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Transparencia de la atmoésfera

Radio Microwave infrared uv X-18y'3 Gamma Rays
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Transparencia de la atmoésfera

Radio Microwave = | LV 18y Gamma Rays
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Antenas y Casualidad

En 1931 Karl Jansky
detecta emision en
radio (interferencias)
de origen cosmico

12:00 noon
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Antenas y Casualidad

En torno a 1940, Grote Reber
construye la primera antena
parabolica y el primer mapa
en radio del cielo.
Frecuencia: 3300-900 MHz

Center of
our galaxy




Wavelength

Sxv**2 —cuerpo negro
Sov**(-0.7) -sincrotron

1000 10000
Frequency/MHz




Antenas y Casualidad
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VLBA Antenna located at Fort Davis, TX

The colored beam illustrates how the radio signal from the
source is reflected from the dish to the subreflector and into
the feed horn of the receiver,
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El mapa del cielo de G. Reber

Imagen de Cygnus A tomada
con un telescopio éptico
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El mapa del cielo de G. Reber

,
e
- "
.
b 3
.
LI N & &/ 4 “
*a b A
L ‘. » Ly 3 x x
- i . R
- ’ A 1R . T
“ - + P AL 02
; Y L 8
£ = X
, : : . R e .
a"‘ . i . § Sl TR
"
- ‘.
.

Center of

our galaxy

Imagen del centro de la Galaxia
tomada con un telescopio 6ptico




El mapa del cielo de G. Reber

Center of

our galaxy




Resolucion / Difraccion

Los astronomos opticos no dieron importancia a los
descubrimientos de Reber. La resolucion era muy baja.

A =10em oot (radio)
A D=5m
Resolucion=
D % =500nm

R=0.04" (optico)

D =2.4m



Resolucion / Difraccion
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En el rango de radio, la resolucion viene limitada por
el fenomeno de difraccion (limite de difraccion)
En el rango optico, la resolucion viene limitada por
irregularidades de la atmosfera




Resolucion / Difraccion

Los astronomos opticos no dieron importancia a los
descubrimientos de Reber. La resolucion era muy baja.

A =10em o _ o (radio)
A D=5m
Resolucion=
D =
A =9500nm R=1" (6ptico)

D =2.4m



Radiotelescopios del mundo...

Al -

‘Nobeyama |




How to improve your resolution?

Resolution= —_—




wavelengths

sub-mm

Pico Veleta, 30 m




increasing D: the size matters (?)

Green Bank (USA) --100x110m-- Effelsberg (Germany) --100m--




increasing D: the size matters (?)




increasing D: the size matters (?)







Resolucion / Difraccion

Los astronomos opticos no dieron importancia a los
descubrimientos de Reber. La resolucion era muy baja.

A =3.6cm
D =100 m

R=74" (radio)

Resolucion=

A =9500nm R=0.04" (6ptico)

D =2.4m



INTERFEROMETRIA
en busca de un aumento en resolucion

Young's Double Slit Experiment

Light Coherent

- aser .
Propagation Intensi
Direction Light ty

- _v
i Barrier with
Destructive .
Interference Double Slits

Constructive
Screen Interference

Figure 4 Intensity Distribution of Fringes




Radiotelescopios del mundo...
Westerbork




VLA (Very Large Array):

Conjunto de 27 antenas

individuales con 25m de
diametro cada una.

Situacion: Socorro, Nuevo
México, EE.UU., a una
altitud de 2100m.

Esta red de telescopios
puede alcanzar una
resolucion angular
equivalente a la de un
unico radiotelescopio de
36km de diametro.

Imagenes: NRAO (Socorro)

VLA, Socorro, EE.UU.



Contact

P B¢ ACaSowy Anand “Winndng Dirocor of Toomst Comp” and ity I “Winsing Avthor of “Conta”™

JODIE FOSTER
MATTHEW McCONAUGHEY

Amhhq&

Who wil be the Bt o gt

A Koy 3 the deart of the wwne,
T ..-‘.v1.\< RATSe I

Director: Robert Zemeckis
Protagonista: Jodie Foster
Guion segun la novela homénima de Carl Sagan ®



Interferometria: simil éptico

e Tenemos un telescopio: ; es posible tener
una buena imagen incluso con una
mascara que cubra el objetivo?

