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Red dwarf planets : why?
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Take home message 1

Most stars are red dwarfs



It’s complicated…

Tau Ceti
Spectral type : G8V

Distance : 11.9 light-years 
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How we find exoplanets?

TransitsRadial velocity Astrometry

Microlensing Direct imaging



Transit photometry



~2% planets 

transit

110 000 stars

~2200 planets

Transit photometry



NASA’s Kepler discoveries

Transit photometry



Take home message 1

Most stars are red dwarfs

Take home message 2

Most stars have small planets 

in short period orbits



The Doppler method



Solar line is 15 
km/s

Spectroscopic 
binary 
K=30 km/s

Hot jupiter
K=300 m/s

The Doppler method
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The Doppler method

10 m/s

3 m/s

1 m/s

0.5 m/s



Detecting a planet in the 
presence of stellar noise

Parameter space exploration

Multiparametric fit to the data

Model comparison

Astrophysics 

Additional observables



The red-dwarf advantage

Transit x30-100

Doppler > x15

Nperiods >x30

> X50-200 easier

G2V M5.5V

50 ppm
0.1 m/s

>1000 ppm
1.5 m/s



Take home message 1

Most stars are red dwarfs

Take home message 2

Most stars have small planets 

in short period orbits

Take home message 3

Planets around red dwarfs are 

(way) easier to detect

Fantastic

planet$
And where to find them



Transit method Radial velocity method

Radius
Mass

The exoplanet zoo today



Hunting down Proxima b



2000-2008 : UVES planet search                232

2002-2012 : HARPS- various teams              70

2013-2014 : HARPS – our data                   194

Pre 2016                                                       496

2016          : HARPS – Pale Red Dot              54

Planets around Proxima Centauri?



Pale Red Dot
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Pale Red Dot



Photometry

RV

~80 days & 

40 days

~40 days?

Width of the spectral lines

~80 days & 

40 days



Signal
Amplitude : 1.4 m/s

Orbital period : 11.2 days

Proxima b
Min. mass : 1.3 Mearth

Orb. distance : 5% of an AU

Irradiance : 65% of Earth‘s

Eq. temperature : ~235 K (-40 C)

Pale Red Dot



Follow-up on Proxima Cen

ACA + ALMA observations – Disk? No, superflares

Transit searches 

• MOST photometry (no convincing transits)

• Ground based – Several attempts, some tentative transit-like 

features but not entirely consistent

• SPITZER 4.5 microns (in prep)

Other observations are coming...

Climate and atmospheric circulation models

Atmospheric loss of red dwarf planets (megaflares & solar wind)

Evidence for volatile rich worlds (>5% water content)



Nearby star sample



Sol

Nearest stars
10 pc sample

Credits : Todd Henry, RECONS group
www.recons.org
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RECONS : list of nearest stars

+ a few more

1 A

1 F

3 G

7 K

46 M

6 BD

5 wd

The 5pc sample



The 5 pc sample 
by transits

Chance of one transiting : ~75%

Expected number ~1.2

1 Earth-size planet in the HZ of the star

~Nearest 

transiting Earth



The 5 pc sample 
by transits

Chance of one transiting : ~75%

Expected number : 1.1 & 1.3

1 Earth-size planet in the HZ of the star

~Nearest 

transiting Earth

M. Gillon et al,

TRAPPIST-1 @11pc

Charbonneau et al. CfA

LHS 1140b @11pc



The 5 pc sample
by Doppler

1 Earth-sized planet in the HZ of the star

One epoch precision of 1 m/s

S/N > 5



The 5 pc sample 
by Doppler

Easy ones : less than 1 year

37 systems (~60%)

1 Earth-size planet in the HZ of the star



The 5 pc sample 
by Imaging

High contrast

High contrast
+ Spectral 
Enhancement

Spectral 
methods

(Phase curves 
with JWST?)
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1 Earth-size planet in the HZ of the star
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Proxima (GJ 551, #1)

Proxima b

Orbital period ~ 11.2 

days

Mass >1.3 Mearth

Anglada-Escude et al. 2016, 

Nature

[Red Dots #1 : Possible second 

planet?] (in prep)



Alpha Cen A+B (#1)

• Lots of RV data. Sun-like 
stable, meaning stellar 
jitter at >2 m/s level & 
not fully understood.

• Transits hard and not 
reported. Too bright?

