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• Absolute ages uncertain (x~2) 

• Powerful new statistical 
techniques becoming useful 

• Hipparcos and multi-λ surveys  
a game-changer, BUT  

• Spectroscopy still vital
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techniques becoming useful 
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Lesson 1 for Gaia: 

More out there than TW Hya, β Pic and Tuc-Hor!
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η and ε Cha 
Murphy et al. (2010, 2013)
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• Not just PMs: μ, dkin, CMD, RV, Li, low-g, X-ray, IR… 



Y O U N G  N E A R B Y  A S S O C I AT I O N S

• Two distinct populations, many non-members 

• Not just PMs: μ, dkin, CMD, RV, Li, low-g, X-ray, IR… 

Lesson 2 for Gaia: 

Be holistic and conservative (errors propagate)



Y O U N G  N E A R B Y  A S S O C I AT I O N S

7

Figure 2. Combinations of the sub-spaces of the UVWXYZ–space for the SACY Associations showing the clusters in both kinematical
and spatial coordinates. Associations symbols: filled stars - β Pic; filled circles - Tuc-Hor; open circles - Columba; crosses - Carina; filled
triangles - TW Hya; open triangles - ϵ Cha; open stars - Octans; open squares - Argus; filled squares - AB Dor.
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36

Figure 17. Combinations of the sub-spaces of the UVWXYZ–space for the Oc-
tans Association showing a well defined clustering in both kinematical and spatial
coordinates.

Figure 18. Left: The HR diagram of the members proposed for the Oct Associ-
ation; the over-plotted isochrones are the ones for 5, 10, and 70 Myr. Right: The
distribution of Li equivalent width as a function of (V − I)C ; the curves are the
upper and lower limits for the age of the Pleiades (Neuhäuser 1997).
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distribution of Li equivalent width as a function of (V − I)C ; the curves are the
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• 15 FGK stars, none in 
Hipparcos 

• Two visual binaries 

• <d> = 141 pc (kinematic!) 

• vsini = 20-200 km/s 

• Elongated in X 
dimension 

• Age 10-20 Myr?

T H E  O C TA N S  A S S O C I AT I O N
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O C TA N S - N E A R  ( Z U C K E R M A N  E T  A L .  2 0 1 3 )

• 14 Hipparcos stars at <100 pc with Octans-like UVW 

• Lithium and X-ray ages of 30-100 Myr 
The Astrophysical Journal, 778:5 (12pp), 2013 November 20 Zuckerman et al.

Figure 3. Equivalent width of the lithium 6708 Å line for proposed Octans-Near members, Octans Association members (da Silva et al. 2009), and Pleiades members
(Soderblom et al. 1993). The red squares are probable Octans-Near members from Table 1 (Section A), the blue triangles are possible members in Table 1 (Section B),
the filled green diamonds are Octans Association members, and the gray circles are Pleiades members. The red square with B − V = 0.74 and Li EW = 290 mÅ is
HIP 813B. The one unfilled green diamond is CD-58 860 which is a plausible member of both Octans-Near and the Octans Association.
(A color version of this figure is available in the online journal.)
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Figure 4. Color–magnitude diagram for the six A-type stars in Table 1
(Section A). As noted in Appendix A.1, to compensate for its λ Boo nature, HIP
22192 should be plotted slightly redward of its conventional B−V of 0.19 (given
in Table 1 (Section A)). B-type star HIP 813A is too blue to be plotted in this
figure, but it falls very near to a Pleiades star plotted on Figure 5 of Zuckerman
(2001).

2012; Zuckerman & Song 2012; Nielsen et al. 2013). Beginning
with Jura et al. (1998) and Lowrance et al. (2000), a low
placement has been interpreted as indication of a youthful
A-type star and, as may be seen in Figure 4, the A-type stars
in Table 1 (Section A) all plot near the locus of ∼100 Myr old
Pleiades members. However, Nielsen et al. (2013) demonstrate
that such a placement is only a necessary, but not a sufficient,
condition for youth. Of the seven B- and A-type stars in Table 1
(Section A), six have either a young late-type companion or
excess infrared emission, all of which point to a youthful

age consistent with their placement on the color–magnitude
diagram. Details may be found in Section 4.1 and Appendix A.1.
However, neither placement on a color–magnitude diagram nor
the presence of excess infrared emission (i.e., a debris disk) can
do more than indicate that any individual early-type star is likely
to be ∼100 Myr old.

