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1. Introduction

_Spectroscopy of extended objects
finds application both in Galactic (e.g.
gas kinematics in planetary nebulae)
and extragalactic fields. For many years
Measuring the kinematics in galaxies
was restricted to the analysis of emis-
sion lines which can be traced relatively
easily out to great distances from the
Nucleus. By contrast, absorption lines in
Galaxies are much more difficult to mea-
sure, because they are broadened by
the velocity dispersion of the stellar
Component and since the intensity of
the continuum decreases quite rapidly
away from the centre. Only with im-
proved detectors and improved data
analysis techniques was it possible to
access also this piece of information on
the kinematics of extended objects.
Also in the case of analysing spectra of
faint point sources, long-slit spectros-
Copy allows an efficient sky subtraction.

The last years have seen a quite rapid
evolution on the sector of the instrumen-
tation. Until the mid-eighties most of the
data were still obtained with image tube
Spectrographs (e.g. a Boller & Chivens
spectrograph equipped with an EMI im-
age tube as it was available at ESQ)
on photographic plates. The plates
needed then to be digitized in order to
be processed further. The subsequent
step was the replacement of photo-
graphic plates with linear detectors. The
first generation of linear detectors at La
Silla was the Image Dissector Scanner
(IDS) in combination with the Boller &
Chivens spectrograph at the 3.6-m tele-
scope. This detector allowed a very lim-
ited spatial resolution. There were two
channels of which one usually was used
for measuring the background. Only
with CCDs was it then possible to obtain
a similar field as with photographic
plates. The spectral and spatial resolu-
tion, however, depended mainly on the
pixel size, which for the first CCDs was
quite large (30 um?) and somewhat con-
strained the observing programmes.
There, the situation improved consid-
erably with the arrival of the high-resolu-
tion CCDs. The latest upgrade now in-
troduced multi-purpose instruments like
EFOSC and EMMI. This generation of
instruments not only allows a conve-
nient change of wavelength ranges, dis-
persions and slit widths in the course of
a night but give the observer also flexi-
bility in selecting direct imaging or spec-
troscopic mode.

In the following chapters a brief guide
to the instruments at La Silla with long-

slit spectroscopy capability is pre-
sented. Since there is a variety of in-
strumentation available, this article is in-
tended as a help for the potential user in
selecting the most adapted instrument
for his purpose. For the basic descrip-
tion of each instrument one may refer to
the respective operating manuals of the
instruments.

2. The Instrumentation Available
at ESO

In Table 1 an overview is given over
the specific instrumentation presently
available at La Silla. For comparison
also the Boller & Chivens spectrographs
at the 3.6-m and 2.2-m are included
although they are not offered any more.
The setup of the instruments depends of
course very much on the specific ob-
serving programme. In the following dis-
cussion more emphasis will be given to
aspects of kinematic observations (i.e.
obtaining radial velocities and velocity
dispersions) because they require high
spectral and spatial resolution on the
one hand, and on the other hand a rela-
tively large wavelength range needs to
be covered in order to analyse as many
lines as possible. The major applications
of long-slit spectroscopy, particularly in
extragalactic astronomy, are centred
upon a few “traditional” wavelength re-
gions of interest:

@ for emission lines: the region around
Ha (16563 A) including the [N 1] lines
(,6548 A, 16583 A) for analysing the
gas kinematics;

@ for absorption lines: 1:.3700 — 4400 A
(including the Ca Il K and H lines and
the G band) and 714900 — 5900 A
(including Fe | 24921 A, Mg | 25175
A, E band and the Na blend %5893 A)
for deriving the kinematics of the
stellar component. Limited informa-
tion about the gas kinematics may
also be obtained in these wavelength
regions by measuring the [O II] doub-
let (x13727-29 A) and the [O IIl] line
(#5007 A) respectively.

At the same time the observer wants
to obtain as much spectral resolution as
possible in these wavelength regions. In
the case of kinematic observations, for
example, a sampling better then 1 A
pixel ' is desirable. Because of the high-
er red sensitivity of CCDs most part of
the observational work is now done in
the region >4900 A. The physical size of
the detector, then, determines the
wavelength interval covered. Nowadays
CCDs usually have 1024 pixels (or more)
in the direction of the dispersion, so that

each of the relevant wavelength regions
can be observed with one grating set-
ting only. For each instrument the opti-
mal grating (or grism) has been selected
in order to cover a wavelength region of
about 1000 A centred at . = 5200 A
(except for the EMMI Blue Channel con-
figuration which refers to x2.3700 — 4400
A). The resulting sampling and spectral
resolutions are compiled in Table 1. The
entrance slit widths w and spectral reso-
lution o0y, listed in Table 1 for each
instrument are calculated for the max-
imum spectral resolution satisfying the
Nyquist sampling theorem.

