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Exoplanets detection methods

5300 confirmed planets (27/02/2023)
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Transit method

Brightness




RV method (Doppler shift)




Exoplanet populations

MAIN GOAL: Find small rocky planets (Earth-size) in the habitable zone

a )
With more than 5000 exoplanets discovered,

we found a huge diversity

& )

/ Far from understanding: \
* how planetary systems form

* how their architecture changes with the
mass of the central star

& )

e Radial Velocity
e Transit
® Imaging

Microlensing
Pulsar Timing

® Kepler

Exoplanet Populations

Size Relative to Earth (Radius)
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M dwarfs, why?

a N

« The Doppler shift depends on: the mass, the
period - distance of the planet

* Massive and close-in planets, easier to detect

N\ J
[ Mass = 0.6 - 0.08 Msun }
ADVANTAGES \ / DISADVANTAGES \

~ 75% of the stars within 10 pc
Contrast planet-star is more favorable
Earth-mass planet in the HZ: 1 m s—1
Around of solar-like star: ~ 10 cm s—1

)

« On average more active than Solar-like stars

* Activity affects the shape of spectral lines
inducing line profile distortion affecting the
measured RV.

\ )




M dwarfs, activity effects

Visible light
™

/ Rotational periods of M dwar'fs\
often coincide with the orbital

periods of planets in the expected
habitable zone of these stars

Intensity

k An observational challenge /

Wavelength

Calar Alto
Observatory in

® carmenes _

@ TNG telescope,
Roque de Los
Muchachos
Observatory in the
Canarian Island,
Spain




M dwarfs, CARMENES

4 N

Calar Alto high-Resolution search for M dwarfs with Exoearths with
“ COrmenGS Near-infrared and optical Echelle Spectrographs is an instrument

built for the 3.5m telescope at the Calar Alto Observatory by a
consortium of German and Spanish institutions

From 1 January 2016 to 31 Dicember 2020, CARMENES conducted a 750-night exoplanet survey
targeting ~300 M dwarfs, including TESS targets, during Guaranteed Time Observations

In 2021 started the new CARMENES survey (CARMENES Legacy+) with 300 additional nights for the
corsortium

The main scientific objective of CARMENES
is To carry out a survey of late-type main
sequence stars with the goal of detecting

low-mass planets in their habitable zones.




M dwarfs, TOI-1238 a multiplanetary system

Parameters Value Ref.@

TIC 153951307 Stas18
Karm J13255+688 Cabl6
2MASS J13253177+6850106 2MASS

a (hh:mm:ss) 13:25:31.76 Gaia EDR3
0 (dd:mm:ss) +68:50:09.8 Gaia EDR3
V (mag) 12.79 + 0.0005 Stas18

G (mag) 12.2139 £ 0.0003  Gaia EDR3
J (mag) 10.039 +0.020 2MASS

H (mag) 9.348 +£0.019 2MASS

K; (mag) 9.184 £ 0.014 2MASS
W1 (mag) 9.106 + 0.023 AIIWISE
W2 (mag) 9.037 £ 0.020 AIIWISE
W3 (mag) 9.037 £ 0.027 AIIWISE
W4 (mag) >9.0 AIIWISE

7 (mas) 14.1558 +£0.0123 Gaia EDR3
d (pc) 70.6424 +0.0614

L, cosd (masyr~!) —-4.887 +£0.016 Gaia EDR3
s (masyr1) —-45.886 + 0.015 Gaia EDR3
RV (kms™) —-17.49 + 0.85 Gaia DR2
U (kms™) 12.30 £ 0.27 This work
V (kms™!) —-19.65 + 0.50 This work
W (kms™1) -2.70 + 0.63 This work
Spectral type K7-MO0 This work
Teqr (K) 4089 + 54 This work
log g (cgs) 4.63 +0.06 This work
[Fe/H] (dex) +0.31+0.19 This work
M (My) 0.59 +£0.02 This work
R (Rp) 0.58 +£0.02 This work
L (Ly) 0.0827 + 0.002 This work
vsini (kms™) <2 This work
P, (d) 40+5 This work
Age (Gyr) >0.8 This work

Pixel Row Number

1076 1074 1072 1070
Pixel Column Number

TIC 153951307 - Sector 22

TIC 153951307 - Sector 14 TIC 153951307 - Sector 15

Flux x10% (e™)
Pixel Row Number
Flux x10° (&™)
Pixel Row Number
Flux x10° (e~)
Pixel Row Number
Flux x10% (e ™)

