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EDITORIAL
Richard Hook

The ST-ECF Newsletter has been published for more than twenty years and this edition is the third time that we have moved to a new 

style and production method. We need to change to keep up to date with desktop publishing technology and also aim to retain an 

appropriate visual appearance in a rapidly evolving graphical design world. We hope you like the result. The Newsletter remains the 

primary way to inform the community of the work of the ST-ECF in its complementary activities of instrument calibration, high level data 

product creation and outreach in its many forms. In this edition there are two major articles on our core work and also some impressive 

recent outreach images produced in collaboration with external enthusiasts in the amateur community. 

Below this article we reproduce the covers of the Newsletter after previous changes of its production style. These provide interesting 

snapshots of the interests of the group in earlier years. The fi rst eleven Newsletters were produced using TeX and in black and white. The 

fi rst ever issue introduced the ST-ECF and confi dently reminded readers that launch of Hubble was expected in 1986. The next major 

change in style was introduced with issue twelve in early 1990. This brought in colour and higher-quality graphics and pictures. Launch 

was expected, excitement was high, and there was much discussion of the new proposal submission system. There was also an article 

on the undersampling of the WFPC2 camera — an issue that the ST-ECF was subsequently much involved with. That issue introduced 

the golden age of the Newsletter, prepared by Bob Fosbury on the Macintosh with Pagemaker®. At one point there was a thirty-six page 

issue, unlikely to be matched in future. The last change before this one was with issue 25, in 1998, when topics of interest included the 

Hubble Deep Field South.

Both the ST-ECF and Hubble itself have passed through an uncertain period, but there is now a stronger spirit of cautious optimism. Bob 

Fosbury described the changes in our group in the last edition of the Newsletter. Although staffi ng changes are always painful, we are 

now looking forward and planning future work for the remainder of Hubble life and beyond. The observatory itself is working very well 

indeed. Two gyro mode has been a great success and leads to no loss of data quality at all. The latest estimates are that Hubble can 

continue in science operations until around 2008 and remain in a safe state for servicing until 2010. Estimates now suggest that Hubble 

would not re-enter the Earth’s atmosphere, if left unattended, until 2020 at the earliest, so the need for an urgent re-boost, or the addition 

of a de-orbit unit, has faded. Planning for a servicing mission, now on the calendar for late 2007, is proceeding and activities supporting 

the new science instruments are moving again. It is even considered possible that STIS may be mended. Such a mission still remains 

dependent on the success of forthcoming shuttle missions but feelings are now very positive.

1985-1990 1990-1998 1998-2005 2005-
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This image demonstrates how data from two space observatories, the Spitzer and Hubble Space 
Telescopes, are used to identify one of the most distant galaxies ever seen. This galaxy is unusually 
massive for its youthful age of 800 million years. (After the Big Bang, the Milky Way by comparison, is 
approximately 13 billion years old.)

The galaxy, named HUDF-JD2, was pinpointed among approximately 10,000 others in a small area of 
sky called the Hubble Ultra Deep Field (HUDF). This is the deepest images of the universe ever made at 
optical and near-infrared wavelengths.
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y)Two space observatories, NASA’s Spitzer Space Telescope and the NASA/
ESA Hubble Space Telescope, have teamed up to “weigh” the stars in 
several very distant galaxies. One of these galaxies is not only amongst the 
most distant ever seen, but it appears to be unusually massive and mature 
for its place in the young Universe. This has surprised astronomers be-
cause the earliest galaxies in the Universe are commonly thought to have 
been much smaller agglomerations of stars that gradually merged together 
later to build large majestic galaxies like our Milky Way.

“This galaxy appears to have ‘bulked up’ amazingly quickly, within a few 
hundred million years after the Big Bang,” says Bahram Mobasher of the 
European Space Agency and the Space Telescope Science Institute, a 
member of the team that discovered the galaxy. “It made about eight times 
more mass in terms of stars than are found in our own Milky Way today, 
and then, just as suddenly, it stopped forming new stars. It appears to have 
grown old prematurely.”

The galaxy was pinpointed among approximately 10,000 others in a small 
patch of sky called the Hubble Ultra Deep Field. Thanks to the Hubble 
Space Telescope, this area is captured in the deepest images of the Uni-
verse ever made by humankind at optical and near-infrared wavelengths. 
It is also within the deepest survey from the Spitzer Space Telescope, the 
Great Observatories Origins Deep Survey (or GOODS). The galaxy is be-
lieved to be about as far away as the most distant galaxies and quasars now 
known. The light reaching us today began its journey when the Universe 
was only about 800 million years old.

