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HIPPARCOSASTROMETRIC BINARIESIN THE NINTH CATALOGUE OF SPECTROSCOPIC BINARY
ORBITS: A TESTBENCH FOR THE DETECTION OF ASTROMETRIC BINARIESWITH GAIA

S. Jancart, A. Jorissen? D. Pour baix**

Institut d’Astronomie et d’ Astrophysique, Université Libre de Bruxelles, Belgium

ABSTRACT

The Ninth Catalogue of Spectroscopic Binary Orbits® and
the Hipparcos Intermediate Astrometric Data (IAD) are
used to retrieve astrometric binaries from the Hipparcos
data. It is found that basically all (non-SB2) systems with
periods larger than about 100 d, and parallaxes larger than
5-10 mas exhibit an astrometric orbital motion which can
be extracted from the IAD. The lessons learned from this
kind of approach will be very valuable for the design of
the Gaia reduction pipeline.
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1. INTRODUCTION

The fit of the 1AD, via an orbital model, is performed by
adopting the eccentricity e, the period P and one epoch of
periastron passage 7 from the spectroscopic orbits given
in Spe, the Ninth Catalogue of Spectroscopic Binary Or-
bits (Pourbaix et al. 2004). Of course, the binarity is a
necessary condition for applying the orbital model but it
is not a sufficient one (Pourbaix & Arenou 2001). In this
paper, we first present the Hipparcos data and the model
used to achieve the fit. Then, we describe the sample and
the criteria used to detect an orbital signal in the IAD.
Finally, a new criterion to assess the reliability of the as-
trometric orbital elements is proposed and applied.

2. THE HIPPARCOSDATA

For each observed star and during 3 years, Hippar-
cos (ESA 1997) measured tens of abscissae, i.e., 1-
dimensional quantities, along a precessing great circle.
Several corrections were applied to these abscissae (chro-
maticity effects, attitude, ...). It was decided that the
residuals (Awv) of these corrected abscissae would be re-
leased together with the catalogue. In order to make the
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interpretation of these residuals unique, the released val-
ues were all derived with the single-star model, whether
or not that model was used for that entry in the catalogue.
This makes it possible for anybody to fit any model, thus
looking for further reduction of the residuals.

The fit is achieved through a x2? minimization. For in-
stance, in the case of an orbital model, it may be written
as:
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where Apy, is the correction with respect to the origi-
nal parameter py, o; are the orbital parameters and V is
the covariance matrix of the data. Av;,dv;/0py, and V
(j=1,...,n;k=1,...,5) and the Main Hipparcos so-
lution are provided, n is the number of IAD available for
the considered star (see van Leeuwen & Evans 1998, for
details). Equation 1 thus reduces to

ov ov ov
2 = Av=S"ZAp — 2L 2O 0
X (Av Ek oo P " Vap, apz) (2
ov ov
-1 _ ov. ov  ov
V7 (Av E 5 Dk 3 :Eam)

where (z,y) is the relative position of the photocentre
with respect to the barycentre of the binary system given

by

= AX+FY
y = BX+GY

with

X = cosE—e¢

Y V1 —e2sinE.

A, B, F, G are the Thiele-Innes constant and £ the ec-
centric anomaly.
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3. THESAMPLE

The sample is composed of 1385 HIP-Szs entries, taking
into account the fact that the DMSA/C stars (i.e., resolved
binaries) had to be removed since their AD are not suited
for IAD processing. The sample covers an extensive pe-
riod and eccentricity range (see Figures 1 and 2).
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Figure 1. Period-eccentricity diagram for the selected
Spe objectswith a HIP entry.
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Figure 2. Distribution of the period for the selected Spo
objects with a HIP entry.

4. ASTROMETRIC WOBBLE DETECTION

For the orbit fitting, we check whether the IAD (observa-
tions) do hide an orbital signal using two mathematically

equivalent methods of orbit determination: Thiele-Innes
and Campbell? approaches. In fact, we quantify the like-
lihood of the fit with an F-test measuring the decrease
of the x?2 for the fit of the n IAD with an orbital model
(x3) compared to the fit with the single-star model (x%)
(Pourbaix & Arenou 2001). The combinations of three
statistical indicators allow us to keep or discard a solu-
tion:

o A decrease of the x? is necessarily obtained when
adding 4 supplementary parameters (the Thiele-
Innes constants). The criterion is expressed through
an F'-test:

Pro = Pr(F > F(4,n—9)), ©)

A 2 2
where F' = ”T*”SX*# Pry is thus the first kind

risk associated with the rejection of the null hypoth-
esis: “thereisno orbital wobble present in the data”.

e Pry represents the analogous probability obtained
by Pourbaix (2001) for the Campbell approach.

o Getting a substantial reduction of the y? with the
Thiele-Innes model does not necessarily imply that
the four Thiele-Innes constants are significantly dif-
ferent from 0. The first kind risk associated with
the rejection of the null hypothesis “the orbital semi-
major axisis equal to zero” may be expressed as

Prs = PT(X,%&BFG > X?L)v (4)

where 2 g = XIC™1X and y? is the abscissa
of the x# distribution with 4 degrees of freedom.

