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Abstract

Recentinvestigations(e.g Han et al. 2001) have shown that fitting the Hip-
parcosobservationswith anorbital modelwhentheastrometricwobblecausedby
thecompanionis below thenoiselevel canhave ratherunexpectedconsequences.
With new astrometricmissionscomingoutwithin thenext tenyears,it is worth in-
vestigatingtheorbit reconstructioncapabilitiesof suchinstrumentsat low signal-
to-noiseratio. This is especiallyimportantbecausesomeof themwill have no
inputcataloguethusmeaningthatall theorbitalparameterswill have to bederived
from scratch.Thepuzzlingcaseof almostparabolicorbitsis alsoinvestigated.

1 Introduction

Amongthe23882binariesof theHipparcosCatalogue(ESA1997),only 235werepro-
cessedwith anorbitalmodel(with sevenadditionalparameters),theso-calledDMSA/O
entries.However, thesevenparameterswereall fitted for only 45 of them.In theother
cases,thevalueof someparameterswereassumedfrompreviousinvestigations,mainly
spectroscopicandinterferometricorbits. If thesameproportionis assumedfor GAIA,
onewill endup with about

�������
systemsfor which oneneedsto derive anorbit from

scratch. However, simulationshave shown that the numberof systemsobserved by
GAIA for whichanorbit is worth deriving is about

�����
(ESA2000).

Thesignificantimprovementof thefit of DMSA/O observationswhenthe orbital
modelis adopteddoesnotmeanthey canconstrainall thesevenparameters.Assuming
thevalueof someparameterswasnot justuseful,it wassometimenecessaryin orderto
derive a realisticorbit. For instance,HIP 85749is a well known spectroscopicbinary
(Lucke& Mayor1982)with aperiodof 418days.Thoughalmostthreeorbital revolu-
tionstookplaceduringtheHipparcosmissionandanorbitalmodelis well appropriate,
a 7-parameter�
	 fit leadsto �� ��� ���

whereastheradialvelocitiesyield 0.21.
We reporton therobustnessof thefit of thesevenparametersat differentlevelsof

noiseon two dimensionalandonedimensional(Hipparcos-like) observations. From
now on, it will beassumedthat theseobservationshave alreadybeencorrectedfor the
parallacticeffect andthepropermotion, i.e. onewill only dealwith relative positions
whoseorigin (centerof massor primary) is at rest. Unlike Sozzettiet al. (2001),we
limit ourselvesto ������� �

.
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2 Synthetic material

Onethousandsamplesof ��� observations( ������� � or 150)aregeneratedby adding
a Gaussiannoiseto thesyntheticdataof HIP 85749(Table1). Thephotocentricorbit
is assumedto correspondto the astrometricone ( � �!�"��#$�%� ). The (groupsof)
observations(Fig. 1) areuniformly distributedovera periodof �'& days( �'&(� �����)�
or 1600). Two scanninglaws are also investigated. In one case,the orientationis
uniform over *,+ and the observationsare uniformly distributed over � & days. In
thesecond,thesystemis observedon threeconsecutive revolutionsof the instrument
(therevolution periodis setto 0.04days),with thescanningdirectionslightly shifted
(0.08radian).Thegroupsof threeobservationsarethenuniformly distributedover � &
days.Theseproperties,althoughrealistic,donotspecificallycorrespondto aparticular
forthcomingmission(DIVA, FAME, GAIA & SIM).

τ

(x,y)

v

w

Figure1: Thescanningdirectionmakesanangleof - with respectto the . axis. / is
the signedprojectionalongthe scanningdirectionof the separationbetweenthe two
components(or thecomponentandthecenterof mass). 0 is theprojectionalongthe
cross-scandirection.

Thetransformationof theCartesiancoordinates12.�354�6 into therectangularsystem
attachedto theinstrumentis:

/ 7 .98;:)<=-�>�4?<A@CB�- (1)

0 7 D�.9<A@CBE-'>�4F8;:)<=- (2)

Several levelsof noise( GIHJ7KGML ) areinvestigatedalso: 0.25,0.5,1, 1.5,2.0 and2.5
mas. Even if thesevaluesmay soundvery largewith respectto moderninstruments,
they shouldbecomparedto thesizeof theprojectedorbit or N . Fromnow on,2D and
1D solutionswill referto orbitsderivedfrom 1O/P350Q6 and / only respectively.

