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2 TheHamburg/ESO survey

2.1 Description of Plate Material

The HES is based on llla-J plates taken with the ESO Schniafidepe and its®4prism (Wisotzki et

al. 1996, 2000). It covers the magnitude rang®X2B; = 17.5. The magnitude limit depends on plate
guality. Note that the value given for the faint limit is thenapleteness limit for quasar search, which
we define to be the average amplitude of the pixel-wise noitkeé B; band > 5¢0 above the diffuse
plate background, where is the background noise. Thietection limitof the HES isB; ~ 18. For
stellar applications, the survey magnitude range depemdseoobject type searched for. In our search
for metal-poor stars, we only use spectra below a satur#ti@shold (which roughly corresponds to
B; > 14.0), and spectra witls/N > 10. However, for most object types we adopt tleerbagnitude
limit.

The atmospheric cutoff at the blue end and the sharp sétysitivtoff of the Illa-J emulsion (“red
edge”) result in a wavelength range of 320& A < 53004 (see Fig. 4). The spectral resolution of the
HES is primarily seeing-limited, and typically ZB6FWHM at Hy. For plates taken during good seeing
conditions, the pixel spacings chosen in the digitizatiomcpss results in an under-sampling, so that
in these cases the spectral resolution is also limited bgahepling.

The definition of the HES survey area makes use of the meanleteity> and average column
density of neutral hydrogen,iNfor each ESO/SERC field. In Oth order, the HES area is definedl by
fields which fulfill all of the following conditions:

+25°> &6 >-7%®
Y < 100 stargded
Ny < 107 em=2.

Ny has been taken from Dickey & Lockman (1990). The above cmmditcorrespond roughly to
galactic latitudegb| > 30deg. A few fields have been added in order to have a “smoatkiég border.

In result, the survey area consists of 380 fields. Objeqingn plates have been taken for all of these,
and the plates have been digitized and reduced at Hambuerem@rte? As one plate covers approx-
imately 5x 5deg on the sky, the nominal survey area is 9506 degthe total southern extragalactic
sky.

Of the 380 HES plates, 54 have been excluded from explaitatfdhe stellar content as of now.
This has several reasons. First of all, at the time of pragahie plate data for processing with candidate
selection algorithms;- 40 plates had not been digitized. Other plates have beendeatbecause files
were corrupted due to defect storage media (these platHsavé to be re-reduced, or — in a few cases
— even re-scanned), or because some of the data (e.g. des;rippmes or content of table columns,
etc.) was inconsistent with the rest of the data. Theretbre work is restricted to 329 plates only.

2.2 Data Reduction

An overview of the HES data flow is given in Fig. 2.

2 This sentence represents 11 years of work! The followinglsewere involved (in alphabetical order): V. Beckmann,
M. Brachmann, N. Christlieb, D. Groote, H. Hagen, M. Ikonam®. Kohler, D. Kuhl, B. Kuhlbrodt, A. Miller, G. Pizzaro
O. Pizzaro, D. Reimers, H.E. Schuster, C. Vanelle, L. Widotz
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Figure 1: Definition of “official” HES area (framed) and numef fields in which the
exploitation of the stellar content of the HES is currentiyried out. For orientation, the
position of the southern galactic pole is marked with(fower left corner of field 475).

2.2.1 PlateDigitization

All HES plates have been digitized at Hamburger Sternwasilegua PDS 1010G microdensitometer
(Hagen 1987). As the Hamburg PDS is too small for the largex(28 cm) ESO plates, they have been
scanned in four quadrants. The scan is performed with anZ&Ium aperture and 20m step width,
yielding 7500x 7500 pixels per plate quarter. The plate scale of the HE®piat675 mnm 1, so that
the centers of two pixels are separated B$5L The dispersion direction is declination, and incregsin
wavelength corresponds to increasing declination.

