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ABSTRACT

Context. Characterizing the relation between stellar photometric variability and radial velocity (RV) jitter can help us to better under-
stand the physics behind these phenomena. The current and upcoming high precision photometric surveys such as TESS, CHEOPS,
and PLATO will provide the community with thousands of new exoplanet candidates. As a consequence, the presence of such a corre-
lation is crucial in selecting the targets with the lowest RV jitter for efficient RV follow-up of exoplanetary candidates. Studies of this
type are also crucial to design optimized observational strategies to mitigate RV jitter when searching for Earth-mass exoplanets.
Aims. Our goal is to assess the correlation between high-precision photometric variability measurements and high-precision RV jitter
over different time scales.

Methods. We analyze 171 G, K, and M stars with available TESS high precision photometric time-series and HARPS precise RVs.
We derived the stellar parameters for the stars in our sample and measured the RV jitter and photometric variability. We also estimated
chromospheric Ca II H & K activity indicator log (R}, ), v sin i, and the stellar rotational period. Finally, we evaluate how different
stellar parameters and an RV sampling subset can have an impact on the potential correlations.

Results. We find a varying correlation between the photometric variability and RV jitter as function of time intervals between the
TESS photometric observation and HARPS RV. As the time intervals of the observations considered for the analysis increases, the
correlation value and significance becomes smaller and weaker, to the point that it becomes negligible. We also find that for stars with
a photometric variability above 6.5 ppt the correlation is significantly stronger. We show that such a result can be due to the transition
between the spot-dominated and the faculae-dominated regime. We quantified the correlations and updated the relationship between
chromospheric Ca Il H & K activity indicator log (R};.) and RV jitter.

Key words. techniques: spectroscopic — planets and satellites: detection — techniques: radial velocities — techniques: photometric —

stars: activity

1. Introduction

Detecting and accurately characterizing low-mass exoplanets is
a challenge for observational astronomy. Besides instrumental
limitations, one of the main remaining obstacles is the intrin-
sic stellar variability, often called “jitter” in the exoplanet’s
field. The two main detection methods, radial velocity (RV) and
transit photometry, struggle with the impact of stellar activity
induced signal (e.g., Oshagh 2018), which is generated by active
regions, such as spots and plages, associated to strong magnetic
fields. The presence of active regions on a rotating star not only

*Based on observations collected at the La Silla Observatory,
ESO(Chile), with the HARPS spectrograph at the 3.6-m telescope. See
the acknowledgements for the list of specific programs.

Article published by EDP Sciences

generates RV jitter but also induces photometric modulations in
transit observations (e.g., Czesla et al. 2009; Oshagh 2018).

Stellar activity can both mimic RV planetary signals (similar
to planetary signals) and hide a real planetary signal by adding
significant stellar activity induced signal. (e.g., Saar et al. 1998;
Dumusque et al. 2011a,b; Queloz et al. 2001; Santos et al. 2002,
2010, 2014; Boisse et al. 2011a; Diaz et al. 2016). Moreover, it
can degrade the precision of the planetary parameters derived
through RV (e.g., Cloutier et al. 2018; Fischer et al. 2016) or
transit measurements (Czesla et al. 2009; Oshagh et al. 2013a,b,
2015; Barros et al. 2014).

Huélamo et al. (2008) and Figueira et al. (2010) demonstrated
that the stellar spots can even reproduce the RV variations as
high as those produced by giant planets on short orbits. Addi-
tionally, Robertson et al. (2014) showed that the activity can
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masquerade as a planet located inside the habitable zone of
M dwarfs.

It has further been shown that the stellar photometric vari-
ability is correlated with the RV jitter (e.g., Aigrain et al.
2012; Bastien et al. 2014; Oshagh et al. 2017). Defining such
relations as precisely as possible is crucial in optimizing the
telescope time invested in the RV follow-up of upcoming plane-
tary candidates from ongoing and upcoming missions such as
TESS (Ricker et al. 2014a) and PLATO (Rauer et al. 2014)
with high-resolution spectrographs, such as HARPS (Mayor
et al. 2003) and ESPRESSO (Pepe et al. 2014). Several stud-
ies have attempted to assess this potential correlation. Bastien
et al. (2014) compared the variability in Kepler light-curves and
the root-mean-square (RMS) of RV time series of twelve G and
K stars. They did not find any strong correlation between the
RV-RMS and the amplitude of photometric variability. Instead,
they found a correlation between the number of significant peaks
in the Lomb-Scargle periodograms of the light-curves and the
RMS of stellar RV.

Later, Cegla et al. (2014) studied a sample of 900 stars using
GALEX (Martin et al. 2005) and Kepler surveys (Borucki et al.
2010). They estimated the chromospheric activity index of each
target using the UV flux measured by GALEX (Findeisen et al.
2011) and used it to calculate the RV jitter by using empirical
relations reported in several studies (Santos et al. 2000; Wright
2005; Saar et al. 2003). For magnetically quiet stars, they found
a strong correlation between photometric variability and the esti-
mated RV jitter. They also evaluated the correlation between
RV jitter and Fg' (Bastien et al. 2013) and additionally with the
number of zero crossings (X0) in photometric observation. They
found that the correlation between RV jitter and Fg is sensitive
to the effective temperature of the stars.

Oshagh et al. (2017) performed an intensive study on a sam-
ple of nine stars with different levels of activity. They obtained
simultaneous K2 photometric light-curves and HARPS RV mea-
surements. From these observations the photometric variability,
Fg, RV jitter, spectroscopic activity indicators BIS, FWHM, and
log (Ry;) were derived. The authors found that a strong correla-
tion exists between RV jitter and photometric variation for highly
active stars (log (Ry;) = —4.66). Moreover they found that for
highly active stars strong correlations exist between RV jitter
and variability of activity indicators, such as BIS, FWHM, and
log (R{;). The authors pointed out that all of these correlations
become weaker for stars with low-amplitude photometric varia-
tions and for slowly-rotating stars. The same study also showed
that even though Fg has a strong correlation with the RV jitter,
it does not display a strong correlation with rotationally-induced
photometric variability. They also confirmed the evidence of the
two spot-dominated and plage-dominated regimes presented in
several other studies (Lockwood et al. 1997; Radick et al. 1998,;
Shapiro et al. 2016).

Recently, Tayar et al. (2019) investigated the relationship
between stellar properties (such as logg, temperatures, and
metallicities) and convective granulation using Fg. They used
a large sample of dwarfs, subgiants and red giants (2465 stars
in total) observed by Kepler and APOGEE surveys. With their
study, they updated the relationship between convective gran-
ulation and stellar properties. Using the empirical Flicker-jitter
relations presented by Bastien et al. (2014); Oshagh et al. (2017),
they predicted the granulation-driven RV jitter amplitudes for a
sample of stars observed by TESS.

' Fg is the RMS of photometric light-curve on timescale shorter than
8 hr, and has been shown to also correlate strongly with the stellar log g.
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The main objective of the current study is to extend
these studies to explore, in unprecedented detail, the existence
of correlations between RV jitter and photometric variabil-
ity measurements. This study is performed for 171 G, K and
M dwarfs observed with the high-resolution and stable spectro-
graph HARPS and with the TESS mission, which both provide
some of the best RV and photometric precision available.

This paper is organized as following: we explain the target
selection and data reduction in Sect. 2. The derivation of stel-
lar parameters is described in Sect. 3. In Sect. 4, we analyze
the correlation between RV jitter and photometric peak-to-peak
variation. The application of our obtained result on TESS planet
candidate host stars is presented in Sect. 6 by identifying the
potential targets which will have the lowest RV jitter based on
their light curve photometric variability. Finally, conclusions are
drawn in Sect. 7.

2. Target selection and data reduction
2.1. Target selection

We selected our targets by applying the following criteria: (a)
Cross matching the stars in the HARPS archive with those
observed by TESS during its first year (covering 13 observa-
tion sectors in the Southern Ecliptic Hemisphere)?. All targets
have their RV and photometric observations publicly available
in the ESO archive and Mikulski Archive for Space Telescopes
(MAST)?3, respectively. (b) Selecting only the stars with RV mea-
surements taken after the fiber change of HARPS on June 2015
(Lo Curto et al. 2015) to avoid offset in RV measurements and
to make the RV measurements as homogeneous as possible*.
(c) Removing the targets with known exoplanets to eliminate
RV variations due to the known companions®. (d) Selecting stars
with measurements on at least 5 nights over a minimum period
of one week®. This criterion aims at producing a minimum sam-
pling of the rotation modulation of G, K and M dwarfs (Nielsen
et al. 2013; Reinhold & Hekker 2020).

A total of 171 stars satisfy all of the above criteria. They are
all listed in Table. C.1. In Fig. 1, we illustrated the TESS obser-
vation windows (sectors) and RV measurement epochs of each
target.

2.2. Light curve: TESS

We obtained the light-curves of all 171 stars from MAST. MAST
contains simple aperture photometry (SAP_flux; Morris et al.
2017) as well as presearch data conditioning (PDCSAP_flux).
Most of the targets (96%) were observed in only one TESS
sector. For stars with light-curves in two or more consecutive
sectors, we merged all available light-curves. We used quality-
flag’ as suggested by the TESS Data Product review, also
recently used and tested in Vida et al. (2019). We used SAP_flux
which optimizes the aperture for the best signal-to-noise for the
each target (Bryson et al. 2017) and also the calibrated pixels in

2 https://tess.mit.edu/observations/

3 https://archive.stsci.edu

4 Including the data before the fiber change would add few points per
star and one free parameter, the offset between the two, which brings
only a little gain.

5 https://exoplanetarchive.ipac.caltech.edu exoplanet.
eu

6 We have applied this criteria on the reduced final RV measurements
which we explained in Sect. 2.3.

7 101010111111: https://outerspace.stsci.edu/display/
TESS/2.0+-+Data+Product+Overview
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Fig. 1. Total RV measurements and TESS observation windows. The green points show the RV measurements dates. Blue dash and red vertical
lines show the TESS observations and sectors, respectively. The name of each star is presented in Table. C.1 using index number in y-axis.

order to perform a summation of the flux. The SAP light curves
provided by the TESS pipeline are also background corrected.
We removed outlier flux points using a sigmaclipping of three
standard deviations and smoothed the fluxes using Savitzky-
Golay filter within 15 data point windows (~30min) to reduce
the effect of the short-time scale photometric variability. Since
we are interested in variability at stellar rotation timescales, this
smoothing does not affect our results. We then normalized the
flux by the median flux values. We derived the ratio between
the peak-to-peak of light curve variability of SAP_flux and the
peak-to-peak of light curve variability of PDCSAP_flux. If this
ratio was larger than 3.0, we checked the light curves visually
to ensure if there was any evidence for systematic errors in

SAP_flux. For more than 90% of the stars, we used SAP_flux,
and for the rest we assumed that the light-curves are domi-
nated by systematic errors therefore we used PDCSAP_FLUX.
In Fig. 2, you can see a sample of reduced light curve in one
sector for one star.

