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~ Introduction

- Can some close-in planet survive the RGB ?
- Do hot subdwarfs have planets ?

- Can hot subdwarfs be formed through planet-star interactions ?



B - Can some close-in planet survive the RGB ? -
Look for planets around sdBs

- Do hot subdwarfs have planets ?

- Can hot subdwarfs be formed through planet-star interactions ? €_Model the interactions

- Introduction
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Data : The TESS mission

189 days

351 da“-.a
WST .,

- Launched in 2018 by the NASA O s
-4 * @ 10 cm telescopes
- Large survey of 90% of the sky (cycles, sectors)

- 1302 hot subdwarfs observed (primary mission)

' Method
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Quick recall : the transit method

Looking for flux drop in star's light curves
Efficiency depends on:

g (R / Rstar)2

planet

light curve

— ~—/

time

brightness

-

Credit: nasa.gov

- Planet's period

CoRoT-1b




~ Method

The SHERLOCK PIPEline

Looking for shallow transits with the SHERLOCK PIPEline
(Searching for Hints of Exoplanets fRom Lightcurves Of spaCe-based seeKers)

We want to consider a maximum of potential signals
=> Low SNR threshold
=> Higher rates of false positives
=> Need to detect and discard them
=> \letting steps The SHERLOCK
PIPEline
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. Method
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Follow up

B TRAPPIST
Two @60 cm telescopes
- La silla, Chile
- Oukaimeden, Moroco

B CHEOPS (ESA)
' Space based mission
@32 cm telescope

' Method -

C -



Developed form of eq. 1 from Thuillier et al. 2022,

B Confidence level RS
i : | Transit v obailt -
e \umber of star § P 4

p B R*+Rp 1+esi

transit

pP

transit =~

: l adapted from eq. 7 of Van Sluijs & Van Eylen 2018 -

¥ Detection probability

n .

— (P ram P +1 [
ks, = 1-0-0"

Depends on a lot of parameters
=> |njection & recovery tests
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Models

Modeling the sdB progenitors
=> Starevol

=> Sekhmet

Influence of the type of body

Itokawa (outside graph)
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Gliese 1214b

s Comparing star's envelope binding energy to the planet's energy.
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Modeling the evolution of planets parameters through the RGB

2.6575
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Ex: There is at most ~20% of sdB that

Occurrences

o
o'

Maximum occurrence rate [fraction]

Preliminary results from Cycle 1 (549 stars)

N

Better constraints for:
- bigger planets
- shorter periods

Planet radius [R Earth]

578 63.4 5510

o
(N}

have a 2 R__. planet with a period of 3 - 50.6 58.6 73.8 76.2 76.8 80.3 74.1

days (with 95% confidence). 50.7 76.6 93.0 87.1 95.0 95.0 93.9 95.0

3 4

_ Results
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0.0

—0.51

Energy [J]
|
5

Results

|
=
n

= E binding

0.0 0.5 1.0 15 2.0 2.5
le11 Time [Gyr] 1e9
| =— R_Star

N

&)
=
u

=N
wv o
-
o
w
o
o
R_Sun]

Iy
=}

o
”n
Distance [AU]
: — ‘
o
o
[

Distance [m]

e
5

._.
o
) o
Distance

=]
o
-
o
o
o

0.0 0.5 1.0 15 2.0 2.5
Time [Gyr] 19

Energy deposited by a planet to a star
As a function of time and planet mass

350
— E_hin
— 300
— 250 B
3 o
4 o
—= 209;5
—6 150 ©
—_— < |
—1 100°
—_—3 = |
10— 50
—_—13
- H ] - u
19 1,2 1 0.8 0.6 0.4 0,2 0

Time befare RGB tip (Myr)



.
-
g
3




N

Planet radius [R_Earth]

o
o)

Maximum occurrence rate [fraction]

r0.6

Period [days]

- Can hot subdwarfs be formed through planet-star interactions ?

Energy deposited by a planet to a star
As a function of time and planet mass
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Ve .A_Ii credlts for the illustrations.are in appendix
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d - Goals:
- Determine the fate of close-in planets during the RGB.
- Determine whether sdBs have planets.
- Determine whether sdBs can form from planets engulfment.

