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Introduction
TOI-1431b/MASCARA-5b is an ultra-hot Jupiter on a ~2.65d orbit 
[1]. Ultra-hot Jupiters are the hottest and most irradiated planets 
ever discovered with dayside temperatures >2200K [2], hotter than 
some M dwarf stars. This planet was detected by the Multi-site All-
Sky CAmeRA (MASCARA, [3]) and the Transiting Exoplanet 
Survey Satellite (TESS, [4]). Transits were first observed by 
MASCARA between 2015 and 2018 and later by TESS between Aug. 
and Oct. 2019 in Sectors 15 & 16.

Radial velocities (RVs) obtained from SONG, SOPHIE, FIES, 
NRES, and EXPRES spectrographs confirm the planet and measure 
its mass. A joint analysis of the photometry and RVs gives TOI-
1431b a mass of MP=3.14±0.19MJ and radius of RP=1.51±0.06RJ
(16.9±0.7R⊕). The planet orbits a bright (V~8.1mag), young 
(𝟎. 𝟐𝟗&𝟎.𝟏𝟗(𝟎.𝟑𝟐Gyr), hot (Teff~7700K), and slow rotating (vsini~6km/s) 
Am type star.

TESS photometry reveals the planet's thermal emissions from the 
full phase curve and secondary eclipse (Fig. 1), providing its 
dayside and nightside temperature as Tday=2983±68K and 
Tnight=2556±65K, respectively. The nightside temperature is the 
second hottest ever measured (Fig. 2a)! The low day/night 
temperature contrast (~400K) suggests very efficient heat transport
between the dayside and nightside hemispheres (Fig. 2b). Given the 
host star brightness and the planet’s atmospheric scale height 
(Hp=220±30km, Fig. 2c), the planet is ideal for intensive 
atmospheric characterization from space missions such as the James 
Webb Space Telescope and Atmospheric Remote-sensing Infrared 
Exo-planet Large-survey.
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Conclusions
• TOI-1431b/MASCARA-5b is a massive planet 

orbiting a very hot Am type star suitable for 
atmospheric characterization from space missions.

• The planet’s nightside temperature of ~2600K is 
the second hottest ever measured!

• The Rossiter-McLaughlin effect [5,6,7,8] reveals that 
the planet is on a highly misaligned (retrograde) 
orbit, projected obliquity of 𝜆 = −155&/0(10° [9], see 
Figs. 3 & 4.

• The retrograde orbit for TOI-1431b suggests that it 
experienced high eccentricity migration shortly 
after formation, perhaps due to interactions with 
another planet or distant stellar companion.
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Fig. 1: The phase-folded TESS light curve, zoomed in to show the phase curve and secondary eclipse. The
dark grey points are the binned photometry at a cadence of ~13 minutes and the black stars are the binned
photometry at a cadence ~26 minutes. The grey dashed line represents no emission from TOI-1431b.

Fig. 2: a) Planet equilibrium vs nightside temperatures, comparing TOI-1431b to other hot and ultra-hot Jupiters. b)
Planet equilibrium temperatures vs atmospheric recirculation efficiencies for the same sample of planets in a). c) Host
star brightness in Jmag vs atmospheric scale heights of hot Jupiters, showing TOI-1431b orbits one of the brightest hosts.

Fig. 3: RVs of the Rossiter-McLaughlin effect used to
determine the project orbital obliquity of TOI-1431b
[9]. The Rossiter-McLaughlin effect is seen here as a
positive radial velocity anomaly during the transit of
the planet.

Fig. 4: Artist impression of TOI-1431b and its retrograde orbit. Video 
simulation can be found here (https://youtu.be/CO6r7676qR4).
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