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TW Hya With HST 0.5 - 2 µm 

1.1 µm 
1.6 µm 

TW Hya is a classical T Tauri star with lots of 
gas and dust. What is its age? 

Roberge et al. 2005                 Debes et al. submitted 

500 AU 

0.5 µm 
“True” Color 



Other Disks in TWA? 
4 accreting, optically thick disks 
TW Hya – disk, accreting (IRAS) 
Hen 3-600 – disk, accreting (IRAS) 
TWA 30 – disk, accreting 
2M1207 – BD disk, accreting 
 
7 transitional / debris disks 
HD 98800 – disk, not accreting (IRAS) 
HR 4796A – debris, not accreting (IRAS) 
TWA 7 – debris, not accreting 
2M1139 – BD disk, not accreting 
SSPM1102 – BD disk, not accreting 
TWA 31 – disk, not accreting 
TWA 32 – disk, not accreting 
 
~14 stars with no detected disks 

Bi-modal distribution of dust? 

(e.g. Weinberger et al., AJ, 2004; Low et al. 2005; Riaz et al. 2008; Plavchan et al. 2009, Schneider et al. 2012) 



TW Hya is a Puzzle 

•!At a fairly old age, TW Hya still has a massive disk 
•!Something is making a partial “gap” in the disk at 
80AU 
•!Very small grains are coexisting with very large 
grains throughout the disk 

A planet can account for all of these, except perhaps 
the first! 

What is the age of TW Hya anyway? 



(Adapted from Webb et al. 1999, ApJL) 

TW Hya (and only 
3 other TWA stars 
marked by    ) 
have Hipparcos  
parallactic 
distances 

TWA Age Canonically ~10 Myr 



Enter CAPSCam 

of M5V-M6V. Six epochs spread out over a 2 yr period are pre-
sented here for this field (2007 July–2009 June, see Fig. 5), so
that the parallax and the proper motion can be decoupled (for
which only 3 epochs are required) and a preliminary discussion
can be presented of the accuracy of the obtained solution,
at least in a statistical sense. Table 4 gives the observing log
information about the CAPSCam-S observations that were in-
cluded in the analysis that follows.

NLTT 48256 is faint enough for CAPSCam-S to use FF
imaging without the need for the GW. The analysis that follows
therefore is largely based on FF data for this field. However, we
have also taken GW data on Field 453 in 2009 June, with the
GW centered on the target star. Forty images were obtained on
two separate nights. The resulting astrometric accuracy of the
combined nights is shown in Figures 5 and 6, though the GW
epoch was not included in the solutions given in Tables 5 and 6.
Figures 5 and 6 show that usage of the GW mode does not
introduce a significant bias into the astrometric measurements,
and provides a precision comparable to that of the FF mode.

6.2. Achromatic Solution

No color correction is applied in this first case. After exclud-
ing poorly-behaved stars in the first iteration, the reference
frame still contains 39 objects that appeared in at least 90%
of the frames. These 39 objects define a robust reference frame
with a median rms per epoch of 1.1 mas. The astrometry of the
poorly-behaved stars is also obtained, but they are not used in
the calibration matching step.

The rms of the solution for the target star is 0.38 mas
epoch!1, which is a proxy for the long-term stability of the
instrument. Since our desired target star accuracy is
!0:25 mas epoch!1, evidently further work will be required
to try to reach this figure. Using the method described in the
previous sections, we estimate the amount of systematic error,
finding that it is 0.3 mas epoch!1. Clearly the systematic error
is a significant source of the scatter in the residuals (see Fig. 5,
bottom panels). Similar values are achieved for a significant
number of reference stars in the field, providing a robust
double-check on the quality of the entire astrometric solution.
The residuals appear to be somewhat larger in declination than
in R.A., and we are investigating possible sources of this appar-
ent difference.

The target star does not show any excess in the postfit resid-
uals when compared to other stars in the field with similar
magnitude. In fact, the rms of the target star is slightly smaller
than the average. Since the target star is located at the center of

FIG. 4.—CAPSCam-S Full Frame image of Field 453, with NLTT 48256
located in the Guide Window. See the electronic edition of the PASP for a color
version of this figure.