¢ ;,Como cambia la calidad con el numero
de agujeros?

e Prueba
e Elegir una imagen representativa

e Anadir agujeros a una mascara

e Empezar con dos agujeros y duplicar en cada
paso






Simil 6pt|co

2,4 8,16, 32, 64, 128, 256, 512,

Duplicamos en n° de agujeros en cada paso
1024



INTERFEROMETRIA CONEXA

Very Large Array (VLA)
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Interferometria intercontinental

30-XI-2010

o Very-

Long-

Baseline
Interferometry

(VLB

e Reso
100x

)

ucion

HST

37



INTERFEROMETRIA
Formacién de Imagenes

EUROPEAN

v

NETWORK




jYa podemos realizar imagenes en radio y
comparar con el éptico!



Nobel 1974 radioastronomia
(sintesis de apertura y pulsares)

e Ryle por sus
descubrimientos en
radioastronomia, en
particular, el principio de

Sir Martin Ryle sintesis de apertura
(1918-1984) filizad
Univ. Cambridge, R.U. utiliiZado €en

interferometria

e Hewish por su papel en el
descubrimiento de los
pulsares (su estudiante
de doctorado Jocelyn

Antony Hewish Bell, fue la verdadera

= (n. 1924) :
,Univ. Cambridge, R.U. deSCUbI"IdOra)




Nobel 1974: radioastronomia
(smtesns de apertura y pulsares)

e Ryle por sus
descubrimientos en
radioastronomia, en
particular, el principio de
sintesis de apertura
utilizado en
interferometria

e Hewish por su papel en el
descubrimiento de los
pulsares (su estudiante
de doctorado Jocelyn
Bell, fue la verdadera
descubridora)

nmsi

www.nmsl.ac.uk



Jupiter: radio
(21 cm)

Jupiter: visible




Radio

Visible







El Centro Galactico

radio




Cygnus A




Radioemision — CO, 5GHz

a) M31: Luz visible
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Emision de gas ionizado

Orion Nebula Mosaic HST - WFPC2

PRC95-45a « ST Scl OPO - November 20, 1995
C. R. O'Dell and S. K. Wong (Rice University), NASA

Nebulosa de Oridon




25/10/13

Bremsstrahlung (radiacion libre-libre)

Nebulosa Roseta

49
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Wavelength

1000
Frequency/MHz

Sxv**2 —cuerpo negro
Sav**(-0.7) -sincrotron

Cas A, SgrA y Cyg A, tienen el mismo
tipo de emision: radiacién sincrotréon

Radiacion sincrotron: ocurre en
presencia de electrones y campos
magnéticos.



Radiacion sincrotron

Radiacion Campo
sincrotron  magnético

electron




Radiacion de frenado

Se emiten ondas EM

J

El electron “se frena” cuando pasa cerca de un protén.



Emision de gas ionizado

Stromgren Sphere
H II region = 10mzed hydrogen
il T=10,000 K

H I= atomic hydrogen
T~100K

Picture courtesy of
Allision Machovec at
http://home.cc.umanito
ba.ca/~ummachov/inde
X.html




Algunas frecuencias importantes...




Linea de 21cm (1.4 GHz)
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Estado superior: espin del
proton y el electron alineadoos
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Stellar Light Distribulion 21 HI Distribulion

29




Linea de 21cm — otras galaxias

NGC 2409

NGC 7331 NGC 2841

m

- E e, .
1c 2874 : 2 s
A
AT
’ g
k NGC 7783 A
w3 o
7 " B
» NOC 2000
o
Y NGC 6346 .
NGC 4736 M4

NGC 3184

NGC 4826 Ms4)

-
= z
8
-3




Science with new radio interferometers

ALMA, SKA

“Prediction is very difficult, especially about the future”.
— Niels Bohr



ALMA: Llano de Chajnantor, Chile

Atacama Large Millimetre Array



+ At least 50x12m Antennas

+ Frequency range 30-1000
GHz (0.3-10mm)

