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High-Resolution Spectroscopy
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High-Resolution Spectroscopy

Sources of  Doppler shift:

• Systemic velocity

• Orbital velocity

• Planetary rotation

• Winds

Planetary rest frame
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The Cross-Correlation Technique
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WASP-76b Iron Signal

(in planetary rest frame)

(signal verified by Kesseli & Snellen 2021 with HARPS)

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



Frederik Peeters
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WASP-76b Iron Signal

(in planetary rest frame)
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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
x 105

Global Circulation Model 
(SPARC/MITgcm) 

Monte-Carlo Radiative
Transfer (hires-MCRT)

Transmission spectra

Adapted from
Lee+ 2017, 2019 (MNRAS)

Showman+ 2009 (ApJ)

Cross-Correlation map
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Time-Dependent Spectra

– +
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● Spatial distribution of  iron
● 3D temperature structure
● Atmospheric dynamics
● Planetary rotation 

● Line position
● Line shape
● Line depth
(time-dependent)

Time-Dependent Spectra

– +
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τdrag = 105 s

τdrag = 104 s
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Nightside temperatures 
on leading limb 

Iron removed from 
leading limb
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Nightside temperatures 
on leading limb 

Nightside temperatures on 
leading limb
+ uniform iron abundances 

Intermediate temperature on 
leading limb (1800K) 
+ uniform iron abundances

Iron removed from 
leading limb
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Decreasing asymmetry between trailing and leading limb
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(all weak drag)
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(all weak drag)
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From Cross-Correlation to Kp-Vsys Map
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From Cross-Correlation to Kp-Vsys Map

See Bibi Prinoth’s talk for further details 
about the CCF à Kp-Vsys mapping
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From Cross-Correlation to Kp-Vsys Map

See Bibi Prinoth’s talk for further details 
about the CCF à Kp-Vsys mapping
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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 Kp–Vsys maps of  the full limb can be 
decomposed into contributions from different limb sectors 
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