2.3. HARPS RVs

For the 171 stars selected in Sect. 2 we collected the avail-
able HARPS data through ESO archive®. The data were reduced
using the official HARPS pipeline (DRS), that delivers the RV

8 https://www.eso.org/sci/observing/phase3/data_
streams.html
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Fig. 2. Example of light curve of GJ3440 during one TESS sector (blue
points) and the red lines presenting the peak-to-peak of light curve.

and full width at half maximum (FWHM) measured on each
Cross-Correlation Function (CCF). We determined the signifi-
cant outliers of the RV time-series by applying a sigmaclipping
of three standard deviations, and removed the few measurements
that show an RV error larger than 9 ms™! as an admittedly arbi-
trary value. This threshold was set for being significantly larger
than the median RV error (~0.80 ms™!) for the whole sample.
After the nightly binning of the data, in total, over 3971 spectra
were collected and 81 RV measurements (~2%) were removed
based on the previous outlier and photon noise criteria. For
each star, we subtracted the mean value of the RV from the RV
measurements. Moreover, we corrected for linear long term RV
trends using a linear fit for 27 stars of our sample’. This linear
trend removal was done to ensure eliminating the signal from any
possible unknown long period companions around our targets. It
is worth mentioning that unknown planets on short orbits could
also affect our RV-RMS measurements, however, if undiscov-
ered and passing the previous vetting criteria, it means that they
must be low mass planets and induce low RV semi-amplitude,
and thus they do not affect our study significantly. In Fig. 3, we
present an example of final RV time-series of one star as well
as its associated RV-RMS measurement. Minimum, maximum,
and the average of the time spans of the RV observations are
~7 days, ~3 yr, and 1.5 yr, respectively. The histogram of the RV
time spans is presented in Fig. B.4.

2.4. Subsamples

The HARPS measurement are not contemporaneous with TESS
observations. Since stellar activity patterns are expected to
evolve with time, we divided our whole sample into 4 subsam-
ples as a function of time lag between TESS and HARPS. For
the first subsample we considered only the stars with RVs mea-
sured up to one year prior to the TESS observations, hereafter
named as “year 1”. The second subsample contains the stars that
have RV measurements in a time interval from one year to two

® GJ 3440, HD 021175, HD 107094, HD 1388, HD 16548, HD 185283,
HD 19230, HD 19641, HD200133, HD202917, HD 205536,
HD 207129, HD?211415, HD?213042, HD 218860, HD 221638,
HD 222335, HD 28471, HD 3074A, HD 40397, HD 42936, HD 6107,
HD 76849, HD 88218, HD 89839, HD 94771, HD 96700.
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Fig. 3. Example of RV measurements for GJ 1061 (blue dots), and the
red lines presenting the + RV-RMS values.

years before TESS observations, hereafter named as “year 2”;
the same criteria were used to create the third and the fourth sub-
samples hereafter named as “year 3” and “year 4”, respectively.
Thus, it is important to emphasize that we divided all the RV
measurements into four subsamples, and some stars are present
in more than one subsample. According to our criteria for divid-
ing the whole RV measurements into the four subsamples, few
stars were not categorized in any of these four subsamples, and
are only considered in the whole sample. Despite the ability for
a star to appear in multiple subsamples, the RV-RMS for a star
in a given subsample only uses the RVs taken during that sub-
sample’s time-frame. The samples in which targets are present is
listed in Table. C.1; stars which are used only in whole sample
are labeled as “w”.

3. Stellar parameters

Accurate stellar parameters are necessary for the characteriza-
tion of exoplanets and their hosts (Mayor et al. 2004; Fischer &
Valenti 2005; Reffert et al. 2015; Adibekyan et al. 2018). Stellar
parameters rule the physics behind the generation of stellar activ-
ity regions, and are thus of interest in this analysis. Therefore, we
derived the main spectroscopic stellar parameters: effective tem-
perature (Teg), metallicity ([Fe/H]), surface gravity (logg) and
stellar rotation rate for the stars in our sample. The stellar param-
eters for G and K dwarfs are determined with the procedure
described in Sousa (2014). For the M dwarfs in the sample, we
used a modified version of the method and software developed
by Neves et al. (2014)'°.

Figure 4 presents the Hertzsprung-Russell diagram (HR), for
the stars in our sample on which we over-plotted the samples
that were used in the two similar previous studies (Oshagh et al.
2017; Bastien et al. 2014). Our sample size is one order of magni-
tude larger than the previous studies, and covers a wider range of
effective temperatures for G and K dwarfs; however, the number
of M-dwarfs in our sample is relatively small.

3.1. Chromospheric activity indicator log (R;,) and v sin i

We derived values for the S-index of each star to evaluate the
chromospheric magnetic activity level and its evolution. We used

10 http://www.astro.up.pt/resources/mcal/Site/MCAL.html
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Fig. 4. HR diagram for the sample of stars used in this work.
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Fig. 5. Histogram of mean log(R};) for the sample of stars used in this
work. Red, gold and blue correspond to the spectral type of the star, M,
G and K respectively.

the open source package ACTIN'' (Gomes da Silva et al. 2018)
to calculate the S ¢, index (Vaughan et al. 1978; Duncan et al.
1991) homogeneously for all individual spectra following the
instructions in (Gomes da Silva et al. 2011; Hojjatpanah et al.
2019, and references therein). We then calibrated S ¢, to the Mt.
Wilson scale using open source package pyrhk'? and calculated
the R}, chromospheric emission ratio as defined in Noyes et al.
(1984).

For each star we created a log(Ry;) time-series and cal-
culated the mean and peak-to-peak of variation of log (Rj)
to evaluate the variation of chromospheric activity during the
observation span. In Fig. 5 we present the distribution of mean
log (R};) as a function of spectral types. This figure shows
that the majority of our stars are magnetically relativity simi-
lar to the solar average value of log (Rj;,) ~ —4.90 (Mamajek &
Hillenbrand 2008), which is a consequence of a bias in the target
selection of stars for precise RV searches with HARPS.

' https://pypi.org/project/actin/, https://github.com/
gomesdasilva/ACTIN
12 https://github.com/gomesdasilva/pyrhk

It has been demonstrated that the RV jitter depends strongly
on the projected rotational velocity (vsini) (e.g., Saar &
Donahue 1997; Desort et al. 2007; Boisse et al. 2011b; Korhonen
et al. 2015). Thus, we expect that v sin i should be one of the
influential parameters in this investigation. Therefore, we esti-
mated v sin i of all our stars based on the measured FWHM
of the CCF. We used the procedure described in Santos et al.
(2002); Maldonado et al. (2017); Hojjatpanah et al. (2019) and
references therein.

3.2. Stellar rotation period

Photometric contrast differences associated to magnetic features
(e.g., dark spots and bright faculae) generate traceable signatures
of stellar rotation periods on light curves.

We analyze the presence of a periodic modulation signal
from stellar rotation on the TESS photometric time-series using
the gradient of the power spectra (GPS; see Shapiro et al. 2020;
Amazo-Gémez et al. 2020). We successfully recover the rota-
tion period for 71 out of 171 stars of the sample. We report the
estimated rotation period from the GPS method in Table. C.1.
The rotation period from GPS is determined from the enhanced
profile of the high-frequency tail of the power spectrum. In par-
ticular, we identify the point where the gradient of the power
spectrum GPS in log-log scale reaches its maximum value.
Such a point corresponds to the high frequency inflection point
(HFIP), that is, where the concavity of the power spectrum plot-
ted in the log—log scale changes sign. The position of inflection
point is related to the rotation period of star by the calibration
factor asy,, for Sun-like stars.

For the calculations presented in this project we adopt
a solar-like calibration factor agy, =20 = 0.158 = 0.014, and
2 sigma uncertainty (for more details see Shapiro et al. 2020;
Amazo-Gomez et al. 2020).

We also estimated the faculae to spot ratio for 29 of
the 71 stars. Following Shapiro et al. (2020); Amazo-Gémez
et al. (2020), the light curve is faculae dominated when the
ratio between HFIP and the independent rotation period ranges
between [0.11 and 0.16], and spot is dominated when the value
falls between [0.16 and 1.24].

4. Correlation between RV jitter and photometric
peak-to-peak

4.1. Correlation as a function of time

In Fig. 6 we present the RV-RMS versus peak-to-peak of the
photometric time series for the four different subsamples. To
evaluate the possible influence of stellar rotation velocity and
its magnetic activity level variation, we code these variables into
marker color and size.

In order to evaluate the strength of the correlation between
RV-RMS and peak-to-peak of light curve, we derived two corre-
lation coefficients. We used the Pearson’s correlation coefficient
(ppe) that evaluates the presence of a linear relationship between
data pairs, as well as Spearman’s correlation coefficient (ogp)
that, working on ranked data, assesses the presence of a mono-
tonic relationship. Both correlation coefficients were derived
using the code described in Figueira et al. (2016) which uses the
Bayesian framework to evaluate the significance of the presence
of a correlation.

In each panel of Fig. 6 we also report the value of the pp.
correlation coefficient and its posterior distribution. For data
obtained within year 1 time span, we obtained the correlation
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Fig. 6. RV-RMS versus photometric variability (peak-to-peak of light curve) for the year 1 (a), year 2 (b), year 3 (c) and year 4 (d) RV measure-
ments sampling. Color bars present the peak-to-peak variation of log(R};, ) during the whole HARPS observations and the size-scale presents the
estimation of the average v sin i derived from the CCF FWHM described in Sect. 3.1. The calculated value of correlation coefficient py, and its

posterior distribution is presented in each panel.

Table 1. Result for Pearson’s correlation coefficient (o,.) and Spearman’s rank-order correlation (o) coefficient on ranked data, (Figueira et al.
2016) with p: correlation coefficient and its standard deviation and 95% highest posterior density (HPD) Credible Interval.

Time interval with TESS P 95% Sample size
Ppe Psp Ppe Psp
Year 1 0.989 +0.005 0.550 + 0.133 [0.979 0.996] [0.287 0.791] 24
Year 2 0.848 £ 0.033 0.394 £ 0.099 [0.7820.908] [0.196 0.578] 70
Year 3 0.520 £ 0.071 0.286 + 0.087 [0.384 0.656] [0.120 0.456] 104
Year 4 0.331 £0.109 0.265 +0.113  [0.111 0.531] [0.043 0.486] 63
Whole sample 0.812 £ 0.026  0.444 + 0.061 [0.764 0.862] [0.319 0.555] 171

coefficient ppe = 0.989 + 0.005 (ps, = 0.550 + 0.133) for the
correlation between photometric variability and RV jitter. As
the time lag between RV measurement and TESS observation
increases (subsample year 2, year 3 and year 4), the correlation
becomes less strong and less significant. In the Table. 1, we pre-
sented the values of the p,. and ps, (Figueira et al. 2016). We
also calculated the standard deviation and 95% Highest Poste-
rior Density (HPD) Credible Interval as described in Figueira
et al. (2016) for the both pp. and pg, values. As can be read
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on Table 1 and Fig. 6, the correlation coefficients decrease to
Ppe =0.848 + 0.033 (pgp = 0.394 £ 0.099) for year 2 data, down to
p =0.520 = 0.071 (ps, = 0.286 + 0.087) and pp,. = 0.331 + 0.109
(psp = 0.256 +0.113) for year 3 and year 4 data, respectively. ppe
is always larger than pg, because of the extreme values in the
subsets.

