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The UVES M Dwarf Planet Search Programme
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We present results from our search  

SURJUDPPH�IRU�H[WUDVRODU�SODQHWV�

around M dwarfs carried out with UVES 

between 2000 and 2007 and enjoying 

ESO Large Programme status from 

April 2004 to March 2006. In our sample 

of 41 stars we have found one �brown 

dwarf desert� companion candidate, 

but no planetary mass companions. We 

have determined upper limits to the 

mass of possible companions, which,  

in the habitable zones of our better 

observed stars, reach the regime of a 

IHZ�(DUWK�PDVVHV��6LJQL:FDQW�SHULRGLF�

variability observed in Barnard�s star is 

attributed to stellar activity.

3GDQD�@QD�MNV�jQRS�HMCHB@SHNMR�SG@S�,�
CV@QE�RS@QR�OQNUHCD�@�KDRR�DEjBHDMS�DMUH�
QNMLDMS�ENQ�SGD�ENQL@SHNM�NE�)TOHSDQ�SXOD�
OK@MDSR�SG@M�&l*�L@HM�RDPTDMBD�RS@QR��
VGDQD@R�-DOSTMD�L@RR�OK@MDSR�@MC�
OK@MDSR�VHSG�@�EDV�$@QSG�L@RRDR��f2TODQ�
Earths�) could be numerous around M 
CV@QER
�(S�G@R�@KRN�ADBNLD�BKD@Q�SG@S�SGD�
RSQHJHMF�O@TBHSX�NE�AQNVM�CV@QE�BNLO@M�
ions orbiting G�K stars at separations  
NE�@�EDV�@RSQNMNLHB@K�TMHSR��JMNVM�@R�SGD�
�brown dwarf desert�) extends into the   
,�CV@QE�QDFHLD


'HFG�OQDBHRHNM�CHEEDQDMSH@K�Q@CH@K�UDKNBHSX�
�15��LD@RTQDLDMSR�NE�RSDKK@Q�QDkDW�
LNSHNMR��HMCTBDC�AX�@M�NQAHSHMF�BNLO@M�
HNM��G@UD�RN�E@Q�ADDM�SGD�LNRS�RTBBDRR�
ful method of discovering extrasolar plan�
ets and characterising their orbital 
OQNODQSHDR
�.QHFHM@KKX��15�OK@MDS�RD@QBG�
programmes mostly concentrated on 

main sequence stars of spectral types F7 
through K with masses in the range 
��
�l�
��,�
�,�CV@QER�G@UD�NMKX�ADDM�
included in search programmes in the last 
EDV�XD@QR��ADB@TRD�NE�SGDHQ�E@HMSMDRR�
requiring large telescopes and/or a sub�
stantial amount of observing time to  
perform RV measurements with a preci�
sion of the order of a few ms��
� LNMF�
SGD�LNQD�SG@M�����JMNVM�DWSQ@RNK@Q�
OK@MDSR�BTQQDMSKX�JMNVM��NMKX�SGHQSDDM�
planets accompanying eight different  
M dwarfs have orbits determined by RV 
LD@RTQDLDMSR


Table 1 lists all planets around M dwarfs 
RN�E@Q�CHRBNUDQDC�VHSG�SGD�15�LDSGNC
�
Masses are the minimum masses that 
correspond to the RV effect observable 
VGDM�UHDVHMF�HM�SGD�OK@MD�NE�SGD�NQAHS
�
Since the RV method does not allow the 
determination of all parameters of the  
NQHDMS@SHNM�NE�SGD�NQAHS��NMKX�LHMHLTL�
L@RRDR�@QD�NAS@HMDC
� R�B@M�AD�RGNVM��
a viewpoint from within the plane of the 
NQAHS�HR�SGD�LNRS�OQNA@AKD�B@RD��RN�SG@S�
these minimum masses are also the most 
OQNA@AKD�L@RRDR
�%NQ�SVN�NE�SGD�,�CV@QE�
OK@MDSR��&)���A�@MC�&)���A��SGD�SQTD�
L@RRDR�BNTKC�AD�NAS@HMDC
�&)���A�HR�
NARDQUDC�SN�SQ@MRHS�HM�EQNMS�NE�HSR�GNRS�RS@Q��
SGDQDAX�RKHFGSKX�CHLLHMF�SGD�RS@Q�KHFGS��
@MC�BNMjQLHMF�SG@S�VD�@QD�QD@KKX�UHDVHMF�
EQNL�BKNRD�SN�SGD�NQAHS@K�OK@MD
�%NQ�
&)���A�SGD�@RSQNLDSQHB�CHROK@BDLDMS� 
NM�SGD�RJX�BNTKC�AD�LD@RTQDC��VGHBG�
allows for the complete determination of 
SGD�NQHDMS@SHNM�NE�SGD�NQAHS�NM�SGD�RJX


