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With thousands of planets discovered focus can
turn to characterisation
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A key science aim of CHEOPS is the determination
of accurate exoplanet densities and structures

Transit phatometry

Size (radius) of the
planet and orbital
parameters
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By combining radius (R) and mass (M)
> measurements, it is possible to
estimate a planet's bulk density
(density =M / R?)

Density enables scientists to
distinguish between dense rocky
worlds, gas planets, water-worlds
and ice-rich planets

Ground-based telescopes

> o°

Cheops will also discover previously unknown
planets by measuring transit-timing variations,
and study planet atmospheres using the
phase curve method [studying the reflected
light as a planet orbits its parent star)




Improve the radius estimates to refine bulk
densities and internal structures

How Cheops will investigate the compaosition and internal structure of planets
Giants

Rocky Gas dwarfs (?)

super Earths
Earths
Ocean
planets (?) Mini

Neptunes

Ice giants

. Hydrogen / helium envelope
‘ Thin atmosphere

O Ice mantle / volatile* envelope
* Planetary scientists call volatiles all chemical elements and tompaunds with low bmlmg points that are associated with o plonet's

. Solid core (rocks, metals) Credit: ESA or moon’s crust or atmosphere. These include: nitrogen, water, carbon dioxide, , hydrogen, methane and sulphur dioxide.




One such target is TOI-1064, K-dwarf hosting a

pair of sub-Neptunes on 6.4 and 12.2 d orbits

Initially detected in TESS Sector 13, both planets were observed Plaflete = ° Plahot b
again with 20 s cadence in Sector 27
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Wilson et al. 2022. A pair of Sub-Neptunes transiting the bright K-dwarf T0I-1064

characterised with CHEOPS (accepted in MNRAS), arXiv:2201.03570 L
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Observing with CHEOPS; roll angle trends

ormalised Flux
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http://www.youtube.com/watch?v=LybP2Wa6xEE

To detrend our data we developed a novel

PSF—applied PCA-based method
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Built off SCALPELS (Collier Gameron et al. 2021) that
measures variations in RV CCFs, our tool conducts a PCA
on the GHEOPS PSFs to measure shape changes.

This is supported by using a Leave-One-0Out Cross
Validation (LOOCV) method to assess and select the
vectors that contribute the most to the PSF shape
changes that are then used to detrend the data.

It is applicable to any photometric dataset in which PSF
changes may cause flux variation, such as temperature,
stray light, contamination, or spacecraft motion.



Combining CHEOPS, TESS, HARPS, NGTS, LCOGT, and ASTEP data

we confirm the planets and find that they have similar radii, but
likely significantly different masses, i.e. a different-twin pair
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Placing TOI-1064 on a MR diagram shows that planet b is

one of the densest well-characterised sub-Neptunes known
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family of mildly
irradiated, dense
sub-Neptunes including

systems such as 225 " HIP116454 b
Kepler-107 (Bonomo 3 f (Vanderburg et al.
et al. 2019), 8201 2015), Kepler-48 ¢

KOI-1599 (Panichi et
al. 2019), and TOI-125
(Nielsen et al. 2020).
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al. 2022
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(Steffen et al. 2013),
K2-110 b (Osborn et al.
2017), and K2-180 b
(Korth et al. 2019).



Internal structure modelling highlights the density

disparity and likely small atmosphere on TOI-1064 b

Internal structure modelling
conducted with a four layer
system:
o aFe+S metallic core
(EoS from Hakim et al.

e Brownis the
metallic core and 4
rocky mantle M

2018); i
envelope \
e aSi, Mg, Fe, & 0 mantle . R
(EoS from Sotin et al. o Greyisthegas '\
2007) atmosphere
o aH,0 layer (EoS from
Haldemann et al. 2020);  Planet b has a large core and a Planet c likely has a small core
HeH | . substantial water fraction, with and water layer, with an
° anrHegaslayerusing very tenuous atmosphere. extended gaseous envelope.

models from Lopez &

Fortney (2014).
Vi ) Wilson et al. 2022, work by Y. Alibert based on Dorn et al. 2015, 2017



Atmospheric mass fraction analysis suggests that
most of the envelope of planet b has been lost
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e T0I1-1064 b likely accreted a larger envelope and then migrated through the protoplanetary disk onto its current 6 day

orbit.

e Due toits probable current atmospheric mass fraction, T0Ol-1064 ¢ may have initially accreted a larger atmosphere or
underwent delayed migration after planet b.

e These scenarios can be tested by tighter mass constraints for planet ¢ and by searching for exterior See Andrea’s

transiting planets in the system. talk on Tuesday
Wilson et al. 2022, work by A. Bonfanti and L. Fossati based on Kubyshkina et al. 2019
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Summary - A pair of Sub-Neptunes transiting the bright

K-dwarf TOI-1064 characterised with CHEOPS

We report the discovery of the pair of sub-Neptunes; T0I-1064 b T N
and c, and characterise both planets using high-precision
photometry from CHEOPS, TESS, LCOGT, NGTS, and ASTEP, and
HARPS RVs. $ 008

Interestingly, although T0I-1064 b and ¢ have similar radii, the
masses are significantly different resulting in a density disparity.

Our internal structure analysis shows that T0I-1064 b has a
tenuous atmosphere, that may have been lost after migration and a | S O S e
large volatile component. Whereas, T0I-1064 c likely has an ‘ ' Time (BD-2457000) ‘

extended gaseous envelope. ' ' ' '

Upon analysis of massive sub-Neptunes, we find a negative

correlation between bulk density and host star metallicity that 1 #—
could be a result of the formation of planets or subsequent oot Fto—:h— "=

evolutionary processes. o2} 'i
i ——

We also present a novel method for detrending photometric data ® F<200F |
via the monitoring of PSF shape changes and successfully apply it~ <°} _+_ ® F»200F |
to the CHEOPS photometry. o3 e ilson et al. 2022
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Thanks for listening. Any questions?

Thomas Wilson (tgw1@st-andrews.ac.uk)
University of St Andrews
CHEOPS Workshop VI-12/01/2022




