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Foreword

Binary and multiple systems are ubiquitous in the Universe and their orbits indeed offer the best way 
to estimate the component masses. Their prediction, discovery, observation and analysis are part of the 
history of science as well as foremost current research activities. Orbits of visual binaries were compu-
WHG�IRU�WKH�¿UVW�WLPH�DW�WKH�PLGGOH�RI�WKH�;,;WK�FHQWXU\��VSHFWURVFRSLF�ELQDULHV�DQG�HFOLSVLQJ�ELQDULHV�
ZHUH�GLVFRYHUHG�E\�WKH�HQG�RI�WKDW�FHQWXU\��DQG�RQH�FHQWXU\�ODWHU��WKH�¿UVW�H[RSODQHWV�DQG�WKH�¿UVW�ELQDU\�
DVWHURLGV�ZHUH�GLVFRYHUHG��$OWKRXJK��DW�¿UVW�VLJKW��WKHUH�VHHPV�WR�EH�D�UDWKHU�ZHDN�FRQQHFWLRQ�EHWZHHQ�
WKH�VFLHQWL¿F�SUREOHPV�UHODWHG�WR�PXOWLSOH�VWDUV��H[RSODQHWV��DQG�6RODU�6\VWHP�REMHFWV��WKH�SUREOHP�RI�
orbit determination actually appears as a common concern among the various communities involved in 
VWXG\LQJ�WKHVH�GLIIHUHQW�DVWURQRPLFDO�REMHFWV�

Over the time, many orbit determination methods have thus been — and are still being — developed, 
not simply due to the various dimensions of the data (astrometric, photometric, spectroscopic, light-
travel time, etc.). Still, a small number of masses only are available. In this respect, the advent of the 
Gaia survey will bring a considerable quantitative change as hundreds of binary asteroids, thousands of 
H[RSODQHWV�RU�PLOOLRQV�RI�VWHOODU�ELQDULHV�DUH�H[SHFWHG�WR�EH�REVHUYHG��

/HW�XV�VWDUW�ZLWK�IHZ�ZRUGV�DERXW�*DLD��$V�DQ�DOO�VN\�DVWURPHWULF�²�EXW�DOVR�SKRWRPHWULF�DQG�VSHF-
WURVFRSLF�²�VXUYH\��*DLD�LV�H[SHFWHG�WR�SURYLGH�SKDVH�VSDFH�SDUDPHWHUV�IRU�DERXW�RQH�ELOOLRQ�VWDUV�DQG�
hundreds of thousands of asteroids, and it will also give fundamental astrophysical information for a 
YHU\�ODUJH�IUDFWLRQ�RI�WKHVH��REMHFW�PDVVHV�DQG�IRUPDWLRQ�FKDUDFWHULVWLFV�DUH�RQH�RI�WKH�YHU\�LPSRUWDQW�
outcomes of the mission. As a side effect, the considerable size of these samples implies that the proces-
VLQJ�RI�WKH�*DLD�GDWD�UHTXLUHV�QRQ�DUWLVDQDO�PHWKRGV��$OVR��WKH�VFLHQWL¿F�FRQWHQW��DQG�SRVVLEO\�ELDVHV��
ZLOO�EH�VWDWLVWLFDO�E\�QDWXUH��DQG�D�YHU\�ODUJH�LPSURYHPHQW�LV�H[SHFWHG�WR�FRPH�WKURXJK�WKH�FRPELQDWLRQ�
RI�WKH�LQWHUPHGLDWH�*DLD�GDWD�ZLWK�FRPSOHPHQWDU\�KLJK�SUHFLVLRQ�H[WHUQDO�GDWD��7KLV�ZRXOG�LPSURYH�WKH�
orbital elements and allow better mass estimations — but it will not always be that obvious.