In this article we report on our RV moni�
toring programme of 41 M dwarfs carried 
out with the UVES spectrograph at UT2 
on Paranal between 2000 and 2007 and 
DMINXHMF�$2.�+@QFD�/QNFQ@LLD�RS@STR�

EQNL� OQHK������SN�,@QBG�������*XQRSDQ�
DS�@K
�������
�3GHR�OQNFQ@LLD�V@R�
designed to search for terrestrial planets 
HM�SGD�G@AHS@AKD�YNMD�NE�,�CV@QER
� 
3GD�jQRS�AQNVM�CV@QE�CDRDQS�BNLO@MHNM�
NAIDBS�@QNTMC�@M�fD@QKX�SXODt�,�CV@QE�
(spectral types M0�M5) was found in this 
OQNFQ@LLD��ATS�SGD�RL@KK�R@LOKD�CHC� 
MNS�QDUD@K�@MX�OK@MDS@QX�BNLO@MHNMR
�
This is consistent with the small number 
�NMKX����OK@MDSR�NQAHSHMF�DHFGS�CHEEDQDMS�,�
dwarfs) found to date by other RV sur�
veys that are observing several hundred 
RS@QR
�(M�NTQ�R@LOKD�VD�B@M�DWBKTCD� 
SGD�OQDRDMBD�NE�)TOHSDQ�L@RR�OK@MDSR�ENQ�
@�VHCD�Q@MFD�NE�NQAHS@K�ODQHNCR
�6D� 
CHC�GNVDUDQ�jMC�RHFMHjB@MS�U@QH@AHKHSX�HM�
Barnard�s star that we attribute to stellar 
@BSHUHSX��SGTR�HMCHB@SHMF�SG@S�SGHR�RS@Q� 
L@X�G@UD�MNM�RNK@Q�RTQE@BD�BNMUDBSHNM�
O@SSDQMR


Why M dwarfs?

For an understanding of the formation and 
@ATMC@MBD�NE�DWSQ@RNK@Q�OK@MDSR��HS�HR�NE�
utmost importance to determine the pres�
ence and orbital characteristics of planets 
around stars of as many different types  
@R�ONRRHAKD��@MC�DRODBH@KKX�@QNTMC�SGD�
LNRS�@ATMC@MS�SXOD�NE�RS@Q��SGD�,�CV@QER
�
It is currently estimated that M dwarfs 
L@JD�TO��������NE�SGD�RS@QR�HM�SGD�2NK@Q�
-DHFGANTQGNNC�@MC�OQNA@AKX�@�RHLHK@Q�jF�
ure holds for the fraction of M dwarfs in 
SGD�&@K@WX�@R�@�VGNKD
�,�CV@QER�G@UD�
RL@KKDQ�L@RRDR�SG@M�2NK@Q�SXOD�RS@QR
�
#V@QE�RS@QR�NE�RODBSQ@K�SXODR�,���,��@MC�
,��G@UD��QDRODBSHUDKX���
����
���@MC��
��
RNK@Q�L@RRDR
�3GD�RL@KKDQ�SGD�RSDKK@Q�L@RR�
SGD�FQD@SDQ�HR�HSR�QDkDW�LNSHNM�HMCTBDC� 
AX�@�OK@MDS
�&HUDM�@�RDMRHSHUHSX�SN�jMC�15�
signals of a certain amplitude lower mass 
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OK@MDSR�B@M�AD�ENTMC�@QNTMC�,�CV@QER��
and terrestrial planets of just a few Earth 
L@RRDR�@QD�VHSGHM�SGD�QD@BG�NE�RS@SD�NE�
SGD�@QS�RODBSQNFQ@OGR