For eachpair of observations(1D and2D), two least-squareorbitsarefitted using
a localsearchonly. Thestartingpoint is alwaystheorbit givenin Table1, i.e. theorbit
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Table1: Orbit usedto generatetheobservations.ABFG aretheThiele-Innesconstants
(Heintz1978)

Element Value
A (mas) +8.666885e-01
B (mas) -1.377152e+00
F (mas) +3.176942e+00
G (mas) -7.202854e-02
e 0.21
P (days) 418.42
T (JD) 2443723.5
a (mas) 3.3264

usedto generatethedata.This is anunrealisticsituationwherethetrueorbit is known
andweexpectit to bethesolutionof thelocalsearchprocedure.Thedistancebetween
thesolutionof thelocal searchandthetrueorbit is just a roughoptimisticestimateof
the reliability of the method. Indeed,a global searchcould find a bettersolution(in
termsof �
	 ) furtheraway. However, if onedoesalreadyruninto troubleswith thelocal
search,onecanseriouslystartworrying for thefuture.

3 Orbit reconstruction

3.1 2D vs 1D data

Thedistributionof R , � , and � aregivenin Fig. 2. Thedeteriorationof thedistribution
from 2D to 1D andfor decreasing����� is quiteobvious. For instance,the interval of
periodswith 1D at1 masis aboutaslargeaswith 2D at1.5mas.So,wedoloosepreci-
sionby only keepingtheprojectionalongthescanningdirection.However, aspointed
out by Monet(1979),theperiodremainsratherwell definedsinceit is independentof
theKepleriannatureof thesignal.

Thebehavior of theeccentricityis muchworse.Evenif 1D and2D distributionsare
still symmetricalat 1.5 mas,it is no longerthecaseat 2 masandthey startspreading
all over thedomain.However, insteadof becominguniformover S ��T;� S , onenoticesan
accumulationof circularandnearlyparabolicorbits (lower left cornerof Fig. 2). As
alreadymentioned,thereis no way a globaloptimizationmethodcanimprove sucha
behavior.

Evenif � getscloseto 1, anadequatechoiceof U and V couldneverthelessleadto a
reasonableapparentorbit. For instance,a veryeccentricorbit with a largesemi-major
axiswill look likely if V and U arecloseto W 	 . Thelower right panelof Fig. 2 exhibits
suchorbitswith largesemi-majoraxis.

The resultsobtainedfrom the differentcombinationsof �'& , �'� , scanninglaws
andnoiselevels aresummarizedin Table2. As expected,the width of the distribu-
tions of � , R and � increaseswith the observationuncertainty. Although the relation
betweenthewidth andtheuncertaintyis rathersmooth,almostlinear, thereis a noise
thresholdabove which thedistribution width, i.e. formally theparameteruncertainty,
doesexplode.In thesmoothregime,theimprovementcausedby thesecondcoordinate
rangesfrom 40to 60%.Theeffectof thescanninglaw is barelynoticeable.

The periodcoveredby the observationsand their numberdo affect the width of
thedistribution morestrongly. For instance,oneremainsin thesmoothregimefor all
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Figure2: Distributionof thederived � , R and � from 2D (thick line) and1D (thin line)
datafor differentlevelsof noisewith � & � � � ��� d, � � � �X�Y�

andtheobservations
aregroupedby 3

the2D orbitswith ���Z� �X�Y�
. As expected,the uncertaintyon R decreaseswith the

lengthof theobservationcampaign.However, thedispersionof theobservationsseems
to play a role also,especiallyin the1D case.Thus,150observationsuniformly spread
over 1600daysgive a betterresult, in termsof the region wherethe behavior of the
distributionsis smooth,thanthesamenumberof observationsgroupedby 3. Actually,
thelattercasealmostcorrespondsto 50 ‘normal’ 2D pointsuniformly spreadover the
sameperiod.

3.2 ‘Continuous’ transition from 2D to 1D

Sofar, we have consideredthe idealcaseof 2D observationswith thesameprecision
on the two axesin the onehandandthe poor caseof 1D datain the other. We now
consider2D observationswith differentprecisionsalongthetwo axes(alongandcross
scan). Indeed,a slightly worsecrossscanprecisionmight still prevent from running
into thesametroublesaswith 1D dataat 2.5-masnoiselevel.
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Table2: Dispersionof thederived � , R , & � with respectto thenumberof observations
( � � ), thedurationof theobservationcampaign( � & days)andthescanninglaw (SL).
SL=0meansthatthe ��� pointsareuniformly distributedover �'& . SL=1corresponds
to observationsgroupedby three,the groupsbeinguniformly distributedovers �[& .
Regardlessof SL, thescanningdirectionis uniformly distributedover *,+ .

