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This image is a colour representation of part of the Great Observatories Origins Deep
Survey (GOODS) Hubble ACS imaging of the Chandra Deep Field South. The re-
gion shown, which includes several of the brightest galaxies in the field, covers ap-
proximately 3x4 arcminutes of the sky. An overview map of the GOODS and Ultra
Deep Field imaging data in the CDF-S is given on the back page of this Newsletter.



Page 2 ST-ECF Newsletter 35

Guest Editorial

Malcolm B. Niedner, Jr. (HST Deputy Senior Project Scientist, NASA/Goddard Space Flight Center)

One morning in 2003 April, while watching Florian
Kerber (ST-ECF) and John Wood (NASA-GSFC)
perform surgical extraction of the calibration lamps

inside the HST Faint Object Spectrograph (FOS) at the
National Air and Space Museum (NASM) in Washington, I
had a sense of things having come back around. In the pre-
launch 1980s, when it was realized that existing knowledge of
emission line wavelengths in the both the near and far ultraviolet
was insufficient to meet the uniquely demanding specifications
for wavelength calibration of the Goddard High Resolution
Spectrograph (GHRS), it was obvious that something had to be
done to close the critical gap. That “something” was a precise
laboratory characterisation of a Pt-Ne calibration lamp — similar
to those in GHRS — carried out at the National Institute of
Standards and Technology (NIST), in Gaithersburg, Maryland.
The resulting list of emission line wavelengths was of more than
sufficient accuracy to calibrate the exquisite high-resolution
GHRS data to come.

The importance of that NIST-GHRS study — which has
supported all HST spectrographs — is undeniable. Yet here we
were in 2003 about to remove and measure FOS’s lamps,
devices which had flown for nearly seven years in a highly
successful HST instrument, the one which — among other
things — had probed the environment around M87’s monster
supermassive black hole (SMBH), an observation which had, in
fact, essentially proven the very existence of SMBHs. The plan
was to cart the FOS lamps off to NIST for a full-scale
radiometric/wavelength calibration, this in support of ST-ECF’s
programme to provide enhanced calibration and physical
understanding of HST instruments — primarily spectrographs
— both post-operational (“legacy”) and active. NIST’s Joe
Reader and Craig Sansonetti — leaders of the original pre-
launch NIST/GHRS effort — stood there with me at NASM,
waiting for the post-flight FOS lamps to come out and their
part in this new study to begin.

My involvement had been pretty straightforward. As an HST
Project Scientist, I had been asked by the ST-ECF to consider
its request for a loan of the FOS lamps, and then to make the
official request of NASM on behalf of the study. After
understanding how the lamp loan would benefit the
Calibration Enhancement project (thanks to Michael Rosa and
Florian Kerber explaining it all in detail to me), I was happy to

serve as an advocate and help secure the loan. In addition to
providing additional laboratory data (supplementing recent ST-
ECF/NIST measurements of STIS spare lamps) on the
influence of Cr in producing line blends in Pt/Cr-Ne lamp
spectra of the FOS/STIS variety, blends not seen in pure Pt-Ne
lamps (GHRS), the FOS lamp project aimed to evaluate the
ageing effects of lamps in space and identify some of the
implications of operating STIS until 2010. As reported in this
issue of the Newsletter, the measurements of the FOS flight
lamps are now complete, the lamps have been restored to
NASM and the instrument, and the programme has fulfilled all
the expectations that were held for it.

In preparing to write this Guest Editorial, I wanted to re-
familiarise myself with the entire ST-ECF Calibration
Enhancement (CE) and Post-Operational Archive (POA)
programme being carried out under the auspices of the NASA/
ESA HST Memorandum of Understanding (MoU). The
exercise underscored the fact that the FOS flight and STIS spare
lamp characterisations at NIST are components of a much larger
project to provide present and future HST researchers with the
very best calibrated data products possible. The ST-ECF
Newsletter articles I read impressed me enormously with the care
and painstaking efforts taken to improve already-excellent
calibration via physical instrument modelling. This is a
programme with many engineering details and instrumental
subtleties to consider, and I found myself in a state of profound
admiration not only for the programme’s goals and early
successes, but for those individuals such as Florian and Michael
who have the skills, patience, and drive to push the very
demanding programme elements to completion.

I think the POA-CE programme also shines light (once again)
on what an incredible scientific machine HST is: even given the
substantial efforts that have been expended during 13 years to
understand and calibrate HST and its instruments, the data are
so rich and information-laden that it is sometimes possible to do
even more. When it’s Hubble we’re talking about, such extra
effort is not only justified, it’s almost expected. When
completed, I am confident that ST-ECF’s programme to
provide the ultimate calibration for HST data will be seen by
the entire astronomical community — a thankful community
— for the obvious jewel it is.

NEW EUROPEAN HUBBLE WEB SITE FOR PRESS AND PUBLIC:
http://www.spacetelescope.org

ALL HST PR MATERIAL AVAILABLE: SEARCHABLE NEWS,
IMAGES & VIDEOS, ZOOMS, GOODIES, 2004 CALENDAR...
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Cancellation of Hubble Servicing Missions

Eric Emsellem (CRAL, Lyon) & Monica Tosi (INAF, Bologna)

AN OPEN LETTER FROM THE TWO EUROPEAN MEMBERS

OF THE SPACE TELESCOPE USERS COMMITTEE (STUC)

Dear Colleagues,

As you may know, NASA has decided to cancel all further
servicing missions to Hubble. Servicing Mission 4, originally
scheduled for next Spring/Summer, was designed to refurbish
ST and enable it to continue operating in the current efficient
and successful way. NASA has decided that, for crew safety
reasons, all future Shuttle missions should be in orbits with
access to the International Space Station. Hence, no upgrade in
capability or maintenance is planned for HST. A direct
consequence is, of course, the end of WFC3 and COS as HST
instruments. A discussion is developing, however, on the
possibility of launching one or both of these instruments as part
of a "fast-track 2 meter class telescope" mission.

