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ABSTRACT

In order to identify the candidates of emission-line galaxies inside the southern Hydra Void, photo-
graphic objective-prism observations with the UK Schmidt Telescope were carried out using the Tech-
Pan films for five fields. All observed prism plates were scanned with the APM Facility and the scanned
data was processed to determine the APM plate parameters and to draw spectra. For all galaxy spec-
tra, the emission features, the distance between emission features of H54861, [OIII]AN4959,5007 and the
overlapping by nearby objects were investigated by eyeballing. A total of 7 candidates of emission-line

galaxies inside the Hydra Void were identified.
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I. INTRODUCTION

The discovery of a large volume in Bootes that con-
tains no known normal galaxies (Kirshner et al. 1981,
1987), but does contain 27 galaxies (Cruzen et al.
1997), raises questions about the connection between
galaxy population density and individual galaxy prop-
erties in places far from rich clusters. In addition, inter-
estingly, no galaxy has been found in Coma Void (Tifft
& Gregory 1988). Also all 27 galaxies are emission-
line galaxies (hereafter ELGs) and most of them are
not dwarf galaxies, unlike the predictions of theoretical
models of galaxy formation in voids (e.g. Dekel and Silk
1986). Recently Kim et al. (2000) have searched for
X-ray emission from the 58 galaxies inside the Bootes
Void using the ROSAT ALL-SKY Survey (RASS) data
as well.as ROSAT pointed observatioins. They have de-
tected X-ray emissions from 9 galaxies. Out of these 9
galaxies, 3 were AGNs and the remaining 6 are proba-
bly all ELGs.

The properties of galaxies inhabiting voids have not
been studied well, both because of their small numbers
and the difficulty of obtaining complete, unbiased sam-
ples of these objects. The models of van de Weyaert &
van Kampen (1993) and Dubinski et al. (1993) predict
a non—uniform distribution of matter in voids. There
are indications that such nonuniformities are present in
the galaxy distribution in voids (Hoffman et al. 1992;
Weistrop 1994).

IRAS-selected Bootes Yoid galaxies ( Strauss &
Huchra 1988; Dey, Strauss & Huchra 1990) are likely
to be sources of recent star formation activity or nu-
clear activity. Radio, millimeter, infrared and opti-
cal observations of Bootes Void galaxies confirm they
are more luminous on average than ELGs at similar
redshift and ~40% of Bootes void galaxies exhibit un-
usual or disturbed morphologies; one-armed, spirals,

interacting pairs, objects with disturbed morphologies
(Cruzen et al 1996; Cruzen, Weistrop & Hoopes 1997).
The dilemma is how to determine whether these results
are due to selection effects or whether they are really
indicative of the bright galaxy population in the Bootes
Void.

Understanding the nature of emission-line galaxies
is, therefore, very important in the construction of a
global picture of galaxies and large-scale structure and
the properties of AGNs. It is necessary to identify as
many galaxies inside voids as possible. To do this we
planned the objective—prism search of ELGs inside the
southern Hydra Void discovered by Fairall (1988). We
selected Hydra Void because this void is close, big, rel-
atively well-defined and also isolated from other voids.
We crudely estimated the center of Hydra Void as
RA=11h 30m, Dec=—232° and the redshift distance of
about 5000 km s~! with the diameter of less than ap-
proximately 4000 km s~! from the redshift plots by
Fairall (1988). Willmer, et al (1995) also confirmed the
existence of the Hydra Void on the spatial distribution
of galaxies in general direction of the Hydra~Centaurua
complex and discussed how that distribution relates to
other structures located in the volume within 6000 km

s~ of the Local Group.

II. OBSERVATION

Phototgraphic observations of five fields were se-
cured on three nights between February 8 and May
16, 1994 with the United Kingdom Schmidt Telescope
(UKST) operating at the Anglo-Australian Observa-
tory in Australia for five fields towards the Hydra Void.
The mirror diameter of UKST is 1.83m and the plate
scale is 67.12 arcsec/mm. The photographic plate size
is 356mm squared or 6.4°x6.4°. Full details are given
in the UKST Handbook (1983). The UKST is designed
for survey applications, having a large field of view with
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Table 1. Log of UK Schmidt observations.

Plate Field Center® Date? LST¢ Exzpt @
Number® Number® RA,DEC
UR15949P 318 10500 -4000 1994-FEB-08 102000 20.0 aR
UR15951P 502 11000 -2500 1994-FEB-10 080100 20.0 a
UR15954P 503 11220 -2500 1994-FEB-10 101200 20.0 bR
UR16095P 439 11300 -3000 1994-MAY-16 110300 20.0 aR
UR16096P 378 11360 -3500 1994-MAY-16 114600 20.0 a

“Running number for all UKST plates.

*ESO/SERC Survey field number.

“Equinox 1950 coordinates of the plate center.

4UT date of exposure.