Therefore, our result shows that a correlation exists and
decreases significantly when the time interval between the RV
observations and photometric observation increases. This can
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Fig. 7. Correlation between RV-RMS and peak-to-peak of light curve
variation using the all years RV sampling (whole sample). Size of
the points indicate the v sin i and color represent and peak-to-peak of
log (Ry;) within the RV measurements. The points above 6 ppt have
larger marker sizes and they filled up more space, thus this might cause
difficulties in clearly recognizing the double law feature.

be interpreted as a consequence of the magnetic activity cycles
which lead to departure from periodic variability to a quasi-
periodic variability, and thus result in weakening the correlation
over time. This has an impact on the predictive ability of using
one dataset to estimate the other: since several studies aimed at
estimating the RV jitter using photometric measurements (e.g.,
Oshagh et al. 2017; Bastien et al. 2014), here we note that such
a prediction after more than 2 yr of photometric observation can
be imprecise since the correlation between RV jitter and peak-
to-peak light curve variability decreases (ope ~ 0.8 at year 2 to
Ppe ~ 0.5 at year 3).

4.2. Overall correlation using the whole sample

The overall correlation between RV-RMS and peak-to-peak of
light curve for the whole sample within the whole 4 yr is pre-
sented in Fig. 7. The correlation is significant; The mean value
of ppe is 0.812 + 0.026 and that of pg, is 0.444 + 0.061. In
this comparison it is important to mention that while the RV
jitter is derived using relatively long-term observations (see
Fig. B.4), the photometric peak-to-peak is measured during
TESS observations, of roughly one month.

Functional form of the dependence. Careful inspection of
the shape of the RV-RMS vs. peak-to-peak photometry depen-
dence in Fig. 7 (see also Fig. 6, especially the year 2 subplot),
shows hints of a double behavior, a region where the dependence
is weak or plateau (peak-to-peak of light curve variation <6 ppt)
and a region where the dependence is steeper, being associated
to a stronger correlation coefficient (peak-to-peak of light curve
variation >6 ppt).

Here we aim to examine different functional forms that can
properly describe the whole sample (Fig. 7) and individual sub-
samples (Fig. 6). To test this, we decided to fit RV jitter and
photometric peak-to-peak variability using two types of func-
tional models, a) a power law function and b) piecewise power
law function (which is composed of two power law functions
with a knee). We used Markov-chain Monte Carlo (MCMC)
sampling using the library emcee (Foreman-Mackey et al. 2013)
to perform the fit and obtain the uncertainties of the fitted
parameters; for details refer to Appendix A. The best fits are
overplotted in Fig. 8 for year 2 which is closest subsampling
group to the TESS observations with fairly sufficient number of
data points. The best fits are also overplotted in Fig. 9 for the all
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Fig. 8. Year 2 sample with single power law function fit (fop plot) and
a piecewise function with two power law function fit (bottom plot); In
both panels the best fit indicated with the MAP.

RV sampling. All fitted parameters are reported in the Table. A.1.
The best fit indicated with the maximum a posteriori (MAP).

We compare the best fitted models using RMS of the resid-
ual (RMS,;) and Bayesian information criterion (BIC). For all
the subsamples and also for the whole sample the BIC values
are similar between two models. However, since the piecewise
function is penalized for the two extra parameters, BIC values
for the single power law function has lower BIC than piecewise
function, which suggests that the single power law function as
a better model, but with a low significant evidence. We consid-
ered BIC difference to be significant if ABIC > 10 (Liddle 2007;
Arevalo et al. 2017). On the other hand, for the subsample and
also for the whole sample, the fits using piecewise model have
lower RMS,.si, which means it can describe the data more pre-
cisely. For instance for the whole sample (RMS;.5i ~ 0.35 vs.
0.29) for single and piecewise model, respectively. If we con-
sider the piecewise function as the best model for describing the
data, the knee is located at a value of ~6.5 ppt peak-to-peak of
light curve variation.

5. Correlations with activity level and rotational
period
The large data-set presented here also allows us to explore other

correlations that may be relevant for the estimation of RV jitter
in different stars.
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Fig. 9. Top plot: same with single power law function fit. Bottom plot:
all RV sampling group with two piecewise power law fitting. In both
panels the best fit indicated with the MAP.

5.1. Correlation with log(R),,.)

In the Figs. 10 and 11, we present the mean log (R, ) values
versus RV-RMS and peak-to-peak photometric variability for
the whole sample. We also fitted the power law function and
use MCMC to find the error in order to provide a relationship
between the RV-RMS, peak-to-peak variability and log (Rj;,)
given by:

RVrus o« (Ri)?, a = 1.382%34),. (D)

Our result is compatible with Saar et al. (2003) which reported
a = 1.1 however less compatible with Santos et al. (2000) which
reported a = 0.55. We obtained using the sample of stars in
this project. If we assume that the same functional dependence
exists between the log (R}, ) and peak-to-peak photometric we
can write it as

LCpp o (Riy)”, a = 1.304%3%, )

where LC,, is peak-to-peak of light curve variation.

5.2. Correlation with stellar rotation period

In Top panel in Fig. 12, we present RV-RMS and the peak-to-
peak light curve variation for the subsample of 71 stars with
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measured rotation periods (coded with marker size). The color
bar represents the effective temperature. One can easily notice
that stars with large RV-RMS and a large peak-to-peak photo-
metric variability are mostly fast rotating stars (less than 13 days)
and there is a hint of temperature dependency. Bottom panel
in Fig. 12 shows the same 71 stars but color bar indicates
the rotation period value, and circle size the v sini obtained
spectroscopically, which again confirms the previous result we
found.

In Fig. 13, we present a similar plot to Fig. 12 but this time
for 29 stars where we could identify faculae or spot dominated
patterns using the method described in Sect. 3.2. We found 9
faculae dominated stars (which were also slow rotators as is
expected for faculae dominated stars), and 20 spot-dominated
stars. We show faculae and spot dominated stars in yellow and
black, respectively. In this sample, 20 stars can be classified as
fast rotators (rotation period <15 days), and large fraction of them
(13 out 20) are spot dominated. This result is in strong agree-
ment with Montet et al. (2017), where they reported 15 days as
the threshold in rotation period for separating spot-faculae dom-
inated regimes. Moreover, faculae-dominated stars tend to have
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Fig. 12. RV-RMS and peak-to-peak of light curve variation for the
subsample of 71 stars. Top plot: circle sizes represents the value of rota-
tion period found by GPS method, see Table. C.1. Color bar indicates
the stellar effective temperature. Bottom plot: similar than top panel
but, color bar indicates the rotation period value, and circle size the
v sin i obtained spectroscopically.

low photometric peak-to-peak variability, due to the low contrast
of faculae’s region, and therefore are mostly below the 6.5 ppt
limit. Thus, the 6.5 ppt limit can be also interpreted as the pho-
tometric variability transition between the spot-dominated and
the faculae-dominated regime. However, the sample of 29 stars
is too small to generalize.

6. Application of our result on the TESS planet
candidates’ host stars

It is difficult to define the criteria for the most suitable targets
for RV follow up of transiting planet candidates. In functional
form of the dependence we saw that the dependence of RV jitter
on photometric peak-to-peak variation shows a hint of knee at
6.5 ppt. We use this value as an upper threshold to identify the
targets on the TESS object of interest (TOI) catalog'® with the
lowest RV jitter. We selected TOI catalog targets with publicly
available light curves in the archive. Since we are mostly inter-
ested in the cooler stars, we selected the stars with T.s lower
than 6800 K. Although in our sample we have filtered out the
evolved stars already, we selected the stars with the radius less
than 2.0 Ry, to narrow our analysis and select stars similar to our

3 https://tess.mit.edu/toi-releases/
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determined spectroscopically. Black color indicates spot dominated and
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Fig. 14. Peak-to-peak of light curve versus TESS mag. Color bar shows
the stellar effective temperature and size shows the stellar radius. The
Blue vertical line shows the knee point presented in Fig. 9 in peak-to-
peak light curve variation at 6.5 ppt.

the Sun. In this sample, we used Tes, Reun and TESS magnitudes
as reported in the TIC (Stassun et al. 2018).

We then removed all the flux points within the transit
reported by the TOI catalog. After eliminating the transit light-
curves, we applied the same procedures explained in Sect. 2.2
and estimated the peak-to-peak flux variation for each TOI host
star.

In the Fig. 14, we present the results of the peak-to-peak
variation versus TESS magnitude. Stars with different Ry, val-
ues are denoted by points with different sizes. The color denotes
the effective temperature of the star. The vertical line shows
where we believe a critical knee point in Fig. 9 is. The amplitude
of RV jitter above this limit of photometric variability (6.5 ppt)
can dramatically increase. Forty-three percent of the stars in
this sample have light curve peak-to-peak variations less than
6.5 ppt (279 out of 645 stars). Mean, median, and interquartile
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range of RV-RMS of the stars with photometric peak-to-peak
variability below 6.5 ppt in our sample are 3.62 ms~!, 2.77 ms~!,
and 2.54 ms~!, respectively. We note that in this figure we can
also clearly see a correlation between the TESS magnitude and
peak-to-peak variation as well as T, which can be part of the
instrumental as well as the astrophysical effects. The correlation
of the peak-to-peak light curve variation with star magnitudes
can be explained by the TESS photon noise (see more Fig. 8
in Ricker et al. 2014b). We tested the impact of photon noise
by seeking for any correlation between the RV-RMS and stars’
magnitude, as well as between the photometric peak-to-peak
variation and stars’ magnitude in our sample, and could not find
any significant correlation.

7. Discussion and conclusion

We present a study on the correlation between RV jitter and pho-
tometric variability. We used a sample of 171 starts that have
been observed by both the HARPS spectrograph and TESS space
telescope. We derived the RV-RMS and peak-to-peak of light
curve variability as well as the stellar parameters.

We found a strong correlation between the RV jitter and
photometric flux variability. We divided our sample into four
subsamples in order to investigate the impact of time interval
between RV measurements and light curves. We found that the
correlation becomes weaker as the time lags between the RV
measurements and light curves increase. Within year 1 and year
2, the correlation is strong but the year 3 and year 4 show rela-
tively weaker correlation. We can conclude the maximum time
difference in which the light curve peak-to-peak can be used to
predict the RV jitter is two years. After that the information con-
tent of photometric viability is lost, probably the consequence of
the evolution of the stellar magnetic cycle. This could imply that
majority of these stars with different spectral types should have
a cycle shorter than 6 yr, assuming that half an activity cycle is
sufficient to bring the observables out of phase and diminishes
the correlation (for instance if the RVs were taken at activity
maximum and photometry were obtained at activity minimum
or vice-versa).