�'&\� �]���)�
d �[&^� � � ��� d

2D 1D 2D 1D
� � SL _ _I` _Ia _Ibc_I` _Ia _Pb _P` _Pa _Pbd_I` _Pa _Ib

(mas) (d) (mas) (d) (mas) (d) (mas) (d) (mas)
60 0 0.25 0.01 1.31 0.05 0.02 1.86 0.07 0.01 0.75 0.05 0.02 1.12 0.07
60 0 0.50 0.03 2.65 0.10 0.05 3.91 0.15 0.03 1.50 0.10 0.04 2.22 0.15
60 0 1.00 0.06 5.44 0.20 0.09 7.84 0.29 0.06 3.20 0.20 0.08 4.63 0.28
60 0 1.50 0.09 7.84 0.33 0.15 12.01 364.70 0.09 4.68 0.30 0.14 7.32 344.91
60 0 2.00 0.13 10.85 0.48 0.23 16.38 1266.08 0.12 6.30 0.44 0.25 10.22 1335.89
60 0 2.50 0.20 14.29 777.02 0.31 25.39 2350.59 0.18 8.37 624.03 0.30 13.29 2101.33
150 0 0.25 0.01 0.83 0.03 0.01 1.17 0.05 0.01 0.48 0.03 0.01 0.69 0.04
150 0 0.50 0.02 1.62 0.07 0.03 2.37 0.09 0.02 0.95 0.06 0.03 1.36 0.08
150 0 1.00 0.04 3.25 0.12 0.05 4.67 0.18 0.04 1.88 0.12 0.05 2.86 0.17
150 0 1.50 0.06 5.15 0.19 0.09 7.11 0.29 0.06 3.01 0.18 0.08 4.21 0.25
150 0 2.00 0.08 6.70 0.27 0.11 9.62 0.39 0.07 3.78 0.24 0.11 5.57 0.37
150 0 2.50 0.10 8.29 0.33 0.17 12.02 650.23 0.10 4.79 0.33 0.16 7.48 809.25
60 1 0.25 0.02 1.25 0.05 0.02 2.03 0.08 0.01 0.75 0.05 0.02 1.25 0.07
60 1 0.50 0.03 2.58 0.10 0.05 4.21 0.17 0.03 1.50 0.10 0.05 2.48 0.15
60 1 1.00 0.06 5.24 0.21 0.10 8.41 23.84 0.06 3.01 0.20 0.09 5.12 0.32
60 1 1.50 0.09 7.62 0.31 0.17 13.22 536.81 0.09 4.77 0.30 0.18 8.86 361.40
60 1 2.00 0.14 10.96 164.26 0.28 20.81 1443.31 0.13 6.67 4.20 0.25 11.75 1125.18
60 1 2.50 0.18 13.54 615.85 0.32 26.13 2062.24 0.17 8.26 429.38 0.29 15.52 1766.75
150 1 0.25 0.01 0.82 0.03 0.01 1.16 0.05 0.01 0.48 0.03 0.01 0.72 0.04
150 1 0.50 0.02 1.66 0.06 0.03 2.40 0.09 0.02 0.92 0.06 0.03 1.36 0.09
150 1 1.00 0.04 3.26 0.13 0.06 4.83 0.19 0.04 2.00 0.12 0.05 2.91 0.18
150 1 1.50 0.06 4.95 0.19 0.09 7.35 0.28 0.05 2.99 0.19 0.07 4.42 0.27
150 1 2.00 0.08 6.90 0.27 0.12 10.55 93.48 0.08 3.88 0.25 0.12 5.93 224.68
150 1 2.50 0.10 8.36 0.34 0.18 13.19 743.73 0.09 4.91 0.31 0.17 8.00 732.08

As seenin Table2, thesigmaof thedistribution of R and � canliterally explode.
Moreover, _ is not necessarya good indicator since there is no guaranteethat the
distribution is Gaussian,nor evensymmetric. In orderto investigatethat decreaseof
thecross-scanprecision,weplot (Fig.3) thesemi-interquartile(amorerobustindicator
than _ ) of thedistributionversusthenoiseon e (crossscandirection)reckonedin _If .
Only threedifferent _Mf areadoptedsincethe point is just to seewhetherthe overall
behavior of �hgjilk2_Imn�Y_MfYo is independentof thenoiseor not.