To better understand the applicability of stellar magnetic
activity as an age indicator for youthful stars, we compared
the fractional X-ray luminosity (Lx/Lbol) of our candidate
Octans members with that of nearby young moving groups
(Figure 5). The X-ray luminosity traces the coronal magnetic
activity, which typically decreases as a function of age and stellar
mass (Zuckerman & Song 2004; Mamajek & Hillenbrand 2008).
We used ROSAT Bright and Faint source catalogs to obtain
X-ray count rates and then the relation given in Schmitt et al.
(1995) to convert to X-ray fluxes. Visual magnitudes, B−V
colors, and the bolometric correction values given in Kenyon
& Hartmann (1995) were used to calculate stellar bolometric
fluxes. By plotting B−V (which traces stellar mass) against
Lx/Lbol, we see that young stars in nearby moving groups
(β Pic, 12 Myr; Tuc-Hor, 30 Myr; AB Dor, 70 Myr) lie along
one path while older stars in the Hyades Cluster (∼600 Myr)
follow another. The X-ray ages listed in Table 1 were estimated
from Figure 5.

We considered using the X-ray - age relations from Mamajek
& Hillenbrand (2008; see their Equation (A3)). Their equation
for an X-ray age is based on an empirically determined relation
between chromospheric activity and age (their Equation (3))
and an observed correlation between X-ray activity and chro-
mospheric activity (their Equation (A2)). However, the candi-
date Octans stars are already surmised (from lithium EW) to
be quite young (!100 Myr) and many fall in the “very active”
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O C TA N S - N E A R  ( Z U C K E R M A N  E T  A L .  2 0 1 3 )

• Does NOT appear co-eval 

• Connection to Octans unclear (SF complex, resonance?) 
The Astrophysical Journal, 778:5 (12pp), 2013 November 20 Zuckerman et al.

Figure 3. Equivalent width of the lithium 6708 Å line for proposed Octans-Near members, Octans Association members (da Silva et al. 2009), and Pleiades members
(Soderblom et al. 1993). The red squares are probable Octans-Near members from Table 1 (Section A), the blue triangles are possible members in Table 1 (Section B),
the filled green diamonds are Octans Association members, and the gray circles are Pleiades members. The red square with B − V = 0.74 and Li EW = 290 mÅ is
HIP 813B. The one unfilled green diamond is CD-58 860 which is a plausible member of both Octans-Near and the Octans Association.
(A color version of this figure is available in the online journal.)
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T H E  G O A L

• Expand membership to lower masses 

• Break age/distance degeneracy using independent 
lithium depletion ages 

‣ Unlike solar type members, late K and M-type 
stars should lose their lithium in 10-100 Myr 

• Expand membership spatially?

I S  O C TA N S  R E A L  A N D  W H AT  I S  I T S  A G E ?
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• SPM4 proper motions  
(δ<-20º, BV+JHK2MASS)
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• SPM4 proper motions  
(δ<-20º, BV+JHK2MASS)

• Colour and magnitude cuts to thin  
sample, remove reddened objects

• Kinematic selection over dkin=[5,300] pc 

‣ σ(μ)<5 mas/yr and ΔμOct< 2σ(μ) 

• X-Match against GALEX DR6 
(avoids Galactic plane)
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C A N D I D AT E  S E L E C T I O N

• Concentrate on region around existing membership
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C A N D I D AT E  S E L E C T I O N

• GALEX near-UV selection (after Rodriguez et al. 2011) 

The Astrophysical Journal, 727:62 (10pp), 2011 February 1 Rodriguez et al.

Figure 1. Circles, color-coded by age (grayscale in print version), are objects
in Torres et al. (2008) that were matched in GALEX. TW Hya is displayed as
a large square. Putative AB Dor member BD +01 2447 is located at V−K ∼ 3
and absolute NUV magnitude ∼ 20. All other symbols are stars from Stauffer
et al. (2010), which provides stars in the Gliese catalog (Gliese & Jahreiß
1991). Different symbols highlight some of the known multiple, white dwarfs,
and flare star systems. The Gliese stars left of the main sequence are likely
to have incorrect distances, V-band magnitudes, or both (some such systems
were corrected when updated information was available). In general, the Gliese
low-mass stars (K5/K7 and later, V–K ! 3) are older and fainter in NUV than
stars in young associations by 2 mag on average, the notable exception being
flare stars and some multiples. Multiples among the Torres et al. (2008) stars
are not labeled.
(A color version of this figure is available in the online journal.)