N - Method:
i - Analyse all sdBs in TESS data to find transits
- Model planet-star interactions

B - Results :
- No confirmed planets so far, if sdB have some, it's not much.
- Planets have enough energy to expel envelope.

Thank you for your attention
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Close to the star :
=> Destruction and accretion

Far from the star :
=> Almost unperturbed survival
engulfed
8 In-between :
: => Probably a bit of both |
i % o CTRLE R R e 4.56 4.57 4.58 4.59 4.60 4.61 4.62

| Figure 1 of Villaver et al. 2014 time in Gyr

_ Introduction
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~ Introduction

a in AU

G T 7 engulfed
4.56 4.57 4.58 4.59
x . Figure 1 of Villaver et al. 2014  time in Gyr
¥ 2 ;s g .:‘_,‘_' % . e . ? ; :
, '- : ThN Introduction




RGB & substellar bodies

Close to the star : _ !
=> Destruction and accretion g Vaterials can form 2™ gen. planets

Far from the star :
=> Almost unperturbed survival

B In-between :
' => Probably a bit of both

' Close orbiting planets after the RGB



RGB & substellar bodies

Close to the star : _ !
=> Destruction and accretion g Vaterials can form 2™ gen. planets

Far from the star : : : ;
=> Almost unperturbed survival Can migrate in the system

B In-between :
' => Probably a bit of both

' Close orbiting planets after the RGB



~ Introduction -

RGB & substellar bodies

Bl Close to the star : ! )
- => Destruction and accretion ¢ Vaterials can form 2™ gen. planets

Far from the star : : : ;
=> Almost unperturbed survival Can migrate in the system

B In-between :
' => Probably a bit of both

% Close orbiting planets after the RGB & e . dairodiiction



RGB & substellar bodies

Bl Close to the star : ! )
- => Destruction and accretion ¢ Vaterials can form 2™ gen. planets

Far from the star : : :
=> Almost unperturbed survival Can migrate in the system

In-between : b L 0 sl
| => Probably a bit of both .

A ——— SdB's lifetime : ~100 Myr

> Possibl butverunlikelyfor B e
B Close orbiting planets after the RGB | sdB given their short lifetime  [EEEEUlUeEeld



Traﬁs.i-t‘:' NASA, htt;)s://svs.gsfc.:.nasanl.gov/30'558w _
Bl The depth of a transit depends on the ratio between —  |E—_—_—_—_—_
B the star's radius and the transiting body radius
R2

Planet

R2

Star

Depth =

light curve

brightness

g Probability of transit is fully determined by geometry —

Credit: nasa.gov

CoRoT-1b

ptransit_

2 L2y o _— . A 2 = - .
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~ Transit method -
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Own work
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Sinal epth

Signal to noise ratio (SNR) > 6 White noise

[ : bt 1_> inadue oratestd peiod .
8 Signal Detection Efficiency (SDE) > 8 ~ "o(SR) | o:siandard deviation



Relative flux

; ‘S_H.E RLO'CK ‘pos.iti_fvi'é .

Relative flux

0.82 days signal on TIC 397833009. Main star is ol

likely a sdF and the transiting body a BHB star
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‘ Bl Run 1# win_size:0.7008 # P=0.82d # T0=2116.38 # Depth=41.8958ppt # Dur=43m # SNR:38.58 # SDE:22.26 # FAP:0.000080
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LCs of Nearby Stars

~ Method

Normalised Flux

143349466

Declination

Che gt
bl el
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Injection & recovery tests

N
U

- Inject a synthetic planet

N
o

- Detrend the lightcurve

- Try to recover the signal

L
w

Recovery rate (%)

- Repeat varying radius and period

Injected radius (R g )

=
(=

- Compute the recovery rate
LUy T T e 20 40 6.0 80
Injected period (days)

S Injection-recovery output for TIC 85400493. (Own work)



Table 3. Minimum size of planets in units of K, that can be detected in
typical light curves with a =90% recovery rate.