We also examined different functional forms which could
represent better the observed correlations. We compare the best
fitted model using RMS,;; and BIC. For the whole sample the
fit of piecewise power law functions, with a knee at 6.5 ppt in
peak-to-peak of light curve variation, describes the data more
precisely with lower RMS,; without considering the cost of the
two extra parameters. We also fitted the two models on the year
1, year 2, year 3, and year 4 subsampling (see Table A.1). The
results show that for the year 2, which is the closest subsampling
group to the TESS observations with fairly sufficient number of
data points as well as a strong correlation, the piecewise power
law also describes the data better than the single power law
with lower RMS,.i, however, the BIC is larger for the piecewise
model because of the two extra parameters in this model. The
correlation between RV-RMS and peak-to-peak of light curve
variability of showed two regions separating with a knee point
where the strength of the correlation changes. This might be
due to the transition from the spot-dominated regime to the
faculae-dominated regime. These two regimes have already
been discussed in several studies (Lockwood et al. 1997; Radick
et al. 1998; Shapiro et al. 2016, 2020; Oshagh et al. 2017)

Meunier & Lagrange (2019) and Meunier et al. (2019) sim-
ulated the RVs and photometric time series and derived the flux
variability as well as the global RV jitter for F to early K stars.
They showed that there is a relationship between the photometric
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variability and RV jitter considering the dependency of stellar
parameters such as rotation period and Tt as well as inclina-
tion. These simulations showed presence of a knee point in the
correlation between photometric variability and RV jitter, how-
ever, the knee point and also the range of values are in a different
domain than our findings. There could be several reason for these
disagreements such as: (a) our observational sample of stars
could have more complex and random spot or faculae than the
ones simulated in Meunier & Lagrange (2019). (b) our obser-
vational RV sample were not simultaneous with the TESS light
curve, while in Meunier & Lagrange (2019) the simulation were
done for simultaneous observations. (c) the observation sample
could have unknown companions which can produce RV vari-
ation in time series. However, the dispersion of the simulations
for RV-RMS and photometric variability (see Fig. 9 in Meunier
& Lagrange 2019) are compatible with the observed dispersion
of the whole sample.

We also found that there is a strong correlation between
the chromospheric activity index (log (Ry;)) and RV jitter and
also with photometric variability, which are both in agreement
with previous studies (Santos et al. 2000; Wright 2005; Saar
et al. 2003; Meunier et al. 2019). Also the observed correlation
between log(Ry;) and peak-to-peak of photometric variation is
compatible to the simulation’s result within the range —5.0 <
log (R;) < —4.6 (see Fig. 5 in Meunier & Lagrange 2019).
We provided an updated version of the relation between
log (R};,) and RV jitter and also with peak-to-peak of light curve
variability.

We were able to estimate the rotation period of 71 stars, out
of 171 stars in our sample, using the TESS light curve. Then
we investigated the effect of this parameter on the correlation
between RV-RMS and peak-to-peak of light curve variability.
Our result demonstrated that slow rotating stars (which are the
ones also we found to be faculae dominated) create lower RV jit-
ter as well as lower peak-to-peak photometric variability, and on
the other hand fast rotating star, P, < 5 day (which are the ones
also we found to be spot dominated) generate much larger RV
jitter and photometric variability.

We have also looked into the correlation of the other param-
eters which might affect the peak-to-peak of light curve vs
RV-RMS correlation such as T.g, [Fe/H] and the number of
nights that the star has been observed in RV. We could not find
any significant trend caused by these parameters on the peak-to-
peak of light curve vs. RV-RMS correlation (Appendix B). We
also examined our results by using just the first sector for the
stars which have more than one TESS sector observations and
we did not see any significant changes in the results. Finally, we
attempted to select the best targets, in terms of the lowest RV
jitter, in TESS Objects of Interest catalog. To do that, we used
our estimated knee point at 6.5 ppt in photometric variability.
We estimated that 42% of the stars in a specific sample of the
TOI catalog have the peak-to-peak photometric variability of less
than 6.5 ppt and, therefore, will have a small amplitude RV jitter
(less than ~3 ms™!) which can be essential for the confirmation
of Earth-mass exoplanets at short orbits around low-mass stars
in TESS objects of interest. (see Table. C.2).
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Appendix A: Correlation and uncertainties
estimation

Table A.1. Maximum a posteriori (MAP) with error for parameters which described in the Egs. (A.1) and (A.2) as well as the Bayesian information
criterion (BIC) and RMS of the residual (RMS,.;) between the model and data for the two models: single power law function and piecewise power

laws functions.

Posterior RMS,csi BIC
Single Piecewise Single Piecewise Single Piecewise
a b X0 Yo kl k2
Year 1 0.825%317 ) 0.038%233, 0.610% 73 0.338%5%%  0.392°83%. 1.450'7%5, 030 025 8.6 143
Year2 — 0.659°2%%. 0.156%04%, 0.718%370. 0.419%3%  0.285053, 1.523'421° 032 028 157 227
Year3  0.374°2%%, 0.185%0%%, 0.733%21  0.343%367, 0.159%3%0, 1.004!>% 029 027 18.1 26.6
Year4 — 0.304%3%, 0.214%048  0.733%473  0.320°2%%, 0.100%0%3, 0.939'62L 033 032 153 231
Whole sample  0.636%17%. 0.238% %7, 0.813%0%¢, 0.548°3% 0.273%3%  1.381'3%, 035 029 283 357

Notes. Prior for b, xy and y is a uniform prior with lower and upper limits (e.g., : for xo: U (min(x), max(x))) and for a, k; and k;, is U(0, 4).

We compare the piecewise two power law function fit and
single power law function fit in the peak-to-peak of pho-
tometric variability and RV jitter correlation plot. We used
Markov-chain Monte Carlo (MCMC) sampling using the library
emcee (Foreman-Mackey et al. 2013) to estimate the uncertain-
ties of the parameters in both models.

For the piecewise function we used

ki IOg 10(x) + Yo — kixo
ko IOg 10(x) + Yo — kaxo

log(x) < xo

log 10(y) = { log(x) > xo

(A1)

which here (10%,10%) is the knee point coordination in the plots.
We also fit a single power law function fit as,
log 10(y) = a log 10(x) + b. (A2)
We derived RMS,si and BIC value in order to compare the

significance of the two models. All best fitted parameters are
presented in Table. A.1.

Appendix B: Correlation with other observable

By having the effective temperature estimated, we investigated
the correlation between T and RV-RMS versus peak-to-peak
photometric variability. In Fig. B.3, we used T for the color
bar. We cannot confirm a significant dependency of the plots on
Tefr.

We also inspected if the correlation between RV and pho-
tometric jitter has any dependency on the [Fe/H], and also the
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Fig. B.1. Posterior distribution for parameters xo, yo, k1, k> in Eq. (A.1).

number of nights that the star has been observed in RV (see in
Fig. B.4). We did not find significant correlation between these
parameters.


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/202038035&pdf_id=0

S. Hojjatpanah et al.: The correlation between photometric variability and radial velocity jitter
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Fig. B.2. Posterior distribution for parameters a, b in Eq. (A.2).
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Fig. B.3. Same plots as Fig. 7 with color bar Tg.
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Appendix C: Table: stellar parameters

Table C.1. Derived parameters for the stars.

Index Star Tei RV-RMS @ pp Light curves vsini® Mean (log(Rj)) © logg [Fe/H] Prot Sample @
[K] [ms'] [ppt] [km s™'] [cm s~2] [day]

1 GJ 1061 2934.0+90 3.65 3.055 4.0 -4.74 - —0.08 £0.05 - 1

2 GJ 180 3662.0 =90 10.456 1.339 1.0 -54 - -0.24 £0.05 - 4

3 GJ 3135 3649.0 =90 5.105 2.931 3.7 -4.95 - —-0.34 +£0.05 - 2,34
4 GJ 3440 3693.0+90 3.101 8.47 2.7 -4.89 - - 19.5+1.2 3

5 GJ 588 3459.0+90 0.612 2.503 2.4 -5.14 - 0.06 +0.05 - 3

6 GI1213 3266.0+90 3.748 12.893 3.1 -4.94 - -0.16 £ 0.05 - 3,4
7 G229 3785.0 +90 3.488 1.525 2.6 -4.95 - -0.02+£0.05 - 3,4
8 G1693 3457.0 £ 90 2.919 17.185 33 -4.86 - -0.275 +£0.05 - 3,4
9 G187 3726.0 +90 1.752 1.445 2.0 -54 - -0.35+£0.05 - 3,4
10 HD 149189  3726.0 +90 0.733 1.269 2.4 -5.09 - 0.19 +0.05 — 3
11 HD 000105 6221.0+94 36.513 15.471 19.1 -4.36 471+0.09 -0.13+£0.068 53+19 w
12 HD 007661  5410.0 +30 15.244 5.088 4.1 —4.4 438+0.05 -0.01+0.022 63+1.1 w
13 HD 017925 5086.0 + 41 29.416 44.961 4.7 -4.32 429+0.09 0.075+0.023 72+2.6 2
14 HD 018599 5077.0 +38 26.463 8.423 4.7 -4.42 434+0.08 -0.01+£0.022 54+0.7 3
15 HD 021175 5263.0 +39 5.773 3.889 1.8 —-4.78 4.33+0.07 0.12+0.026 27123 w
16 HD 024916  4644.0 +97 5.454 8.58 14 —4.61 4.14+£0.36 -0.097+0.042 16.0+£3.9 w
17 HD 037572 5314.0+ 36 32.029 22.83 9.3 -4.59 44+0.07 -0.344+0.023 5.6+3.0 w
18 HD 092945 5091.0 + 38 22.13 13.576 5.1 -4.35 439+0.08 -0.04+0.022 6.2+11.1 3
19 HD 102438  5547.0+ 12 2.277 2.98 2.5 -4.97 4.42+0.03 -0.29+0.01 - 3
20 HD 10360  5026.0 + 31 3.808 4.619 0.5 -4.8 4.37+0.07 -0.205+0.017 - 3
21 HD 103743  5763.0+33 18.031 59.935 9.5 —4.37 4.55+0.04 -0.02+0.025 - 3
22 HD 103891  6053.0 +20 15.874 2.373 3.6 -4.9 3.99+0.03 -0.2+0.016 - 24
23 HD 107094 5522.0+27 1.742 6.351 0.5 -4.85 443+0.03 -0.51+0.021 - w
24 HD 109200 5040.0 =30 1.373 1.562 0.2 -4.98 427+0.07 -0.285+0.018 17.4+0.7 3,4
25 HD 111777 5622.0+22 1.446 1.649 0.5 -4.93 437+0.04 -0.7+0.018 - 3,4
26 HD 114853 5668.0 + 13 2.262 0.698 0.4 -4.96 4.36+0.02 -0.23+£0.01 - 2,34
27 HD 11507  3991.0 £ 90 2.725 1.965 13 -4.8 - -0.21 £0.05 - w
28 HD 11608 4864.0 + 106 1.259 2.161 1.6 -4.91 4.08+0.23 0.22 +0.057 8.8+2.1 1,2,3
29 HD 118466  4967.0 +72 10.849 9.613 1.6 -5.06 4.1+0.19 0.2+0.038 — 4
30 HD 118563 5502.0 +22 11.73 1.984 2.1 -4.79 439+0.05 -0.04+0.017 - 4
31 HD 121004  5672.0+27 2.639 3.012 0.5 -4.93 439+0.03 -0.71+0.021 — 4
32 HD 123651 5877.0 +27 1.048 1.308 0.5 -4.86 44+0.03 -048+0.022 14.7+49 w
33 HD 125072 4731.0 + 126 2.293 3.845 1.5 -4.97 3.95+0.3 0.23+0.058 13.6+2.8 3,4
34 HD126803 5455.0+19 1.794 3.005 0.5 -4.93 442+0.04 -0.63+0.016 - 2,34
35 HD 128571  6156.0 =32 1.098 1.451 0.5 -4.93 426+0.04 -037+0.021 36.3+6.5 4
36 HD129642 4851.0+46 1.282 5.408 0.9 -5.08 4.18+0.14 —0.09+0.026 - 2,34
37 HD 133633 5557.0+24 2.128 2.409 3.6 -4.95 438+0.03 -0.45+0.019 - 3,4
38 HD 134606 5619.0+30 5.906 1.039 2.4 =5.11 428+0.07 0.27+0.023 11.6 2.0 w
39 HD 137676  5249.0 + 16 1.961 2.212 2.0 -5.1 3.88+0.04 -0.53+0.013 - 3,4
40 HD 13808 5034.0+36 6.884 1.432 1.1 —-4.87 4.34+0.08 -0.2+0.02 - 3
41 HD 1388 5920.0+ 13 1.772 0.519 2.4 -4.99 4.33+0.02 -0.01+£0.011 18.3+£2.6 2,34
42 HD 141624  5887.0 + 18 2.14 2.27 0.5 —-4.94 4.4+0.04 -0.38+0.014 - 3,4
43 HD 142709 4573.0+132 1.795 2.463 0.5 -4.98 444 +£0.34 —0.32+0.031 - 4
44 HD 14412 5344.0 +21 1.871 0.725 0.5 -4.85 442+0.05 -047+0.017 13.0+0.3 1,2,3
45 HD 144628 4979.0 +42 2.021 2.416 0.5 -4.89 434+0.08 -0.36+0.024 — 3,4
46 HD 14745 6182.0 +£27 4.274 0.774 33 -5.0 442+0.02 -0.14+0.019 - 2,3
47 HD 150139  5904.0 +26 2.62 0.999 0.5 -4.91 4.16 +£0.03 —0.51+0.02 — 4
48 HD 150474  5423.0+ 18 1.352 1.313 2.1 -5.15 3.93+0.03 0.01 £0.015 - 1,2
49 HD 154577 4868.0 + 36 1.623 1.543 0.5 —-4.87 444+0.09 -0.65+0.018 - 3,4
50 HD156098 6418.0 + 37 5.506 12.165 72 -4.82 3.86 +£0.05 0.12 +£0.026 - 4
51 HD 1581 5946.0 + 17 1.885 0.437 14 -4.95 4.44+0.03 -0.2+0.013 - 2,34
52 HD 16280 4625.0 + 168 4.02 4.216 1.1 -4.82 422+041 -0.19+0.103 14.8+3.9 13
53 HD 16548  5685.0+ 15 2.377 1.785 33 -5.16 3.95+0.04 0.15+0.012 - w
54 HD 16905 4760.0 + 104 5.159 1.821 1.5 —-4.77 414 +0.27 0.15+0.06 23.8+0.2 2
55 HD 172568  5690.0 + 18 1.865 2.176 0.5 -4.93 441+0.03 -0.37+0.014 - 3,4
56 HD 17970  5005.0 +30 1.994 1.218 0.5 -5.0 434+0.08 -0.45+0.019 - 2,3
57 HD 181327 6502.0 =90 16.722 1.724 29.1 -4.57 - 0.055+£0.05 23+4.6 4
58 HD 183414  5816.0+33 15.956 20.565 104 —-4.34 451+0.04 -0.165+0.026 56=+1.0 3
59 HD 183783  4796.0+77 3.93 1.215 0.5 -4.88 414+047 -0.21+£0.031 54+22 4
60 HD 185283  4754.0 + 65 1.671 3.277 0.9 -5.01 4.24+0.16 -0.06+0.03 28.9+0.6 3,4
61 HD 187456  4715.0 +90 242 1.073 1.2 -4.93 4.09+0.24 0.02 +£0.054 121+1.6 4
62 HD 189567 5710.0+ 12 2.726 1.486 0.5 -4.93 437+0.02 -0.24+0.01 - w
63 HD 190248 5653.0+77 1.561 0.536 2.4 -5.12 4.6+0.13 0.33+£0.056 214+93 3,4
64 HD 19230  5118.0+31 7372 4.805 1.2 -4.79 437+0.06 -0.57+0.021 13.5+4.1 1