• LOTS of unshared data 
exist. No point in starting 
yet another SQRT(N) 
programme.

Source :Youtube, https://www.youtube.com/watch?v=vzzVsOdumqg
Visit http://www.avatarmovie.com for more

https://www.youtube.com/watch?v=vzzVsOdumqg
https://www.youtube.com/redirect?q=http://www.avatarmovie.com&v=vzzVsOdumqg&event=video_description&redir_token=4e4lDDhMg344MJWnRc21HSsbZL98MTU0MzUzMTg4OEAxNTQzNDQ1NDg4


Barnard star (GJ 699, #2)

IN PREP



Barnard star (GJ 699, #2)

Barnard’s star b

Orbital period ~ 230 d

Mass >3.3 Mearth

[Red Dots #2 & many more incl. CARMENES]

Ribas et al. 2018, Nature



Luhmann 16A+B #3

• Brown dwarfs. Not enough 
Doppler precission (yet). Fast 
rotation

• Excellent for transits (nothing 
reported so far, with SPITZER, 
TRAPPIST, etc.)



Wolf 359 (GJ 406, #4)

• CARMENES, HARPS, HIRES

• Transits searched but not found

• Lot of data, very active (in a 
chaotic way). Still in ‘probe’ 
stage.

• Future Red Dots target
Source : Youtube https://www.youtube.com/watch?v=4-0Jg6_zHu0

https://www.youtube.com/watch?v=4-0Jg6_zHu0


Lalande 21185 (GJ 411, #5) 

• CARMENES, HARPS, HIRES, others

• Substantial data. Some 
unconfirmed signals

• Future Red Dots 3



Sirius (#6)

• Too hot for precision RV

• Transits unlikely (not found so far). Difficult 
photometry (too bright!)

• White dwarf companion at few AU 
(unstable orbits)

• Either direct imaging (or astrometry)



BL Ceti + UV Ceti (#7) 

• Hard to measure precision 
RV (yet), Binary with 2” 
separation.

• Transit search possible 
(nothing reported)

• Stability of HZ orbits 
unclear



Ross 154 (GJ 729, #8)

• Fast rotation, frequent flares. 
Moderate RV data from before.

• Transits possible (none reported). 

• Photometry shows clear rotation 
period at 2.8 days

• RED DOTS #2 target



GJ 729 (Ross 154, #8)



RV 

[m/s]

Simultaneous photometry and RV

John Strachan, 
PhD candidate 
@ QMUL

GJ 729 (Ross 154, #8)



dLSD with HARPS spectra dLSD with CARMENES spectra
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GJ 729 (Ross 154, #8)

John Strachan, 
PhD candidate 
@ QMUL



GJ 729 (Ross 154, #8)

John Strachan, 
PhD candidate 
@ QMUL

Rapid rotator
Large magnetic/polar 
spot…

Some additional Doppler (planet?)… may be

Paper in prep.



Epsilon Eridani (#9)

• RV : Gas giant planet? Strong 
magnetic activity. RV jitter NOT 
understood

• Transits : nothing reported. Too 
bright? Activity

• Future Orange dots target? (in 
prep)

Hatzes et al. 2000, ApJ

Confirmed (2 weeks ago!)
Mawet et al. 2018, AJ

Epsilon Eridani b

Orbital period ~ 7 years

Mass >0.7 MJup



Lacaille 9235 (GJ 887 #10)

• RV : One of the 
brightest M-dwarfs. No 
evidence for strong 
activity. Moderate to 
slow rotation

• Transits. A bit bright but 
doable. Nothing 
reported

• RED DOTS #2 target

TESS now getting data!!! Is this the one with the transits within 5pc?!



Very nearby stars

#1 Proxima (planet), Alpha Cen A+B

#2 Barnard’s star (planet)

#3 Luhmann 16A+B

#4 Wolf 359 (?)

#5 Ross 248 (?)

#6 Sirius

#7 BL Ceti + UV Ceti

#8 Ross 154 (in prep, planets unlikely)

#9 Epsilon Eridani (gas giant & ?)

#10 Lacaille 9235 (in prep, !!!)