Without the replacement of failed gyros there is a high
probability that HST will have to be operated in a two-gyro
mode relatively soon, with substantial restrictions on the science

HST News and Status

Jeremy Walsh

Over the past five months HST has been enjoying one of
its most intensive observing campaigns on a small area
of sky. Steven Beckwith, Director of STScI, initiated

the Hubble Ultra Deep Field (HUDF) to obtain an
unprecedentedly deep exposure of 11.5 square arcminutes of
sky using the Advanced Camera for Surveys (ACS) Wide Field
Channel (WFC).

400 orbits of Director’s Discretionary Time have been devoted
to imaging in the four filters, B, V, i and z. The telescope and
instruments cooperated perfectly over the long period of the
observations, apart only from a minor NICMOS safing event. As
of writing the data collection is complete and the reduced
products — drizzled images and catalogues — will be publicly
released in February 2004 or soon afterwards.

The raw data will also become public and be available from the
HST archives in the usual way. Since the size of the drizzled
images is so large (around 400 Mbytes each) it was decided to
spread the load around the data centres that serve HST requests.
So for the HUDF release, the ST-ECF archive and the CADC
archive will serve requests for the HUDF data, in addition to
the MAST archive at STScI. The data release time will be
coincident at all three sites.

HUDF has also spawned a whole industry of parallel
observations, to accompany the ACS WFC imaging, using the
uniquely powerful facilities of HST. NICMOS J and H band
imaging, STIS slitless spectra and WFPC2 U band imaging
were all obtained in parallel. The WFPC2 and STIS data are
public immediately whilst the NICMOS data form part of the
public release. Since the ACS HUDF field was taken at four
distinct roll angles separated by 4, 90 and 94 degrees from the
first set at PA 310 degrees, the parallel fields for each instrument
are not co-spatial. The other parallel data set is taken with the
ACS High Resolution Channel (HRC), in the auto-parallel
mode. Since the HRC and WFC share the same filter wheels,
when WFC is observing in z band (filter F850LP), for example,
the HRC can simultaneously observe with the G800L grism.
The HRC HUDF auto-parallels are taken with the near-UV
(F220W), V band (F555W) and the narrow band filter at
9000Å (F892N) and with the G800L grism (dispersion 24Å/
pixel, resolution ~60Å).

The ST-ECF group supporting the ACS slitless mode are
reducing the HUDF HRC data and images and spectra will be
included in the public release.

The complex overlaps of the GOODS and the HUDF fields are
shown on the image on the back cover.

observations. A controlled de-orbit of the spacecraft will have to
be achieved using a special robotic mission at some time in the
future as yet unspecified.

There is little we Europeans can do directly to change NASA's
decision which, apparently, is final. We believe strongly,
however, that it should be made known how universal the
feeling of disappointment is within the scientific community. As
European members of the Space Telescope Users Committee
(STUC), we have asked the ST-ECF to open a web page where
you can send comments on the fate of HST and on the loss for
the scientific community. We encourage you to share your
views with us, visiting the site and sending e-mails to the
address given. The site is now available at:
http://www.stecf.org/SM_cancellation.html
or mail to stdesk@eso.org.
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ARRIVALS

Martin Kümmel joined the ST-ECF in September 2003 as a
Science Data Analyst/Programmer. Although he has most
recently been working for a consulting company he has a strong
background in astronomy. He was both a PhD student and
postdoctoral researcher in Heidelberg in the field of surveys with
an emphasis on the design and implementation of data
reduction pipelines. Within the ST-ECF he is working in the
ST Data Analysis Group on the development of ACS software.

ST-ECF Staff Changes

Richard Hook

Søren Larsen joined the ST-ECF in December 2003 as an
Instrument Scientist. Before that he was an ESO fellow in
Garching. His main research interest is extragalactic star clusters
in a broad sense, ranging from massive young “super” star clusters
in star forming galaxies to old globular clusters around early-
type galaxies. He studies these clusters using both ground-based
and HST/WFPC2/ACS imaging data as well as spectroscopy
from Keck and VLT.

Mauro Fiorentino joined the ST-ECF in November 2003
where he will be mainly involved in the STIS Calibration
Enhancement Project. Before joining ESO, Mauro worked for
several years at ESA’s European Space Operation Centre in
Darmstadt as a Spacecraft and On Board Software Engineer for
the Huygens mission.
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STIS Calibration Enhancement — two

Unusual Visits to the Smithsonian National

Air and Space Museum

Florian Kerber & H. John Wood (Goddard Space Flight Center)

Have you been to a museum recently? Museums come in
many varieties, covering topics ranging from art to
documentary, but a common theme — at least in

most people’s view — is that museums preserve things that are
thought worth preserving. Things that can tell us about the
past, ancient or just recent, and by learning about the past, we
at least have a chance to avoid some of our past mistakes in the
future. This is a short report on two rather unusual visits to a
special museum and their results.