Another interesting characteristic of M 
CV@QER�HR�SG@S�SGD�ONSDMSH@KKX�KHED�AD@QHMF�
QDFHNM�@QNTMC�HS��B@KKDC�SGD�fG@AHS@AKD�
YNMDt��HR�LTBG�BKNRDQ�SN�SGD�RS@Q�SG@M�HS� 
HR�ENQ�2NK@Q�SXOD�RS@QR
�#DODMCHMF�NM�SGD�
RODBSQ@K�RTASXOD��SGD�G@AHS@AKD�YNMD�BNQ�
responds to orbital periods from a few 
C@XR�SN�RDUDQ@K�VDDJR
�3GHR�HR�@�BNMRD�
PTDMBD�NE�SGD�KNV�KTLHMNRHSX�NE�,�CV@QER
�
In the visual a dwarf star of spectral type 
,���,��NQ�,��HR��QDRODBSHUDKX���
����
�� 
NQ���
��L@FMHSTCDR�E@HMSDQ�SG@M�SGD�2TM��
SGDHQ�SNS@K�KTLHMNRHSHDR�QD@BG�ITRS��������
NQ��
����QDRODBSHUDKX��NE�SGD�2NK@Q�U@KTD


3GD�G@AHS@AKD�YNMD

3GD�G@AHS@AKD�YNMD�HR�CDjMDC�@R�SG@S�
region around a star where liquid water 
B@M�DWHRS�NM�@�QNBJX�OK@MDS�VHSG�@�RTHS@�
ble CO2��'2O /N2 atmosphere (Kasting 
DS�@K
�������
�'DQD�SGD�JDX�SDQL�HR�fRTHS@�
AKDt��VGHBG�LD@MR�SG@S�PTHSD�@�MTLADQ� 
of atmospheric parameters need to have 
SGD�QHFGS�U@KTDR
�.UDQ@KK��SGD�SDQL�G@AHS@�
AKD�YNMD�HR�MNS�@�UDQX�VDKK�CDjMDC�BNM�
cept and it may well be that it will have  
to be expanded should life be found in 
LNQD�DWNSHB�DMUHQNMLDMSR


,�CV@QER�@MC�)TOHSDQ�L@RR�OK@MDSR

#TD�SN�SGD�KNV�L@RRDR�NE�,�CV@QER��)NUH@M�
planets in orbits up to a few astronomical 
units (AUs) would be relatively easy to  
jMC�VHSG�BTQQDMS�OQDBHRHNM�15�RTQUDXR
�3N�
C@SD�NMKX�jUD�RTBG�BNLO@MHNMR�SN�,�
dwarfs have been found orbiting four dif�
EDQDMS�RS@QR��RDD�3@AKD���
�%HQRS�@M@KXRDR�
indicate that the frequency of Jovian plan�
DSR�@QNTMC�,�CV@QER�HR�QDK@SHUDKX�KNV
� 
$MCK�DS�@K
��������G@UD�RGNVM�SG@S�HS�HR�
ADKNV��
����ENQ�NQAHS@K�RDO@Q@SHNMR�TO�SN�
NMD� 4
�3GHR�U@KTD�HR�BNMRHCDQ@AKX�GHFGDQ�
@QNTMC�&l*�L@HM�RDPTDMBD�RS@QR��NE�
VGHBG��
���@QD�JMNVM�SN�G@QANTQ�)NUH@M�
OK@MDSR�VHSGHM� 4