2.1 The Boller & Chivens
Spectrographs

Originally the Baoller & Chivens spec-
trographs were available at the 3.6-m,
2.2-m and 1.52-m telescopes. But pres-
ently only the one at the 1.52-m tele-
scope is offered. This type of spectro-
graph turned out to be a very stable
instrument optimized for long-slit spec-
troscopy of extended sources. In par-
ticular, the optimized collimator/camera
focal length ratio allows small instru-
mental dispersions to be considered
with relatively large slit widths. A wide
range of gratings is available which
allow to cover more or less the full opti-
cal wavelength band in various disper-
sions. A detailed list of the gratings to-
gether with their relative efficiency
curves may be found in ESO Operating
Manual No. 2. The dispersions typically
used are of the order 58 A mm ' yielding
a resolution of about 0.9 A pixel .

The change in the instrument orienta-
tion with respect to gravity as the tele-
scope tracks the object in the sky is the
principal cause for instrumental flexure,
with the amount depending mainly on
the zenith distance and the slit orienta-
tion. For the Boller & Chivens spectro-
graphs the maximum shift measured in
consecutive comparison line spectra
was <0.5 pixel in an interval of 3 hours.

2.2 EFOSC1 and EFOSC2

The ESO Faint Object Spectrograph
and Camera is available at the 3.6-m
(EFOSC1) and its twin is available at the
2.2-m telescope (EFOSC2). This type of
instruments uses grisms for spectros-
copy which have a fixed wavelength
range. Grisms have in general a higher
efficiency than gratings. At EFOSC1 the
highest dispersion available is about
120 A mm™' covering the wavelength
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region between 3600 A to 8600 A
(grisms B150, O150 and R150) in inter-
vals of about 2000 A, yielding a max-
imum resolution of about o = 1.7 A pix-
el”'. Only EFOSC2 contains a set of
grisms (#7, #8, #9 and #10) which is
really useful for kinematic work (0 =
1.3 A pixel ). But, as is evident from
Table 1, in order to exploit the full reso-
lution of EFOSC, a very narrow entrance
slit is required (about 0.7 arcsec). At the
level of a comparable instrumental
setup EFOSC (and also EMMI) may be
considered about three times more effi-
cient than the Boller & Chivens spec-
trographs. No significant instrumental
flexure has been measured.

Regarding the operation of EFOSC,
one has to remember that there is no slit
viewer. The positioning of the object on
the slit has to be done via direct imaging
and calculating the offsets with IHAP
batches. Depending on the accuracy of
the positioning, this may be a time-con-
suming task, especially if the instrument
is rotated.

2.3 EMMI

The ESO Multi Mode Instrument at the
NTT has a similar concept as EFOSC. In
addition to grisms also gratings are
available where the observer may
change remotely the central wavelength
in the course of the night. A dichroid
allows simultaneous observations in the
Blue and Red Channel. As for EFOSC,
also EMMI needs a rather narrow slit in
order to exploit the full spectral resolu-
tion.

The difference between EMMI and
EFOSC becomes important mainly in
terms of spectral resolution: with an in-
tegration time of 1 hour spectral infor-
mation down to a surface brightness
level of about g = 21 mag arcsec  was
reached, with both the 3.6-m and the
NTT, but in the case of EFOSC the in-
strumental dispersion was 0j,, = 150
km s ™" while with EMMI 0, = 20 km s
was obtained. For a similar surface
brightness level, two hours of integra-
tion time at the 1.52-m telescope were
needed (0, = 45 km s~ ') using an RCA
CCD as detector, This demonstrates
that the Boller & Chivens at the 1.52-m
telescope is for many applications a
serious alternative to other instruments,
particularly to EFOSC2 at the 2.2-m.
The strong points of EFOSC and EMMI
are their high spatial resolution and their
efficiency in reaching faint surface
brightness levels.

Since at the NTT the instrument adap-
ter follows the field rotation, the amount
of instrumental flexure present in the
spectra depends on the length of the
exposure time and of the position of the
object on the sky. After a 2.6-hour inte-
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Table 1: Instrument configurations for long-slit spectroscopy