The concept of learning from the past is also at the core of an
innovative project called Calibration Enhancement (CE).
Normally a spectrograph is calibrated in a purely empirical
manner for instance by using a polynomial fit for the
wavelength dispersion solution. The new approach here is to
use our knowledge of the physical build-up of a spectrograph,
in this case the Space Telescope Imaging Spectrograph (STIS)
(Woodgate et al. 1998, Kimble et al. 1998) and create a
physical model in the computer, including optics and detectors.
The model predicts how the instrument will behave and in an
iterative procedure the exact configuration of the optical
elements in the instrument is derived, leading to, for example, a
better wavelength calibration. The potential of this method has
been demonstrated by the post-operational archive (POA) (Rosa
2000) work on the Faint Object Spectrograph (FOS) for which
the accuracy of the dispersion solution was improved by an
order of magnitude. This CE work is performed by the ST-
ECF’s Instrument Physical Modelling Group (IPMG) under
the extension of the NASA-ESA MoU for the HST.

As part of the STIS-CE we are conducting a dedicated project,
funded by ESA, to measure the spectral output of Pt/Cr-Ne
hollow cathode lamps (Sansonetti et al. 2004), which are used
as calibration sources onboard STIS. See Kerber et al. (2003) in
ST-ECF Newsletter #33 for more details on this project. One
goal of the Lamp Project is to better understand how the
performance of the lamp changes over time and what physical
processes are involved in this ageing. Lamps of this kind have
been tested in the laboratory (Klose & Bridges 1987, Klose et
al. 1990) and commercial versions are used in large numbers.
Still, the only such lamps that have ever been returned from
space are the ones inside the FOS (Harms et al. 1979, Harms &
Fitch 1991) and the Goddard High Resolution Spectrograph
(GHRS) (Brandt et al. 1994, Heap et al. 1995). Both have
been operated in orbit for about six years and we therefore
decided to take one more spectrum of these lamps in the
laboratory as a reference. Since the FOS is on display at the
Smithsonian National Air and Space Museum (NASM) in
downtown Washington DC, such an undertaking required a
visit to the museum in order to remove the lamps.

THE FOS AT THE NATIONAL AIR AND SPACE MUSEUM

The FOS was one of the original instruments on the HST
when it was launched in April 1990. It operated successfully for
more than six years and provided unique data that were, for
example, used to determine the mass of the black hole in the
center of the galaxy M 87. These monster black holes weigh in
at millions of solar masses. During the second Hubble servicing
mission in February 1997, astronauts replaced the FOS with
STIS and it was returned to NASA’s Goddard Space Flight
Center (GSFC) for testing of one of its optical components. The
roof mirror, which separates the incoming light into the red side
and blue side spectrometers, was removed to measure its
reflectivity. After completion of these tests the HST Project
decided to give the FOS to the Smithsonian National Air and
Space Museum as a permanent loan. Since a complex optical
instrument like the FOS is truly a black box, some
modifications, including partial removal of the outer housing,
had to be performed, in order to make it suitable for display in
the museum.

Fig 1: The FOS is on display in the exhibit “Explore the Universe” in the
Smithonian National Air and Space Museum. The backup of HST’s primary mir-
ror is visible in the left background.
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When the need for additional laboratory measurements of the
FOS lamps became obvious, the HST Project asked the NASM
to provide access to the FOS and we arranged for a visit in April
2003, almost exactly 13 years after it had been launched into
space. The FOS is part of a fascinating exhibit called “Explore
the Universe” (Figure 1) which takes the visitor through the
history of efforts to understand the cosmos in which we live.
You can take a virtual tour of the exhibit at:
http://www.nasm.si.edu/exploretheuniverse/

The FOS shares the exhibit with other impressive artifacts
including the backup of Hubble’s primary mirror made by
Eastman Kodak, seen in the background of Figure 1.

VISITING THE FOS OR DON’T DO THIS AT YOUR LOCAL

MUSEUM …
When we visited the museum on April 8th, 2003, we were not
sure whether we would succeed in our mission to remove the
FOS lamps. Despite documentation and drawings of the layout
of the instrument we really didn’t know whether we would get
proper access to the lamps and whether we would be able to
unscrew them from their mounting. The complete FOS can be
removed from the HST by the astronauts wearing bulky
pressure suits but the interior of the spectrograph was not
designed for maintenance and some regions of the box are
cramped with delicate components (Figures 1 & 2). In the
worst case removal of the lamps would have required at least a
partial disassembly of the whole spectrograph, and that, of
course, was out of the question.

Our first task was to locate the lamps, which were still hidden
behind protective thermal blankets, and we succeeded in that
pretty quickly. There the first lamp was, it looked like new, but
it was stuffed into a very tight corner of the instrument (Figure
3) just behind some massive support frames. Of course, we had
to work very carefully here, making sure that our action would
not damage the lamp or any other objects close-by. It was a
tedious process and everybody involved wished at some point
for smaller fingers or an extra joint in the arm. After almost two
hours we had untied the lamp from its mounting and as a final
step we unplugged the cable from its power supply. There was
no mission control to radio a “mission accomplished” to but a
sweaty bunch of people breathed a collective sigh of relief. We
would not leave empty handed (Figure 4). Throughout the

Fig 2: Opening the black box.

Fig 3: Can you spot the lamp? For a little help see footnote 1.

Footnote 1: The lamp is located in the centre of the frame. It is potted inside a
black metal tube. A blue cable fastener is wrapped around its forward section at-
tached to which is piece of yellow-brown circuit board. In the rear of the lamp the
brown potting material is visible. Note that the thermal protection wrapping has
been removed.

Fig 4: The first lamp has been retrieved from the FOS.