Thefirst thingto noticeis thattheshapeof �hgjilk2_Imp�,_Mf,o is aflat line whoseheight
correspondsto the1D value.Anotherimportantpoint is theverysteepgrowth atsmall
_Mmp�Y_Mf . Thetransitionbetween2D and1D is thusvery rapid.Thestandarddeviations
of thedistributionof � , R , and � exhibit thesamerapidchangeatsmallabscissae.

In Table2, we have shown that, regardlessof the periodduration,the numberof
observations,. . . thereis a thresholdon _ above which the behavior of _ b explodes.
For Table3 (andFig. 4), the investigationis limited to a 1600-daymission,with 150
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Figure 3: Evolution of the semi-interquartileof the distribution of � , R and � as a
functionof thecross-scanprecision(reckonedin along-scanunit). Filled squares,filled
andopentrianglescorrespondto _Mfq�r* �s� , 2.0 and1.0 masrespectively. The long-
dashed,short-dashedandcontinuouslinesindicatethecorrespondinguncertaintywith
the1D solution.

observationsgroupedby threeanda smallerincrementfor _ between1.5and2.0mas
is adoptedin orderto improvetheidentificationof thatthreshold.

The uncertaintyon � and R looks like a linear function of the noise. The same
is true for � up to about1.9 mas( �����t� �)�su��

). However, the ultimategoalof orbit
reconstructionis to derivemasses.So,down to which ���v� canonego andstill derive
a usefulresult?Therelationbetween� (actually ��# ), themassof thetwo components
( w!# and w 	 ), R (in year)andtheparallaxx (reckonedin thesameunit as � ) is given
by:

�[�yw 	 kzw!#h{|w 	 ov} 	�~�� x�R 	�~�� � (3)

Therefore,if x and R areassumedto beerror-free, w 	 k�w # {^w 	 o } 	�~�� hasthesame
relative uncertaintyas � . Hence,althoughthefitted orbit still makessenseat �
�v������ �

, the theoreticiansinterestedin massesshould imposea larger �
�v� in order to
obtainusefulresults.
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Whatdoesthis leadto with GAIA? Like Lattanziet al. (2000),we assumea noise
level of

���Y� �=� for ��� � * maganda thresholdat 1.9 for ���v� . We canthusexpect
to derive an orbit whose� is assmall as

�]�Y� �=� . The relationbetweenR and w 	 for
objectswith massesbetween

��� }I� and80 Jupitermasses,orbiting a solar-typestaris
plottedin Fig. 5. Our solarsystemis alsorepresented.Observedfrom � Cen,about
1.3 pc away, the four Jovian planetsare detectedbut the periodsare too long with
respectto themissionduration.In theotherhand,thefour innermostplanetsarestill
too light weightto causea noticeableastrometricwobble.

Table3: Relativeprecisionof � , R and � for someS/N levels(i.e. ���Y_ )
Noise ���v� _I` _I`]�,� _Pa _Pa��,R _Pb��,�
(mas) (%) (d) (%) (%)
0.25 13.32 0.01 4.8 0.75 0.2 1.5
0.50 6.66 0.03 14.3 1.46 0.3 2.7
0.75 4.44 0.04 19.0 2.13 0.5 4.2
1.00 3.33 0.05 23.8 2.93 0.7 5.4
1.25 2.66 0.07 33.3 3.58 0.9 6.9
1.50 2.22 0.08 38.1 4.45 1.1 8.7
1.55 2.15 0.08 38.1 4.59 1.1 8.7
1.60 2.08 0.09 42.9 4.56 1.1 9.3
1.65 2.02 0.09 42.9 4.82 1.2 9.6
1.70 1.96 0.09 42.9 5.05 1.2 9.3
1.75 1.90 0.10 47.6 5.21 1.2 9.6
1.80 1.85 0.10 47.6 5.22 1.2 10.2
1.85 1.80 0.10 47.6 5.42 1.3 10.2
1.90 1.75 0.11 52.4 5.71 1.4 12.6
1.95 1.71 0.11 52.4 5.59 1.3 15.0
2.00 1.67 0.12 57.1 6.01 1.4 944.7
2.25 1.48 0.14 66.7 6.94 1.7 4806.0
2.50 1.33 0.16 76.2 7.65 1.8 15963.4

4 Global vs local optimization

Up to now, it wasassumedthat theactualorbit wasavailableasaninitial guessof the
local minimization. How goodis this initial guess?The simulationsin Sect.3 show
that the original orbit seldomminimizesthe residuals(it is not the minimum of the
least-squareproblem).However, suchsimulationsdo not tell uswhetherthatoriginal
solutionis alwaysin thevicinity of thelowestminimumor not. Is thesolutionobtained
with thelocalsearchfrom theoriginalorbit thebestonein termsof least-squares?How
reliableis theorbit with thelowestminimum?

