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ABSTRACT

Context. Dynamically undisrupted, young populations of stars are crucial in studying the role of multiplicity in relation to star
formation. Loose nearby associations provide us with a great sample of close (<150 pc) pre-main sequence (PMS) stars across the
very important age range (=5—70 Myr) to conduct such research.

Aims. We characterize the short period multiplicity fraction of the search for associations containing young stars (SACY) sample,
accounting for any identifiable bias in our techniques and present the role of multiplicity fractions of the SACY sample in the context
of star formation.

Methods. Using the cross-correlation technique we identified double-lined and triple-lined spectroscopic systems (SB2/SB3s), in
addition to this we computed radial velocity (RV) values for our subsample of SACY targets using several epochs of Fiber-fed
Extended Range Optical Spectrograph (FEROS) and Ultraviolet and Visual Echelle Spectrograph (UVES) data. These values were
used to revise the membership of each association that was then combined with archival data to determine significant RV variations
across different data epochs characteristic of multiplicity; single-lined multiple systems (SB1).

Results. We identified seven new multiple systems (SB1s: 5, SB2s: 2). We find no significant difference between the short period
multiplicity fraction (Fy,) of the SACY sample and that of close star-forming regions (~1-2 Myr) and the field (F,, < 10%). These are
seen both as a function of age and as a function of primary mass, M\, in the ranges P [1:200 day] and M, [0.08 Mo—M, ], respectively.
Conclusions. Our results are consistent with the picture of universal star formation, when compared to the field and close star-forming
regions (SFRs). We comment on the implications of the relationship between increasing multiplicity fraction with the primary mass

within the close companion range in relation to star formation.

Key words. stars: formation — binaries: spectroscopic — techniques: radial velocities — stars: pre-main sequence —

techniques: spectroscopic — stars: variables: T Tauri, Herbig Ae/Be

1. Introduction

Multiple stellar systems are abundant in our solar neighbour-
hood (Duquennoy & Mayor 1991; Raghavan et al. 2010) and
in our galaxy; they can be found in a variety environments,
from young star-forming regions (SFRs; Ghez et al. 1997;
Nguyen et al. 2012) to older, sparser populations such as globu-
lar clusters (Sollima et al. 2007). These numerous multiple sys-
tems appear to be the default of nature and therefore study-
ing them is studying a key ingredient of star formation and
evolution.

When studying the relevance of multiplicity in the con-
text of star formation, two elements, mass and age, are key.
Different masses can provide information on the formation
mechanism of the stellar systems (Duquennoy & Mayor 1991;

* Based on observations obtained using the instruments FEROS at
La Silla (ESO 1.5 m and MPG/ESO 2.2 m) UVES at VLT (ESO 8 m).
** Appendices are available in electronic form at
http://www.aanda.org
*** Tables C.1, C.2 and D.1 are only available at the CDS via
anonymous ftp to cdsarc.u-strasbg. fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?]/A+A/568/A26
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Fischer & Marcy 1992; Chini et al. 2012). The age of the system
is related to the evolutionary state and history of dynamical ef-
fects (Mason et al. 1998). One must also consider the surround-
ing environment of the star; the density of stars increases the
probability of dynamical interaction and perturbation whereby
binary systems can be destroyed (Kroupa 1995; Parker et al.
2009).

The seminal work of Duquennoy & Mayor (1991) along
with the more recent work of Raghavan et al. (2010) provide
robust statistics of multiplicity frequency for solar-type stars in
the field. Combining results from studies of higher-mass stars
(Kouwenhoven et al. 2007; Chini et al. 2012) and lower-mass
stars (Henry & McCarthy 1990; Fischer & Marcy 1992) the
multiplicity frequency can be shown as a function of mass, as
seen in Fig. 12 of Raghavan et al. (2010). The field stars used in
such studies have been dynamically processed in different ways
(Parker et al. 2009). In contrast, stars in associations are con-
sidered coeval with low average stellar densities and are much
younger ~1—-100 Myr. We can therefore use these populations
of stars as samples from which the effects of dynamical process-
ing are very small and the observables are much closer to the
direct outcome of star formation.
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Fig. 1. Average RV values determined in this work versus those from
the literature, where values were available for comparison. Error bars
represent the standard deviation from the mean value for each source. If
uncertainties were not quoted in the literature, the average uncertainty
from all other values, 0.90kms™!, was used. If only one data epoch
was available, the overall standard deviation for the SACY sample,
0.89km ™!, derived in this work was used to represent the uncertainty.
Black rings indicate identified multiple systems. A line representing a
1:1 relation has been drawn for base comparison.

The coeval populations that are usually studied com-
prise young nearby SFRs (1-5Myr), such as Taurus-Auriga,
Ophiuchus-Scorpius, and Chamaeleon (Melo 2003; Ghez et al.
1993; King et al. 2012b), across a wide range of orbital periods
(~1-1000 AU). The results from these environments are diffi-
cult to compare due to variable extinction properties and large
distances (>135 pc). However, some studies aim to do this (King
et al. 2012b,a) using the limited overlapping parameter space be-
tween populations to produce robust multiplicity statistics.

In addition to SFRs, close associations, which are loose col-
lections of stars sharing common kinematics, can offer popu-
lations that are close enough to the Sun to probe a large and
continuous range of orbital periods. They also provide targets to
study the transitional phase of disk dispersal. The search for as-
sociations containing young stars (SACY) sample is comprised
of nine close associations, as detailed in Table D.1, with ages of
~5-70Myr and distances of <150 pc (Torres et al. 2006, 2008).
This paper is part of a series studying the SACY associations,
concentrating on their multiplicity properties relating to star for-
mation and disk evolution. The multiplicity results presented in
this paper are derived spectroscopically, probing the short period
systems of the SACY sample and are compared to other popula-
tions, such as young close SFRs and the field.

The paper is organised as follows. Section 2 details the ob-
servations and data used in this work. Section 3 describes the
use of new radial velocity (RV) data to determine association
membership and details the estimation of the mass distribution
of the observed sample. Section 4 describes the methods em-
ployed to find multiple systems within our sample and the meth-
ods to account for biases. Section 5 presents the results and their
significance in relation to star formation. Finally in Sect. 6 the
conclusions of this work on multiplicity and future prospects
are presented. Appendix A shows the spectral type to effective
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Table 1. Summary of the properties of SACY associations studied in
this work.

Association  Ass.  Dist. Age +/- N.of N.of
ID (pc) Myr) (Myr) Obj. SBs
AB Doradus ABD 34 +26 70 30120 53 5
Argus ARG 106 £51 40 10/30 33 0
B-Pic BPC 3121 10 10/8 29 4
Carina CAR 85+35 30 5/20 22 3
Columba COL 82=+30 30 40/15 31 1
e-Cha ECH 108+9 6 1/0 20 2
Octans OCT 14134 20 10/10 13 1
Tuc-Hor THA 48+7 30 0/20 33 0
TW-Hydrae TWA 48 +13 8 2/3 11 0

Notes. The age uncertainties provided represent the dispersion found
in the literature. This dispersion is large; however, the relative aging
performed with Li should not be affected.

temperature conversion. Appendix B notes individual sources;
Appendix C details of the individual RV values, and Appendix D
the targets considered as members in the SACY sample.

2. Observations and data

There are two main sources of high resolution spectroscopy
available to us.

First, observations performed with the Fiber-fed Extended
Range Optical Spectrograph (FEROS), a high resolution echelle
spectrograph (1/AA1 ~ 50000) at La Silla, Chile in two dis-
tinct periods: between January 1999 and September 2002 at
the 1.5 m/ESO telescope (ESO program ID: 67.C-0123) and af-
ter October 2002 at the 2.2m telescope (ESO program IDs:
072.C-0393, 077.C-0138). These data were reduced and RV val-
ues were calculated for these targets as described in Torres
et al. (2006). Out of the total SACY sample used in this work,
127 sources have existing RV values from FEROS data and mul-
tiplicity flags.

Second, observations performed with the Ultraviolet and
Visual Echelle Spectrograph (UVES; 1/A1 ~ 40000 with 1”
slit) at Paranal, Chile with ESO program IDs: 088.C-0506(A)
and 089.C-0207(A) between October 2011 and September 2012.
In these two programs each source had three separate observa-
tions using the standard set-up, a 1" slit width, which covers the
wavelength range 32506800 A. The separation in time between
the acquisition of each epoch of data for one source ranges from
1 day to ~1 month; the simulations described in Sect. 4.2 help to
characterize possible bias from this time sampling.

In addition, for each source, the UVES archive was queried
to make use of all available and public data on the SACY tar-
gets. All data were reduced using the UVES pipeline recipe
uves_obs_redchain with the command-line driven utility esorex
(bias corrected, dark current corrected, flat-fielded, wavelength-
calibrated and extracted). This outputs three individual spectra,
(in the case of the standard set-up) one spectrum for each CCD
chip of the instrument: blue, red upper and red lower (BLUE
3250-4500 A, REDU 48005800 A, and REDL 5800-6800 A,
respectively).

In addition, the VizieR catalogue service was used to look for
any existing RV values. A comparison between the archival data
and the SACY values is shown in Fig. 1. The individual values
from UVES, FEROS and archival sources is shown in Table C.1
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with their respective uncertainties; the average uncertainty from
the literature is 0.9 kms™'.

3. Characterising the sample
3.1. Revising membership with new RV data

Accurately determined RV values are a key ingredient to the con-
vergence method (Torres et al. 2006) used to identify the SACY
association members. The convergence method uses the gamma
(systemic) velocity; in the case of single stars, this is equal to
the RV. For multiple systems without orbital solutions, there are
two cases, with multi-component spectra (SB2/SB3) and with-
out (SB1). For SB2/SB3 systems it is derived from weighting
the component RV values, according to their relative flux. For
SB1 systems the mean RV value is used with its respective vari-
ability induced by further components (certainty of membership
for these systems is very difficult without an orbital solution).
For multiple systems with orbital solutions it is a known value.
Therefore the more accurate the RV values and, in the case of
multiple systems, the greater phase coverage observed, the more
stringent the conditions for membership become.

The large number of RV values calculated in this work was
used to revise and refine the member list (da Silva et al. 2009).
With this new data any targets that no longer had a high prob-
ability of membership were removed from the overall analysis
and statistics of the associations (initial members and revised
members are shown in Table D.1). However, as we have con-
ducted useful analysis on these objects, details can be found in
Appendix B.