January 2004 Page 7

process we took a large number of pictures in order to document
what we were doing. A few of these can be found in this article.
After a short break, we went for the second lamp, which is
located in a different corner of the instrument. Here the
situation got even trickier. If it hadn’t been for some of the

modifications done to the FOS for display purposes we would
not have been able to get access at all, but even so we just
couldn’t get in a position to loosen two of the screws. From one
side of the FOS one could see them but not reach them with a
tool and from the other side one could reach them but wouldn’t
see anything (Figure 5). The solution was simply to accept this
limitation and finally we found a way, in which two people, one
feeling, the other seeing, one holding the tool, the other turning
it, could undo the screws quarter-turn by quarter-turn.

So in the end, we were able to extract both lamps from the FOS
and we all felt quite excited about it. But, there were these
nagging questions in everybody’s mind: Would the lamps still
work? Would we get the spectra we were hoping for?

THE FOS LAMPS ARE BACK IN THE LABORATORY

When back at the National Institute of Standards and
Technology (NIST), the next day, we went ahead and tried our
luck. Unfortunately, we did not have documentation on the
exact electrical layout of the lamp assembly. The lamps are
potted inside their housing hiding the electrical connections
from view. Therefore, we had to go by trial and error. We tried all
possible combinations for the leads but to no avail. Our spirits

Fig 5: A real team effort was required to remove the second lamp (Picture by Eric
Long, Smithsonian Institution).

Fig 6: First light after a six year rest. A FOS lamp ignites on a work bench at NIST.
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sank. The electrical set-up on our workbench, in particular the
ballast resistor, was not identical to the one inside the FOS.
Therefore, we had deliberately chosen a rather low operating
voltage, to make sure we would not create a high operating
current that could damage the lamp. Still, we expected to see
something at this voltage. We increased the voltage slightly, still
to no avail, tried the other combinations still no emission from
the lamp. Old hollow cathode lamps sometimes need a boost on
ignition, so we decided to give it a little nudge with a short
pulse of a slightly higher voltage and there, there it was: a faint
glow. We adjusted the voltage to get to the nominal operating
current of 10 mA and the first lamp was gleaming with a
friendly reddish-orange, so were our faces (Figure 6). The
second lamp showed the same behaviour and both lamps
performed flawlessly during our laboratory work, after having
been idle for six years. Some of the experimental set-up used at
NIST is described in a previous ST-ECF Newsletter issue
(Kerber et al. 2003).

The results of the measurements will be reported in detail
elsewhere. In summary, the first measurements of calibration
lamps after their return from space were a complete success: all
lamps both from the FOS and GHRS produced fine spectra.
These spectra will serve as a reference of our studies into the
ageing of such lamps and in the case of the FOS an old problem
with the calibration spectra at short UV wavelengths is now
understood in detail. In addition, the lessons we have learned
from these old lamps can be directly put to use in future
instruments.

RETURNING THE FOS LAMPS

After completion of the laboratory measurements we came to
the NASM for a second visit in September 2003, to return the
lamps. On that occasion we also had a little ceremony during
which we gave a poster to Ted Maxwell, the associate director of
the Air and Space Museum (Figure 7). This poster is meant to
show our appreciation for the museum’s support in this
collaborative effort. Most of the people involved in the project
were on hand for the occasion. The actual reinstallation of the
lamps back into the FOS was rather uneventful, we had some
better tools and our previous experience helped us as well. It felt
good to have the lamps back in their place. Surely, they had
done their share and they deserve some more rest inside the
FOS, unless some time in the future more questions should arise,
which they could help to answer.

For the future we plan to have a little display next to the FOS
explaining to the visitors how and why we did the actual work
on these vintage lamps.

TALKING ABOUT MUSEUM GRADE LAMPS: LESSONS LEARNED

The lamp project is merely a tiny part of the work required to
operate a space observatory like Hubble, operated jointly by
NASA and ESA. Still, the quality of the science that can be
achieved with these complex instruments depends critically on
a multitude of details and calibration is at the heart of scientific
understanding. The ST-ECF’s STIS Calibration Enhancement
is dedicated to improving this all-important calibration by using

Fig 7: The Lamp Project thanks the NASM for its support. On the occasion of our second visit a poster was given to the museum, represented by associate director Ted
Maxwell. From left to right: Gill Nave, Craig Sansonetti, Joseph Reader (all NIST), Florian Kerber (ST-ECF, ESA), Ted Maxwell, David DeVorkin (both NASM) and John
Wood (NASA). (Picture by Eric Long, Smithsonian Institution).
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Comfortable Visualisation of ACS Spectra

Jeremy Walsh & Martin Kümmel

The ACS Wide Field Camera (WFC) has a very powerful
survey mode for obtaining slitless spectroscopy of all the
objects over the full 200x200 arcsecond field. The

G800L grism combined with the WFC provides spectra at a
dispersion of 40Å/pixel over the wavelength range 5500 to
10000Å. This is a particularly interesting spectral range since it
covers a variety of emission lines such as H-α, [O III]5007Å, [O
II]3727Å and Ly-α, as well as continuum breaks (H+K break at
~3900Å and Lyman break) over many redshift ranges.
Especially interesting are high redshift objects with Lyman-α
(emission and or break) detectable in the range z=4 to z=7.
Since the sky from the ground has many strong and variable
emission lines above 7000Å, the ACS grism therefore has
particular advantages for detection of faint objects over a con-
tiguous wavelength range generally regarded as difficult from
the ground.

