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Why searching for young objects near the Sun?
Confirm the shape of the initial mass function

Powerful exoplanet imaging

Knowledge of the distance (Hipparcos, CTIOPI, others studies)

Understanding the formation mechanisms and stellar evolution

Undertanding the complex relation between luminosity-mass-age
AA48CH10-Meyer ARI 23 July 2010 15:48

–4

log m (log M☉)

Associations
Dense clusters
Field

Open clusters
Globular clusters

–10
–2 –1 0 1 2 –1 0 1 2

–8

–6

–2

0

2

lo
g 

(d
N

/d
m

) +
 c

on
st

an
t

! oph

" Ori

# Ori

ONC

Pleiades

M35

Taurus

Chameleon I
IC 348

Field

Praesepe

Hyades

NGC 6397NGC 2298NGC 6712

Figure 3
The derived present-day mass function of a sample of young star-forming regions (Section 2.3), open clusters spanning a large age
range (Section 2.2), and old globular clusters (Section 4.2.1) from the compilation of G. de Marchi, F. Parsesce, and S. Portegies Zwart
(submitted). Additionally, we show the inferred field star initial mass function (IMF) (Section 2.1). The gray dashed lines represent
“tapered power-law” fits to the data (Equation 6). The black arrows show the characteristic mass of each fit (mp), the dotted line indicates
the mean characteristic mass of the clusters in each panel, and the shaded region shows the standard deviation of the characteristic
masses in that panel (the field star IMF is not included in the calculation of the mean/standard deviation). The observations are
consistent with a single underlying IMF, although the scatter at and below the stellar/substellar boundary clearly calls for further study.
The shift of the globular clusters characteristic mass to higher masses is expected from considerations of dynamical evolution.

2008; Kruijssen 2009). Hence, there is an expected, and observed, correlation of mp with the cluster
relaxation time (G. de Marchi, F. Paresce, and S. Portegies Zwart, submitted).

2.3. Young Clusters and Associations
2.3.1. Primordial and dynamical mass segregation. An additional complication in IMF studies
comes from the spatial distribution of stars within a cluster or association. The most massive stars
in large, young clusters are often located in a cluster’s innermost regions. This phenomenon is
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The Solar neighborhood: Nearby young kinematic 
group members 

100 pc region centered on the Sun

7 groups within 100 pc and <120 
Myr 

T-Tauri, B9-M5 dwarfs and brown 
dwarfs (total of 184 members)

Member definition:?

Share similar kinematics, 
luminosity & signs of youth

Eric Mamajek 



Global properties of known members: kinematics

Share same Galactic Space velocities (UVW)

Projection of the member’s motion in the Galactic plane 
(Johnson & Soderblom, 1987)

! + ẟ + "! + "" + RV + parallax = U,V,W + #UVW

Share same Galactic positions (XYZ)

! + ẟ + parallax = X, Y, Z + #XYZ

Gagné et al. (2014)Gagné et al. (2014)



Global properties of known members: luminosity

The Astrophysical Journal, 762:88 (50pp), 2013 January 10 Malo et al.
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Figure 3. Color–magnitude diagram (MJ vs. Ic ! J ) for members of TWA (green stars), !PMG (black triangles), THA, COL, CAR, and ARG (red diamonds), and
ABDMG and Pleiades (blue squares). Fields stars (dots and filled black circles) are from Francis & Anderson (2009) and Phan-Bao et al. (2003). The dashed line
and shaded area represent the locus of old field stars. K5V–M5V, representative of our search sample (see Section 6), have 0.8 < Ic ! J < 2.0. On average, young
late-type stars are brighter than field stars, a property that can be used, along with other kinematic properties, to discriminate young stars from old ones. Binary stars
are those with black circles superposed on their own symbol.

According to Bayes’ theorem, we have
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with

P (" ) =
m"n#

k=1

P (" |Hk)P (Hk)

where P (" |Hk) is the probability of obtaining the observable
" under a given hypothesis. This quantity can be easily deter-
mined with a model representative of the observable " . In the
denominator of Equation (4), P (" ) is the marginal probability
of obtaining the observable " independently of the hypothesis
considered. This term normalizes the numerator by summing
over all possibilities. P (Hk) is the prior probability that the hy-
pothesis is true. Since these prior probabilities are unknown, an
equal weight is given to them: P (Hk) = (1/m " n).

