LESIA, CNRS - Observatoire de Paris - PSL



Onde lumineuse

* Onde e.m. transverse (E, B L k) — propagation en ligne droite a ¢ dans le vide

onde : B(y) E(x)
Longueur d’onde : A [m]
Fréquence : v [Hz] =c/A=1/T
v [MHz] =300/ A [m] | ;
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Spectre electromagnetique
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Transparence de 'atmosphere terrestre
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+ detection coherente ( E)

— Radioastronomie



Bandes de frequences radio

Table of ITU Radio Bands

Band Number Symbols  Frequency Range Wavelength Ranget

4

© 00 N O O,

VLF
LF
MF
HF

VHF

UHF

SHF

EHF

THF

3 to 30 kHz
30 to 300 kHz
300 to 3000 kHz
3 to 30 MHz
30 to 300 MHz
300 to 3000 MHz
3 to 30 GHz
30 to 300 GHz
300 to 3000 GHz

10 to 100 km
110 10 km
100 to 1000 m
10to 100 m
1t010m
10 to 100 cm
1to 10 cm
1to 10 mm

0.1to1 mm

— non utilisées en astronomie: HF = cm, LF < dm



Un peu d’Histoire et de Technique



Naissance de la Radioastronomie

1930-33

Naissance de la radioastronomie : v = 20.55 MHz (A=14.6 m)
— €clairs d’orages + €émission du centre galactique (fixe en TS)

Karl Jansky
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Ciel basses frequences (BF) brillant

T(K) ~ 1.15x108/£25 (f ~ 3 - 300 MHz)

f (MHz)

A (m)
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Fig. 1. Contour map of 30 MHz brightness temperatures plotted on a Hammer equal-area projection in galactic coordinates. The contour unit is 1000 K.




lonosphere perturbatrice aux BF

~200 km

GMRT @ 150 MHz




Parasites radio (RFl)

longueur d'onde
30m 10m 5m 3m
| ] | 1 .
10°¢
; Emetteurs OC Emetteurs FM 3
10°F E
af
107 F
@ .
= [
D
e
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100° 0"
Figure 2. The terrestrial radio noise distribution derived from the 20 40 ’ 60 80 100
RAE-1 (height 6000 km) lower "V" data at 9.18 MHz for December 2-6, 19- frequence (MHZ)
68. The secondary peaks in activity over the mid-Pacific and northe-

rn Australia are believed to be correlated with local thunderstorm ac-
tivity. Contour levels are db above 288 K. The Galactic background on
this scale would be about 31 db and the receiver saturated at 75 db. (f£-
rom Herman et al, 1973)



— montee au GHz
L'age des grandes paraboles :

le premier age d’or
de la radioastronomie

@ 100%




Sensibilite = surface collectrice
Resolution = extension lineaire

1 lobe principal

P(6)

0=A/D
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Interferometrie

/ T=bcosHB/c
, d=2nt/T=2nvt

Individoal element
/ \

o —>

Array pattern

fx\ lnk;f:':::enr
V,=Vecos[w(t—7 )] & V,=Vcos(wt)

ViVe

()—)\N\/\/\/\/\]\/V\/\/\NW

R=(V2/2)cos(wT)




1 . lobe
principal

Interferometre

P(f)

0=A/D
1/2




VLBI (interferometrie a tres longues bases)

Cambndge/MERLIN UK Effelsbecg (DE)

|
-
L

N

Jodrell Bank (UK) T

WSRT (NL)

Medicina (IT)
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Quelques découvertes



1951-63 Raie Hra A~21 cm (v =1420 MHz) — omniprésente  (Hendrik van de Hulst)

— essor de la Radioastronomie Harold Ewen & Edward Purcell
— structure galactique spirale Jan Oort

|

Photon,
wavelength = 21 cm
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50% —
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1949-60  Radiogalaxies

optique




magnetiques




Jets galactiques




1963

Quasars (3C273)
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0.001”

A\ 4




optique
(visible/UV)

atmosphérigue
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1965

Rayonnement cosmologique a 3 °K (A=mm)

Arno Penzias & Robert Wilson

Wavelength [cm]
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Formation stellaire & planetaire