TABLE 3

CATALOG INFORMATION ON NLTT 48256).

Reference Epoch JD 2000

R.A. . . . . . . . . . . . . . . . . 19 48 37.5
Decl. . . . . . . . . . . . . . . . "19 32 14.3
!R.A. . . . . . . . . . . . . . . !38" 20 mas yr!1

!Decl. . . . . . . . . . . . . . !187" 20 mas yr!1

R . . . . . . . . . . . . . . . . . . . 16.84
R! J . . . . . . . . . . . . . . 3.63

NOTE.—Proper motion and coordinates are from the
NLTT catalog (Salim & Gould 2003) and color is from the
NOMAD catalog (USNO-B1 # 2MASS, Vizier Online Data
Catalog, 1297 (N. Zacharias et al. 2005).
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FIG. 5.—Top, R.A. (left) and declination (right) shifts as a function of time for
NLTT 48256. The parallax wobble can be clearly seen on the R.A. motion.
Bottom, R.A. and declination residuals (observed minus computed) with respect
to the best-fit model. All vertical axes are in milliarseconds (mas). The rightmost
data point is based on Guide Window and Full Frame data, while the others are
Full Frame only. Use of the GW does not introduce any significant bias or jitter
to the data. See the electronic edition of the PASP for a color version of this
figure.

1224 BOSS ET AL.

2009 PASP, 121:1218–1231

See description of CAPSCam in Boss et al. 2009 



Observe 14 TWA stars 

e.g. TWA 12 



Fit Parallax and Proper Motion 
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We did this for 14 primary TWA members plus 2 visual 
binary companions 



Age from Kinematics? 

Weinberger et al. 2012 (submitted) 
 

No convergence = no single age? 

Now 

10 Myr ago 



Contrast to ! Pic Association 

l! ! "40 mas yr"1). The combination of youth, proximity
to Earth, and very late spectral type suggests that this star, if
single, could be one of the best in the sky for an imaging
search for a cooling planet.

HIP 23418 has a faint (Dmv # 1 mag) companion about
0>85 southwest of the primary (see Hipparcos doubles and
multiples catalog for details). We have corrected the abso-
lute K magnitude plotted in Figure 2 to take into account
the light contribution from the secondary. HIP 11437 is also
a binary system, and we confirm common proper motions
of the two components from POSS-I (epoch 1954) and
POSS-II (epoch 1989) plate positions.

The HIP 112312 (WW PsA) binary system is particularly
interesting. The primary (#M4) and secondary (#M4.5) dif-
fer in spectral type by only a half-subclass, but the primary
does not show any Li "6708 feature, while the secondary
shows a strong Li absorption feature. The detection and
nondetection of Li in the HIP 112312 binary is interpreted
as a ‘‘ lithium depletion boundary ’’ (LDB) in a#12Myr old
stellar group. This unusual binary can be used as a strong
observational constraint to calibrate pre–main-sequence
evolutionary tracks. Details have been reported in a
separate paper (Song, Bessell, & Zuckerman 2002b).

The observed LDB in the # Pic group is corroborated
with detection of a strong Li "6708 feature (Table 1) in an
#M4.5 companion #1000 northwest of a previously known
member, V343 Nor (=HIP 76629). A high surface density of
young background stars, the Upper Centaurus-Lupus
region (UCL; one of the three subgroups of the Scorpio-
Centaurus [Sco-Cen] association with an age similar to that
of the # Pic group), exists toward V343 Nor. Therefore,
proximity of V343 Nor B to V343 Nor in the projected sky
plane and strong Li "6708 detection alone cannot confirm
the physical companionship of the two stars. To check the
reality of the binary nature of V343 Nor, we obtained VIC
magnitudes with the 0.9 m telescope at SSO. These photo-
metric data clearly reject the possibility of V343 Nor B being
a UCL member #140 pc from Earth. Furthermore, com-
mon proper motions calculated from the UK Schmidt
Telescope blue plate positions (epoch 1975) and our
measured CCD image positions (epoch 2002) confirm the
physical companionship of V343 Nor B and V343 Nor A.

