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ABSTRACT

Aims. In this article we describe the search for white dwarfs (WiDshe multi-band photometric data of the Capodimonte desdg fi

survey.

Methods. The WD candidates were selected throughuthd?: vs B-V color-color diagram. For two bright objects, the WD natuas h
been confirmed spectroscopically, and the atmospherionedeas (T and logg) have been determined. We have computed synthetic
stellar population models for the observed field and the eegpoenumber of white dwarfs agrees with the observations.pissible
contamination by turn{dand horizontal branch halo stars has been estimated. Tsag{@SO) contamination has been determined
by comparing the number of WD candidates iff@lient color bins with state-of-the-art models and previghservations.

Results. The WD space density is measured dfatent distances from the Sun. The total contamination (legenerate stars
QSO0s) in our sample is estimated to be around 30%. This wanldldtbe considered a small experiment in view of more amitio
projects to be performed in the coming years in larger sucegyexts.

Key words. surveys — galaxy: stellar content — stars: white dwarfs rsstéamospheres

1. Introduction ticular for the coolest objects. Deeper samples exist, Xanme
o . ple the WD candidates identified in the Canada-France-Hawai
The intrinsic faintness of white dwarfs (WDs) means thayt,hel'elescope Legacy Survey (CFHTLS, Limboz et al. 2007), even
are only seen at small distances from the Sun and that tieir $koygh they are generally limited to small areas (3.6 sqdere
tistical properties are still not well known. A complete s#&n grees for the CFHTLS WDs). Moreover, color selection alone
of white dwarfs only exists in a small volume Wlth. a radius oi not enough to identify cool white dwarfs. For white dwarfs
13 pc. Based on this sample of 43 stars, and adding anothercg8|er than about 8,000 K, astrometry is essential when-spec
objects with known distances all within 20 pc from the SuRyoscopic data are not available and the reduced propepmoti
Holberg et al. (32002) obtained a WD local space density gfagram (Luyten 1918) is the best way to separate these ob-
(4.8+0.5)x 10°° pc. jects from metal-weak, high-velocity, main-sequence Patmn
Statistical studies of white dwarfs have been increasitigen || subdwarfs (Kilic et al. 2006).
pastyears, thanks to the results of recenf@anzhgoing surveys,
in particular the Sloan Digital Sky Survey (SDSS, Eisemséti Of particular interest are the so-called ultra-cool white
al.[2006), which has roughly doubled the number of specti@sc dwarfs (Te;<4,000 K), very old objects that contain precious
ically confirmed white dwarfs, with about 6,000 new disceveinformation on the primordial epoch of our galaxy. These ob-
ies, allowing detailed studies of the mass distributiongllée jects fall near the deep minimum of the WD luminosity func-
et al. 2007) and the mass and luminosity function (De Gennaten, at L/L, ~ —4.5, caused by the finite age of the galactic
et al. 2008 and references therein). However, the com@etendisk. Measuring the position of this minimum, we can measure
limit of the SDSS photometric data, aroundi®.5 (De Gennaro the age of the galactic disk itself (D’Antona & Mazzitelli 18,
et al. 2008), is not deep enough to study the WD distribution pjarris et al. 2006 and references therein). Presently, iheber
these stars across the galactic disk, and their scale heigiar-  of known ultra-cool WDs is about 20 (Harris et al. 2008) and
most of them were discovered in the Sloan Digital Sky Survey.

Send gprint requests toR. Silvotti o .
* Based on observations obtained at the following ESO instry- FOr the future, one of the most ambitious projects that study

mentgtelescopes: WFI@2.2m, EFOSC2@3.6m and EMMI@NTT uthe WD populations is the ESA Gaia astrometric space mission
der proposals 63.0-0464(A), 64.0-0304(A), 65.0-0298(88.D- Wwhich will be able to discover about 400,000 white dwarfshwit
0579(A), 69.D-0653(A). a detection rate close to 100% up to 100 pc (Jordan 2007).
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In this article we describe the search for white dwarfs in

the multi-color photometric data of the Capodimonte dedd f

ie

survey. In sect. 2 we present the selection criteria of oor-sa

ple, based on morphological classification of point sousres

colors. In sect. 3 we describe the spectroscopic resulthree t

bright targets. In sect. 4 synthetic stellar population elsdre

computed and the expected number of white dwarfs is compared
with our sample. Contamination from turrffaand horizontal +
branch halo stars is estimated and discussed. QSO contamifa

tion is considered in sect. 5, where our results are disduemse
compared with previous findings.