The UVES sample

Target selection for our UVES search pro�
gramme was based on the following cri�
SDQH@
�2HMBD�GHFG�QDRNKTSHNM�RODBSQNFQ@OGR�
strongly disperse the light and are there�
ENQD�GTMFQX�ENQ�OGNSNMR��@KK�RS@QR�G@C�SN�
AD�AQHFGSDQ�SG@M�5������L@F�SN�@BGHDUD�
the necessary high RV measurement pre�
BHRHNM
�6HSG�SGD�DWBDOSHNM�NE�NMD�LHRBK@R�
RHjDC�,�FH@MS�SG@S�G@C�@M�DQQNMDNTR�CHR�
tance entry in the catalogue of nearby 
RS@QR��@KK�RS@QR�@QD�BKNRDQ�SG@M����O@QRDB


The sample stars were also selected  
ENQ�RL@KK�7�Q@X�KTLHMNRHSX�@R�@M�HMCHB@SNQ�
NE�KNV�KDUDKR�NE�@BSHUHSX
�3N�LDDS�SGHR� 
criterion a star must either not have been 
CDSDBSDC�HM�SGD�1.2 3�7�Q@X�R@SDKKHSD�

@KK�RJX�RTQUDX�NQ�G@UD�@M�7�Q@X�KTLHMNRHSX�
below 1027 ergs�1��'XMRBG�DS�@K
�������
�
3VN�DWBDOSHNMR�SN�SGHR�QTKD�@QD�SGD�JMNVM�
k@QD�RS@Q�/QNWHL@�"DM��VGHBG�V@R�
HMBKTCDC��RHMBD�HS�HR�SGD�RS@Q�MD@QDRS�SN�TR��
@MC�SGD�RS@Q�&)�����VGHBG�V@R�JMNVM� 
to have a wide brown dwarf companion at 
@�RDO@Q@SHNM�NE�@S�KD@RS���� 4��-@J@IHL@� 
DS�@K
�������
�6D�HMHSH@KKX�RDKDBSDC����RS@QR��
but added another 20 when the survey 
ADB@LD�@M�$2.�+@QFD�/QNFQ@LLD�HM� OQHK�
����


Achievable RV precision and allocated 
time

To achieve high RV measurement preci�
RHNM��SGD�45$2�RODBSQNFQ@OG�V@R�TRDC��

Astronomical Science Kürster M.�DS�@K
��3GD�45$2�,�#V@QE�/K@MDS�2D@QBG�/QNFQ@LLD

Figure 1. Time series of 
UVES differential RV 
measurements of Bar�
M@QC�R�RS@Q
�3GD�RNKHC�
line represents the pre�
dicted RV secular accel�
DQ@SHNM
�3GD�RB@SSDQ�NE�
the data around this line 
(rms) and the RV meas�
urement error (σRV) are 
KHRSDC�HM�SGD�OKNS


Figure 2. Same as Fig�
TQD����ATS�ENQ�/QNWHL@�
"DM
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together with its iodine gas absorption 
BDKK��@�RDKE�B@KHAQ@SHMF�CDUHBD�SG@S�BNQQDBSR�
ENQ�HMRS@AHKHSHDR�NE�SGD�HMRSQTLDMS�NUDQ�SHLD
�
The RV precision achievable in long expo�
RTQDR��H
D
��VHSG�GHFG�RHFM@K�SN�MNHRD�Q@SHNR��
is 2 ms�1��VGHBG�BNQQDRONMCR�SN�CDSDQLHM�
ing the position of the stellar spectrum  
on the CCD detectors to within 1/700 of a 
OHWDK��NQ����ML


(M�NQCDQ�SN�L@JD�SGD�ADRS�TRD�NE�SGD�SHLD�
@U@HK@AKD�SHLD�ENQ�NTQ�R@LOKD�NE�RS@QR��VD�
CDBHCDC�SN�R@BQHjBD�RNLD�NE�SGD�@BGHDU@�
AKD�15�OQDBHRHNM�@MC�VNQJ�@S�SXOHB@K� 
U@KTDR�NE��
�l��LR�1
�3GD�NARDQUHMF�SHLD�
allocated to our survey was 160 h for  
SGD�ENTQ�RDLDRSDQ�+@QFD�/QNFQ@LLD�
OG@RD�OKTR�����G�ENQ�MHMD�RHMFKD�RDLDRSDQ�
MNQL@K�OQNFQ@LLDR


