
TOI-1710 b: warm Neptune  

orbiting a G5V dwarf star

Funding for this study was provided by ESO and IAP. HARPS-N 
and SOPHIE spectroscopic data were secured at Observatoire de 
Haute-Provence, France, and Osservatorio Astronomico di 
Torino, Italy, and reduced by the SOPHIE and GAPS Teams. We 
are grateful to Dr.  Paulo Miles-Páez for his assistance and for 
providing continuous scientific and technical advice.

Acknowledgements
Angus et al. 2018, MNRAS, 474,  2094 
Barros et al. 2020, AA, 634, A75 
Foreman-Mackey et al. 2017, AJ, 154, 220 
Hébrard et al. 2020, AA, 640, A32

1.  
2.  
3.  
4. 

References

Context & Introduction

In this study

We developed a MCMC model 
which simultaneously fits the 
Keplerian orbit and the transit. 

The Gaussian Process kernel 
s u c c e s s f u l l y t r a c k s t h e 
photometric stellar activity jitter 
and gauge its RV amplitude.

Please leave your comments here

We report the detection and 
characterization of TOI-1710  b, a 
new warm Neptune exoplanet.

Gaussian process (GP) attempt to 
statistically simulate the quasi-
periodic behaviour of the activity 
jitter2,3.

Light Curve & RVs

TESS Light Curve: 
•  51264 data points 
•  Time sampling 2 min 
•  Sectors 19, 20 and 26

HARPS-N & SOPHIE RVs: 
•  31 + 30 data points 
•  Time span 232 days 
•  Resolution R ≥ 75,000

Combined in one simultaneous model, 
the analysis of the TESS transit light 
curve with the HARPS-N and SOPHIE 
follow-up radial velocities (RV) lead to 
the characterization of the new 
exoplanetary candidate TOI-1710 b.

Stellar activity jitter scrambles 
both the photometric and the 
spectroscopic signal. One can 
aim to account for its quasi-
periodic behaviour via Gaussian 
process modelling towards an 
improved characterisation of the 
planet1.

Scientific Problem

Figure 1:
Stellar activity 
jitter impact on 
the spectral line 
profile.

The stellar properties of TOI-1710 
were defined from the SED obtained 
with the spectrograph HARPS-N.

TOI-1710, G5VI star

• M∗ 
• R∗ 
• log g 
• Teff 
• [Fe/H]

=  0.984 ± 0.059 M⊙ 
=  0.968 ± 0.016 R⊙ 
=  4.459 ± 0.031 
=  5709 ± 43 K 
=  0.11 ± 0.02

→ G5V dwarf star

Data sets

The activity jitter originates from temporary 
magnetic active regions on the stellar surface. 
Due to stellar rotation, this perturbation shows a 
quasi-periodic evolution.

Stellar Activity Modelling

Stochastically-driven damped 
Harmonic Oscillator GP kernel3
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where σ0 corresponds to the standard deviation 
of the process, i.e. the amplitude of the jitter.

We establish the planetary nature of 
the TESS candidate and characterise 
the warm Neptune TOI-1710 b.

Preliminary Results
Paper: König et al. 2021, A&A, in prep.

P [d] 24.28301 ± 1.4 10-4

Rp [R⊕] 5.84 ± 0.30

Mp [M⊕] 30.0 ± 5.7

e 0.13 ± 0.09

Planetary Parameters

Table 1. Best fit orbital parameters and hyperparameters for ◆ Hor b.

Parameter Unit Value Error

P [d] 308.6 ± 0.4

K [m.s�1] 55.9 ± 3.4

Tp [JD] 2455867.8 ± 8.1

e 0.26 ± 0.04

! [�] 17.7 ± 11.2

�SHO [m.s�1] 15.3 ± 3.9

⇢SHO [d] 48.5 ± 21.6

⌧SHO [d] 0.79 ± 0.96

Across the whole time series, the value of the BIS does not exceed 143 m.s�1, with an average value of BIS ⇡
92.1 m.s�1, which represent less than 0.8% of the measured RV; this indicates that we can neglect the asymmetry of

the LSD profile.

We checked that the spectral sampling �� of the LSD profile a↵ect neither the Gaussian fit nor the BIS value by

applying the technique for three di↵erent values of �� = 0.8, 0.4 and 0.2 km.s�1. The rest of this section presents

the results saved from the FWHM, µ and � time series obtained with the sampling �� = 0.8 km.s�1.

1.1.2 Keplerian fit & stellar activity modelling

In order to compensate any systematic deviation between HARPSpol and HARPS PH3 RV measurements, the first

step of the analysis of the RV evolution is to fit an independent o↵set on each data set, such that the Keplerian fit

is performed on the whole time series of RV ��RV
SET .

The parameters describing the eccentric Keplerian orbit are noted as the orbital period P , the time of periastron Tp,

the eccentricity e, the argument of periapsis of the star’s orbit !, and the velocity semi-amplitude K. In that case,

reparametrizing the fitted parameters as lnP , lnK,
p
e cos!,

p
e sin! and Tp, forces P and K > 0, avoids biasing

K > 0 and overestimation of e, as well as helps to speed MCMC convergence.

As mentioned before, our model of the RV evolution of ◆ Hor includes a GP kernel noise model additionally to the

Keplerian orbit to fit the activity jitter. We chose here a stochastically driven harmonic oscillator (SHO) kernel to

statistically account for the quasi-periodic behaviour of that noise. The power spectral density of this term is defined

as:
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, Equation 2.

where !0 is the equivalent frequency of the undamped oscillator, Q is the quality factor of the oscillator, and S0 is

proportional to the power at ! = !0, as S(!0) =
p

2/⇡ S0 Q
2. In the idea of getting a physical interpretation of

noise model, we can reparametrize these three hyperparameters with ⇢SHO, the undamped period of the oscillator,

defined as ⇢SHO = 2⇡/!0, ⌧SHO, the damping timescale of the process, as ⌧SHO = 2Q/!0, and �SHO, the standard

deviation of the process, as �SHO =
p
S0!0Q.

Our best fit model is shown in Figure 9 along with the corresponding RV residuals and color coding for the spectral

indices. As displayed in Table 1, the Keplerian parameters obtained are in agreement within 2� with the results

presented in the first publication of the Far beyond the Sun campaign and Zechmeister et al. (2013)7, confirming

2

σ0 = √ S0 ω0 Q

Figure 3: HARPS-N & SOPHIE RV variations of TOI-1710 with RV model. 
                                                                                                   (without the GPs part)

Figure 2: Phase-folded TESS light curve of TOI-1710 with best transit fit.

Jitter Parameters

σ0, LC 2.5 10-4 ± 0.4 10-4

σ0, RV 4.3 ± 0.8 m s-1
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