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The problem

❖ We want to know what happens to stars as they form and in their earliest years.
❖ We would like to pin an absolute age on each individual star, especially for  

τ < 10 Myr, because ∆τ ~ 1-2 Myr.  (But what is τ = 0?)
❖ We’d at least like to know sequences of events or relative ages. 
❖ We want to know over how long a time stars in a cluster or association form, and 

then what happens to them. 
❖ The stars don’t make it easy:

❖ Variability
❖ Buried in dust and gas; can be different from star to star
❖ Many free parameters, notably accretion physics and history 
❖ Rarely known masses

❖ Fundamentally, we would like to be able to estimate ages independently of the 
phenomena studied.
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A framework for ages

❖ See Soderblom, ARAA 2010
❖ Method types:

❖ Fundamental
❖ Semi-fundamental
❖ Model-dependent
❖ Empirical
❖ Statistical

❖ Cost/difficulty:
❖ Boutique: hand-made with care
❖ Retail: 10s to 100s
❖ Wholesale: 1000s
❖ Industrial: Gaia
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Our starting point for young(-ish) stars

❖ Ages of young stars in Protostars and Planets VI, Heidelberg, 2014;  
L. Hillenbrand, R. Jeffries, E. Mamajek, T. Naylor, and D. Soderblom

❖ The program’s title for my talk: “Progress in aging of young stars”
❖ Easy answer: 5 years!

❖ Since 2014: 
❖ Mostly the same problems of precision, accuracy, age ordering, etc.
❖ But: Gaia, Kepler/K2, Gaia-ESO cluster work, Pan-STARRS, HST Orion, …

❖ Context:  What does “young” mean?
❖ Emphasis on lower-mass objects and their early years

❖ At solar mass “young” goes to ~100 Myr; stars at this age (and even older) are still unsettled in 
behavior

❖ Definitely all PMS stars are young to me
❖ This means <50–70 Myr at solar mass but much longer at VLM
❖ Clusters and groups can have both pre- and post-main sequence stars
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Kinematic ages

❖ Semi-fundamental:
❖ Concept is simple

❖ Several forms:
❖ Expansion age, from group’s expansion 

rate
❖ Traceback age, going back to a smallest 

volume
❖ Fly-by age, the time of minimum 

separation between groups, or a star and 
groups

❖ Related: age of a runaway star
❖ Proper motions alone prob. not sufficient:

❖ Brown et al. (1997) and OB groups: 
Kinematic ages disagree with 
evolutionary ages.

❖ Positives:
❖ Method independent of stellar physics
❖ Gaia DR2 (and later DRs) solves data 

quality problems for solar neighborhood
❖ Errors in PM, π essentially zero.
❖ Gaia RVs to 1 km/s, with 0.3 km/s 

systematics, but may not detect all 
binaries.

❖ Negatives:
❖ Time of least volume (or whatever) is not 

necessarily time of formation and can be 
ill-defined.

❖ Has been sensitive to data errors.
❖ Galactic effects add uncertainty with 

time: younger is better, ~100 Myr max.
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Kinematic ages (2)

❖ Crundall, Ireland et al. (2019.07732) have a new method:
❖ Bayesian; based on Gaia data.
❖ Uses (X, Y, Z) + (U, V, W) all together.
❖ Not all inputs need be specified.
❖ Forward modeling of stars from an assumed start: better error control but 

computationally intensive.
❖ Gaia DR2 data can both reveal new group members and lead to precision ages.
❖ Determine τ = 18.3 ± 1.3 Myr for β Pic MG,  36.0 ± 1.3 for Tuc-Hor.

❖ Very promising!
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The age scale: The Li Depletion Boundary

❖ Ages from MSTO and LDB agree, yet from very different physics
❖ LDB observations challenging, but analysis simple

❖ Below ~0.4 MSun stars fully convective
❖ Once core reaches ~3 MK, Li goes fast, so 

presence of Li shows substellar boundary
❖ Little dependence on treatment of 

convection, nuclear rates, or opacities
❖ Some dependence on atmosphere, EOS
❖ There are 8+ clusters with LDB measured, 

from 22 to 132 Myr.

Jeffries & Oliveira 2005 MN
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Age scale: MSTO vs. LDB

❖ With better physics the ages agree.
❖ This agreement means we likely 

have a reliable age scale for 
~10-100 Myr.
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The basics of age: Guilt by association

❖ Model-dependent.
❖ Ages of populations vs. single stars
❖ Main sequence turn-off in clusters has been used for a century to get ages.