RV time series

The 41 stars in our sample were ob  served 
VHSG�CHEEDQDMS�EQDPTDMBHDR
�3GD�MTLADQ� 
of visits per star ranged from just two vis�
HSR��ENQ�SVN�NE�NTQ�RS@QR��SG@S�VDQD�HLLD�
CH@SDKX�HCDMSHjDC�@R�CNTAKD�KHMDC�RODBSQN�
scopic binaries and not followed up any 
ETQSGDQ���TO�SN����@MC����UHRHSR��QDRODB�
SHUDKX��ENQ�NTQ�ADRS�NARDQUDC�S@QFDSR���
!@QM@QC�R�RS@Q�@MC�/QNWHL@�"DMS@TQH
�.M�
average we have 20 measurements per 
star and no more than one visit for any 
FHUDM�RS@Q�V@R�L@CD�HM�@�RHMFKD�MHFGS


3GD�15�SHLD�RDQHDR�ENQ�NTQ�ADRS�NARDQUDC�
stars are shown in Figure 1 (Barnard�s 
star) and Figure 2 (Proxima Cen; see also 
$MCK���*XQRSDQ�������
�3GD�C@S@�@QD�
shown together with a solid line corre�
sponding to the predicted change in the 
RV of these nearby stars resulting from 
SGDHQ�LNUDLDMS�NM�SGD�RJX��B@KKDC�SGD�
f15�RDBTK@Q�@BBDKDQ@SHNMt
�3GD�15�B@M�AD�
CDjMDC�@R�SGD�BG@MFD�HM�CHRS@MBD�NE�@�
RS@Q�EQNL�TR
�6GDM�@�RS@Q�O@RRDR�AX�TR�
HSR�15�HR�jQRS�MDF@SHUD��QD@BGDR�YDQN�@S�SGD�
point of closest approach and becomes 
ONRHSHUD�@ESDQV@QCR
�15�RDBTK@Q�@BBDKDQ@�
SHNM�HR�SGTR�@M�DUDQ�HMBQD@RHMF�DEEDBS��RDD�
*XQRSDQ�DS�@K
�������


RVs v
�@BSHUHSX�HM�!@QM@QC�R�RS@Q

If this purely geometric effect is subtracted 
EQNL�SGD�C@S@��SGD�C@S@�B@M�SGDM�AD� 
subjected to period analysis in an attempt 
SN�jMC�ODQHNCHB�RHFM@KR�SG@S�VNTKC�AD�
HMCHB@SHUD�NE�@M�NQAHSHMF�BNLO@MHNM
�(M�SGD�
B@RD�NE�!@QM@QC�R�RS@Q�VD�jMC�@�RHFMHjB@MS�
RHFM@K�VHSG�@�ODQHNC�NE���
��C�@MC�@M� 
15�@LOKHSTCD�NE����
��LR�1 (Zechmeister 
DS�@K
��������*XQRSDQ�DS�@K
������
�%HFTQD���
RGNVR�SGD�15�C@S@�OG@RD�ENKCDC�VHSG�SGHR�
ODQHNC
�(E�SGHR�RHFM@K�BNTKC�AD�@SSQHATSDC�SN�
@M�NQAHSHMF�BNLO@MHNM��SGHR�NAIDBS�VNTKC�
AD�@�2TODQ�$@QSG�VHSG�@�LHMHLTL�L@RR� 
NE��
��,⊕
�(S�VNTKC�NQAHS�RNLDVG@S�NTSRHCD�
NE�SGD�G@AHS@AKD�YNMD�NE�!@QM@QC�R�RS@Q