3.2. Mass distribution

The mass distribution was constructed using effective tempera-
tures from da Silva et al. (2009). First, available effective tem-
perature were used directly with age estimates, as given in Torres
et al. (2006), to obtain a model-based mass using isochrones
(Baraffe et al. 1998, 2003; Siess et al. 2000). The different
isochrones were used depending on the temperature range. The
median effective temperature for each spectral subclass within
each association was used to estimate a value for those targets
with a spectral type, ascalculated by the method described in
Torres et al. (2006), but without an effective temperature value.
Linear interpolation was used for those spectral subclasses with-
out any corresponding temperature values from da Silva et al.
(2009). In the case of Carina (CAR), effective temperature val-
ues for targets of spectral type K3 and later were taken from me-
dian values of Tucana-Horologium (THA), which are approxi-
mately the same age, and having a much larger population in
this spectral type range. Masses were then derived using effec-
tive temperatures and isochrones to produce a mass distribution,
a shown in Fig. 2.

To validate this method we derived masses from a calcu-
lated bolometric luminosity value using the VOSA tool (Bayo
et al. 2008) by assuming a solar metallicity (Viana Almeida
et al. 2009) and log (g) between 3.5 and 5. This value is cal-
culated from a fit of the Spectral Energy Distribution (SED).
Some 78 sources had poor SED fits due to a lack of available
photometry and therefore could not be used any further. The
calibration of the bolometric luminosity is also based on the
distance, which is the largest source of uncertainty. This uncer-
tainty combined with the photometric error count yields a further
65 sources (from ~250) with an error in bolometric luminosity
>20% of the calculated value. For the remaining sources, we
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Fig. 2. Mass distribution of all targets used in this work calculated by
using available effective temperatures from da Silva et al. (2009) and
derived masses using Barafte et al. (2003) models <0.6 M,, — light blue,
Baraffe et al. (1998) models between masses 0.6—1.4 M — dark blue,
and Siess et al. (2000) models >1.4 M, — green. The grey represents
multiple system primary masses.

derived the masses with the bolometric luminosity value using
the isochrones. The standard deviation in masses derived from
the two different methods was 0.07 M, This is a very small and
acceptable difference in our model-based masses.

The mass distribution calculated from the effective tempera-
tures was used in this work, as opposed to that calculated from
the bolometric luminosity, as it represents our sample more fully.

4. Identifying multiple systems

To determine the RV values, we computed cross-correlation
functions (CCFs) for all reduced spectra with a signal-to-noise
ratio greater than 10. To compute the CCF, the observed spec-
trum is convolved with a CORAVEL-type numerical mask, as
described in Queloz (1995). The shape of the CCF function is
approximated by a Gaussian profile and, in cases of fast rota-
tion, the Gray rotational profile (Gray 1976). The RV is the peak
of this profile to which the barycentric correction is applied.

For the sake of homogeneity, all CCFs quoted in this paper
have been calculated using a KO mask, including those without
a literature spectral type determination. Double-lined spectro-
scopic systems (SB2s) — and in rare cases, triple-lined spectro-
scopic system (SB3s) — are identified visually, displaying two
distinct peaks in the outputted CCF. For systems with indica-
tions of multiplicity in the CCF profiles, such as two apparently
merged components, more research and analysis was conducted,
the details of which can be found in Appendix B.4. Examples of
the CCF output for these systems and that of a system with no
indication of multiplicity are shown in Fig. 3.

Single-lined spectroscopic systems (SBls) are identified
through significant RV variations between different data epochs;
the results are shown in Fig. 4. The shaded area contains all
the SB1 candidates; these candidates have significant RV vari-
ations; above 307 (2.70kms™!), or three standard deviations for
the entire dataset. The value of three standard deviations, 307,
including archival data is also shown for comparison. All candi-
dates above 30y were investigated further, details can be found
in Appendix B.1.
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Fig. 3. Resulting CCF profiles from three different sources. Left Panel: HD 45270 with no significant variation in RV and standard deviation
<0.05kms™! (data epochs: 2007-05-08, 2008-12-05, 2010-09-26). Central Panel: HD 104467 a SB1 candidate with significant variation in RV
and std dev. > 2.70kms~! (data epochs: 2009-03-16, 2010-05-26, 2012-02-24, 2012-03-07). Right Panel: HD 155177 a SB2 system, as shown by
two clear peaks and temporal movement (data epochs: 2007-04-19, 2012-05-09).
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Fig. 4. Standard deviation in RV values for SACY sources, excluding
known SB2 systems, as a function of V magnitude. UVES and FEROS
values — blue dots and UVES, FEROS and archival data — red cir-
cles.The variables, 1o and 30, represent one standard deviation and
three standard deviations respectively, for both UVES and FEROS data.
The shaded area contains SB1 candidate multiple systems. The vari-
able 30, represents three standard deviations including archival data.

4.1. Sources of uncertainty

The uncertainty in the RV values is calculated from Eq. (9) of
Baranne et al. (1996):

b T (14020) 0
meas. DXS/N 3 £

where C(Tr) is a constant that depends on both the spectral type
of the star and the mask used, which is typically 0.04, w is the
(noiseless) FWHM (kms~!) of the CCF, D is its (noiseless) rel-
ative depth, and S/N is the mean signal-to-noise ratio.

This produces a value, which is the internal uncertainty
for the measurement of the RV using this CCF method. Due to
the very high signal-to-noise ratio in our data (average ~100),
the contribution of this internal uncertainty is almost neg-
ligible. Although the value of C(T.s) is a function of the
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Tt and the mask used to compute the variation in the tem-
perature range 4000-6000K, it only changes the value of
C(Te) by ~0.01. When this variation is propagated across the
T, the output range is not significantly affected. Values are
shown in Table C.3, these typical values of the uncertainty
are ~0.01 km s~!. However, the stars in our study are often vari-
able, and this can induce deformities into the CCF (Lagrange
et al. 2013) in which this calculation of uncertainty does not ac-
count for; it assumes a symmetric CCF profile, and thus, the un-
certainty is underestimated in the majority of cases.

A more empirical approach to gauging the level of uncer-
tainty in the measurements is to use the standard deviation of the
RV values, as shown in Fig. 4. This is an a posteriori approach,
assuming a very small percentage of our candidates are in multi-
ple systems, and that this overall distribution is mainly represent-
ing single systems. Previous research in SFRs concerning short
period multiplicity of T Tauri stars has shown that single sys-
tems are by far the most abundant 90+% (Melo 2003) and have
used such distributions to estimate empirical uncertainties. The
one sigma level in RV variation for all targets with more than
one data epoch (excluding known SB2 systems) is 0.89 km s,
as seen in Fig. 4.

4.2. Accounting for biases

A huge advantage of the SACY dataset is the way in which the
sample was compiled from optical counterparts to X-ray sources
from the ROSAT all-sky survey. X-ray emission can originate in
protostars ~10*=10° yr (Koyama et al. 1996) to post T Tauri
stars ~10 Myr (Walter et al. 1988). In terms of mass this is
from sub-stellar (Neuhzuser et al. 1999) to intermediate-mass
Herbig Ae/Be stars (Zinnecker & Preibisch 1994). On this basis,
our sample should be relatively free of significant bias for ages
and primary masses (~5—70 Myr and 0.5-3.0 M). However,
the sample is not bias-free regarding the characteristics of the
secondary components and orbital parameters.

To estimate the completeness of this work, given the sparse
and irregular time sampling, in terms of our sensitivity in ob-
serving binary systems, probability-detection density maps were
created using a set of synthetic binary systems, as described in
Sect. 6.1 of Duquennoy & Mayor (1991) and outlined further be-
low. The primary masses used in these simulations are the mean
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values of mass bins containing equal numbers of targets (0.6, 0.9
and 1.2 M: 85 targets) taken from the overall mass distribution
of the sample, which includes all targets with cross-correlation
results not previously identified as SB2 systems.

For each primary mass, a density map as a function of the
secondary mass (M») and the period (P) of the binary system
was constructed. A set of binary systems are generated in this
space (M/M,: 0.1 Mg to My, P: 1 to 1000 day) following cer-
tain distributions. The parameters phase at time ¢ = 0 (¢;-9),
longitude of the ascending mode (w) and the inclination (i), are
randomly drawn from uniform distributions within their respec-
tive numerical ranges. The eccentricity (e¢) values depend on the
period of the binary system as follows:

- P<8day,e=0

- P < 8 < 1000 day, e is randomly drawn from a normal
distribution centred at 0.33 with a standard deviation of 0.03
(Mayor & Mermilliod 1984).

The semi-amplitude (K) and thus the RV were then calculated
through Eqgs. (14) and (17) from Halbwachs (2001) using our
physical set of data epochs to input the time (¢) into the equa-
tions. For each object, a set of RVs is produced, and from this,
the standard deviation from the mean is calculated. If this cal-
culated value is above the standard deviation of our physical,
observed data the system is said to be observed; this process is
then repeated N times for each (M;, P) point.

For this range Fig. 5 shows that the effect of the primary
mass of the binary system has little effect on the sensitivity to
observe the secondary. For all three primary masses considering
a secondary component of 0.1 M, orbital periods of 30 day and
100 day have a >75% and >60% probability, respectively, of
being detected within our dataset.

5. Results and discussion

The individual targets classified as multiple systems are shown
in Table 2, which are identified either as SB1, SB2 or SB3. We
then calculate the multiplicity fraction (Fp,):

B+T+Q

:S+B+T+Q’ @

m
where S, B, T, and Q are the number of single, binary, triple,
and quadruple systems, respectively.

We use the multiplicity fraction, as opposed to the compan-
ion star fraction (CSF), which is the number of companions per
star, because the multiplicity fraction is more robust against un-
observed higher order components (Hubber & Whitworth 2005),
whether a multiple system is a binary or a triple system the over-
all value of F,,, would not be affected.

5.0.1. Multiplicity fraction as a function of age

The SACY sample has age determinations calculated in Torres
et al. (2008). However, there are significant uncertainties within
these determinations (as shown in Table 1), which are derived
using a convergence method represented by third degree poly-
nomials of (V — I)c. There is an abundance of papers on the age
determination of young associations, including the well-known
B-Pic: 12:% Myr (Zuckerman et al. 2001), 20 + 10 Myr (Barrado
y Navascués et al. 1999), TW Hydrae: 1020 Myr (Barrado Y
Navascués 2006). This is often a controversial subject; however,
the relative ages between the associations are less affected and,
therefore, are more robust quantities. In other words, it is known

Table 2. Targets classified as multiple systems.