Plandtes Naines brunes Etoiles

N

—_— —

AT

Effondrement

Mécanisme de formation

— Instabilité de disque
e éjection

IRAM < B»

Accumulation
o planétésimaux
. g- 100%
E%. 50% —

2
®
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Disque proto-planetaire

ALMA
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Observations temps-frequence

Tune O, Stokes V

CML (System )

Jupiter lo-B S-storm 30 October 2008 UTR-2 array

Frequency (MHz)

16:00:32,80 16:00:33,20 16:00:33,60 16:00:34,00 16:00:34 40
Time (UT)

Jupiter lo-B S-storm 30 October 2008 UTR-2 array
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1967-68 Pulsars

Antony Hewish & Jocelyn Bell
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1974-93 Chronométrage de pulsar milliseconde & rayonnement Russell Hulse & Joseph Taylor
gravitationnel

J1909-3744__NRT
< 2005 2006 _ 2007 2008 _ 2009 2010 _ 2011 __ 2012 2013

Wrms=082ns
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Une révolution en route



Extension lineaire
(résolution = finesse des details)

L

Synthése d’une grande
antenne orientable
par combinaison (phasage)
d’un réseau de petites
antennes fixes




Un nouvel instrument : LOFAR




La station LOFAR de Nangay




Station LOFAR : 2 reseaux phases + electronique

Basses frequences Hautes frequences
(30-80 MHz) (110-250 MHz)
| LNRE o
/ [TT | \
[T 11\ / 5
e o e |
[TT [ 17 +
[T T [T/ (
\ [T /

Sree.,
__________

Lien a 3+ Gbit/sec

( Correélateur : cluster de GPU j







Reseaux phases d’antennes

N\ 7 y

Receiver /

J

NEREERERENEER
Receiving array

@ +At
Combiner Artificial delay Parabolic
Reflector
Output

Pointage électronique Pointage mecanique
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LOFAR : réseau phase + interferometre multi-échelles
déeveloppement 22000 ; exploitation 21/12/2012
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Un radiotelescope Européen
International LOFAR Telescope (ILT)
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Le reseau LOFAR

e Trartements «station» : amplification, numeérisation, filtrage, beam-forming, buffers «transitoires» (TBB)

e (Calculateur central : compensation des délais, corrélation / sommation, étalonnage, trait® scientifiques

Réseau Temps;'éel Ptockage  Temps différé

WAN
e - [

Ot-ne

Stockage
court
terme

) " :'
W
8
S— — '
S e
. 4
'S K4
'S 4

. Calculateur central




Caracteristiques techniques de LOFAR

http://www.lofar.org/

* « Interferometre » de « Réseaux phases » Europeen

e 24 stations «coeur» + |6 distantes + 8 internationales

* Diametre ~100 km (NL) = 1000 km (Europe)
e Aire collectrice ~ 100 000 m? («A?)

« Gamme de fréquences = 30-80 & | 10-250 MHz (A=1.2-10m)
e Modes imagerie + Faisceaux cohérents + Mesures ultrarapides
e Résolution ~ 0.1 " - 10 ", grand champs (~10°)

e Sensibilité < m)y (10-2° Wm-2Hz)

* Resolutions = | msec x | kHz, Polarisation complete

» Elimination des parasites, « optique adaptative » ionosphérique
e Premier spectro-imageur Basses Frequences « generaliste »
o |¢" «pathfinder» de SKA


http://www.astron.nl/radio-observatory/astronomers/lofar-astronomers

La Science de LOFAR

- Radus of the Vaible Uriverse »

0 Wik 1 Secoed 100,000 Years 1 Billian Year 12-1% Bilioa Yean
Age of the Usiverse

e Cosmologie / Reionisation, | eres etoiles (Groningen)

* Surveys profonds, formation stellaire, AGN, amas... (Leiden)

* Transitoires = Sources sporadiques (Amst./Manch./NRAO/Obs. Paris)
* Rayons cosmiques, neutrinos/Lune (Nijmegen)
e Magnetisme galactique (Bonn)

* Physique solaire & spatiale (Potsdam)
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Nebuleuse du Crabe (Taurus A)