X is the vector of components A, B, F, G and C is
its covariance matrix.

Among the sample, 300 stars satisfy the criteria at the
5% level (Pry, Pry, Prs < 0.05) and are thus flagged as
astrometric binaries (Jancart et al 2005). We present the
detection rate as a function of the period and the paral-
lax in Table 1 and Figure 3. All the undetected binaries
have been identified as either stars with composite spec-
trum, SB2 stars (since these stars could have two com-
ponents of the same brightness, no motion of the photo-
centre could have been detected) or with a poor quality
spectroscopic orbit. If we remove these entries from the
sample, the detection rate is close to 100%.

Regarding the orbital parameters and in particular the
inclinations (Figure 4) obtained by the two methods
(Thiele-Innes and Campbell), not all 300 stars yield con-
sistent values, although the two orbit determination meth-
ods should lead to the same results.

In the next section, a preliminary criterion to evaluate the
consistency between them is proposed. Pourbaix & Are-
nou (2001) proposed 6 criteria but they were designed
to show that the Hipparcos data were not precise enough
to detect the astrometric wobble of planetary candidates.
Our purpose being the detection of astrometric wobble
caused by known spectroscopic binaries, we could use
the first 3 criteria while the last 3 ones did not bring any
complementary information for us.

2The Campbell elementsare a, i, w, Q
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Table 1. Detection rate in percentage as a function of the period and the parallax. The percentage is given with the
poissonian error and the total number of stars in the bin is listed between parentheses. The detection rate is close to
100% if we remove the B2 stars, the stars with composite spectra and those with a poor spectroscopic orbit.

Period range (d)

0-100 100-2000 2000-3000 3000-5000 VP
arallax (mas) | © > 10 16+ 3 (178) | 7419 (81) | 66L 24 (12) | 77+ 24 (13) | 37+ 4 (293)
P w > 10 | 144 2 (285) | 73+ 8 (123) | 70+ 20 (17) | 58 + 19 (17) | 34+ 4 (456)
w>5 | 114+ 2(518) | 66+ 6 (197) | 67+ 14 (34) | 504 14 (22) | 29+ 2 (793)
Vw 8+ 1(875) | 47+ 4 (368) | 41+ 8(59) | 27+ 8(44) | 22+ 1 (1385)
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Figure 3. Percentage of Sgo stars detected as astrometric
binaries as a function of the period.

5. ORBIT ASSESSMENT

The consistency between the Thiele-Innes and Camp-
bell approaches is assessed using a new criterion which
test the null hypothesis “Thieles-Innes and Campbell’s
approaches yield consistent solutions”. The criterion is
based on the distance between the two confidence ellip-
soids obtained for each approach. More details and ana-
Iytic expressions will be published in Jancart et al (2005).
As preliminary results, we end up with 56 binaries with
a reliable orbit. Among them 28 were flagged as sin-
gle stars in the Hipparcos catalogue, 16 as DMSA/O (or-
bital solutions), 6 as DMSA/G with 7 parameters, 4 as
DMSA/G with 9 parameters and 2 as DMSA/X. The in-
clinations derived by the two approaches for the 56 sys-
tems are plotted in Figure 5.

6. CONCLUSIONS

We have evaluated the capacity of the method to detect
the astrometric wobble of known spectroscopic binaries
as a function of their period and parallax.

Figure 4. Orbital inclinations derived with two indepen-
dent methods. These stars comply with the 3 criteria for
binary detection.

Among the 56 binaries satisfying the 4 criteria, only 16
of them were flagged as DMSA/O in the Hipparcos cata-
logue. Although the criterion seems to be an efficient tool
and advantageously replaces three criteria of Pourbaix &
Arenou (2001), we are still looking for an analytic ex-
pression which would take into account the correlation
between the Thiele-Innes and Campbell solutions.
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Figure5. Comparison of theinclinations derived fromthe
Thiele-Innes constants and the Campbel | elements for the
56 accepted systems. Same as Figure 4 with the consis-
tency criterion further imposed.
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