❖ Post-WWII photoelectric photometry led to classic CMDs and a standard picture of the 
progression of lower and lower masses peeling off the upper MS.

❖ Improved photometry (esp. CCDs) has led to greatly improved knowledge of stellar 
physics.

❖ Seismology too plays a big and increasing role.
❖ But:

❖ Very few stars at TO due to IMF.
❖ Binaries can distort luminosities and more.
❖ Helium remains a wild card.
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MSTO and eMSTO (and MSTO@ZR)

❖ More recently, the spread and scatter at MSTOs  
has been attributed to rotation, which can vary  
significantly among higher-mass stars.

❖ Beasor et al. (1903.05106) argue that more than  
rotation and binaries are needed.

❖  Georgy et al.(1812.05544) have models showing 
magnetic braking will eliminate eMSTOs by 
~2 Gyr. 
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Figure 5. (left) CMD of NGC 5822 with the member stars color-coded by their rotational velocities. The best-fitting isochrone
is shown as the red curve. A clear trend between stellar rotation and their loci in the CMD region is seen, in the sense that the
rapid rotators (yellow) tend to lie on the red side of the eMSTO while the slow rotators (blue) are usually found on the blue
side. (right) Two sample spectra of a slow rotator (top) and a fast rotator (bottom). H� and Mg i triplets of the
same object are shown in the left- and right-hand columns, respectively. For each spectrum, the best-fitting
models are presented as orange curves.

well-reproduced and consistent with coeval stellar populations with di↵erent rotation rates. The projected rotational
velocity of the synthetic cluster follows a similar trend as the real member stars, which become redder as the stellar
rotation rates increase. In the middle panel we present a realistic synthetic cluster with a number of stars comparable
to that in the observed CMD.
To provide a better comparison with the simulation, we introduced the pseudo-color �(Gbp �Grp) as the normalized

color di↵erence with respect to the blue ridgeline in the direction determining how stellar rotation may change the
locus of a star in the CMD (black arrow) to represent the deviation in color which may be caused by stellar rotation.
We adopted the blue edge of the synthetic cluster, which represents the population of non-rotating stars, as the fiducial
ridgeline. In the right-hand panel of Fig. 6, the �(Gbp �Grp) vs. v sin i diagram for all stars with projected rotational
velocity measurements is shown, and the gray dots represent the same distribution for the synthetic cluster. We found
that most of our targets follow the trend predicted by the stellar rotational model, where the pseudo-color is close to
zero for slow rotators and it increases significantly as the rotational velocity increases. Two outliners in the right-hand
panel of Fig. 6 (Gaia ID: 5887669198096568960 and 5887671397119565312), which have relatively large pseudo-colors
compared with their rotational velocities, may result from contamination by binary stars. Since their locations in
the CMD coincide with the equal-mass binary sequence, they are likely unresolved binaries, particularly the star with
Gaia ID 5887671397119565312, whose low mass (1.2� 1.3M�) is close to the minimum mass for large stellar rotation.
With such a low mass, stars brake e�ciently early on the MS and evolve back to the non-rotating tracks (Georgy et
al. 2018). Therefore, stellar rotation is unlikely the cause of such a large shift in color and binary stars might be a
plausible explanation of these two outliners.

4. DISCUSSION AND CONCLUSIONS

NGC 5822 is an intermediate-age (0.9Gyr) Galactic open cluster exhibiting an eMSTO. Through membership
determination based on Gaia proper motions and parallaxes, we investigated the CMDs of NGC 5822 and confirmed
that the eMSTO is unlikely an artifact caused by di↵erential extinction. By exploiting SALT/RSS data, we derived
the projected rotational velocities of 24 member stars and found that stellar rotation is strongly correlated with the
stellar loci in the CMD in the MSTO region. The red side of the eMSTO is occupied by fast rotators while the blue
side is mainly composed of slow rotators. By comparison with a synthetic cluster, we have shown that the eMSTO of

NGC  5822; Sun et al. 1904.03547
Padova isochrone, 0.9 Gyr

8 E. R. Beasor et al.

Figure 5. Plot showing the CMD for the stars in NGC 2100.
Overplotted are isochrones from (Georgy et al. 2013) (the ro-
tating and non-rotating 20 Myr, age from RSG method) and
MIST (10 Myr, age from the luminosity function method). Filled
coloured circles represent the MSTO for each isochrone.

explained by a distribution of rotation rates at ZAMS. To
attempt to quantify this effect, and to determine which age
estimation method provides the most accurate results, we re-
peat our analysis on synthetic clusters of a known age with
a realistic rotation distribution, described below.