Equation (4) is a probability density function whose maxi-
mum gives the most likely hypothesis and the most likely dis-
tance (hereafter referred to as the statistical distance), while its
sum over all distances (for each group hypothesis) gives the
membership probability irrespective of the distance:
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As mentioned before, the probabilities P (" |Hk) needed in
Equation (4) are derived from a Gaussian distribution with mean
"̄ and standard deviation # :
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NOAO Proposal Page 4 This box blank.

Figure 2: Theoretical J-band spectra from the BT-Settle (CIFIST2) models, with Te!=2200 K
( L0) and log g=6.0 (red), 5.0 (blue), and 4.0 (green). Both K I doublets deepen and widen with
increasing surface gravity. The spectra shown were binned to R=1200.
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Figure 3: H-W2 color-magnitude diagram for nearby field dwarfs with known parallaxes (black
left-pointing triangles) (dwarf archive, [10,11,12]), known members of the Beta Pictoris moving
group (big purple circles) [13], known members of the 5 Myr-old Upper Scorpius association (blue
right-pointing triangles) [14], and our candidate members of the Beta Pictoris moving group (big
orange circles). The green solid line marks our fit to the old field population while the solid red line
represents our semi-empirical model for a 12Myr population (c.f. Betapic). To be selected by our
Bayesian analysis, candidates must both fall close to the young sequence and have a space motion
in agreement with the bulk velocity of the association.

BANYAN-I BANYAN-II

~2mag



Finding new members: Kinematic model

UVW + #UVW + ! + $ + parallax + #parallax -> RV + #RV+ "! + ""

We need good precision on RV measurements (< 1km/s)
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Figure 4. Comparison between estimated radial velocities by the kinematic
model and those observed for the known members of !PMG (black triangles),
TWA (green stars), THA, COL, CAR, and ARG (red asterisks), and ABDMG
(blue diamonds).
(A color version of this figure is available in the online journal.)

By considering two observables and applying Bayes’ theorem
iteratively, Equation (4) becomes
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The generalization of this expression for f observables is
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5.2. Practical Application of the Formalism

Now consider the application of this formalism to the spe-
cific observables of our problem, starting with the apparent J
magnitude. Given an association and a distance, the expected
absolute J magnitude ("̄) is deduced from the Ic # J color of
the candidate and the empirical sequence (MJ versus Ic # J )
of the association. The parameter # represents the dispersion in
magnitude for a given color index.

Next consider the amplitude of the proper motion as a second
observable. For a given association and position of a candidate
on the sky, the kinematic model discussed in Section 4 predicts
the expected mean tangential velocity and its dispersion from the
mean and dispersion of UV W of a group (Section 4). Given this
tangential velocity and the distance considered, the amplitude of
the proper motion ("̄ ) is calculated along with its dispersion (# ).
These quantities are compared to the observed proper motion
using Equation (6). We apply this methodology for the amplitude
of the proper motion in both right ascension and in declination.

The last two observables to consider are the right ascension
and declination, " = ($, %). Given the position ($, %) of a
candidate and a distance, the corresponding galactic positions
XYZ of the candidate are determined and compared to the mean
("̄) and dispersion (# ) from the kinematic model.

All the parameters used in the analysis are given in Table 2.
In practice, the analysis was carried out for distances ranging
from 1 to 200 pc, by increment of 0.5 pc. To handle the impact
of biased photometry from possibly unresolved binary stars,
we added an extra hypothesis for each group wherein the pho-
tometric sequences was shifted by 0.75 mag, thus correcting
for equal luminosity binarity. In what follows, the probabili-
ties reported for a given group are the sum of the probabilities
for the nominal and shifted photometric sequence hypotheses.
Finally, in calculating Equation (8), we raised the probabili-
ties for the three galactic positions (X, Y,Z) to the power 2/3
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Figure 5. Comparison between the statistical distance from Bayesian analysis
and the trigonometric distance for the known members of young associations.
(A color version of this figure is available in the online journal.)

to ensure that all observables carry an equal weight. A web-
based tool of the Bayesian technique presented here is avail-
able at http://www.astro.umontreal.ca/$emalo/banyan.php. For
simplicity, the online version does not include the photometry
observables.