It takes about 16 hours to scan one plate. The raw data ammuné80 MB per field. It is saved
temporarily on magneto-optical discs (MOs) for data reidmgtand after that archived on CD-ROMs.
The data reduction was carried out on a dedicated PC with dufei33 MHz processor, 96 MB
RAM and Linux as operating system. The relevant periphe®-ROM drive and writer, MO drive) is
attached directly to this PC, and8 GB of harddisk space is visible for it. The reduction of dirand
spectral plate data of one field takes 6—8 hours.

2.2.2 Reduction of Direct Plate Data

For the automated reduction of the objective-prism plata da@itizeddirect plates of theDigitized
Sky Survey (DSS-1) are used (for an illustration see Fig. 3).

After background subtraction and object detection on thectliplates, an astrometric transfor-
mation between direct and objective-prism plates is coethuthis yields an input catalog of object
positions on the objective-prism plates for the extractibthe spectra, and the zero point for wave-
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Figure 3: Direct plate scan of thgigitized Sky Surveyand corresponding HES plate scan.
The wing-shaped object in middle height and slightly to ¢ ih the direct scan is a pair
of interacting galaxies with a Seyfert 1 nucleus (HE 032842tz = 0.058.

length calibration.

Although this procedure is appropriate for the primary égsgpf the HES, i.e. quasars, it is prob-
lematic for objects which have a large proper motion. Thisd® was learned in the course of a search
for dwarf carbon stars (see Sect. 5). The feature detediimmitoms failed for G77-61, a dwarf carbon
star withpg = 07184yr 1, s = —0/745yr ! (Deutsch 1994). Since the epoch differedtebetween
the HES plate and the relevant DSS | plate-i40 years (a typical value), the proper motion results in
—5.6 and 14 pixel offsets in dispersion direction and perpendicutethe dispersion direction, respec-
tively. Therefore, too low gband index values have been measured. Proper motions dkpeygion
direction (i.e., declination) can at least partly be recedeby using special techniques, e.g. shifting
templates through the spectrum. Howevepif At is large, the spectrum of the object is not found on
the HES plate, and only sky background is extracted.

Overlapping spectra (hereafter shortly called overlapspéso detected with the help of the direct
data: For each spectrum to be extracted, it is looked forctdbja the dispersion direction on the direct
plate. If there is one, the automatic procedure marks theegponding spectrum, so that it can later
be excluded from further processing, if this is desin¢ds desired for stellar work, since the feature
detection and automatic classification algorithms woulccgafused otherwise, and a lot of “garbage”
would enter the candidate samples. The elimination of aperteduces the HES area from a nominal
9500 ded to an effective area of 7500 ded. The overlap rate is strongly dependend on galactic
lattitude b and varies between 10 % and 50 % within the survey area. 20 %bagexrage overlap rate
for the total survey.
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2.2.3 Photometry

Photometric calibration of HES plates is performed by calibg the direct plates with individual
photometric sequences, and after that calibrating thetrsppgadates with these magnitudes (Kohler
1991; Vanelle 1996). The overall accuracy including zermperror is less thant0.2 mag inB;.
Photometric sequences are available for all of the 383 HER®ql and the calibration has been carried
out for all 329 plates on which stellar work is done so far.

The B; band is formally defined by the spectral sensitivity curvetlef Kodak Illa-J emulsion
multiplied with the filter curve of a Schott GG395 filté&; can be converted B using the formula

B=B;+0.28- (B—V), 1)

which is valid for main-sequence stars in the colour rar@el < (B—V) < 1.6 (Hewett et al. 1995).