¢Local Sideral Time of start of exposure.

I Exposure time in minutes.
9Quality of the plate.

distortion—free images and a fast focal ratio. When
used in conjunction with an objective prism, low res-
olution spectra of all the images in a field can be ob-
tained very efficiently. The resulting prism plates are
effective in detecting emission-line galaxies.

Two degree objective-prism and a WG305 filter were
used to achieve the medium-dispersion of 830A mm !
at H, although the dispersion is not linear along the
wavelength. The resolution of the spectrum is about
18A and the wavelength range is from 4550A to 6900A
. The limiting magnitude of the prism plates is about
mp=16 mag and the exposure time for all prism plates
was 20 min. Usually the magnitude limit of prism
plates is two magnitudes fainter than that of the di-
rect plates. We present a log of the observations in
Table 1.

Although usually I1Ia-J or -F emulsion has been
widely used for the photographic search, we decided
to try Kodak Technical 4415 Pan (hereafter Tech-Pan)
film because we were informed that this film has much
better resolution and S/N ratio than IIIa-F emulsion.
Tech-Pan film is very cost-effective only ~ 10% that
of glass plates. There are also obvious transportation,
storage, and handling benefits. Large numbers can be
shipped cheaply and quickly. The estar-base itself is
extremely stable, having excellent strength, toughness
and flexibility. Also Tech-Pan film does not suffer the
same batch to batch variations as Kodak spectroscopic
emulsions on glass. Finally the hypered product stores
extremely well in an inert atmosphere in cold storage
with no apparent degradation in fog levels with long
(~1 month) storage times (see Kodak publication Q-
34, 1977).

It has been proven by Phillipps & Parker (1993)
that Tech-Pan film is extremely successful. The film
offers significant gains in depth, resolution, and S/N
ratio when compared with conventional photographic
film. Also the spectral sensitivity is reasonably flat
while the reciprocity failure of the hypered emulsion

is extremely low, an important factor for long expo-
sures. Deep, sky-limited photographs with excellent
image quality and resolution have been obtained in a
new survey of low surface brightness galaxies in the
Virgo Cluster (Schwartzenberg, et al 1995).

However Tech-Pan film is proving difficult to copy
and needs careful mounting for proper scanning with
a measuring machine. Film also tends to pick up dust
easily and so needs proper storage and cleaning and
longer development times are required. The film can
’kink’ so it still requires careful handling. Finally more
halation effects are seen with bright images than with
IITa-F.

Table 1 summerizes the properties of the observed
prism plate material used in each of the five fields. Col-
umn 1 and 2 are the UKST field designation and the
plate number. Column 3, 4, 5, and 6 are the coordi-
nates of the field center , the dates of exposure, and
local sideral time of the start of exposure respectively.
Column 7 is the exposure time and column 8 is the
quality grade of the plate. The first letter of the grade
indicates the overall quality of the plate and details of
the codes are given in the UKST Handbook (1983).

III. DISCUSSION AND RESULTS

The scanning of the prism plate is performed by the
APM (Automatic Plate Measuring) Microdensitometer
operating in the Royal Greenwich Observatory with the
resolution of 20 microns. A full description is given in
the APM Handbook (1981).

The objective-prism spectra of all the objects in the
direct plate catalogue constitute the sample to be pro-
cessed in order to identify ELGs. The initial process is
identifying all objects on the prism plate using a similar
algorithm as the one employed in DAOFIND to iden-
tify all objects. The difference is, in case of the prism
plate, instead of circle, a retangular box is used and the
intensity of the head part of the spectrum are searched.
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Fig. 1.— The objective-prism spectrum of 318-1 as a typical example. Upper and lower X-axes are,
respectively, wavelength and pixel number. Y-axis represents the APM intensity on an arbitrary scale.

Then by comparing the coordinate of objects on direct

R plate with the X,Y coordinate of prism objects, the "

coordinate of all prism objects are determined. For the
transformation of two different coordinates on the di-
rect plate and prism plate, a six parameter fitting was
employed for the astrometric calibration.

The PPM (Proper Motion) Catalogue was used to
select the astrometric standard stars on the direct R
plate and about several hundred stars were adopted to
determine RA and Dec of prism objects and the po-
sition accuracy within less than one arcsecond of the
prism objects easily can be achieved. Then the one- di-
mensional objective—prism spectra for only the objects
classified as a galaxy on direct plate were plotted on
the monitor after the wavelength calibration. To do
this the spectrum inside the box with a size of 50 by
256 pixels is taken and the total column intenisty is cal-
culated perpendicular to the dispersion direction. The
size of the box is long enough to contain the longest
and widest spectrum.