Scientists studying the Ultra Deep Field found this galaxy in Hubble’s in-
frared images and expected it to be a very young “baby” galaxy, similar to 
others known at comparable distances. Instead, they found a “teenager”, 
much bigger than other galaxies known from this early cosmic era, and 
already quite mature.

HUBBLE

SPITZER AND HUBBLE FIND A ‘BIG BABY’ GALAXY IN THE NEWBORN UNIVERSE
[heic0513]
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and the lamps were on display at the Fiske Planetarium in Boulder, 
Colorado. The FOS lamps were still inside the instrument that is on 
display at the National Air and Space Museum in Washington, DC. 
Courtesy of the Hubble project and both museums we were able to 
obtain all lamps on loan for observations at NIST. In the case of the 
FOS this required us to actually open up the FOS and extract the two 
lamps in a delicate operation (Kerber & Wood, 2004).

The measurements we obtained are the only spectra ever taken of 
calibration lamps after their return from space. Combined with pre-
launch spectra recorded during ground testing in 1984 and the ex-
tensive collection of spectra obtained during the 6.5 years of orbital 
operation (April 1990 – January 1997) we have assembled a 20 year 
history of the spectral output of these lamps. This constitutes a unique 
database to study time-dependent variations in the lamps.

Fig 1: The two FOS lamps (left) and the two GHRS lamps (right) in the NIST laboratory. 
For use in space the lamps, which have a glass body, are potted inside an anodized (black) 
metal housing and are equipped with a Kovar fl ange (grey) that secures a UV transparent 
window made of MgF2  .

INTRODUCTION 

The scientifi c success of any astronomical observation depends 
crucially on proper calibration of the observing instrument. Flux cali-
bration is usually achieved by observing astronomical sources with 
a well known fl ux distribution, so called standard stars. Wavelength 
calibration similarly requires a source of well known standard lines 
in order to be able to translate positions on the detector into physi-
cal units of wavelength. Therefore all the spectrographs on Hubble 
carry spectral lamps that emit a rich spectrum of sharp atomic lines. 
Once these lines have been measured in the laboratory (Reader et al. 
1990) they can be used as wavelength standards providing an easy 
and effi cient way of achieving wavelength calibration. Apart from their 
spectral output, the calibration lamps were chosen on the basis of 
practical considerations such as weight, power consumption, lifetime, 
and stability. In the case of the Hubble ultraviolet (UV) spectrographs, 
a discharge lamp with a Platinum/Chromium (Pt/Cr) cathode and 
Neon (Ne) fi ll gas was selected. Understanding possible changes in 
the properties of these lamps over time is essential for their use as 
calibration sources over years in space, since they are the heart and 
soul of calibration, which in turn is crucial for the scientifi c quality of 
the Hubble observations.

The ST-ECF/NIST collaboration has led to a full characterization of 
Pt/Cr-Ne lamps. In the process more than 5000 new wavelength 
standards in the spectrum of Cr (Sansonetti et al. 2004, Kerber et al. 
2006, in preparation) have been established. We have also conducted 
accelerated ageing tests for such lamps and investigated the change 
of the spectrum as a function of operating current (Kerber et al. 2004). 
In this article we concentrate on the lessons learned from the study 
of four very special and well-travelled lamps, lamps that have actually 
returned from space.

The two lamps (Figure 1) fl own on the GHRS and on the FOS are the 
only calibration lamps ever returned from space after extended use in 
orbit. All four lamps had been retired to exhibits in museums. In the 
case of the GHRS the instrument had been disassembled after return 

AGEING OF SPECTRAL LAMPS IN SPACE
Performance of the FOS and GHRS Pt/(Cr)-Ne hollow-cathode lamps after their return from 
space and comparison with archival data1 

Florian Kerber, Don Lindler (GSFC), Paul Bristow, Dominik Lembke, Gillian Nave (NIST), Joseph Reader (NIST), Craig Sansonetti (NIST), 

Sally Heap (GSFC), Michael Rosa & H. John Wood (GSFC)