To illustrate the robustness of the Bayesian analysis, this
method was applied to known members of the young associ-
ations considered. Adopting a membership probability thresh-
old of 90%, 72% of the bona fide members are recovered (see
Table 4).

Figure 5 presents a comparison between the observed trigono-
metric distance (dp) and the statistical distance (ds) estimated by
the Bayesian analysis. The statistical distances agree with the
trigonometric distances within 10%.

We applied this method to the sample of field stars from Phan-
Bao et al. (2003), and adopting the same membership threshold
(Pfield > 90%), 98% of these stars are found to be member of
the field.

It should be stressed that the method above does not make
use of the radial velocity as an input observable. Table 4 shows
the resulting probabilities when the radial velocity is included
in the analysis. In general, as expected, the probability slightly
increases with this additional knowledge, but this is not always
the case; this will be discussed later in Section 9.

6. LOW-MASS STAR SEARCH SAMPLE

For our search for new late-type members of young associa-
tions, we wanted to start with a sample of low-mass stars show-
ing chromospheric X-ray and H$ emissions, which are both
indicators of youth. We used the sample of Riaz et al. (2006),
which consists of 1061 spectroscopically confirmed K5V–M5V
dwarfs, supplemented with 43 K5V–M5V young star candi-
dates previously identified by Kastner et al. (1997), Webb
et al. (1999), Torres et al. (2000), Zuckerman & Song (2004),
Torres et al. (2006), Torres et al. (2008), Lépine & Simon (2009),
Looper et al. (2010), Schlieder et al. (2010), Kiss et al. (2011),
Rodriguez et al. (2011), Schlieder et al. (2012a), and Bowler
et al. (2012).

The I-band photometric data come from the DENIS and
SDSS-DR8 catalogs and several other studies (Torres et al. 2006;
Reid & Cruz 2002; Koen et al. 2010; Casagrande et al. 2008;
Reid et al. 2003, 2004; A. R. Riedel, in preparation).

We have removed stars with Ic magnitude uncertainties larger
than 0.2 mag from our search sample. Also photometric obser-
vations of seven stars with uncertain/missing I-band measure-
ments were obtained on 2010 August 23–25 (NOAO-2010B-
0449) at the CTIO 0.9 m telescope using the full (13.%7 " 13.%7)
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BANYAN: combinaison of empirical models and statistical 
analysis

Observables:
I,J,H,W2,!, ẟ, "!, "#

RV

Predicted values

Kinematic & photometric 
models

7 Young groups Field (young stars)

Statistical analysis
(diff. between predicted and 

observed data at each distance)

Membership
probability

Statistical
distance

Radial 
velocity Binarity

J,H,#,rv,pi
J,H,#,rv,pi

Field (old stars)

: hypothesis

: prediction



A powerful method to predict distance

Application to the previous known members

Correlation between parallax and our statistical distance 
within 10%

Over-luminosity prediction (binary)

The Astrophysical Journal, 762:88 (50pp), 2013 January 10 Malo et al.
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Figure 4. Comparison between estimated radial velocities by the kinematic
model and those observed for the known members of !PMG (black triangles),
TWA (green stars), THA, COL, CAR, and ARG (red asterisks), and ABDMG
(blue diamonds).
(A color version of this figure is available in the online journal.)
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5.2. Practical Application of the Formalism

Now consider the application of this formalism to the spe-
cific observables of our problem, starting with the apparent J
magnitude. Given an association and a distance, the expected
absolute J magnitude ("̄) is deduced from the Ic # J color of
the candidate and the empirical sequence (MJ versus Ic # J )
of the association. The parameter # represents the dispersion in
magnitude for a given color index.

Next consider the amplitude of the proper motion as a second
observable. For a given association and position of a candidate
on the sky, the kinematic model discussed in Section 4 predicts
the expected mean tangential velocity and its dispersion from the
mean and dispersion of UV W of a group (Section 4). Given this
tangential velocity and the distance considered, the amplitude of
the proper motion ("̄ ) is calculated along with its dispersion (# ).
These quantities are compared to the observed proper motion
using Equation (6). We apply this methodology for the amplitude
of the proper motion in both right ascension and in declination.

