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What can we learn from exoplanets?

1) Life outside the

Solar System
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2 ) planetary formation

and evolution
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In 1995, Mayor and Queloz
discovered the 15t exoplanet
orbiting a sun—like star.
Haute—-Provence Observatory,
France

, <4mmm POYOUNB] I9TddY




Transit

Data source: NASA exoplanet archive
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TE S S Launched April 18, 2018

Started science operations July 25, 2018

Transit

+ 10 cm aperture
+ Bandpass: 600 — 1100 nm
+ 13.7—day elliptical orbit
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https://heasarc.gsfc.nasa.gov/docs/tess/primary-science.html

Science Goal:

+ Improve statistics for studies of the mass—radius relation of
small planets as a function of distance from host stars.

+ More temperate planets among which to select the best for
atmospheric characterization with the IWST/ELTs
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TESS Will Discover Earths & Super-Earths
Orbiting Bright Stars

Image Credit: MIT

Continuous stream of
2-second full-frame
integrations
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groups of 60 into
120-second stacks
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Postage Stamps are 10,000 Postage

extracted near Stamps around
target stars 15,000 stars per
orbit
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Compression

Images are summed in groups of
900 into 30-minute FFls

One orbit produces >600 30-
minute FFls from each camera

Villanueva, Dragomir & Gaudi (2019)




Transit——TESS

Single Transit

Stellar density . . : .
4 :~ . = | == (Orbital Period
Eccentric = a : |

T time Tram conter of tonsit (doys) Seager & Mallén-Ornelas (2003)
Density: Gaia (Raidus) and spectroscopy/ [REEKZCEI)

asteroseismology (spectroscopy).
Eccentricity: prior from known
distribution).

Radial Velocity Prospects
for Single-Transit Planets
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Detection Methods and Statistic
Planet Detection Methods

Michael Perryman, Kep. Prog. Phys, 2000, 63, 1208 {updated 3 COctober 20
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Detection Method
and Statistic

« habitable zone(green

area)

~150 exoplanets
detected in 2004

+ —=r.Vv. (blue)
— transits (red)

— microlensing (yellow)
— pulsar timing (purple)

- Imaging(magenta)
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My Project

- Empirical Predictions for the Period Distribution of
Planets to be Discovered by TESS

Previous work -

©loel df=ige= | Simulation o
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data Recovery

My work:

Comparing the

Data of Kepler gasdiica® Data of TESS

between two
missions




M et h O d O I O g y of which orbital || €xoplanet of

The probability that
the orbital period of
a detected exoplanet
is P days :

The probability The occurrence
that an exoplanet | rate of an

period is P days is || Which orbital
detected by TESS || period is P days

] 1

Prob(P|TESS) =

Prob(TESS | P)x Prob(P)
Prob(TESS)

\ 4

constant

Prob(TESS | P) =Prob(7Tr | P)xProb(NTr(z,) | Tr, P)xProb(SNR T | NTr(z,),1r,P)

¥

geometric probability of detecting a
transit around a star for a fixed period

the probability of observing the transit(s) more than N times
during the finite observing baseline of observations for TESS
for a fixed period, given that the transit is detected

the probability that the signal-to—noise ratio (SNR) of the
exoplanet is higher than the threshold given that it transits
at least N times over the course of the observations.
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M eth O dOlogy The gray vertical line is 694.76
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the probability that it can be
detected by Kepler is less than
1. Prob (trIP) 10% and the pink vertical line
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Methodology

3. Prob(SNR_T|2Tr(z4), Tr, P)

, 1 A2
SNR = R4P 3
p GM,

SNR = f(P)g(S)h(M, T,)

1
f(P) = R2P73

1

).

