
A special planet on our cosmic doorstep:  
Proxima Centauri b 

 
Ein besonderer Planet vor unserer kosmischen Haustüre:  

Proxima Centauri b 
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Artist‘s impression 
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• UVES:  
     Ultra-Violet Echelle  
     Spectrograph 
     – ESO VLT 
 
• HARPS: 
     High Accuracy Radial  
     velocity Planet  
     Searcher  
     – ESO La Silla, 3.6m 

(2000 – 2007) 

AstroTechTalk 2016-09-30                                                              Proxima Centauri b                                                                                          M. Kürster 



Radial velocity (RV) 
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Planet search with radial velocities 

Type equation here. 

Top:          A star and a planet  in orbit around a common center of mass     
Bottom:   A stellar spectrum with Fraunhofer lines 



Spectral line redshift 
Doppler effect 

            Fraunhofer lines in the spectrum of the Sun 

Lines in spectrum of a celestial object moving away from us 

Doppler effect for waves: 
 Wave maxima are denser in 

the direction of movement 
• Water waves – Boat 
• Sound             – Racing car 
• Light                – Spectral lines Christian Andreas 

Doppler 
(1803 – 1853) 

Joseph von 
Fraunhofer 
(1787 – 1826) 
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 Echelle spectrum 

Planet search with radial velocities: Method 

 RV data and Keplerian orbit fit  –  example: Iota Horologii b 
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Type equation here. 

HARPS spectrograph 3.6m telescope 
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Planet search with radial velocities: Instrument 
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Proxima Centauri b 

Artist‘s impression 
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Why Proxima Centauri ? 
• Nearest star to Earth:   4.25 Light years away 

• Common proper motion companion to the   Alpha Centauri A+B   binary star system 
• Separated from   Alpha Centauri A+B   by  

• 15 000 × the distance between Earth and Sun 
• 0.237 light years   or   0.056 times the distance to the Sun 
 

• It belongs to the by far most abundant type of star 
• Faint red dwarf star – "M dwarf" 

• No M dwarf is visible to the naked eye 
• Proxima‘s total luminosity is 0.00155 solar 
• Brightness in the visible light is 0.00005 solar 
• Light maximum lies in the near-infrared 
• X-ray brightness ~ solar 

• 70 – 80 % of all stars are "M dwarfs" 
• There are ~ 300 000 000 000 M dwarfs in our Milky Way Galaxy 

• Other characteristics 
•                    Mass   =   0.12 solar masses 
•                 Radius   =   0.14 solar radii 
•                      Age   ~   4 850 000 000 years 
• Rotation period   ~   83 days 
•  Habitable zone   =   0.042 – 0.082 × the distance between Earth and Sun 

   orbital periods in the range 9.1 – 25 days 
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1993 – 1997:       ● First moderately precise RV measurements with ESO CAT+CES    
            (Kürster et al. 1999) 
 
2000 – 2007:       ● ESO VLT+UVES precision RV measurements   (Endl & Kürster 2008) 
 
2003:                    ● HARPS goes "on-sky" 
             Pre-PRD HARPS RV data are collected with ESO 3.6m+HARPS 
            (Bonfils et al. 2013) 
 
Jan – Mar 2016: ● PRD public relations campaign with ESO 3.6m+HARPS 
 

            ▪ Interested laypersons look over the shoulders of professionals  
               searching for a potentially Earth-like planet around Proxima 
                Scientists explain the methodology in web blogs 
 

            ▪ Evidence for a short-period signal mounts 
 

            ▪ A highly significant signal is found in the PRD data that gets   
               even stronger when Pre-PRD data and UVES data are added 
 

            ▪ Reanalysis of the UVES data by P. Butler enhances their precision a bit 
               The instruments get better, and so do the data analysis methods 
 

            ▪ The data are carefully scrutinized and compared with ancillary  
              observations from other telescopes to exclude the possibility that   
              the signal is produced by the activity of the star and not by a planet 
 

            ▪ The HARPS+UVES data together show that the signal has been stable 
               for 16 years 

The story of the discovery 

The planetary  
hypothesis  

is sound! 
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Spring 2016:         ● The finding is submitted to the journal Nature 
 
              ▪ A terrestrial planet in the habitable zone around Proxima Centauri 
              ▪ Consequence: 
                the results from the PRD public relations campaign are subjected to embargo due to Nature‘s rules 
 
12.08.2016:          ● Der Spiegel leak 
 
              ▪ Der Spiegel hints at a pending announcement of the discovery  
                by ESO, due end of Sep 2016 
              ▪ Apart from this Der Spiegel has very little detailed information 
                beyond the PRD outreach material 
              ▪ Was Der Spiegel unaware of the Nature embargo? 
              ▪ All other media who report the discovery worldwide basically  
                copied the article from Der Spiegel  
 
          ● Nervousness among the authors: 
              ▪ Will Nature reject the publication? 
 
