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High-Resolution Spectrosco
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High-Resolution Spectrosco

Orbiting exoplanet
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The Cross-Correlation Technique
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WASP-76b Iron Signal

Ehrenreich+ (2020) — VLT/ESPRESSO
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Liquid iron rain spotted on super-
heated exoplanet WASP-76b
000HO00

SPACE 11 March 2020

iron 1 .
g surface as liqut

Scientists identify rain of molten iron on
distant exoplanet Good luck pitching a tent on exoplanet WASP-
76b, the bloody raindrops here are made out of

molten iron

Raining irooooon, from a lacerated sky

Conditions on Wasp-76b in Pisces include temperatures of 2,400C
and 10,000mph winds

HOT IN HERE Toxic 2,400C ‘hell planet’  rederik pegq, -
Wasp-76b that rains liquid iron found - Molten iron rain falls through the skies of
and it would vaporise you instantly scorching-hot exoplanet
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WASP-76b Iron Signal

Ehrenreich+ (2020) — VLT/ESPRESSO
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How do 3D effects* influence the iron
absorption signal of ultra-hot Jupiters in
transmission?

* Spatial variations in temperature, chemistry, wind speed,
scale height, irradiation, etc.
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3D Monte-Carlo Radiative Transfer

Global Circulation Model
(SP ARC /MITgcm) Showman+ 2009 (Ap))
\ 4

(o] VRO Tg oW at-Te IEVH\ WM Adapted from
LLCS GG (O )l Leet 2017, 2019 (MNRAS)

Transmission spectra
Cross-Correlation map
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Equatorial plane
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Equatorial plane Equatorial plane
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Time-Dependent Spectra
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Time-Dependent Spectra
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e Spatial distribution of iron e Line position
e 3D temperature structure e Line shape
e Atmospheric dynamics e Line depth

e Planetary rotation (time-dependent)
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Trailing equator Trailing pole Leading pole Leading equator Full limb (observable)
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Nightside temperatures

on leading limb

Modification 1 Modification 2

log(VMR)

Iron removed from
leading limb
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Intermediate temperature on
Nightside temperatures

leading limb (1800K)

on leading limb + uniform iron abundances
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Modification 1 Modification 2 Modification 3 Modification 4
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Full limb (observable)
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From Cross-Correlation to K -V, . Ma
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From Cross-Correlation to K -V, . Map
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From Cross-Correlation to K -V, . Map
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Summary & Conclusion

* Interpreting high-resolution spectra of ultra-hot Jupiters requires
models that can account for 3D effects

* The iron signal of WASP-76b suggests a strong chemical or
thermal asymmetry between the trailing and leading limb

* The cross-correlation and K-V, maps of the full limb can be
decomposed into contributions from different limb sectors

ESO Atmospheres Conference | 27 August 2021 | joost.wardenier@physics.ox.ac.uk



Phase angle (deg)

Phase angle (deg)

Weak drag Weak drag Weak drag

(nominal, GCM) (modification 1) (modifica

tion 2)

Weak drag
(modification 3)

Weak drag
(modification 4)

No drag w/o
TiO + VO

LN

1

i\
\

(020Z) +Yyd124uaiayy

-20 -10

RV (km/s)

1
v
0

50 -10 0
RV (km/s)

ESO Atmospheres Conference | 27 August 2021 | joost.wardenier@physics.ox.ac.uk

800

600

-400

200

o

r—200

—-400

—600

—800

Residual Amplitude (ppm)




