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Detecting M-type planets
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Global science questions: M-dwarf planets

* How many planets are there?
* What are they like?
* How do planets form and evolve?

e What are the architectures of
planetary systems?

CARMENES:
Find and measure a significant
number of planets



The CARMENES survey
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CARMENES ’
* CARMENES Surveysince January 1, 2016 carmenes

e ~3 yearsalong the survey:
e 342 targets with (>5) observations
13294 VIS RVs & 12703 NIR RVs
~3500h integration, 440 nights (60% of 750)

CARMENES papers: 26 (published, in press,
submitted)

CARMENES discoveries:
* New planets: 7 (published)

* Firm planet candidates: 14
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The CARMENES search for exoplanets around M dwarfs

aQrMmenes
High-resolution optical and near-infrared spectroscopy of 324 survey stars

A. Reiners!* , M. Zechmeister!, J. A. Caballero®3, I. Ribas*, J. C. Morales?, S. V. Jeffers!, P. Schofer!, L. Tal-Or!,
A. Quirrenbach3, P. J. Amado’, A. Kaminski3, W. Seifert3, M. Abril’, J. Aceituno®, F. J. Alonso-Floriano® 12,
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CARMENES discoveries
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The CARMENES search for exoplanets around M dwarfs

First visual-channel radial-velocity measurements and orbital parameter updates

of seven M-dwarf planetary systems* aQrMmenes
T. Trifonov!, M. Kiirster!, M. ZechmeisterZ, L. Tal-Or2, J.A. Caballero>?, A. Quirrenbach?, I. Ribas’, A. Reiners2, S. ...
2018, AR&A
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The CARMENES search for exoplanets around M dwarfs

First visual-channel radial-velocity measurements and orbital parameter updates
of seven M-dwarf planetary systems* caarMmenes

T. Trifonov!, M. Kiirster!, M. ZechmeisterZ, L. Tal-Or2, J.A. Caballero>?, A. Quirrenbach?, I. Ribas’, A. Reiners2, S. ...
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THE CARMENES SEARCH FOR EXOPLANETS AROUND M DWARFS:
A LOW-MASS PLANET IN THE TEMPERATE ZONE OF THE NEARBY K2-18

PAULA SARKIS,! THOMAS HENNING,' MARTIN KURSTER,! TRIFON TRIFONOV,! MATHIAS ZECHMEISTER,> LEV TAL-OR,’ COrmGﬂGS

GUILLEM ANGLADA-ESCUDE,® ARTIE P. HATZES," MARINA LAFARGA,” IGNASI RiBAs,” JOSE A. CABALLERO,% 7
ANSGAR REINERS,?> MATTHIAS MALLONN,® JUAN C. MORALES,” ADRIAN KAMINSKIL,” JESUS ACEITUNO,’

" VicTor J. S. BEJAR,! STEFAN DREIZLER,” HANS-JURGEN HAGEN,'? SANDRA JEFFERS,>

ANDREAS QUIRRENBACH,” RALF LAUNHARDT," AND DAvID MoNTES"
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The CARMENES search for exoplanets around M dwarfs

Nine new double-line spectroscopic binary stars cQrMmenes

D. Barochl*z, J. C. Morales'*z, L Ribas"2, L. Tal-Or3’4, M. Zechmeister3, A. Reiners3, J.A. Caballeros,

A. Quirrenbach®, P. J. Amado’, S. Dreizler®, S. Lalitha?, S. V. Jeffers®, M. Lafarga'-2, V. J. S. Béjar®?, J. Colomé-2,
M. Cortés-Contreras’>>, E. Diez-Alonso®, D. Galadi-Enriquez'?, E. W. Guenther!', H.-J. Hagen'?, T. Henning!?,
E. Herrero'-2, M. Kiirster'?, D. Montes'*, E. Nagellz, V. M. Passeggerlz, M. Pergerl*z, A. Rosich! 2, A. Schweitzer!2,
W. Seifert®.

