





The Sky 1n Optical
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Ancient Astronomy

JIMovement of planets
dStars & Constellations
JCosmology centred on Earth

B
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Middle Age

dFirst instruments (Galileo, 1609)
JHeliocentric system (Copernicus, 1530)
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Astronomical Objects 1n Visible —
Anment Astronqmy

’

—> Dark Matfér
D _Energy Sources”

0. = Nudlear fusion

D Composmon
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Modern Optical Astronomy
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First Astronomical Revolution -
Radio

J Accidental detection of radio waves from the Galaxy when searching
for the sources of interferences 1n transatlantic communications

(Karl Jansky, 1932)




The Sky in Radio

J Radio emission (mOStIY) from _ 3 {Galactic Centre in Radio
synchrotron emission of MRy W
accelerated electrons 1n large |
magnetic fields. |

 New classes of objects: radio-
galaxies, quasars, ...

U First hint of a Violent Universe
~ High energy Phenomena

e

Radio Galaxy 3€296 _ b
Radio/optical superposition g,*.;“" %

Copyright (c) NRAO/AUIL 1999
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Second Astronomical Revolution —
P ERENS

d Originated from the study of the radio waves,
reflected by the 1onosphere: 1onisation attributed
by H. Friedman to X-ray emission from the sun

[ Observation became possible with rockets
(atmosphere opaque to X-rays)

d First detection of

a hard X-ray source,
Scorplus X4} 21962

. Many sources
quickly detected
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The Sky 1in X-rays (now)

JSuperposition of:

(Bremsstrahlung) an
magnetlc ficld



Third Astronomical Revolution —
Y-rays

 y-rays ideal probes to Very
High Energy Universe (only

produced in most energetic o . i_l-l

phenomenon)

H First from space (COS-B,
EGRET, Fermi)

& Second from ‘eround N
' (Whipple, CAT, HEGRA - *_J8
MAGIC, VERITAS: HeE.S.S9

1 See next lecture
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Electroscope Discharge

11785: Coulomb found that electroscopes
spontaneously discharge in air, even
insulated

11835: Confirmed by Faraday

J1879: Discharge rate proportional to
pressure (Crookes)
—» discharge caused by 1onized air

3
[ ]

W'What continuously ionizes the air?2:High
Energy particles from where?
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The Cosmic Ray Mystery

= oy R
"'IH"EI'!--. -wu '3 TR o N 1%
t 1=-l:" : ”'th
1912 : Dlscovery by Victor HESS (Nebel Prize 1936 w1th Anderson) flux
of 10nizing particles increases with altitude
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J1913-1914: Werner
Kolhorster repeats and
confirms findings of
Victor Hess = 9 km

11928-1929: uses Geiger
counters: = Charged
COSMIC rays are most
prabably charged
(Science, 1930)
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Why do we care?
J Earth constantly bombarded
s kA by High Energy Particles
e from the Cosmos (“Cosmic
Rays”)

.. LNumerous implications:

umﬁwnd'ﬁiﬁd_nfﬂ ey
wo0wm

e d Evolution acceleration
(genetic mutations)

 Creation of radioactive
isotopes (C)

u Nilmer__ous discoveries in
pa)r“[!icle physics (e’ “ﬂ';’_ K>, Y,

I Irradiation of flying créw

 Probable seed for lightenings

L Possibly seed for cloud
- “formation
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Cosmic Rays

JCosmic rays generate random
error 1n electronic chips,

potentially dramatic
~ 1 error/256 MB/Month

J Quantas plane plunged over
several 100 m without
explanation

JBorealis aurora can be lethal
for-astronauts:and have
''massive consequences:

J1972; large black=outin.the US
(6 Million people)

-
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at
m travel updates

‘Cosmic rays' may have hit Qantas plane off Australia's
northwest coast

COSMIC rays may have been responsible for a near disaster involving a Qantas jet off Australia's northwest coast.
Safety investigators have isolated...