ID Mass  SpT  Ass. Age Flag
(Mo) (Myr)

GSC 09420-00948 0.6 MO ECH 6 SB1¢
HD 104467 1.9 G3 ECH 6 SB1¢
V1005 Ori 0.7 MO BPC 10 SB1°
HD 59169 1.05 G7 ABD 70 SB1¢
PX Vir 0.9 K1 ABD 70 SB1”
CD-2711535 1.0 K5 BPC 10 SB14*
AK Pic 1.2 G2 ABD 70 SB1°
GSC 08077-01788 0.6 MO COL 30 SB1¢®
1RXS J195602.8-320720 0.3 M4 BPC 10 SB2¢
V4046-Sgr 1.1 K6 BPC 10 SB2
HD 155177 1.5 F5 OCT 20 SB2¢
BD-20951 1.0 K1 CAR 30 SB2
HD 309751 1.05 G5 CAR 30 SB2
TWA 20* 0.4 M3 TWA 8 SB2
CD-423328 1.0 K1 CAR 30 SB2"<
HD 217379 0.6 K7 ABD 70 SB3
HD 33999 1.3 F8 ABD 70 SB3

Notes. ) No longer classified as a member of TWA with new RV data.
@ System has not been previously identified in related SACY work or
literature. ¥ Targets classified based on variation from literature RV val-
ues. © Details of the technique to classify this target are described in
Sect. B.4.

that TW Hydrae is younger than Tucana-Horologium, irrespec-
tive of their absolute ages, as seen in da Silva et al. (2009), Fig. 3.

If there was a significant relationship between multiplic-
ity and age (between ages ~5—70Myr) we could observe it.
However, as shown in Fig. 6, we see no such trend, merely
scatter across the age range. These results also agree with data
from Young clusters, Tau-Aur and Cha I with ages 1 Myr and
2 Myr, respectively (Luhman 2004). In addition to this when
considering results from the field within the orbital period
range (1-200 day), the fraction, 0.073”:818%‘2‘, is indistinguishable
(Duquennoy & Mayor 1991; Nguyen et al. 2012).

These results can be explained by the minimal N-body dy-
namical processing for systems with small physical separations
(<50 AU). Such systems are essentially never destroyed (Parker
et al. 2009), and if we assume similar numbers of multiple
systems are created from population to population initially, we
would not expect to see a significant relationship with time.

5.0.2. Multiplicity fraction as a function of mass (<3 M)

To compare our results in terms of primary mass to previous
work, we must define a consistent period and secondary mass
range and apply the same correctional techniques. Nguyen et al.
(2012) studied the range Ppin = 1, Pmax = 200 day and My min =
0.08, M5 max = 0.6 M. The properties of the synthetic binaries
used in their simulations are taken from a typical T Tauri star in
their sample; however we have calculated detection probabilities
using three primary masses (0.6, 0.9 and 1.2 M) in this work.

We can estimate the probability that the multiple system will
be in this P and M, range from each primary mass M| using
Bayes’ theorem (Bayes & Price 1763):

M » Pmax
mirlrtz)tmin Zp:Pmm M(m, p)D(m, p)

Yom 2p M(m, p)D(m, p) '
A26, page 5 of 22
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Fig. 6. The fraction of spectroscopic multiple systems from the overall

observed sample as a function of age for each of the SACY associa-

tions, which are individually labelled. UVES and FEROS data — red,

UVES, FEROS and archival data — white, and data from Nguyen et al.

(2012) — yellow. Uncertainties were derived from low-number statistics

using Eq. (A3) from Burgasser et al. (2003). A line representing 7%
multiplicity is shown.

where M(m, p) is the prior distribution. In this case the most
ignorant prior distribution is used, M(@m, p) = 1, and D(m, p)
is the likelihood function from our probability of detection
simulations.

We compute the probability for each of our primary masses
and use the mean detectability probability to compute a cor-
rected fraction, as below:

Fops X PMI (m, P)
1 M, ,max Proax ’
N Zm=Mz,min Zp:Pmin D(m’ p)
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“

Feoree =

where F orec 1S the corrected fraction, Fop is the observed frac-
tion, and N is the number of separate detection probabilities from
the simulations.

The results of these corrected fractions are shown in Fig. 7,
along with data from Nguyen et al. (2012). Our mass bins con-
tain equal numbers of targets (85) to eliminate any bias from the
frequency of objects in a certain mass range. The results are fully
compatible, and the spread in the value of Foye including the
uncertainties is only 7% across the mass range (x0.2-2.0 My,).
This result also supports the universality of multiplicity, as the
data from the two different environments (loose associations and
denser SFRs) is indistinguishable.

As well as comparing the results from SACY to those of
younger SFRs, one can look at the form of the corrected fraction
with primary mass for both environments. Figure 7 shows there
is no significant increase or decrease in the corrected fraction as
a function of the primary mass. In other words, from our results,
it is just as likely to observe a multiple system with a primary
mass of ~0.2 M than one with a primary mass of ~2.0 M.
As shown and discussed in Sect. 5.0.3 when higher masses are
included the form changes quite dramatically.

5.0.3. Multiplicity fraction across a wide mass range

There are two phases of interaction that can shape the multiplic-
ity fraction we observe in populations of stars: (I.) Interactions
within the pre-stellar cores (<10°yr) through accretion, disk
interaction and the dynamics of multiple systems (Bate et al.
2002) and (II.) through cluster dynamics, where the interac-
tions between stars that have originated in different pre-stellar
cores (>10° yr), which can be modelled using N-body simula-
tions (Kroupa 1995).

Populations that are ~Myr have undergone significant evo-
lution of their parameters already (e.g., mass ratio, separation
distribution, and core multiplicity fraction). However, the close
systems observed in this study (<10 AU) should not have un-
dergone any significant processing through the second phase de-
scribed above. Therefore, even across a wide range of ages and
environments, we should be probing the multiplicity fraction that
is a direct result from the evolution within the separate pre-stellar
cores.

Figure 8 shows a compilation of results from this study (in
red and white) and from the literature (in blue and gold) for
spectroscopic multiplicity fractions from a range of sources. The
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Fig. 7. Multiplicity fraction as a function of primary mass; mass bins are
represented with x-axis error bars with the average value for the SACY
targets being the red markers. Fractions have been corrected using the
techniques outlined in Sect. 5.0.2. The same data (Nguyen et al. 2012)
shown in Fig. 6 has been transformed from spectral type to mass by
assuming an age of 1 Myr and 2 Myr for Tau-Aur and Cha I respectively,
using Teg from Luhman (2004) and Sestito et al. (2008) with isochrones
explained in Fig. 2.

apparent exponential form of this function should be considered
with caution in this instance, as this compilation lacks thorough
refinement, such as a defined consistent orbital period range. It
is a qualitative example of the trend of increasing multiplicity
fraction with spectral type, and therefore mass, for tightly bound
multiple systems. This trend seems to be preserved when con-
sidering much wider systems in the field, as seen in Fig. 12 of
Raghavan et al. (2010).

One potential explanation for this observed relationship in
the field relates to the binding energy of the system; however,
we would not see a significant relationship for tight binaries on
this basis, (Parker et al. 2009, Sect. 5.2; interaction time-scale
calculations: Nguyen et al. 2012). As shown in Fig. 8, there is
an increase with mass for these close systems, this is not easily
explained with our current understanding of star formation.

The observed physical separation of close systems (<10 AU)
is the result of the evolution of the multiple system’s properties.
The size of the first Larson core, a pressure-supported fragment
of ~5 AU (Larson 1969), does not permit a secondary compo-
nent to orbit at such a physical separation initially. Bate et al.
(2002) shows how these close systems can be formed from wider
systems through the processes associated with phase I with dy-
namical interactions being the dominant mechanism. Kozai cy-
cles with tidal friction (KCTF; Eggleton & Kisseleva-Eggleton
2006) is an example of such a dynamical process. This evolution
depends on the periods of the primary and tertiary components
P3(P3/P;). Given P; = lyr and P3; = 1000yr, the time-scale
for one cycle is ~10° yr; >10? cycles are needed to complete the
evolution (Tokovinin et al. 2006). Therefore, one could argue
that this evolution is negligible at the PMS stage. However, the
periods within the system could be initially much more similar

0.4}

T

0.2}

0.0

(0] B A F G K M
Spectral Type

Fig. 8. Spectral type versus multiplicity fraction for all available SACY
data and studies from the literature; the horizontal error bars represent
the width of the spectral class bin (symbols in red, white and yellow
as described in previous figures). Chini et al. (2012) — filled square,
Baines et al. (2006) — filled triangle, Sana & Evans (2011) — filled thin
diamond, Sana et al. (2013) — filled diamond, Raghavan et al. (2010) —
inverted filled triangle, and Fischer & Marcy (1992) — filled pentagon.

and thus the ratio would be smaller, decreasing the time-scale.
On this basis, this mechanism could have an effect even at the
PMS stage, producing SB systems.

Bate et al. (2002) conclude that the processes described in
phase I favour the production of higher mass multiple systems,
which would explain the trend shown in Fig. 8. If these pro-
cesses are responsible for the systems we observe, there would
be other related properties, such as a lack of extreme mass-
ratios of the systems and a tendency for wider companions. Both
of these properties will be investigated in further SACY work:
mass ratios by following up identified spectroscopic candidates
to characterize their orbital parameters and wider companions by
analysis and inclusion of already existing adaptive optics (AO)-
assisted direct imaging data.

One must also consider the possibility that star formation is
not a single universal process. King et al. (2012a) have found
significant statistical differences' in the multiplicity fraction
for binary systems in the 19—100 AU range (dynamically un-
processed) between the field and five clusters (Taurus, Upper
Scorpius, Corona Australis, Chamaeleon I, and Ophiuchus).
They conclude that the star formation process is non-universal
and different environments produce different numbers of bina-
ries due to this.

In our data presented in Fig. 6, we find three associations
that show no spectroscopic systems from our current dataset:
Argus: 0/33 (0*7%), Tucana-Horologium: 0/33 (0*3%), and TW-
Hydrae: 0/11 (0*13%). With our current dataset this means
that Argus, Tuc-Hor, and TW-Hydrae have upper limits on the
Fy, value of 0.07, 0.05, and 0.13, respectively. These results
could also be explained by the non-universality of formation;

' See Marks et al. (2014) for an alternative interpretation.
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however, these are still very low numbers and are not statisti-
cally significant.