Optique/X LOFAR 250 MHz




Raies de recombinaison atomiques
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Pulsar X-radio
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Galaxies
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Galaxies




Radiogalaxie geante

(triplet UGC 09555)




ursauts solaires

50~-556MHz (13:08:00 UT) 40-45MHz (13:08:00 UT) 35MHz (13:08:00 UT)
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Jupiter
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Rayons cosmiques

CR event 1307923194.21 -252.2 ns
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Circles: LOFAR antennas, Pentagons: LORA particle detectors, size denotes signal strength
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L'aube cosmique
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premiéeres sources
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Frequency (MHz)

Etoiles eruptives et exoplanetes

(b) Stokes V
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Le futur : SKA, le réseau d’| km?
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SQUARE KILOMETRE ARRAY

Exploring the Universe with the world’s largest radio telescope



SKA Phase 1

2 sites (Afrique du Sud, Australie);
3 telescopes; 1 Observatoire
Frequences : 50 MHz — 14 GHz

Co(t visé: 650 M€
Construction: 2018 — 2023
Début exploit. Sci.: 2020
SKA Phase 2: 2023 - 2030

% ,OO dipoles BF, AUS

Exploring the Universe with the world's largest radio telescope




SKA Phase 1

Précurseurs:

LN,

® Embrace (Nangay) ' \ " H, “”n‘\ll,\l |{ 'l ‘ 'l. ll “T'I"" “ll!'ll;.'l‘]ll,n'N'(: [ ]

J’Jj‘ i

I.‘ H”‘l]

e MeerKAT (Afrique du Sud) JJ
e ASKAP (Australie)

| '.‘ |‘

Exploring the Universe with the world's largest radio telescope




Astrobiology (“The Cradle of Life”)

— Project Scientist: Tyler Bourke

—  Working Group Chair: Melvin Hoare
Galaxy Evolution — Continuum

— Project Scientist. Jeff Wagg

—  Working Group Chairs: Nick Seymour & Isabella
Prandoni

Cosmic Magnetism
— Project Scientist: Jimi Green

—  Working Group Chairs: Melanie Johnston-Hollitt &
Federica Govoni

Cosmology
— Project Scientist: Jeff Wagg
—  Working Group Chair: Roy Maartens

Epoch of Reionisation & the Cosmic Dawn
— Project Scientist: Jeff Wagg

—  Working Group Chair: Leon Koopmans
Galaxy Evolution — HI
— Project Scientist: Jimi Green

—  Working Group Chairs: Lister Staveley-Smith & Tom

Osterloo
Pulsars (“Strong field tests of gravity”)
— Project Scientist: Jimi Green

—  Working Group Chairs: Ben Stappers & Michael Kramer

Transients
— Project Scientist: Tyler Bourke
—  Working Group Chair: Rob Fender

SOUARE KILOMETRE ARRARY

Exploring the Universe with the world’s largest radio telescope



SKA Members =
Australia (Dol) Canada (NRC-Herzberg)
China (MOST) Germany (BMBF)

Italy (INAF) Netherlands (NWO)
New Zealand (MED) South Africa (DST)
Sweden (Chalmers) UK (STFC)

India (Tata/DAE)

* International organization ~ ESO ?

Exploring the Universe with the world's largest radio telescope




L'age des grands
reseaux d’antennes :
le deuxieme age d’or de
la radioastronomie



La radioastronomie en 2005




La radioastronomie en 2010




La radioastronomie en 2015




La radioastronomie en 2020




La fin de I’Histoire ?

1000 GHz - r T T I T
ALMA Single
10 GHz -
+4— SKA
(2015)
1 GHz
™ GMRT
100 MHz (current)

10M

Imas  10mas 0.l asec 1 asec 10asec 100 asec 17 arcmin 3 deg



Pendant ce temps,
au-dessus de nos tétes



Radioastronomie Spatiale

Cassini
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Etude des magnetospheres planetaires




GoniPolarimétrie spatiale @ Saturne
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Mission Juno @ Jupiter
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Capture
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Interferometrie radio TBF dans 'espace
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clectron number density (em™=3)

Un grand reseau d’antennes sur la Lune !
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(GGrand finale :
les « chants du cosmos »



Saturne
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A sulvre