1068 218 212 596 1454

1452 145%0 lass a6
Pixel Column Number

220 a18 a16 ) 594 592 590 588
Pixel Column Number Pixel Column Number

Two planet candidates via TESS data alert
website:
P1=3.29d P2 =0.76d

Follow up with CARMENES spectrograph

[Gonzélez-Alvar‘ez et al. 2022 ]




TOI-1238: CARMENES data
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TOI-1238: CARMENES data
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TOI-1238: CARMENES data
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SAP fluxes

O-C

SAP fluxes

O-C

TOI-1238: TESS data = Stellar Prot
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TOI-1238: Joint analysis TESS + CARMENES data
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TOI-1238: Joint analysis TESS + CARMENES data
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TOI-1238: Planetary parameters

tel:104%20103%20102%20101%20100

Parameter TOI-1238b TOI-1238 ¢ Ext. companion : : - y
4 © F-, G-, and K-type stars © Mdwarfs °
Fitted planet parameters 200
0.000013 0.000034
P (d) 0.764597* o011 3-2947367 ) 000036 >600 103l
1 0.002 0.002
to (D 1684.102% 05 1707.352* ¢ .
<025 <0.15 “® °
) 1 1.03 1.02 £ 10%
- +1. +1. fooct
K (ms™) 3.74% 55 5.10%506 >70 0
r 0.45+0.14 0.51+097 S 10l
0.002 0.002
r 0.04% 00> 0.07* 5003
Derived planet parameters 10°
0.001 0.001
Rp /Ry« 0.019% o1 0.033* ;1
R, (Re) 1217041 2117014 1071} . _ . ‘ .
a/R* 519+gig 13734-83?] 10_1 100 101 102 103 104 105
a (au) 0.0139+0-0008 0.037+0-002 >1.1 Orbltaliperioci()
: -0.0008 270,002 =%
b = (a/R,)cosi 0.32+0:17 0.39+0-19 4.0 :;;m/:ggas — o P 4.0 S b4
i (deg) 86.51 o8 88.38%0% o ol o e A 25 a4 b epely ™ T
0.05 0.06 Tl b3
t14 (h) 1097508 L75%00e 3'0»\ + bolpd #0417, LikK
faepth (PPm) 366341505 111342188 Ch S v, W BLSE T
M, sini (Mg) 3754144 8.32% 14 e . f~-~£fl'iiif’ff;{‘f+‘*< ~~~~~~~~~~~~~
15 1.90 5" . PN e
M), (M) 3-76)-'1.07 8.327 g8 2 * o : T G A e TS
-3 +4.2 +2.5 1.0 e or-12386 * °
pp (gem™) 11.775% 49773 2
2
Teq (K)@ 965-1300K 590-800K L9, o0 - 0.5 160 . | 75T
s (Se) 442+;g 63+2 Mass (Mg) Orbital period (day)

Gonzdlez-Alvarez et al. 2022




TOI-1238: Planetary parameters

Parameter TOI-1238b TOI-1238 ¢ Ext. companion
Fitted planet parameters
P(d) 0.764597* 000001 3-2947360.0000
1o D 1684.102+0002  1707.352+0.902
e <025 <0.15
K (ms™) 374493 5.10%1:02
r 0.45%0-18 0.51707
e o0l ooi
Derived planet parameters
R, /R« 0.019*0001 0.033*0.001
R, (Re) 1214010 211414
a/Ry 5.19*018 13.737083
a (au) 0.0139+9.0008 0.037+9002
b = (a/Ry)cosi 0.32+0-17 0.39+0-19
i (deg) 86.5172-44 88.38+0-7
t14 (h) 1.09+093 1.75+0:96
tdepth (PPM) 366.347409%  1113.42%8383
M, sini (M) 3.75+1.14 8.32*139
M, (Mo) 376183 8.32*1 99
pp (gem™) 11.7432 4.9'22
Teq (K)® 965-1300K 590-800K
S (Se) 442*3 63*8

Mass (Mg)
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TOI-1238: CARMENES long term follow up
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¢ CARMENES : . 4
of | I i
5 0.18 Mo, ! ' !
=SS N e ettt CIIIIIzdzooooozboIzzzoooisIIs = = = ===
“100 0.16 M, I |
1071} ! !
-150p s M WM. T e e o o e e e e e dmmm——— | 4 5
‘ ‘ 3 0.08 M, [ i j PR
, , ] = ! ! ! oo’
. ! ¢ - ! ! ! RS
f o fég%%% """"""""" ‘%‘?'{5""&"“'"? """" o LA B * ! ! ! .’
-10F ‘ $ ‘ : ‘ ‘ ‘ © l | l et -®
2000 2100 2200 e (213[())(?2457000) 2400 2500 2600 E ! ! . " 1 -
! PR
1072} I S !
PR !
oo ! !
. art’ | | ' .
New limits: PR | | *** K=70m/s(RV) W8 Gaiaimaging
JPE S I I Speckle Color-mag.
. L I L .
10! 102 10°
K> 188 m/s