Area surveys with slitless spectroscopy have a number of
advantages when compared with photometric multi-band
imaging surveys. Most obvious is the continuous wavelength
coverage. Whilst filter imaging will always detect fainter objects
for continuum sources, slitless surveys are relatively more

sensitive to objects with single emission lines within the pass-
band and of course to emission which occurs between
passbands. There are however some disadvantages of slitless
spectroscopy: principally the modulation of the spectral
resolution by the size of the object (see Pasquali et al. 2001 for a
quantification of the effects) and the overlap of spectra, since in
comparison with the few pixels of a direct image, a slitless
spectrum can occupy many hundreds of pixels. The overlap of
spectra can be obvious but can also be more subtle, such as
when the zeroeth order spectrum of one object falls within the
first order spectrum of another object, leading to false
identification of an emission feature.

AXE

The aXe extraction software developed by the ST-ECF (http://
www.stecf.org/software/aXe/) was designed to extract large
numbers of spectra from ACS direct and grism pairs in an
unsupervised way. The aXe tasks are driven by a catalogue of the
direct objects and a configuration file which parameterizes the
relation between the direct images and the corresponding
spectra, the dispersion relation and the flat fielding and flux

novel techniques and improved laboratory data. The lamp
project is a fine example of how continued commitment can
result in significant improvements, even after many years of
operations. The data collected from the FOS & GHRS lamps
are unique, since no other calibration lamps have been brought
back from space after years of operations. Once fully analyzed
they will significantly enhance our knowledge of how these
lamps change over time. This understanding will be very
valuable for future instruments.

The National Air and Space Museum made it possible for us to
take one more close look at these pieces of space hardware and
from our subsequent laboratory work we definitely learned
lessons for today’s HST and for the future. So when it comes to
the promise that museums hold, to teach, to increase and
diffuse knowledge our joint effort certainly delivered. And while
these were truly special visits to the museum for us, we are
confident that your next visit to your museum will also be a
rewarding one.
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calibration of the spectra.
The result is a 1D extracted
wavelength and flux ca-
librated spectrum for each
catalogued object (as a
multicolumn FITS table)
together with a number of
intermediate products. As
part of the 1D extracted
spectrum, object counts,
background counts, data
quality (propagated from
data quality in the input
slitless spectrum image) and
a contamination flag, to
indicate if the spectrum of
one object contains any
pixels from another, are
provided. Of the inter-
mediate outputs, one of the most useful is a “spectrum stamp
image” which provides the spectrum of each object centred in a
small image; it can be rectified to have dispersion and cross-
dispersion perpendicular as for a conventional long slit
spectrum.

Since a deep ACS WFC grism image can contain detectable
spectra of hundreds to over a thousand objects, visual checking
of each spectrum is very tedious. However, a quick look facility is
highly desirable in order to find interesting objects (eg, high
redshift galaxies, SNe, etc) which can be highlighted for further
study or interactive spectrum extraction. A tool which produces
browsable web pages for fast and discerning examination of
many hundreds of spectra has been developed to accompany
aXe extracted data.

AXE2WEB

This additional task to the aXe package takes the input
catalogue and the aXe output files and produces an HTML
summary containing a number of results for each spectrum.
Each spectrum is referenced by a number which is the running
number in the input catalogue (usually produced by running
SExtractor on the direct image of a direct-grism image pair). Each
object produces a line in an HTML file which lists the reference
number, magnitude in the magnitude system of the direct
object, the X and Y position of the direct object, its Right
Ascension and Declination, a cut-out image showing the direct
object, the spectrum stamp image showing the 2D spectrum, a
1D extracted spectrum in counts and the same in flux units.
The HTML view on two targets from an ACS direct and
G800L grism pair, in this case a pair of K dwarf stars from a high
latitude field observed in the APPLES (ACS Pure Parallel
Lyman-α Emission Survey) proposal (PI: J. Rhoads, STScI), is
shown in the Figure.

The tool is written in Python and takes the aXe products and
the input direct image to produce a set of web pages. Many of

the parameters are controlled by keywords to enable the display
set-up and the range of objects displayed to be tuned in various
ways. The entries can be ordered on a parameter, most usually
the magnitude but position might also be useful. The user can
specify the number of objects which are displayed in the
HTML summary, eg, only the 100 brightest (or faintest) objects
in the data set, as well as the number of objects to be seen on
each individual HTML page. The size of the direct image and
the spectrum stamp image and the wavelength range displayed
in the spectra can be arbitrarily chosen. The spectrum plots can
be produced with and without error bars. In these plots the
blue points are ones where there is contamination by the
spectrum of a nearby object. Flagging contaminated points alerts
the viewer to consider these pixels with caution.

In order to facilitate the navigation within a dataset an overview
and an index page accompany the object pages which carry all
the information. The overview page contains for each object
the basic information sequence number, reference number, X, Y,
RA, Dec and magnitude. The index page includes a table with
the ordered reference number of all objects. Direct links from
both the overview page and the index page lead to the
corresponding locations of the objects in the object pages.

The Python script to produce the web pages is available from
the aXe web page. Whilst principally designed for ACS data it
can find application to other similar data sets reduced by the
aXe package. It has been used by a number of people in the
GRAPES (The Grism-ACS Program for Extragalactic Science)
consortium (PI: S. Malhotra, STScI) and allows browsing of
hundreds of spectra without undue eyestrain.

Fig 1: An example of the output from aXe2web shows the display for two catalogued objects and their corresponding extracted spectra.
From left to right the catalogue number, magnitude in the system of the direct image, (X,Y) position of the direct image and its RA
and Dec are listed. Then a cut-out of the direct image and the rectified spectrum are shown followed by the 1D extracted spectrum in
electrons/s and in flux units (ergs cm-2 s-1 Å-1). In this case the objects 247 and 248 are components of a dwarf star binary and the
data are taken from the APPLES programme.

