UNCOVERING THE TRUE PERTODS OF TWO
SUB-NEPTUNES AROUND A BRIGHT, YOUNG STAR
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WHY ARE LONG-PERIOD PLANETS IMPORTANT?

e Planets are not dominated by their host stars:
o Insolation/evaporation

o Tidal forces/recircularisation

e Cooler atmospheres with lower temperature molecules
detectable from transmission spectra (H20, CH4, etc)

e (Closer to solar system analogues
e Stable exo-moon & ring systems

e “Habitable zones”



CHEOPS CAN HELP

Nu? Lupi d (110d) -
Delrez et al 2021

TOI-178 e & f (15.2, 20.7d) -

Leleu et al 2021

TOI-1233 f (29.5d) -
Bonfanti et al 2021
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HOW CAN WE FIND THE TRUE PERIODS!



PERTOD PROBABILITIES FROM THE TESS DATA

o e > 1% > 10%
Probability e b o1 x 10 _— 10
= p<1x107° = p>1x107°
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model likelihood !
_4—
X
. . =
period prior =
X = —6-

eccentricity prior
X =y
(stability prior)

—10 T T T T T T 11 T T T T T 11 T
20 30 40 60 80100 150 30 40 60 80 100 150

. . Period [d] Period [d]
https://github.com/hposborn/MonoTools



https://github.com/hposborn/MonoTools

O

Long period aliases
excluded at >2-sigma

95% of, probability within
remaining aliases

We can now target the
remaining aliases with
O photometry

O



WHY CHEOPS?

KELT-11b
lightcurves:
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Planet b
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e P=25d alias disfavoured by
TESS-only model due to
orbit-crossing solutions

25d 35d

e Rebound orbital stability
® analyses disfavours 25d alias
O (5% vs 89%)

Planet b
R=2.5Re
P=10.4d

e |CO lightcurve rules out 25d
alias

° ° . °
’ e o °e * 5 S . O . .:‘- ®
O 2 5_ . e ° o ° o% ° : o ° e e
. ° o o ® ° e C 0 ° . ° o

- A S UM AL
o A °8 - : ..‘n h‘. - o’. . .
. . 800 ° ) ‘.:‘o.. '. . :'. .... / ( N ,.~ °
e Spgel @) 0 o "’ *ve oo . o e )
‘e ° .- ° '- Q... 0. . -...\ ... %o o o ...0..
2 [ * .‘ e % ° ° ® ° o ° ° o 0%,
— 4.0 o o° o® °® 5 o0 96

s ° VOO o ° . .o:‘. ‘e OO ° e °
%

1 T 1 1 1 1
2339.6 2339.7 2339.7 2339.8 2339.8 2339.9
Time [BJD-2457000]




Planet b
R=2.5Re
P=10.4d

Flux [ppt]

—10

Flux [ppt]

35d

Saint-ex observations

10 +

Cle ° . s ° ® %
X e, 4 :{.5;‘. PR - .
SRR S S 8 o T R L L
..-: % 5 % ‘-.'- .‘.-':O...".Q' Qs i Bz 2
s N '.'o...\, xeklos
: b ® ) ° Qo .' E N

sO'.. °

’:.o :‘ ..o -.. o c. °
e, ° > &, ? S . ..' °’ oo °e 0
.OQO... 3 A 3 _d ‘a ’O 3 ., °*° ® e
2700 V0 - “ 8 . o Y % .
AR D
o < . Ve 7, Qe v oS <o oaley
'- o..l > e @ ; o°%g° . ° Q:.o..:o O
o"; ° . - 5. ® R

T T T
2359.65 2359.70 2359.75
BJD-2457000




35d LCO/MUSCAT-3

Colour greatly aids

detrending
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Planet b O
R=2.5Re
P=10.4d

Solved periods now allow future
observations of these highly
characterisable young planets
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CONCLUSIONS

Targeted follow-up of “duotransits” is needed to reveal
the orbits of long-period planets

CHEOPS 1is the perfect instrument to follow small
duotransit candidates

We find the true periods of TOI-2076 c & d, improved the
radii, and revealed high-amplitude TTVs

These planets are now viable for future follow-up

Many other long-period planets to be published soon.