2. Photometry: selecting WD candidates
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The “Osservatorio Astronomico di Capodimonte” Deep Field

(OACDF, Alcala et al. 2004) is a multi-ban8,V, Rc plus shal- 3 3
low Ic) photometric survey covering 0.5 square degrees at high [
galactic latitude (RAgge=12:25, DEGooo~—12:49 orl ~293.0, 2 b 12

b ~49.56 in galactic coordinates), performed using the Wide  © oscop2 g, band " OACDF4 R, band
Field Imager (WFI) attached to the ESO 2.2 m telescopeatla .1 .. . 0 1 T v v v i1,
Silla observatory. The & limiting magnitudes are: g=25.3, s 20 2 = 20 2
Vap=24.8 and Rg=25.1. Typical errors (including source ex- magnitude

traction, zero-points and extinction terms) at magnitudé23) rig 1. Selection of point sources objects from the OACDF cat-
are 0.06 (0.10) mag in the band and 0.05 (0.08) magWhand  510gs. The polygons represent the regions where the pkent-|
Re. objects are concentrated (see the text for more details).

2.1. Extra-galactic extended contaminants

From the original catalogs of the OACDF survey, we optimized
the selection criteria to isolate point source objects frexn

tended ones, using thitux radius parameter from SExtractor o .
(Bertin & Arnouts 1996)Flux radiusis the aperture radius in __ Considering only the hottest objecB<V < 0.25), there are
iorl WD candidates whose location is compatible with H or He

white dwarfs having anfeective temperature higher than about

of the light (50% in our case) is collected. - . .
Fig. 1 represents théux radiusversus magnitude, where8.’400 or 8,100 K respectively. Anothet 9 objects falling on the

the stellar branch can be easily identified. The six pandés re”ght side of th_e WD cooling t_rackg COUI.d be white QW@rfs with
to the BVR: bands in two adjacent WF! fields (OACDF2 and® red companion. However, in this region contamination from
OACDF4). We can see that the contamination from extend@Hasi-stellar objects (QSOs) is very stronggat V 2 0 (see
objects starts typically near magnitude 21-22, dependinthe Fig.2), and therefore most of these objects must be QSOs. For
photometric band considered, and becomes quite stronggat nifiee of them, having very blue color8 ¢ V < ~0.1), we can
nitude~23 (or~24 in theB band). The selected objects (blaci€XClude a QSO nature: these objects can be either white slwarf
points) are those falling inside the boxes indicated in Eigihis ©F not subdwars with a cool companion. We know that a signifi-
criterion must be valid for the threBVR: photometric bands ant fraction of hot subdwarfs- 0% or even more for subdwarf
simultaneously. In this way we can exclude most of the extrE—Stars' Morales Rueda et al. 2006) reside in binaries; hewev

galactic extended sources and saturated stars that lie iefh "0t subdwarfs are much more rare than white dwarfs (see Fig.2
upper part of each box. and caption). Therefore these 3 objects are included ingiwofl

WD candidates. Extending our color limit B- V = 0.35 (cor-
responding to =~ 7,150 K for both H and He WDs), the total
number of WD candidates increases by a factor®fbut the
selection becomes morefiiicult because in this region the WD
Booling tracks are very close (almost inside) the QSO clump.

—V> inati i
pared with the theoretical WD tracks from Holberg & Bergeroﬁ‘t ?Jen\c/ewé)b'zsétsa|2ﬂthec)ﬁgg;?grlgg:'?cnh f;?g:sgjgaﬁzrs/egfm
(2006) and with the location of the SDSS quasars (Data Releisql Nce obj h dered did 'h tsb'g
5, Schneider et al. 2007), white dwarfs and hot subdwarf&;;(De?ra criterion we have considered as WD candidates the tsbjec

Release 4, Eisenstein et al. 2006). The Sloan colors of tIﬁSSIﬂthse error bars intersect the. WD coplmg tracks,_ excluthieg
regions where the QSO density dominates. In this way we add

objects were converted to the Johnson-Cousin system using ; S
color transformations of Jester et al. (2005). The smadrdis- é rﬂgirgaggvgﬁ%dld\a}tisé grSIngmg to 32 the total number of WD
&8 .35.