There is an alternative theory to explain this apparent spread
in binary fractions (and properties): turbulent fragmentation.
Jumper & Fisher (2013) describe how binary properties can be
determined very early on by turbulence within the pre-stellar
cores; this extremely stochastic process intrinsically leads to a
range of binary properties and as a product to the formation of
the Brown Dwarf (BD) desert. Therefore, one should be care-
ful when considering multiplicity fractions as a direct key to star
formation, as we still need to clarify the picture further at the
early stages of formation. Work is ongoing in this area.

6. Conclusions and further work

1. Using our new RV determinations, we have revised the mem-
bership of the SACY associations.

2. We have identified seven new multiple systems (SBls: 5,
SB2s: 2) within the SACY sample, as shown in Table 2.

3. Within the nine SACY associations studied in this work, we
have found that there is no significant age dependence on the
observed fraction of spectroscopic multiple systems (Fy,).

4. The corrected fraction of spectroscopic multiple systems
(Fcorrec) Within the mass range ~0.2-2.0 M., is compatible
with a flat distribution.

5. Our results are consistent, considering fractions as a function
of mass and age, with nearby SFRs and the field, as expected
from the picture of universal star formation.

6. The observed fraction of spectroscopic multiple systems
sharply declines as a function of spectral type and appears
to plateau for later-types. To what spectral types this flat dis-
tribution extends still needs to be explored.

This study has analysed the fraction of close multiple systems
through spectroscopic techniques. In the future, these results will
be complimented with AO-assisted direct imaging from high-
angular resolution data. Combining the analysis presented in
this paper with that of much wider companions, we can get a
wealth of extremely valuable information about the multiple sys-
tems in these young close loose associations and their similari-
ties/differences to other environments in the context of star for-
mation. We can investigate certain multiple star formation sce-
narios by the detection/non-detection of wider tertiary compo-
nents to the SB candidates proposed in this paper. In addition to
this, we will follow up our spectroscopic candidates identified in
this study to better characterize their properties such as orbital
period and mass ratio.

We have analysed ~2700 spectra with an average S/N of 100
and succeeded in detecting new spectroscopic systems with our
data alone and in combination with catalogue data. From our
literature search, we did not fail to detect any systems previously
identified as multiple systems. However, there is the possibility
that we were not able to identify some multiple systems through
our analysis. Our simulations, as seen in Fig. 5, are one method
to try and account for possible biases in our dataset. However, it
is important to note that the raw fractions, F,, as quoted in this
paper, should be treated as lower limits, as 64/250 of our targets
have only one RV value.
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Appendix A: Temperature scale
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Fig. A.1. Spectral type versus effective temperature for all stars used
in this analysis. The stars have been binned in three different age bins,
as indicated in each panel. The grey shaded area represents the range
of values within each spectral bin; the black marker is the mean value.
Also plotted are the results of Pecaut & Mamajek (2013) — green line,
Luhman et al. (2003) — dotted blue line, and Bayo et al. (2011) — solid
red line for comparison.

The way in which the mass distribution (Fig. 2) of our sam-
ple was determined was based on effective temperature values in
combination with model predictions. When there was no effec-
tive temperature value from da Silva et al. (2009), we used the
spectral type of that target as an indication for its effective tem-
perature and took the median value for all available targets with
the same spectral type in that age bin. If there were no other tar-
gets within that spectral type bin a value was constructed through
linear interpolation, using the nearest earlier- and later-spectral
type. Figure A.1 shows the range of effective temperature and
spectral type values.

The spread in effective temperature in each spectral type bin,
as shown by the grey shaded areas, is generally small across all
three age bins, for example, for the later-types, which is smaller
than the spread for younger objects reported in Bayo et al.
(2011), which are up to =150K. The largest apparent spread
is for the G3 spectral type bin at <20 Myr; it is caused by two
values: 4722 K and 5759 K. The result is anomalous, and there-
fore, any necessary interpolation within the regime G2-G8 was
conducted linearly using the two effective temperature values of

A26, page 10 of 22

5988 K and 5344 K as boundaries, which is in accordance with
the trend of the data.

Appendix B: Notes on individual sources

In Appendix B.1 we comment on the individual sources that
show RV variation above o, 0.89 kms~!. Appendix B.2 shows
the results from an archival search for any existing multiplicity
flags. In Appendix B.3 we comment on the data used to iden-
tify SB2 and SB3 systems in this work. Appendix B.4 describes
further analysis conducted in the cases of potential SB2/SB3 sys-
tems to remove false detections from deformities in the CCF
profiles.

B.1. Archival RV values

Values quoted below, calculated in this work, are average values
from all available UVES and FEROS data; their uncertainties
are one standard deviation in the following form: RV + o kms™!.

HD 59169: there are only two available epochs for this object:
one is from UVES data and the other is FEROS data producing a
value of 34.3 + 5.4kms™~!. However, this is a significant change
in RV, and therefore, it remains a potential multiple system.

AU Mic: there are four data epochs in our own dataset,
three from UVES, one from FEROS (-5.1,— 5.2, —4.9, and
—4.0kms™") producing a value of —4.8 + 0.5kms~!, which
is not a significant variation. If one looks at the values from
the literature (1.2 + 1.3, 15.6 and —4.5 + 1.3kms™!) there is
one value that is significantly different from the others, 15.6.
However, after private communication with John E. Gizis, it is
apparent that the 10~ uncertainties are ~17kms~!, making this
value compatible with all others. Therefore, this target is not
considered as a multiple system candidate.

V1005 Ori: this target has a value of 19.0 + 0.3kms™! from
three UVES epochs, which is a variation well below lo.
However, there are seven values from the literatures; which
when evaluated together show clear RV variability. Therefore,
this target is considered a multiple system candidate.

GSC 09420-00948: there are four UVES data epochs for this
target, producing a value of 12.7+3.2kms~!. In combination
with this, there are two values from Malaroda et al. (2006):
5.0 and 17.1kms~!. However, these do not have any quoted
uncertainties. Because the variation in RV value is larger than
o, even without the use of archival data, it remains a potential
multiple system.

HD 104467 this target has a value of 13.3+3.1kms™! from
both UVES and FEROS data. There are also two values from
VizieR: 12.3+1.4 (Torres et al. 2006) and 15.4+1.0kms~!
(Kharchenko et al. 2007). The values from the literature are
consistent with our derived values but this target remains a
potential multiple system due to the high standard deviation.

CD-363202: this target only has one observation one from
FEROS data, producing a value of 5.2+0.9kms™' and one
value from the catalogue search, 25.6 + 1.0km s~ (Torres et al.
2006). This is a huge variation in RV; however, it has an ex-
tremely high vsini value of 170 + 17 km s~ (Torres et al. 2006),
which severely limits the accuracy of the RV determination.
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For this reason it is not considered as a multiple system
candidate.

AK Pic: there are two observations for this target produc-
ing a value of 35.9+0.9kms™!. There are six values from
VizieR; four of which have associated uncertainties: 32.3 + 0.4,
32.1+0.5, 32.2+1.5, and 28.1 +2.1kms~!. These are more
than 30, <33.1kms~!, below our derived value, using their
upper uncertainty limits. Therefore, this target is a potential
multiple system.

BD+012447: this target only has one value calculated in this
work, 7.7 + 0.9kms~!. However, there are seven values from
VizieR, two of which have associated uncertainties: 8.3 +0.2
and 9.1+0.6kms~!. These values agree with our derived
values, and therefore, this target is not considered as a multiple
system candidate.

CD-2711535: there are two observations for this target; it
has a calculated RV value of —6.9+ 1.4kms~!. This stan-
dard deviation is well above the average for the sample
(0.89kms™"). There are also two values in VizieR, —6.4 + 1.0
and —1.1+ kms™' from Torres et al. (2006) and Song et al.
(2012), respectively. The latter value significantly varies from
our derived value, and therefore, this target is considered a
potential multiple system.

GJ 3305: this target has three observations. It has a calculated
RV value of 23.8+0.5kms~'. There is one value in VizieR
17.6kms™" from Reid et al. (1995). However, after private
communication with John E. Gizis, it is apparent that the 1o
uncertainties are ~17kms~! for this work, and, therefore, this
apparent variation is consistent. It is not considered as a member
of B-Pic with new RV data from this work. It is a known
extremely eccentric multiple system with an eccentricity of 0.06
and a period of 21.5 yr (Delorme et al. 2012).

BD-211074B: this target has three observations; it has a cal-
culated RV value of 21.6+0.6kms™'. There are two values
from the VizieR 20.0 and 31.7kms~! from Reid et al. (1995).
However, after private communication with John E. Gizis, it is
apparent that the 1o uncertainties are ~17 kms~! for this work,
and therefore, this apparent variation is consistent. Therefore,
this target is not considered as a multiple system candidate.

PX Vir: Griffin (2010) determined the spectroscopic orbit of this
system (216.48 day). In addition to this, we have one value of
—13.3+0.89kms™!, and there are ten values from the VizieR,
of which six have associated uncertainties. There are two values
from Maldonado et al. (2010) that have a huge variation, which
are much higher than the level of uncertainty at —13.1 0.1 and
—2.6+0.1kms™!, and agrees with the work of Griffin (2010).
Therefore, this target is classified as a multiple system in this
work.

GSC 08077-01788: this target has two observations; it has
a calculated RV value of 17.6+0.8kms~!. There are two
values from VizieR, (Torres et al. 2006): 24.0+ 1.0kms™' and
(Kordopatis et al. 2013): —6.9 +4.1kms~!. This is a very large
variation, and therefore, this target is considered a multiple
system in this work.

B.2. Archival multiplicity flags

In addition to querying for any existing RV values, we also
queried for multiplicity flags from catalogues using VizieR
(Dommanget & Nys 2002; Malkov et al. 2006; Pourbaix et al.
2004; Worley & Douglass 1996), whether the system has
previously been identified to have one or more companions. Out
of our sub-sample of the overall SACY sample and probing only
the SB systems, we found the previous multiplicity results:

HD 33999: this is a previously known triple-lined system
(Dommanget & Nys 2002) which has been flagged in previous
SACY work and identified in this work as well.

PX Vir: as discussed in Sect. B.1, this is a previously identified
spectroscopic multiple system which agrees with the variation
seen in our catalogue search.

B.3. Definite SB2 and SB3 candidates

Below are any details on the data of postively identified SB2
and SB3 candidates; these targets show a clear double peak in
the output of the CCF. The literature was also queried to use any
potential existing information.

HD 155177 there are four available data epochs for this object
over a wide range of dates (2007-04-19, 2008-10-26, 2012-
05-09, and 2012-06-14). There are two clear peaks that vary
across the data epochs indicating strong it is a binary system.
No obvious note of spectroscopic multiplicity in the literature.

