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Take Home Messages

1. Dark matter research is a multidisciplinary endeavor

2. We might be on the verge of unveiling its nature
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Dark Matter is key to the evolution of our universe

Temperature ~ 1 Early Universe <l Hot Universe
size

Something had to decouple early enough and start forming
clumps of matter that evolved with time and formed galaxies
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Dark Matter is key to the evolution of our universe
Temperature ~ 1 Early Universe <mmmmm)p Hot Universe

size

Something had to decouple early enough and start forming
clumps of matter that evolved with time and formed galaxies




Dark Matter in Galaxies stepd1 A
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Galaxy Rotation Curves
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From then on the dark matter search took off 2

In 1970s Vera Rubin+, established
the existence of dark matter in

galaxies by studying galaxy rotation curves
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We know thatl!
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Dark Matter in the CMB

Without Dark matter

Power Fluctuations (uK2)

..........
.
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2013-2015 Planck satellite has confirmed the
the existence of dark matter in early times
of the universe history

Power Fluctuations (uK2)

https://wmap.gsfc.nasa.gov/resources/camb_tool/index.html

Compelling!
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Thus, the need for Dark Matter

In 1933 Fritz Zwick used the virial
theorem to infer the existence of
unseen matter in the Coma galaxy
cluster

COBE (1990s), WMAP (2000s),
PLANCK (2013) confirmed the
existence of dark matter using
CMB data

Universe content

visible matter 5%
- j==

dark matter 27%

Power Fluctuations (uK2)

Aolaliv e speed (kinds)

In 1970s Vera Rubin+, established
the existence of dark matter in
galaxies by studying galaxy

rotation curves
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In 2003 the observation of
the bullet cluster by
Maxim Markevitch+




park viatter as a particie

Everything around us is ruled by fundamental Laws of nature as described in terms
laws of nature of elementary particles
ELEMENTARY
PARTICLES
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Hence, it is plausible to assume that
dark matter can also be described
by elementary particles

NOTE: Almost every single
alternative explanation for dark
matter has failed




Experiments searching for Dark Matter

The nature of dark matter is one the most important open problems in science

We might be on the verge of unveiling it

Colliders Direct detection Indirect detection

CMS ATLAS BABAR DUNE
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XMM-Newton H.E.S.S. Fermi-LAT HAWC AMS-02 CTA



How do we search for dark matter particles?




How do we search for dark matter particles?
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How do we search for dark matter particles?

Collider
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How do we search for dark matter particles?

Direct Detection

Direct Detection SEPUIGIRY
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Latino Americans are involved in many of these experiments






How do we search for dark matter particles?

Direct Detection

Direct Detection

Electron recoil
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How do we search for dark matter particles?

Direct Detection
Understanding the limits...

Reference

limit , -
Signal contour:

Direct Detection

Cross section

Smaller target
nucleus

Lower
energy
‘threshold

Increased
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How do we search for dark matter particles?

Indirect Detection
' ' Y/ Gamma-rays
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How do we search for dark matter particles?

Indirect Detection 1/ Gamma-rays

DM

+ a few p/p, d/d
Anti-matter

Particle
Physics
Input

Dark Matter

Dwarf Spheroidal Galaxies




How do we search for dark matter particles?

Neutron Star Spectroscopy:New Method




How do we search for dark matter particles?

Neutron Star Spectroscopy
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This function encodes the
particle physics input

Tns ~ 1750 f4[K]



Sounds good, but what about
Its nature?

Attempt 1
FS Yaguna, arxiv: 1811 03530
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Sounds good, but what about

Its nature?
Attempt 2
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Sounds good, but what about
Its nature?

Attempt 2
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Take Home Messages

1. Dark matter research is a multidisciplinary endeavor

2. We might be on the verge of unveiling its nature

Muchas gracias!
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