We now enlist synthetic clusters from Geneva
(Ekström et al. 2012) to investigate the impact of using the
cluster TO more thoroughly. We generated a 20 Myr old
cluster at Solar metallicity (Z=0.014), where the stellar ro-
tations follow the distribution of Huang et al. (2010). Next,
the mass of the cluster is randomised between 0.5-5×104M⊙ ,
typical of clusters known to contain RSGs. From this sub-
sample, we can identify the brightest TO star and the least
luminous RSG (where the RSG phase is defined as where
Teff ≤ 4500K). To ensure we are comparing like-with-like,
we use Geneva non-rotating isochrones to determine age es-
timations via the methods described in Section 3.2 and 3.4.
Our grid of Geneva models has ages from 6 to 25 Myrs. We
repeat this for 1000 trials, where each trial generates a new
cluster with varying cluster mass, thus allowing us to see
how the age discrepancy between each method varies with
total cluster mass (Mtot).

Figure 6 shows the distribution of age estimations for
each method as a function of cluster mass. The dashed line
shows the true cluster age and the results of each trial are
plotted with blue crosses (TO method) or red crosses (RSG
method). For the RSG method in particular, the errors on
age are larger at lower cluster masses. This is due to lower
mass clusters perhaps only containing ∼1 RSG, leading to
large stochastic errors.

Our results demonstrate clearly that using the cluster
TO method can cause a systematic underestimation in age
by ∼25% due to rotation on the MS extending the lifetime
of MS stars and causing them to appear more luminous.
While there is also a systematic offset when using the low-
est Lbol RSG method, this is a much smaller effect, on the
order of ∼10%. This offset is due to numerical effects when
interpolating mass tracks containing blue loops, causing the
bottom of the RSG branch to appear more luminous. For a

Figure 6. Ages derived from age fitting a 20Myr synthetic cluster
containing only single stars using the TO method and the lowest
Lbol RSG method. The dashed line shows the true age of the
cluster.

typical cluster where Mtot < 5×104M⊙ the random error is
approximately 5-10%, comparable to the systematic offset.

We now repeat this experiment and include unresolved
binaries with a binary fraction of 50%3. Figure 7 shows the
determined ages for a cluster as a function of cluster mass
with a binary fraction of 50%, as shown by the blue crosses.
This illustrates that the inclusion of unresolved binaries fur-
ther reduces the usefulness of the TO method, causing an
even greater discrepancy (∼ 6Myr), while the RSG method
remains much less affected (note that the red crosses on the
plot show the results for the RSG method from both the
cluster containing only single stars, and the cluster with a
binary fraction of 50%). This is because the RSGs are signif-
icantly more luminous than the companion stars and hence
are unaffected by unresolved binaries. From our analysis we
can conclude that using the lowest Lbol RSG method is the
most reliable. Interestingly, the age discrepancies found by
this experiment are far lower than the discrepancies observed
in the real clusters. This supports our conclusions that the
age discrepancies we observe for the 4 real clusters cannot
be caused by rotation on the MS alone, and are likely caused
by a combination of rotation, unresolved binaries and binary
products (such as mass gainers or mergers).

6 CONCLUSIONS

In this work we present age estimates for 2 Galactic clus-
ters and 2 LMC clusters using 3 different methods. By do-
ing this we have demonstrated a systematic offset between
ages determined using the MS stars in a cluster and using
the evolved RSGs. Our results cannot be explained by ro-
tation on the MS alone, and instead we suggest that the
age discrepancies are caused by a combination of rotation,
unresolved binaries and binary products (e.g. mergers and
mass gainers). We also demonstrate using synthetic clusters
that using the lowest Lbol RSG method will yield the most
reliable age estimation.

3 As the isochrones used to create each cluster rely on single star
tracks it is not possible to account for the evolution of interacting
binary systems (Georgy et al. 2014)

MNRAS 000, 1–9 (2015)
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Age spreads, multiple populations, etc.

❖ MSTO spreads likely due to rotation effects, 
but what about at the low-mass end?
❖ Can be spreads (∆τ), or episodes (τ1, τ2, …)
❖ Can be related to location, separated (different  

groups) or graduated (dynamical effects)
❖ In ONC, Jerabkova et al. see three episodes 

using ground-based photometry with Gaia DR2.
❖ Kos et al. (1811.11762) show formation history of 

Orion complex spans 21 Myr. 
❖ Chen et al. (1905.011429) see 21 separate groups 

based on kinematics  and location over whole 
Orion complex.  Also get ∆τ ~ 21 Myr.