Calibration lamps are vital components of spectrographs. They provide reference spectra that can be compared to observed spectra of 

astronomical objects and are used to calibrate the wavelength scale accurately. If the best possible calibration is to be achieved, the 

lamp spectra need to be measured in the laboratory to high accuracy and any changes with time need to be understood. The only lamps 

that have been returned to Earth after extended operations in space are those installed in Hubble’s two original spectrographs — the 

Faint Object Spectrograph (FOS) and the Goddard High Resolution Spectrograph (GHRS). Understanding how these unique lamps have 

aged provides vital information for the choice and design of lamps for future space observatories. Here we describe a study of these 

lamps as part of a continuing collaboration between ST-ECF and the US National Institute of Standards and Technology (NIST) as part 

of the STIS Calibration Enhancement project.

1 This article is based on a contribution that will be published in the proceedings of the 2005 HST Calibration Workshop.
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LABORATORY WORK

All of the laboratory work was done at NIST. In order to cover the full 
wavelength range of GHRS (115 to 320 nm) and FOS (115 to 800 
nm) we used two different instruments. For the far UV we used the 
10.7-m normal-incidence vacuum spectrograph which records the 
spectrum on UV sensitive photographic plates (111.5 to 182.7 nm). 
This is the same instrument used by Reader et al. (1990) to measure 
the wavelengths and intensities of the emission lines of the Pt-Ne hol-
low cathode lamp.
 
For the near UV work we used the Fourier Transform Spectrometer 
(FTS) located at NIST’s Synchrotron UV Radiation Facility (SURF). We 
recorded the spectrum of the hollow cathode lamp from about 155 
nm (the instrumental cut-off) to about 350 nm using two different 
photomultiplier detectors and a fi lter. Since we had no documentation 
on the wiring of the lamps, we had to establish the correct polarity by 
trial and error. To our relief, after a few attempts all four lamps ignited 
without problems and demonstrated their reliability 20 years after their 
fi rst use and after a six-year period of hibernation in a museum.

Exposure times on the 10.7-m spectrograph were 5.5 hours and 7 
hours for the GHRS and FOS lamps, respectively. On the FTS we co-
added a few hundred spectra equivalent to exposure times of 3 to 
8 hours. The lamp current was strictly limited to 10 mA in order to 
match the operating conditions on the spacecraft and to minimize the 
risk of changing the properties of this unique hardware. In order to 
preserve the lifetime of the lamps, we did not attempt to obtain deep 
exposures. 

The resulting spectra contain about 700 lines for the GHRS Pt-Ne 
lamps, while the FOS Pt/Cr-Ne lamps yielded about 1500 lines. Figure 
2 shows a typical example of an FTS spectrum (central wavelength 
about 234 nm) and the corresponding section from the GHRS archive. 
A more detailed analysis showed only very limited variation in spectra 
taken on orbit and after return.

Fig 2: Sample spectrum of GHRS lamp #2. The wavelength range is approximately 233.4-
234.6 nm. The spectrum at the bottom of the previous column was taken with GHRS during 
orbital operations in 1994 (mode ECH B). The data were retrieved from the GHRS archive. 
The plot above shows a FTS spectrum obtained in the NIST laboratory in 2003. Line ratios 
in these spectra are very similar in all wavelength regions studied.

ANALYSIS OF THE SPECTRA FROM 
DIFFERENT EPOCHS

For the analysis we concentrate on the GHRS spectra because the 
resolutions of the GHRS echelle modes and the FTS are similar, facili-
tating a direct comparison. We have combined spectra from the In-
strument Defi nition Team’s pre-launch archive, the orbital archive and 
the measurements at NIST, covering a time base of almost 20 years 
from 1984 to 2003. First we looked for any changes in the intensity 
ratios of individual lines. To this end we carefully selected spectral 
regions which contain lines from both Ne and Pt, preferably including 
lines of different ionization stages. We chose regions at 185, 263 and 
315 nm. By combining two or three echelle settings we used 15-25 
lines in regions 5-10 nm wide. Figure 3 illustrates a decrease of the 
observed intensity of the lines of about 25 % during the orbital phase. 
The lines belonging to a given element and ionization stage have been 
normalized to the intensity observed pre-launch and combined into an 
average for a given epoch. We used standard wavelength calibrations 
and so called SPYBALs. A SPYBAL (SPectrum Y BALance) is a short 
calibration lamp exposure taken at standard wavelength settings to 
centre the spectrum on the diode array in the cross-dispersion di-
rection. A SPYBAL is normally taken whenever the optical element 
(eg, grating) is changed. Wavelength regions were selected that had 
been observed as part of the pre-launch calibration program. The ma-
jority of the post-launch spectral calibration lamp observations are 
SPYBALs. No signifi cant differences between the individual species 
were found. This indicates that the conditions in the discharge did not 
change noticeably over the years.
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Fig 3: Change of the observed intensities of lines around 265 nm. Lines of a specifi c ele-
ment and ionization stage have been normalized to the intensity observed pre-launch and 
combined into an average for a given epoch. A general decrease by about 25% is evident 
but no signifi cant differences between individual species are apparent, indicating stable 
conditions in the discharge over the period investigated.