emission. The only exception to this trend of brighter NUV
magnitudes for young stars is BD +01 2447, classified by Torres
et al. (2008; see also references therein) as an AB Dor member,
with V–K ∼ 4.3, which we discuss later in Section 3.4. Figure 2,
which displays NUV–V colors, also shows how young stars
stand out. Reddening toward these objects can significantly
affect the shorter wavelengths. Findeisen & Hillenbrand (2010)
apply a reddening curve in which ANUV/AV = 2.63; however,
using the reddening curve of Cardelli et al. (1989) and RV = 3.1,
we obtain ANUV/AV = 2.96. While most Gliese stars are within
25 pc, most of the young stars are more distant. Regardless of the
exact value for ANUV/AV , extinction toward the younger, more
distant objects will generally be higher than for the nearby Gliese
stars. Thus, the effect of extinction will be to bring the locus of
the young star populations closer to the Gliese old star locus.
That is, the intrinsic separation in absolute NUV magnitude
and in NUV–V between young and old stars is, if anything,
somewhat greater on average than indicated in Figures 1 and 2.

Young, early-M stars (V−K ∼ 3.5) in these associations
(with ages 10–30 Myr) tend to have absolute NUV magnitudes
between 15 and 16 (see Figure 1). The 3σ sensitivity for the
GALEX AIS survey is 22.0 mag for each 100-s exposure, which
means that these young stars could be detected at the 3σ level
out to at least 160 pc. Findeisen & Hillenbrand (2010) estimate
that GALEX can detect unextincted photospheres of K5 stars
out to 140 pc with 300-s exposures, implying absolute NUV
magnitudes of about 17. Mid-K stars with ages of 70 Myr,
however, have absolute NUV magnitudes generally brighter
than 15, suggesting that even at 70 Myr, these stars will be
about 2 mag brighter than their older counterparts (as illustrated
in Figure 1 at V–K ∼3). As previously mentioned, extinction
toward these objects will cause them to have redder NUV–V
colors—similar to that of older field stars. Extinction of (at
least) AV ∼ 0.7 mag would be required for 70 Myr old mid-K

Figure 2. When plotting the members of young associations and the Gliese
stars (see Figure 1) in NUV–V color, the distinction between old and young,
late-type (K5/K7 and later, V–K ! 3) stars becomes more readily apparent.
Objects with lower NUV–V are brighter in NUV and generally younger.
TW Hya is displayed as a large square. Putative AB Dor member BD +01
2447 is located at V–K ∼4.3 and NUV–V ∼9.4. We comment on both these
systems in Section 3.4.
(A color version of this figure is available in the online journal.)

stars to have NUV magnitudes comparable to equally distant,
but older, mid-K stars.

To see if these 10–100 Myr old systems also stand out as
UV-bright in GALEX/Two Micron All Sky Survey (2MASS)
colors, and to carry out a pilot study for the feasibility of a large-
scale program, we examine a region of sky encompassing the
TW Hya Association (TWA). After defining a suitable search
region (see Table 1), we select all objects detected in NUV
(our initial search of the TWA also required detection in FUV).
These sources are then cross-matched with the 2MASS Point
Source Catalog (Cutri et al. 2003) with a matching radius of 2′′,
somewhat larger than the GALEX pointing uncertainty (∼1′′;
Morrissey et al. 2007). This allows us to produce color–color
plots like the one in Figure 3. In these plots, galaxies tend to lie in
a well-defined region of space (between about 0.5 < J − K < 2
and 2 < NUV–J < 7) while stars follow a diagonal line from J −
K ∼ 0 and NUV–J ∼ 2 to J − K ∼ 1 and NUV–J ∼ 13. The black
symbols in Figure 3 are the TWA stars from Torres et al. (2008),
all of which lie below the stellar main sequence; TW Hya is the
object with NUV–J ∼ 6. The stellar locus is well defined by an
average of the relations in Findeisen & Hillenbrand (2010, see
their Equation (2)) and we have plotted this as the thin solid line
in Figure 4. Also shown are the 10–100 Myr old stars, which
can again be distinguished from older field stars in that they lie
below the stellar main sequence (i.e., they have UV excesses).
The thick solid line represents the best linear fit to the locus
of young stars, and illustrates the difference between the young
and old stellar populations, particularly for the lower mass stars
(J − K ! 0.7). While the separation is not as pronounced as in
the NUV–V plots, clearly these diagrams should enable one to
select candidate young, low-mass stars using only GALEX and
2MASS colors.