The seven orbital parametersk2� TA�JT��ETA��T � T R T5� o canbe split into threegroups:
(a) thoseappearingin a linear way in the � 	 expression,namely � TA��TA�

&
�

; (b)
R becauseit can be derived regardlessof the the Kepleriannatureof the problem
(Monet1979);(c) � and

�
. This distinctionis thereforepropagatedto theway the �
	

is minimized.Thefollowing schemeis thusadopted:

1. GuessR usinga periodsearchtechnique(e.g.Horne& Baliunas1986);
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Figure4: Evolutionof thestandarddeviationof thedistributionof � , R , and � atseveral
noiselevels

2. Explorethe kz� TA� o -spaceandderive � T��JTA�ET��
asthe uniqueminimizer of �
	

when � T R T5� arefixed.

For eachtrial of � and
�

, anothervalueof �
	 is evaluated.In thisapproach,thedimen-
sionof theglobaloptimizationproblemreducesto two. Thattransformationspeedsup
theminimizationprocessandincreasesthechanceof gettingthebestminimum. Sev-
eralsophisticatemethodsexist for globalsearchbut, for thepresentpurpose,auniform
100 by 25 grid over S ��T;� S2��S � � T � � {yRlS where � � is the time of the first observation
seemsto do just fine. Theorbit thusderivedcanthenbeusedasthe initial guessof a
local searchin thesevendimensionalspaceof theparameters.

Onceagain,themethodis assessedon syntheticobservations.However, contrary
to what happenedin Sect.3, we limit ourselveson realistic casesthat are likely to
be difficult: an observation campaignof 1600days,150 observationsgroupedby 3
anda noiseof * �s� mas. 1000suchsetsof dataareagaingenerated.For the sake of
simplicity, we assumethat theperiodsearchprocedurereturnstheactualperiod(even
if the

u��
local searchwill updatethe periodestimatelateron). Theminimaobtained

from the true orbit in the onehandand from the grid searchin the otherwere then
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Figure5: Limits of orbit reconstructionfor objectsorbiting a solar-typestarat 250pc
(solid line), 100pc (long-dashedline) and1.3pc (short-dashedline) with �[� ���Y� �=�

derived. The assumptionaboutthe efficiency of the period searchtechniquemight
sounda bit optimisticand,indeed,it is. However, aswe aregoingto see,evenif such
an unexpectedlygoodestimateof R is available,onecanstill run into troubleswith
otherparameters.

The two minima aredifferent in 22 casesonly. In two of them, the grid search
givesa worseminimum thanthe onederived from the trueorbit, thusindicatingthat
a densergrid would give a betterresult. However, with the presentsparsegrid, one
alreadynoticesthat 2% of the solutionsarenot in the vicinity of the actualorbit. A
densergrid canonly increasethatpercentage.

5 Almost parabolic orbits

As alreadypointedout in Sect.3.1, almostparabolicorbitsshow up quiteofteneven
whentheassumedor fitted orbital perioddoesnot exceedthemissionduration.When
thesevenorbital parametersarefitted, suchorbitsarequiteusualandthis is annoying

9



andpuzzling. For instance,it is annoying becausethatwould stronglybiasthedistri-
bution of � towards1 if suchsolutionswerepublished.In theotherhand,thereseems
to have no argumentbut statisticalonesto discardtheseparabolicsolutions. Indeed,
theapparentorbit looksrealistic(thehigh inclinationandeccentricitycancelout). For
instance,thetwo plotsin Fig. 6 look similaralthoughtheeccentricityin theright panel
is 0.998whereit is only 0.2(spectroscopicvalue)in theleft one.
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Figure6: An orbitalmodelis worthadoptingfor HIP 85749but rathersimilarapparent
orbitsneverthelessyield verydifferenttrueorbits(theeccentricityis 0.2and0.998for
theleft andright panelsrespectively).

Fitting the HipparcosIntermediateAstrometricData of the genuinesingle star
HIP 115331with a 12-parametermodel(i.e. thefive astrometricparametersplus the
orbital ones)leadsto ��� ��� ���)���

. However, in that case,the Thiele-Innesconstants
arenot significantlydepartingfrom 0 Pourbaix& Arenou(2001). Thus,even if one
almostderivesa parabola,thewholesolutionis discardedsoit doesnot matter. In the
otherhand,therearebinariesfor which the Hipparcosdataleadsto likely solutions
(consistentwith the spectroscopicorbits) even when the 12 parametersare adjusted
from scratch(e.g.,HIP 36377).