'NVDUDQ��SGDQD�@QD�QD@RNMR�SN�ADKHDUD�SG@S�
SGD�RHFM@K�HR�OQNCTBDC�AX�SGD�RS@Q�HSRDKE��
H
D
�AX�HSR�RTQE@BD�@BSHUHSX�@MC�HSR�HMkTDMBD�
on the convective motions that carry  
the heat transport from the interior to the 
NTSDQ�QDFHNMR�NE�@�KNV�L@RR�RS@Q
�6GDM�
DW@LHMHMF�SGD�KHMD�RSQDMFSG�NE�SGD�'α line 
NMD�jMCR�SGD�R@LD���
��C�ODQHNCHBHSX
�
3GD�'α�KHMD�NQHFHM@SDR�HM�SGD�RSDKK@Q�OGNSN�
ROGDQD�@R�@M�@ARNQOSHNM�KHMD��ATS�HS�G@R�
superimposed emission components 
FDMDQ@SDC�HM�KNB@KHRDC��RN�B@KKDC�fOK@FDt��
QDFHNMR�HM�SGD�BGQNLNROGDQD��@�GHFGDQ�
@MC�GNSSDQ�K@XDQ�NE�SGD�RSDKK@Q�@SLNROGDQD


Examining in detail how the behaviour of 
SGD�'α line strength is correlated with 
NTQ�15�LD@RTQDLDMSR�VD�jMC�DUHCDMBD�
that the convection must be locally dis�
STQADC�AX�SGD�L@FMDSHB�jDKCR�NE�@BSHUD�
QDFHNMR
�6GHKD�SGHR�HR�@�VDKK�JMNVM�DEEDBS�
HM�2NK@Q�SXOD�RS@QR��VGDQD�HS�B@TRDR�@�MDS�

AKTDRGHES�NE�SGD�RSDKK@Q�@ARNQOSHNM�KHMDR�� 
it appears that in Barnard�s star a net 
QDCRGHES�HR�OQNCTBDC��ONHMSHMF�@S�ETMC@�
mental differences in the underlying 
behaviour of the surface convection of 
2NK@Q�SXOD�RS@QR�@MC�SGHR�,��CV@QE��RDD�
*XQRSDQ�DS�@K
��������ENQ�CDS@HKR�


Mass upper limits

%@BDC�VHSG�SGD�K@BJ�NE�@�RHFM@K�EQNL�@M�
orbiting planet one can determine  
which types of planets can be excluded 
@QNTMC�@�FHUDM�RS@Q��ADB@TRD�SGDHQ�RHFM@KR�
VNTKC�G@UD�ADDM�ENTMC
�3GHR�JHMC�NE�
analysis requires detailed simulations in 
which signals of hypothetical planets  
@QD�@CCDC�SN�SGD�NARDQUDC�C@S@��@MC�SGD�
LNCHjDC�C@S@�@QD�RTAIDBSDC�SN�SGD� 
same tests that are employed to discover 
RHFM@KR


Figures 4 and 5 show the results of  
such simulations for Barnard�s star and 
/QNWHL@�"DM��QDRODBSHUDKX��EQNL�9DBG�
LDHRSDQ�DS�@K
�������
�4OODQ�KHLHSR�SN�SGD�
mass of planets that would have been 
ENTMC�@QD�RGNVM
�3GDX�@QD�OKNSSDC�@R� 
a function of orbital distance of the planet 
EQNL�SGD�RS@Q�@MC�NE�NQAHS@K�ODQHNC
�(M�
ANSG�jFTQDR�UDQSHB@K�C@RGDC�KHMDR�CDKHLHS�
SGD�G@AHS@AKD�YNMD
�(M�ANSG�B@RDR�OK@MDSR�
VHSG�LNQD�SG@M�jUD�$@QSG�L@RRDR�B@M� 
AD�DWBKTCDC�EQNL�SGD�G@AHS@AKD�YNMD
�
Note again that these values correspond 
to the most probable viewing direction 
EQNL�VHSGHM�SGD�NQAHS@K�OK@MD��RN�SG@S�@�
lower mass planet could still be hidden  
HM�NTQ�C@S@��HE�SGD�UHDVHMF�@MFKD�VDQD�

