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Spitzer:

Secondary eclipse photometry
hot Jupiters
a hot Neptune
hot Earths?

Occultation spectroscopy

G. Laughlin & J. Cho



Transiting Planet Science

@ndary Ec@

See thermal radiation from
planet disappear and
reappear

\
Learn about:
®Global structure
Primary Eclipse ®Atmospheres
Measure size of transiting planet, ® Eccentricity &
see radiation from star transmitted Obliquity

through the planet’'s atmosphere

Courtesy Lori Allen



Atmosphere Follow-up

Three different and complementary kinds of o _
atmosphere measurements are possible with i ynnette Cook
transiting planets. [Seager et al. 2005]

» Transit [R/R.]* ~ 102
— Transit radius -> density

» 1) Emission spectra T /T.{(R,/R.)* ~103
— Emitting atmosphere T~1
— Temperature and VT

« 2) Transmission spectra atm/R.? ~10-4
— Upper atmosphere
— Exosphere (0.05-0.15)

- 3) Scattered light spectra p[R /a]*~10~°

— Albedo, phase curve
— Scattering atmosphere
— (Polarization)




Secondary Eclipse
Thermal Emission 1
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Spitzer enables direct "B it
detection of IR light from d
the planets
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eclipse depth ~
(Rp/ Rstar)z(Tp/ Tstar)

Time (hours)

yl e I d S T Y 1 1 OO K Planetary Eclipses = Spitzer Space Telescope ¢ IRAC » MIPS

NASA / JPL-Caltech / D. Charbonneau [Harvard-Smithsonian CfA) ssc2005-09a

D. Deming (Gaddard Space Flight Center)
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Barman et al. (in prep)

¢ no redistribution _
= complete redistribution :
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Barman: circulation is aér;iﬁ-depe
(stronger below ~ 0.1 bar)
predicts H & K fluxes below the blue curve



Flux (baseline un

HD 149026 b
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Gl 436 b transit geometry
primary transit

(to scale) <
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a
* top down view

9.

orbital positions
®, spaced by 38 min

secondary eclipse

‘to maintaine =
view from Earth o

G Laughlin



Can Spitzer detect thermal emission from
a super-Earth?

GJ 876d vs. 209458b
d= 5 pc d =47 pc
T~800K  T~1200K
R~0.1Rj] R=1.35R;j

* Fluxes will be comparable..

-

But no eclipse



Spitzer spectra of two
hot Jupiters:

Richardson et al. Nature 445, 892
Grillmair et al. ApdJ 658, L115
Swain et al. astro-ph/0702593

Observe spectru

But... we actually qgrivée

suthawawelesgthadeppdt

secondary eclipse a
Observe stellar sﬁectrum




Spitzer/IRS observations of
HD 209458b:

2 eclipses, 6-hours each; 7/2005
60-sec exposures; 280/eclipse
telescope nod at center of eclipse
MAAN ~ 100

S/N in combined light:
~100 per pixel per spectrum
—pp S/N ~ 100 sqrt(280)/sqrt(2)
~ 1200 star+planet
~ 4 on planet...!
photon-limited
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Candidate explanations
for lack of water absorption:

-Planct{sjhave nc-watlei—

Masked by high clouds g
Temperature gradient g‘
perturbation <
Water is seen in absorption s 1

Wavelength (microns)

during transit

Water Signatures in Exoplanet HD189733b Spitzer Space Telescope * IRAC
NASA / JPL-Caltech / G, Tinetti (Institute d'Astrophysique de Paris) s55¢2007-12a

Instrumental systematics?
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Summary:

Spitzer secondary eclipse
photometry attains
high S/N, so we can....

measure broad-band spectra of hot Jupiters
- learn about their composition, circulation
extend the Spitzer measurements to:
- hot Neptunes
- hot super-Earths
exploit eclipses to do spectroscopy (A/AA ~ 100)
- emission features in HD 209458b
- we do not see water absorption from 7 to 8 um
- some inconsistencies remain
Many more Spitzer observations are underway in GO-4