In Figures 3 and 4, the young stars of the TWA all lie below the
stellar sequence. However, there is some scatter, and not every
object with UV excess will be a young star. For example, flare
stars are known contaminants in young star X-ray searches,
and the same is true for our UV-selection methods (see also
Figures 1 and 2). We select objects with UV excesses similar
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Figure 1. Circles, color-coded by age (grayscale in print version), are objects
in Torres et al. (2008) that were matched in GALEX. TW Hya is displayed as
a large square. Putative AB Dor member BD +01 2447 is located at V−K ∼ 3
and absolute NUV magnitude ∼ 20. All other symbols are stars from Stauffer
et al. (2010), which provides stars in the Gliese catalog (Gliese & Jahreiß
1991). Different symbols highlight some of the known multiple, white dwarfs,
and flare star systems. The Gliese stars left of the main sequence are likely
to have incorrect distances, V-band magnitudes, or both (some such systems
were corrected when updated information was available). In general, the Gliese
low-mass stars (K5/K7 and later, V–K ! 3) are older and fainter in NUV than
stars in young associations by 2 mag on average, the notable exception being
flare stars and some multiples. Multiples among the Torres et al. (2008) stars
are not labeled.
(A color version of this figure is available in the online journal.)

emission. The only exception to this trend of brighter NUV
magnitudes for young stars is BD +01 2447, classified by Torres
et al. (2008; see also references therein) as an AB Dor member,
with V–K ∼ 4.3, which we discuss later in Section 3.4. Figure 2,
which displays NUV–V colors, also shows how young stars
stand out. Reddening toward these objects can significantly
affect the shorter wavelengths. Findeisen & Hillenbrand (2010)
apply a reddening curve in which ANUV/AV = 2.63; however,
using the reddening curve of Cardelli et al. (1989) and RV = 3.1,
we obtain ANUV/AV = 2.96. While most Gliese stars are within
25 pc, most of the young stars are more distant. Regardless of the
exact value for ANUV/AV , extinction toward the younger, more
distant objects will generally be higher than for the nearby Gliese
stars. Thus, the effect of extinction will be to bring the locus of
the young star populations closer to the Gliese old star locus.
That is, the intrinsic separation in absolute NUV magnitude
and in NUV–V between young and old stars is, if anything,
somewhat greater on average than indicated in Figures 1 and 2.

Young, early-M stars (V−K ∼ 3.5) in these associations
(with ages 10–30 Myr) tend to have absolute NUV magnitudes
between 15 and 16 (see Figure 1). The 3σ sensitivity for the
GALEX AIS survey is 22.0 mag for each 100-s exposure, which
means that these young stars could be detected at the 3σ level
out to at least 160 pc. Findeisen & Hillenbrand (2010) estimate
that GALEX can detect unextincted photospheres of K5 stars
out to 140 pc with 300-s exposures, implying absolute NUV
magnitudes of about 17. Mid-K stars with ages of 70 Myr,
however, have absolute NUV magnitudes generally brighter
than 15, suggesting that even at 70 Myr, these stars will be
about 2 mag brighter than their older counterparts (as illustrated
in Figure 1 at V–K ∼3). As previously mentioned, extinction
toward these objects will cause them to have redder NUV–V
colors—similar to that of older field stars. Extinction of (at
least) AV ∼ 0.7 mag would be required for 70 Myr old mid-K

Figure 2. When plotting the members of young associations and the Gliese
stars (see Figure 1) in NUV–V color, the distinction between old and young,
late-type (K5/K7 and later, V–K ! 3) stars becomes more readily apparent.
Objects with lower NUV–V are brighter in NUV and generally younger.
TW Hya is displayed as a large square. Putative AB Dor member BD +01
2447 is located at V–K ∼4.3 and NUV–V ∼9.4. We comment on both these
systems in Section 3.4.
(A color version of this figure is available in the online journal.)

stars to have NUV magnitudes comparable to equally distant,
but older, mid-K stars.

