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@ Observation is based on the

Newton's law
10 ,
@ Rotation of the galaxy R (kpe)

measured and...

M33 rotation curve

@ ...mass is 400 times more
than expected.
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Cosmic Microwave Background
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Cosmic Microwave Background

CMB has a (perfect) black
body spectrum at the
temperature of

2.72548 +0.00057 K

CMB power spectrum shows
how temperature changes
with angular size of patches
on the sky

CMB power spectrum is used
to study the early universe
structure

Baryonic matter alone can't
produce the CMB spectrum
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SEE————————————
Weakly Interacting Massive Particle: WIMP

"Thermal Relics” Mechanism
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"Thermal Relics” Mechanism
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Big Bang — Universe is Hot:
T > m,

Dark Particles annihilate and
produce (lighter) barionic
matter

300,000 yrs.

Universe expands, T drops,
Dark Particles don't find each
other

Now: we live with a lot of
residual dark matter and with
few barionic matter

Observation (and calculation
with Boltzmann equation..)
suggests m,, ~ 300GeV
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SEE————————————
Gravitational Lensing

@ One of the most important
proofs of the General
Relativity (Eddington..)

@ Space is curved by the mass
(great masses...)

o Light of the object which
stands before the massive
one, is deviated

e Gravitational lensing can be a

tool to investigate on the
mass of astronomical objects
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E—————————————————
A New (2006) evidence for Dark Matter: Bullet Cluster

YouTube
http://www.youtube.com/watch?v=2DoPAeU3a6Y

Matteo Mantoani, Cristina Marcos Martin (18 July 20 Dark Matter 6 /14



Theories for DM Particles

BoF

SUSY G /
R\

0
Ky
oﬁimﬂm\\l“p(p

Matteo Mantoani, Cristina Marcos Martin (18 July 20 Dark Matter 7/14



|
Theories for DM Particles

SUSY
@ LSP candidate for DM
(neutralino..)
Technicolor

Matteo Mantoani, Cristina Marcos Martin (18 July 20 Dark Matter 7/14



|
Theories for DM Particles

SUSY

@ LSP candidate for DM
(neutralino..)

Technicolor

o Lightest "technibarion” is a
DM candidate

Extra Dimensions

Matteo Mantoani, Cristina Marcos Martin (18 July 20 Dark Matter 7/14



|
Theories for DM Particles

SUSY

@ LSP candidate for DM
(neutralino..)

Technicolor

o Lightest "technibarion” is a
DM candidate

Extra Dimensions

@ we have different models
which provide DM candidates
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Searches for Dark Matter

Direct Searches
@ High Energy Collider, search for new particles (SUSY...)

@ Use the flux of DM coming to us (due to Sun revolution around galaxy
center..)

@ DM hit the detector, the nuclei of the detector recoil
@ Find an excess from the number of recoils respect to natural radioactivity

Indirect Searches

@ Detect annihilation products of dark matter:

e positrons, anti-protons, gamma coming from galactic halo
e radio photons, or gamma from the galactic center
e neutrinos from the center of the Sun (IceCube...)

@ these particles are to be detected as an excess from the expected
astrophysical background
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Direct Searches

@ Detectors are put underground to
shield background sources (cosmic
rays..)

@ Use the fact o can has spin dependent
or independent components

@ dipendent: ~ J/(J+ 1)
@ independent: ~ A?

@ So, very heavy nuclei are usually used

to build detectors

@ Results at right for XENON100
Collaboration (arXiv: 1207.5988)

Dark
Dark Matter?
Matter?

recoiling
nucleus

Detector

Matteo Mantoani, Cristina Marcos Martin (18 July 20 Dark Matter 9/14



3 \ T | T T T T T T TT | T T T T T L]
s |
i' - XENON100 (2012) =
& J \ Q fama — observed limit (90% CL) b
g 107 CoGeNT Expected Lumt of this run: =
— g B [ £ 1 0 expected 3
E = + 2 ¢ expected —
E wo*M=MNM\ v N T - =
2] E o R\ Y N N e T a e E
v — .|
w — l
@
S 10 -
o =
: —
8 [
5 108
= =
Z. =
E 10% =
10—45 (-
E | 111 | 1 1 1 1 1 111 | 1
6 78910 20 30 40 50 100 200 300 400 1000

WIMP Mass [GeV/c’]

Matteo Mantoani, Cristina Marcos Martin (18 July 20 Dark Matter 10 / 14



LHC Results

@ These are based on the observation of the following processes:
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Conclusions

After 80 years of studies and researches, we still cannot explain this: J
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