Notes. “Using the whole sample, ®mean v sin i error: 1.0 [km s™'], ““mean log(Ryy) error: 0.01, “’subsample classifications, w: only considered
in whole sample.
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Table C.1. continued.

Index Star Teft RV-RMS @  pp Light curves v sin i ® Mean(log(R;x)) © logg [Fe/H] Prot Sample @
[K] [ms™'] [ppt] [km s~'] [cm s72] [day]

65 HD 19641 5811.0+ 12 1.426 1.659 1.8 -5.01 438+0.03 -0.01+0.01 -
66 HD 197481 5129.0 +262 188.286 62.137 9.4 -4.04 4.36+0.5 0.1+0.172 6.0+ 1.1 1
67 HD199288 5756.0+17 1.76 0.566 0.5 -4.92 447+£0.03 -0.63+£0.014 75+1.3 1,2,3,4
68  HD 199604 5785.0 +34 2.338 4.192 0.5 -4.94 4.27+0.03 -0.62+0.027 - 1,2,3
69  HD199847 5722.0+27 2.23 1.321 0.5 -5.02 4.14+0.03 -0.54+0.021 - 34
70  HD 199981 4559.0 + 149 2.893 8.093 1.1 —4.68 4.3+0.55 -0.16+0.05 12.6+2.2 3
71 HD?200133  6142.0+25 1.498 1.935 3.7 -5.05 4.38 +0.04 0.3+0.018 - 3
72 HD202917 5902.0 + 109 197.725 75.061 19.7 -4.09 5.0+0.11 -0.095+0.076 3.6+1.0 w
73  HD?203850 4793.0+52 1.046 1.729 0.5 -4.79 4434012 -0.68+0.021 - 3
74 HD 20407 5835.0+16 2.137 0.881 0.5 -4.9 446+0.02 -0.44+0.013 - 2,3
75  HD?205536 5426.0 +20 1.042 0.803 1.4 -5.03 431+0.04 -0.05+0.015 32+09 4
76  HD206683 5945.0 +21 1.362 3.065 35 -5.05 435+0.06 0.24+0.017 - 3
77  HD206998 5775.0+28 2.133 2.099 0.5 -5.01 4.14+0.03 -0.72+0.021 - 1,2,3
78 HD 207129 5919.0+ 13 1.761 6.185 1.9 -4.91 443+0.02 -0.02+0.01 - 3
79  HD207869 5480.0+18 1.668 1.511 0.5 -4.96 441+0.03 -045+0.014 - 24
80 HD 20807 5832.0+15 1.896 1.666 1.1 -4.9 449+0.03 -0.23+0.012 - 2,3
81 HD 209100 4776.0 = 154 2.287 2.061 1.2 -4.77 4.59+0.39 -0.105+0.057 - 3
82 HD 210918  5743.0+ 10 1.487 0.557 1.2 -5.02 4.3+0.02 —-0.1 +0.009 - 1,2,3,4
83 HD211415 5839.0+ 14 2.209 4.479 1.7 -4.97 442+0.03 -0.21+0.011 - 34
84 HD 21161 5916.0 + 13 1.985 0.886 2.7 -5.06 4.26+0.03 0.09+0.01 - 1
85 HD 212036 5683.0+ 19 6.71 1.003 1.3 -5.05 434+0.03 -0.01+£0.014 25+14 2
86  HD21209A 4682.0+46 1.987 5.407 0.5 -4.84 45+014 -041+0.064 388+69 3
87  HD?213042 4709.0 125 2.434 2.428 1.3 -4.88 415+04  0.165+0.057 - 3
88  HD?213628 5553.0+22 0.624 1.66 1.5 -5.0 4.38+0.04 0.01+0.017 - 4
89  HD215456 5797.0+11 3.617 0.789 2.0 -5.09 4.07+0.02 -0.09 +0.009 - 2,3
90 HD?215906 6219.0 +29 0.889 0.666 4.0 -4.91 437+0.03 -0.28+0.02 2.3+0.6 3
91 HD 216054  5380.0 +20 1.081 1.725 04 -5.01 437+£0.04 -0.12+0.015 - 1,2
92  HD218860 5557.0+29 26.463 23.599 6.7 -4.31 443+0.05 -0.015+£0.022 5.0+2.7 4
93  HD?220339 4918.0+40 3.02 4.789 0.6 -4.84 4.31+0.08 -0.31+0.02 - 3
94  HD220507 5672.0+13 1.543 0.735 2.0 -5.07 422+0.05 0.01 £0.011 - 1,2,3
95 HD 221575 5065.0+41 4.806 11.43 3.7 -4.49 4.4+0.09 0.01 £0.022 11.0+3.9 w
96 HD?221638 6349.0+33 3.124 0.99 4.2 -4.91 4.45+0.04 -0.225+0.023 - 1,2
97  HD222237 4688.0+ 130 2.985 1.716 0.5 -4.91 4.17+0.27 -0.31+0.183 - 3
98  HD222335 5237.0+32 6.024 0.735 0.5 -4.8 44+0.07 -0.16+0.022 - 1,2,3
99  HD222480 5840.0+15 3.932 3.453 2.7 -5.04 415+0.04 0.19+0.012 - 1,2,3
100 HD222669 5896.0+ 15 2.294 2.139 2.5 -4.9 4.45+0.04 0.05+0.012 - 2
101  HD223171 5797.0+ 14 2.559 0.883 2.5 -5.04 4.09+0.04 0.115+0.011 13.8+59 1,2,3
102  HD223681 4995.0 +55 62.608 48.955 6.1 -4.05 4394011 -0.555+0.025 5.6+1.0 2
103  HD224228 4771.0+59 5.262 9.418 2.4 -4.44 419+0.15 0.01+£0.028 272+39 w
104 HD224230 4786.0+79 6.436 3.322 1.0 -4.99 425+0.19 -0.1+0.037 - 2
105 HD?224619 5454.0+ 19 1.369 2.502 0.9 -4.97 4.4+0.04 -0.2+0.015 158+3.9 3
106 HD23249 5120.0+128 2.264 3.408 2.2 -5.21 43+0.24 0.09 +£0.074 - 2,3
107 HD?24062 5990.0+ 19 5.086 4.646 4.6 -5.06 422+0.03 0.23+0.015 - 3
108 HD25587  6207.0+29 5.015 2.262 7.2 -5.0 426+0.03 -0.12+0.022 23.1+4.1 2
109 HD28471  5730.0+13 1.814 1.775 1.6 -5.0 432+0.02 -0.05+0.011 18.7+72 2
110  HD30306 5552.0+25 1.427 2.078 2.2 -5.09 426+0.05 0.18+0.019 448+2.3 2
111 HD3074A  6100.0 + 17 1.895 0.837 4.0 -5.03 439+0.04 -0.01+£0.013 122+0.7 2,3
112 HD30876  4985.0 +47 9.128 10.06 1.7 -4.52 436+0.1 -0.085+0.024 9.6+0.8 2
113 HD31822  6016.0 + 19 5.119 1.059 2.5 —4.86 45+0.03 -0.19+£0.014 3.6+06 34
114  HD32564 5518.0+16 3.944 1.884 1.5 -5.02 436+0.03 0.08+0.012 - 3
115 HD 35854  4788.0 =61 1.023 1.238 0.8 -4.82 4.2+0.17 -0.13+0.03 - 34
116 ~ HD36003 4558.0 +278 3.732 2.226 0.6 -4.89 413+0.76  -0.13+0.038 2.4+0.7 34
117 HD 36379  6026.0+15 1.441 1.726 1.6 -5.0 426+0.03 -0.17+0.011 2.8+1.0 2,3
118 HD 37990 6201.0+24 4.961 2.348 1.7 -4.75 448+0.04 -0.03+0.017 123+22 3
119 HD 3823 6008.0 = 17 1.807 1.701 1.0 -5.01 428+0.04 -0.28+0.013 - 2,3
120  HD38459  5320.0+38 20.766 12.281 0.5 -4.51 4.28 £0.1 0.11+£0.026  12.0+2.2 2
121 HD 38858  5705.0+13 2.098 3.607 0.5 -4.94 446+0.03 -0.23+0.01 - 3
122 HD 39194  5188.0+ 17 2.935 1.768 0.5 -4.96 447+0.04 -0.61+0.012 204+65 3
123 HD 3964 5723.0+ 15 3.26 6.874 1.7 -4.9 443+0.02 0.05+0.012 - 1,2
124  HD40397 5504.0+18 1.899 3.75 1.1 -5.02 435+0.04 -0.13+£0.014 2.7+0.5 34
125 HD40865 5678.0+18 2.46 1.333 0.5 -4.94 439+0.03 -0.38+0.015 - 2,3
126 HD42936  5075.0+60 2.123 2.281 0.5 =51 418+0.16  0.18+0.039 - 2
127 HD52449  6342.0+23 3.295 1.895 0.5 —4.74 449+0.03 0.09+0.017 27.7+5.7 1,2
128  HD53705  5765.0+29 1.26 9.736 1.3 -5.01 4.35+0.05 -0.227+0.023 - 4
129 HDS56380  5310.0 +25 2.124 3.119 0.5 -5.0 43+0.04 -0.42+0.018 - 2,3
130 HD 6107 5797.0+ 13 2.296 0.687 2.3 -5.06 4.04+0.02 -0.055+0.011 13.6+5.8 1,2,3
131 HD 65277  4646.0 £ 69 1.132 1.311 0.5 -5.04 433+0.17 -031+£0.03 25.7+4.6 3
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A&A 639, A35 (2020)