' Solar Proton Event
August 1972
17:00 U7

- Career radiation
Iimil Tor skin
axceeded

1f..|n? U_L il
B vearly limil for
130007 blood-forming

Astronaul’s alloy organs and
able 30-day radia¥ career limit for
lion exposure to eyes exceeded

skin & eyes
gxceaded 15:00 U1

yeary limi
14.00 UT arceeded
30-day radialion for skin g
gxposure limit for blood-<S, y

forming organs (BFO)and
yearty limil for eyes exceeded




ON SUPER-NOVAE

By W. Baape AND F. ZWICKY

MoUNT WiLsoN OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON AND CALI-
FORNIA INSTITUTE OF TECHNOLOGY, PASADENA

Communicated March 19, 1934




Some major dates — con’t

First positron : )
Anderson, Phys. Rev. (1933)

L 1933: Discovery of positron{e+).in the cosmic rays
L =:Strong relation with particle physies (1t (1936); Tt (1947),
Strange particles (1947), ...) |
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Discovery of giant showers

11939 : Discovery of giant showers (Pierre A
using coincidence between detectors 50 m a
JdUp to 105 eV (at least) !!

PHYSIQUE NUCLEAIRE. — Les zrandes l:r-.-,-.r';.-_-; COSmugues de E"cH.".Hr..-.L'EU-".'e".fL’.

Note (*) de MM. Pigure Aveen ¢l Rovaxn Maze, présentée par M. Jean
Perrin.

1. Nous avons monlré (*) I'existence de gerbes de rayons cosmiques
1 1 - E* - |

produites dans "atmosphére et dont ]

plusieur: JII.-!..'[I."ES- "'-."I-_-.u; avons ou -E!‘['E‘ﬂ JULY-DCTOBER, 1939 REVIEWS OF MODEERN PHYSICS YVOLUME 11
de plusieurs dizaines de metres et I Extensive Cosmic-Ray Showers
corpuscules de trés haute énergie da Fizrse AUGER
In collaboration with
| F. Earenrest, . Maze, J. Davoin, RoBLEY, A, Frfon
cj‘) ] Pares, Fronoe
AL
#a E :
A= COoNCLUSION

One of the consequences of the extension of the
energy spectrum of cosmic rays up to 10'* ev is
that it is actually impossible to imagine a single
process able to give to a particle such an energy.
It seems much more likely that the charged
particles which constitute the primary l;ﬂsmi.c
radiation acquire their energy along electric
fields of a very great extension.

=il
-

4 Eom
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7 Cosmic Ray Conference UnivéfS’ity_of Chicago July _'1939
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electrons

Detector Propagation
- - Diffusion
on earth - Energy loss

- Absorption
- Spalation
- Decay
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(1 particla per m*—vaaor)

mostly Fe?

| | NeC 4261
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> 10 orders of magnitude
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Electromagnetic spectrum

keV MeV GeV TeV PeV Y
10 107 10'2 10" 10'%  E(eV)
-JIllIHJlllIIUIllIIUIllIIUIllIIﬂHUWJIHIIUH.IIUIHllHHIHJlllllm)UWJIHIIUIHIIUll.IIUIllIHJlllIIm)IMJIllIHJllllHJlllIIUIHIIUIHIINHUUUIllIIUIllIlUIllIHJllllIUIHIIHHIMIHIIUIllIlUIHIIU-’
107! 107! 1072 BRSO
o | | | | | | | |
| | | | | | | | |
10° 10t MG Rt S8 (RS 05, ™ - [107° 10% 10°2
| | | | | | | S | Ythiz)
| | | i | | | | B |
M _ ‘
) Radio 1B VisibleUV X Fays ¥ myg‘ LHE Ring
! ' (Ultra High Energy)
]():?lls(: obj ects (10K), .H'o Y abidcis | Very hot compact objects Extreme obj ects, non-thermal processes
Sync’fl;otron AT (~2000K), (~10°K), (Particle acceleration in shocks) T
g L i ;lé%;ﬂa glllzlzaii nlzlack holes... {)?Zirz?sgl(zéng;r);?%nBremstrahlung, Annihilation,

Mathieu de Naitrois
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(Star light and dust)
Compacts objects (X)

P=o0 x T*Xx R? (Stefan)

= Same power emitted by an object
10 x hotter and 100 % smaller
X=Rays (10 keV)=

~71km (Neutron Star) < Syn 3
VHE (1 GeV):

0.2 nm<= Sun

=+VHE Universe.is Non-Thermal

Astroparticle will mainly concern non-
thermal Universe
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Particle Acceleration

Ulntense electromagnetic fields:
pulsars (magnetized compact stars 1n

fast rotation)

~ dynamo effect, V ~ 10> V

4 Astrophysical shocks: « ping-pong » particle
accelerated at each shock crossing, retro
diffused by B

(First order Fermi)

