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Open Universe: 0 <480 <1, 4
Flat Universe: Q+Qr=1.
Closed Universe: Q4+ >1.
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Cosmological probes
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FIGURE 1
Velocity-Distance Relation among Extra-Galactic Nebulae.

Velocity measurement: red shift
distance measurement: Luminosity + standard candle




Cosmological probes: SNla
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CMB / BAO
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Current picture

Supernova Cosmology Project

Suzuki, et al., Ap.J. (2011)
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This is the stuff
that makes up
everything we
can see and touch
— all the dust,
asteroids, comets,
planets, stars,
galaxies and you
and me

The dark side of matter
doesn’t interact with light,
so it is invisible. We can
detect how its gravity
affects visible matter. Itis a
bit like visible matter's
invisible friend - helping to
hold the galaxies and
clusters of galaxies together

While dark matter
holds stuff together,
dark energy is pushing
everything apart. It is
causing the Universe’s
expansion to speed up.
The more space
expands, the more
dark energy there is
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Cosmic rays

'ces at highest energies
ohysics
eractions (E up to 50TeV)
c phenomena (top down models)
1+ Ex: Pierre Auger Observatory, Telescope Array,
Kascade Grande, LHASSO
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Adrien Laviron on Compton

\H Hinton JA, Hofmann W. 2009,
Annu. Rev. Astron. Astrophys.
telescope

ex: HESS,
Magic, CTA
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Gamma rays

eSources characterisation / Acceleration mechanism

* Diffuse spectrum of gammas

 Fondamental physics: dark matter, Lorentz invariance test
oEx: HESS, MAGIC, FERMI, CTA
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Neutrino
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Neutrino
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eSources characterisation / Acceleration mechanism
 Diffuse spectrum of neutrinos

e Fondamental physics: dark matter

oEx: lceCube, KM3Net, ARA

5.160 CCMs

|'_._\|
deployed in the ice S’

Antarctc badrock

vp+ X >0 +Y withl=e,u,71



Gravitational waves

>l§<

light storage arm

* Prevues par la GR

* Signal max pour des
systemes binaires

* Deplacements ~ 1021

test mass

light storage arm

test mass test mass

test mass

beam
splitter photodetector

Victor Hui on GW detector’s
LIGO Hanford Data (shifted) mirror

Strain (10%")

LIGO Livingston Data

T
0.35 040 ; Carole Perigois on GW
Time (sec) backgrounds



Gravitational waves
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- light storage arm test mass

* Prevues par la GR
* Signal max pour des

A

Ilght storage arm

* Nouveau messager

e Caractérisation des phénomenes intenses
(systemes binaires, SN..., sources inattendues)

* Physique fondamentale: test de la GR

* f[echnigue précieuse pour le multimessager
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Multi-messenger Observations of a Binary Neutron Star Merger
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Multi-messenger Observations of a Binary Neutron Star Merger

i
500 LIGO ’ Vlrgo Fermi/GBM = ESO?[G‘I#
_ L 2 W SOAR
5300 § LLK ............ ESO-VLT
2 b 8 Mg, e
s o o 7000°
5 o
-] & E
S n
() R
5 £ 5 o o
O ....
S o ) 1000
6 400 600 1000 2000

wavelength (nm)

LIGO, Virgo

y-ray
Fermi, INTEGRAL, Astrosat, IPN, Insight-HXMT, Swift, AGILE, CALET, H.E.S.S., HAWC, Kg H a I I m ASh ka r On VH E + GW

X-ray

Swift, MAXI/GSC, NuSTAR, Chandra, INTEGRAL

UV =

Swift, HST

Optical B

Swope, DECam, DLT40, REM-ROS2, HST, Las Cumbres, SkyMapper, VISTA, MASTER, = = -

HCT, TZAC, LSGT, T17, Gemini-South, NTT, GROND, SOAR, ESO-VLT, KMTNet, ESO-VS e a n re OI re u COI n o n 0 Ica o ow u
BOGTES-5, Zadko, iTelescope.Net, AAT, Pi of the Sky, AST3-2, ATLAS, Danish Tel, DFN,

IR o /.

REM-ROS2, VISTA, Gemini-South, 2MASS,Spitzer, NTT, GROND, SOAR, NOT, ESO-VLFKanata Telescope, HST \

Radio /T—
ATCA, VLA, ASKAP, VLBA, GMRT, MWA, LOFAR, LW, MA, OVRO, EVN, e-MERLIN, MeerKAT, Parkes, SRT, Effelsberg \

-100 -50 50 102 10 0° 10"
z (s) t-t. (days)

1M2H Swope VISTA Chandra

9d X-ray



Supernova Cosmology Project
Suzuki, et al., Ap.J. (2011)
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DM requirements / models

Cold (not too relativistic)

neutral
feeble interaction
stable




DM requirements / models

Cold (not too relativistic)
neutral
feeble interaction

stable
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Dark MaHer search stvategies
Divect Methrod

u'f)* Dark

3 Maer (DM)
Tndivect Metrod ‘

o m | ‘
Sun ﬁ%
et

?Yoo\ub‘“ﬂ\
atHhe Large Hadvon Collider

credit: HAP / A. Chantelauze ALICE




Dark Maker search strategies

Divect Method , b
Ariel Matalon on DAMIC DM searches
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Giorgos Papadopoulos on DAMIC-M electronics
developemements
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