24.08.2016:          ● Nature publishes the article   (Anglade-Escudé et al. 2016) 

The story of the discovery   –   part 2 

Front 
page! 



What do we know about Proxima Centauri b ? 
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                         Orbital period    =    11.2 days      in the habitable zone    
                      where liquid water is possible 
                                  RV signal    =    1.38 m/s 
 
                             Eccentricity    <    0.35 
 
´                                       Mass    ≳    1.27 Earth masses 
             minimum mass, but also most probable mass 
 
                 Distance from star    =    0.049 × the distance between Earth and Sun 
 
                Mean temperature    =    -39°C   --   if the planet has no atmosphere 
                                                                         --   larger if there is a greenhouse effect 
 
                                Irradiance    =    0.65 × the energy the Earth receives from the Sun 
 
Average incoming X-ray flux    ~    400 × the flux the Earth receives from the Sun 



Is Proxima Centauri b habitable ? 
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The habitable zone around a star is defined as the region in which  
• a rocky planet has  
• the right separation from its star  
• where liquid water could be possible 
• if it has a suitable atmosphere 

 
Liquid water is generally seen as a necessary condition for life as 
we know it 
 
So far, we do not know whether Proxima b has an atmosphere 

Future research will concentrate on the search for an 
atmosphere and, if one is found,  

on its characterization ( see later) 



Possible complications 
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(1)  Proxima is a "flare star" 
• "Coronal mass ejections" – strong bombardment of its close-in planet with 

charged particles, X-rays, extreme UV radiation 
• Some people believe that this can lead to the early loss of an atmosphere 
• Certainly not clear if this is suitable for the development of life 
• However, a bit below the surface of a potential ocean or of the solid 

ground, life that has developed would be shielded from the radiation 

(2)  Synchronous rotation 
• Because of its proximity to the star tidal forces must have synchronized 

orbital and rotation period of the planet 
• Options: 

• Both periods are equal so that the planet always shows its star the 
same side (like our Moon does to us) 

           The planet has permanent day and night-sides 
           Uncomfortable climate 
• Periods are locked in a ratio 2/3 
           A bit better, but not all that much 

• Also in this rough climate, life that has developed may find its neeches 

I don‘t worry much that existing life could survive, rather about its emergence 



Future research - the search for an atmosphere 
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Transit observations reveal the existence of atmospheres and enable studies of them 
The star light passes through the planetary atmosphere which imprints its spectral signatures 

The orientation of the orbit matters! 
• For Proxima b we have not found any transits yet, but cannot exclude them either 
• There is a geometrical chance of 1.5% that transits occur 
• They would dim the light of the star by ~0.5% 

Potential alternative:  
• An interesting combination of upgraded versions of ESO VLT+SPHERE and the future 

ESPRESSO spectrograph has been proposed three weeks ago by Lovis et al. (2016) 
• Purpose:   Collect reflected light from the planet and use it to study its atmosphere  
• Observational effort: 20 – 40 nights! 



Future research – when will we get an image? 
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• Apparent max. separation Proxima – Proxima b:   37 Milliarcseconds 
• Visible light brightness Proxima / Proxima b:       ~10 000 000 
 
 Current telescopes+instruments such as ESO VLT+SPHERE  
     cannot resolve the two objects 

The E-ELT is planned to provide a higher resolution which  
may just be sufficient to find a little pale red dot 
–   we  will see this in about 10 years from now 
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... or perhaps ? 
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Or perhaps the "Breakthrough Starshot" mission will send us detailed images 

   in 45 years (or so ....) 



Tip: 
AstroViews 17 – Planet bei Proxima Centauri 
–   an interview in German that Klaus Jäger made with me 

 
                     
 
Published by the magazine "Sterne und Weltraum" and  
produced by Dr. Klaus Jäger, Max-Planck-Institut für Astronomie 
 

AstroViews on YouTube: 
 
https://www.youtube.com/playlist?list=PL9BE806CD0702F112 

Thank you very much 
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