 Diffusive acceleration

Ma






Multi-messenger observations of the Cosmos

protons E210" eV_( 10 Mpc )
“neutrinos R - '
= gammas (z<1)
protons E<10Y eV
- - & Cosmic
- . accelerator
photons: Absorbed by dust and radlaﬁon (pair creatlon-on CMB)
~ protons/nuclei: i eff

" neutrmOS° it o
e J

graVItatlonal Waves.

e 2
:’- 1 alih
£ '_u':- FHRLR sy ?{J‘.-’ AR 1
o R T R RR AT
- LN ‘ i
{
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GZK cutoft

11965: discovery of cosmolo-
gical background by Penzias &
Wilson (CMB)

T°=6 10" eV (2.7 Kelvin) ,
N =400 cm™

dinteraction of nuclei with CMB
photons = effet GZK (Greisen,
Zatsepin ¢t Kuzmin) (1965)
particle degraded to. lower | 2 "

. " ropagation Distance C
‘energies: i, CXEREERG esabon ()
1022-down to 10*° after 100 Mpc

Mean Energy {eV)

>prndpYyYy

=+

+
P+Yomp A _
B ->nﬂ:+—>nvupt+->nvuvuvee
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Energy (GeV)

EBL models

1ES 1959+650
ES 2344+514

PKS 2005-489
PKS 2155-304

H1426+428

Rddshift (z)




Propagation 1in Galaxy — Diffusion

U Diffusion of particles: high energy. particle escape first =
Observed spectrum steepet than source spectrum g2 B St
searth vs E&%at galactic center. ' |

d Composition change: spallatlon (nuclear reagtion)
Mathieu de Navrois ASP VI~ Marrakesh ~Moroc¢co - 2.024 : - 38



Propagation — Spalation

JComposition of cosmic rays is altered by propagation!

 Spallation
U Beta decay

J Production of y rays
by n’ decay
a9

nitrogen-14

carbon-14

Mathieu de Nauirois



—e— Solar System
—e— GCR
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70 to 280 MeV/nucléon,

Satellite

10 15
Atomic Number (Z)

iw

Excess of L1 - Be-.Byet sub'Fe

Secondary nucleusicreated by spallation = constraints on‘propagation
Primary nucle1 (CNQO, Fe,.) accelerated in sources

Other particles are produced 1n propagation (y, v, antiparticles). Excess
w0 prediction can be the sign of new physics






Atmospheric Transparency

Ground

observation Atmospheric
window transmission

reduced by 50%

Qo
o

o
o

D
o

Indirect detection from
ground or high altitude

Altitude (km)
N
o
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Acceptance & fluxes

Energies and rates of the cosmic-ray particles

U The higher the energy, the
biggest the needed
acceptance:

<10 GeV : 1 CR/m%/s
=1 m?* (satellite or balloon)
JKnee: | CR/m%an
= I km* (grotund array)
d Ankle: 1 CR/km%century
= 1000:km? (giant atray)

(GeV cm'Esr'1s'1}

LU
=
=
=]
X

LLJ

¥

Balloons

10* 108 108
Ewn (GeV [/ particle)



Photons
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Coded/mask telescope



Photons
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High Energy Photons
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Anti-coincidence
dome

Conversion
oils

Pair creation telescope



Very High Energy Photons

Y
Electromagnetic Cosmic ray
h
shower S ki
X, i
AN
S
AN
Ny
&
N
Q
O

| Atmosphenc Cerenkov Telescopes
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Charged Particles
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Direct detection

howers —
from ground

Extended air s
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Neutrinos

S5 AN 2\ N A\
A\ Y4 % AN @Q) % AN $ O AN \g)
) e O TR S O s ) ST TS
~ OO SR O R S TFEER SR O

Underground

EINeutrlno Scattermg off one
electron

U Cherenkov emission.of the
electron 1n water
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Neutrinos
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Difterent Worlds

DOnon Nebula in Optlcal (left) and Infrared (right) |
- UJDi ¥ 1fferentllnwemesl

-»(.

;__’J'I-_{I ils
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Cosmic rays...

YOU'VE TURNED INTD
MON RS... BOTH OF
YoU L/ IT'S THOSE
RAYS! THOSE TERRIBLE
COSMIC RAYS,!

NOW I ENOW WHY
I'VE BEEN FEELING
S WﬁuE’M LOOK AT
ME ! THEYVE
AFEECTED ME, TooO!
WHEN I GET
EXCITED I CAN
FEEL AAY BODY
BEGIN To BLAZE.
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