The last two observables to consider are the right ascension
and declination, " = ($, %). Given the position ($, %) of a
candidate and a distance, the corresponding galactic positions
XYZ of the candidate are determined and compared to the mean
("̄) and dispersion (# ) from the kinematic model.

All the parameters used in the analysis are given in Table 2.
In practice, the analysis was carried out for distances ranging
from 1 to 200 pc, by increment of 0.5 pc. To handle the impact
of biased photometry from possibly unresolved binary stars,
we added an extra hypothesis for each group wherein the pho-
tometric sequences was shifted by 0.75 mag, thus correcting
for equal luminosity binarity. In what follows, the probabili-
ties reported for a given group are the sum of the probabilities
for the nominal and shifted photometric sequence hypotheses.
Finally, in calculating Equation (8), we raised the probabili-
ties for the three galactic positions (X, Y,Z) to the power 2/3
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Figure 5. Comparison between the statistical distance from Bayesian analysis
and the trigonometric distance for the known members of young associations.
(A color version of this figure is available in the online journal.)

to ensure that all observables carry an equal weight. A web-
based tool of the Bayesian technique presented here is avail-
able at http://www.astro.umontreal.ca/$emalo/banyan.php. For
simplicity, the online version does not include the photometry
observables.

To illustrate the robustness of the Bayesian analysis, this
method was applied to known members of the young associ-
ations considered. Adopting a membership probability thresh-
old of 90%, 72% of the bona fide members are recovered (see
Table 4).

Figure 5 presents a comparison between the observed trigono-
metric distance (dp) and the statistical distance (ds) estimated by
the Bayesian analysis. The statistical distances agree with the
trigonometric distances within 10%.

We applied this method to the sample of field stars from Phan-
Bao et al. (2003), and adopting the same membership threshold
(Pfield > 90%), 98% of these stars are found to be member of
the field.

It should be stressed that the method above does not make
use of the radial velocity as an input observable. Table 4 shows
the resulting probabilities when the radial velocity is included
in the analysis. In general, as expected, the probability slightly
increases with this additional knowledge, but this is not always
the case; this will be discussed later in Section 9.

6. LOW-MASS STAR SEARCH SAMPLE

For our search for new late-type members of young associa-
tions, we wanted to start with a sample of low-mass stars show-
ing chromospheric X-ray and H$ emissions, which are both
indicators of youth. We used the sample of Riaz et al. (2006),
which consists of 1061 spectroscopically confirmed K5V–M5V
dwarfs, supplemented with 43 K5V–M5V young star candi-
dates previously identified by Kastner et al. (1997), Webb
et al. (1999), Torres et al. (2000), Zuckerman & Song (2004),
Torres et al. (2006), Torres et al. (2008), Lépine & Simon (2009),
Looper et al. (2010), Schlieder et al. (2010), Kiss et al. (2011),
Rodriguez et al. (2011), Schlieder et al. (2012a), and Bowler
et al. (2012).

The I-band photometric data come from the DENIS and
SDSS-DR8 catalogs and several other studies (Torres et al. 2006;
Reid & Cruz 2002; Koen et al. 2010; Casagrande et al. 2008;
Reid et al. 2003, 2004; A. R. Riedel, in preparation).

We have removed stars with Ic magnitude uncertainties larger
than 0.2 mag from our search sample. Also photometric obser-
vations of seven stars with uncertain/missing I-band measure-
ments were obtained on 2010 August 23–25 (NOAO-2010B-
0449) at the CTIO 0.9 m telescope using the full (13.%7 " 13.%7)
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Application to stars and brown dwarf sample

1104 K5-M5 dwarfs 
1061 from Riaz et al. (2006)
43 from previous studies
Showing X-ray, H! or UV emission

Brown dwarf sample 
Cross-correlation WISE+2MASS
360,000 objects with " > 10 mas/yr 



Results for cool stars sample

LMS: 247 candidate members with 51 ambiguous members

BDs: 300 candidate members

The Astrophysical Journal, 762:88 (50pp), 2013 January 10 Malo et al.
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Figure 6. Distribution of membership probability for the entire search sample for each young association (black histogram). The bona fide members are shown with a
red dashed histogram. The vast majority of the 758 stars have probabilities close to 0% as one expects.
(A color version of this figure is available in the online journal.)