It happens that the Data Processing and Analysis Consortium (DPAC) — the European group in charge 
RI�WKH�*DLD�GDWD�SURFHVVLQJ�²�PL[�XS�UDWKHU�DUWL¿FLDOO\�LQ�D�VLQJOH�VWUXFWXUH��WKH�&8��&RRUGLQDWLRQ�8QLW��
WKH�GDWD�SURFHVVLQJ�IRU�HYHU\WKLQJ�WKDW�LV�QRW�D�VLQJOH�VWDUV��6FLHQWLVW�IURP�WKH�VRODU�V\VWHP�¿HOG�DUH�VLGH�
E\�VLGH�ZLWK�ELQDU\�VWDUV�RU�H[RSODQHW�VSHFLDOLVWV��ZLWK�D�IULHQGO\�WKRXJK�PRVWO\�QRW�VFLHQWL¿F�FRPPX-
nication between groups. It was however recently realised that these groups could very usefully share 
WKHLU�H[SHUWLVH�DERXW�RQH�FRPPRQ�SUREOHP��WKH�GHWHUPLQDWLRQ�RI�RUELWV��PDVVHV��DQG�RWKHU�SDUDPHWHUV�
FKDUDFWHULVLQJ�V\VWHPV�JUDYLWDWLRQDOO\�ERXQG��DQG�WKLV�JDYH�ELUWK�WR�WKH�LGHD�RI�WKLV�MRLQW�ZRUNVKRS�

,Q�OLQH�ZLWK�WKH�*5($7�(6)�REMHFWLYHV��WKH�UDWLRQDOH�RI�WKH�ZRUNVKRS�KDV�EHHQ�WR�GUDZ�WKH�DWWHQWLRQ�
RI�WKH�DVWURQRPLFDO�FRPPXQLW\�WR�WKH�*DLD�RXWFRPH��EULQJLQJ�WRJHWKHU�WKH�YDULRXV�VFLHQWL¿F�H[SHUWLVH��
a cross-fertilization potentially permitting to improve the methods and techniques and consequently 
WKH�DVWURSK\VLFDO�JDLQ�ZLWK�*DLD��7KH�ZRUNVKRS�ZDV�KRVWHG�E\�WKH�2EVHUYDWRLUH�GH�3DULV�DQG�WKHUH�ZDV�
after all some logic in that: not simply due to its large involvement in Gaia, but also because this is the 
SODFH�ZKHUH�WKH�¿UVW�PHWKRG�IRU�WKH�RUELW�GHWHUPLQDWLRQ�RI�YLVXDO�ELQDULHV�KDG�EHHQ�ZRUNHG�RXW�E\�)pOL[�
Savary1  in 1827!

$OWKRXJK�WKH�GDWD�SURFHVVLQJ�DQG�RXWFRPH�RI�*DLD�ZDV�GLVFXVVHG�GXULQJ�WKH�PHHWLQJ��D�PDMRULW\�RI�WKH�
SUHVHQWDWLRQV� WDFNOHG�RWKHU�RUELW�GHWHUPLQDWLRQ�PHWKRGV��:KLOH� UDGLDO�YHORFLWLHV� WHFKQLTXHV� UHPDLQ�D�

1. Savary F. 1827. Mémoire sur les orbites des étoiles doubles et sur la détermination des orbites que décrivent 
autour de leur centre de gravité deux étoiles très rapprochées l’une de l’autre, Connaissance des Temps pour 1830, 
p. 56 et 163
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FODVVLFDO�PHWKRG�IRU�ELQDU\�VWDUV�DQG�H[RSODQHWV�RUELW�GHWHUPLQDWLRQ��LW�ZDV�FOHDUO\�VKRZQ�GXULQJ�WKLV�
PHHWLQJ�WKDW�SKRWRPHWU\�EULQJV�D�SURPLVLQJ�ODUJH�YROXPH�RI�QHZ�RUELWV� LQ�DOO�¿HOGV��DV� LW�DOVR�JLYHV�
DFFHVV� WR� WKH� IXQGDPHQWDO�SDUDPHWHUV�XQYHLOLQJ� WKH�SK\VLFDO�QDWXUH�RI� WKH�REMHFWV��7\SLFDO�SUREOHPV�
LQ�WKLV�¿HOG�DUH�DVVRFLDWHG�ZLWK�GHWHFWLQJ�VKDOORZ�HFOLSVHV�DQG�WKH�VWDWLVWLFDO�DQDO\VLV�RI�ODUJH�VDPSOHV�
of light-curves, including gauging the ensemble properties of the detected systems. Combining transit 
SKRWRPHWU\�DQG�UDGLDO�YHORFLWLHV�LV�DQRWKHU�LVVXH��SDUWLFXODUO\�ZKHQ�LW�FRPHV�WR�UHMHFWLQJ�FRPSOLFDWHG�
FRQ¿JXUDWLRQV� RI� ³LPSRVWRUV´��'HYLVLQJ� HI¿FLHQW�PHWKRGV� IRU� ¿WWLQJ� UDGLDO�YHORFLW\� DQG� DVWURPHWULF�
data, not forgetting that precision radial-velocity determinations alone also suffer from problems such 
as stellar activity. Also, the implications of large sample of accurate astrometric mass determinations 
²�WRJHWKHU�ZLWK�WKH�LQIRUPDWLRQ�EURXJKW�E\�WKH�RUELWDO�SDUDPHWHUV�²�IRU�H[RSODQHWV�RU�ELQDU\�DVWHURLGV�
for the purpose of improving the understanding of the formation models, have been discussed in detail. 
1XPHURXV�RWKHU�DVWURSK\VLFDO�H[SORLWDWLRQV�KDYH�EHHQ�GLVFXVVHG�VXFK�DV�WKH�LQÀXHQFH�RI�WKLUG�ERGLHV�
(or more), tests of general relativity with pulsars, long term stability, derivation of the components spin, 
physical, and atmospheric parameters, etc. Modern computational techniques, modern and future obser-
vational means, as well as databases have also been presented and discussed.

7KH�FKRLFH�RI�VSHDNHUV�KDV�UHÀHFWHG�WKH�YDULRXV�DQG�SRVVLEO\�FURVV�GRPDLQV�WHFKQLTXHV�DQG�DVWURSK\-
VLFDO�DSSOLFDWLRQV��7KH\�KDYH�EHHQ�FKRVHQ�VXFK�DV�WR�UHSUHVHQW�WKH�EHVW�FRPSHWHQFH�LQ�WKHLU�¿HOG��LQVLGH�
and outside the Gaia community. It was also the opportunity to present a review of the current deve-
ORSPHQWV�DQG�VWDWH�RI�WKH�DUW�LQ�WKH�YDULRXV�WRSLFV��PXOWLSOH�VWDUV��H[WUDVRODU�SODQHWV��DQG�6RODU�6\VWHP���
:H�ZRXOG�OLNH�WR�WKDQN�DOO�WKH�VSHDNHUV�IRU�WKHLU�SUHVHQWDWLRQ�²�DQG�ZH�IRUJLYH�DOO�WKRVH�ZKR�FRXOG�
QRW�VXFFHHG�VHQGLQJ�WKHLU�ZULWWHQ�FRQWULEXWLRQ�LQ�GXH�WLPH��:H�DOVR�WKDQN�DOO�WKH�SDUWLFLSDQWV�IRU�WKHLU�
LQWHUHVW�DQG�WKH�PDQ\�GLVFXVVLRQV�GXULQJ�WKH�WDONV�DQG�HYHQ�PRUH�DW�WKH�EUHDNV�

7KLV�ZRUNVKRS�RFFXUUHG�LQ�D�WLPHO\�PDQQHU�DV�LW�ZLOO�DOORZ�GHYHORSLQJ�WKH�QHHGHG�PHWKRGV�LQ�DGYDQFH�
WR�WKH�*DLD�GDWD�UHOHDVH�DQG�LW�SURYLGHG�D�³¿UVW�FRQWDFW´�EHWZHHQ�WKH�FRQFHUQHG�FRPPXQLWLHV��,Q�D�VHFRQG�
VWHS��LW�LV�RXU�KRSH�WKDW�IXUWKHU�FRQIHUHQFHV�WDNH�SODFH�DIWHU�WKLV�³3DV�GH�'HX[´��VXFK�DV�D�³0pQDJH�j�
WURLV´�DV�VXJJHVWHG�E\�VRPH�RI�XV��GHYRWHG�WR�WKH�LVVXH�RI�VWDELOLW\�LQ�PXOWLSOH�V\VWHPV��
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