Index Star Teft RV-RMS @  pp Light curves v sin i ® Mean(log(Ry;x)) © logg [Fe/H] Prot Sample
(K] [ms~'] [ppt] [kms™'] [cm s72] [day]

132 HD65907A  5911.0 + 80 1.338 7.067 0.8 -4.94 4.57+0.09 -0.31+£0.061 13.8+2.2 3
133 HD 67200  6090.0 + 18 1.843 2.036 3.0 -5.06 436+0.04 032+0.014 341=x6.1 2
134 HD 69611 5776.0 £22 1.69 2.087 0.5 -4.98 43+0.03 -0.58+0.017 - 2,3
135 HD 71835 5475.0 +24 2.957 1.768 1.5 -4.96 441+0.04 -0.04+0.017 - 2,3
136 HD 72673 5201.0 21 1.319 0.791 04 -4.94 442+0.04 -0.38+0.015 - 2,34
137 HD 73524  5979.0+17 1.886 0.981 2.8 -5.03 436+0.03 0.15+0.013 - 2,34
138 HD 74698  5797.0+13 6.49 1.943 2.3 -5.07 4.23+0.03 0.07 £0.01 - 1,24
139 HD 75881  6094.0 +28 8.375 3.554 5.9 -5.15 4.06+0.04 0.07+0.022 - w
140 HD76849  5285.0+36 1.272 1.75 0.5 -5.04 4.34+0.09 - - 4
141 HD 78429  5738.0+12 3.698 3.201 1.5 -4.93 425+0.03 0.089+£0.01 344+42 2,3
142 HDS82342 4728.0 + 607 0.989 1.592 0.5 -5.0 423+1.21 -054+1145 30.8+49 3
143 HD 82516  4998.0 +43 1.989 1.536 1.3 -5.01 424+0.12 0.01+£0.023 10.6 £ 1.9 2,34
144  HDS85249  6567.0+51 4.04 2.693 12.6 -4.92 4.63+0.07 0.18+0.035 - 3
145 HD 85725  6000.0 +26 4.187 1.488 6.5 -5.19 4.0+0.05 0.15+0.02 - w
146 HD 87838  5993.0 +33 1.888 1.072 0.5 -4.94 424+£0.03 -04+0.023 274+49 2,34
147 HD 88218  5845.0+ 14 4.48 1.785 1.9 -5.05 4.09+0.02 -0.14+0.012 - 34
148 HD 8828 5386.0 +21 1.722 1.072 03 -5.01 44+0.03 -0.16+0.016 - 2,3
149 HD 89839  6245.0+25 1.973 4.409 4.2 -5.01 4.4+0.04 0.04+£0.018 - 2
150 HD92719  5794.0+ 14 4.34 2.368 1.9 -4.85 443+£0.02 -0.11+£0.011 95+1.7 4
151 HD93489  5910.0+ 13 2.21 1.456 2.2 -5.0 436+0.02 -0.02+0.011 - 2,3
152 HD 94151 5625.0+17 2.131 2.82 1.9 -4.93 441+0.03 0.04+0.013 10.6 £ 1.9 3
153 HD 94270  5983.0+ 11 2.443 3.483 1.5 -5.0 4.37+0.02 0.02+0.009 59+2.0 3
154 HD 94771 5618.0+ 16 2.93 5.22 3.3 -5.18 393+0.04 0.22+0.013 - 2,4
155 HD95456  6292.0+17 2.13 0.927 2.7 -5.02 439+0.04 0.16+0.013 - 2,34
156  HD96700 5838.0+12 2.847 2.685 0.8 -4.96 434+0.02 -0.18+0.01 6.0+1.1 4
157 HD97343  5390.0+26 3.043 1.873 1.4 -5.02 4.32+0.04 -0.055+0.019 34
158  HIP102152 5706.0+13 2.939 3.455 1.5 -5.02 4.3+0.03 -0.03+0.01 - 2,3
159  HIP105184  5831.0+13 6.028 2.552 2.5 —4.65 446+0.02 -0.02+0.011 - 3
160  HIP114328 5778.0+13 2.046 4.235 1.5 -5.03 4.34+0.03 -0.017+0.011 - 4
161 HIP114615 5784.0+16 4.824 3.251 1.6 -4.78 44+0.02 -0.057+0.013 24.7+04 34
162 HIP17157  4534.0 + 150 13.832 8.864 2.5 —4.64 4.27+0.48 - 15.0£2.7 1,2
163 HIP21934  4507.0 +247 17.715 4.513 1.3 -4.93 4.07+0.71 0.03+0.149 30.3+09 1,2,3,4
164  HIP22263  5836.0+ 31 10.863 4.133 32 -4.56 4.54 £0.06 - 10.6+1.9 2
165 HIP25670  5768.0 + 12 1.368 1.16 1.8 -4.99 439+0.03 0.06+0.009 10.1+1.8 2,34
166  HIP28066  5695.0 + 12 2.0 6.057 1.2 -5.03 4.23+0.02 -0.147+0.01 - 2
167 HIP36515 5801.0 + 17 13.82 7.731 3.7 -4.42 445+0.03 -0.07+0.013 5322 2
168 HIP41317 5698.0 + 11 6.261 1.169 1.4 -5.02 4.37+£0.02 -0.081+0.009 - 3
169 HIP54597  4679.0 + 87 5.441 2.325 0.5 -5.04 423+023 -0.22+0.04 - 2,34
170  HIP68468  5848.0+ 14 0.341 1.074 2.7 -5.06 432+0.03 0.07+0.012 - 3
171 HIP79361  4490.0 226 2.446 7.522 0.6 -4.87 4.11+£0.55 0.52+0.467 - 3
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Table C.2. Starts in Fig. 14 with the peak-to-peak of light curve variation <6.5 ppt and some stellar parameters presents in TIC (Stassun et al.

2018).