2.2.4 Extraction of Objective-Prism Spectra

Extraction of the objective-prism spectra is done by optipracedures, maximizing/N. Accord-
ing to their appearance on the direct plates, and brightoed3ES plates, three types of objects are
extracted in different ways:

st ars The spectra of point-like sources are extracted by fittinggsean profiles to the 2—-3 pixels
with the highest density values in each column perpendidolahe dispersion direction. The
width of the profile is held fixed at a value which is determirggdbally for each plate. The
maximum of the fitted profile curve is taken as extraction alu

ext Spectra of sources which appear extended on the direcs@ateextracted in a similar manner
as point-like sources, but the width of the spectral profileat held fixed during the fitting pro-
cedure, and more pixels are used for the fit. Note ¢xdt-sources are not necessarily galaxies.
For example, if point-like sources are located in diffrantspikes of very bright objects or when
two objects are located very close to each other, so thatteyap on the direct plates, they are
classified as extended.

bri ght Spectra of objects close to saturation are extractedumymingthe density values in each
column perpendicular to the dispersion direction. Thisilitesn an extension of the dynamic
range of the objective-prism plates by 2—3 magnitudes.

Each extracted, one-dimensional spectrum consists of B@lsp20 pixels redward of the red edge
are included, and 280 pixels blueward (towairtseasingscan lengthx). Pixel values are densitid>
above diffuse plate background (bgr) in arbitrary unitdezhtounts. The relation between counts and
photographic densitieBpnoto IS

D [countsH- Dpgr[counts]

Dphoto = 800 (2)

The HES spectra are stored as MIDAS frames, in which each epvesents one spectrum. Each
frame is accompanied by a MIDAS table, in which addition&bimation for each spectrum is stored
row-wise, e.g. object position on the sky, magnitude, ahdegafor spectral features (see Section 3.2).

The mean number of overlap-free spectra VN > 5 is ~ 10000 per plate, so that the data
base of the HES (including the 54 plates not yet preparedtéiias work) consists of 4 million
usable digital spectra. The number of spectra present @2helates used in this work (effective area
~ 6400 ded is 3437 630.
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2.25 Waveength Calibration

A global dispersion relation for all HES plates has beenrdateed by Ikonomou (1995), using A-type
stars. In HES spectra of these stars the Balmer lines atupastH; are resolved (see Fig. 4), so that
a dispersion relation can be computed by comparingdbesitions (scan length jmm) of these lines,
determined by template matching, with the known wavelengiihe wavelength calibration zero point
is specified by the astrometric transformation betweerctiplates and spectral plates. The relation
betweerh[A] andx[um] is given by the following expression:

1 1
X = —2953588+ 8.218377 10'°- 2+ 7.675455 10 - 3)

The wavelength calibration is accurate £d0um. This corresponds te-13A at Hy and +5A at
A = 3500A.

2.2.6 Estimation of the Amplitude of Pixel-Wise Noise

The amplitude of pixel-wise noise as a function of dengitys determined plate-wise using A-type
stars (see also Christlieb 1995). A straight line fit is daméhe spectral region betweer3knd Hy
(see Fig. 4). The scatter around the fit is purely due to neigege in A-type stars the spectral region
under consideration is free of absorption lines at the sple@solution of the HES.
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Figure 4: Measurement of noise in absorption line free spexagion of A-type stars. Note
that we plot HES objective prism spectra such that wavelengtedecreasingowards the
right, because the scan lengtis increasingin this direction. The sharp drop of the spectra
at the red end is due to the Illa-J emulsion sensitivity duabf- 54004,

We measure the amplitude of the scatter for all A-type stegsgnt on each HES plate (typically
~ 50 per plate), and compute the mean density in the fit regibis yiields data point§D, noise, to
which a 2nd order polynomial is fitted, i.e.

noise= ag+a; - D+ a,- D (4)

We use a robust fit algorithm minimizing the sum of absoluteiat®ns, and the following set of
boundary conditions:
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ap > 0. The noise aD = 0 is the noise of the plate background, which is alwzya.
ap > 0. SinceD > 0, and the noise increases monotonically vidthe, must be positive (or zero).

a; > 0. From the previous boundary condition follows that the polyiial has a minimum &, =
—ay/(2ap). Using again the argument that the noise increases mowathynwith D, it follows
thatDmin < 0. Sinceay > 0, a; must be> 0.