Figure 3. Differential 
RV data for Barnard�s 
RS@Q�OG@RD�ENKCDC� 
VHSG�@�ODQHNC�NE���
��C
�
The dashed line corre�
RONMCR�SN�SGD�ADRS��
jSSHMF�RHMTRNHC@K�U@QH@�
SHNM
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FQNRRKX�CHEEDQDMS
� S��� 4�VD�DWBKTCD�
-DOSTMD�L@RR�����,⊕��OK@MDSR��VGDQD@R�
)TOHSDQ�L@RR������,⊕) planets should 
G@UD�ADDM�ENTMC�@S��� 4


For the majority of our stars for which we 
could not secure as many measurements 
@R�ENQ�!@QM@QC�R�RS@Q�@MC�/QNWHL@�"DM��
the same type of simulations lets us 
exclude planets with masses in the range 
between the masses of Neptune (17 M⊕) 
and Saturn (95 M⊕) from the habitable 
YNMD�@QNTMC�SGD�RS@Q


Note that the necessary sensitivity to dis�
cover a given planetary signal depends 
very much on the phase of the signal with 
respect to the temporal measurement 
VHMCNV
�#@S@�S@JDM�MD@Q�SGD�L@WHL@�@MC�
minima of the signal carry much more 
HMENQL@SHNM�SG@M�C@S@�S@JDM�@S�HMSDQLDCH�
@SD�OG@RDR
�(M�NQCDQ�SN�DWBKTCD�@�OK@MDS�
VHSG�@�FHUDM�L@RR��VD�LTRS�BNMRHCDQ� 
@KK�ONRRHAKD�OG@RDR��@KRN�SGNRD�ENQ�VGHBG�
VD�@QD�KD@RS�RDMRHSHUD
�3GDQDENQD��NTQ�
TOODQ�KHLHSR�@QD�QDK@SHUDKX�BNMRDQU@SHUD
� �
KNVDQ�L@RR�OK@MDS�BNTKC�RSHKK�AD�CHRBNU�
DQDC��HE�HSR�15�RHFM@K�G@R�@�E@UNTQ@AKD�
OG@RD
�(E�HS�BNQQDRONMCDC�SN�@�OK@MDS��SGD�
��
��C�RHFM@K�HM�!@QM@QC�R�RS@Q��%HFTQD����
VNTKC�AD�@M�DW@LOKD


An oasis in the brown dwarf desert

So far no brown dwarfs in orbits up to a 
few AU around their host star (�brown 
dwarf desert� objects) have been found 
around M dwarfs of spectral types 
,�l,�
�.TQ�RTQUDX�G@R�MNV�ENTMC�SGD�
jQRS�RTBG�NAIDBS��@�BNLO@MHNM�SN�SGD�
,�
��CV@QE�RS@Q�&)������*XQRSDQ�DS�@K
��
�����
�%HFTQD���RGNVR�SGD�15�SHLD�RDQHDR�
@KNMF�VHSG�SGD�ADRS�jSSHMF�*DOKDQH@M�NQAHS�
with a period of 169 d and an eccentricity 
NE��
��
�3GD�RS@Q�BNLO@MHNM�RDO@Q@SHNM� 
HR��
��� 4


From the RVs we determine a minimum 
L@RR�NE���
��)TOHSDQ�L@RRDR
�"NMRHCDQ�
HMF�@KK�ONRRHAKD�NQAHS@K�NQHDMS@SHNMR�VD�jMC�

Astronomical Science Kürster M.�DS�@K
��3GD�45$2�,�#V@QE�/K@MDS�2D@QBG�/QNFQ@LLD

Figure 6. Time series 
of UVES differential  
RV measurements of 
GJ 1046 along with the 
ADRS�jSSHMF�*DOKDQH@M�
orbit corresponding to  
a brown dwarf desert 
B@MCHC@SD