ancy between WD tracks and hot SDSS white dwarfs (the lat
being~0.05 redder itV —Rc) is due to the fact that Jester's equa- At B—V 2 0.35- 040, stellar contamination becomes impor-
tions are not optimized for very blue objects. We have vaetifigant, in particular from halo objects (see section 4). Ineortd
thatin a ¢—r,r—i) plane, the agreement between WD tracks arizk identified, cool white dwarfs require astrometric datz e

hot SDSS white dwarfs is much better (Bergeron’s evolutipnause of the reduced proper motion diagram. These objectoare n
tracks are available also in Sloan colors). considered in this article.

2.2. WD candidates from the color-color diagram

To select the white dwarf candidates, in Higj. 2 the positibn
the point-like sources in theV(- Rc, B — V) plane is com-
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jects with the unigue presence of Balmer lines have been con-
firmed to be DA white dwarfs. Their flux calibrated spectra are
shown in Fig[B. The third object (which has the up-right posi
tion in Fig. 2) has colors compatible both with a 8,500 K WD
and a A8 main sequence star (e.g. Kenyon & Hartmann 1995).
However, its B8 and Hy lines are narrower than typical WDs
and therefore this star was identified as a A8 star. Its speads
shown in Catalan et al. (2007).
The dfective temperature ¢f) and surface gravity (log) of
the two confirmed WDs have been obtained following the pre-
scriptions described in Catalan et al. 2007. The methodist:
mainly in normalizing the spectra to the continuum and fiftin
the theoretical models of DA white dwarfs by D. Koester (ptée/
communication) to the observed Balmer lines using the pack-
age SPECFIT under IRAf: This package is based gf mini-
mization using the method of Levenberg-Marquardt (Preas et
1992). The white dwarf models had been previously normdlize
to the continuum and convolved with a Gaussian instrumental
profile with the proper FWHM in order to have the same resolu-
_ tion as the observed spectra. In Fiy. 4 the fits of the whiterflwa
oz o oz oa models (sharp lines) to the observed Balmer lines of the twe ¢
V-R, firmed white dwarfs are shown. In the case of OACDF122406.4-
124855 the spectral range is frong itb He, while in the case of
Fig.2. Color-color plane of the OACDF point sourceOACDF122429.3-131413 the spectral coverage is narrower, i
objects (blue dots) compared with Bergeron’s theorejuding H3 and Hy only.
cal WD tracks with loggy = 7.0,7.5,80,85,9.0,95 (H Once we have definedf and logg for each star, we deter-
WDs) or logg = 7.0,758.0,8590 (He WDs) from mineits mass (M) and its cooling time {4, time elapsed since
http;/Avww.astro.umontreal.cebergerofiCoolingModel (see the planetary nebula formation) using the cooling sequente
Holberg & Bergeron 2006 and references therein for mo@alaris et al. (2000). Moreover, comparing the apparent §-ma
details). The objects with error bars represent the WD eanditude with the absolute magnitude expected from Bergsron’
dates withB — V < 0.35. The three circled points represeniodels, we obtain an estimate of the distance. Our resudts ar
the WD candidates for which spectroscopy was performed (ssfewn in Table 2.
Section 3). Since galactic reddening is rather small (attmos The large errors associated with the hotter white dwarf are
E(B-V) = 0.05 and EV — Rc) = 0.03 mag for the hotter due to the low resolution of the spectrum, implying poor Batm
objects, more distant from us and outside the disk), extinct lines fitting. The formal error of 1,300 K ingf is probably
is not considered in this plot. The green, red and black poininderestimated and tH&— V index would suggest a lower ef-
represent, respectively, all the SDSS quasars, white dveaxd fective temperature near 23,000-24,000 K (consideringglesi
hot subdwarfs (see the text for more details). Note that theD). Even though the location of this objectin Fig. 2 is cotapa
black symbols of the hot subdwarfs are slightly larger inesrdible with a DB white dwarf, its spectrum does not show any He
to enhance these rare objects. On the top of the QSO clolide, confirming its DA nature. Th¥ — Rc excess is likely due
near the upper right corner, the clump of OACDF red dwarfs ie a cooler companion, as confirmed by the high valué eflc
visible. (see Table 1).