—

te!escop—e_| instrument

scale detector grating | sampling | Ujpat
slitlength | dimensions | dispersion | [A pixel™)
(1) (2 (a) ) (5) (6) M | @
3.6-m B&C* 36.67 RCA #8 #26 0.89 1.6 44
174 640 x 1024 59.5
(15um) pixel
CASPEC" 24.07 TEK #26 6.5 0.18 241 7
114 512 x 512
(27 um) pixel
EFOSC 22.47 RCA #8 0150° 2.0 0.7 | 85
180 640 =x 1024 130
(15um) pixel
NTT EMMI Blue 15.05 TEK #28 #12! 0.91 0.8 58
360 1024 = 1024 38
(24 um) pixel
EMMI Red 23.15 Th #189 #6 0.53 0.9 25
360 1024 x 1024 28
(19um) pixel
2.2-m B&C" 59.33 RCA #11 #26 0.89 26 a4
294 640 x 1024 59.5
(15um) pixel
EFOSC2 17.47 Th #17 #8" 1.3 0.7 52
300 1024 = 1024 68
(19um) pixel
1.52-m B&cC 45,33 FA #27 #26 1.00 2.0 49
252 2048 » 2048 67.2
(15umj pixel
“ ... no longer offered
b . long-slit mode with short camera (f/1.6) and 31.6 groves mm™' echelle grating
“ ... dispersion at Hu region
4 .. expected to be replaced by a Tek 512 = 512 (27 um) pixel CCD (#26) during Period 49
" .. EFOSC 0150 grism with fixed wavelength range »:5000-7000 A
' ... wavelength region »23700-4400 A
4 ., expected to be replaced by a coated FA 2048 x 2048 (15 ym) pixel CCD (#24) during Period 49
" ... EFOSCZ #8 grism with fixed wavelength range +:4640-5950 A
Notes to the columns:
{3) line 1: scale on the detector [arcsec mm™']
line 2: maximum slit length [arcsec] which can be used in the unvignetted field
() with the exception of EMMI the direction of dispersion is always aligned with the columns of the CCD
(5) line 1: grating allowing a central wavelength around 5200 A
line 2: dispersion [A mm™"]
(7) minimum entrance slit width [arcsec] which satisfies the Nyquist theorem
(8) instrumental profile [km s™'] using the slit width given in col. (7] calculated at » = 5200 A

gration a shift of about 0.4 pixels was
measured. This amount of shift can,
however, be easily corrected by taking
arc spectra before and after the object
spectrum,

2.4 CASPEC

An interesting alternative for high-res-
olution long-slit spectroscopy to the
above cited instruments is the ESO
Cassegrain Echelle Spectrograph at the
3.6-m telescope. A description of the
latest upgrade is given by Pasquini and
Gilliotte (1991). By replacing the cross
disperser with a flat mirror in combina-
tion with an interference filter an about
50 A wide region can be isolated allow-
ing a spatial coverage of about 2.4 arc-
min. In the present configuration several
interference filters are available for the
Hut, [O 1) (25007 A) and [O 1] (2A3727-29
A) regions at various redshifts.

In principle one can use CASPEC also
in its standard configuration if the inter-
order spacing (ranging from 5 to 19 arc-
sec as a function of wavelength) is suffi-
cient for the required spatial extension.
However, regarding throughput, the
cross disperser is certainly less efficient
than the flat mirror in the long-slit mode.

One may consider CASPEC about a
factor 2.5 less efficient than the Boller &
Chivens with an optimal 600 groves
mm ' grating in a comparable
wavelength region and with comparable
detectors.

3. Detectors

The detector is one of the decisive
factors in determining not only the spec-
tral and spatial resolution and coverage
but also the total efficiency of the instru-
ment. A certain limitation of the overall
performance were the RCA CCDs with



their rather high read-out noise (typically
between 40 and 60 e ') and often bad
Cosmetics. This forced the user to max-
imize the integration time which on the
other hand produced an excessive
number of cosmic-ray hits on the CCD.
The removal of cosmic rays without
modifying the underlying spectrum is
not always an easy task, especially in
the area of the object image. The safest
approach consists in splitting the total
exposure time in several shorter ex-
Posures. Then, one can rather easily
remove cosmic-ray events by compar-
ing intensities on a pixel-to-pixel basis.
Here the change to the low read-out
noise CCDs (like e.g. the Ford/Aero-
Space, Thomson and Tektronix CCDs
which are available now at La Silla) im-
proves the situation.

But one has to pay attention that in
particular the FA and Th CCDs have a
much lower relative quantum efficiency
than the RCA and Tek CCDs. An RCA
CCD has typically a peak RQE of about
75% while the FA and Th CCD have only
about 45% relative quantum efficiency.
The difference becomes dramatic espe-
cially in the wavelength region 744000 —
5000 A where it goes up to ARQE =
50%. Therefore, in order to use a given
instrument/detector combination at its
maximum efficiency, one should com-
pute beforehand whether the observa-
tions are going to be sky or noise li-
mited.

