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Exoplanet characterization
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Reminder: types of spectra
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Atmospheres:
transmission spectroscopy

Observe:

Spectrum during transit, spectrum out of transit
Subtract or divide spectra by each other.
Relative measurement, no absolute flux measurement.

But spectral lines corresponding to absorbers in the
planet’'s atmosphere will be deeper.
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Atmospheres:

transmission spectroscopy
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Atmospheric escape (evaporation)

Hot planets with gaseous atmospheres: can they
evaporate?

Calculation example: Jeans escape.



Atmospheric escape (evaporation

Exosphere

170 km
160km & Thermosphere
150 km
140 km
130 km
120 km
110 km
100 km

90 km

80 km

70 km
Mesosphere

(o))
=
o
3

50 km
40 km
30 km Stratosphere
20 km

10 km o i

(Celsius) —» _1p0 -50 500/1500

L s




Atmospheric escape (evaporation)

Fast escaping
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Atmospheric escape (evaporation)
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Atmospheric escape (evaporation)

Lyman series (ultraviolet)

Ground State: n =1 Balmer series (visible)

1st Excited State: n= 2

2nd Excited State: n=3
Paschen series (infared)
3rd Excited State: n=4

Hydrogen Lyman-alpha line:
1216 Angstrom (121.6 nm), UV



Observe hydrogen (Ly-a)?

Ly-alpha photon

star planet interstellar (not to scale:) geocorona,
medium Hubble space telescope



Atmospheric escape (evaporation)

Apollo UV image of earth: geocorona
Hubble orbit (height ca. 500 km) within geocorona



Atmospheric escape (evaporation)

What should a hydrogen Ly-alpha transit of a planet
look like?

- stellar line profile

- absorption by planet

- absorption by ISM (hydrogen and deuterium)
- emission of geocorona

- instrumental profile of telescope



Atmospheric escape (evaporation)

Stellar line (take Sun as

example): SUMER/SOHO Hydrogen Lya Profiles
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Atmospheric escape (evaporation)

ISM absorption:
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Atmospheric escape (evaporation)

geocoronal Ly-alpha line
(narrow):

erg &

-

= T ST

S e T T - sy s e e T

Sankrit et al. 1999




Atmospheric escape (evaporation)

Hydrogen Ly-alpha transit of Hot Jupiter HD 209458
(Vidal-Madjar et al. 2003):
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Atmospheric escape (evaporation)
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Atmospheric escape (evaporatlon)
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Enter: metastable He 10830 line

Hel10830 photon

star planet interstellar (not to scale:) geocorona,
medium ground-based telescope



Enter: metastable He 10830 line

wrong state!

wrong state!

Hel10830 photon

star planet interstellar (not to scale:) geocorona,
medium ground-based telescope
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Atmospheres:
transmission spectroscopy

Measures excess absorption compared to a spectrally
flat ("grey”) transit that reduces the flux by the same
fraction everywhere in the spectrum.
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