Tek 2048 ! 2046 CCD camera with 0.""401 pixel#1. The
observations were made using a Gunn-i filter (8200/1500).
Photometric calibration was done using observations of fields
containing several stars with known magnitudes and available
spectroscopy from SDSS. Since the SDSS-i filter is not exactly
the same as the Gunn-i filter, synthetic magnitudes were ex-
tracted from the spectra of the SDSS stars. One standard field
was observed after each target observation. The Ic magnitudes
are given in Table 5 (see note o). Finally, the J-band data are
taken from the 2MASS PSC.

The proper motion data mainly come from the NOMAD
(Zacharias et al. 2005), UCAC3 (Zacharias et al. 2009), PPMXL
(Roeser et al. 2010), and other catalogs. From the original
sample of 1104 stars, we kept 758 stars with proper motion
measured at a significance of more than 4! and a good Ic
magnitude measurement. Of these 758 stars, 72 K5V–M5V
were previously identified as young stars in the literature.

7. RESULTS

7.1. Identification of New Candidates

As described in the last section, our initial search sample
is subject to the Bayesian analysis using as observables the
apparent Ic and J magnitudes, the amplitude of proper motion
in right ascension and declination, and the right ascension
and declination. We will see later (Section 8) how other
observables, in particular the radial velocity, can be used to
better constrain the membership probability of a candidate.
Figure 6 presents, for the entire search sample, the membership
probability distribution for three of the seven young associations
considered. As expected, the vast majority of stars have very low
membership probabilities, but there is a significant population
of objects with a probability higher than 90%. We set a threshold
of 90% to qualify a candidate as a “high probability member”
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Contamination

no parallax or RV with RV

with parallax

Gagné et al. (2014)



Radial velocity follow-up for candidates members

Radial velocity measurements with a precision less than 1 km/s
ESPaDOnS (CFHT) 
ƛ = 390-1050 nm
R=68,000 or 81,000

CRIRES (VLT) 
ƛ = 1.552-1.559 "m
R= 50,000

PHOENIX (GEMINI) 
ƛ = 1.552-1.558 "m
R=52,000

219 measurements -> 130 dwarfs with confirmed RV
Malo et al. (accepted)



Parallax confirmation

15 stars from CTIOPI (A. Riedel) 

5 stars from Shkolnik et al. (2012)

3 objects from Weinberger et al. (2013a), Faherty et al. (2013b), Liu et 
al. (2013a) (Gagné et al. (2014)The Astrophysical Journal, 762:88 (50pp), 2013 January 10 Malo et al.

Table 8
Candidate Members with Parallax Measurement

Name ds
c d!

d Pv
a Pv+!

a Group
(pc) (pc) (%) (%)

J00503319+2449009 22.5 ± 1.3 11.8 ± 0.7f 99.99b 0.00
J01034210+4051158 33.5 ± 1.6 29.9 ± 2.0 95.64 96.67 ABDMG
J01112542+1526214 20.5 ± 1.5 21.8 ± 0.8e 99.99b 99.99b " PMG
J01351393-0712517 35.5 ± 3.1 37.9 ± 2.4 99.99b 99.99b " PMG
J01365516-0647379 21.1 ± 1.7 24.0 ± 0.4 99.99 99.99 " PMG
J04141730-0906544 28.7 ± 1.9 23.8 ± 1.4 99.99 99.99 ABDMG
J04522441-1649219 16.0 ± 1.2 16.3 ± 0.4 99.99b 99.99b ABDMG
J05015881+0958587 38.4 ± 3.9 24.9 ± 1.3e 99.99b 99.99b " PMG
J05064946-2135038 21.9 ± 4.4 19.2 ± 0.5e 99.99b 99.99b " PMG
J05064991-2135091 22.4 ± 0.7 19.2 ± 0.5e 4.35 99.99 " PMG
J05254166-0909123 21.8 ± 1.5 20.7 ± 2.2 99.99b 99.99b ABDMG
J06091922-3549311 22.5 ± 4.5 21.3 ± 1.4g 99.99b 99.99b ABDMG
J10121768-0344441 12.5 ± 0.0 7.9 ± 0.1f 0.14 0.00
J14142141-1521215 16.2 ± 1.2 30.2 ± 4.5f 99.41 96.92 " PMG
J20434114-2433534 44.8 ± 3.2 28.1 ± 3.9 99.99b 99.99b " PMG
J21212873-6655063 32.0 ± 2.0 30.2 ± 1.3f 99.99 99.99 " PMG
J21521039+0537356 29.0 ± 1.7 30.5 ± 5.3f 99.99b 99.99b ABDMG
J23205766-0147373 29.6 ± 1.5 41.0 ± 2.7 96.16b 99.99b ARG
J23301341-2023271 13.5 ± 0.6 16.2 ± 0.9f 75.69b 99.21b COL