#11 Ross 128 (planet)

…



Characterization
(Evidence for life)



Reflected Emission Transmission

Characterization



Transit spectroscopy

Characterization

Transmission

(transit)
Emission

(eclipses)



Transit spectroscopy

Characterization

Transmission

(transit)
Emission

(eclipses)

De Wit et al. 2018, Nature
TRAPPIST-1

Tinnetti et al. 2010 ApJ
XO-1 



Adaptive Optics

Coronograph

Characterization

Direct imaging

Emission Reflected



Adaptive Optics

Coronograph

Characterization

Direct imaging

Emission Reflected

HR 8799 (~30 pc, young A type)
Marois et al. 2008, Science (3p)
Marois et al. 2010, Nature (+1p)



103 -104 gain

High spectral resolution : Reflected star-light 

Characterization

Martins et al. 2015 A&A

51 Peg b (controversial)



Emission Transit

Brogi et al. 2016, ApJ
(nIR spectrometers : CRIRES/VLT, 
CARMENES, etc.)

High spectral resolution : planet unique features

Snellen et al. 2014, Nature HD 189733 – during transit

Reflected

Characterization



Emission

Direct imaging + high-resolution spectroscopy

Reflected

Characterization



Emission

Direct imaging + high-resolution spectroscopy

Snellen et al. 2014, Nature
CRIRES, CO bands at 2.3 microns

Slit

Reflected

Characterization



Obtained with VLT/SPHERE @800nm
http://www.onera.fr/en/news/saxo-the-adaptive-optics-of-sphere-vlt

Credits : ESO/SPHERE consortium

Based on Snellen et al. 2015 A&A

Direct imaging + high-resolution spectroscopy

Characterization



Obtained with VLT/SPHERE @800nm
http://www.onera.fr/en/news/saxo-the-adaptive-optics-of-sphere-vlt

Credits : ESO/SPHERE consortium

Based on Snellen et al. 2015 A&A

Direct imaging + high-resolution spectroscopy

Characterization



Detection in ‘search’ mode
(it also works on sun-like stars)

Snellen et al. 2015 A&A
E-ELT simulation on Proxima Cen (no 

planet yet detected)

Image credit: John 

Strachan/ QMUL

Characterization

Direct imaging + high-resolution spectroscopy



Characterization

Direct imaging + high-resolution spectroscopy



Ground-based

Space

HST 
2.5m class 
NASA/ESA

Kepler 
NASA, 1m

Doppler spec.
2m class telescopes
HARPS (ESO)
CARMENES
HARPS-N
APF, PFS

Transit searches
10cm-1.5m telescopes
NGTS, Mearth, 
SPECULOOS, QATAR

Microlensing
0.5m class telescopes
OGLE, LCOGT

Direct imaging
10m class telescopes
SPHERE/ESO
GPI/Gemini

NOW 2020 2030

SPITZER 
1m, infrared, NASA

Gaia
1m, astrometry, 
ESA



Ground-based

Space

JWST 
6.5m, NASA/ESA

HST 
2.5m class 
NASA/ESA

Kepler 
NASA, 1m

TESS 
10x20 cm, NASA)

CHEOPS 
(30cm, ESA)
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Direct imaging
ELF concept, Mutil 8m 
class telescope

Project BLUE?
1m class telescope

PLATO
ESA, 50x10 cm

ARIEL
ESA, 1m, spectra



Ground-based

Space

JWST 
6.5m, NASA/ESA

HST 
2.5m class 
NASA/ESA

Kepler 
NASA, 1m

TESS 
10x20 cm, NASA)

CHEOPS 
(30cm, ESA)

Doppler spec.
2m class telescopes
HARPS (ESO)
CARMENES
HARPS-N
APF, PFS

Transit searches
10cm-1.5m telescopes
NGTS, Mearth, 
SPECULOOS, QATAR

Microlensing
0.5m class telescopes
OGLE, LCOGT

Direct imaging
10m class telescopes
SPHERE/ESO
GPI/Gemini

NOW 2020 2030

SPITZER 
1m, infrared, NASA

LUVOIR/HabEx?
16m, NASA

Gaia
1m, astrometry, 
ESA

Direct imaging
ELF concept, Mutil 8m 
class telescope

Project BLUE?
1m class telescope

Direct imaging 

and spectroscopy
Mutil 8m class telescope

PLATO
ESA, 50x10 cm

ARIEL
ESA, 1m, spectra

E-ELT
European 

Southern 
Observatory

TMT
USA, China, India

GMT
USA
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Thanks!

http://reddots.space

Follow us on twitter!

@RedDotsSpace

Proxima b

@PaleRedDot

Barnard’s Star b

@BarnardsStarb

http://reddots.space/