With Hipparcos,besidesthe singlestarsandthe binarieswherethe whole setof
orbital parametersmakessense,therearemany spectroscopicbinariesfor which an
orbital modelis worth adoptingbut theeccentricitymustbeassumedotherwiseit gets
closeto a parabolicsolution. Here,unlike the singlestarcase,the Thiele-Innescon-
stantsaresignificantlynon-zero.Actually, whenthesevenparametersarefitted,

�
and�

getmuchlargerthanwhen � , R and
�

areassumed.In orderto investigatetherea-
sonsof sucha strangebehavior, let usremindtheequationsof motionin theprojected
orbit (Heintz1978):

� � �'k2�;�)�������,o { �l¡ � �¢� 	 �A£¥¤�� T
(4)

¦ � � k2�;�)�������,o { �l¡ � �¢� 	 �A£¥¤�� (5)

where � is solutionof
�Z�¢�§�5£¥¤��¨��*Y+
�,RlkO�§� � o (6)
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From theseequations,it is clear that when � getscloseto 1,
�

and
�

areno longer
constrained.Thus, �©� �

is aconvenientwayof gettingrid of two parameters.Is �©� �
a causeor aconsequenceof large

�
and

�
?

Therelationbetweenthe projectedarealconstantª
« andthe arealconstantin the
trueorbit ª is givenby

*�ª «M¬� 	�®�¯ � ® �°� k2� � � ��� o ¡ � ��� 	 *Y+
�,R
� � 	 ���)��U ¡ � ��� 	 *,+
�,R (7)

� ± 	 ®j² � ® �=���)��U ¬ *�ª³��� �=U
where² is thetrueanomalyin thetrueorbit. It is actuallybecausethelaw of areasholds
in boththeprojectedandtrueorbitsthat,in theory, theinclinationcanbederived.

With precise2D observationsof rathershortperiodbinaries,ª�« is well constrained
andsois ���)��U (theotherelementsbeingderivedregardlessof thelaw of areas).When
����� decreases,ª « getslessconstrained.If the observationsareclustered,ª « is, on
average,closeto 0 which leadsto a parabolicor edge-onorbit. As alreadymentioned,
theformerhastheadvantageof gettingrid of

�
and

�
in once.

With 1D data,the situationis worse. Indeed,thereis no way to estimateª
« and,
therefore,U cannotbederivedunless:

´ � is set(for instance,thanksto aspectroscopicestimate)

´ or successive 1D dataobtainedwith quite different scanningdirectionscon-
strained2D positions.

The latter casehappenswhen, for instance,the period is long enoughfor the actual
positionof the companionto remainunchangedin betweendistantobservationsand
shortenoughfor theorbit to bewell coveredduringthemission.Oneway to achieve
thatwouldbeto shortentheprecessionperiodof thesatellitesuchthattwo consecutive
observationswould have quitedistinctscanningdirections.Unfortunately, thepreces-
sion period is no longera free parameterin the designof the forthcomingmissions.
Anotherfavorablecircumstanceis whenpairsof distantobservationsareseparatedby
amultiple of theperiod.This is ratherunlikely but soseemsto bethechanceof fitting
theHipparcosdatawith a twelveparametermodelfrom scratch.

In thecaseof GAIA, its spectroscopiccapabilityshouldhelpconstrainingtheec-
centricityof, at least,theshortperiodbinaries.Unfortunately, owing to theprecision,
this capabilitywill bealmostuselessfor theeccentricityof extra-solarplanets.

6 Conclusions

Onecannotexpectto doasmuchandaswell with 1D observationsaswith 2D ones.In
betweenthesetwo extremes,thesecondcoordinatewith a lowerprecisionis notworth
gettingunlesstheratioof thetwo precisionsdoesnot exceed5.

The �§	 minimization can advantageouslybe replacedwith a 3-stageevaluation
thusyieldingaglobalsearchin a2-dimensional( � , � ) space.Theperiodcanindeedbe
independentlyguessedusingperiod-searchtechnique.Owing to this low dimension,
a grid approachis shown to be quite efficient even if onecannotprevent somefalse
solutionsto show up.

All theseimprovementsin the way the orbits arederivedwill remainuselessun-
lessonefirst findsa criterion for assessingtheactualconstrainton theprojectedareal
constantandthereforeon U and � .
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