Injectlon & recovery tests %
Ionger perlods o

Kepler

3054179 14.3 o0
30

3353239 15.2 30

5938349 16.1 30

SB809318 17.2 30

5342213 17.7 30

K2
206535752 141 80

30 . . Lo
211421561 14.9 30 . 4 19
228682438 16.0 30 . 4 25
251457058 17.1 30 14 23 34
248840987 181 30 2.1 33 54

ESS
147283842 10.1 27 05 07 LS
362103375 13.0 27 10 17 20
162 07 08 09
096949372 13.0 27 L1 18 2.0
AM1713413 131 27 13 17 20
54 13 17 19
Bl | 085400193 14,1 27 18 23 28
20 4.0 6.0 30 N | 220513363 14 27 16 18 27
, . e 81 13 16 2.5
Injected period (days) " 000008842 15.0 27 27 32 47

I 'njection-recovery output for TIC 85400493. (Own work) B8 Notes. All stars have 0.17520.025 R;, and 0.47 £0.03 M, .
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Method
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Method -

- Detection capability
1 R_Earth: exceptional

Injected radius (Rg)

1.0

- Magnitudes (G mag)
G mag in 12-15=90% targets =

25

| - Other parameters
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Injection-recovery test for four different hot subdwarfs. From my master thesis.
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Lightcurves and injection-recovery
test for TIC 147283842 and TIC
372681399. From my master thesis.
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NASA g
Survey focused on a part of the sky (Kepler) 4
Survey on the ecliptic plan (K2) :

@ :95cm

Launch mass : 1039kg _

. i M IS S.i'b n de sc r| ptlon Kepler/K2 (2009-2013 / 2014-2018)

3B TESS (2018-?) Vit
. NASA 2 s
Large survey of 90% of the sky

@:10cm*4

Launch mass : 350kg

W CHEOPS (2019-?)
ESA
Characterization of already discovered exoplanets
@ :32cm
Launch mass : 273kg



planet b
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Planet transit
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Multiple planets _E

Own work




~ Singleevents

>= 2 transits needed to get the period
M but some single transit are in the data.

B Exemple : TIC 156458527
‘ Cycle 2, 5 sectors, 1 event.

e Own work, data from MAST



* Perturbating events

¥ Solar system object | e
BN Exemple : TIC 88021496  [SSMEE




Method

Run 1# win_size:0.1666 # P=5.03d # T0=1683.65 # Depth=126.4738ppt # Dur=19m # SNR:12.46 # SDE:8.93 # FAP:0.000240

| Run 1# Wln _size:0. 4871 # P= 4 95d # TO 2424 25# Depth 32 1875ppt # Dur=67m # SNR 14.07 # SDE:11.91 # FAP:0. 000080 -

- TEN g 5
Run 1# win_size:0.1666 # P=5.03d # T0=1683.65 # Depth=126.4738ppt # Dur=19m # SNR:12.46 # SDE:8.93 # FAP:0. 000240 Run 1# win_size:0.4871 # P=4.95d # T0=2424.25 # Depth=32.1875ppt # Dur=67m # SNR:14.07 # SDE:11.91 # FAP:0.000080
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2 ‘Slide 9 Artist view of TESS : NASA e . o
. https://en.wikipedia: org/wiki/File:Transiting_ Exoplanet Survey Satelltte ‘,’ . '-, :

Credlts

: Background Mllky Way. and Sagrttanus User Alpsdake on wrk|med|a g
. https://commons. wrkrmedra org/wiki/Fite: Mrlky Way . and Sagrttarrus JPG .

SI|de 2: Stellar evolution (HR diagram) : User L|thop5|an on W|k|med|a
.. httpsi//upload.wikimedia. org/wrklpedla/commons/thumb/a/al/ e
Evolut|onary track Im. svg/1166px Evolut|onary track 1m svg png

Slide 2 Art|stV|ew of ‘Sun expan5|on ESOiin
https /Iwww.eso. org/publrc/rmages/es01337a/

, Slrde 3: Fate of planets dunng the RGB Flgure 1 of V|Ilaver et aI 2014 o
Slrde 5 Same as Sl|de > : :

Slide 6:; SteIIar evolution'of sdOB stars (HR dragram) own work adapted

from. user thhopsran on wrkrmedla (see Slrde 2)

