Background

In order for us to measure precise velocities and their variability in POET
solar observations, we are developing a new line-by-line (LBL) code,
which differentiates from previous ones by using a template-free
approach. The code wraps around ARES [5] to, through a Gaussian fit,
calculate the center of the spectral lines, base on a fixed list of ~4400
well-characterized solar spectral lines that we previously computed. It
later obtains the RVs using the classical Doppler formula.

Hi! My name is Carmen, and | am a 2nd year PhD student at IA
involved with the PoET telescope, working on stellar activity and
its impact on the detection of Earth twins using the RV method.

If you have any questions | will be around during the conference,
or you can contact me at Carmen.SanNicolas@astro.up.pt

Line-by-line code’

We computed the per-line RV errors based on the flux errors [6]:

in every point of the line ;.

With the first and second derivative of the flux we calculated the

orv = ()

where dF'/d)\ is the derivative of the flux respect to the wavelength, o r;
is the error of the flux at a given point, and o, is the error of the velocity
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windows around the center of the lines to compute the errors:

Then, an iterative 2-sigma clipping is performed on both the errors and
the standard deviation of the RVs to exclude outliers. Lastly, by
weighting each line based on its sensitivity to stellar activity, the code
combines them into a single optimized RV per observation.

This method enables the creation of ultra-precise RV time series,
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1st panel: Spectrum of one observation with the center of the spectral lines
marked in dashed lines, and the window limiting the region of the spectral
line in purple.

2nd panel: First derivative of the flux respect to the wavelength to determine

the extremes of the window of the spectral lines based on dF'/d\ = 0.
3rd panel: Second derivative of the flux respect to the wavelength, to
confirm the extremes of the line based on d*F/d)\* < 0.

essential for detecting Earth-like exoplanets.
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Results: Application to HD102365

The code has been tested so far with the nearby Sun-like star HD 102365
(G2V) PZ], which is know for hosting a Neptune-like planet [8]. We used 527
ESPRESSO o’:servations, spanning from January 2019 to March 2023, with
a mean SNR of 267.

We computed the RV time-series and compared our results with the
values derived using the official ESPRESSO pipeline (based on the CCF
method). ’ . .
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Our LBL values (binned by night):

Standard deviation of RVs: 1.637 m/s
Average RV error bar: 5.453 cm/s
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https://www.iastro.pt/ia/newStaffDetails.html?ID=77
https://www.iastro.pt/ia/newStaffDetails.html?ID=228
https://www.iastro.pt/ia/newStaffDetails.html?ID=404

