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high-precision astrometry is powerful 

yields complete information, sensitive to orbit inclination 
-> ideal tool to determine the accurate planet mass distribution

does not require spectral lines 
-> possible to target faint objects, e.g. brown dwarfs 

less sensitive to activity than radial velocity & transit method 
-> adapted to the search for planets around young/active stars



high-precision astrometry is powerful,
but yet limited by the achievable precision 
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astrometry constrains the true companion mass of RV companions

J. Sahlmann et al.: Search for brown-dwarf companions of stars
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Fig. 2. Phase-folded radial velocities of 8 stars with potential brown-dwarf companions. Red circles and blue squares indicate
measurements with CORALIE C98 and C07, respectively. For HD 43848, the orange diamonds show the MIKE measurements. The
solid lines correspond to the best-fit solutions. The error bars are smaller than the symbol size.
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M2 sin i = 49 ± 2 MJup

J. Sahlmann et al.: Search for brown-dwarf companions of stars
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Fig. 20. Visualisation of the high-significance orbits. Top panels: Astrometric stellar orbits projected on the sky. North is up and
East is left. The solid red line shows the orbital solution and open circles mark the individual Hipparcos measurements. Dashed
lines with orientation along the scan angle ψ and length given by the O-C residual of the orbital solution connect the measurements
with the predicted location from our model. The blue solid circles show the normal points for each satellite orbit number. The curl
at the lower left corner indicates the orientation of orbital motion. Bottom panels: O-C residuals for the normal points of the orbital
solution (filled blue circles) and of the standard 5-parameter model without companion (black crosses). The error bars of the normal
points correspond to the dispersion of Hipparcos measurements if there are several per satellite orbit and to the individual Hipparcos
abscissa error if there is only one measurement.
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i = 173.2 ± 0.5 deg   ➞    M2 = 0.52 ± 0.05 M⊙

CORALIE + HIPPARCOS

Sahlmann et al., 2011, A&A, 525

Brown dwarf ?          M-dwarf !

‣ radial velocities yield P, T0 , e, ω, K1 

‣ HIPPARCOS astrometry (van Leeuwen, 2007)

‣ i and Ω from astrometry 



the upper mass limit for planets orbiting Sun-like stars 
revealed with astrometry

Sahlmann et al., 2011, IAUS 276Sahlmann et al., 2011, A&A, 525

‣ RV:   20 candidate brown dwarf companions in uniform sample (CORALIE)

‣ Astrometry:   10 companions have true masses > 80 MJup, thus are M-dwarfs

⇒ 10 BD companions remain in the sample of 1647 stars. 

⇒  0.6 ± 0.2 % of Sun-like stars have a brown dwarf companion within 10 AU. 

1 2 4 8 16 32 64
0

0.002

0.004

0.006

0.008

0.01

N
or

m
. f

ra
ct

io
n

M2 sin i  (MJup) 13 26 39 52 65 78
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

M2 sin i  (MJ)

C
um

ul
at

iv
e 

di
st

rib
ut

io
n

BDs

Planets

void

⇒ upper planet mass limit at ~25-30 MJuptrue masses?
⇒ µas astrometry



an IR-interferometer can realise 10 µas astrometry

single-reference relative astrometry within a narrow field (~30”) in K-band

interference fringe separation in delay space is proportional to angular separation

atmospheric limit: 10 µas for 30 min integration and a 100 m baseline (Shao & Colavita, 1992) 
⇒ sufficient for exoplanet detection around one of the stars

Baseline  

Beam combination 

T1 

Ref. 
Target 

T2 

30 arcsec

Target

Reference

K-band image of an ESPRI target. 



Exoplanet search with PRIMA    

PRIMA is the dual-feed facility 
of the VLTI

ESPRI = MPIA Heidelberg 
            + LSW Heidelberg 
            + Observatoire de Genève

targets: hosts of RV planets, 
young stars, nearby main-sequence stars 

accuracy requirement: 10 - 100 µas

 under commissioning at Paranal observatory
Launhardt et al., 2008

ESO/ G. Hüdepohl

Delplancke et al., 2006



binary star observations with PRIMA

HD10360

HD10361
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Sahlmann et al., in prep.

30 µas!

⇒ precision is sufficient

but biases are yet too large for the 
planet search

work in progress ...



A FORS2/VLT search for planets around late-M and L dwarfs

Are the conditions for planet formation met around ultra-cool dwarfs?

4.1 Data reduction 81

Figure 4.1: Example of FORS2 raw frames used for astrometric reduction. North is up and

East is left. Chip1 on top is separated from Chip2 on the bottom by a ∼38 pix � 4.8�� wide

gap. The targeted brown dwarf is located on Chip1 close to the image centre and marked

with a red square. Both chips together cover a field-of-view of approximately 4�16�� × 4�16��.
Some bright stars are saturated but many suitable and well-exposed reference stars are visible

in this image. Some detector artifacts can also be seen as horizontal lines.

flux normalisation is performed by adjusting the average flux levels to the first frame. Only

stars that are detected in at least 12 frames are included in the census catalogue. This re-

moves artifacts close to very bright stars and cosmic rays. The quality of a basic PSF fit

to the images is used to eliminate the images exhibiting elongated profiles (e.g. galaxies)

from the census catalogue. Finally, every detected star is assigned a unique identifier number

(IDN) within each chip. The stars in the census catalogue are considered for the astrometric

reduction. Saturated images, i.e. PSFs, of which one or several pixels reach a value above

the threshold of 65 535 ADU, are detected and marked by setting their peak value to zero. In

ESO



Principles

- optical imaging with an exquisite camera + large telescope
- large number of reference stars   
- detailed modelling of PSF distortions and atmospheric image motion

Performance 

- precision of ~50 µas on time scales of days-years
- refuted planet around VB10

Planet search survey of 20 targets (ongoing)

20 late-M and early-L dwarfs close to the galactic
plane within 30 pc 

2-year programme: 10 epochs per target
15 nights of FORS2 (2010-2012)

FORS2/VLT is capable of 100 micro-arcsec astrometry  

Lazorenko & Lazorenko 2004, Lazorenko 2006 

Lazorenko et al. 2007, 2009, 2011
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measuring parallax and proper motion

average epoch uncertainty:  110 µas

residual dispersion:              140 µas

parallax 60.87 +/- 0.06 mas  (relative)
proper motion RA -234.31 +/- 0.09 mas/yr
proper motion DE    85.48 +/- 0.07 mas/yr 



preliminary results
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Sahlmann et al., in prep.

1. The long-term accuracy is < 130 µas per epoch. Better than GAIA for faint targets!

2. Exclude planets more massive than Jupiter in intermediate periods (~50-400 
days) for several targets.



Conclusions

High-precision astrometry is powerful: revealed upper-mass limit for planets around Sun-like stars

Better than 1 milli-arcsec astrometry is required to reach into the Jupiter-mass domain:

1. PRIMA/VLTI has the potential: 30 micro-arcsec precision demonstrated, but ESPRI planet search 
inhibited by systematic errors limiting the astrometric accuracy to > 3 mas (so far!)

2. FORS2/VLT realises 130 micro-arcsec accuracy -> exploring the population of planets around 
ultra-cool dwarfs (+ ultra-precise distances + BD binaries)

General-user ground-based facilities for high-precision astrometry can deliver great science.  
Synergies (e.g. preparation + follow up) with fixed-duration space missions (GAIA).

Unique capabilities present at ESO: Imaging with (extremely) large telescopes + Interferometer