: : Slrde 8 Same as Sllde 3

v ‘,‘,

"_artist concept (transparent background) png

Slrde 9 TESS field of vrew sectors and cycles NASA L
. https:/lcommons.wikimedia.org/wiki/File: TESS.. scrence sector
SUddIVISIOﬂ fr. png”uselang-fr ; e

Slrde 11 : Transit of Mercury Solar and Helrosphenc Observatory/NASA/ESA

~ https: /Imars.nasa. gov/alIaboutmars/nlghtsky/rover astronomy/mercury—
. transit-mars/ - i : , :

»

e 4SI|Vd,e:

‘Sllde 11 : Transit of Corotvlb' NASA :

https //svs gsfc.nasa. gov/30558 ‘

Slide 12 Sherlock Iogo ¥ ; :
https: //grthub com/franpoz/SH ERLOCK

'Sllde:13a Detrendlng Own work from Sherlock output
ek Slide'_1.3b Time mask Own work -
- -Slide. 13c™ RMS mask : Own wrok from Sherlock output
S Slide.:13:d : Pre'-wh|ten|ng : Own work using the FELIX code (S.Charpinet)

- :Sllcle'13e SG filter :: Own work adapted from user Cdang on wrk|med|a

> https //commons wrkrmed|a org/wrk|/F|Ie Lrssage sgB anrm grf’?uselang fr

Slrde 15 Vrsual vettlng Own work, from Sherlock output

Sllde ,16 Co-mpanson cycle 1 cycle 3.2 Own work from Sherlock output

Slrde 17 Vettrng LATTE ‘Nora Eisner -
https //glthub com/noraersner/LATTE

Slrde 18a Watson Iogo '
- https: //grthub com/PIanetHunters/watson

Sllde "b 18c'» 18d Vettlng Watson : Own work from Watson output

plot Own work from Sherlock output
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' SI'rde 20:
Slide 21

-Sl|de 227 : : S
https://sci.esa.int/web/cheops/- -/54127- artrst -S- |mpressron of-the- S

slidé 23

3 Slrde 29a Transit : Own work from Sherlock output

Credlts

- Slide 20 TESS field of view (prxel maps) Own work from Sherlock output
TRAPPIST f|eld of view : good quest|on ; |
Schedullrng Own work from Sherlock output
CHEOPS ESA

charactensmg exoplanet -satellite- cheops--front vrew

: Slide 22 TRAPPIST north (top) and south (bottom) good questron agaln

InJectlon & recovery tests Own work wrth an adaptatron of a code
prowded by. Franmsco Pozuelos’ ‘ :

Slrde 24 Model of |nject|on Prowded by F Pozuelos :
4, Slrde 25 26 Same as Sllde 23

~. Slide 27 L|ght curve aspects Own work from |njectron and recovery tests

; and Sherlock output

Slide 28 : Position of targets from TESS cycle 1 Own work wrth an .
adaptatlon ofa code prowded 0)Y] Francrsco Pozuelos o

Slrde 29D : Whrte dwarf

- Slide 29b : Brown dwarf :R. Hurt/NASA i ;
‘ https //commons wikimedia.org/wiki/File:L- dwarf nasa- hurt png"uselang—fr: o

Sllde 20 TESS freld of V|ew (plxel maps) Own work from SherI0ck output
Slrde 20 TRAPPIST fJeId of view : good questron
Slrde 21 Schedulllng Own work from Sherlock output
. Slidé 22.: CHEOPS 1ESA
https:/fsci.esa. |nt/web/cheops/—/54127 -artist-s- |mpreSS|on -of- the-
charactensrng exoplanet-satelllte cheops--front view

Slrde 22 TRAPPIST north (top) and south (bottom) good questron agarn

-.Slide: 23 lnjectlon & recovery tests : Own work; W|th an adaptatlon of a code
: prowded by Francrsco Pozuelos -

Slide p Model of |nject|on Prowded by F. Pozuelos ;
Slrde 25, 26 : Same as Slide 23 !

Sllde 27 Lrght curve aspects Own weork from |nject|on and recovery tests
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