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Beyond Detection: How Cross-Correlation Functions Can Reveal Exoplanetary Atmospheric Dynamics
Cross-correlation functions are crucial for analysing exoplanet atmospheres and identifying species, particularly for ultra-hot Jupiters (UHJs) like KELT-9b. 
Primary results produce measurements of the systemic velocity (v!"!) of the host star and semi-major amplitude (𝐾#) of the planet. However, these often differ 
between detections and from values obtained through other methods. We argue that this difference is because signals can originate from different 
atmospheric regions, with different kinematic profiles. With careful parameterisation, they can be used to explore the dynamics of a planet's atmosphere.

What we did…

Using data from 13 high-
resolution transit observations of 
KELT-9b, we detected 32 
distinct species with varying 
velocity parameters. 

With each detection we 
parameterize the transit signal 
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where,

𝐴 = 𝐴' + 𝐴( sin 2𝜋𝜙

𝐴( measures changes in 
absorption strength during 
transit. We find dependencies 
on the transit strength from 
different CCFs.

For the egress phase of the 
transit, we observe a significant 
increase in variability, 
suggesting that we are probing 
the expanded atmosphere of 
KELT-9b for certain species. This 
can potentially lead to a broader 
range of semi-major amplitude 
values.
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• The UHJ hotspot is 
blocked by the 
planet.

• The transit begins 
with a stronger 
contribution from 
the morning 
terminator.

• The absorption 
contributions will 
shift to favour the 
evening side as the 
hotspot becomes 
visible.

• The UHJ hotspot 
has now come into 
view.

• The absorption 
signal shows a 
growing influence 
from the evening 
terminator.

• The atmosphere will 
begin to appear 
more inflated as the 
hotspot rotates into 
view.

• The transit radius 
covers a significant 
portion of the 
hotspot.

• The atmosphere is 
inflated, yielding a 
broader distribution 
of 𝐾!	values.

• The morning 
terminator 
contributes a strong 
blue shift shift in the 
overall signal.

Larger 𝐾! range for 
signals stronger at the 
second half of the 
transit

Potential reduction in 𝐾!  
over the course of the 
transit, due to deep 
atmospheric layers 
becoming inflated

A larger 
fraction of 
detections 
appear to be 
redshifted 
relative to the 
the measured 
systemic 
velocity. This 
is likely driven 
by the 
geometric 
asymmetry of 
the planet.
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