REFERENCES
• Pasquali, A., Pirzkal, N., Walsh, J. R., Hook, R. N., Freudling, W., Albrecht,
R., & Fosbury, R.A.E. 2001,”The effective resolution of the
WFC and HRC grism”, ST-ECF ISR ACS 2001-02
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New Media for Archive Data Distribution

Benoît Pirenne (ESO DMD & ST-ECF)

The ESO/ST-ECF archive has, in its 13 years of existence,
used an extensive range of data storage media and
systems. For data distribution in particular, if we exclude

electronic (FTP) transfer, we have offered our users the choice
between a number of media: from the now defunct half-inch
9-track tape to the most recent DVD-R. In between, all sorts of
formats have come and gone: quarter-inch cartridge (QIC),
DAT-DDS 1 & 2, Exabyte. Still available today are the DAT-
DSS 3 and the DLT 4000 and DLT 7000, as well as CD-R.

The reasons for the changes are the adoption of the most
economical technologies and the adaptation to ever increasing
data volumes. The former is important for our users who must
be able to afford equipment to read the data we provide. The
latter is essential if we want to limit the total number of
volumes to be written, shipped to the users and later read by
him or her. So our choices have always been, to a large extent,
driven by cost and options available to the typical user.

We have now come to a point where a technology change is
again necessary: the tape formats we are using are outdated and
still suffer from the same lack of user-friendliness as they did in
the past. The DVD-R is still viable and economical but is less
and less attractive when it comes to delivering larger data
volumes such as those produced by the large mosaic cameras of
ground-based telescopes (eg, the Wide Field Imager on ESO’s
2.2m telescope) or data from HST’s ACS with its many by-
products. The future promises an even worse situation on
ESO’s side: OmegaCAM will produce data by the “truck load”
and VISTA and ALMA are already on the horizon. Based on
those considerations, we now realise the need for something as
convenient as a DVD, with a better price per GB and a low
manipulation cost for the archive site, without requiring on the
user’s side large investment in media reading equipment. A
study was carried out in 2003 with those requirements as a

driving force. The study led to the construction of a table
(reproduced in Table 1) listing the current devices in use as well
as promising new technologies.

One conclusion is that the emphasis should be put more and
more on network data transfer as it is by far the cheapest
method available. However, pure electronic data transfer cannot
address all possible cases as very large data packages cannot
currently be conveniently copied due to limited bandwidth.
Moreover, the user or the archive centre might have good
reasons for wanting a physical medium to be delivered, even for
smaller datasets (eg, Principal Investigator data).

If we consider the other arguments that determine the
suitability of a given medium for data transfer, it is quite clear
that some of the tape systems available today, such as the Super
AIT from Sony or the “Super DLT”, are quite cheap. However,
apart from the inconvenience linked to the sequential access and
the loss of the file names due to the use of the FITS tape format,
the tape drives required to read the media on the user side are
exceedingly expensive (between 5 and 10 KEUR). This is a
burden that would not make recipients of our tapes very happy.
This is why we have investigated a new technology: the USB/
FireWire external magnetic disk (see Figure 1). These disks are
still quite expensive but much less so if re-used a number of
times. The effort required to follow up a disk’s whereabouts is
compensated by the ease of use for both the archive centre and
the user. These disks are mostly “plug-and-play” and are
detected by the computer as soon as they are plugged in. For the
largest possible compatibility across operating systems and
hardware platforms, an ISO 9660-compatible file system is
written on the disks such that it will look like a very large CD to
the operating system. The disks we are considering are either
80GB or 300GB units with USB and/or FireWire interfaces.
They have been tested for compatibility with several platforms.
Table 2 below summarizes what can be offered.

Tab 1: Comparison of currently available digital media suitable for data transport.
Besides the media type, the capacity, practical transfer rate, cost per volume and
manpower cost per volume are listed. The re-use factor indicates whether a medium
would be given away or requested back from the user. TCO stands for “Total cost
of ownership”. In this case, it indicates how much a typical data package of about
1 TB would cost on a per GB basis.

Tab 2: List of platforms on which our USB disk has been tested.
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At the time of this writing, the necessary software and
procedures to manipulate, write and follow up those magnetic
disks have been prepared and tested. Further tests with a few
“power users” are currently taking place. The new service will be
offered starting April 1st, 2004 for requests whose total volume
would be in excess of several dozen gigabytes. The recipients of
the disks are requested to return them to ESO within about 10
working days.

At the same time as the introduction of the new magnetic disks
we will also stop offering tapes as an archive data distribution
medium. This means that neither DAT nor DLT 4000 and
7000 will be available as media options in the request
submission procedure.

Fig 1: Example of a
USB disk that ESO/

ST-ECF could send
to Archive users.

Looking back in time to when the
universe was in its formative
youth, the Advanced Camera for
Surveys (ACS) aboard the NASA/
ESA Hubble Space Telescope cap-
tured these revealing images of
two galaxy clusters. The image at
left, which is made with an ad-
ditional infrared exposure taken
with the European Southern Ob-
servatory’s Very Large Telescope,
shows mature galaxies in a the
massive cluster RDCS1252.9-
2927 that existed when the cos-
mos was 5 billion years old.
In the image to the right the em-
bryonic cluster called TNJ1338-
1942 is seen as it was when the
universe was 1.5 billion years old.
This young system is the most
distant known developing cluster,
or proto-cluster. It is dominated
by a massive ‘baby galaxy’ - the
green object in the centre.

