

Mono-jetsMono-jets

Di-jetsDi-jets

● DM χ couples loosely to SM 
particles (quarks q) through a 
mediator
→ mediator couples to DM  χ  

with g
DM 

and to SM quark with g
q
 

● Can't reconstruct DM in detector
→ need accompanying signature

● Mediator can decay into 
quark (jet) pairs 
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Other DM signals at the LHC

 H → jj + MET
 Z → jj + MET
W → jj + MET  → see Kenji Hamano's talk

SUSY DM 
candidates → see George Redlingers talk

● Can't reconstruct DM in detector
→ missing momentum → need accompanying signature

● Differentiate channels by accompanying signature
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Missing transverse Energy MET

Visible particles

MET
Plane transverse to 
the beam direction

Y

X
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Missing transverse Energy MET

Visible particles

MET
Plane transverse to 
the beam direction

Y

X
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Mono-Jet
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Mono-Jet: Backgrounds
● MET hard to model

● Estimate/measure

 invisible decays (ν's)

● use Z→ ll & W→ lν    

 to model Z→ νν

● Detector effects & 

non-collision bkgs are

 very important too!

● Distributions rather   

well described 

MET > 100 GeVMET > 100 GeV
Before cleaningBefore cleaning
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Mono-Jet

● Vector mediator: g
DM 

= g
SM

 = 1
● Selection: 

● Leading jet: p
T
 > 100 GeV; |η| < 2.5

● E
T

miss
 
> 200 GeV, Input Jets: |η| < 5
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Mono-Jet

EXOT-2015-03 ● Axial Vector Mediator: g
DM 

= 1  g
SM

 = 0.25 
● Selection 

● Leading jet: p
T
 > 250 GeV; |η| < 2.8

● E
T

miss > 250 GeV, Input Jets:  p
T
 > 20 GeV; |η| < 4.9
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Comparison with Direct Detection 

● Translate into DM-nucleon cross sections
● Spin dependent (SD) or independent (SI) according 
to mediator model used
● Note: Comparisons model dependent!
● LHC experiments provide complementary coverage! 
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DiJet Events
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● Look for resonant qq,  gq and gg states
● Benchmark search for new physics
● Construct dijet mass
● Fit smooth spectrum

● Look for deviations
→ Bumphunter
→ Tailhunter

● Limits on acceptance 
times x-section and
specific models

Introduction: Dijet resonances

m
jj
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Dijet resonances

● Selection
● p

T 
> 440 GeV

● |y*| = ½ |y
1
-y

2
|<0.6

● Background from fit
● BumpHunter indicates 
most discrepant interval
(not so exciting at all)
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Limits on Dijet resonances

● Limits on benchmark models
● Excited quarks q* (5.2 TeV)
● Extra Gauge Bosons

● Z' -Boson
● W'-Boson (2.6 TeV)

● Quantum Black Holes (QBH)
● Randall-Sundrum 

● QBH generator (5.3 TeV)
● Arkani-Hamed-Dimopoulous-Dvali

● QBH generator (8.3 TeV)
● BlackMax generator (8.1 TeV)
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Limits on Dijet resonances

● Limits on benchmark models
● Extra Gauge Z'-Boson

● Leptophobic model
● Provides dark matter 

mediator candidate
● Limits on coupling g

q
 for 

different Z' masses 
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Limits on Dijet resonances

● Limits on Gaussian contributions 
to observed cross section
● Model independent approach
● Narrow width approximation
● Apply selection 

● leading jet p
T
> 440 GeV

● |y*|<0.6
● Truncate signal to approximate 
Gaussian core
→ useful to translate limit to 

other models not considered
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Limits on Dijet resonances

●Excluded masses: String resonance (7.0 TeV) , scalar di-quark (6.0 TeV), 
axigluon (5.1 TeV), excited quark q* (5.0 TeV), Heavy W' (2.6 TeV)
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Dijet Events at low mass
● At low mass → low jet pT threshold
● Data rate to high to write out 
 → → Online data scoutingOnline data scouting

Trigger Level AnalysisTrigger Level Analysis
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Di-beauty-Jets

● Third Generation  (top & bottom) heavy, might be special→ investigate couplings to b
● Needs identification of jets containing bottom hadrons→ b-tagging
● Depending on decay (bb, bq, bg) → at least 1 or 2 b-tags

● Possible qg background reduction  also for X→ qq modes
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Di-beauty-Jets

● Same selection as dijets (p
T 
> 440 GeV, |y*| = ½ |y

1
-y

2
|<0.6)

● Limit |η| < 2.5, to tracking coverage for b-tagging
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Di-beauty-Jets
● Limits on benchmark models 
● Excited quarks b* → bg

●  >= 1 b-tag
● Excluded masses 1.1-2.1 TeV

●Extra Gauge Bosons Z' 
● 2 b-tag
● Leptophobic Z'
● Excluded masses 1.1-1.5 TeV 
● Sequential Standard Model 

(SSM) → SM couplings
● Not enough data to exclude 

Sequential SM Z'
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Di-b-Jets: what about 750 GeV ?
● Needs different trigger strategy
● Di-b-jet trigger p

T
 >175 GeV & p

T
 > 60 GeV 

● Limits on benchmark model Extra Gauge Bosons Z' 
● Sequential Standard Model (SSM) → SM couplings

● Exclude 0.3-0.02 pb in the mass range 0.65-1.15 TeV 

ATLAS-CONF-2016-031



Andreas Korn DM@LHC2016, 30th March
45

Summary
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Putting it together: Global Fits!

S. Caron
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Putting it together: Global Fits!

Pat Scott
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The Future?

Joachim Kopp
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Conclusion 
● The hunt for Dark Matter continues
● Very nice and constructive workshop

https://indico.cern.ch/event/342623

● ATLAS and CMS have new interesting results
● Just the beginning of 13 TeV running ...
● LHC searches complementary to direct searches
● Jet channels are particularly sensitive
● Search for both DM and mediator candidates
● Model dependence in Interpretation

– LHCDMWG Recommendations should unify 
approaches and help comparisons

● Hope presenting hard work on LHC measurements 
has the right consequences ….

https://indico.cern.ch/event/342623
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Consequences
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Bonus Slides 
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ATLAS: a particle detector at the LHC 

p

p

Inner Tracker
Solenoid Magnet

Toroid Magnets

Muon Detectors
Tile Calorimeter

Liquid Argon Calorimeter● Inner tracker
– 2T solenoid
– |η|<2.5 
– Silicon pixel
– Silicon strips
– straw tracker

● Muon system
– 0.5-2T toroid
– |η|<2.7 
– Precision &
trigger chambers

● σ
Pt

/Pt ~0.05%Pt[GeV]1.5%
● ~ 10 μm impact parameter resolution 
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Technicalities: narrow width
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Rapidity distribution, Selection

● |y*|<1.7, |y
B
|<1.1, implied: |y

1,2
|<2.8, p

T
>80 GeV

boost y
B
= 0.5*(y

1
+y

2
) = 0.5ln(x1/x2)
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Beauty-jets and missing E
T
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Direct Detection
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Mono-Jet

● 
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Mono-Jet
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Mono-Jet
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Mono-Jet
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Di-beauty-Jets

● Gaussian limits: model independent approach
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Di-Jet
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