HD 33999: as mentioned in Appendix B.2, this is a previously
known triple-lined multiple system.

HD 309751: there is only one epoch of data available for this
object (2011-11-20); however, the produced CCF profile is
extremely clear to identify it as an SB2 system. Torres et al.
(2006) identified this as an SB2 system.

BD-20951: there are two epochs of data for this target (2012-
07-17, 2012-07-31). There are two clear peaks in the CCFs,
indicating strongly it is a bound binary system. To the best of
our knowledge, there is no note of spectroscopic multiplicity in
the literature.

V4046-Sgr: there are a great many data epochs for this object
and it is a well known and studied spectroscopic binary system
(e.g., Quast et al. 2000; Argiroffi et al. 2012; Donati et al. 2011).

HD 217379: there is only one epoch of data for this object
(2010-05-25). Despite this, the CCF provides a clear result that
this is a triple-lined system; the signal-to-noise is ~200, and all
three peaks are well above the noise level. Torres et al. (2006)
identified this as a triple-lined (SB3) spectroscopic system.

TWA 14: there are two data epochs available for this object
(2012-05-22, 2012-06-04). The output of the CCF shows two
peaks; however the profiles are merged. The two peaks have
different depths in each data epoch and appear to switch position
between the two epochs, indicating it is a bound binary system.
Weinberger et al. (2013) and identified Jayawardhana et al.
(2006) this as a double-lined (SB2) system.
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Table B.1. Details of all initially flagged potential multiple systems.

Target SpT MID RVpie Relative Period Variability v sin (i) Association
(kms™) phase (¢)* (day)” Type¢

CD-423328 K1 56175.398 15.1 - - rot 41.0¢ CAR
56179 .380 153

CD-433604 K4 54876 .233 204 0 0.89 - 40.0 ARG
56175 .381 24.1 0.717
56179 .371 11.0 0.200

CD-542644 G5 54898 .165 20.8 0 1.5 rot 39.5° CAR
55885.322 21.5 0.105

CP-551885* G5 54898 .158 27.6 0 0.916 rot 44.0° CAR
55885.307 24.0 0.674

GSC 09239-01572 K7 55340.108 164 0 1.536 - 41.0° ECH
55947 346 120 0.337
55978 .336 8.6 0.513
55979 299 13.6 0.140

HD 30051* F2 56138 .352 -1.5 - - - - THA
56139 .358 -2.1
56140 .361 -2.5

TYC 7605-1429-1 K4 55461 .359  30.7 - 0.3514 - - ABD

TYC 7627-2190-1 K2 54896 .092 25.6 0 0.726 - - ABD
55416 402 27.2 0.680

TYC 8594-58-1 G8 54880 .184 10.8 0 0.982 - 34.1° ARG
56082 .022 8.2 0.868
56107 .997 10.9 0.319

Notes. ™ No longer classified as a member of association with new RV values.  Relative phase values (relative to our first observation) were
computed using the MJD values from each observation and period values. ¥’ Messina et al. (2010, 2011). © Kiraga (2012): Variability Type:

rot=rotational variability due to the presence of spots.

TWA 20: there are three epochs of data for this target (2012-
05-07, 2012-05-22, and 2012-07-03). There are two strong
peaks in all of the CCFs from the RED arm of UVES; the
blue is very noisy due to the spectral type of the star, M3.
In addition, Jayawardhana et al. (2006) identify this is a SB2
system, and therefore, it is classified as an SB2 system in this
work; however it is not considered a member of TW-Hydrae
with new RV values.

IRXS J195602.8-320720: there is one epoch of data for this
target (2011-10-09). The spectral type of the star is M4, and
therefore, the CCF output is quite noisy; however, there is a
clear second peak above the level of the noise in both the results
from the RED arm of UVES. To the best of our knowledge,
there is no note of spectroscopic multiplicity in the literature.

B.4. Questionable SB2 and SB3 candidates

Initially, some targets were flagged as potential multiple sys-
tems, as shown in Table B.1. The targets CD-423328, CD-
542644 and CP-551885 have previously been identified as hav-
ing variable rotational behaviour due to the presence of spots
(Kiraga 2012). However, this does not exclude the possibility
that they are multiple systems; therefore, we conduct the same
analysis for these targets as for those without any variability flag.

For the targets shown in Table B.1, we conducted the fol-
lowing analysis to determine whether the deformity could be the
solely the result of spots on the surface of the star.
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The intensity of Ca II H (3968.5 A) and Ca Il K (3933.7 A)
emission respond to the amount of non-thermal heating of the
chromosphere, which can be caused by areas of concentrated
magnetic field (Leighton 1959); therefore, there is a strong link
between spot coverage and activity. We can use this to our ad-
vantage in our CCF output to differentiate between spots and
merged-SB2 components.

We fitted one Gaussian profile to the CCF output, assuming
it was a single star, producing a system velocity (vss) and then
looked for the specific velocities of the deformities in the pro-
file (vq1,va2, etc.). We then compared the system velocity and
deformity velocity values to the line profiles of Ca II H and K;
the chromosphere can emit isotropically at the sytem velocity
and have components of emission from the strong areas of mag-
netism, corresponding to the deformity velocities. If the Ca Il H
and K lines had a multiple-component structure with peaks cor-
responding to the values of vgys and vgy,vgy etc. then it is very
likely that the candidate multiple system is a single system with
strong activity. If this was not the case but the profiles of Ca Il H
and K had a multiple component structure, we also checked
whether the multiple components had peak values correspond-
ing to a multiple-line fit to the CCF, which assume the system is
multiple.

The graphs presented in this section are in the following for-
mat. There are four panels for each UVES observation from left
to right (1-4).

— Panel I: the CCF output for the BLUE chip of UVES (blue
line) and single Gaussian fit (black line). Phase values, ¢, are
shown from Table B.1 where available.
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Fig. B.1. TYC 7605-1429-1: 2012-09-22.
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Fig. B.2. HD 30051: 2012-07-30, 2012-07-31, and 2012-08-01.

— Panel 2: the residuals from each of the fits, all graphs have
the same y-axis range for easy comparison of the goodness
of fit. The parameter o represents the average standard devi-
ation in the residuals from the fit.

— Panel 3: the normalised flux of chromospheric line Ca II H,
3968.5 A, in velocity space (black line); overplotted is the
normalised and reversed CCF profile from Panel 1 (blue dot-
ted line) as well as vyys and vq; > (red vertical lines).

— Panel 4 has the same format are Panel 3 but is at 3933.7 A,
for the chromospheric line Ca II K.

TYC 7605-1429-1: this target was initially identified as a
binary candidate due to its abnormal CCF profile. However,
TYC 7605-1429-1 only has one epoch of data, which is not
conclusive from this analysis, as shown in Fig. B.1. It has an
extremely broad component with a FWHM of ~62kms™!,
making the RV determination difficult. Torres et al. (2006) quote
a value of 28.6kms~! which agrees with our derived value of
31.2+4.0kms™!. Messina et al. (2010) flagged this target as a
single system.

HD 30051: there are three available epochs for this target,
2012-07-30, 2012-07-31, and 2012-08-01. This is an F2-type
star, and therefore, does not have strong chromopsheric activity,
as shown in the lack of emission in Panels 3 and 4 of Fig. B.2.
This star was initially classified as a multiple system due to the
two component structure of the CCF profile, which potentially
consists of a rapid rotator, producing the broad component with
a slower-rotating companion, narrow component. However,
there is no significant variation in system velocity (—1.5, 2.1
and, —2.5) between observations, making it extremely unlikely
to be a close binary system with period >1 day.

CD-542644: there are two epochs for this target 2009-03-08
and 2011-11-20, as seen in Fig. B.3. The velocities for vy, and
vq1 do not correspond well to the shape of the line profiles.
The CCF profiles are also quite complex, making it hard to
determine the correct velocities. Based on this analysis, we do
not consider this target a multiple system.

CP-551885: there are two epochs for this target 2009-03-08 and
2011-11-20, as seen in Fig. B.4. The line profiles displayed in
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Fig. B.3. CD-542644: 2009-03-08, and 2011-11-20.
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Fig. B.4. CP-551885: 2009-03-08, and 2011-11-20.
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Fig. B.5. CD-423328: 2012-09-05, and 2012-09-09.
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panels 3 and 4 show a clear two component structure. However,
the picture we have is confusing; the vy value agrees well in
both epochs; however, vq; does not. Instead, it is one of the
velocities fitted using two Gaussians that matches with the
secondary peak ~5kms~!. In addition to this, if we look at the
Usys values, there is no considerable variation: 27.6 (¢ = 0), 21.5
(¢ = 0.674) and (Torres et al. 2006) 23.1kms~! from previous
work, assuming the period of rotation is synchronised with the
orbital period. Based on these arguments, we do not consider
this target a multiple system.

CD—-423328: there are two epochs for this target 2012—-09-05
and 2012-09-09, as seen in Fig. B.5. The lines from a
two—component Gaussian fit agree with the peaks seen in the
profiles of Ca Il H and K. Torres et al. (2006) also quote a value
of 24.6 + 1.0kms™!, which is hugely different from our value
derived from a single Gaussian fit (15.2 + 0.1kms™!). Kiraga
(2012) classified this object as rotationally variable due to the
presence of spots; however, this does not exclude the possibility
that it is a binary system. Due to this line—profile analysis and
the variation in RV value, this target is classified as a potential
multiple system.

CD-433604: there are three available epochs for this target,
2009-02-14, 2012-09-05, and 2012-09-09, as seen in Fig. B.6. It
is extremely unlikely that it is an SB2 system, as the flux ratio of
the two components is variable epoch to epoch (0.97, 0.64, 0.56
respectively). The line profile analysis is inconclusive; epochs
2012-09-05 and 2012-09-09 show a two-component structure in
Ca II H and K; however, the derived vy and vg; values do not
correspond to the peaks of these components. The calculated
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Fig. B.6. CD-433604: 2009-02-14, 2012-09-05, and 2012-09-09.
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Fig. B.7. GSC 09239-01572: 2010-05-24, 2012-01-21, 2012-02-21, and
2012-02-22.

RV values (20.4, 24.1, and 11.0) are extremely variable, but
the fits are poor, as seen in panel 2 of Fig. B.6. There is one
other existing value (C. A. O. Torres, priv. comm.) of 21.4, and
therefore, if one considers three of the four values to compute
an average, there is no significant variation (22.0 + 1.9kms™").
At this time, the evidence for multiplicity is not strong enough
for us to consider this target as a multiple system.

