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~Hunting for newborn hot Jupiters
ar'oun_d young actlve stars
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Hunting for newborn hot Jupiters
around young actﬁve stars
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https://apod.nasa.gov/apod/ap151205.html


Huntmg for exoplanets
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. Hunting for exoplanets
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ers*o of magnltude

Ial‘*Separatlon lau @ 10 p pc = 0.1 k*\(atmosph
lﬂ%tect a candle next to a lighthouse from a dlsta
> coronography / adaptive optics / interfe
£ fev(’detectlons of dlstfgougg)glant plane
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" HR 8799 bcde : 30 Myr @ 40 pc
5-7 Mq planets @ 15-68 au’s . d
Marois et al 2010




Hunting for exoplanets
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@ high-precision veIoumé’fry

radlal velocity (RV) signal ylelds |
e.g. Ju'plter n'the Sun: 13 m/s —
ctreme precision required: I m/s =3 IO'9 X spee
‘thermally stable (~0. 0l K) evacuated spectrographs o

°°> vgry stable wavelength reference
£ HARPS @ 3.6m ESO telescope at La Silla (
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https://www.eso.org/public/videos/eso1035g/


Hunting for exoplanets

»
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" high-precision veloumetry i .
detect & measure the reflex motion of the host star through the Doppler effe -
radial velocity (RV) signal ylelds Elanet mass (m sin i w/ i; orbit tilt wrt line of s
e.g. Juplter n the Sun: I3 m/s’g— Earth on the Sun: 0.08 m/s ﬁ!&ﬁ '_

' 'f?, xtreme precision reqwred | m/s =3 10 x speeo‘g’llght o B

. -_hermally stable (~0.01 K) evacuated spectrographs
g very stable wavelength reference o |

«¢ HARPS @ 3.6m ESO telescope at La Silla




Hunting for exoplanets e
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€ photometric transits 5 s
detect & measure the partial occultatlon of the star by a close-in planet &

gives access to the planet radlus “(wrt‘the stellar radius) - e
e.g. Juplter n the Sun: 1% = 10 mmag — Earth on the Sun: 0.008% = 8(§ppm

. i
-'.@ ery high photometrlc precision (a few tens of ppm -

‘ -

- radius + mass yields average bulk density & ébmpo?tl ,.

g thousands of planets & hundreds of systems detect%d
3 e

N

". 'A_‘,-‘. ' . * .
¥ https://www.eso.org/public/videos/eso1011c/
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@ photometric transits
detect & measure the partial occultatlon of the star by a close-in planet
gives access to the planet radlus-(wrt‘the stellar radius) v
e.g. Juplter n'the Sun: 1% —\IO mmag — Earth on the Sun:0.008% = 8(§Q‘|5m

‘°<>, e'ry high photometrlc precision (a few tens of pprﬁ v

| est from space (CoRoT, MOST, KEPLER TESS, PLATO) =

g needs confirmation w/ velocimetry to validate plane s P i

¢ radius + mass yields average bulk density & EBmpoftl, -{-. Th v e
ot thousands of planets & hundreds of systems detected with K

-1




Hunting for exoplanets

Winn & Fabricky 2015
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@ Doppler
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O Microlensing
© Imaging

© Timing

Orbital distance (AU)
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@ pollution by stellar acti

stellar magnetic fi fields generates spots'&’r ‘?es at the surface of the host st:

|mp cts RVs & photbmetr)( o

chromatic sig
g2

v
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'~ Hunting for exoplanets
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2 pollution by LA activity

Hunting for exoplanets

.

stellar magnetic fields generates spots & plages at the surface of the host star
impacts RVs & photometry on timescales of days to months & years (rotation, cycI/e)
chromatic sighature from activity as opposed to achromatic signature from planet‘ 7

" ®0 activity of the Sun:a few m/s and 100 ppms at optical wavelengths Lt
¢ distort / drown signal from planet :(
®¢ need to model & filter-out activity
v .
b ¥

http://www.ast.obs-mip.fr/article.php3?id_article=457
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. Propertles of hot Jupiters

:‘-w,
@what is a hot Jupiter ?

close-in giant gaseous planet at a
¢ orbital period < 10 d and mass > |
* Iarge RV S|gnal "typlcal ser

ance of <0.5 au from its host star P

%M‘m e,
ude of ~100 m/s orynore o
a few :

