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Sunlight travel time:

Distances

8 min 140 hours 4 years 50 - 3000 years

Edge of the 
solar system

Proxima 
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Most known 
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So how can we learn something about the winds on these planets?
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Steinrueck et al. 2019
Arcangeli et al. 2019
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Wyttenbach et al.: Detection of sodium in the atmosphere of HD 189733b with HARPS

Fig. 8. Fit of a range of ⌘ models to the HARPS transmission spectra of HD 189733b. The data and the models are binned by 20⇥
(panel a), 5⇥ (panel b) and 2⇥ (panels c and d). Models correspond to those described in Table 5. Some additional models (2100 K,
2600 K, 3100 K, the hottest in panels a and b) and the continuum level (in red), which correspond to the altitudes of a haze layer
deck, are also shown for comparison. Our analysis shows that the atmosphere of HD 189733b is non-isothermal.

Table 5. Choice of the wavelength ranges for the atmospheric model fits, number of Na i lines FWHM encompassed in the wave-
length ranges, corresponding altitudes, and fitted temperatures. We centered the wavelength ranges at the center of each sodium line
in the planet rest frame taking into account the observed blueshift.

Model Atmospheres Wavelength Ranges [Å] # Na i D’s FWHM Corresponding Altitude [km] Fitted Temperature [K]
Model 0 5870.00–5882.22 – 0 1 140

5903.24–5916.00
Model 1 5882.22–5889.22 2–14 1 500±1 500 1 630±70
(Wing0shoulders) 5890.26–5895.20

5896.24–5903.24
Model 2a (D1 core) 5895.20–5895.46 1–2 2 700±800 1 700±320

5895.98–5896.24
Model 2b (D2 core) 5889.22–5889.48 1–2 3 800±900 2 170±320

5890.00–5900.26
Model 3a (D1 core) 5895.46–5895.67 0.2–1 5 100±3 100 2 220±340

5895.77–5895.98
Model 3b (D2 core) 5889.48–5889.69 0.2–1 7 900±5 500 3 220±270

5889.79–5890.00
Model 4a (D1 core) 5895.67–5895.77 6 0.2 9 800±2 800 2 600±600
Model 4b (D2 core) 5889.69–5889.79 6 0.2 12 700±2 600 3 270±330

The presence of haze in the HD 189733b atmosphere has
been previously deduced from low-resolution spectra covering
much broader spectral regions than the one considered here (e.g.
in Lecavelier Des Etangs et al. 2008a; Pont et al. 2013). Rayleigh
scattering by hazes dominates the transmission spectrum in the
optical, only allowing the narrow core of the sodium lines to
be observed at high spectral resolution. This is indeed what we
observe in our data.

As described in Sect. 3.1, we compute di↵erent absorption
depths �(��) for di↵erent passbands (summary in Table 3 and 4).
The absorption depth increases for narrow cores passbands. This
shows that most of the signal we measure originates in the nar-
row line cores ( 1Å), even if a small portion of the absorption
comes from a broader component. Actually, a Gaussian fitted
to each lines yields a full width at half maximum (FWHM) of
0.52 ± 0.08 Å (see Fig. 2). A comparison to the resolution ele-
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SINGIN’ IN THE IRON RAIN

AN EVENING ON WASP-76B
F. Peeters
Ehrenreich et al. 2020
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Summary

•We cannot directly translate the methods we use in 
the Solar System to exoplanets due to the distance 

•We can use studies of reflected light in wide 
wavelength bands (phase curves) to create wind 
surface maps in the lower atmosphere 

•We can use the transmission spectrum of resolved 
spectral lines (like sodium) to probe higher up in the 
atmosphere 

•For Jupiter-like exoplanets, we have found zonal 
winds, such as equatorial jets, in the lower 
atmosphere and vertical, expanding winds in the 
intermediate atmosphere

Danke/Merci