0.4 —

0.2 —

3. Spectroscopy of three bright WD candidates 4. Comparing the WD candidates with synthetic

Among the WD candidates, three bright stars, marked with-a ci  Stellar populations
cle in Fig. 2, were selected to perform spectroscopic follgw

The spectroscopic observations were carried out at La &iHla Taking advantage of the stellar evolution theanyd galactic

> structure, synthetic color-magnitude diagrams (CMDs) lban
servatory using EMMI at the NTT and EFOSC2 at the 3.6 IQ}‘ery useful to disentangle the stellar counts. Examplesisf t

telescope, both with the MOS (Multi-object spectroscopy)-¢ ind of analysis can be found in Bahcall & Soneira (1984),

. X ; [
figuration. In the case of EMMI, the grism number 5 was useé‘astellani et al[(2002), Robin et al. (2003), Girardi e{2005).

with a spectral coverage from 4000 to 6600 A, and a resolutiQlre we use the galactic model described in Cignoni et al.

of 5 A FWHM (implying a resolving power R1100 at central (2008).

A). In the case of the EFOSC2 instrument, the grism number 1 gasijcally, field stars are not randomly distributed along th

was used, covering the spectral range from 3200 to 9000 A withe of sight, but they are clumped according to the majoagal

aresolution of 40 A FWHM (R150 at central). tic components (thin disk, thick disk, halo). Star count misd
The data were reduced using the standard procedures witlsiploit this point: although the distances are unknown,esast

the ESO-MIDAS] reduction package. First the images were cosumptions can be made on the underlying spatial distribstio

rected for bias and flat field; then the spectra were extramtdd The following step is to convolve the spatial distributiofttw

wavelength calibrated using arc lamp observations; fintilgy the underlying stellar populations. Once the number oftsstit

were flux-calibrated. From an inspection of the spectra,divo

2 Image Reduction and Analysis Facility, written and supgariby
1 ESO Munich Image Data Analysis Systemthe National Optical Astronomy Observatories (NOAO) in 3o,
(http;Awww.eso.orgcydata-processirygoftwargesomidas. Arizona [httpy/iraf.noao.edy).


http://www.astro.umontreal.ca~bergeron/CoolingModels/
http://www.eso.org/sci/data-processing/software/esomidas/
http://iraf.noao.edu/
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Table 1.Photometric and stellar parameters of the spectroschpaatfirmed white dwarfs

Name \ B-V V- RC V- IC Terf (K) IOQ g (cgs) M. (M@) teool (Gyf) d (pc)>k

OACDF122406.4-124855 19.40.03 —0.1@0.05 -0.020.04 0.6%0.06 32,40@1,300 8.4@0.90 0.880.34 <0.13 62@:51
OACDF122429.3-131413 19.80.04 0.24:0.07 0.040.06 0.030.07 10,70&@300 7.920.05 0.56:0.02 0.44:0.04 35Q@-20

* Taking into account galactic extinction the distances adeiced by 20-25 pc.
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Fig. 3. Flux calibrated spectra of the two confirmed whit&ig.4.Model fits (sharp lines) to the individual Balmer line pro-

dwarfs. files of the two DA WDs detected in this survey. Lines range
from HB (bottom) to H (top) in the case of OACDF122406.4-
124855 and from M (bottom) to Hy (top) in the case of

stars for each galactic population at each distance frorStime OACDF122429.3-131413¢f and logg from the best fit are in-

is computed, masses and ages are extracted populatingispegicated.

initial mass functions (IMFs) and star formation rates (SER

Next, absolute magnitudes and colors are obtained by BHerpy oxpected white dwarfs and distinguish thin disk white daa
lating stellar tracks, whose metallicity is fixed by the ased  {rom thick disk and halo WDs.

age-metallicity relation. Finally, reddening and photariceer- In our model the Galaxy is described by the following ingre-
rors are applied to the synthetic photometry. dients:
When a synthetic CMD is ready for a specific observed field

(and scattered as a result of the photometric errors),titagght- — Spatial distributions:The simulated Galaxy includes three
forward to determine CMD regions where the white dwarfs are main structures, namely the thin disk, the thick disk and the
distinguishable from normal stars. In practice, depending halo. The thin disk and the thick disk density laws are mod-
galactic latitude and WD colors, a galactic model is usedtn e eled by a double exponential (Reid & Majewski 1993): the
mate the probability of contamination by: 1) halo turfi-stars; main parameters governing these profiles are the scalénlengt
2) halo blue Horizontal Branch (HB) stars; 3) massive thikdi (fixed at 3500 pc for both populations) and the scale height (1
stars in main sequence (which outnumber the WDs and have kpc for the thick disk, 250-300 pc for the thin disk). The halo
similar colors). Moreover it is possible to estimate the bem follows a power law decay with exponent 3 (see Cignoni et
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Table 2. Ingredients for the galactic model. The IMFs are from
Kroupa et all_ 2001.