HIP 23418 and HIP 112312 A show prominent emission
features of Na D "5890 and "5896, He i "5876 and "6678,
and H$ (Fig. 3). HIP 112312 B also shows a hint of such
emission features; however, signal-to-noise ratios of the
spectra are too low to draw any definitive conclusions. We
note that, along with V343 Nor B, HIP 23418 and 112312 A
and B are the latest–spectral type stars identified in the # Pic
group. Earlier–spectral type # Pic members do not show
these emission features. While Na and He emission features
are prevalent among T Tauri stars (Beristain, Edwards,
& Kwan 2001), at the age of the TWA (#8 Myr), these
emission features are present only among late-type stars.
Therefore, we believe that at #10 Myr, these emission
features are present only among spectral types later than
M3–4. It will be interesting to see if the same emission
features persist to the Tucana/HorA age (#30 Myr); how-
ever, no such late-type Tucana/HorA member has yet been
identified.

All # Pic moving group members identified by Zucker-
man et al. (2001a) lie in the southern hemisphere, while most
of the newly identified systems are in the northern hemi-
sphere (Table 1). These additional new members now

indicate the # Pic group to be dispersed up to#100 pc along
its long dimension. To check if such widely separated stars
share the same birthplace, we traced the positions of Table 1
and Zuckerman et al. (2001a) # Pic group members back
in time (Fig. 4). In this backward time integration, we

Fig. 3.—Emission features other than H$ seen at HIP 23418 and
HIP 112312 A. Similar emission features are present in the spectra of HIP
112312 B, but because of the low signal-to-noise ratios, they are not plotted.
A DBS spectrum of the well-known T Tauri star, EX Lup (M0 spectral
type), is plotted as a dark solid line for comparison.

Fig. 4.—Positions of # Pic moving group members back-traced 12 Myr
in time. X and Y are distances in the Cartesian corotating local standard of
rest (LSR) frame, where X is positive toward the Galactic anticenter and Y
is positive in the direction of the Galactic rotation. We used UVW values
("10.00, "5.23, "7.17) for the velocity of the Sun with respect to the LSR
in kilometers per second, adapted from Dehnen & Binney (1998). HIP
12545 is a radial velocity variable star, and we have used an estimated
system radial velocity of +10.0 km s"1. HIP 95261 has multiple radial
velocity measurements, with large uncertainties in the range of"17 to +13,
and we used +0.0 km s"1 for its radial velocity in our calculation. HIP
79881 and HIP 88726 are A-type stars listed in Table 1 of Zuckerman et al.
(2001a), and their radial velocity uncertainties are large (e10 km s"1).

346 SONG, ZUCKERMAN, & BESSELL Vol. 599

Song et al. 2003 

Smallest volume 
about 12 Myr 
ago 



Ages from Isochrones 
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Ages from Isochrones, cont. 

Age is 5-10 Myr, 

consistent with 

Li depletion age 

(Weinberger et al. 2012) 

Spectral Type 
of TW Hya very 
uncertain and 
has large 
impact on 
inferred age 



Age Histogram  
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•! Mean age 10.5 Myr 
•! No ages < 3 Myr 
•! Age spread 7 Myr 

(Weinberger et al. 2012) 



Age/Mass of TWA 5 

TWA 5Aa/Ab 

Update to Konopacky et al.  2007 
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New distance 53.5 ± 2.4 pc 
brings mass into perfect 

agreement with Baraffe et al. 

1998 tracks 



Dispersed Star Formation 

TWA stars formed along a filamentary structure, but 

not as an obvious function of time 
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(Weinberger et al. 2012) 



TWA Conclusions 

•! TW Hya looks like a young star just forming 

planets 

 Maybe a 10 M"  planet at 80 AU! 

 

•! TW Hya sits in a filamentary association of 

stars of age ~10 Myr 

 These may not be precisely co-eval 

 

•! The age spread in a “typical” young cluster 

remains to be measured. 