❖ Povich et al. (1906.01730) see ~10 Myr ∆τ for star 
formation in Carina.

T. Jerabkova and G. Beccari et al.: Three stellar populations and wide binaries in the ONC
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Fig. 2. Left panel: CMD for the initial catalog. The red crosses show 3 � � color and magnitudes errors. Right panel: The CMD of the parallax
and proper motion selected ONC members (criteria C1(Eq. 1) and 1� C2(Eq. 3) and C3). The color lines are the best fitting isochrones from the
Pisa stellar evolutionary model of the three populations.

As previously mentioned, the potential biases introduced by
the filtering certainly a↵ect the star counts in the very central
part of the cluster because of the presence of stellar crowding
and multiple systems. In the next section we will use the catalog
of bona fide members to quantitatively investigate the presence
of multiple sequences as reported in B17, and their relation
to multiplicity. We stress here that the youngest (reddest)
populations detected in B17 are also more concentrated toward
the center of the cluster. Therefore the biases introduced by
the C1(Eq. 1), C2(Eq. 3) and C3 criteria will certainly a↵ect
the statistical significance of the detection of the redder (and
possibly younger) sub-populations.

4. Identification of multiple sequences in the CMD

In order to identify the presence of multiple and parallel se-
quences of PMS objects in the ONC, we applied the same ap-
proach as described in B17. First, we calculate the main ridge
line of the bluest and most populated PMS population in the
range of magnitudes 15.5 < r < 17 (left panel of Fig. 3). We
use the mean ridge line as reference in the (r, r� i) CMD and we
then calculate the projected distance in r � i colors of each star

from the reference line (see the central panel of Fig. 3). We show
in the right panel of Fig. 3 the distribution of the perpendicular
distances in color from the main ridge line, �(r � i). The black
histogram shows the distribution of C1+1�C2+C3 selected data
sample. To complement Fig. 3 that is showing projected distri-
bution �(r � i) from the main ridge we show, on the request of
the anonymous referee, a distribution in vertical distances from
the main ridge line �(r), see Fig.4.

Clearly the distribution in color of the ONC members is de-
scribed by at least two peaks with a gap in the middle. This
feature fully confirms the observation in B17. As already noted
by B17, the number of stars belonging to the third population
(i.e., the reddest peak) is quite low. We would like to stress here
once more that the use of the C1(Eq. 1), C2(Eq. 3) and C3 filter-
ing preferentially removes stars located in crowded regions. We
hence expect that our selection criteria mostly lower the number
of stars in the reddest or youngest population that, according to
B17 is the one that is most concentrated toward the ONC center.

We used three Gaussian functions (gray line in the figure)
to fit the color distribution and in particular the three peaks.
We then use these functions to select members belonging to
each population. Given the fact that the second and third sub-
populations are overall populated by a very low number of stars

Article number, page 5 of 17

ONC, Jerabkova et al. 1905.06974
Pisa models for 1.4, 2.1, 4.5 Myr
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ONC at the bottom

❖ Robberto, Gennaro, et al. (in press) used WFC3 on HST 
to look at VLM objects in ONC.

❖ Isochrones (1, 3, 5 Myr) differ little, but can separate 
ONC objects from background.

Substellar objects in the Orion Nebula 11

Figure 7. Color-magnitude diagram for all sources detected
in the F130N and F139M filters. The average photometric
errors as a function of brightness are indicated on the right.
The arrow indicates the reddening vector for AV = 5 assum-
ing the Cardelli et al. (1989) reddening law for RV = 3.1.
The three solid lines, top to bottom, represent the BT-Settl
isochrones at 1 Myr (red), 2 Myr (green), and 3 Myr (blue).
The filled dots on each isochrone correspond to M� = 0.075
(top), M� = 0.015 (middle), and M=0.003, 0.004, and 0.004
M� (bottom), for the 1, 2, and 3 Myr isochrones, respec-
tively. These values represent approximately the hydrogen
and deuterium burning limits, and to the minimum mass for
opacity limited fragmentation.