GSC 09239-01572: there are four epochs available for this
object, 2010-05-24, 2012-01-21, 2012-02-21, and 2012-02-22.
In Fig. B.7, one can see the agreement between the deformity
velocities and the line profiles of Ca II H and K is extremely
good for all four epochs. On this basis, we conclude that the
CCF profile is the result of star spots as opposed to multiplicity.
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Fig.B.8. TYC 7627-2190-1: 2009-03-06, and 2010-08-08.
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Fig.B.9. TYC 8594-58-1: 2009-02-18, 2012-06-04, and 2012-06-29.

TYC 7627-2190-1: there are two epochs available for this object:
2009-03-06 and 2010-08-08, as seen Fig. B.8. From the fitting
of a single system velocity to the profiles there is no significant
variation betwen the observations (25.6 and 27.2). The value of
the system velocity is extremely close to that of the deformity
velocity; this makes it extremely difficult to see the separate
components in this analysis. However, we only have two epochs,
and therefore based on this evidence, we do not classify this as
a multiple system.

TYC 8594-58-1: there are three epochs of data for this target:
2009-02-18, 2012-06-04 and 2012-06-29. However, much like
TYC7627-2190, the value of the deformity velocity is extremely
close to the system velocity, and therefore, seeing the two com-
ponents separately is extremely difficult. There is no significant
variation in the system velocity between all three epochs (10.8,
8.2, and 10.9, respectively). Figure B.9 also shows the velocities
when fitting the CCF with two Gaussians, as shown as black ver-
tical lines. Neither of these techniques provide strong evidence
for or against the multiplicity of the system. Therefore, as it sta-
tistically much more likely to be a single system, it is not con-
sidered a multiple system in this work.
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Appendix C: Radial velocity values.

Table C.3. RV values from each UVES observation available.

ID RA Dec MID RV (kms™) +0 meas.
AB Doradus members
HD 6569 01:06:26.2 —14:17:47 54749 .10 7.6 .004
55391 .42 7.5 .003
BD-12243 01:20:32.3 —11:28:04 54281 .37 9.9 .003
55391 41 10.6 .003
HD 16760B 02:42:21.0 +38:37:21 55415.40 -3.5 .004
HD 16760 02:42:21.3 +38:37:07 55415.40 -3.2 .004
HD 17332B 02:47:27.2 +19:22:21 55415.41 5.1 .003
HD 17332A 02:47:27.4 +19:22:19 55415.41 3.9 .009
IS Eri 03:09:42.3 —09:34:47 54749.14 14.3 .006
55391.43 14.6 .004
HD 24681 03:55:20.4 —01:43:45 54795.03 18.0 .022
HD 25457 04:02:36.7 —00:16:08 54795.03 18.0 .028
55391.42 17.3 .020
HD 31652 04:57:22.3 —09:08:00 54784.13 22.6 .004
CD-401701 05:02:30.4 -39:59:13 54309.40 28.6 .003
55410.38 28.6 .004
HD 32981 05:06:27.7 —15:49:30 55458.30 25.6 .005
HD 293857 05:11:09.7 —04:10:54 54 808.11 20.3 .006
HD 35650 05:24:30.2 —38:58:11 54784.25 314 .004
55410.40 32.7 .005
CD-342331 05:35:04.1 —34:17:52 54 805.24 30.7 .015
55410.41 30.4 .015
CD-481893 05:36:55.1 —47:57:48 54 805.17 31.7 .016
55459.25 32.0 017
UY Pic 05:36:56.9 —47:57:53 54309.41 32.2 .006
54327.41 32.1 .004
55459.25 32.6 .006
WX Col 05:37:12.9 —42:42:56 54312.40 31.3 .004
55398.42 31.2 .019
55459.25 31.3 .005
TYC 7604-1675-1 05:37:13.2 —42:42:57 54309.42 30.3 .003
TYC 4779-394-1 05:38:56.6 —06:24:41 54 814.09 22.9 .005
CP-19878 05:39:23.2 —19:33:29 55416.42 28.7 .025
TYC 7605-1429-1 05:41:14.3 —41:17:59 55461.36 30.7 145
TZ Col 05:52:16.0 —28:39:25 54814.11 29.0 .024
55463.25 28.5 .020
BD-131328 06:02:21.9 —13:55:33 54 878.03 254 .004
CD-342676 06:08:33.9 —34:02:55 54226.97 29.8 .006
55464.25 30.6 .009
CD-352722 06:09:19.2 —35:49:31 54 805.34 31.9 .015
HD 45270 06:22:30.9 -60:13:07 54228.98 31.8 .018
54 805.21 31.5 .015
55465.36 31.2 011
AK Pic 06:38:00.4 —61:32:00 55466.36 36.8 .021
CD-611439 06:39:50.0 -61:28:42 54 805.18 314 .005
TYC 7627-2190-1 06:41:18.5 —38:20:36 54 896.09 25.6 .049
55416.40 27.2 .063
GSC 08544-01037* 06:47:53.4 -57:13:32 54773.34 29.6 .005
55468.33 29.8 .003
CD-571654 07:10:50.6 -57:36:46 54 876.22 29.3 .032
55464.38 29.0 .050
V429 Gem 07:23:43.6 +20:24:59 54 893.08 7.0 .006
55468.38 7.8 .006
HD 59169 07:26:17.7 -49:40:51 55468.39 39.7 .008
CD-8480 07:30:59.5 —84:19:28 54236.98 23.2 .003

Notes. No longer classified as a member of association with new RV values. RV values from a single-component Gaussian fit; see Sect. B.4 for
details on target.
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ID RA Dec MID RV (kms™) +0 meas.
HD 64982 07:45:35.6 —79:40:08 54239.99 25.6 012
55464.38 25.7 011
BD+012447 10:28:55.5 +00:50:28 54 850.37 7.7 .008
PX Vir 13:03:49.7 —-05:09:43 54 888.38 -133 .004
HD 139751 15:40:28.4 —18:41:46 55340.14 -7.6 .006
HIP 81084 16:33:41.6 —09:33:12 54923.41 -14.7 .005
HD 152555 16:54:08.1 —04:20:25 54906.34 -16.4 015
55341.29 -16.5 018
HD 178085 19:10:57.9 —60:16:20 55341.31 8.4 .030
TYC 486-4943-1 19:33:03.8 +03:45:40 55339.41 -20.7 .004
BD-034778 20:04:49.4 —-02:39:20 54783.00 -16.5 .006
55340.40 -16.5 .006
HD 199058 20:54:21.1 +09:02:24 54783.00 -19.4 .006
55340.40 -19.7 011
TYC 1090-543-1 20:54:28.0 +09:06:07 54783.01 -19.0 .012
55339.41 -19.3 013
HD 201919 21:13:05.3 -17:29:13 54783.02 =75 .005
55340.40 -7.6 .005
HD 218860 23:11:52.0 —45:08:10 54227.41 9.6 .004
54760.26 12.7 .004
HD 224228 23:56:10.7 —-39:03:08 55341.41 13.1 .004
Argus members
CD-292360 05:34:59.2 —29:54:04 54309.41 25.7 .006
56 139.39 26.1 .020
56 140.41 25.3 011
CD-283434 06:49:45.4 —28:59:17 5423497 26.7 .004
CD-422906 07:01:53.4 —42:27:56 54234.99 234 .004
56 159.40 23.7 014
56163.38 23.8 015
HD 61005 07:35:47.5 -32:12:14 56 175.40 222 .010
56179.38 22.6 013
CD-483199 07:47:26.0 -49:02:51 54876.23 17.8 .037
54 878.04 17.6 .025
56175.39 17.1 .052
56 179.39 17.9 .025
CD-433604 07:48:49.8 —43:27:06 54876.23 20.4 .056
56175.38 24.1 142
56179.37 11.0 .010
TYC 8561-970-1 07:53:55.5 —-57:10:07 54232.01 15.7 .003
56082.01 15.9 .010
56 162.39 15.7 .008
PMM 7956 08:29:51.9 —-51:40:40 54876.26 16.1 .007
PMM 6974 08:34:18.1 —52:15:58 54 864.29 15.1 .004
PMM 4280 08:34:20.5 —52:50:05 54876.27 16.9 022
PMM 6978 08:35:01.2 -52:14:01 54876.28 154 .006
PMM 3359 08:36:55.0 —53:08:34 54876.29 14.7 .010
PMM 665 08:37:51.6 —53:45:46 54876.31 14.6 .010
PMM 4362 08:38:22.9 —52:56:48 54876.35 15.1 017
PMM 686 08:39:22.6 —-53:55:06 54880.12 152 .007
V364 Vel 08:39:53.0 —52:57:57 54880.14 15.3 013
PMM 8415 08:40:16.3 —52:56:29 54880.16 14.8 .017
PMM 1142 08:40:49.1 —53:37:45 54 878.04 14.1 .006
PMM 756 08:43:00.4 —53:54:08 54 878.05 16.1 012
V376 Vel 08:44:05.2 —52:53:17 54 878.06 13.6 015
V379 Vel 08:45:26.9 —52:52:02 54864.27 14.7 .005
CD-572315 08:50:08.1 —57:45:59 54893.10 134 .017
TYC 8594-58-1 09:02:03.9 —-58:08:50 54 880.18 10.8 .036
56082.02 8.2 .088
56 108.00 10.9 .068
CD-542644 09:13:16.9 —-55:29:03 54898.17 20.8 .037
55885.32 21.5 .095

A26, page 16 of 22



P. Elliott et al.: Search for associations containing young stars (SACY). V.

Table C.3. continued.