The fact that the CCDs become pro-
gressively larger has on the one hand
the obvious advantages in terms of
larger wavelength coverage and gain in
spectral resolution, which may improve
also the efficiency of spending observ-
ing time. But on the other hand one has
to realize that in the present configura-
tion of the data-acquisition systems at
La Silla a certain limit of data-process-
ing capability has been reached or even
exceeded. The HP-based computers
are e.g. not capable to handle the full
2048 x 2048 pixel array data of the FA
CCD. It has also to be taken in consid-
eration that the read-out of a 1700 x
1700 pixel window, which is the max-
imum possible, takes about 3 minutes.
Therefore the observer is well advised to
select a read-out window as small as
possible for his purpose in order not to
lose too much time in read-out and
handling of the images.

4. Concluding Remarks

In the previous sections, emphasis
was given on instrumentational aspects
for obtaining science data. But there are
several additional points which, already
at the moment of the observation, influ-
ence the quality of the results obtainable
from the data reduction.

4.1 Sky subtraction

The subtraction of the night sky from
spectra of extended sources is very cru-
cial, in particular for absorption-line
measurements. Ideally one would re-
cord the sky “on-line” together with the
object spectrum on the same exposure,
provided that the slit length is sufficient
to have a region where the contribution
of the object light is negligible. Due to
the relatively small field at the 3.6-m
telescope (about 3 arcmin), problems
with the sky subtraction may arise very
easily, especially if the angular extent
of the object exceeds 60 arcsec and
deep spectra want to be obtained. A
rather reliable solution to this problem
proved to be bracketing the object ex-
posure by two exposures of a blank sky
region having a comparable exposure
time.

4.2 Comparison spectra

Good arc spectra are also an impor-
tant factor in obtaining high-quality
data. In the case of the Boller & Chivens
spectrographs traditionally He/Ar lamps
are used, which provide an arc spec-
trum with satisfactory S/N ratio even
with short exposures (typically =120
seconds). At EFOSC and EMMI the situ-
ation is somewhat different: in particular
in the case of EFOSC1 where the light of
the calibration lamps is projected at a
large distance from the lamps, the re-
sulting arc spectrum is quite faint. At
EFOSC2 and EMMI the results are bet-
ter, but compared to the Boller & Chi-
vens generally longer integration times
are needed (up to 500 seconds) in order
to arrive at an adequate intensity level.
There is also the problem that in the
wavelength region 2,.5000 — 6000 A
there are only few Ar lines which, fur-
thermore, are also faint, whereas the
He lines easily saturate even with a
1-second exposure. In the case of EMMI
the Th lamp proved to be more useful in
this wavelength region. In addition the
arc spectra are often contaminated by
internal reflections (‘ghosts”). But in
general an accurate solution for the
wavelength calibration up to about 0.1
pixel could always be achieved. In the
context of the accuracy of the
wavelength calibration also the instru-
mental flexure is an important factor as
discussed before.

4.3 Selecting the “right” instrument

Apart from the purely instrumental
questions, another important criterion
for selecting a certain telescope/instru-
ment combination is the operating effi-
ciency of a given system. Depending on
the configuration there may be a consid-
erable time overhead In preparing and

processing the exposures. There are no
major differences in the operation of the
different telescopes. All the four tele-
scopes in question have a sufficiently
accurate pointing that the object will be
found in the central region of the field.
Apart from the 1.52-m telescope, there
are also similar procedures to determine
and control the telescope focus. In
many applications of long-slit spectros-
copy it is necessary to rotate the instru-
ment. A remote control of the rotator is
available only at the 3.6-m telescope
and the NTT. At the 2.2-m and 1.52-m
telescopes the rotation of the instrument
requires a manual action at the tele-
scope which can be carried out in most
cases only if the telescope has been put
to the zenith. The 1.52-m telescope has
no autoguider unit which may be a cer-
tain disadvantage for long exposure
times although the tracking is generally
very good.

The Boller & Chivens, CASPEC and
EMMI have a slit viewer allowing a direct
positioning of the object on the slit. In
the case of EFOSC the positioning has
to be done via offsets calculated from
direct images.

Regarding the instrument control and
data-acquisition system, the operation
of EMMI is certainly the most time-con-
suming one. One needs on the average
about 5 minutes to handle an exposure
which compares to about 2 minutes
with other instruments.

For most “standard” observations the
Boller & Chivens spectrograph at the
1.52-m telescope may turn out to be all
in all the more efficient instrument,
since, altogether, there is much less
time overhead due to positioning the
object on the slit, instrument rotation,
obtaining the arc spectra, read-out time
of the CCD, etc. This becomes particu-
larly important when the science expo-
sure times are short (typically <1 hour).
In addition, the newly available FA CCD
at the 1.52-m telescope allows to cover
a wavelength range of up to 2048 A with
a sampling of 1 A pixel™'. For high-
resolution work at faint surface bright-
ness levels, on the contrary, EMMI is
clearly the most adapted instrument.
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