Figure 4. Upper limits to the projected mass msini 
of hypothetical planets around Barnard�s star as a 
function of separation (lower x�@WHR��@MC�NQAHS@K�
period (upper x�@WHR�
�/K@MDSR�@ANUD�SGD�RNKHC�KHMD�
VNTKC�G@UD�ADDM�CDSDBSDC
�5DQSHB@K�C@RGDC�KHMDR�
CDKHLHS�SGD�G@AHS@AKD�YNMD��'9�
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@�BG@MBD�OQNA@AHKHSX�NE��
���SG@S�SGD�
companion mass exceeds the mass 
SGQDRGNKC�NE����)TOHSDQ�L@RRDR�ADSVDDM�
AQNVM�CV@QER�@MC�RS@QR
�6GDM�BNLAHMHMF�
NTQ�15�C@S@�VHSG�SGD�@RSQNLDSQHB�LD@R�
TQDLDMSR�L@CD�AX�SGD�'HOO@QBNR�R@SDKKHSD�
�TRHMF�SGD�MDV�QDCTBSHNM�AX�U@M�+DDTVDM��
�������VD�B@M�OK@BD�@M�TOODQ�KHLHS�SN�SGD�
companion mass of 112 Jupiter masses 
and narrow down the chance probability 
SG@S�SGD�BNLO@MHNM�HR�@�RS@Q�SN�ITRS��
��
�
,NRS�KHJDKX��HS�HR�@�FDMTHMD�AQNVM�CV@QE


 RSQNLDSQHB�ENKKNV�TO

To determine the true mass of the com�
O@MHNM�SN�&)������@MC�SGDQDAX�HSR�M@STQD��
VD�G@UD�ADFTM�@M�@RSQNLDSQHB�ENKKNV�TO�
study with the NACO adaptive optics sys�
tem and infrared camera at UT4 (Meyer  
��*XQRSDQ�������
�6D�@HL�SN�LD@RTQD�SGD�

NQAHS@K�QDkDW�LNSHNM�NE�&)�����QDK@SHUD�SN�
@�A@BJFQNTMC�RS@Q�RDO@Q@SDC�AX�ITRS���t�
NM�SGD�RJX
�3GHR�BG@MBD�DMBNTMSDQ�L@JDR�
precise astrometric measurements possi�
AKD��EQNL�VGHBG�SGD�NQHDMS@SHNM�NE�SGD�NQAHS��
and hence the true mass of the compan�
HNM��B@M�AD�CDQHUDC


From our RV measurements we can pre�
dict that the astrometric signal is at least 
�
��LHKKH@QBRDBNMCR��OD@J�SN�OD@J�� 
corresponding to 14% of an image pixel in 
SGD�DLOKNXDC�- ".�2���B@LDQ@��ATS��
CDODMCHMF�NM�SGD�NQHDMS@SHNM�NE�SGD�NQAHS��
SGD�SQTD�RHFM@K�L@X�AD�BNMRHCDQ@AKX�K@QFDQ


 BJMNVKDCFDLDMSR

6D�SG@MJ�SGD�$2.�.ARDQUHMF�/QNFQ@LLDR�"NLLHS�
tee and the Director�s Discretionary Time Committee 
ENQ�FDMDQNTR�@KKNB@SHNM�NE�NARDQUHMF�SHLD
�6D�@QD�
also grateful to all of ESO staff who helped with the 

OQDO@Q@SHNM�NE�SGD�RDQUHBD�LNCD�NARDQU@SHNMR�� 
B@QQHDC�SGDL�NTS��NQ�OQNBDRRDC��UDQHjDC�@MC�CHR�
SQHATSDC�SGD�C@S@
� �MTLADQ�NE�ODNOKD�G@UD�BNMSQHA�
TSDC�HM�L@MX�V@XR�SN�L@JD�SGHR�RTQUDX�G@OODM
� 
.TQ�SG@MJR�FN�SN�2S!OG@MD�!QHKK@MS��6HKKH@L�#
�
"NBGQ@M��2DA@RSH@M�$KR�� QSHD�/
�'@SYDR��3GNL@R�
'DMMHMF�� MCQD@R�*@TEDQ��2@AHMD�1DEEDQS��%KNQH@M�
1NCKDQ��%Q!C!QHB�1NTDRMDK�@MC�2SDUD�2
�2@@Q
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