To see if these 10–100 Myr old systems also stand out as
UV-bright in GALEX/Two Micron All Sky Survey (2MASS)
colors, and to carry out a pilot study for the feasibility of a large-
scale program, we examine a region of sky encompassing the
TW Hya Association (TWA). After defining a suitable search
region (see Table 1), we select all objects detected in NUV
(our initial search of the TWA also required detection in FUV).
These sources are then cross-matched with the 2MASS Point
Source Catalog (Cutri et al. 2003) with a matching radius of 2′′,
somewhat larger than the GALEX pointing uncertainty (∼1′′;
Morrissey et al. 2007). This allows us to produce color–color
plots like the one in Figure 3. In these plots, galaxies tend to lie in
a well-defined region of space (between about 0.5 < J − K < 2
and 2 < NUV–J < 7) while stars follow a diagonal line from J −
K ∼ 0 and NUV–J ∼ 2 to J − K ∼ 1 and NUV–J ∼ 13. The black
symbols in Figure 3 are the TWA stars from Torres et al. (2008),
all of which lie below the stellar main sequence; TW Hya is the
object with NUV–J ∼ 6. The stellar locus is well defined by an
average of the relations in Findeisen & Hillenbrand (2010, see
their Equation (2)) and we have plotted this as the thin solid line
in Figure 4. Also shown are the 10–100 Myr old stars, which
can again be distinguished from older field stars in that they lie
below the stellar main sequence (i.e., they have UV excesses).
The thick solid line represents the best linear fit to the locus
of young stars, and illustrates the difference between the young
and old stellar populations, particularly for the lower mass stars
(J − K ! 0.7). While the separation is not as pronounced as in
the NUV–V plots, clearly these diagrams should enable one to
select candidate young, low-mass stars using only GALEX and
2MASS colors.

In Figures 3 and 4, the young stars of the TWA all lie below the
stellar sequence. However, there is some scatter, and not every
object with UV excess will be a young star. For example, flare
stars are known contaminants in young star X-ray searches,
and the same is true for our UV-selection methods (see also
Figures 1 and 2). We select objects with UV excesses similar

2

R O D R I G U E Z  E T  A L .  ( 2 0 1 1 )



C A N D I D AT E  S E L E C T I O N

• GALEX near-UV selection (c.f. Rodriguez et al. 2011) 
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Lesson 3 for Gaia: 

Use ALL the wavelengths!
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• Fold together photometric and kinematic distances 
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• Fold together photometric and kinematic distances 
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More VO tomorrow…
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More VO tomorrow…

Lesson 4 for Gaia: 

The Virtual Observatory is your frie
nd

http://svo2.cab.inta-csic.es/theory/vosa/


S P E C T R O S C O P I C  F O L L O W - U P

• R=7000 spectroscopy on  
SSO ANU 2.3-m/WiFeS 

• Image-slicing 25x38” IFU 

• 5300-7000 Å (Hɑ + Li λ6708) 

• RVs to 1-2 km/s 

• 34 targets in 2014 Jan,  
another run in May

1 2 ”

3 8 ”



S P E C T R O S C O P I C  F O L L O W - U P

• R=7000 spectroscopy on  
SSO ANU 2.3-m/WiFeS 

• Image-slicing 25x38” IFU 

• 5300-7000 Å (Hɑ + Li λ6708) 

• RVs to 1-2 km/s 

• 34 targets in 2014 Jan,  
another run in May
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Lesson 5 for Gaia: 

Hard medicine: Gaia is not a panacea



S P E C T R O S C O P I C  F O L L O W - U P

G A I A  S K Y  AV E R A G E D  E N D  O F  M I S S I O N  P E R F O R M A N C E
http://www.cosmos.esa.int/web/gaia/science-performance



• 24 stars with RVs within 5 
km/s of expected 

• Including 6 stars with 
EW(Li)>100 mA 

• Several suspected 
spectroscopic binaries, 
and/or fast rotators 

• WISE 22μm disk excesses, 
ROSAT detections
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Li EWs between  
β Pic (20 Myr) and 

Argus/IC 2301 (50 Myr), 
similar to Tuc-Hor

M4M0K0

A G E  ~ 3 0  M Y R ?



S U M M A R Y  &  O U T L O O K

F R O M  T H I S …

• First low-mass membership of Octans 

• Association appears* to be real and ~30 Myr old 

• Origin and relationship to Octans-Near still unclear 

• More M-type members needed 

‣ LDB at spectral type M4/5? 

• Gaia will revolutionise young nearby 
associations across stellar mass

*  D O E S  T H I S  S AT I S F Y  T H E  ‘ M A M A J E K  C R I T E R I A’ ?
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• First low-mass membership of Octans 

• Association appears* to be real and ~30 Myr old 

• Origin and relationship to Octans-Near still unclear 

• More M-type members needed 

‣ LDB at spectral type M4/5? 

• Gaia will revolutionise young nearby 
associations across stellar mass
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