ID RA Dec MID RV (kms™) +0 meas.
BD-202977 09:39:51.4 —21:34:17 54240.09 17.9 .005
TYC 9217-641-1 09:42:47.4 —72:39:50 54880.20 54 .014
CD-395833 09:47:19.9 —40:03:10 54240.01 14.8 .004
56097.96 14.5 011
HD 309851 09:55:58.3 —67:21:22 54227.14 7.3 012
54895.22 7.1 .020
56097.98 8.0 .032
CD-74673 12:20:34.4 —75:39:29 54874.28 4.7 .004
CD-75652 13:49:12.9 —75:49:48 54226.13 -1.0 .063
54883.33 -1.2 016
56 134.09 -0.9 .014
56137.13 -14 .031
NY Aps 15:12:23.4 —75:15:16 54905.22 -3.1 .009
56033.40 =35 017
B-Pic members
HIP 10679 02:17:24.7 +28:44:30 54805.16 53 .007
BD+05378* 02:41:25.9 +05:59:18 54788.24 7.3 .005
GJ3305* 04:37:37.5 —02:29:28 55846.23 244 .038
55925.24 23.3 014
55935.13 23.8 017
V10050ri 04:59:34.8 +01:47:01 54 808.10 18.8 .013
55846.30 19.4 .008
55925.24 18.6 019
CD-571054 05:00:47.1 —57:15:25 54773.29 19.0 .007
BD-211074B 05:06:49.5 —21:35:04 55846.25 21.8 .034
55847.27 22.0 .025
55904.19 20.8 017
BD-211074A 05:06:49.9 —21:35:09 55 846.26 21.5 .013
55855.36 20.9 017
TYC 112-917-1 05:20:00.3 +06:13:04 55 846.26 19.0 .009
55925.24 18.7 .010
55935.15 18.7 011
TYC 112-1486-1 05:20:31.8 +06:16:11 55846.27 18.4 .020
55925.25 18.8 .024
55936.21 18.3 017
V1311 Ori* 05:32:04.5 —-03:05:29 54784.35 239 .020
55846.28 24.5 .020
55904.18 232 .021
AO Men 06:18:28.2 —72:02:41 54805.18 16.1 .009
55846.30 16.5 .026
55855.35 16.0 018
54226.99 16.0 .007
TWA 22 10:17:26.9 —53:54:27 55904.30 134 .057
55968.36 13.6 051
HD 139084B 15:38:56.8 -57:42:19 55978.37 3.0 187
V343 Nor 15:38:57.5 —57:42:27 54226.24 5.0 .007
54906.32 0.2 .010
CD-2711535 17:15:03.6 —27:49:40 55845.05 -8.3 013
CD-547336 17:29:55.1 —54:15:49 54905.23 1.5 .043
HD 164249 18:03:03.4 —51:38:56 54209.40 -0.7 017
GSC 07396-00759 18:14:22.1 —32:46:10 55843.05 -6.0 .021
TYC 9073-762-1 18:46:52.6 —62:10:36 55843.06 1.6 .024
CD-2613904 19:11:44.7 —26:04:09 55843.07 -9.7 011
HD 181327 19:22:58.9 —54:32:17 54226.33 -1.0 016
55843.08 -0.8 .034
55850.07 -0.3 .051
TYC 7443-1102-1 19:56:04.4 —-32:07:38 55843.09 .010
6.4
55850.07 -6.3 018
1RXS J200136.9-331307 20:01:37.2 -33:13:14 55843.10 -4.6 .017
55850.08 —44 .010
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Table C.3. continued.

1D RA Dec MID RV (kms™) +0 meas.
56 009.36 -5.0 .015
AU Mic 20:45:09.5 -31:20:27 54765.05 -5.1 .018
55844.10 -5.2 .010
53608.97 -4.9 121
AZ Cap 20:56:02.7 —17:10:54 55843.11 -8.2 .017
55889.03 -8.5 .020
CP-722713 22:42:48.9 -71:42:21 54765.07 7.8 .006
WW PsA 22:44:58.0 -33:15:02 55843.11 1.1 .046
55850.09 1.6 .074
TX PsA 22:45:00.0 -33:15:26 55850.10 2.7 277
BD-136424 23:32:30.9 —12:15:52 54760.25 0.7 .009
55889.06 0.2 .018
Carina members
HD 269620 05:29:27.1 —68:52:05 54228.97 19.1 .013
HD 42270 05:53:29.3 —81:56:53 54 805.20 16.9 .033
HD 49855* 06:43:46.2 —71:58:35 54 805.19 20.8 011
CD-571709 07:21:23.7 -57:20:37 54215.00 232 .005
55849.31 22.9 .019
CD-423328¢ 07:33:21.2 —42:55:42 56175.40 15.1 .130
56179.38 15.3 .110
TYC 8557-1251-1 07:55:31.6 —54:36:51 55856.32 21.1 .039
TYC 8570-1980-1 08:11:09.3 —55:55:56 55856.32 21.3 .052
CP-541712 08:37:10.9 —55:18:10 54233.02 20.7 .013
55849.33 20.7 .038
CD-612010 08:42:00.5 -62:18:26 54897.17 21.0 .041
55856.33 22.1 .158
TYC 8590-1193-1 08:56:31.5 -57:00:41 55885.29 21.0 .012
55910.18 20.8 .010
TYC 8582-3040-1 08:57:45.6 -54:08:37 54897.18 21.7 .033
55885.29 21.8 .015
CD-494008 08:57:52.2 -49:41:51 54 898.15 22.1 .065
55885.30 21.8 .032
CP-551885 09:00:03.4 —55:38:24 54 898.16 27.6 .078
55885.31 24.0 185
CD-552543 09:09:29.4 —55:38:27 54233.03 20.6 .015
55885.31 22.6 .014
55910.20 224 .008
TYC 8174-1586-1 09:11:15.8 -50:14:15 55885.31 22.2 .023
55909.30 224 .021
CP-621293 09:43:08.8 —63:13:04 54 898.19 20.6 .073
55885.34 20.4 .036
TYC 8946-872-1* 09:55:15.1 -62:03:32 55909.30 22.1 .022
55933.28 21.5 .019
TYC 9217-417-1 09:59:57.7 —72:21:47 55933.29 16.6 .034
TYC 8962-1747-1 11:08:07.9 -63:41:47 55935.30 16.3 011
55981.23 16.8 .010
HD 107722 12:23:29.0 =77:40:51 54 906.29 12.8 .056
55978.35 12.5 .100
55981.25 12.2 231
TYC 460-624-1* 18:45:10.3 +06:20:16 55843.06 -25.0 .020
56 009.35 254 .018
HD 189285* 19:59:24.1 —04:32:06 55340.39 -194 .007
HD 221451* 23:32:19.2 —13:37:18 55889.06 -7.3 .010
Columba members
CD-52381 01:52:14.6 —52:19:33 54254.36 13.7 011
54258.42 13.5 .023
54750.14 134 .010
BD-16351 02:01:35.6 —16:10:01 54749.11 10.5 .009
56 107.42 9.7 .008
56116.38 9.9 .009
CD-44753 02:30:32.4 —43:42:23 54749.12 13.1 .007
TYC 8862-19-1 02:58:04.0 -62:41:14 54281.38 16.2 .004
BD-11648 03:21:49.7 —10:52:18 56 125.36 14.6 .040
56 141.35 15.7 .045
BD-04700 03:57:37.2 —04:16:16 54755.16 18.4 .014
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P. Elliott et al.: Search for associations containing young stars (SACY). V.

Table C.3. continued.

1D RA Dec MID RV (kms™) +0 meas.
56 125.37 18.8 .010
56128.42 17.7 .024
BD-15705* 04:02:16.5 -15:21:30 54765.11 15.0 .008
56108.42 152 011
56119.42 15.3 .007
56 125.37 15.0 .006
HD 26980 04:14:22.6 —-38:19:02 54288.42 21.3 .016
54308.42 214 .007
HD 27679 04:21:10.3 —24:32:21 54288.41 21.3 .008
54784.11 21.7 .009
CD-431395 04:21:48.7 -43:17:33 54784.12 22.2 .046
56 125.38 21.8 .019
56 138.33 21.2 .042
CD-361785 04:34:50.8 -35:47:21 56 125.38 21.7 .012
56 138.34 22.5 .010
54308.40 22.1 .003
GSC 08077-01788 04:51:53.0 -46:47:31 54772.23 18.4 .023
54773.30 16.8 011
HD 31242N 04:51:53.5 -46:47:13 54309.39 22.2 .010
54772.21 21.8 .021
HD 272836 04:53:05.2 —48:44:39 54772.22 22.8 .010
TYC 5900-1180-1* 04:58:35.8 -15:37:31 54784.14 23.6 .024
BD-08995 04:58:48.6 —-08:43:40 54795.04 24.7 .010
56 144.41 23.5 .007
56 147.39 24.0 .010
HD 32372 05:00:51.9 -41:01:07 54309.39 22.9 .005
HD 274561 05:28:55.1 —45:34:58 54307.41 24.4 .003
BD-191194 05:30:19.1 -19:16:32 54784.25 26.2 .019
CD-392075* 05:37:05.3 -39:32:26 54312.40 232 .010
BD-081195 05:38:35.0 —-08:56:40 54814.08 24.1 .060
56 144.41 232 .029
56 147.40 24.6 .077
56159.41 24.7 .059
CD-382198 05:45:16.3 —38:36:49 54814.10 25.7 .017
56 139.39 274 .045
56 140.42 27.4 .041
CD-292531 05:50:21.4 -29:15:21 54 805.33 26.5 .008
56138.42 27.0 .018
56 140.41 26.1 .013
HD 40216 05:55:43.2 -38:06:16 54814.12 24.5 .054
AB Pic 06:19:12.9 -58:03:16 54226.99 22.8 .004
CD-402458 06:26:06.9 -41:02:54 54327.40 25.7 .019
56 144.42 25.1 .006
56 147.40 253 .018
HD 48370 06:43:01.0 -02:53:19 54 807.35 234 .006
TYC 9178-284-1 06:55:25.2 -68:06:21 54214.98 19.9 .004
HD 51797 06:56:23.5 —46:46:55 5423498 24.9 011
54805.34 25.0 .006
HD 55279 07:00:30.5 -79:41:46 54214.02 17.4 .004
V479 Car 09:23:35.0 -61:11:36 54239.98 20.6 .012
55885.33 20.8 .004
54 843.22 20.7 .007
CP-522481 09:32:26.1 —52:37:40 54 240.00 20.9 .008
54 240.00 20.8 .024
54898.18 21.0 .009
55885.33 21.5 .012
HD 298936 10:13:14.8 -52:30:54 54223.08 17.8 .009
55862.36 17.8 .003
55933.31 17.2 .010
CD-544320* 11:45:51.8 —55:20:46 54 884.24 16.2 .003
55935.30 16.2 .006
55981.31 15.3 .005
€ Chamaeleon members
EG Cha 08:36:56.2 —78:56:46 55849.32 17.3 .029
55856.36 19.1 .026
EO Cha 08:44:31.9 -78:46:31 55910.23 17.4 .014
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Table C.3. continued.