4 SFR(constant)  spatial parameters (H,L)

DISK 0.02 0.1-6 Gyr 250 pc, [=3500
THICKDISK __0.006 510 Gyr FFL Kpc, [=3500
HALO 0.0008  11-13 Gyr p xRS

al.[2007) and an axis ratio of 0.8 (Gould et[al. 1998). A lo-
cal spatial density of 0.11 stars BqReid, Gizis & Hawley
2002) is adopted for the thin disk, whereas thick disk and
halo normalizations are respectivel{2Q (Robin et al. 1996)
and 1850 relative to the thin disk (Minezaki et al. 1998,
Morrison et all 1993);

— Stellar tracks:For masses above@®M,, our code makes use
of the Pisa stellar tracks (Cariulo etlal. 2004), while, foe t
low mass range, colors are empirically fit to the faint end
of nearby stars (thin disk) and the faint end of the cluster
47-Tucanae (thick disk). For the halo, the low mass range
is treated using the theoretical calculations by Barat al.
(1997). To predict the CMD location of WDs we adopt the
following ingredients: 1) a WD mass - progenitor mass re-
lation (Weidemann et al. 2000); 2) WD cooling sequences
(Salaris et all_2000); 3) suitable model atmospheres (for
Tefs < 4000K the color relations are from Saumon &
Jacobson 1999, whereas for higher temperatures the calcu-
lations are from Bergeron, Wesemael & Beauchamp [1995).
The WD cooling age is given by theftBrence between the
age of the star and the age of the WD progenitor at the end
of the AGB. A further point of evolutionary significance con-
cerns the CMD position of the synthetic HB stars: due to the
unknown mechanism of mass loss during the red giant phase,
halo stars which are predicted along the horizontal branch
have been treated by assuming a Gaussian mass distribution
centered on a mean massMyg >, together with a mass
dispersionoy (see e.g. Castellani et al. 2005). Masses and
ages are then interpolated using HB stellar tracks.

— SFRs and chemical compositiorihe thin disk SFR is as-
sumed constant and only the old SFR cfitis allowed to

vary between 2 and 6 Gyr (see e.g. Cignoni €t al. 2006). The . . .
thin disk metallicity is fixyed( A7 - 0,02, SFR and metalli)c- E'g- 5. Color-magnitude diagram of the OACDF point source
bjects (black dots) compared with synthetic populatidris (

ity for halo and thick disk stars are derived from the compa? e . X .
ison between synthetic and observed CMD. In the interv%?gles) of thin disk (upper panel), thick disk (middie paweld