2018, A&A
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The CARMENES search for exoplanets around M dwarfs

HD 147379 b: A nearby Neptune in an early-M dwarf’s temperate zone

A. Reiners!, I. Ribas?, M. Zechmeister', J.A. Caballero®#, T. Trifonov?, S. Dreizler!, J.C. Morales?, L. Tal-Or', M. caarmenes
Lafarga?, A. Quirrenbach?, P.J. Amado®, A. Kaminski*, M. Abril®, J. Aceituno’, EJ. Alonso-Floriano, M. Ammler-von

20 18; A&A Solar System

Sistema Solar HD 147379
: Sonnensystem J16167+672S
Orbital Parameter HD 147479b (CARI V-
K (ms™) 5.49*03%¢
P (d) 86.48"07
e 0.07:0%
w (deg) 45.3;‘)1_";4
M (deg) 99.21757
yures (ms™") -1.90%0%0 HD 147379 b
ycarm. (ms™) 0.607033
TiitierHIRES (M) 3.8270%

-1 +0.41
Titter, CARMENES (Ms™)  2.5077,

v (mv's)

a (au) 0.340070002
mp sini (M) 29.87191 Mercury
- Mercurio
Merkur
15F ' E
of +
_55— 3 Star and planet sizes not to scale
_105_ E =llas y planetas no a escala
_15E , , E
Dec 11 2015 Jul 18 2016 Feb 24 2017 Oct 03 2017 HD 147379 b

observation date CARMENES ¢ Reiners et al. « 2017



The CARMENES search for exoplanets around M dwarfs

A Neptune-mass planet traversing the habitable zone around HD 180617

A. Kaminski!, T. Trifonov?, J. A. Caballero®, A. Quirrenbach', I. Ribas*?>, A. Reiners®, P. J. Amado’,

M. Zechmeister®, S. Dreizler®, M. Perger*>, L. Tal-Or® %, X. Bonfils”, M. Mayor'?, N. Astudillo-Defru'!, F. Bauer”-©,

V.]. S. Béjar'> 13, C. Cifuentes'#, J. Colomé*>, M. Cortés-Contreras®, X. Delfosse’, E. Diez-Alonso'#, T. Forveille?,
E. W. Guenther!S, A. P. Hatzes!>, T. Henningz, S. V. Jeffers®, M. Kiirster?, M. Lafarga4’5, R. Luque'z‘ 13.1 H. Mandel',
D. Montes'#, J. C. Morales*>, V. M. Passegger'®, S. Pedraz'’, S. Reffert!, S. Sadegi!, A. Schweitzer'®, W. Seifert!,

2018, A&A

Orbital Parameters HD 180617 b
K, [ms] 2.85 1016
P, [day] 105.90 *0%
ep 0.16 fg:?g
@ [deg] 269 +30
M, [deg]® 18 *¥
I, [deg]? 27413
feans. [BID] 2451974.5 43
YHIREs [M/s] 0.43 *033
YHARPS-pre [M/] -0.44 1931
YHARPS-post [V/s] -4.67 1939
Ycarm. [m/s] -0.41 707
Tt HIRES [M/s] 5.62 7039
Tjitt HARPS—pre [M/S] 2.03 197
Tjitt, HARPS—post [/5] 141 5003
Tiv.cARM. [m/s] 1.69 *017
my sin i [M] 122 19
ap [au] 0.3357 *90000
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The CARMENES search for exoplanets around M dwarfs

The warm super-Earths in twin orbits around the mid-type M dwarfs

Ross 1020 (GJ 3779) and LP 819-052 (GJ 1265)

R. Luquel*z, G. Nowak!-2, E. Pallé!-2, D. Kossakowski®, T. Trifonov?, M. Zechmeister®, V. J. S. Béjarl’z,
C. Cardona Guillén"-2, L. Tal-Or* 4, D. Hidalgo'-2, I. Ribas> %, A. Reiners?, J. A. Caballero’, P. J. Amado®,

caarMmenes

A. Quirrenbach’, J. Aceituno'®, M. Cortés-Contreras’, E. Diez-Alonso!!, S. Dreizler*, E. W. Guenther!'?, T. Henning?,

S. V. Jeffers*, A. Kaminski®, M. Kiirster>, M. LafargaS*(’, D. Montes’, J. C. Morales>©, V. M. Passegger”,
J. H. M. M. Schmitt'?, and A. Schweitzer'?
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Parameter Best-fit MCMC
GJ3779b
K [ms™'] 8.61+0.40 8.62%039
P [days] 3.023 £0.001 3.0232‘:8;8%
e 0.07 £0.05 0.06‘:8:82
w [deg] 225+42 23 lfﬁ
2
M [deg] 339+41 333ff“
yvis [ms™!] 0.85+0.52 0.86’:838
O'J‘m.ws [m S_I] 2.2 (ﬁxed) 219t8§g
my, sini [Mg] 8.0+0.5
a [au] 0.026 +£0.001
GJ 1265 b
K [ms™'] 9.28 £0.63 9.24‘:8:22
P [days] 3.651+0.001 3.651 lfg'ggg}
e 0.09 £0.07  0.10°0%
w [deg] 259 +43 26633
M [deg] 49+£49 4437
yvis [ms™!] 2.18+0.76 2.13“_'8133
Yuares [ms™!] 461+1.76 4.80“_'}:22
Tjitt, VIS [m S_I] 2.3 (fixed) 233i82§
Tjinares [ms™'] 3.0 (fixed) 3.075%
my, sini [Mg] 7.0+0.5
a [au] 0.026 +0.001
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The CARMENES search for exoplanets around M dwarfs