“% &S




Properties of hot Jupiters
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Mayor & Queloz
2000

& first planets detected w/ velocimetry
easiest to detect thanks to their large RV signal
51 Peg b (Mayor & Queloz 1995)
HD 209458 b (Mazeh et al 2000)
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Properties of hot Jupiters

ek i - 2 Mayor & Queloz
o =09 2000
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& confirmed with photometry
HD 209458 b (Charbonneau et al 2000)
independent discovery (Henry et al 2000)
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Properties of hot Jupiters

Three phases of a transit

. &

oM sit’d | Spin and orbit aligned

&

1IOLOI] N |Spin and orbit misaligned by 60°
y (Charbonnea

_(h‘.

@ RV transit signal
Rossiter McLaughlin effect

¢ tiltiof orbital axis to ‘spin axis
o¢ coplanar orbit for HD 209458 b




. Properties of hot Jupiters
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?t"ho.*lp'it'ers (egWright etal 2012)
g e , % 3’ AR oo
less fé"F'jpw-m stars / M dw ?“%’-‘@) g AT B e 24
higher;b"é ce rates from RV sur e‘y}kthah from photometric transits 7.
mo'r’e"fr-' ant (~5%) in dense c;ﬁen’ clusters (Bruiélassi etal 2016)2 "
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@ occurrence rate of hot Jup
only ~1% of mature Sun-like stars -
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Properties of hot Jupiters
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) orbital properties

most have circular orbits, some w/ elliptical / tilted orbits
most show prograde orbits, sometimes retrograde

orbital alighement for cool host stars (eg Brown et al 2017)
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. Propertles of hot juplters

L A%? '; _ L
plters,(eg\ rigk etgl 20I2)
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Formation of hot Jupiters

2 star / planet formation | | Q""

dark cloud collapsing on its own weight, forming accretion disc
accretion disc yielding central star. (T Tauri) and protoplanetary disc
giant planets/ hot Jupiters shape early planetary system architecture .

> v, ) Nyl . 2 ps
* ®% key role in formation of planetary systems W L.
g L4 “Mas : ¥ o a3 R e
.E & ‘ s =B . i % ¢ " J @
A a dark cloud D gravitational collapse ¢ protosta:,‘ | envelope
ipolar '
flow / ;

»

disk
™ .

/

A‘ "."_..‘. /

KA ' A dense core
10,000 to
" - "_3-‘: («-200,000 AU > l«—10,000 AU-» time = 0
.~ 'd T Tauri star € pre-main-sequence star B f young stellar system
: .
p ipoley planetary debris £
(O]
protoplanetary * digk 5
! disk\ O
Re. AR ©
< €. )’ >
X '\' Al 4
d \ 2 central planetary
x % EiteX star system

100,000 to 3,000,000 to after
j«—100 AU— > 3,000,000 yearsl]<—100 AU—> 50,000,000 l«— 50 AU —» 50,000,000 years

.



. Formation of hot Jupiters
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@ star | planet-formation
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. Formation of hot Jupiters

’ v". y

*’@.f;;; star [ planet: formatlon y o2 5
.dark cloud collapsing on'its owr welght‘ rming accretlgi{ disc

accretion disc yleldmc central s gﬁ 1) and protoplan ary.( C|ISC . 4ol
;

glan"é‘planegl #*Rot ]—'Ii‘pi’cers netary system architect e
"A'G’ By role i n formatlo ahéz@ry systems =
1? 3 ‘” . vl \‘ g
e A ""\'.. '.’ S Y
ity f matlon & |
- w not enough'disc.material to.form ietifupiters.in situ k
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& dle fsmall,ef planets (Batygin et al 2096758 s N
o " hot Neptunes unllkely tg_occ olghio LDt

o e 5
t / stz planet mteraé]onﬂ
ed at several au’s beyond ice Ilné

I‘orﬁ’through gravitational interaction w/
cil ized through tidal effects w vith host st
othéé‘llgned & mi alig ned hotJuplter %
ds 100- IOOO Myr to align & cchIarlze orblts | Jﬁ‘ .




eglcﬁ:& generate spiral d
out‘er.,yvakes induces inwara

elt'}mlgrate on timescales of 0.01-0.1 Myr e
t >l'tmlet al

‘50' genérates hotjuplters on circular orbi

© F Massey




- . Formatlon of hot Jupiters

@ plqnet -disc mtéractlon o : Fadg » 38 -\,, *
glantﬁ;ﬁfde’plet‘es co-orbital region nsity tructures (v
differe torque from inner & « ard ._A';. migt atic

)
hot Jupiters migrate on timescales of O 01-0. 1 %
o generates hot Jupiters on circular of*'blts

,,‘s
-

." ,..'