19 < V < 23 the CMD data shows a sharp cuf-im color 12l0 (bottom panel) stars. Simulated halo HB stars (empédsi
(0.38 < B—V < 0.45). This feature can be reproduced USV_VIth big triangles) are computed using an HB mass dispersion
ing a galactic halo with metallicitZ = 0.0008 (see also M = 0.005M, and a mean mass Myg >= 0.68 Mo.
Cignoni et al[ 2007) and age 11-13 Gyr. Brighter than 19th
magnitude, the observed turftmoves to the red: although
a solution in terms of age and metallicity cannot prove tplore also a metal poor halo (which may dominatéisiently
be unique, a classical thick disk with = 0.006 and a star far out, see e.g. Carollo et al. 2007). In Figure 6 three hald-m
formation activity older than 5 Gyr seems appropriate. els are compared with the observed color distribution (gtdys
— IMFs: The IMF is a power lawrfi ) for all populations: as a With V < 23 are selected): interestingly, although the tufin-o
range of variation we assume the uncertainty on the expon&@gion is sensitive to the particular model, it is clear thabn-
« as evaluated by Kroupa et al, 2001+ 2.3 + 0.3). servative cut aB — V ~ 0.35 significantly reduces the contami-
nation of halo stars. In particular, the turfi-stars, which make
Figure[® shows the best synthetic diagram (only single statise major contribution, never exceed 13 objects, while daly
photometric errors are included) over-plotted onto the CMHBB stars are present. To evaluate the maximum HB contamina-
data. The ingredients are indicated in Tab. 2. All starsitlhien tion, the HB mass dispersiany, is varied between 0.005 and
the halo turn-& are compatible with thin disk white dwarfs.0.02M,, whereas the mean massMyg > is changed in the
However, it is crucial to evaluate any source of contamamati range 070—0.60 M. The simulations indicate that no more than
First, diferent halo models were considered: although the co®-HB stars (where this number is obtained with a mean mass
binationZ = 0.0008 and age 11-13 Gyr reproduces well thef 0.6 M, which is quite extreme) are expected in our field for
turn-off region, to isolate a pure WD sample it is essential to eB — V < 0.35 and that they are all brighter thaf-19. It is
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Simulated Halo stars (V<23) Table 3.Mean number of predicted thin disk WDs wiBV <
200 R 0.35 andV < 23, for diferent combinations of IMF (exponent
I OACDE a_) and SFR ((_:onstant in the indicated interval). Results thira
— — 720.0002 age=9-11 Gyr disk scale height H250 pc and H300 pc are shown.
t —— Z=0.0002 age=11-13 Gyr
150 - —— Z=0.0008 age=11-13 Gyr H=250 pc
@ N(SFRO-6Gyr) N(SFRO0-4Gyr) N(SFR0-2 Gyr)
1.8 26 37 51
2.3 12 13 23
100 1 2.7 8 11 13
H=300 pc
@ N(SFRO0-6 Gyr) N(SFRO0-4Gyr) N(SFR 0-2 Gyr)
b 1.8 40 53 77
50 2.3 22 23 31
i 2.7 13 15 19
A |
0 I — 3
-02 -01 0 01 02 03 04 05 06 07 08

B-V

Fig. 6. Comparison between synthetic (only halo stars) and ob-
served color distribution\( < 23). Different curves represent —4
different halo models (HB stars follow the same prescription as
in Fig. 5,0» = 0.005M; and< Myg >= 0.68M,). The yellow
excess aB -V < 0.35 s largely due to the disk white dwarfs.

worth noting that about 25% of them are “lost” because they aks
brighter than the saturation limi¥/¢16 for the OACDF). So the <~ g
maximum number of visible HB stars is about 6. In our list of
OACDF WD candidates we have 2 stars brighter ta119, one
of them being indeed identified as a HB halo object (see s&xtio
3 and 5 for more details). =7
As a final remark, we note that a few blue objects may be
thick disk WDs: to test this circumstance, the model thickdi
normalization is varied between 5% and 10% (which covers
most of the current uncertainty). According to the simulas,
the expected number of thick disk WDs wih— V < 0.35 and
V < 23 is lower than 6-7 objects. . . .
In summary, following our best simulations in Fig. 5, beside 13- /- WD space density at various values®t- V. The con-

the thin disk WDs, the CMD region defined By V < 0.35 and tin\t;ous Iin_te (ijs tlhe _;sp?czeg del?s:jtydobtained from OL:rﬂslata with
16 < V < 23 may host a few thick disk WDs-8, maximum 6) a v .magnitude imit o (shaded areas represent the errors)

. The long and short dashed lines represent, respectivady, th
ﬁg%i?:gm (upto 191in the worst case) among tfiad HB WD space density expected from Begeron’s DA models with

In order to provide a more quantitative analysis conceﬁgz&o (Holberg & Bergeron 2006 and references therein),

; ing into account the mean duration of each evolutionary
ing the WD star counts, we have compared the observed n {ng in X

