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Talking Points

The field is a good place to measure the IMF

Small samples are no longer the norm for low-mass stars

M dwarfs are important tracers of Galactic structure and 
kinematics



The field is a good place to measure the IMF of M dwarfs. 
Clusters vs. The Field



The field is a good place to measure the IMF of M dwarfs. 
Clusters vs. The Field



The field is a good place to measure the IMF of M dwarfs. 
Clusters vs. The Field



Sloan Digital Sky Survey
Latest Data Release (DR7) 

357 million photometric objects

Over 30 million M dwarfs (Bochanski et al. 2010)

1.6 million spectra

70,000 M dwarfs (West et al. 2010)

SLoWPoKES - 1,300 binaries (Dhital et al. 2010)
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SDSS Sky Coverage - Galactic Coordinates

NGC

Stripe 82



1 x 1 degree - 1 mag fainter per frame



Previous Low-Mass Field LFs and MFs
Local Stars - Wide sky coverage of 

nearby stars 
(e.g. “8 pc sample” - Reid & Gizis 1997, 

PMSU - Reid, Gizis & Hawley 2002)

Pencil Beams- Deep 
photometry of small solid 

angles 
(e.g. Martini & Osmer 1998, 

Zheng et al. 2001)

LF = dN/dL
(I)MF = dN/dM ∝ M-α



Previous Low-Mass Field LFs and MFs



SDSS offers a fundamentally 
different dataset



Luminosity Function Issues

Contamination - Only count low-mass stars 
 Covey et al. 2008 found < 2-3%

Accurate distances are necessary - 
New Color-Magnitude Relations (Bochanski et al. 2010)

Galactic structure needs to be taken into account - 
Measured simultaneously (also see Juric et al. 2008)
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Thin Disk
 H ~ 300 pc

Thin/Thick 
f ~ 95% 
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Stay Tuned!!

Current & Future Surveys

PanSTARRS (Kaiser et al. 2004)

UKIDSS (Lawrence et al. 2007)

VISTA (Emerson et al. 2004)

Skymapper (Keller et al. 2007)

GAIA (Perryman et al. 2003)

JANUS (Burrows et al. 2010)

LSST (Ivezic et al. 2008)



Conclusions

The field is a good place to measure the IMF

Small samples are no longer the norm for low-mass stars

It is important to place large samples of M dwarfs in a 
Galactic context



Bochanski et al., submitted
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Velocity Dispersions

Measured by many groups 
using SDSS data

Constrains local mass density 
and Galactic potential

Influenced by Galactic heating 
mechanisms

4154 FUCHS ET AL. Vol. 137

Figure 6. Top left panel: the first moments 〈U〉, 〈V 〉, and 〈W 〉 as a function of height Z above the Galactic midplane (solid dots), as determined in this work. Solar
neighborhood data (triangles) and the results of Dehnen & Binney (1998) (squares) and Veltz et al. (2008) (pentagons) are indicated at Z = 0. Bottom left panel: the
velocity dispersions σRR , σφφ , and σZZ as a function of height Z above the Galactic midplane (solid dots) as determined in this work. The solar neighborhood data
(triangles) and results of Dehnen & Binney (1998) (squares) are indicated at Z = 0. Top right panel: differences of the mean velocities 〈U〉, 〈V 〉, and 〈W 〉 (color coded
as in the left panel) determined with the faint normalization of the absolute magnitudes minus the mean velocities determined with the bright normalization (Jurić
et al. 2008). Bottom right panel: same as the upper panel, but for the velocity dispersions σRR , σφφ , and σZZ . The right panels indicate that the systematic errors of
our results are on the order of 2–3 km s−1.
(A color version of this figure is available in the online journal.)

assumed velocity offsets and velocity dispersions to accuracies
of 0.2 km s−1, respectively.

3.2. Results

The deprojection procedure provides us with an observational
estimate of the stellar velocity dispersion ellipsoid as a function
of height above the Galactic midplane. Results are given in
Table 1 and illustrated in Figure 6. The error calculus for all
entries in the table is described in Appendix B. As can be seen
in Figure 6, there is a mild scatter of the data points which we
ascribe to individual distance errors.