To find out the candidates of ELGs, the emission
features of [OITI]AA4959,5007 and H 34861 were identi-
fied by eyeballing each spectrum one by one on a mon-
itor. [OIIJAX 4959,5007 and Hj3 emission lines were
chosen because it was the selection criterion for the

. surveys of Moody, et al. (1988) that found most of
the galaxies in the Bootes Void. For each field, spec-
tra of more than 3000 objects classified as a galaxy on

direct R plate were searched to identify emission fea-
tures. Among five differently classified types of all ob-
jects on direct R plate with stellar, noise, non-stellar,
merged, and non-stellar and merged objects, only non-
stellar objects were selected for spectral investigation as
a galaxy. More or less evident emission features could
be identified for about 30 to 40 galaxies varying from
field to field.

The next criterion of ELGs were stronger emission
features of [OIIl] than Hg. And also the redshift
amount of Hg and O[III] emission features were consid-
ered. Because the maximum redshift distance of prob-
able galaxies inside the Hydra Void is about 10,000km
s~!, the maximum redshift amount of emission features
should be less than 170A. This amount of shift can be
easily detected on each spectrum.

Our five fields are crowded with many objects.
Therefore the high density of sources present on our
plates and the number of spectra affected by the pres-
ence of a neighboring object is large. Due to this
overlapping problem on our objective-prism plates,
misidentification of emission features is inevitable in
many cases. To reduce this, we compared the distance
of emission features from the head of the spectra with
the distance of an overlapping object from a candidate
galaxy on the finding chart made with direct R plate.
The redshift amount of about 1704 on a spectra at
about 50004 is equivalent to less than 10 pixels and
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Fig. 2.— The charts of seven candidates of ELGs. The field of view of each chart is 5 arcmin x 5 arcmin.
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 Table 2. List of the candidates of emission-line galaxies inside the Hydra Void

Name RA(1950) DBC(1950) Mag(R) Mag(B)
318-1 1044 36.1 -375839 16.59 17.24
439-1 1120107 -294415 17.43 19.41
439-2 1122234 282515 14.42 16.18
439-3 1139253 -275306 16.59 18.10
439-4 1134043 -313928 15.41 15.23
503-1 1114378 -234730 17.00 17.33
503-2 11 3015.0 -271843 ? 14.05

this amount corresponds to about 13 arcsec on the di-
rect R plate.

Therefore if an overlapping object is placed at
around 90 arcsec along the dipersion direction from a
candidate galaxy, we can not distingush whether the
emission feature is formed by an emission line or an
overlapping object. Through these procedures we iden-
tified a total of 7 candidates of ELGs for five fields
inside the Hydra Void and the list of the objects is pre-
sented in Table 2. Column 1 is the name of the objects
where the first three digits indicate the field number.
Column 2 and 3 are the coordinate of the objects, and
column 4 and 5 are the red and blue magnitudes from
the APM Catalogue.

We also present the spectrum of a candidate of 318-1
as typical example of all candidates of ELGs on Figure
1. In this figure, upper and lower X-axies are cali-
brated by wavelength and pixel number respectively.
Y-axis represents the APM intensity on an arbitrary
scale. RA and Dec of each object are given in the up-
per left corner of each panel. the finding charts from
the red charts of the APM Catalogues for all candidates
of ELGs are presented in Figure 2. The field view of
the finding chart is 5 arcmin and the 4’ symbol at the
center marks the position of the candidate. The epoch
of the coordinate displayed in the upper left corner is
1950.0, and upper and left correspond to the north and
east. Filled circles are for stellar objects.

IV. CONCLUSION

Through the objective—prism search using the Tech
Pan film, we identified a total of 7 candidates of ELGs
for five fields inside the Hydra Void. If all 7 galaxies
are really placed inside the Hydra Void and uniform
distribution can be assumed, then about 0.04 ELGs
per unit square degree can be calculated. Also if we
assume spherical shape of the Bootes Void with the
radius of 11 degrees, then the identified 27 ELGs lead
the number distribution of about 0.07 galaxies per unit
square degree.

Although direct comparison of the number of ELGs
inside two different voids is difficult due to different
methods of identification, number of ELGs inside the
Hydra Void is crudely half inside the Bootes Void if

we again assume that all our 7 candidates are real Hy-
dra galaxies. This big difference can be explained by
the fact that either the average number of ELGs is not
the same for different voids or, some candidate of faint
ELGs were not detected in our search. Because there
has been no study of the direct comparison of ELGs
number for different void and, in addition, our five fields
covered only 25% of total 20 fields of the Hydra Void, -
we can not reach any definite conclusion. It is, there-
fore, absolutely required to search the candidates of
ELGs for all other fields of the Hydra Void for reliable
direct comparion with the Bootes Void.

We wish to acknowledge the assistance given to this
work by the staff members of the UKST at the Anglo-
Australian Observatory. My thanks to Drs. A. Savage,
M.J. Drinkwater, and S. Tritton for their collaborations
in putting forward this project. Special thanks go to
Dr. M. Irwin for scanning the prism films with the
APM and providing the processed data with necessary
software.
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