Eccentric single-planet : i
[ ! I J | ] The enigmatic planetary system of GJ 4276:
v f one eccentric planet or two planets in a 2:1 resonance?
E 0
- Y , | E. Nagell, S. Czesla!, J. H. M. M. Schmitt!, S. Dreizler?, G. Anglada-Escudé3’4, E. Rodrl’guez3, I. Ribas>©,
i L '1*? A. Reiners?, A. Quirrenbach’, P. J. Amado?, J. A. Caballero®, J. Aceituno®, V. J. S. Béjarm' I M. Cortés-Contreras®,
_10F | L. Gonzélez-Cuesta'® !, E. W. Guenther!2, T. Henning”, S. V. Jeffers?, A. Kaminski’, M. Kiirster!?, M. Lafargas'ﬁ,
L M. J. Lépez—Gonzélez3, D. Montes'?, J. C. Morales>-°®, V. M. Passeggerl, C. Rodrfguez-Lépez3, A. Schweitzer!, and
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Phase "~109 10! 1072 10
Orbital period [d]
Orbital parameters GJ 4276 bV GJ 4276 b? GJ 4276 b GJ 4276 ¢¥
K [ms™'] 7.93+032 8.79+021 767702 273402
P [d] 13.348+0005 13.352+0.003 13.350*0004 2019 A&A
e 0 (fixed) 0 (fixed) 0 (fixed) ’
w [deg] 90 (fixed) 216. 83“‘4 s6 90 (fixed) 90 (fixed)
7 [BID —2457572] 0.28+02 4724049 0.10*017 2.357018
y [ms] 0.31:03% 0.52*515 0.397517 Eccentric
e [ms” 28302 174%0 189018
a [au] 0.082:0%2 0.082:0%2 oot oot Neptune or 2:1
my sini [Mg] 16.11*}03 16.57* 004 15.58* 09 440704 .
oo [ms™] 3.29 2.46 257 resonant pai re
—2InL 229.71 170.48 179.77
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International journal of science

https://doi.org/10.1038/s41586-018-0677-y

A candidate super-Earth planet orbiting near the

snow line of Barnard’s star

I. Ribasb?#, M. Tuomi®, A. Reiners?, R. P. Butler®, J. C. Morales"?, M. Perger"2, S. Dreizler®, C. Rodriguez-Lopez°,

J. I. Gonzélez Herndndez”-8, A. Rosich?, F. Feng?, T. Trifonov?, S. S. Vogt!?, J. A. Caballero'!, A. Hatzes'?, E. Herrero"?,
S. V. Jeffers®, M. Lafarga2, F. Murgas”®, R. P. Nelson'?, E. Rodriguez®, I. B. P. Strachan'?, L. Tal-Or*™, J. Teske”,

B. Toledo-Padrén’-8, M. Zechmeister?, A. Quirrenbach'®, P.J. Amado®, M. Azzaro'®, V. . S. Béjar’-8, J. R. Barnes'/, Z. M. Berdifias'®,
J. Burt', G. Coleman?’, M. Cortés-Contreras', I. Crane?,, S. G. Engle??, E. F. Guinan?, C. A. Haswell”7, Th. Henning’, B. Holden',
J. Jenkins'®, H. R. A. Jones®, A. Kaminski'®, M. Kiraga?}, M. Kiirster®, M. H. Lee?*, M. J. Lépez-Gonzalez®, D. Montes?, J. Morin®,
A. Ofir?, E. Pallé’:3, R. Rebolo”3:3, S. Reffert'>, A. Schweitzer?, W. Seifert', S. A. Shectman?, D. Staab'’, R. A. Street®°,

A. Sudrez Mascarefio”?!, Y. Tsapras®?, S. X. Wang® & G. Anglada-Escudé®!3

RV (ms™)

0 50 100 150 200
Phase (d)