TIC ID Full TOIid Peak-to-peak light curve ~ TESS mag Tefr Rtar logg
[ppt] [K] [Rsun] [em s~2]
9033 144 367.01 6.02 9.7 57569+1952 13+40 39+0.1
9725627 239.01 5.89 11.0 6362.5+83.0 09+12 46+02
9727392 236.01 6.5 11.2 6421.5+83.0 1.5+51 42+02
13021 029 439.01 5.4 11.7 6407.0+105.8  1.3+0.5 43
14091 704 445.01 2.54 9.1 6307.9+1242 1.6+05 4.0+0.1
15445551 747.01 5.89 10.3 6271.0+196.0 1.7+3.0 41x04
19519368 494.01 4.58 10.0 4985.0+114.0 1.1+£38 47+02
22221375 652.01 1.32 74 5903.0 1.0+1.4 44
22529346 495.01 3.84 10.0 6459.0 1.5+0.1 42
23434737 1203.01 1.54 8.0 57422 +£304 14+0.7 43x0.1
25155310 114.01 3.56 10.6 5800.0 1.3+0.1 43
29831208 124.01 3.48 11.0 5080.0+181.0  09+93 45+2.0
29960 109 393.01 6.14 10.7 3856.0+68.0 0.6+03 4.7+03
30037565 1209.01 6.01 9.6 5914.0 £40.3 1.9+19 4.0x01
30853470 807.01 49 11.2 4662.0+174.0 0.8+29 4.6+02
31553893 1058.01 4.08 9.3 5785.0+189.0 1.1+34 43+20
33692729 469.01 1.22 8.7 6114.0+1940 1.0+£05 45+03
37575651 568.01 2.2 8.3 5780.0 1.0+ 1.1 44
37749 396 260.01 5.68 8.4 4111.0+171.0  0.6+15 4.6+0.4
37770 169 470.01 2.66 10.6 5418.0+1850 08+11 4.6+0.3
38696 105 281.01 2.28 10.5 6002.2 +42.2 1.5+35 41=x01
41227743 804.01 3.52 10.7 5988.0+192.0 12+16 43x2.0
42054 565 280.01 3.54 10.0 5454.0+185.0 0.8+4.8 4.6+03
43647325 423.01 3.63 10.4 5904.0+156.8 1.1+0.8 44
47384 844 1022.01 4.87 8.7 6084.0+111.0 1.4+08 4.1x03
47911 178 471.01 2.73 9.8 6400.0 1.3+0.1 43
48476907 658.01 2.53 9.4 6521.0+199.0 15+199 42+2.0
48476908 659.01 2.49 9.5 5990.0+£192.0 1.7+£179 4.0+0.7
49687222 254.01 5.37 9.8 6101.0 + 193.0 1.0+45 45+04
49899799 416.01 3.41 8.3 6084.8 +35.2 1.9+02 4.0+03
50309953 1109.01 2.14 9.8 5317.0 £ 65.7 09+27 45+0.1
50312495 1211.01 2.62 9.8 5572.9+1040 1.2+22 3.8+02
50618703 544.01 3.84 9.6 4665.0+177.0 0.7+04 4.7+03
52204 645 209.01 6.34 10.8 4892.0+179.0 0.8+41 45+20
53189332 660.01 3.75 11.0 6055.0 14+0.3 42
53735810 661.01 43 11.2 6580.0 1.8+0.3 4.1
54085 154 662.01 2.56 8.2 6380.0 + 80.0 1.3+0.5 44
55559618 695.01 5.45 10.7 5591.0 + 187.0 1.1+34 44+20
61 538902 752.01 6.32 11.3 5900.0 09+0.2 4.5
70513 361 262.01 0.76 8.1 5302.6 +21.0 0.8+0.7 45
70914 192 427.01 3.34 10.3 5271.7+43.7 1.1+43 43+04
73228 647 755.01 2.82 9.5 6003.0+192.0 1.0+0.8 4.5+03
76989773 182.01 2.62 9.6 5569.0+187.0  1.1+57 43+03
89020549 132.01 4.81 10.8 5673.0+188.0 09+16 4.6+04
94986319 421.01 4.01 9.2 5718.0 + 189.0 11+64 44+20
96097215 728.01 447 10.3 5272.0+183.0 09+47 44+20
100 100 827 185.01 2.44 8.8 6400.0 1.2 44
101230735 1060.01 3.83 9.6 5687.9 +76.0 1360 4.6+0.1
101 955 023 667.01 4.14 10.9 3202.0 03+0.8 49
103633434 1235.01 2.69 9.9 3912.0+ 1570  0.6+0.2 4.6
106402532 733.01 42 8.8 5969.0+192.0 1.0+11 45+03
111991770 820.01 4.8 10.4 6300.0 1.5+0.1 42
116483734 1412.01 6.46 11.1 42234+1334 07x113 4.6+0.1
117979 897 443.01 6.05 12.0 59280+ 1144  14+0.5 43
119700 084 1413.01 471 10.1 54270+141.3  09+87 45+0.1
120602 501 1366.01 3.07 8.5 5705.0 +185.1 1.7+54 4.0=+0.1
120610833 229.01 6.0 114 5100.0 09+0.2 45
120960 812 1237.01 3.49 10.3 6212.0+132.8  1.5+41 42+0.1
122612091 264.01 1.9 10.5 6250.0 2.0+0.1 4.0
123702439 499.01 1.9 10.1 5997.0+1920 1.0+16 45+03
124573 851 669.01 2.81 10.1 5581.9+76.0 1.2+0.6 4.1x0.1
126733133 570.01 5.39 10.0 5973.0+192.0 1.3+44 43+03
127530399 822.01 6.41 11.1 4775.0 0.7+0.2 4.6
128790976 1124.01 1.86 7.2 6541.0+94.0 1.6+47 42x01
131081 852 758.01 4.91 9.9 6072.0+193.0 13+194 43+20
131419878 720.01 1.15 8.8 6482.3+2052 1.5+03 42+04
134537478 501.01 4.55 10.4 5720.0 1.5+0.1 42
138588 540 1434.01 5.57 8.1 5393.9+139.7 0.7+x09 4.7+0.1
140068 425 140.01 6.47 9.8 6174.0 + 194.0 1.3+51 43+20
140760434 1229.01 5.38 10.7 6028.8 +44.1 20+38 4.0+0.1
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TIC ID Full TOIid  Peak-to-peak light curve ~ TESS mag Test Rstar logg
(ppt] (K] [Rsun]  [ems™]
141 527 965 1216.01 5.87 114 4280.0+171.0 0.7+04 4.6+0.2
143350972 440.01 1.27 7.7 5759.2 +38.2 1.0+0.1 44
144065 872 105.01 4.56 9.5 5630.0 1.1£0.1 44
147950 620 1194.01 3.25 10.5 5339.9+1552 1.0+05 44+01
148782377 1415.01 2.84 8.4 6383.0+ 1304 14+06 42+0.1
149301 575 809.01 4.56 10.3 5804.3 +76.0 1.3£1.0 3.9=+0.1
149603 524 102.01 2.37 9.7 6280.0 1.3 43
150030205 286.01 1.72 9.1 5245.0+183.0 0.8+1.7 4.6+03
150098 860 220.01 5.38 9.7 5272.7+45.6 09+19 4.0+0.1
153065527 406.01 4.14 11.2 3349.0+63.0 03+0.7 49+04
153976 959 1435.01 4.15 10.0 5142.0+122.7 0.8+24 45+0.1
154089 169 1174.01 5.29 10.3 5029.5+59.9 0.8+0.2 4.6+0.1
154383539 1436.01 3.86 11.1 5011.2+102.7 07+19 4.6+0.1
154 840 461 1153.01 2.35 8.4 6528.3+1794 1.7+0.5 42+0.1
158002 130 1180.01 2.55 10.1 4738.1+1393 0.7+0.2 4.6+0.1
158 025 009 1416.01 2.17 9.1 4946.0+128.6 0.8+1.8 4.5+0.1
158 623 531 246.01 3.55 11.2 5070.0 0.9+0.1 4.5
158978 373 823.01 291 10.0 6309.0+196.0 14+11 42+03
159510 109 1141.01 6.31 8.9 5894.7+90.3 1.1+£03 44+0.1
159951 311 265.01 421 11.7 5310.0 0.8+0.2 4.6
160074939 230.01 1.79 8.7 64670+1980 16+1.6 42+03
160 148 385 247.01 4.87 11.9 5540.0 1.0+£0.2 44
166739 520 190.01 1.56 9.6 6038.0 1.2+0.1 44
166 836 920 267.01 1.27 8.9 6180.0 1.8+0.1 4.1
167 303 382 802.01 1.56 7.5 5235.8+286 0.8+0.4 44
167342439 707.01 5.55 10.1 5409.2 +41.8 1.0£1.7 45+01
167 415965 214.01 1.73 8.0 5346.2+129 09+04 4.5
167 754 523 409.01 4.84 9.1 4913.8+71.5 0.8+0.1 45+0.2
170102 285 477.01 5.05 11.7 5150.0 0.8+0.1 4.6
172193428 502.01 3.76 10.3 5642.0+188.0 14+15 42+03
175180796 816.01 4.7 11.1 4146.6+148.6 0.6x11 4.6+0.1
176 778 112 408.01 5.84 9.6 5600.0+ 1870 1.0+59 44+03
177258 735 801.01 1.34 7.5 6283.4+44.4 1.6+04 44
179317 684 163.01 3.55 10.8 6387.9+1964 1.7+10 42+20
183120439 169.01 6.23 11.7 5780.6 +401.1 1.3+1.5 43+x20
183537452 192.01 2.65 10.2 4800.0 0.8+0.1 4.5
183985250 193.01 4.66 9.1 5422.0+185.0 1.0+14 44+03
184952758 719.01 2.59 9.0 5761.2 + 89.8 09+0.1 45+03
188768 068 1462.01 0.72 59 5801.9+1246 13+13 43+0.1
190990336 585.01 3.74 8.9 6118.1+137.4 1.7+09 43+03
198212955 1242.01 4.35 11.6 4255.0+£1282 0.7+£28 4.6+0.1
198241702 1269.01 3.21 10.9 5591.0+185.0 0.8+0.4 44
198 356533 1437.01 2.39 8.7 6093.0+124.7 1.2+0.7 43+0.
198390247 1453.01 2.31 10.1 4920.0+ 1270 0.7+16 4.6+0.1
199688 472 1292.01 3.65 9.8 5672.9+1689 1.5+6.6 4.1+0.1
200 807 066 869.01 2.93 8.9 5908.0+191.0 1.2+£2.6 43+0.3
201793 781 248.01 2.8 8.4 5711.7 +57.0 1.2+0.7 3.8+0.1
206466 531 410.01 247 10.0 6000.2+130.8 1.5+02 44+0.1
207081058 121.01 4.51 9.9 6053.0+193.0 1.2+22 43+0.3
207084 429 381.01 0.78 7.2 5883.0+524 1.9+0.2 -
211438925 194.01 3.69 10.2 5940.0 1.4+0.1 4.2
219239945 701.01 2.74 10.9 5837.0+190.0 1.1+£0.7 44+0.3
219338557 133.01 4.54 9.9 4028.0+1700 0.7+19 4.6+0.2
219379012 397.01 4.52 10.2 5973.5+1859 1.0+2.5 39+0.1
219388773 399.01 522 10.6 4752.8 +64.0 1.0+05 44+01
219698 950 766.01 5.49 11.5 5870.0 1.0+0.1 44
219850915 1244.01 5.37 11.0 4599.0+123.0 0.7+2.1 4.6+0.1
220396259 379.01 2.29 9.9 5825.0+97.8 1.7+£02 4.0+0.1
224297258 1279.01 2.68 10.0 5477.0+120.1 08+2.0 4.6+0.1
229650439 1438.01 4.09 10.3 5374.0+183.0 08+0.3 6.0+0.3
229770036 1348.01 5.24 10.7 4567.0+ 1433 08+0.2 44+0.1
230017 324 1280.01 4.07 10.6 4665.0+128.1 0.7+£2.5 4.6+0.1
230088370 1176.01 2.2 10.2 6557.7+83.3 1.6£04 42+0.1
230982 885 195.01 1.58 10.0 5640.0 1.1+0.1 44
231912935 215.01 4.17 10.5 5821.0+190.0 1.0+17 44+03
232025086 874.01 2.15 8.8 6437.0+198.0 14+13 42+03
232540264 1247.01 1.49 8.5 5711.8+£106.3  1.1+£0.6 4.4+0.1
232612416 1248.01 3.79 11.1 52270+119.5 0906 4.5+0.1
232967 440 1173.01 2.39 10.3 5429.6+292.5 1.0+0.5 44+0.1
232971294 1281.01 2.46 9.7 6191.0 + 127.5 1.3+£14 43+0.1
232976 128 1249.01 2.67 10.2 5453.0+ 1179 1.0+23 44+0.1




Table C.2. continued.