RECORD-BREAKING ANCIENT GALAXY CLUSTERS

Studies of two distant galaxy clusters using a combination of the largest radio, optical and x-ray telescopes on the ground and in space
have independently found that galaxies formed relatively early in the history of the Universe. The two galaxy clusters studied are
respectively the most distant proto-cluster ever found and the most massive known galaxy cluster for its epoch.

Looking back in time nearly 9000 million years, an international team of astronomers found mature galaxies in a young Universe. The
galaxies are members of a cluster of galaxies that existed when the Universe was only 5000 million years old, or about 35 percent of its
present age. This is compelling evidence that galaxies must have started forming just after the Big Bang and is bolstered by observations
made by the same team of astronomers when they peered even farther back in time. The team found embryonic galaxies a mere 1500
million years after the birth of the cosmos, or 10 percent of the Universe’s present age. The ‘baby galaxies’ reside in a still developing
cluster, the most distant proto-cluster ever found.
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Supernovae are some of the most violent
events in the Universe. For many years
astronomers have thought that they occur
in either solitary massive stars (Type II
supernovae) or in a binary system where
the companion star plays an important role
(Type I supernovae). However, no one has
been able to observe any such companion
star. It has even been speculated that the
companion stars might not survive the
actual explosion.

The second brightest supernova
discovered in modern times, SN 1993J,
was found in the beautiful spiral galaxy
M81 on 28 March 1993. From archival images of this galaxy
taken before the explosion, a red supergiant was identified as
the mother star in 1993 — only the second time astronomers
have actually seen the progenitor of a supernova explosion (the
first was SN 1987A, the supernova that exploded in 1987 in
our neighbouring galaxy, the Large Magellanic Cloud). Initially
rather ordinary, SN 1993J began to puzzle astronomers as its
ejecta seemed too rich in the chemical element helium and
instead of fading normally it showed a bizarre sharp increase in
brightness. The astronomers realised that a normal red

E
ur

op
ea

n 
Sp

ac
e 

A
ge

nc
y 

an
d 

Ju
sty

n 
R

.
M

au
nd

 (
U

ni
ve

rs
it

y 
of

 C
am

br
id

ge
)

supergiant alone could not have given rise to such a weird
supernova. It was suggested that the red supergiant orbited a
companion star that had shredded its outer layers just before
the explosion.

Ten years after this cataclysmic event, a European/University of
Hawaii team of astronomers has now peered deep into the
glowing remnants of SN 1993J using the NASA/ESA Hubble
Space Telescope’s Advanced Camera for Surveys (ACS) and the
giant Keck telescope on Mauna Kea in Hawaii. They have
discovered a massive star exactly at the position of the
supernova that is the long sought companion to the supernova
progenitor. This is the first supernova companion star ever to be
detected and it represents a triumph for the theoretical models.
In addition, this observation allows a detailed investigation of
the stellar physics leading to supernova explosions. It is now
clear that during the last 250 years before the explosion 10 solar

masses of gas were torn violently from
the red supergiant by its partner. By
observing the companion closely in
the coming years it may even be
possible to detect a neutron star or
black hole emerge from the remnants
of the explosion ‘in real time’.

In this artist’s view the red supergiant supernova
progenitor star (left) is exploding after having
transferred about 10 solar masses of hydrogen gas
to the blue companion star (right). This interac-
tion process happened over about 250 years and
affected the supernova explosion to such an extent
that SN 1993J was later known as one of the
most peculiar supernovae ever seen.

FIRST SUPERNOVA COMPANION STAR FOUND
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A virtual journey into one of the spiral arms of M81
(imaged with the Isaac Newton Telescope on La Palma,
left) shows the site of the SN 1993J explosion
(WFPC2, below). The close-up (with ACS, to the
right) is centred on the newly discovered companion
star to SN 1993J that itself is no longer visible. The
quarter-circle around the supernova companion is a
light echo originating from sheets of dust in the galaxy
reflecting light from the supernova.



Page 14 ST-ECF Newsletter 35

The latest version of Scisoft, version 5, is now ready for
release. Starting from version 5 Linux will be the only
operating system supported. From version 5 it has been

decided to also distribute Scisoft to ‘advanced’ amateur
astronomers.

Scisoft is a project within ESO to provide a collection of
astronomical software utilities, mostly public domain tools
developed outside ESO, in a uniform way at all four ESO sites.
Major data-analysis packages — eg, IRAF/STSDAS, ESO-
MIDAS and IDL (no licence provided) are included as well as
many smaller utilities such as DS9, Skycat, PyRAF, SExtractor
etc.

Scisoft can be ordered directly on the web, free of charge:

                                       http://www.eso.org/scisoft

Scisoft v5 for Linux released

Piero Rosati (ESO)

The cover of the Scisoft v.5 for Linux CD.

JWST News

Robert Fosbury & Peter Jakobsen (ESA/ESTEC)

Following the project transition to Phase B in the Summer
of 2003, an expert review team decided that the 18
segment JWST mirror will be made from beryllium.

Progress has also been made in the choice of detectors for the
scientific instruments. The NIRCam team have chosen HgCdTe
2k square detectors from the Rockwell Scientific Company.
NASA/JPL have chosen Si:As 1k square detectors from
Raytheon Vision Systems for use in MIRI.

In Europe, members of the ESA Member State consortium have
reached agreement amongst themselves and with ESA on the
funding of the MIRI instrument. The competitive invitation to
tender for the NIRSpec instrument was issued late in 2003 and
the choice of the winning industrial consortium is expected in
late Spring 2004, with a definition phase kick-off meeting in
June or July.