Hl Phase bins

O HIRES

@ UVES

© HARPSpre
OPFS 100
@ APF

@ HARPS-N

@ CARMENES

@ HARPSpost

10000

2451000 2452500 2454000 2455500 2457000 2457600 2457800 2458000

BJD

BJD

~ 50
5 - 40
1000 =,
Q
- 30
«—233d
100
1 T 10000
P1 (d) 18e0d 6600 d
Planetary parameter Value
Orbital period (d) 232.80*53%
Radial-velocity semi-amplitude (m s™1) 1.20+0.12
Eccentricity 0.32/312
Argument of periastron (°) 107f%2
Mean longitude at BJD 2,455,000.0 (°) 203+7
Minimum mass, Msini (M) 3.23+0.44
Orbital semi-major axis (AU) 0.4044+0.018
Irradiance (Earth units) 0.0203+0.0023
Maximum equilibrium temperature (K) 105+3
Minimum astrometric semi-amplitude, asini 0.0133+0.0013
(mas)
Angular separation (mas) 221+10

First cold super-Earth with a measured mass

AnL



e Jupiter-mass planetaround a very
low-mass star

* Eccentric
10+
* Possibly with a further companion
* First of its class |
L Ll L E
* First planet discovered with NIR 3
£ L
5 0.1
c
5
o
100F ' ' ' ] > 28
. . NIR: rms 10.6 m/sm‘ oo1l i Mot | icensig
50 ‘ ' ] o= g ;"“ + <+ Imaging
i _} ¢ ¢ Timing
0000\. 4 ¢ Transit
0.001} =4~ o=0 0<30% -+ + Radial Velocity -
0.1 1
Star mass [M ]
Planet parameter Value
L amp
Orbital period (d) 203.30%933 >950
Radial velocity semi-amplitude (m s'1) 71.25048 >8.5
Eccentricity 0.4318+3:002%
Argument of periastron (deg) 126.95%33%
Time of periastron - BJD2450000.0 (d) 7746.621955
Minimum mass (M sin i; Mj) 0.459+0:037 >0.1
Orbital semi-major axis (au) 0.33870:01% >0.95
z _sob ‘ d) *© ! ‘ ‘ ‘ ) “. e . v . i Minimum astrometric semi-amplitude (c sin j; mas) 0.127+39%% >0.08
800 900 1000 1100 1200 1300 1400 1500  planet angular separation (mas) 35.2%%% >100

H)D-2457000.0

Morales et al., in prep.
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P.=1141d —

4 6 8 10
phase [d] phase [d]

Keplerian parameters Planet b Planet ¢

P [d] 4.9099j8:88{j 1 1.408f8;8{8

K [mys] 2.02490%0 1.449-20

e 0.09f8:(1)2 0. 121'8:(');

w [deg] 52+%3 278788

t, — 2457000 [d] 418.6797 414.0%3%

Derived parameters

a [au] 0.026 £ 0.002  0.045 +0.003

msini [Mg] 1.09%07% 1.0179%8

m [Me) 1.324979 1.24*047
.. 0.12

sini 0.877037

M [Mo] 0.09*02

Zechmeister et al., in prep.

Stellar Effective Temperature [K]

caarMmenes

Two habitable 1-Earth
mass planets
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Efficient scheduling of astronomical observations

Application to the CARMENES radial-velocity survey

A. Garcia-Piquer!, J. C. Morales»2, 1. Ribas!, J. Colomé!, J. Guardial, M. Perger!, J. A. Caballero®4,

M. Cortés-Contreras®, S. V. Jeffers®, A. Reiners®, P. J. Amado”, A. Quirrenbach3, and W. Seifert3 CQrmGﬂGS
2017, A&A
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TESS follow-up "

* The CARMENES survey will invest 50 nights in
the follow-up of TESS M dwarf candidates

* This should allow the confirmation of some 30-40
transiting planet candidates

caarMmenes

* It is an optimization of the sample = froma blind to a
guided search

27 days

* Most targets will appear
during the second year of
the TESS survey (starting
mid 2019)

54 days
81 dais
108 days

189 days

351 dais

WST e,
_continuous %, %
viewingzone ***




Summary "

* CARMENES regular operations since Jan 1, carmenes
2016 for a 5-year survey (750 n., 2016-2020)

* Both channels are online and acquiring data

* The CARMENES survey is revealing a treasure trove of
extremely interesting planets

* Will discover a statistically-significant sample

* Besides planets, the CARMENES survey data is enabling
the study of many other science cases (stellar properties,
stellar activity, binarity, etc)