B s
in et al 1996

©OF Massey
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HLTau, 0.1 Myr
© ALMA / ESO




O planet-disc lnue”ac_tlon |

‘ aﬁ*t*plan depletes CO- on‘b\t re
> '3
differendal torque from INNCHSTO Ny
horg egstimigrate on timeseales 5
e generates hot Jupiters on :
; =
r -
% magnetospherlc gaps -

host stars tr@el:?’crong Iarge -scale dynamo magnetic fields

forces disc maten%l into corotation w/i smallest of elch ilfye ‘. Ke . pler ad|u§°

disrupts.the central di r‘€glons generate magnetosph ;\ m
. ane tion at inner disc edge (Lin et all 6 -

I survwe if disc dissipates before FEId w
' ,,{ a.‘

datlng hotjuplter formatlon w/ you g ars ?




> Hot juplters around young stars
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v/ radii 3-1.2 Re fora | |
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@ T Tauri stars (TTSs) Y

young Sun-like stars (0.5-1.
contraction not complete

‘either acc etmg from thelr
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“ . Hot j'upite_rs around young stars
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3. Hot juplters aro!
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e o

& T Tauri stars (TT s)
yoqng Sun lilké stars 0.5+ \l»

ETs
f. clés.i’gil

D\ ‘ : '3"

{"‘ " rotatlon rates Al&)Ox-ﬁastek thﬁ
U | xtremely . ctive stars With str

ﬂtlzﬂ’ﬁ’ot Juplfe rs

monltorlng of TTSs from CFH
C fields & activity w/ tomographlc i

© M Garlick
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BLACKETT DECOUVRE UNE NOUVELLE
PARTICULE A L"OBSERVATOIRE DU PIC DU MIDI

1953 LE CONGRES INTERNATIONAL SUR LE RAYONNEMENT
COSMIOUE REUNI A BAGNERES NOMME CETTE PARTICUL
"HYPERON ~

CE MONUMENT REPRESENTE LA TRACE DE L'HYPERON
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. Hot Jupiters around young stars

' 1950 : LE GROUPE PMS BLACKETT DECOUVRE UNE NOUVELLE
PARTICULE A L"OBSERVATOIRE DU PIC DU MIDI
1953 LE CONGRES INTERNATIONAL SUR LE RAYONNEMENT -

COSMIOUE REUNI A BAGNERES NOMME CETTE PARTICUL
"HYPERON - |

CE MONUMENT REPRESENTE LA TRACE DE L'HYPERON
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Hot Jupiters around young stars

& rotational modulation of spectral lines
magnetic spots generate line profile variations & Zeeman signatures

induce RV variations of several km/s, much larger than those from hotjuplters »
®¢ compute average line profiles from ~7000 spectral lines i 'f,,'
*& monitor temporal variations / modulation of line profiles g 2

activity induced
emission lines
photospheric

absorption lines
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Hot Jupiters around young stars

& rotational modulation of spectral lines
magnetic spots generate line profile variations & Zeeman signatures

induce RV variations of several km/s, much larger than those from hotjuplters »
®¢ compute average line profiles from ~7000 spectral lines i 'f,,'
*& monitor temporal variations / modulation of line profiles g 2
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Hot Jupiters around young stars

-

@ rotational modulation of spectral lines
magnetic spots generate line profile variations & Zeeman signatures

induce RV variations of several km/s, much larger than those from hot_luplters ,»,
®¢ compute average line profiles from ~7000 spectral lines = {;,'
=& monitor temporal variations / modulation of line profiles ; K Ak

L

Zeeman
sighature

0 -50 0 50 -50 0 50 0 50 0
Velocity (km/s) Velocity (km/s) Velocity (km/s) Velocity (km/s) Velocity (km/s)




