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OBJETIVOS

® Deteccion de planetas extrasolares.

(Primero planetas gigantes, ahora similares a la tierra)

® Evidencia de actividad biologica.

® |dentificar planetas habitables en otros sistemas estelares.
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Detectados

STEPS (Palomar) B years
1000 parcesc @ 10 po

Giround-based .
Micrlensing Surwys i (LG ]

En la actualidad hay 400
exoplanetas detectados,

pero en zonas no habitables
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Planet Detection Methods

Michael Perryman, Rep. Prog Phys., 2000, 63, 1200 {updated Septermber 2003 )
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Deteccion de exoplanetas




Velocimetria Radial
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Astrometria




Fotometria de transito
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Microlensing
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Imagen directa




Busqueda de agua
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Imagen de un punto: PSF
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Relacion de intensidades
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"Interferometric" coronagraphs
Achromatic Interferometric Coronagraph AIC
Common Path AIC CPAIC
Visible Nulling Coronagraph, X & Y shear, 4" order VNC
Pupil Swapping Coronagraph PSC
Pupil Apodization
Conventional Pupil Apodization/ Shaped pupil CPA
Achromatic Pupil Phase Apodization PPA
Phase Induced Amplitude Apodization Coronagraph PIAAC
Phase Induced Zonal Zernike Apodization PIZZA
Improvement on the Lyot concept
Apodized Pupil Lyot Coronagraph APLC
Multistep APLC APLC1, APLC2, APLCS...
Band Limited, 4" order BL4
Band Limited, 8" order BL8
Phase mask PM
4 quadrant 4QPM
Achromatic Phase Knife Coronagraph APKC
Optical Vortex Coronagraph, topological charge m OVCm
Angular Groove Phase Mask Coronagraph AGPMC
Optical Differenciation Coronagraph OoDC
(External Occulter)
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Interfero-coronografo

Collimated input li ght

Wavefronts

Two images of the companion
and no light from the central source

T rotation of the image and
& dephasing of the image




Apodizadores de pupila

first focus (same as ideal PSF)
| — — —second focus, no ccculter
second focus, with occulter

ntensity

Qutput Amplitude Relative to Input
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Pupil—Plane Radius in fraction of Aperture working angle in units of &/'D




Ocultador externo

o L. translation

elescope, diameter d
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On-—axis source




Coronografo

! Bernard Lyot, 1939, at Pic du Midi
French Astronomer
Inventor of the Coronagraph
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Coronografo

Image i1s made (top) Pupil is resmaged (top)
And occulted (bottom) And parually blocked (bottom)

The Final mage after
Telescope Pupil Coronagraph has only
Evenly [Hluminated 1.5% of the original
Starlight,

Lyot Stop
Occulting Spot
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Phase-quadrant

Optical Vortex Coronagraph,

Band Limited, 4th, 8th order

Optical Differentiation
Coronagraph
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Diferenciacion y Transformada de Fourier

df (x)
dx

f(x)= F(u)-e*™du

= _[:(Zyziu) F (uwe*”""™*du
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Caso real:

Imperfecciones instrumento

Imperfecciones mascara




Mascaras de Diferenciacion

Complex amplitude
transmittance
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Radial distance (4/D)
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Inciso sobre Funciones de Hermite

Polinomios de Hermite

Funciones de Hermite

Funciones propias

para la TF

MC, {11}_MH V) +—=M (x,v) =

J:

Mascara Derivada Segunda como comb. lineal de Funciones de Hermite



Diferentes procedimientos de binarizacion
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Simulador Estrella-Planeta

| Beam Spiitter

NEUTRAL DENSITY '

Optical path compensator
Plate holder

STAR GENERATOR
Secondary
Beam Splitter star path

Main star path




A — TOWARDS STAR

GENERATOR Simulador Telescopio CaHa

SPHE 1 (collimator)
SLM, PUPIL




Simulador + Coronografo

2500mm
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Solucion en el espacio

SEE-COAST: The Super-Earth Explorer. ESA

(Sp)ace (I)nfrared Telescope for
(C)osmology and (A)strophysics

g Terrestrial Planet Finder Coronagraph. NASA
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HR 8799

MRCHIA { TORS | KIECHK:

HR 8799 es una estrella en la constelacion de Pegaso de magnitud +5,96 que
se encuentra a 129 arios luz del Sistema Solar. En 2008 se anuncio el
descubrimiento de tres planetas en su Orbita, siendo el primer sistema

planetario maltiple del que se ha obtenido una imagen directa.

S o

HR 8799 d 10+3 My 24 UA 36.500 dias 12+0,1R

HR 8799 ¢ 10+3 My 38 UA 69.000 dias 12+0,1R
HR 8799 b 7 (-2/+4) My 68 UA 170.000 dias 11+0,1R
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