
Abstract

• The first objective of the ARIEL mission is to characterize all kinds of exoplanets
with a temperature higher than 500 K.

• In this study, we address the following question: under which conditions could a 
temperate exoplanet, with equilibrium temperatures of 350-500 K, be detectable 
with ARIEL ?

• We first consider a temperate Jupiter. Its infrared transmission spectrum of a 
temperate Jupiter is calculated, and its expected amplitude signal through a 
primary transit is estimated for several classes of stars.

• Calculations show that temperate Jupiters around M stars could have an amplitude 
signal higher than 10-4 in primary transits, with revolution periods of a few tens of 
days and transit durations of a few hours. 

• In order to enlarge the sampling of exoplanets to be observed with ARIEL, such 
objects could be considered as additional possible targets for the mission.

• In a next step, we will consider the conditions of observability for temperate 
super-Earths (ex: TRAPPIST-1 b)

• This study is a follow-up of “Transit spectroscopy of temperate Jupiters with ARIEL: 
A feasibility study” (Exp. Astr. 46:31-44, 2018)   

A typical transmission spectrum for a temperate Jupiter
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Figure 2. A typical transmission spectrum for a temperate Jupiter. Hydrostatic equilibrium
is assumed for an effective temperature of 400 K (Parmentier et al. 2014). Cosmic
abundances are assumed for the molecules, with an enhancement of 5 relative to solar
abundances. Calculations are performed with the Planetary Spectrum Generator
(Villanueva et al. 2018).

Table 2
Estimated semi-major axis (D), rotational period (P), amplitude of primary transit signal (A) and transit time 

(t) for a Jovian-like exoplanet transiting around a star of spectral type between G2 and M8,  with an albedo a 

= 0.03,  assuming either a fast rotator (columns 6 and 8) or a tidally locked object (columns 7 and 9). 

Two cases are considered: TP = 350 K and TP = 500 K. The fast rotator case is favoured for G2 to 

M0 stars (M0 stars are actually an intermediate case); the tidally locked object case is favoured for M5 and 

M8 stars.
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Sensitivity study
We use as a calibrator the exoplanet WASP-76 b (0.92 MJ, 1.83 RJ, Te = 2200 K, d = 0.033 AU, period = 

1.81 d, A = 10-3, t = 3.4 h. A summation of 25 transits (corresponding to 85 hours of total observing time) 

is needed to achieve a S/N of about 10 for the nominal ARIEL spectral resolution (100 @ 2-4 µm, 30 @ 4-

8 µm).

Table 3
(1) Estimated S/N in 100h of integrating time; (2) number of transits required to obtain 100 hours of 

integration time on a temperate Jupiter (T = 400 K); (3) total time required to accumulate these transits; 

(4) Estimated distance of the star for F(*)=F(WASP-76).

(1)                                                           (2)    (3)              (4)

It can be seen that all classes of objects can be considered within a lifetime of 3 years; however, temperate

Jupiters around M5 to M8 dwarfs should be favoured for a higher S/N ratio and a shorter required time of

observation. Degrading the spectral resolution will be needed to increase the S/N for M0 stars and to

enlarge the distance of observable M5 and M8 stars.
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