The ESA JWST Science Management Plan passed the scrutiny
of the Astronomy Working Group in January and an
Announcement of Opportunity for the NIRSpec Instrument
Science Team (IST) is expected soon with appointments to be
made in time for the commencement of the definition phase.

At the ST-ECF, work has been proceeding on the concepts for
the ground and in-orbit calibration of NIRSpec. This is a
complex task that will involve close collaboration between the
ESA project, the IST and industry - especially during the time-
limited and expensive thermal vacuum testing.

Artist’s rendering of the NASA/ESA/CSA James Webb Space Telescope. The spacecraft
is being built by Northrop Grumman Space Technology. Illustration: Hubble Euro-
pean Space Agency Information Centre.
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A mysterious arc of light found behind a distant cluster of
galaxies has turned out to be the biggest, brightest and
hottest star-forming region ever seen in space.

The so-called Lynx arc is one million times brighter than the
well-known Orion Nebula, a nearby prototypical ‘starbirth’
region visible with small telescopes. The newly identified
super-cluster contains a million blue-white stars that are
twice as hot as similar stars in our Milky Way galaxy. It is a
rarely glimpsed example of the early days of the Universe
where furious firestorms of starbirth blazed across the skies.
The spectacular cluster’s opulence is dimmed when seen
from Earth only by the fact that it is 12 000 million light
years away.
 
The discovery of this unique and tantalising object was the
result of a systematic study of distant clusters of galaxies
carried out with major X-ray, optical and infrared telescopes,
including the NASA/ESA Hubble Space Telescope, ROSAT
and the Keck Telescopes. Bob Fosbury, of the European
Space Agency’s Space Telescope-European Coordinating Facility in Germany, and a team of international co-authors reported the
discovery in the 20 October 2003 issue of the Astrophysical Journal.
 
The mega-cluster of stars appears as a puzzling red arc behind a distant galaxy cluster 5400 million light-years away in the northern
constellation of Lynx. The arc is the stretched and magnified image of a mysterious celestial object about 12 000 million light-years away
(at a redshift of 3.36), far beyond the cluster of galaxies. This means that the remote source existed when the Universe was less than
2000 million years old.

Fosbury and colleagues first tried to identify the arc by analysing the light from the object, but the team was not able to recognise the
pattern of colours in the spectral signature of the remote object. While looking for matches with the colour spectrum, Fosbury realised
that the light was related to that of the nearby Orion Nebula, a star-forming region in our own Milky Way. However where the Orion
Nebula is powered by only four hot and bright blue stars, the Lynx arc must contain around a million such stars!
 
Furthermore, the spectrum shows that the stars in the Lynx arc are more than twice as hot as the Orion Nebula’s central stars, with
surface temperatures up to 80 000°C. Though there are much bigger and brighter star-forming regions than the Orion Nebula in our
local Universe, none are as bright as the Lynx arc, nor do they contain such large numbers of hot stars.

Even the most massive, normal nearby stars are no hotter than around
40 000°C. However, stars forming from the original, pristine gas in the
early Universe can be more massive and consequently much hotter –
perhaps up to 120 000°C. The earliest stars may have been as much as
several hundred solar masses, but the chemical make-up of the Universe
today prevents stars from forming beyond about 100 solar masses. Such
‘primordial’ super-hot stars are thought to be the first luminous objects
to condense after the Big Bang cooled. Astronomers believe that these
first ‘monster’ stars formed considerably earlier than the Lynx Arc – up
to 1800 million years earlier.

The desire to find and study the first luminous objects in the Universe
is the main scientific drive behind the construction of the NASA/ESA/
CSA James Webb Space Telescope, scheduled for launch in 2011.

This WFPC2 image of the Lynx cluster of galaxies shows the doubled image of the red Lynx Arc
(just right of the centre). The colour information in the image comes from six ground-based
images from the blue to the infrared taken with the Mayall 4-m Telescope at NOAO’s Kitt Peak
Observatory in Arizona, USA.

This illustration shows an artist’s impression of the Lynx arc. None of the starburst regions
in our local Universe are as bright as the Lynx arc, nor do they contain such large numbers of
hot stars. The stars are so hot that a very large fraction of their light is emitted in the ultra-
violet that makes the gas glow with the green and red colours illustrated here.Eu
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MEGA STARBIRTH CLUSTER IS BIGGEST, BRIGHTEST AND

HOTTEST EVER SEEN
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This image illustrates the complex set of overlapping instrument
apertures in the Chandra Deep Field South during the recent
Hubble observing campaigns. The inclined large notched green
rectangle is the outline of the mosaic created from the GOODS
ACS/WFC observations. This is the southern half of the HST
GOODS Treasury Programme (PI: Mauro Giavalisco at STScI).

At the centre of this picture the light blue diamond shows the
ACS/WFC pointing of the Ultra Deep Field (UDF). The
WFPC2 parallels to the UDF show up as the characteristic
chevron shape in dark blue above and to the left of the primary
field. The NICMOS and STIS parallels are shown as red and
orange respectively. The small purple squares closer to the main
field are the ACS/HRC auto-parallel pointings that are currently
being reduced by the ST-ECF ACS grism team.

Just above and to the right of the main UDF image a small
group of galaxies can just be seen. This region of the GOODS
imaging is shown on the front cover of this Newsletter.

As well as the UDF observing as director’s discretionary time a
complementary Treasury Programme with Rodger Thompson as
principal investigator has imaged the UDF with NICMOS as a
3x3 mosaic. This field is shown as red within the primary UDF
field. In turn these data have parallels and particularly
noteworthy are the large fields covered by the ACS parallels, to
the right and below, which are themselves among the deepest
ACS public images available.
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