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Motivation

Research on Dark Matter 
could be hard without 
a good set tools

disclaimer: I don’t know who is this guy
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Motivation

We hope for a unique
tool to solve all our 
problems (in physics)



8 Nov 2017 R. A. Lineros.  Crash course on DM 4/62

Motivation

… but most of the 
tools are made by 
physicists to solve 
their own problems
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Course plan

Dark Matter Theory

General purpose

Specific for Dark Matter

Tools
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Today’s plan

Da
rk 

M
att

er 
Th

eo
ry

Ev
id
en

ce
s

Can
di
da

tes

Se
ar
ch

es



8 Nov 2017 R. A. Lineros.  Crash course on DM 7/62

Dark Matter: EvidencesDark Matter: Evidences
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A little of history
1933: Fritz Zwicky postulated dark 
matter in order to explain Coma 
cluster dynamics as a bound system 
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A little of history
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A little of history

Fritz ZwickyComa Galaxy Cluster Virial Theorem

Dark Matter
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Virial theorem

It relates global quantities 
of a system in equilibrium

For gravitationally bounded objects:
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A little of history
60's – 70's Vera Rubin studied rotation 
curves of many galaxies

Andromeda galaxy
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Observed redshift

z>0 object going away

Doppler effect and redshift

Estimation of the velocity

           
z<0 object getting closer
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A little of history
60's – 70's Vera Rubin studied rotation 
curves of many galaxies
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(short story)(short story)

Dark Matter is everywhere!Dark Matter is everywhere!
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Cosmic pie
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Dark Matter is presentDark Matter is present
  
since the very beginning of the Universesince the very beginning of the Universe
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Dark Matter

Observations support Dark Matter 

 Dynamics of clusters and galaxies
 Structure formation
 CMB anisotropies
 Baryon Acoustic Oscillation
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Galactic scales
Rotation curve
Weak lensing
Velocity dispersion of satellite galaxies
Velocity dispersion of dSphs

Galaxy cluster scales
Velocity dispersion of individual galaxies
Strong and weak lensing
Peculiar velocity flows
X-ray emission

Cosmological scales
CMB anisotropies
Growth of structure
LSS distribution
BAOs
SZ effect
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Galactic scales M. Pato et al JCAP 1512 (2015)
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Galactic scale M. Pato et al JCAP 1512 (2015)
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Galactic scale M. Pato et al JCAP 1512 (2015)
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Dark Matter CandidatesDark Matter Candidates
(a small sample)(a small sample)
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The Standard Model (so far)
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The Standard Model (so far)
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Dark Matter particle properties

Massive

Non baryonic

Electrically neutral

Stable
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Dark Matter particle properties

Massive

Non baryonic

Electrically neutral

Stable
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Dark Matter particle properties

Massive (*)

Non baryonic

Electrically neutral (**)

Stable (***)

(*) Its mass can go from 10 ²² eV to 10  GeV⁻ ⁹
(**) Except Milicharged DM or CHAMPs
(***) DM lifetime larger than 10²  seconds⁷  (Universe = 10¹  seconds) ⁷
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Some candidates
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ννss
Sterile NeutrinosSterile Neutrinos
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Sterile neutrinos
If right-handed neutrinos are part of the SM. 
They are natural SM gauge singlets

Neutrino masses can be generated via the seesaw mechanism
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Sterile neutrinos
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ALPsALPs
Axion like particlesAxion like particles
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Axion Like Particles

See: 1210.3196

Pseudo-Goldstone bosons. 

It main feature is the coupling to photons 

Primakoff effect

Searches involves photon emission line

Attenuation due to photon-axion conversion
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Axion Like Particles
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WIMPsWIMPs
Weakly Interactive Massive ParticlesWeakly Interactive Massive Particles
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Big Bang Thermal relic

Correct relic abundance for 

< v> ~ 1 pb · cσ

Mass in GeV-TeV range

For WIMPs:

WIMPs
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Some extra details:

https://youtu.be/y-dpl_FulQYhttps://youtu.be/Mxt33mN7sgU

https://youtu.be/Gpi4vIQM348https://youtu.be/DHc8Z2b1W5M
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Particle models for DMParticle models for DM
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Inert singlet DM model

The simplest DM model.

Features:

DM is a real scalar charged with a Z2 symmetry
The interaction with the SM is via Higgs particle

The relevant parameter are mass and coupling to the Higgs
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Inert singlet DM model

The simplest DM model.

Small exercise:

Draw diagrams relevant for the relic abundance
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Inert singlet DM model
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Inert singlet DM model

Solution is the black line

Tight relation among 
mass and higgs coupling
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Inert singlet DM model

Solution is the black line

Tight relation among 
mass and higgs coupling
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Fermion singlet DM model

Dark Matter is a majorana fermion connected to the SM via a scalar singlet

Small exercise:

Draw diagrams 
relevant for the relic 

abundance

The model contains:
2 extra particles and 7 
parameters

More freedom to reproduce DM 
observables
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Inert Higgs DM model

DM is part of a SU(2) scalar doublet (copy of Higgs) but charged with a Z2 symmetry
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Inert Higgs DM model
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Inert Higgs DM model
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Scotogenic DM model (Ma, 2006... and many other papers)

Model provides a mechanism where neutrino
acquire mass via loop.

Inside the loop DM particles run.
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Scotogenic DM model
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Singlet-Triplet Scotogenic DM

DM is mix between a singlet fermion and a SU(2) triplet
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Singlet-Triplet Scotogenic DM
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Singlet-Triplet Scotogenic DM
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Singlet-Triplet Scotogenic DM
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Course plan

Dark Matter Theory

General purpose

Specific for Dark Matter

Tools

✓
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Tomorrow!

codes!
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Thanks
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