Hot Jupiters around young stars

’

@ tomographic imaging

reconstruct 2D brightness & magnetic map from series of (1D) line profiles
use maximum entropy principle to infer simplest map compatible with data
¢ large fraction of the star covered with cool spots / warm plages
o¢ |arge-scale field 2-3 orders of magnitude stronger than solar
o¢ surface differential rotation shearing the surface
o temporal evolution of surface features -
o¢ use results to filter-out RV curves from “activity jitter”

Y,

http://www.ast.obs-mip.fr/article.php3?id_article=457

50

Velocity (km/s)


http://www.ast.obs-mip.fr/article.php3?id_article=457


Hot Jupiters around young stars

’

@ tomographic imaging

reconstruct 2D brightness & magnetic map from series of (1D) line profiles
use maximum entropy principle to infer simplest map compatible with data
¢ large fraction of the star covered with cool spots / warm plages
o¢ |arge-scale field 2-3 orders of magnitude stronger than solar
o¢ surface differential rotation shearing the surface
o temporal evolution of surface features -
o¢ use results to filter-out RV curves from “activity jitter”

Y,

http://www.ast.obs-mip.fr/article.php3?id_article=457
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Hot Jupiters around young stars

’

@ tomographic imaging
reconstruct 2D brightness & magnetic map from series of (1D) line profiles
use maximum entropy principle to infer simplest map compatible with data

¢ large fraction of the star covered with cool spots / warm plages
o¢ |arge-scale field 2-3 orders of magnitude stronger than solar ‘ 7
o¢ surface differential rotation shearing the surface ; i
o temporal evolution of surface features - ' } ”
o use yxfiiter=oniR bm “activity jitter”

|||||||||

yi
http://www.ast.obs-mip.fr/article.php3?id_article=457
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Hot Jupiters around young stars

’

@ tomographic imaging
reconstruct 2D brightness & magnetic map from series of (1D) line profiles
use maximum entropy principle to infer simplest map compatible with data

¢ large fraction of the star covered with cool spots / warm plages
o¢ |arge-scale field 2-3 orders of magnitude stronger than solar ‘ 7
o¢ surface differential rotation shearing the surface ; i
o temporal evolution of surface features - ' } ”
o use yxfiiter=oniR bm “activity jitter”

|||||||||

yi
http://www.ast.obs-mip.fr/article.php3?id_article=457
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Hot jupiters around young stars
3 - AO

@tomographlc imaging -ﬁ

reconstruct 2D brightness & magnetlc map from series of (1D) line profiles

use maximum entropy principle to infer S|mplest map compatlble with data
.®¢ large fraction of the star overed with cool spots / warm plages
- Izt.rggﬁile field 2-3 of*d s of magnitude stronger 'éhan olar |
W\s ce differential rotat%‘n shearing the surface *h
!<> temporal evolution of surface features
®¢ use results to filter-out RV curves from “activity jitter”




Hot Jupiters around young stars

@ filtering RV curves from actlwty jitter w/ tomographic imaging
youngest known hot Jupiter detected on ~2 Myr-old TTS V830 Tau E
planet RV signal ~20x smaller than activity jitter, small eccentricity i

1
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Hot Jupiters around young stars

K

3 filtering RV curves from activity jitter w/ tomographic imaging ™
youngest known hot Jupiter detected on ~2 Myr-old TTS V830 Tau R/
planet RV signal ~20x smaller than activity jitter, small eccentricity L 1.

Lomb-Scargle

. periodograms

-
y

2.741d
activity signal

Power — raw RVs

4.97 d planet
signal: FAP<10°

Power — filtered RVs
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Hot Jupiters around young stars

% filtering RV curves from activity jitter w/ tomographic imaging™
youngest known hot Jupiter detected on ~2 Myr-old TTS V830 Tau R/
planet RV signal ~20x smaller than activity jitter, small eccentricity K

Lomb-Scargle
periodograms

Filtered RVs (km/s)
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© . Hot j'upiters around young stars
| S O B
v : ‘*. 5‘

Saussian Process Regressmn (GPR

@ modeling act|V|ty usin
~model activity as correlated noise, eg @ Gaussian process s (GP) of known covar
iance function (eg Haywood,et l 20I4) o

assume pseudo- periodlc covaria
‘d tlon & spot evolut?on

"."“ 0. reprc duces rctatlm
5o ‘ J
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Hot juplters around young stars