for the treatment of extinction and noise. The spectra,
however, are derived from best-fits to all the sources
available in the CANDELS fields catalogs (Koekemoer
et al. 2011), using the procedure described in Pacifici
et al. (2016). The 5 CANDELS fields provide a sam-
pling of the expected cosmic variance between randomly
selected fields. We normalize the numbers of observed
galaxies using our survey area and the areas of each
CANDELS field; then we pick individual objects from
the 5 fields at random and use their best fit spectrum
to synthetically determine the photometry in our band-
passes. The results are shown in Figure 8.
Given that the best-fit template spectra used to fit the

CANDELS HST photometry allow for a dependency on
redshift and star formation history, among other quanti-
ties, for some galaxies in the sample there can be strong
emission lines in either one of the F130N and F139M
bandpasses. Galaxies with strong lines in F130N will
appear bluer than m130 �m139 = 0 in the figure; vice-
versa, the reddest objects may instead present emission
lines in F139M. Most of the blue sources are however
generally undetectable at the depths of our observations;
to avoid confusion, in the figure we do not show those
falling below our sensitivity limits. The large major-
ity of surviving, observable extragalactic contaminants
are relatively nearby objects dominated by stellar con-
tinuum emission in our passbands, and therefore they
end up overlapping with the Galactic background stars
in the CMD. Note that their number is far lower than
background stars, in the magnitude ranged probed by
our observations.
Even when considering possible contamination from

extragalactic sources, our catalog of bona-fide ONC
members remains pure and all sources with m130 & 14
mag and (m130 �m139) < 0 mag are likely to be ONC
very-low mass members.

4.4. Comparison with previous spectral classifications

To verify the accuracy of our photometric index, we
have collected the spectral types presented by Da Rio
et al. (2012), complemented by the smaller catalogs
(Slesnick et al. 2004; Riddick et al. 2007) of brown
dwarf candidates, all converted to Te↵ following Luhman
et al. (2003). Discussing their more recent compilation
of spectroscopically determined spectral types, Hillen-
brand et al. (2013) point out that for early-type M stars
some systematic discrepancy may be presented between
their spectral types and those determined by Da Rio
et al. (2012) using narrow-band photometry in the TiO
bands, whereas for mid- to late-M-type stars, the range
probed by our survey, narrow-band photometric meth-
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Lithium as a quantitative youth indicator?

❖ Empirical.
❖ The presence of a strong Li feature is a defining characteristic of T Tauris.

❖ But is it a requirement?  Better membership information (Gaia) should tell.
❖ Is Li useful more quantitatively?

❖ Reasonably well-behaved at 
youngest ages.  Scatter may be 
apparent.

❖ Huge spreads approaching MS.
❖ Depletion very fast at low mass.
❖ Few calibrators from 10-50 Myr, 

but moving groups and 
Gaia-ESO survey are filling in.

❖ There is inherent scatter, but can 
create PDF, so that with 5+ 
associated stars can yield a good 
age..
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Real luminosity spreads: ONC

❖ Contributors:
❖ Accretion history and physics
❖ Variability
❖ Duplicity
❖ Extinction
❖ Uncertainty in true luminosities 

(Hillenbrand)
❖ Finite distance differences
❖ Age?

❖ σ(log L) = 0.3 dex
❖ s(log τ) = 1.5 σ(log L)

Siess isochrones

PM-selected

1310

da Rio et al. 2010, HST Orion
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Other examples

❖ NGC 3603 (Beccari et al. 2010)

❖ LH 95 (LMC; da Rio et al. 2010)
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PMS age spreads and gradients

The look of an authentic age spread: Preibisch, 2012, Res. Astr. Ap., 12, 1:
❖ Took two single-age (2, 5 Myr) populations and  

added reasonable errors:
❖ Variability
❖ Binaries

❖ The resultant apparent age distribution extends 
over 2+ Myr, with an extended tail.

❖ Finite depth can matter for nearer YSOs: Galli 
et al. (1805.09357; Lynds 1495 + VLBI) 
see ~36 pc depth, or ±12%.

❖ Getman et al. (2018, MN) looked at 19 clusters  
younger than ~3 Myr:
❖ 80% showed are gradients (center is youngest) of 0.75 to 1.5 Myr/pc.
❖ Get ages from X-ray and near-IR photometry,

14 T. Preibisch

Fig. 3 Distribution of the isochronal ages found in the simulation of the observational uncertainties
as described in the text. The thick dashed lines mark the true ages, which are 2 Myr for the upper
row and 5 Myr for the lower row. Each distribution is shown twice, first with a linear age axis and
binning (left) and then with a logarithmic age axis and binning (right).