Notes.
a Membership probability including radial velocity information (Pv) or mem-
bership probability including radial velocity and parallax information (Pv+! ).
b Membership probability (Pv or Pv+! ) for which the binary hypothesis has a
higher probability.
c Statistical distance including radial velocity information.
d Trigonometric distance from Shkolnik et al. (2012), unless stated otherwise.
e Trigonometric distance from A. R. Riedel (in preparation).
f Trigonometric distance from van Leeuwen (2007).
g Trigonometric distance from Wahhaj et al. (2011).

and the parallax in our Bayesian analysis. Finally, we also
compiled all available Li measurements, in addition to our
own measurements; Li was measured for 11 candidates. Here
we discuss the most promising candidates deserving more
observations to confirm their status as young stars. We should
note that full confirmation of the membership of these candidate
members will require complete UV WXYZ, hence accurate
proper motion, radial velocity and parallax measurements, and
observation of signs of youth.

9.2.1. New Highly Probable Candidate Members

Of our 163 candidate members with P > 90%, 35 have a radial
velocity measurement (of which 14 are from our work), 11 have
Li detection (2 from our work), and 17 have a trigonometric
parallax measurement. All new parallax measurements are
compiled in Table 5. In general, there is a good agreement
between the statistical distance inferred from our analysis and
the true trigonometric one (see Table 8). We discuss below those
candidate members with Pv > 90% and the presence of sign of
youth or P! < 90% or Pv+! > 90%.

2MASSJ01112542+1526214 AB (GJ 3076). We propose this
binary (# = 0.!!41, M5V + M6V; Beuzit et al. 2004; Janson et al.
2012) to be a highly probable member of "PMG with a Pv =
99.99% at ds = 20 ± 1 pc. Also, our analysis predicted the binary
status of this star. Recently, a trigonometric distance (21.8 ±
0.8 pc) was measured by A. R. Riedel et al. (in preparation),
in very good agreement with our predicted statistical distance.
Including this parallax in our analysis yields a Pv+! = 99.99%
(binary) for "PMG (see Table 8). Our ESPaDOnS spectrum
of 2MASSJ01112542+1526214 AB (unresolved) is shown in
Figure 12. It shows a strong EWLi of 629 ± 14 mÅ which is

quite high for a candidate member of "PMG although there is
no other known late-type dwarf in "PMG for comparison. Note
that Montes et al. (2001) proposed this star as a young disk star,
but did not assign it to any particular association. This star fits
all requirements to be considered as a new bona fide member of
"PMG.

2MASSJ05241914-1601153 AB. We propose this binary to
be a highly probable member of "PMG with a Pv = 99.9% at
ds = 20 ± 5 pc. This candidate is a resolved binary system
(M4.5V + M5.0V) that was discovered by Bergfors et al.
2010, with a separation of 0.639 ± 0.!!001. Our ESPaDOnS
spectrum of 2MASSJ05241914-1601153 (unresolved) is shown
in Figure 12. Li is clearly detected with an equivalent width of
223 ± 27 mÅ. The broadened absorption line is an effect of the
fast rotation of the star. This system is similar to the bona fide
"PMG member M4Ve + M4.5V binary system HIP 112312
AB for which the latest spectral type object shows lithium
absorption with an EWLi = 315 ± 22 mÅ (Mentuch et al.
2008). This is a very strong candidate member of "PMG, and
only a trigonometric distance measurement is needed to fully
confirm its bona fide status.

2MASSJ05332558-5117131 (TYC 8098-414-1). We proposed
this K7Ve star to be a highly probable candidate member of
THA with Pv = 99.9% at ds = 54 ± 4 pc. This candidate seems
to be a young dwarf because Torres et al. (2006) measured
an EWLi = 50 mÅ consistent with other bona fide members
of THA for an age between 10 and 40 Myr. A trigonometric
parallax measurement is needed to confirm the bona fide status
of this star.