At
4R 1%

AZ A
f B4, T,) (—) dA,
2, hc
SNRy = f(P)g(S)h(Mg, T.);

SNRy = f(P)g(S)h(Mr, T:)

1 e
Am?\6 | 1 l
8(8) = (GM ) 4R SNR, = SNR,, "M, T.)
* \ * T K h(MK, T*)
A Az A — k(MT, MK,T*) 'SNRK
h(M,T.) = |—-| wmBQ,T.) (—) da
re Jy hc
\ 1
< 4500K 3974.41 0.0327 0.0463 0.0567 0.0655 0.0866
> 4500K 5653.53 0.0621 0.0878 0.1075 0.1242 0.1643

0.1180

0.2239



Methodology

3.Prob(SNR_T|2Tr(ty), Tr, P)

fSHR'ri[SNRHP- tr) = fowpri (ke - SNRg [P, tr) = fSNEHE{:SNEEIPJ tr)

fonmri (SNR|P, t7r) = fonpi (SNR/E|P, tr)

0.4
Prob,(SNRy > SNRT, ... |P, tr) [\ —— Kepler
oo | | — Tess
JF"ME'TI‘]‘EHI.
B f: (SNEIW tr) dSNR'
- SNRKI , -
JsnRTpi o\ K 0.2

= J k- fonmii (SNR"|P, tr)dSNR"

SNRT i 0.1+
i
= k- Prob; (SNR,, > Z1miz p ¢y
0.0 - | | —

SN ETri'i!ii?i!

Prob;(SNRy > SNRTyin IP,t1) _ Prob, (SNRH > mep, E*r) .
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Methodology

3.Prob(SNR_T|2Tr(ty), Tr, P)

Prob(TESS | P) = Prob(Tr | P)x Prob(NTr(z,) | Tr, P)x Prob(SNR T Tr,P)

3 scenarios:
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Methodology

Prob; (SNR > P,tr,3trs) Np; (SNRy > w}}ﬂ) /N,

Prob;(SNRy > SNRK, i, |P, tr, 3trsg)  Npi(SNRg > SNRK, ;) /Np;

Np; (SNRg > ﬂﬂﬁ)
~ Npi(SNRy > SNRK,,in)

SNRT,
2 i

SNR

Ngi(SNRg = SNRT min/k) N gl SNR g > SNRK min)

| |
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2. Results of different

RGSUH‘S observation baseline

2 transits 1 transit
1.0

Kepler

1. Results of two subsamples for
different observation baseline
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Results
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SNR

ncertainty

Uncertainty of approximating Ntrs

A% P\ 6

SNR = R2 | ——
P\ GM,

1

NysA (%2

4R.1* J;,

N

ttB(A4,T,)

he dA

7001 350
600 1 400 300
5001 250 -
300
200
200 150
100
100
50
0- 0-
0 100 200 300 0.0 2.5 5.0 7.5 0 2 4 1 2 3
Orbital Period(days) Planetary Radius(Earth Radius) Stellar Radius(Solar Radius) Stellar Mass(Solar Mass)
o Kepler 107 @ o Approximate ratio
POSEE ERRSINE! RN | TESS .
RN i o] 0.8 - True ratio
R PR Bt S, O NI 0
SNRT/k §— — "'v?‘ .f‘l;r.. e EREEN TC T —
- R AR A R B T P I I - 0.6 1
I IR P B S o P
A, :‘j‘:: ?}s,r{;, ,:-:*« :ﬁ:;.?? = 0.4 0
q LRP
SNRT :
0.2 (»]
0.0 - o o o
I T T T T TITT] T T T T TT1T] T T 1T T TTIT] T T T T T T T
1071 10° 10! 102 0 50 100 150 200

Orbital Period(days)

Orbital Period(days)




Uncertainty

* Uncertainty of Stellar Parameters

Prob;(P|TESS) 1 <4500K
Prob(tr|P) Prob;(Ntrs;|P,tr) 6 >4500K

— c.Prob: (PlKepler) - : :
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5.
5
* Uncertainty of SNR model L
0 : I 1 |
47.[2 6 At A pl 1.0 1.5 2.0
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22 _
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Comparison

27-days baseline

the entire mission
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Studying terrestrial

A targeted search for First step planets in orbits up Performing a chemical
Pioneering stellar terrestrial and larger characterisation to the habitable zone census of a large and
seismology and planets in or near the . : of known Earth- of Sun-like stars, diverse sample of
exoplanet hunting habitable zone of a First all-sky transit to-Meptune size and characterising exoplanets by analysing
mission wide variety of stars survey satellite  exoplanets these stars their atmospheres

10 b
Ground-| 1990

2013 Dedicated exoplanet
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First discoveries of
exoplanets in the 1390s
opened up the field of
expplanet research.
Mews innovations and
discoveries continue
to this day
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