S. Hojjatpanah et al.: The correlation between photometric variability and radial velocity jitter

TIC ID Full TOl'id  Peak-to-peak light curve ~ TESS mag Teft Rgtar logg
[ppt] (K] [Rsun]  [cms™2]
232982558 1439.01 1.94 10.0 5873.0+123.8 1.6+£09 4.0+0.1
233087 860 1184.01 5.62 9.9 4681.4 + 80.5 0711 4.6+0.1
233390838 1341.01 2.25 9.5 6477.6 = 101.6 1.7£54 41+0.1
233 541 860 1486.01 2.44 10.0 4154.0+173.4  0.6x0.1 4.5+0.1
233617 847 1440.01 4.07 9.6 5780.0 1.0+0.9 4.4
233681 149 1340.01 2.96 10.8 5929.0+ 1248 1.0+£04 45+0.1
233684822 1253.01 2.08 9.9 5779.0 + 188.0 1.5+£32 49+04
233951353 1441.01 2.02 9.5 5885.0 +201.6 1.2+14 43+0.1
234345288 213.01 3.34 9.7 4566.4 +64.0 0711 49+0.1
236714379 1254.01 3.13 10.8 5451.0 £ 125.9 1.1£09 43+0.1
237222864 1255.01 3.04 9.1 5126.0+ 1244 09+0.5 45+0.1
237232044 1443.01 2.52 9.9 5236.0+1253 0.7+0.5 4.6+0.1
238176 110 116.01 3.61 11.0 4920.0 0.9+0.1 4.5
238197638 903.01 5.37 11.7 6266.0 +41.0 1.4+£20 43+02
240968 774 1467.01 6.01 10.6 3834.0+ 1570 0.5+2.4 4.7
243200 602 826.01 4.95 10.5 5625.0 1.0+0.1 4.5
248075138 769.01 5.9 11.3 5315.0 0.9+0.2 4.5
250386 181 390.01 445 9.9 6321.5+53.5 1.1+£6.5 42+0.1
253990973 1061.01 4.12 9.7 5525.0+186.0 1.2+06 43+03
255685030 799.01 4.42 10.5 5643.0+188.0 1.0+£35 45+03
257567 854 403.01 6.04 11.2 6153.0 1.2+0.2 4.3
258514 800 1444.01 4.17 10.2 5466.0+121.5 09+34 45+0.1
258777137 1183.01 4.93 9.9 5095.6+1241.5 1.1+0.2 -
259511357 271.01 2.53 8.4 6025.0 +192.0 1.2+15 43+04
259592 689 429.01 2.74 10.2 5160.7 £90.5 1.0£04 44+20
259701242 401.01 3.79 8.2 5928.0 + 85.6 1.0£0.1 45+02
260043723 217.01 4.65 8.7 6278.0 + 196.0 1.7+£13 41+03
260708 537 486.01 3.47 9.3 3445.0+87.0 04+10 49+0.1
261 257 684 904.01 5.75 10.8 3992.0+1700 06+1.0 4.6+0.2
261 867 566 905.01 5.65 10.5 5565.0 + 187.0 1.0£1.8 45+0.3
263003 176 130.01 1.79 74 6295.7 +56.5 1L1+11 4.4
264979 636 518.01 5.27 10.1 5596.0 + 187.0 1.1+42 43+03
266980320 118.01 1.68 9.2 5586.0 + 187.0 1.1+0.6 44+03
268 644 785 505.01 2.85 10.7 6003.0 1.5+0.1 4.2
270341214 173.01 1.52 8.9 6409.0 + 197.0 1.5£13 42+03
271 168 962 828.01 6.22 94 6030.0 1.5+0.1 4.1
271893367 150.01 3.26 10.9 5766.0 +37.3 1.6+£03 4.1+0.1
271900960 389.01 291 8.3 6457.7 +115.5 1.4+26 44+03
272635712 1349.01 2.25 9.3 5711.1 £365.0 1.3£04 42+0.1
273985 865 1208.01 3.83 10.5 5626.0+188.0 09+23 4.6+03
274138 511 506.01 3.15 10.4 5280.0+183.0 09+3.1 44+20
277103955 284.01 3.21 9.2 4779.8 £ 128.6 0.7+0.1 4.6+0.3
277507 814 1286.01 442 10.2 6588.0 +247.6 1.6+£31 42+0.1
277 683 130 138.01 5.77 9.5 5722.0 + 189.0 1.1+83 4420
279425357 739.01 6.5 11.5 6083.6+125.0 1.2+26 43+02
280095 254 235.01 2.79 9.3 5454.4+7173 1.0£58 34+0.1
280206394 677.01 4.18 9.2 6446.0 £ 198.0 12+15 44+03
280830734 188.01 2.48 9.4 6340.3+204.0 1.6+75 42+03
281575427 205.01 2.2 94 6222.5+83.0 1.5+27 41+02
286132427 635.01 4.94 8.1 5914.0 £ 191.0 1.0£09 45+03
287 156 968 1230.01 1.69 9.6 5696.0 + 188.0 1.2+1.1 43+0.3
288 132261 1258.01 5.71 9.1 6124.0 + 126.6 1.5+04 42+0.1
290 131778 123.01 1.22 8.8 6188.0 + 194.0 1.3+£7.7 43+20
290348 383 1099.01 449 74 4867.0+ 179.0 1.0+£0.6 44
294301 883 774.01 6.17 11.3 6070.0 1.1+0.1 44
294 471 966 1446.01 5.04 10.8 5180.0 = 101.3 0.8+21 45+0.1
294781 547 1218.01 3.68 10.3 5456.0 +48.9 1.0£29 45+0.1
294 981 566 1219.01 6.24 10.1 6734.0 £202.0 1.6+21 42+04
299799 658 1062.01 4.04 9.4 5394.0+185.0 09+05 45+03
300293197 211.01 5.7 94 5874.0 + 102.6 1.1+64 44+0.1
304042899 775.01 2.71 9.5 6746.0+202.0 1.2+85 44+04
306362738 479.01 2.9 10.8 5600.0 1.0£0.1 44
309791 156 533.01 5.76 10.9 4666.1 +64.0 1.1+1.7 42+0.1
314 865 962 208.01 3.96 10.3 5493.0 + 186.0 1.0£1.3 44+03
317060587 1052.01 2.74 9.0 5958.2 +76.0 1.6+£45 43+0.1
317 548 839 480.01 1.05 6.8 6212.6 £49.0 1.6+£1.8 44
320004 517 1055.01 2.73 8.1 5783.5+7.8 1.1+£0.6 4.5
321857016 1420.01 4.48 11.2 5387.0 + 136.6 09+0.7 45+0.1
322063 810 253.01 1.78 9.3 4020.0+170.0 0.6+1.6 44
325680697 414.01 3.1 9.1 5773.7+76.0 1.3£53 35+0.1
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TIC ID Full TOI'id  Peak-to-peak light curve ~ TESS mag Tegt Rytar logg
(ppt] (K] [Rsun]  [cms™2]
327301957 1074.01 2.9 10.6 5206.0+183.0 0.8+0.5 4.6+03
335499997 680.01 5.44 9.0 5967.0 +192.0 1.8+£14 39+04
339672028 481.01 44 94 5760.0 + 189.0 1.7£1.6 4.0+0.3
339733013 417.01 4.24 10.0 5834.2+179.5 1.3£03 42+0.1
339857 675 686.01 2.26 9.9 6279.8 £ 127.2 1.6£03 43+04
346 418 409 1423.01 5.63 10.9 4993.0+127.1 07+77 47+0.1
348 844 154 916.01 5.23 11.2 5493.2 +126.6 1.9+£12 39+0.5
349827430 1148.01 1.51 79 6403.9 + 184.1 1.5£09 42+0.1
350153977 908.01 3.68 10.6 5500.0 +76.0 1.1+39 5.0+0.1
350584963 787.01 3.81 9.5 6623.0+200.0 1.3+23 44+03
350743714 165.01 2.67 9.8 6038.0 +54.0 1.9+2.1 4.0+0.1
352413427 1473.01 2.73 8.3 5958.0+121.3 1.0£0.5 45+0.1
352764091 1287.01 1.81 8.6 5891.0 + 124.6 1.2+17 43z£0.1
354594208 1492.01 345 9.8 5904.0 +249.1 1.2+£04 43+0.1
358 460246 867.01 4.07 10.4 57774 £ 113.6 1.2+1.0 43+0.2
359271092 741.01 5.51 7.7 3766.0 +95.0 05+0.7 4.8=+0.1
364 107 753 909.01 1.0 7.0 6059.1 £50.4 1.6+£0.8 43+0.1
364186 197 1408.01 24 8.8 6594.0 £90.9 1.6£0.6 42+02
364393429 1207.01 2.92 9.2 6282.0 + 196.0 1.2£1.0 4403
365733 349 1288.01 3.15 9.9 6180.0+362.0 09+04 4.6+0.1
366989 877 1054.01 1.64 8.4 6122.0 + 194.0 1.2+£09 43+03
369327947 910.01 4.38 10.3 3194.0 + 101.0 03+13 50+0.1
373844472 275.01 4.27 11.0 5616.0+187.0 1.1+18.7 4.4+20
374829238 785.01 6.3 11.5 3783.0 1.0£0.2 44
374997 123 1222.01 3.37 10.3 6082.0+193.0 12+24 43+03
375059 587 786.01 2.54 9.8 5853.8+45.2 1.4+£12 4201
377293776 1450.01 3.14 10.0 34070+ 1570 05+2.6 4.8
382 188 882 276.01 3.75 10.6 6366.0 + 197.0 1.5£53 42+05
382437043 1223.01 4.81 9.3 6516.0 = 199.0 1.9+£3.0 4.0+04
382474 101 349.01 4.08 10.2 6054.0+193.0 12+140 43+20
382626 661 283.01 5.09 9.6 5250.0+183.0 0.7+09 4.6+0.3
386435344 575.01 24 8.7 6529.0+199.0 19+13.5 4.0+03
387259626 1455.01 3.87 10.2 6458.8 + 157.5 14+£09 43+0.1
391 949 880 128.01 1.79 79 6086.0+193.0 13+09 43+03
393414358 483.01 2.35 10.4 5570.0 1.9+£0.2 4.0
394657039 159.01 3.44 10.5 6404.0 +463.3 1.6£3.1 44+£02
394 698 182 170.01 6.4 11.9 5768.2 +56.4 1.2+04 43+20
399 144 800 1213.01 3.59 10.6 6270.0 + 196.0 1.0£19 45+04
402026209 232.01 5.69 11.8 5436.0 0.9+0.1 4.5
403224672 141.01 1.19 7.4 5795.3+£44.6 1.2+04 44
406941 612 912.01 3.81 10.4 3566.0 = 66.0 04+04 48+04
407 126 408 913.01 54 9.6 4948.0+180.0 0.7+10 4.6+03
407966 340 554.01 1.7 6.4 6337.9+44.7 1.8+0.9 44
408 159788 420.01 3.67 10.6 57473 £518.8 0.8+£04 4.6+0.3
408 310 006 576.01 5.23 8.8 6313.0 = 196.0 1.3£08 43+03
410245915 725.01 5.31 10.2 6173.3+1529 0.8+0.2 42+20
415969 908 233.01 5.1 11.3 3644.0 + 64.0 05+0.6 48+04
417 676 622 1290.01 2.17 9.5 5875.2 +137.9 1.3£3.0 43+0.1
417931 607 1451.01 3.53 9.0 5781.0 + 130.5 1.0+£2.1 44+0.1
418959 198 1424.01 5.14 10.5 4529.0+104.6 0.8+33 45+0.1
421894914 1056.01 4.96 9.7 6124.3 + 83.0 1.4+£1.0 44+£02
424 865 156 1265.01 2.82 10.0 6532.2+109.2 2.0+0.7 4.0+0.1
427348923 484.01 5.54 11.6 4425.0+90.0 07+12 4.6+0.1
432549364 1476.01 3.99 10.2 6596.0+156.6 1.5+0.6 4.2+0.1
437242 640 744.01 2.7 9.7 5700.0 0.9+0.3 4.5
437248 515 683.01 4.82 114 6302.0 1.2+0.1 4.3
440100539 1548.01 2.9 8.7 5891.9+92.3 1.2+£02 43+0.1
445859771 1273.01 5.9 104 5736.0 + 164.8 1.1+£46 44+0.1
451 606 970 1214.01 2.03 10.0 5262.4+76.0 1.1+2.0 4.0+0.1
453211454 509.01 1.69 79 5560.3 +43.4 1.0£0.5 44
453260209 1215.01 6.03 9.6 3751.0 £ 68.0 05+1.0 48+03
455135327 490.01 4.15 9.9 6304.0 1.2+0.1 4.4
458 478 250 1165.01 2.79 9.8 5787.0 + 109.9 1.0£0.6 45+0.1
459942762 430.01 1.86 8.2 5997.7+78.3 1.0+0.1 -
459969 957 1274.01 6.28 11.9 4968.1 1724 08+05 45+0.1
467 666 275 1204.01 5.16 8.0 6711.0 £ 201.0 1.8£2.6 41+£0.3
468 148 930 1086.01 5.26 12.2 5818.0 = 190.0 1.1+83 43+£20
1400770435 1344.01 1.64 8.9 5941.5 £ 161.9 1.4+£13 4201
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