4 + 16km max baseline (<10mas)
+ ALMA Compact Array (4x12m

and 12x7m)

less than 24 hours of observation
2. Map dust emission and gas kinematics in protoplanetary disks

3. Provide high fidelity imaging in the (sub)millimeter at 0.1
arcsec resolution




MA: Llano de Chajnantor, Chile

Atacama Large Millimetre Array




ALMA: Llano de Chajnantor, Chile




Inner Structure of an Active Galaxy

; 0.1 lightyears : Shock

N

Relativistic Jet \

| | | | L
Supermassive Black Hole ' l

Accretion Disk

Opaque Torus
{Inner Regions)




1.0

0.5

0.5

electron positron

-2.0

-0.5

1.0

log{rho/rho_m)

|

2.0

2.5



_______ .

-2.0 -0.5 1.0

log{rho/rhe_m)

HELICAL MAGNETIC FIELD

SHOCK/SUPERLUMINAL KNOT
/RADIO-'*/ RAY

, , PR
L . . e 5 ) -
5 A o .
of S ' . - R ’ '
; : .
- . - ’
. o L .~ . . Ml . 1 e "
ve . . 4
' . ~ ' '
) - . -
) e "0 e « ' '
' e A " - . 3 P Y .
'

RADIO —

UV, OPTICAL
o ot o o o o o o
R = = S S = S
|| | l l | | l







u".

Inner core _ Station G




¢ 1000 -1500 antennas x15m in 5km
®1000 -1500 antennas x15m up to 3000 km
1200 -1SQ2FOV
' 0.1” - 0.001” resolution

¢ SKA1 = 10% collecting area, 70 Mhz - 3 GHz , 350 M€, 2016 -2019

¢ SKA2= 100% collecting area, 70MHz -10 GHz, ~1100 M€, 2018 -2023
e SKA3 High frequencies: 2 25 GHz. No defined dates

e $2 billion total cost



Frequency range > two decades:
Combination of different types of antennas

Can observe towards several

' ~ directions simultaneously

\ -".‘3\.. (XY ‘ '\ ‘\ '-'.1',"\-\\ Y ’l\ A ‘,::‘ Aperture Array
> \ ' 70-450 MHz
\- . = Baselines 100 km

-
=L iy 2016 -2019

SKA1

single pixel feed
450 MHz - 3GHz
baselines 100 km



Advanced Instrumentation Program = AIP

Enhancing FOV

+ focal
plane array |
S el

’ . OC DERRrw Agenry Phs Ben

dense 200 - 500 MHz

aperture 200 deg? = £ g
array 2018 - 2023

SKA2



Preparatory Phase:
e Establishment of a legal entity for the SKA Organisation
e Selection of the SKA site: Australia vs South Africa
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SITE DECISSION

Square Kilometre Array Board has decided joint operation between Australia,

South Africa
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ALMA /| SKA

SKA is a sur've?/ instrument. ALMA is more adequate
to detailed follow-up (limited FoV).

Complementary frequency range:

SKA: 0.1-25 GHz

ALMA: 30-950

Similar resolution:

SKA: 1 mas (25GHz, 3000km baseline)

ALMA: Bbmas (950GHz)

Both are sensitive different emission processes.
ALMA (in essence) : elements heavier than H
SKA (in essence too): HI -- 21cm

Both far in the South...



SKA KSP (Proyectos clave)

Detectar el hidrégeno neutro HI en las fases
iniciales del Universo, cuando las primeras
estrellas y galaxias aparecieron —"época de
reionizacion”

Localizar 1000 millones de galaxias via su emision
HI y medir su distribucién en el espacio —"energia

oscura”

Origen y evolucion de los campos magneticos

cosmicos —"El universo magnético”

Medidas del timing de pulsares. Deteccion de
ondas gravitatorias

Formacion de plansias — imagenes de huecos
en los discos protoplanetarios del tamano de la
Tierra. SETI




1- Probing the Dark Ages

COSMIC HISTORY OF THE UNIVERSE
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The Universe filled
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1- Probing the Dark Ages (neutral medium)