An example for a such a fit is shown in Fig. 5.

Noise coef. from autoclass A stars f147/p2073
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Figure 5: Fitting of a 2nd order polynomial to data poifB, noise, for estimation of
pixel-wise noise as a function of density. The plate badligdonoise is marked witht'.

It is always higher than expected from the noise parabolazifice the optimal spectrum
extraction algorithms result in a bias towards lower noise.

For simulations of spectra (see Sect. 3.1) it is very imptimknow theform of the distribution of
noise. We investigated this by using 50 spectra of A-typesgtam 8 plates with high sky background
(D > 1500), and 60 spectra from 7 plates with low background:(700) — see Tab. 1. These spectra
were chosen by hand from the sample of automatically selesttype stars, in order to ensure that
misclassified spectra, and spectra for which the fit of theiconm between B and Hy by a straight
line is not fully adequate, do not confuse the results. 5 efdhginal set of 115 spectra have been
excluded in the manual selection process.

The deviations from the continuum fits were collected forheggectrum, shifted to a median of
0, and divided by the average of the absolute values of therugpd lower 50 % quartile, so that a
comparison of the noise distributions measured in diffespectra (with different noise amplitude) is
possible. The result is that the distribution of pixel-wisgse is almost perfectly Gaussian, indepen-
dently of plate background (see Fig. 6).

An approximate relation between averégy@ in the B; band and3; magnitudes has been derived
by using 507 spectra from many different plates. Overlagp@pectra undetected by the automatic
overlap recognition algorithm, and spectra from plateswitusually high sky background have been
excluded from the fit by iterative@clipping. The resulting relation is

S
B; = 16.8— 0.086 (—) : (5)
N/,
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Plate Field bgr bgrnoise Ngspc

10882 540 1645 315 6
11535 823 1728  34.7 9
11552 826 1925  39.4 6
11576 827 1790  36.4 8
11578 825 1541  31.9 2
11579 759 1836  38.3 2
11588 605 1608  32.6 6
12024 195 1555  33.8 11
10144 155 559  18.1 11
10846 539 644 183 6
10847 757 688  18.3 9
10849 422 583 175 12
11621 154 673  19.7 7
11622 300 665  19.4 7
11623 199 494 175 8

Table 1: HES plates used for the investigation of the distidim of pixel-wise noise.

Low background (60 spectra) High background (50 spectra)
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Figure 6: Distribution of pixel-wise noise in absorptiondifree regions of 60 spectra of A-
type stars from 7 plates with low sky background (left paretid 50 spectra from 8 plates
with high background (right panel).

It has a o error of Q46™. The large scatter is due to the fact tBgtfor a givenS/N can vary dramat-
ically with plate background, and seeing. However, the psepof the above relation is just to have a
rough orientation of th&; magnitude corresponding to a giveyiN.

2.3 Candidate Selection

In the HES, the selection of candidates for any type of objectarried out in two steps. In the first
step, candidates are selected automatically by applymgelour criteria, by automatic classification
(see Sect. 3; see also Christlieb et al. 1997, 4998or other techniques. These candidates have to be
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Figure 7:B; as a function of average pixel-wi&N in the B; band. Open squares denote
spectra that have been excluded from the fit by iteratweslgping.

inspected manually to identify spectra which have beemewosly selected due to presence of plate
artifacts (e.g. scratches, dust, emulsion flaws, ghosty, 8toreover, a few overlaps escape detection
by the automatic procedure, so that these spectra have #jdmted by hand. For these purposes, the
programscr eenspc has been written. It displays the candidate spectra one dyam the relevant
regions of the direct plate and spectral plate scans upamestdsee Fig. 8). With the help of the
information being displayed on the screen, it is also péss$doreproduce why the given spectrum has
been automatically selected.
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