In order to demonstrate the systematic effect of the adopted
distance scale, we also show in Figure 6 kinematical results
based on the faint normalization of the main sequence by Jurić
et al. (2008). As discussed in Section 2, this distance scale is
appropriate for metal-poor thick-disk stars. Since our sample
is presumed to be significantly contaminated by thick-disk
stars only in the most distant counting volumes, the alternative
distance scale should be actually used only in these counting
volumes. As can be seen from the panels on the right-hand side
of Figure 6, switching the distance scale leads to differences
of the mean motions and velocity dispersions of 1–2 km s−1,
with the exception of σRR , which deviates by up to 3 km s−1.
These changes are unexpectedly small, but can be understood
from closer inspection of Figure 1. The lowest distance bin
is populated by comparatively red stars with typical colors
1.1 ! (r − i)0 ! <1.5. As can be seen from Figure 1, the
difference Mr (faint)−Mr (bright) ranges in this color range from
0.2 to −0.2, mag so that in the statistical average no change
of the kinematic results is expected. In the most distant bin,
0.5 < (r−i)0 < 1, the difference Mr (faint)−Mr (bright) is about

0.2 mag, which corresponds to a distance scale contraction of
9%. However, as a result of the reduced distance estimates, stars
will wander into the Z-slice from above, and some stars will drop
through the bottom of the counting volume. As can be seen from
Figure 4, the incoming stars (from above) will be systematically
bluer than the stars which they replace (from below). The former
will also be systematically brighter, which compensates to a
considerable degree the switch from the bright to the faint
calibration of the absolute magnitudes. Thus, the systematic
errors of the kinematical data introduced by systematic errors in
the distance scale are only of order ∼1–2 km s−1.

As an independent consistency check on our results, we have
retrieved from the SpecPhoto database of SDSS DR-7 the radial
velocities of all stars at galactic latitudes b " 70◦ in the color
window 1.0 # g − r # 1.5 and 0.3 # r − i # 1.6. Since these
stars lie close to the Galactic pole, their radial velocities reflect
their W velocity components. The resulting mean velocities and
velocity dispersions are summarized as a function of height
above the Galactic midplane in Table 2. As can be seen from
a comparison with Table 1, the vertical velocity dispersions
determined in this way are in excellent agreement with those
estimated from proper motions alone.

The second row in Table 1 lists, for comparison, kinematical
data for late-type stars5 reproduced from the CNS4 (H. Jahreiß
2009, in preparation), which contains data for stars within a
distance of 25 pc from the Sun. With the exception of the mean
radial velocity 〈U 〉, the other first and second moments of the
velocity distribution determined in the Z = 0–100 pc sample of
SDSS stars are remarkably consistent with the relatively tiny
sample of nearby stars. The third row in Table 1 gives the

5 Groups 2–5 as defined in Jahreiß & Wielen (1997).

Fuchs et al. 2009



Velocity Dispersions

Pineda et al. poster.   Also see Bochanski et al. 2007
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Fig. 7.— One dimensional plots of dispersions as a function of absolute distance from the plane.
Analysis in VR (left), VZ (center), VΦ (right). Diamond symbol corresponds to the dispersion, σ1
of the kinematically colder component (thin disk). Square symbol corresponds to the dispersion,
σ2 of the kinematically hotter component (thick disk). Data points are plotted at center of 100 pc
bins.

Thick Disk

Thin Disk

σ R
  (k

m/
s)

σ Z
  (k

m/
s)

σ ϕ
  (k

m/
s)

Z (pc) Z (pc)Z (pc)



Thick Disk 

Can measure local 
fraction of thin disk 
stars and scale 
height
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Fig. 12.— Fit to the distribution f (Z ) with model, equation 5. f -values as a function of absolute
distance from the mid-plane. The solid line (red) fits with parameters N0 = .068 ± .009 and
Z0,C = 647 ± 128 pc. Pineda et al., in prep



Age

Difficult to 
measure 
(MS lifetimes >> Hubble time)

Statistical 
calibrations using 
chromospheric 
activity and 
kinematics 

0 100 200 300 400 500
Absolute Vertical Distance (pc)

0

2

4

6

8

M
ed

ia
n 

Ag
e 

(G
yr

)

(a)

0 100 200 300 400 500
Absolute Vertical Distance (pc)

0

2

4

6

8

M
ed

ia
n 

Ag
e 

(G
yr

)

(b)

West et al. 2008



Metallicity
NIR and optical 
metallicity indicators 
exist (Lepine et al. 2007, 
Johnson & Apps 2009, 
Rojas-Ayala et al. 2010)

Has been studied for 
massive stars 
(Bond et al. 2009)

More work needed 
before precise 
metallicities are 
available for all M 
dwarfs
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Recap
Project Low-Mass Stars Milky Way

Field LF/MF log-normal with Mo = 0.18 Msol thin disk scale height = 300 pc
f = 0.96 

Kinematics UVW motions, 
calibrated age-activity relation

Kinematic scale heights
Measured Solar motion

f = 0.95

Metallicity Fundamental stellar 
parameter

Milky Way chemical evolution, 
Metallicity - velocity correlations

Age Fundamental stellar 
parameter

Dynamic evolution,
star formation history


