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Giant planets found so far, Planetscope targets
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in a future space mission
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The Earth at 10 pc

Plot: Kasting, Traub et al. 2009 (Astro2010 WP).          Zodi: Kuchner 2009.
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Planetscope could measure colors of gas giants

Solar system planetsy p
have colors that label 
them by type.
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Blue (0.4-0.6 μm),    Green (0.6-0.8 μm),     Red (0.8-1.0 μm)

Planet spectra
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Example exoplanets
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Over 400 are known.
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Visible and Far‐infrared Earth Spectra

Refs.:  (left) Woolf et al. 2002;      (right) Kaltenegger et al. 2007, and Christensen & Pearl 1997
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Brightness of Earth at 10 pc, in photons

Thermal Infrared Visible
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Thermal Infrared Visible

Ref.: DesMarais et al., 2002



Species SNRs for an 8‐m telescope, 6 day integrationp p y g

Ref.: M. Postman et al. 2009, ATLAST study.
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Characterizing Earths:  Transits
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Three Geometries

Secondary Eclipse

Direct
Imaging

Primary Transit

Imaging
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Transit Geometry

z
h is the effective 

height of an opaque
t hT( z, λ) atmosphere:

h(λ) = ∫ (1-T) dz( ) ( )

So
R(λ) = R + h(λ)R(λ) = R0 + h(λ)

Note: The scale height is
H ~ 1/R0 

i ll f S E thi.e., smaller for Super-Earths.
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Ray‐by‐ray spectra, visible & near‐infrared

Short wavelength range of 
transmission spectrum.

Note:
- strong O3 bands at 0.3 & 0.6 um,
- weak H2O bands in visible, 
- strong Rayleigh in blue,
-low transmission below 10 km.

Enric Palle et al. showed
an observed spectrum from a 
l li b t ith dditi llunar eclipse, but with additional
dimer features.
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Visible & near‐infrared segment

Ref.:  Kaltenegger & Traub 2009 14KISS Exoplanet Workshop



1‐transit SNRs for the nearest star

Most likely transits, in each sub-
spectral type, will be at 10-20 pc,

so 100 times fainter, 
& 10 times smaller SNR

where SNR = N1/2(total)*2hRp/R2
s

Ref.:  Kaltenegger & Traub 2009
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Results & Examples
SNR(sec)/SNR(pri)

Earth, G star, visible 1/500 primary best
Earth M star visible 1/50 primary bestEarth, M star, visible 1/50 primary best
Hot Jupiter, G star, vis. 1 both OK

Earth, G star, infrared 1/2000 primary best
fEarth, M star, infrared 40 secondary best

Hot Jupiter, G star, IR 200 secondary best

So, in the visible, for Earth around a G or M dwarf, the primary transit is best;
likewise in the infrared for Earth around a G star.

So for these cases, the small SNR values for primary transits are the best we can do.

Super Earths will be similar. 
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Planetscope: A Coronagraph 
ll l fon a Balloon Platform
or on the ISS
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Contrast Limit vs. Float Altitude
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Contrast & known RV exoplanets vs angle

1.0E-05

1.0E-04
“Dome Seeing” Contribution:
C(1 sec) assumes night best 
(rms = 1 nm) but only 0.1 nm of 
this 
going to speckles in the range 
IWA OWA ith 0 9 i t

1.0E-07
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IWA-OWA, with 0.9 nm going to 
piston and tilt.

C(1 hr) assumes above reduced 
by (1 sec / 1 hr)1/2 , i.e., this is 
the uncertainty in the average
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Exoplanets
Kolmogorov
on Karman

C = π(2πσ/Nλ)2

f λ/1000

C (1 sec)
the uncertainty in the average 
background speckle level.
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von Karman
Hill-Andrews

for σ = λ/1000
& σ = λ/10000

& N = 60C (1 hr)
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kl t t
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IWA-OWA = 2-30 λ/D
for 550 nm & 2.5 m

speckle contrast

Expected PSF from
coronagraph

Expected dome-seeing
contrast uncertainty 

in 1 hour
10 Nov. 2009

P. Chen & 
W. Traub, 2009
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• Giant planets are accessible with a coronagraph on a 

og
ra
m balloon platform or on the ISS, with a 1-3 m telescope.

C l d l l ti t f ibl f
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both cases.

Ex
pl
or
a

• Terrestrial planets will need a larger (3-8 m) telescope.
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Thank you!
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