COSMIC HISTORY OF THE UNIVERSE SKA (< 200MHz)
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Salvaterra et al. MNRAS (2005)

o
3

SKA / LOFAR

arcmin

(anti)correlacion

0
arcmin arcmin

Figure 2. Top panels: maps of CMB temperature fluctuations, (87 /7T )cmp, due to patchy reionization for the S5 (left panel) and L20 (right panel) models.
The maps measure ~9.25 arcmin on a side. Lower panels: maps of differential antenna temperature, (57 /7 )21 ¢cm, from 21-cm line emission for the S5 (left
panel) and L20 (right panel) models, at observed frequencies (redshift) v ~ 115 MHz (z &~ 11) and v &~ 90 MHz (z & 14.5), respectively. The maps have been
derived assuming a bandwidth Av = | MHz, and measure ~9.25 arcmin on a side.



2- Galaxy Evolution, Cosmology and Dark
Energy

e Localizar 1000 millones de galaxias via
su emision HI y medir su distribucion en
el espacio -"energia oscura”

e La formacidn estelar parece alcanzar un
pico a z=2




2- Galaxy Evolution, Cosmology and Dark Energy

*Galaxy assembly, steadily,from smaller to larger systems.
-Star formation seems to reach a peak at z ~ 2

Relation between these two processes?

-SKA role:
- measurement of HI (basic ingredient)
- estimate of star formation rate

‘ALMA:
- measurement of the mass of molecular gas; CO trans.

- powerful tracer of star forming galaxies out fo z ~ 3 (and
starbusts to z~10)



2- Galaxy Evolution, Cosmology and Dark

*Galaxy assembly, s’read!’l:'yr,]ﬁ'gg\ysmaller to larger systems.
-Star formation seems to reach a peak at z ~ 2

Relation

*SKA role: s A T SMA
- measurement of H iz
- estimate of star f«
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- measurement of t
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3- Strong-field tests of General
Relativity

SKA will observe pulsars - black hole binaries, allowing
precise tests of strong-field general relativity and
measurement of black hole spin

ALMA (as the key element of a sensitive mm-VLBI array)
will image the event horizon around the nearest
supermassive black holes (Sgr A* and M87). Measurement
of the black hole spin.
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5. The cradle of life

e Formacion de planetas — imagenes de
huecos en los discos protoplanetarios del
tamano de la Tierra. SETI

l. Initial Disk ll. Gap Formation
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Complements
ALMA

Complementary to
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rFrotoplanetary disks witn
ALMA

Orion Trapezium Birth of planets

HST+SMA

« Mo ML = L OAMEERES M
* Orbital radius: 5AU at 50pc distance

* Disk mass = circumstellar disk around the
Butterfly Star in Taurus

ALMA 850 GHz

AU Wolf

'r’



Discos protoplanetarios

7

VLA + Pie Town 43GHz Simulation
HL Tau b: a very young planet? (Greaves, Richards et al. 2008)




Protoplanetary disks ALMA / SKA

* Both arrays can resolve protoplanetary discs around the
nearest stars

+ Expect to detect gaps caused by Jupiter-mass planets

* May also be able to see heated dust associated with
forming giant planets

+ Which frequency to use depends on the distribution of
grain sizes: we know that debris discs radiate at Imm; we
also know that HL Tau b is clearly visible at 1cm.



Astrobiology / prebiotic molecules
ALMA:

- Prime instrument to probe of molecules in interstellar
clouds (high spatial resolution, short-wavelengths).

SKA:

- These (or other) molecules have been already detected
by their low-energy transitions (longer wavelengths).

- Example: glycolaldehyde (CH:2OHCHO), detected by the
GBT from observations of transitions frequencies from
13 to 22 GHZz).



Conclusions

* ALMA is coming shortly and it will be a huge improvement
in sensitivity, resolution, and frequency coverage.

*SKA and ALMA are complementary (although SKA will need
high frequency and high resolution)

‘Importance of SKA Pathfinders (ASKAP / MeerKAT). They
will be running well before the complete SKA.



SKA dedicara tiempo a busquedas tipo SETI,
pero...



...no, no haremos esto
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(Some) slides taken from other talks by Eduardo
Ros, Michael Kramer, Lourdes Verdes, Leonardo
Testi, John Monnier, SKA and ALMA web pages.