If one would ignore the effects of the observational uncertainties and (wrongly) assume the
derived isochronal ages to represent the true ages, one would erroneously infer from these age his-
tograms the presence of a substantial age spread. In fact, there is no age spread at all, and the spread
of isochronal ages is just the effect of the observational uncertainties.

A particularly interesting feature of the distribution of isochronal ages is the roughly exponential
drop in the number of stars with increasing isochronal age that can be seen in the histogram with
the linear age axis for ages above the median value. Such a shape can easily be misinterpreted as a
signature of an “increasing star formation rate” and lead to erroneous claims that star formation has
been accelerating over time.
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Pre-Main Sequence Stellar Pulsation
• Higher-mass pre-ms evolutionary tracks cross the classical instability strip 

in the δ-Scuti region (kappa mechanism)
• Lower-mass stars very early in pre-ms evolution may cross a deuterium-

burning instability strip (epsilon mechanism)
• Pulsations predicted on a dynamical timescale -- few hours

Marconi & Palla 1998, ApJ,  507, L141 Palla & Baraffe 2005, A&A, 432, L57; Cody PhD 2012
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Zwintz et al. 2013,  A&A, 552, A68

COROT and MOST 
monitoring in NGC 2264

Age from HR diagram: 
6-10 Myr

Age from seismology:
10-11 Myr

Seismology potentially 
more precise

Best fitting 
pulsation models
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Double-lined eclipsing binaries

❖ David et al. (1901.05532) analyzed  
nine EBs in Upper Sco,  
3 new, all from K2.

❖ Use EBs to get empirical  
mass-radius relation.

❖ Derive age of 5 - 7 Myr.
❖ M and R nearly fundamental, 

but isochrones model-dependent.

!19

26 David et al.

Figure 18. Chi-squared statistic for mass-radius isochrones from various model sets. The solid, dashed, dotted, and dash-
dotted lines represent Cases 1 (all EBs), 2 (M∗ <1.5 M⊙), 3 (M∗ <1 M⊙), and 4 (0.3 M⊙< M∗ <1.5 M⊙), respectively. For
reference, a fiducial shaded band from 5–7 Myr is shown in each panel.

masses and dynamical masses are summarized in Ta-
ble 22.
In Figure 21, we demonstrate the relationship between

the ages of individual EB components determined from
the mass-radius (MRD) and H-R diagrams (HRD). A
number of interesting features are apparent from these
figures. First, there is no obvious systematic trend in
the relationship between the two independent age esti-
mates. The uncertainties in the HRD ages are signifi-
cantly larger, due to the large uncertainties in Teff that
afflict young stars, while the uncertainties in the MRD
ages might be underestimated due to a systematic un-
derestimation of the masses and radii by standard EB

codes. Another interesting feature of this diagram is the
clustering of points with MRD ages < 2.5 Myr but HRD
ages of ∼7.5 Myr. These points are all due to HD 144548
A, which is apparent from Tables 20 and 21. This star,
which has a radius that is significantly larger (or alterna-
tively, a mass much smaller) than model predictions for
any plausible age of Upper Sco, reliably has an HRD age
of 7.5 Myr for multiple model sets. Another outlier in
this figure appears to have an MRD age of ∼15 Myr but
an HRD age of ∼7 Myr from the standard Dartmouth
models. This star is HR 5934 B, which is on the ZAMS
where isochrones are tightly packed. Since this system
is composed of rapidly rotating B-stars, RV precision is



Eclipsing binaries
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Young stellar kinematic groups

❖ Solar neighborhood has many shreds of former clusters and/or sparse 
star-forming regions.

❖ Studying these important for overall understanding of Galactic star formation.
❖ Gaia data now critical for detailed studies of SKG dynamics.
❖ Many new groups being identified.
❖ These are much closer than the well-known SFRs; could be critical for studying the 

lowest-mass objects.

!21



That’s all folks for 20– minutes…

❖ Other interesting topics:
❖ Broad views of YSOs across 

wavelength and time:
❖ ULYSSES and UV spectra
❖ Radio, X-ray, …
❖ Historical spectra (Lick)

❖ A near-IR Gaia?
❖ Detect nearby, VLM objects
❖ Great for star-forming regions

❖ An extended Gaia?
❖ Better PMs for YSOs: kinematics 

and dynamics

❖ Special thanks to:  
Mark Krumholz, Eric Mamajek, 
and Lynne Hillenbrand. 
(And Massimo, Elena, Marco, …)
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