2MASSJ05531299-4505119. We propose this M0.5V star to
be a highly probable candidate member of ABDMG with Pv =
99.9% at ds = 34 ± 4 pc. This candidate seems to be a young
dwarf because Torres et al. (2006) measured an EWLi = 140 mÅ,
which is quite high for a candidate member of ABDMG. A
trigonometric distance measurement and other youth indicators
are needed to confirm its bona fide status.

2MASSJ18202275-1011131 (HIP 89874 AB). From our
analysis, this binary star (K5Ve+K7Ve; Tetzlaff et al. 2010)
seems to be a highly probable candidate member of ARG with
P = 99% at ds = 34 ± 4 pc. The membership probability
with RV information is doubtful because there is a difference
of 4.1 km s"1 between three published radial velocity mea-
surements ("13.8, "9.7, "9.0 km s"1; Torres et al. 2006;
López-Santiago et al. 2010; Montes et al. 2001). This large
difference may come from the binary, or else it may reflect
a large uncertainty due to the relatively fast rotation of the
star (v sin i = 20.1 km s"1; López-Santiago et al. 2010). If
we repeat our analysis with RV information ("13.8 km s"1)
and parallax measurement (13.17 ± 3.81 mas; van Leeuwen
2007), the membership probability changes to 94% (binary)
in "PMG. The predicted radial velocity is "24.8 km s"1 for
ARG and "16.2 km s"1 for "PMG. Also, this star has a rela-
tively strong EWLi of 530 mÅ (Torres et al. 2006) suggestive
an age of 5–15 Myr. Montes et al. (2001) proposed this star
as a young disk member. The Galactic positions (71.2, 26.4,
2.9 pc) of this star is very different from those of bona fide
members of young comoving groups listed in Table 3. Could
this star be a member of the Scorpius-Centaurus complex?
Mamajek & Feigelson (2001) suggest that this is not the case
since the star never had a close passage near Scorpius-Centaurus
in the past.

2MASSJ13591045-1950034 (GJ 3820). Without RV informa-
tion, our analysis assigns this M4.5V flare star (Gizis et al. 2002)

45



Signs of youth confirmation

Chromospheric and coronal activity (H!, X-ray, UV)
Stellar rotation
Surface gravity (H-band, NaI, KI)
Lithium abundance /LDB

Malo et al. (accepted)

Gagné et al. (inprep)



Full membership & age confirmation with Gaia?

Most complete census (last 10 yrs): Riedel et al. (2014), 
Rodriguez et al. (2014), Malo et al. (2013), Gagné et al. (2014), 
Kraus et al. (2014) 
Gaia + Gaia-ESO survey:
! + ẟ + "! + "" + RV + parallax = U,V,W + #UVW 
! + ẟ + parallax = X, Y, Z + #XYZ
Youth indicators

Two things are missing for the age confirmation:
Interferometric radii measurements -> Lbol

Magnetic field measurements 



Radii diagram

5Myr

10Myr

20Myr4Gyr

<Bf> for old M dwarfs = ~2.0 kG (Reiners 2012)
Dartmouth Magnetic evolutionary models (Feiden et al. 2013)

Malo et al. 
(submitted)



Hertzsprung-Russell diagram
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20Myr

4Gyr

<Bf> for old M dwarfs = ~2.0 kG (Reiners 2012)
Dartmouth Magnetic evolutionary models (Feiden et al. 2013)

Malo et al. 
(submitted)



Age determination, example for βPMG

5Myr

10Myr

20Myr
4Gyr

2.3kG

Malo et al. 
(submitted)



Next steps

Currently the main limitation of the 
BANYAN tool is the number of well 
known associations (good parallaxes). 

Waiting for parallax to model the other 
associations farther than 100 pc.

Magnetic field measurements 

Zeeman splitting effects

SPIRou/CFHT (first light 2017)

spectro-polarimeter, R=70,000; 
ƛ=0.98-2.35 microns

GRACES: 270m fiber between Gemini-
North and ESPaDOnS-CFHT ->RV

Thank you!For more information, see our poster Eric Mamajek 


