A low-mass sub-Neptune planet transiting the bright active star HD 73344
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Abstract (1)

Characterization of the planetary system (3)

Planets with radii between 2 - 4 Rg, closely orbiting solar-type stars, offer a unique - We used the high-cadence SOPHIE dataset Planet b Planet ¢ (?)

window into the transition from rocky to giant planets. They are prime targets for | | (Fig. 2) to constrain short timescale stellar vari- ot (tansh
atmOSpheriC characterization USing JWST or ARIEL. However, Only a limited num- ab|||ty (Gaussian process mode|)_ Stellar ac-
ber of such planets, with accurately measured masses, are known to orbit bright stars. tivity evolving at P..; is modeled by a quasi-
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periodic GP model. Planets are modeled by H II FWHM
Keplerian functions. We used the software o - =
PASTIS (Diaz et al. 2014) for the joint analy- ‘ | ‘ Are:
sis of photometric and RV observations. .o ' \
- The planetary signal is clearly evident in o-ﬂﬁmmmnl |||III'|I N e
Despite the transiting planet orbits a bright star at a short period, challenges posed the periodograms when using 3pts/night (“un- R i o

servations (1pt/night), as the high-frequency ‘“‘““MMWM

by stellar activity hindered precise mass measurements. We proposed a new | | binned” data) unlike in the case of binned ob
noise has been effectively modeled (Fig. 4). H “ Ha
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In this study, we confirmed the detection of a candidate planet orbiting at
P, = 15.6 days around the very bright star HD 73344 (Vmag ~ 6.9) using photo-
metric observations from K2, TESS and Spitzer. In addition, we analyzed the large
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amount of radial velocity (RV) observations we made during an intensive multi-year
campaign with the SOPHIE/OHP and HIRES/Keck spectrographs.
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observing strategy, targeting the star at high cadence, and show that this can provide
better constraints on stellar variability and improve mass characterization. The , ,
. L . We note, however, that without the use of priors
latter will be essential if we want to characterize the atmosphere of planets around .
et t ot o t on P, (coming from photometry), the planet RV Period (days)
"Lype stars using transmission speciroscopy. signal at P, would not be detected at all.

Power

Fig.3 — GLSP of RV and activity in-
- Tests based on SOPHIE RV data reveal that dicators, computed on binned SO-

not binning the data 1/ provides a more accu-  pH|E observations.

rate estimation of stellar activity, 2/ yields

planetary parameters consistent with the binned case, indicating that binning does
not enhance precision in planetary parameter determination (Fig. 4).

GLSP of SOPHIE binned RV (1pt/night) GLSP of SOPHIE unbinned RV (3pts/night)

06 T T = T 0-6 T T T T
0.5 RMS = 1828 msis | 05| RMS = 18.98 mis [ 0.4 -
04 0.4
203} 1 03} ] :
=02t 1 02} : 0.2 1
0.1+ 1 oal .
0.0 10! 10° 107 0.0 10 o ml 107 0.0 -

0.45 GLSP after subira 045 GLSP after subira 0 l 2 3 4 5 6 7
H%g RMS = 12.97 m/s H.ig— RMS = 13.11 mis RV semi-amplitude of planet b (m/s)

HD 73344: a very active star (2)

- Both spectroscopic and photometric data (Figs. 1 to 3)
show that the star is particularly active (logRyx = —4.6,
Spn > 900 ppm).

- The rotation period (FProt ~ 9 days) is close to the
orbital period of the transiting planet (Fig.2).

Posteriors

- The coherence of the activity signal extends to 3 - 4

Prot (Fig. 3), in particular in the Area of the Gaussian fit sy i 020 R
. . ' ~0.15) 1 0.5} 4 -
to the CCF indicator, known as a good marker of stellar Fig.d — nght curves of bl L '|"|L| " ] .
10 107 10? 10 2
plages (Costes et al. 2021). HD 73344. Transits are Ot g ——— ;
- Short timescale stellar variability (oscillation and gran- shown with the dotted §Iz i o ss 50 a2 s ss s
. . . . . 1 U Stellar rotation period (days)
ulation dominated) has large amplitude (RMS ~ 4 - 7  vertical lines. MMMM S
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Fig.2 — Left: Generalized Lomb-Scargle periodograms (GLSP) of the photometric data. + A transiting planet: P, ~ 15.6 days, Ri, = 2.887¢0; Re, My, = 298775 Mg

The green vertical line indicates the stellar rotation period Pro; = 9.1+ 0.2 days found » A non-transiting candidate planet: P. = 66.47( 5, M. sin i.=116.3 f}?,jﬁ Mg,
with RV data and chromospheric indicators. Middle: RV of HD 73344 obtained over o [Planet b Y

two consecutive nights (data with airmass > 1.7 are shown in red). Right: GLSP of ! )

the K2, TESS and SOPHIE short cadence dataset. Stellar granulation is clearly visible 1001 | *’

(Harvey fits are in red).
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RMS = 264.14 ppm
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- Warning: Large uncertainties on the planet mass — no thorough analysis of its
iInternal structure — a crucial need for an accurate mass estimate to unvelil the planet’s
true nature (Fig. 6, left)
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- Stability analysis: The 2-planets system is in a very stable region throughout the 3o 0.0 o oz 01 06 o8 0 o0 Gz 0¢ 06 05 10

zone (Fig. 6, right) Fig.5 — Phased light curve (left) and RV (right) of HD 73344b resulting of the joint
analysis of the photometric and RV data.
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- 35 Conclusions (5)

'?i z: HD 73344 is a very bright star, and planet b is a sub-Neptune planet with an ideal

s 2'0_ orbital period for transmission spectroscopy (according to the TSM metric). However,

E 1'5_ the high activity level of its host star may complicate the interpretation of transmission
Lol ')'w_ i spectra (Rackham gt al. 2023), ar_1d refining thg planet mass should be considered first.
e s On the other hand, if observed with ARIEL, this target could serve as a benchmark for

10° testing stellar activity diagnostic tools and correction techniques.
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