D RA Dec MID RV (kms™)  £0mes.
55932.29 17.4 011
55933.22 17.2 019
EQ Cha* 08:47:56.8 ~78:54:53 55910.17 24.0 .049
55932.30 222 067
55933.24 22.8 083
IRXS J091528.1-760856  09:15:29.1 ~76:08:47 55910.29 19.1 .020
55933.25 18.4 020
55936.23 19.8 031
IRXS J093455.3-780414  09:34:56.1 ~78:04:19 55910.28 16.0 069
55933.27 17.5 072
55981.21 16.7 034
IRXS J100515.1-774900  10:05:20.0 ~77:48:42 55910.30 16.4 019
55933.30 16.3 021
55981.23 16.4 024
DZ Cha 11:49:31.9 ~78:51:01 55935.31 14.0 020
55981.30 14.5 .020
55993.17 13.5 018
T Cha 11:57:13.5 ~79:21:32 56049.17 14.7 028
GSC 09415-02676* 11:58:26.9 ~77:54:45 55935.32 14.8 041
55977.27 14.4 017
55993.19 14.2 016
HIP 58490 11:59:42.3 ~76:01:26 54901.15 14.5 011
55340.07 13.6 .009
55981.25 13.8 .006
55993.20 13.0 012
56009.34 13.3 011
DX Cha 12:00:05.1 ~78:11:35 52663.37 11.8 017
5446333 11.9 013
HD 104237-5 12:00:08.3 ~78:11:40 55979.36 13.7 050
55982.34 13.7 .059
HD 104237-6 12:00:09.3 ~78:11:42 55993.21 13.4 053
56012.32 15.6 .029
55340.09 122 055
HD 104467 12:01:39.1 ~78:59:17 54906.28 11.0 027
55342.12 15.9 041
55981.26 10.1 022
55993.22 11.5 051
5345323 18.0 016
GSC 09420- 00948 12:02:03.8 ~78:53:01 54901.16 18.2 031
55977.29 10.4 024
55981.27 11.3 017
55982.33 10.7 024
HD 105923 12:11:38.1 ~71:10:36 54223.12 13.9 019
55342.12 14.0 014
55981.25 13.9 005
55982.32 142 .007
IRXS J121645.2-775339  12:16:46.0 ~77:53:33 55947.36 13.9 027
55977.29 14.1 027
55979.33 13.8 020
55981.28 143 029
GSC 09239-01495 12:19:43.8 ~74:03:57 55947.34 14.0 015
55979.32 13.9 .009
55981.32 13.9 023
GSC 09239-01572 12:20:21.9 ~74:07:39 55340.11 16.4 097
55947.35 12.0 .180
55978.34 8.6 246
55979.30 13.6 197
CD-74712 12:39:21.3 ~75:02:39 54226.09 13.4 012
54906.30 13.9 021
55371.07 13.9 037
55978.35 132 017
55982.26 12.9 041
CD-691055 12:58:25.6 ~70:28:49 55978.36 12.5 032
55981.31 11.4 064
CP-681894 13:22:07.5 ~69:38:12 54222.19 10.3 .006
54877.38 12.1 018
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P. Elliott et al.: Search for associations containing young stars (SACY). V.

Table C.3. continued.

ID RA Dec MID RV (kms™) +0 meas.
55398.07 12.3 .027
55978.36 10.9 .014
Octans members
CD-58860 04:11:55.7 —-58:01:47 54765.10 9.6 .035
56 108.42 9.5 .026
56122.42 9.5 .023
CD-431451 04:30:27.3 —42:48:47 54309.38 12.9 .033
54765.10 12.6 .010
56 108.41 132 .024
56122.41 135 .019
HD 274576 05:28:51.4 —46:28:19 54805.17 12.2 017
56 125.41 10.9 .043
56 138.37 124 .039
BD-201111 05:32:29.3 —-20:43:33 56 140.39 19.1 057
56 144.39 19.6 .048
CD-471999 05:43:32.1 —47:41:11 56 140.38 14.0 .071
TYC 7066-1037-1 05:58:11.8 —-35:00:49 54903.11 14.7 .038
56 139.40 14.8 .032
56 140.40 14.3 018
CD-492037 06:03:35.4 -49:11:26 54214.00 12.3 .004
54214.00 12.3 .013
56139.39 12.0 .012
56 140.39 11.8 .003
CD-303394N 06:40:04.9 -30:33:03 54 896.08 14.4 .072
56 159.39 144 .185
56 161.40 14.8 124
CD-303394S 06:40:05.7 —-30:33:09 56161.40 16.0 115
TYC 9300-529-1 18:49:45.1 —71:56:58 56056.39 -1.6 054
56 087.39 =25 .033
CD-87121 23:58:17.7 —86:26:24 54242.26 0.9 .041
54765.09 1.2 .053
Tucana-Horologium members
HD 105 00:05:52.5 —41:45:11 54249.41 2.1 .010
HD 987 00:13:53.0 —74:41:18 5424542 9.0 .005
HD 1466 00:18:26.1 —63:28:39 54246.42 6.4 .065
54755.10 59 .029
56 087.40 6.3 .041
56 108.39 6.2 .025
HIP 1993 00:25:14.7 —61:30:48 54749.09 6.1 011
CD-7824 00:42:20.3 —77:47:40 54251.41 11.8 .013
54755.11 11.0 011
HD 8558 01:23:21.3 —57:28:51 54251.40 9.6 .010
HD 9054 01:28:08.7 —-52:38:19 54252.42 8.3 .005
HD 12039 01:57:49.0 —21:54:05 54281.37 5.4 014
56 108.40 6.2 .009
HD 13183 02:07:18.1 —-53:11:56 54755.16 10.4 .023
HD 13246 02:07:26.1 —-59:40:46 54755.15 9.3 .060
CD-60416 02:07:32.2 —-59:40:21 54750.15 9.9 .004
GSC 08491-01194 02:41:47.3 —-52:59:31 54755.12 12.8 .011
CD-58553 02:42:33.0 —57:39:37 54749.11 11.8 .006
CD-351167 03:19:08.7 —-35:07:00 54755.13 13.5 .005
56 107.40 135 .009
CD-461064 03:30:49.1 —45:55:57 56 107.42 14.1 .011
CD-441173 03:31:55.7 —43:59:14 54749.13 15.0 .010
HD 22705 03:36:53.4 —49:57:29 54281.42 14.1 .033
56 107.40 16.6 .036
56116.37 14.4 .016
56 125.34 124 .054
HD 24636 03:48:11.5 —74:41:39 56108.41 14.5 115
56116.38 13.1 078
56122.42 13.5 .096
BD-12943 04:36:47.1 —-12:09:21 56 144.38 16.9 .023
BD-12943 04:36:47.1 —-12:09:21 56 147.38 17.7 .023
HD 29615 04:38:43.9 —27:02:02 54308.41 19.1 .050
54765.12 18.5 .037
56 125.39 18.7 011

A26, page 21 of 22



Table C.3. continued.

A&A 568, A26 (2014)

1D RA Dec MID RV (kms™) +0 meas.
56138.34 19.4 .029
HD 30051* 04:43:17.2 —-23:37:42 56 138.35 -1.5 138
56139.36 -2.1 .190
56 140.36 -2.5 .198
TYC 8083-455-1 04:48:00.7 —-50:41:26 54772.20 18.8 013
56125.40 18.8 018
BD-191062 04:59:32.0 —-19:17:42 54795.05 20.6 021
56 139.37 20.2 .006
56 140.38 19.5 014
BD-091108 05:15:36.5 -09:30:51 54892.03 20.3 025
56 144.40 20.7 028
56 147.39 21.2 011
56159.40 21.0 .026
CD-302310 05:18:29.0 -30:01:32 54805.22 20.6 .004
56138.36 20.4 011
56 139.37 21.6 012
TYC 8098-414-1 05:33:25.6 —-51:17:13 56138.36 20.0 021
CD-272520 05:49:06.6 -27:33:56 56 139.41 23.4 .020
56 140.40 22.6 012
HD 47875 06:34:41.0 —-69:53:06 54236.97 16.7 .006
GSC 09507-02466* 11:40:16.6 —83:21:00 53453.19 12.6 .005
56 139.03 13.5 011
HD 202917 21:20:50.0 —-53:02:03 54226.35 -1.6 .007
HIP 107345 21:44:30.1 —-60:58:39 54765.06 L5 .007
HD 207575 21:52:09.7 —62:03:09 54765.07 1.3 124
56087.40 1.7 .110
56092.42 1.6 .065
HD 222259N 23:39:39.3 —-69:11:40 54243.35 5.6 012
HD 2222598 23:39:39.5 —69:11:45 54243.35 7.8 017
TW-Hydrae members
TWA 7 10:42:30.1 —-33:40:17 54 850.35 115 .008
TW Hya 11:01:51.9 —34:42:17 54895.23 11.9 .009
CD-298887 11:09:13.8 -30:01:40 56138.99 10.9 .035
TWA 12 11:21:05.5 —-38:45:16 56069.16 11.2 027
56097.97 10.5 034
CD-347390A" 11:21:17.2 —-34:46:46 54 876.36 11.0 .020
56 082.05 10.2 .026
56 137.98 10.6 028
CD-347390B* 11:21:17.4 —34:46:50 54 864.36 12.0 .009
56 108.05 10.9 022
56 137.98 11.3 016
CD-268632A 11:32:41.2 —-26:51:56 56097.98 7.6 018
TWA 9B 11:48:23.7 —-37:28:49 56 138.02 11.5 019
TWA 9A 11:48:24.2 —37:28:49 54 895.24 9.6 .005
56138.01 10.5 012
56 139.03 11.1 013
TWA 23 12:07:27.4 —32:47:00 56 138.00 10.8 077
56139.01 11.0 .055
CD-397538 12:15:30.7 —-39:48:43 54853.37 6.2 .008
56138.01 7.4 018
TWA 16 12:34:56.4 -45:38:07 54877.35 9.0 .020
56111.13 8.2 022
56 137.99 9.0 013
TWA 10 12:35:04.2 —41:36:39 54903.14 6.6 .029
56069.12 6.2 019
56109.14 6.1 .034

A26, page 22 of 22



	Introduction
	Observations and data
	Characterising the sample
	Revising membership with new RV data
	Mass distribution

	Identifying multiple systems
	Sources of uncertainty
	Accounting for biases

	Results and discussion
	Multiplicity fraction as a function of age
	Multiplicity fraction as a function of mass (<3 M)
	Multiplicity fraction across a wide mass range


	Conclusions and further work
	References
	Temperature scale
	Notes on individual sources
	Archival RV values
	Archival multiplicity flags
	Definite SB2 and SB3 candidates
	Questionable SB2 and SB3 candidates

	Radial velocity values.