; e hase, and the WD local space density of Holberg et al. (2008)
ber of WDs with the model predictions. Tab. 3 shows the prgonsidering only objects Wit — V < 0.35. At 025 < B — V/ <

dicted numbers assumingfirent IMFs, SFRs and thin disk% 5 the model density is normalized at the value of Holberg et
scale heights. As expected, the WD counts increase adopt Y2008): note that their sample does not contain any hitewh

a shallower IMF, a younger SFR and a larger thin disk sca arf with B— V < —0.15. The great dierence in number den-

height. From these simulations, if one assumes canonitsya ... .
g sities between our and Holberg’s data is due to the fact tleat w

for the IMF exponentd = 2.3) and the SFR (constant betwee X . : . )
0 and 6 Gyr), we obtain 22 thin disk white dwarfs for a thin disggen:ft‘yigl':1%g}ﬂg&gﬂgg'iﬁ?;g?%ﬂ?j’égt\ia\’iT;;h the WD space

scale height H300 pc. Adding also a few~3) thick disk WDs,
the total number of white dwarfs expected is not far from 32, a

derived in section 2.2. Note that our list of WD candidates-co . . ; : ; -

. : . ==~ of disk white dwarfs predicted by synthetic color-magnéwti-
tains at Ieast_ 4 (mO(e Ilkel_y 8-10, see Fig. 2) WDs in blnarle§1grams (including a few thick disk WDs). In order to confirm
notincluded in our simulations. the WD nature of these candidates, spectroscopy was pexform
for three of them: one is a non-degenerate star of spectss cl
A8. The color of this objectl — V = 0.24), bluer than the halo
turn-off, and its magnitudeM = 17.7) suggest that it is a halo
In the previous section we have seen that the number of WiEar on the horizontal branch (HB) at 25-30 kpc from us ag@
candidates that we have found is comparable with the numligc from the galactic disk. This detection is consistenhwiite

5. Discussion
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i \ ] color bin, where the frequency of QSOs is higher. Using small
a3 _ number statistics (Gehrels 1986), we can estimate a maximum
- 1 QSO's contamination 0£50% in the reddest color bin.
—4 - 1 distance from the Sun (pc)
i i 400 600 800
.k R \ \ \ ]
8 =5 [~ - 0.005 1
! i
= [ ] a i
bﬂ |- N L .
e} r 7 —~
— -6 _ E’? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
L i [9)
L i g L .
- g = e
7’7 [ — —
i i 0.001 T
Fig. 8. Same as Fig. 7 but with same volumes sampled in allthe | % 1
color bins. The continuous (blue) line is the space densityim
897 pc from the Sun (shaded areas represent again the elnors) | | | | ]
ngssteprlg[vtglﬁtli%vr\\/er density of bluer objects is related owlytteir 300 100 500 600 200
' z (pe)

Fig.9. White dwarf space density atftérent distances from

the galactic disk (z). The distribution is compatible witecale

height of about 200 pc. The horizontal line is the WD localkspa
ensity ¢ errors in dashed lines) of Holberg et al. (2008) con-
dering only objects witt8 — V < 0.35.

synthetic CMDs in Fid.J5 and confirms that stellar contaniorat
is present in our sample.

In order to evaluate also the extra-galactic contamingtion
particular from QSOs) and to compare the number of our
candidates with previous results, we have calculated theesp
density in diferentB — V color bins (Fig. 7). Considering that