Physical separation (au)

P>1200d
Mp min > 6 Mjup




TOI-1238: CARMENES long term follow up

—— Full model ]
¢ CARMENES

New limifs:

K> 188 m/s
P>1200d
Mp min > 6 Mjup
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TOI-1238: CARMENES long term follow up

—— Full model ]
¢ CARMENES
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P>1200d
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More likely to be: a brown dwarf or giant planet (planet - brown dwarf boundary)




TOI-1238: Conclusions

* Very interesting system to test innovative models for explaining theories of planet

formation and evolution

« System: M dwarf star with two transiting planets + a brown dwarf - not very abundant

* The best formation mechanisms for this system will be explained by the gravitationadl

instability of the disk (Boss et al. 1997, Kratter and Lodato el at. 2016)



Summary: CARMENES DR1 exoplanet sample

Orbital period [d] my sin i [Me]
100 10! 102 103 104 100 10! 102 103 104

= NASA Exoplanet Archive detected via RVs (903)
% Planets newly detected from the CARMENES blind survey (33)

; ® Planets confirmed from transit follow-up (26)
10 .
A Known planets re-analysed with CARMENES data (17)
o) =
2.0
=1 b - | N
= The new planets cover a broad region of the parameter
P
0 J . . .
S05; oo _ >, & é’% e ¥ ved space (stellar host and orbital period)
= Oﬂﬁ§ A A A& A | Oﬂp %OA g gg A . %
% o % o
+ .
n L +
] o Remarkable: CARMENES has discovered the half of RV
AA AAA .
e * | he  x % planets known to orbit star of mass below 0.25 Msun
L s i v oy -+
1 10 100 1000 | aw i ; K /
my sin i [Me] - "Bas nT A . 1 ]
— a '
2
E 100 ; g
(]
-g : References. Ama2l: Amado et al. (2021); Bau20: Bauer et al. (2020); Bla22: Blanco-Pozo et al. (2023); Blu20: Bluhm et al. (2020); Blu21:’Bluhm et al. (2021); Cal21: Cale et al. (2921); Cha22:
« Cat alog ue p|anets E Chaturvedi et al. (2022); Dam22: Damasso et al. (2022); Dre20: Dre‘izler et al. (2020); Esp22: Espinoza et al. (2022); GA20: Gonzélez-Alvarez et al. (2020); GA22a: Gonzilez-Alvarez et al.
. . o (2022); GA22b: Gonzélez-Alvarez et al. (in prep.); GA22c: Gonzalez-Alvarez et al. (in prep.); Kam18: Kaminski et al. (2018); Kem20: Kemmer et al. (2020); Kem22: Kemmer et al. (2022); Kos21:
* New CARMENES discoveries £ Kossakowski et al. (2021); Kos22b: Kossakowski et al. (2023); Lal19: Lalitha et al. (2019); Luq18: Luque et al. (2018); Luq19: Luque et al. (2019); Luq22: Luque et al. (2022); Mor19: Morales
© 10 F 3 E et al. (2019); Nag19: Nagel et al. (2019); Now20: Nowak et al. (2020); Pal22: Pallé et al. (2023); Per19: Perger et al. (2019); Qui22: Quirrenbach et al. (2022); Reil8a: Reiners et al. (2018a); Rib18:
A Reanalysed by CARMENES ik E 1 1 Ribas et al. (2018); Sarl8: Sarkis et al. (2018); Sot21: Soto et al. (2021); Sto20a: Stock et al. (2020a); Sto20b: Stock et al. (2020b); SM22: Sudrez Mascarefio et al. (2023); TP21: Toledo-Padrén
(] FO”OW-Up transiti ng pIanets E et al. (2021); Tri18: Trifonov et al. (2018); Tri20: Trifonov et al. (2020a); Tri21: Trifonov et al. (2021); Tri22: Trifonov et al. (in prep.); TW: This work; Zec19: Zechmeister et al. (2019).
()]
(2]

[ Ribas et al. 2023 ]
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