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Abstract.  The inversion of the white dwarf luminosity function provides an inde-
pendent way to prove the past star formation history of the Milky Way independent of
any cosmological models. In Rowell & Hambly (2011), the effective volume method
uses the average properties of all the objects in a given bin, so a significant amount of
information is lost in the early stage of the analysis, in this work, I explore the pos-
sibility of assigning objects individually in a probabilistic way using the generalised
Schmidt density estimator (1/Vpax).

1. Motivation

The white dwarf luminosity function of the solar neighbourhood has been studied for
decades. However, due to the lack of chemical signature from the progenitor, these
degenerate objects from all three components of the Milky Way in the solar neighbour-
hood have been studied all together. Works have been assuming thin disc properties
because they completely dominate the sample; or separating the thin and thick disc
sample from the halo objects by applying large tangential velocity limits. In this work,
I will demonstrate the potential of separating the three components probabilistically to
study the individual luminosity functions. The untangling of the three populations is
essential to the detailed study of star formation history through the inversion of each
luminosity function (Rowell 2013).

2. Population Synthesis

Monte Carlo simulations are used to produce snapshots of the WD-only solar neigh-
bourhoods which carry six-dimensional phase-space information of the thin disk (8 Gyr
old with constant star formation), thick disk (10 Gyr old with constant star formation)
and stellar halo (12.5 Gyr old with 1 Gyr of constant star formation in the beginning).
For details of the model, please refer to Section 2 of Lam, Rowell & Hambly (2015).
There is only one change applied to the model: the thick disc scaleheight is set at
1000 pc (Sandage & Fouts 1987) instead of 750 pc.

3. White Dwarf Luminosity Function

The generalised Schmidt Estimator (1/V,x) is used to construct the white dwarf lumi-
nosity function. With this method, the contribution of each object into the luminosity
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function is weighted by the inverse of the maximum volume in which the object could
be observed by the survey. However, the original treatment assumes objects are uni-
formly distributed. In reality, stars in the solar neighbourhood are concentrated in the
plane of the disk so the effects of space-density gradient have to be corrected. This led
to the development of the generalised volume Vg, (Stobie, Ishida & Peacock 1989;
Tinney, Reid & Mould 1993) which is calculated by integrating the appropriate stellar
density profile p/pe along the line of sight, and further corrected for kinematics limits
by Lam, Rowell & Hambly (2015),

Dmax h(r)
Vgen = Qf r* X p(_r) X [f P(Vtan)dvtan] dr (1)
a

Dmin Po (r)

where Q is the size of the solid angle of the survey, the limits of the integral are D,;, and
Dpax Which are the distances limits set by the bright and faint photometric limits, the
inner integral is to correct for incompleteness due to kinematic selection by integrating
over the allowed range of tangential velocities restricted by the distance limits. The
number density at a given magnitude is given by

1
(mag) = 2
¢ g Zl: Vgen,i
and the associated variance is
1 \2
o4(mag) = ( ) . 3)
¢ g Zl: Vgen,i

4. Membership Likelihood

The little information WDs reveal from their atmospheres makes the task of separat-
ing them into different populations extremely difficult. The most notable differences
between the three populations are the kinematic structures. Given that most objects do
not have radial velocity measurements (and for the cool WDs, their spectra are smooth),
one can only rely on the projected velocities. Thus, the tangential velocity is used to
associate objects to the host population. In a simple but sufficient picture of the so-
lar neighbourhood, the tangential velocity can be approximated by marginalising the
Schwarzschild distribution onto the plane of observation (Rowell & Hambly 2011).
This distribution is a function of position so it has to be calculated for each small part
of the sky. By taking into account the observability of the survey, the effective tan-
gential velocity distribution function, P’(vy), can be constructed for each of the three
populations for different parts of the sky. The probability of each object being drawn
with each population is thus given by

1 00
Ppop = ——=
A /27r0'3tan 0

where np,p is the number density of the population, the distribution of the uncertainty in
the tangential velocity is assumed to be Gaussian. The final probabilities of each object
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are
Phin = Pthin/(Pthin + Phick + Phalo)s (5
Pick = Phick/(Pthin + Phick + Phalo) and (6)
Phato = Phato/(Pthin + Pthick + Phalo)- (N

Since the number densities of the components are not known, they have to be set as
free parameters together with the shape of the WDLF (i.e. number density as a function
of magnitude). The input density, 7r,0p,; of the component densities adopt 90%, 10%
and 2% that of the thin disk assuming all objects belong to the thin disk, and in each
iteration, npp,; is updated. They do not sum to 100% because these are only crude
estimate. Furthermore, when the three components are untangled, it is expected that
the total normalisation will go down because the scaleheight correction of the thin disc
will over estimate the densities when thick disc and halo objects are corrected with the
thin disc geometry. The measured number density is modified to

P
pop
Ppopm = ®)
pop,m Z Vgen,i
and the associated variance is
P 2
2 pop
o = — . 9
bon = 2 (Vgen,i) ®

The y? expression to be minimised is
2 ¢thin m ¢thini 2 ¢thick m ¢thick i 2 ¢halo m ¢halo i 2
x =|l—) +|—— +|——] . (10)

0-¢lhin,m 0-¢lhick,m 0-¢halo,m

5. Preliminary Results

The thin and thick disc luminosity functions are at roughly the correct normalisa-
tion (see Figure 1). However, the halo density is overestimated by an order of mag-
nitude. This could be due to the strong contrast in densities between the thin disc and
halo, causing significant contaminations to each other: thin disk objects have too high
probabilities to be halo objects so the halo luminosity function is much enhanced, while
the probability of the relatively slow halo objects being drawn from the thin disc is too
high, and the density correction for thin disc further amplifies the contamination.

6. Future Work

Simulations with different number density and star formation histories should be tested
for the stability of this method. More parameters may be introduced to help separate the
halo objects from the other two components. The uncertainties in the number density
as a function of magnitude have to be calculated explicitly. If this method can success-
fully untangle the components, the technique should be transferred to the maximum
likelihood density estimators such that the analysis can be done in a seamless process.
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Figure 1.  The input theoretical luminosity functions are in black. Individual lu-
minosity functions if all objects are perfectly classified are in grey, and the recovered
functions are indicated by the lines overplotted with scattered points (top - thin disc,
middle - thick disc, bottom - halo).
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