(% modeling actlwty using¥Gaussian Procé"gs ,egressmn (G R
‘ -
% model actlwty as correlated no‘ise °g dssian proc

odicicovaridpes fanction (egHay vood.e a130|4)
ucgg'"%téﬁ fodulation & spot evolution:

“ovariance funct|on ‘
e C t) = g‘z exp[ -(t- t)2i’(p2 - sin¥ Tr(tg/x}

| (;'; : ""‘;& with 9, (p& and ) four hyper pﬂa%rs characterizin
(e 9 am I| ude = @ spot | |fet|me ot eriod - L|)
P p
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: - " be = R ¢
S 2 ’ Tl > "".’ 'b 1l. B A
Y. ' o 4 ¢
- ’ ¥ woe? i 3 1
v g | :»
‘. = -



© . Hot j'upiters around young stars
| N S
A*" , 5‘

o
& modeling activity usin ussian Procdss Regression (GP
.. model activity as correlated nofse, eg? dssian proceig(GP) of known coV
assume pseudogpemodm_co ari tion ' (egyHaywood etal2014)
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ussmn Proce’gs \egression (GPR
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@ filtering RV curves from activity jitter with GPR

planet RV signal confirmed with GPR & Bayesian approach
®% posterior distributionston planet (& GP) parameters

raw, filtered
& residual RVs

s

Raw RVs (km/s)
—1

0.1 0.2

1\
4

Filtered RVs (km/s)
0

—0.1

0.1 0.2

4.93-d RV
planet signal

37 m/s rms
RV residuals

Residual RVs (km/s)
0

—0.1

Rotation cycle
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K

filtering RV curves from activity jitter with GPR
planet RV signal confirmed with GPR & Bayesian approach
®% posterior distributionston planet (& GP) parameters

Planet K

1.761.78 1.8 1.821.84 0.040.060.08 0.1

r'aw, filte
& residual

MCMC phase
B ' ' plots

0.2

Planet ¢,

A

o}
o
0

996 0.988 1 1.002 0.040.060.08 0.1 1.76 1.
8 Planet K
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o Future prospects
| ".-aD' \‘w_‘*" %J o & :
@characterlze newbor otjuplters ", \;, N

new extensive monitoring campaign about to begin for' oth stars
multi wavelengths ‘observations, ir 'Iudn% nIR spectroscopy & radio (LOFAR)
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http://spirou.irap.omp.eu
https://twitter.com/SPIRou_astro

Future prospects

.
y
~——
~——

% SPIRou @ CFHT & SPIP @ Pic du Midi

high-precision velocimeter / spectropolarimeter for CFHT % -

focus on star / planet formation & planetary systems of nearby M dwarfs
A\

integrated atdRAP / OMP now, first light @ CFHT in 2017
SPIP: twin copy for Pic du Midi, funded, first light in 2020
¢ Spirou.irap.omp.eu |
o> @SPIRou_astro on twitter
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https://twitter.com/SPIRou_astro

. Future prospects

€ characterize newborm@ot Jupiters R J"
hew extensive- monitoring campalgn abgutto begin fo, both stars &
multi wavelengths: ooservatlo S 2 niR spectroScopy. & radio (LUFAR
hlg!h-prcus' ‘ ep ary/ K7to detect p’b en | al: tran . %* |

"IDthESIS@lRAP/(JN] TN -" j‘

\

O SPIRoE@ CFHT 2 SPIP @.Puc T Y v
o @ high- preC|S|on veloameter/speetrQolarlmeter ORCFHT 4§ 4
/X focus Ollpé’@f/ planet | - formation'& plangtary systems 3 .M d Wit
u‘ | “integrated atAR, OMP gew, firstlight @ CFHT.in 0I7"'L . .

SPIP: twitt ¢3py ',Pi du.Mid, funded, first ight jn 2020
.*811‘0 gs j!i‘ £k o

’ ,”.w

o, T
.83 - Ry @$’ on twitter , i

> tha'ﬁk you )

‘ot
&



http://spirou.irap.omp.eu
https://twitter.com/SPIRou_astro

https://vimeo.com/47408739
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