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Rayons cosmiques
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Rayons cosmiques et gerbes atmospheériques
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Spectre des rayons cosmiques
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| Cosmic Ray Spectra of Various Experiments ]
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Propagation

o protons E>10™ eV (.10 Mpc )
T ”

* -

' '-ga’mmas (z<1)

-
-

protons E<10™ eV

Cosmic
" . accelerator

Photons: Absorbés par poussiéres et rayonnement (par ex.
creation de paires sur CMB)

Protons/noyaux: Déviation par champ magnétique, absorbés par CMB
(effet GZK)
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Propagation

Trajectories of 10" eV protons in random nanogauss field with 1Mpc cell size Trajectories of 10°° eV protons in random nanogauss field with 1Mpe cell size
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Le rayonnement Cherenkov

* Particules avec S<,<.
n

~ onde de choc photonique

© originally posted to Flickr as Advanced Test Reactor core, Idaho National Laboratory
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https://www.flickr.com/photos/35734278@N05/3954062594/
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L' observatoire Pierre Aug
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Auger: résultats
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Le domaine des tres hautes énergies

wavelength }L‘ [m]
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* VHE: E >100 GeV.

« Satellites (E<100 GeV):

“‘Basses” et hautes énergies o
(faible surface de collection)

satellites Cherenkov
telescopes

optical

infrared X-rays Gamma-ray astronomy

millimeter
ultraviolet

* |Instruments au sol ENENVENE Y et
(grande surface de collection)

Technique Cherenkov atmosphérique.

frequency V, [Hz]

UHE (E~10" eV) VHE (E~10" eV)
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QQQ High Energy Stereoscopic System
(H.E.S.S.)

HESS

il W\H =

LTas "Fp— *
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gﬂg Principe de detection de
rayons y au sol

* Imagerie Cherenkov

=(100GeV) |-

Primary Y

Intensity
=» Primary Energy

Image Axis
=» Shower Direction

Image Shape
= Type of Particle

e Stéreoscopie
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Astrophysique y de tres hautes énergies

Starbursts

Pulsars/PWN

Jets

Shocks Accretion

Diffusion

Jets
Shocks

Intergalactic §
VHE gamma rays probe medium §

Particle acceleration and propagation
Cosmic rays

Highest energy processes in a large variety of objects
Intergalactic medium

Dark matter and fundamental physics
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Quelques objets étudiés
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Quelques objets étud
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Quelques objets étudiés
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‘ cherenkov telescope array

L'observatoire CTA

Réseau ~km?2
de télescopes
moyens

Quelques grands telescopes
pour les basses énergies
Réseau de 7 km?

de petits télescopes,
pour les plus hautes
energies

70 SSTs

25 MSTs plus
extension SCTs

W. Hofmann
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cta

cherenkov telescope array

L'observatoire CTA

Quelques grands telescopes
pour les basses énergies

.........

b
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LIGO Hanford

Frequency (Hz)

LIGO Livingston

1 |
0.6 0.7 0.8

Time (sec)

.:.LIGO Hanford

o0,

o$ Virgo

O <
LIGO Livingston iﬁ
[ ] "%‘

Recycling Miror |

=
Photodiodes

18/01/2024, Présentation L3, LPNHE J.-P. Lenain, LPNHE, CNRS/IN2P3 20



Matiere noire

Observations ydso gen

from 21 cm

- R (x 10001y)

-

i o M& L

“ Along with ‘Antimatter, and ‘Dark Mattey’
we've recently discovered the existence of
“Doesn’t Matter’ which appears to have no

effect on the universe whatscever.”
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Recherche de matiere noire

Production Indirect Direct
P+p > X+X X+X2>p+p X+p>X+Pp

Direct
X , = X

3024101

Production
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Recherche de matiere noire

Production Indirect Direct

X+X?pP+p

Production
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BACKUP
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Horizon y

YviE + Yor 2> €7 + €

E
Mesure indirecte du fond rayonnement stellaire+poussiere
— lien avec cosmologie
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cherenkov
‘ a telescope
array

L'observatoire CTA

Le réseau idéal

1/15/24

W. Hofmann



\] . . - o .
\Jv Les principaux téléscopes a imagerie

atmosphérique Cherenkov

H.E.S.S\

iz

H.E.S.S. 4 x 13m + 28m
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AV4)

Qg High Energy Stereoscopic System
(H.E.S.S.)

« H.E.S.S.1(2003-)

* 4 tél. @13m, surf. eff.=428 m>
 Champ de vue=5°
 Caméra: 960 PMT

* Ewn~ 200 GeV

* HEE.S.S. Il (2012-)

5e tél. @28m, surf. eff.=600 m?
Champ de vue=3.2°

Caméra: 2048 PMT

Ewn ~ 30 GeV
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Quelques objets étudiés

-

©: NASA/DOE/FermI LAT Collaboratxon Capella Observatory,
- and Ilana Feain, Tim Cornwell,:-and.Ron Ekers (CSIRO/ATNF)
R Morgantl (ASTRON) and ‘N. Junkes (MPIFR)

©.Dana Berry, SkyWorks Digital

‘. 1degree -
200,000 light-years '

© NASA, ESA and the Hubble Heritage Team STScl/AURA)
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Auger: implications
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L'observatoire CTA

cherenkov
C a telescope
array

3 km

South North
A““: [y
0 | p -
E ol e OV
wa | o I T
| '.'\_'.'Fz'r
mi - - &
m T oo oo
3
a0 |
-ﬂ:lﬂl -Dwn-cn i.lkr
| '.1vn:hrunl b E
- | 3 1!.11-1;
:|..|'|:l.|- ::::‘:H‘" *UT |-
v _u::-u-n.wg & i
A |

ES0F 1200 e EDN 3D o HM Dl WM LB ’“M

Characteristics :

*2 sites (Paranal, Chile and La Palma, Spain)
*3 telescope size classes

*All-sky coverage

*An open observatory: guest observers via
observing proposals (a part of the time)
*Worldwide consortium (~1500 membgezrs,
25 countries)
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