Do you want to detect exoplanet atmospheric signals?

Don't forget to clean up your spectra!
Check out the best detrending method for you!
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and try Astroclimes
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What is the problem? What is the solution?
Signals from exoplanet atmospheres are much weaker Removing the telluric and stellar lines before searching for the
than the telluric and the host star's spectral lines. planetary signal, a process often called "detrending".
Step-by-step detrending process with Astroclimes
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1. Directly modelling telluric lines using algorithms such as our very 0.600 1Bl ' 1.0 Median divided spectra
own Astroclimes [3]. The stellar lines are removed with a master e 0.5
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stellar template defined by the nightly average of the (telluric
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removed) observational spectra (see Figure 1).
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2. Blind detrending using Principal Component Analysis (PCA) [4].

PCA finds common modes over time for each pixel in the spectral

Orbital phase

time series, so the (roughly) stationary telluric and stellar lines are
removed, while the (moving) planetary signal is not. Which .
common modes or features are removed in the spectra is 0.574 " =3
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. Apanetmodetis Then, how is the signal detected?
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190 DS Mo 0 radial velocities and Even after detrending, the signal is still buried under the noise!
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: 7 e [ High resolution cross corre.latlon spectroscopy (HRCCS) [1] can

100 | DifferentK,andV,,  be used to combine the signal from all resolved spectral lines

-~ 150 combinations can o o . f h 1 ' h h h . h
| 2 ' & result in the same originating from the planet's atmosphere, thus strengthening the
0 & , 4 radial velocity, sowe  detection. From the cross-correlation function (CCF), a signal-to-
100 ) create a grid . . . .
: . Bl noise ratio (SNR) can be calculated (Figures 2 and 3). To claim a
TR : ar RS h ("velocity map") to . . |
Figl s Rl R« “ . detection, one typically needs an SINR of at least 4!
. . = The difference between the residuals after detrending with and without an
Leftover telluric signal - . . : . . e .

Injected signal correction was not perfect! 0 ST e 2 s . injected planetary signal should yield precisely the injected planetary signal!

here is 10x Instead of V.., the planet rest Figure 3  Planet rest frame velocities (km/s) ~ Optimal N¢ Injected _

the original frame velocity can be used planetary 4.9
sighal, 10x
the original

But what is the catch? - ,
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Detrending methods often affect the planet signal being studied. In the difference & \ =
case of Astroclimes, part of the signal is removed when dividing by the E : 3
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PCAN, —4 0. So, what is the work presented here?
FCA N, = 5 v . : ..
81 o= poAN. & . We studied how the detection of a model planetary atmospheric signal
2 . PCA N, = 10 - 2 was affected by the two detrending methods with a series of injection
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i 5 0.4 H# —+ * * ? * and recovery tests. The model has H20 only and is the best fit from [s].
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- Nc=3 (see Figure 5).

_3{] e S [ PCA can drastically erode and distort the planetary Signal (See
g 10 ‘ g 20 1 Figures 4 and s5), so it is important to choose the optimal number of
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Figure 5 Injected planet signal multiplier Injected planet signal multiplier * you need to get rid of telluric lines in your data;

x Planet model is scaled by a multiplier to increase signal strength

* you want to know why it is important to better preserve a
planet’s signal albeit at lower SNR;
* you have any questions/criticism/feedback!

Addmonal analysis o

Here, only results from one night and K, = 110 km/s are shown, but the full study has an

Keep an eye out for the paper,
hopefully out soon in RASTI!

extra night and explores the cases K, = 50, 80 km/’s. (Fetzner Keniger et al. 2026)

 For the lower K, values, Astroclimes not only achieves higher SNR, but also retains the
signal better (PCA struggles more because a lower K, means the planet signal does not
move across pixels as much throughout the night).

* Night 2 favours N = 5, highlighting the importance of choosing the optimal number of
PCA components and showing that this number can change from night to night.

* Combining the data from both nights, we do not detect the signal reported in [5].
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