hotter and more luminous white dwarfs can be seen at larger \when we sum the space densities over all the color bins, we
distances, we have calculated the maximum radius at whiclyain the WD space density at various distances from the Sun
white dwarf can be seen with a magnitude lidit= 23 for 7 or from the galactic disk (Fig. 9). The number of WD candidate
different ranges oB — V (absolute magnitudes are calculate¢h various colors and at various distances are given in Table
using the Bergeron’s DA models, Holberg & Bergeron 2006 anthese densities do not include cool WDs wih- V > 0.35
references therein, assuming tpgB.0). For each bin we have (or T<7150 K for DA WDs with logg=8.0). In our smallest
divided the number of WD candidates observed for the volumglume @ < 357 pc) the WD space density, summing all the
sampled. The WD density is then compared with what we expe@flor bins, is (B+17)x 102 pc 3 (see Table 4), 1.7 times greater
from Bergeron’s DA models, considering the mean duration gfan (but within the errors still compatible to) the locahsp
the evolutionary phase corresponding to that particullardon, density of Holberg et al. 2008 (they obtain{2 0.5)x 1073 pc3
and with the WD local space density obtained by Holberg et @onsidering only the WDs witB — V between —0.35 and 0.35).
(2008). Note that what we can compare is only the slope of tif&ve consider &8 limiting magnitude of 22.5, the number of our
density function. The number densities are necessalmyre}_nt WD candidates is reduced to 28 in 0.5 square degrees (or 46
because Holberg et al. (2008) measure the local densithiwit per sq. degr.), which is 1220.4 times higher than the sky surface
13 pc), whereas we are sampling more distant regions (sée Tafensity of 27 degr? obtained by Majewski & Siegel (2002) for
4), up to the WD disk scale heightand beyond, where the densg < 22 5 at the north galactic pole. Théfective over-density is
of white dwarfs is much lower. reduced from 1.7 to about 1.3 considering thedlent galactic
Fig. 7 shows that, when we move to hotter white dwarfs, thgtitude of the two fields (the OACDF is bt= 50).
density decreases faster than Bergeron’s models and Hadber .
al. (2008). This is not surprising because hot WDs are olesbr\FonCIUS'ons'
at larger distances, even well beyond the diskBatV = -0.3 - Inthe OACDF photometric survey we have identified 32 WD
the maximum distance is about 5,700 pd/at 23), where the candidates. This number is in agreement (within the errors)
space density is significantly lower. When we correct fosthi  with what we obtain from stellar synthetic populations ia th
effect and recalculate the space densities considering same vo same field.
umes in all the colors, the agreement with models and previow- Our sample may be partially contaminated by blue stars and
observations is much better (Fig. 8). This fact suggeststtiza in particular by QSOs in the reddest color bins. As described
residual contamination from QSOs in our sample is relativel in section 4, the stellar contamination from HB and tuffh-o
small. Otherwise we would find a greater density in the redder halo stars can be estimated of the order of 10-15% (up to
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Table 4. Number of WD candidates detected and space densities. Ttws @re calculated using small number statistics from
Gehrels (1986).
Vim=21 Vim=22 Vim=23 d357pc k566pc &897pc
(z<273pc) (x434pc) (x687pc)
—-0.3%xB-V<-0.25 0 0 1 0 0 0
-0.2%B-V<-0.15 0 1 1 0 0 0
—-0.1%xB-V<-0.05 1 1 2 0 0 1
—0.0%B-V< 0.05 0 1 1 0 0 0
0.05%<B-V< 0.15 2 4 8 0 1 2
0.15<B-V< 0.25 5 6 11 3 5 6
0.25%B-V< 0.35 5 6 8 5 6 8
TOT 13 19 32 8 12 17
space density (pé) (3.46:170%x1073  (1.311339)x107° (4.64:112)x107*

60% in very unlikely circumstance$).As seen in this sec-

tion, the QSO contamination is estimated to¥% in the

Castellani, V., Cignoni, M., Degl'Innocenti, S., Petro8i, Prada Moroni P.G.,
2002, MNRAS, 334, 69
stellani, V., Castellani, M., Cassisi, S., 2005, A&A 43017

reddest color bin and almost zero elsewhere, givingacogfgtalém S.. Silvotti, R., Alcala, J M., Grado, A., Cagiat, M., 2007, ASP

tribution of 10-15% to the total number of white dwarfs.

Therefore we can consider a total contamination of the
der of 30%.
— A selection &ect is present for the white dwarfs with re

Conf. Series 372, 135
QaTignoni, M., Degl'lnnocenti, S., Prada Moroni, P.G., ShdBeN., 2006, A&A
459, 783
GCignoni, M., Ripepi, V., Marconi, M., Alcala, J.M., Capasii, M., Pannella,
M., Silvotti, R., 2007, A&A 463, 975

companions. AB - V 2 0.05 these objects are hardly ideNncignoni, M., Tosi, M., Bragaglia, A., Kalirai, J.S., Dav,S., 2008, MNRAS

tified because, in the color-color plane, they fall closerto
inside the QSO’s region (Fig. 2).

— The WD sky surface density that we find is slightly high
than (~1.3 times) the value obtained by Majewski & Sieg
(2002).

— The WD space density withir350 pc is 1.7 times greate
than (but within the errors still compatible to) the measu
ments of Holberg et al. (2008) in the solar neighborhood.
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The results presented in this article represent a smallrexpiolberg, J.B., Bergeron, P., 2006, AJ 132, 1221

iment in view of similar projects which are planned in the eo

ing years in much wider ground-based survey contexts, ssuch‘}l%

m]ordan S., 2007, ASP Conf. Series 372, 139

ster, S., Schneider, D.P., Richards, G.T., et al., 2003,3@, 873
nyon, S.J., Hartmann, L., 1995, ApJS 101, 117
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