Comparisons between the three wavelength ranges selected show dif-
ferent rates of decrease at different wavelengths. Based on the fi nding 
that the rate of decrease does not depend on element or ionization 
stage, we have normalized all lines to the intensity observed pre-
launch and combined into an average for a given epoch. The largest 
loss (about 45%) was found at the shortest wavelength of 185 nm. At 
265 nm the decrease is about 25% while at 315 nm the behaviour is 
not well described by a constant slope (Figure 5). While a decrease of 
the lamps’ intensity over time would not be surprising, it is not evident 
that the decrease should be wavelength dependent. Furthermore our 
accelerated ageing tests on newly acquired, but very similar lamps 
from the same manufacturer showed only small changes in the lamps 
after more than 1000 hours of operation. In contrast the GHRS lamps 
SC1 and SC2 accumulated only about 10 and 50 hours respectively 
over a six-year period in orbit. To further elucidate the situation we 
made comparisons with other calibration exposures available from 
the GHRS.

Fig 4: Change of the observed intensities of lines in three selected narrow (5-10 nm) 
wavelength bands distributed over the GHRS spectral range. Based on the fi nding that no 
differences between elements and ionization stages exist (Figure 3) we have normalized 
all lines to the intensity observed pre-launch and combined into an average for a given 
epoch. The shortest wavelength lines show a decrease of 45% in intensity while the longer 
wavelength lines show smaller losses.

FLAT FIELD LAMP

The GHRS used Xenon (Xe) lamps with dominant emission at 147 nm 
for a fl at fi eld illumination of the detectors. Light from the Xe lamps 
illuminated the detectors directly without any dispersing element in 
between. The fl at fi eld data show a monotonic decrease in intensity 
with almost constant slope. Over the 6.5 year on orbit it amounted 
to a 15% loss at an effective wavelength of about 147 nm. While 
signifi cant, this is far less than the 45% reported at 185 nm from the 
spectral lamps.

Fig 5: Change of the observed intensities of the GHRS fl at fi eld lamp. The Xenon lamp 
illuminates the detector directly. Its main emission is around 147 nm. The intensity drops 
linearly over time resulting in a 15% loss after 6.5 years.

EXTERNAL CALIBRATION SOURCE: 
STANDARD STAR μ COLUMBAE

For fl ux calibration photometric standard stars were regularly ob-
served. We have compiled a number of observations of μ Col over the 
complete orbital phase of GHRS. The fl ux of the star as observed by 
GHRS is constant over time except for a step observed in late 1993, 
when astronauts installed COSTAR during the fi rst servicing mission 
to Hubble. COSTAR was an optical kit designed to compensate for 
the optical fl aw of Hubble’s primary mirror. Its components deliver 
the inverse of the spherical aberration of the mirror hence restoring 
the full imaging capabilities of the Hubble. COSTAR provided a highly 
improved point spread function (PSF) concentrating about 80% of the 
light in the central peak. This allowed more light to enter the slit of 
the Hubble’s spectrographs while introducing two additional refl ective 
surfaces in the optical path. The net effect of COSTAR on the GHRS 
response is illustrated by observations of the standard star μ Col (Fig-
ure 6). The relative importance of the improved PSF (reduced slit loss-
es) and added refl ective losses explains the behaviour after the end of 
1993. At short wavelengths the two additional refl ections cause a net 
loss in sensitivity whilst at increasing wavelengths the improved PSF 
leads to progressively better sensitivity. In Figure 6 three wavelengths 
closely corresponding to the wavelengths bands observed with the 
spectral lamps have been plotted. For better comparison the fl ux in 
two of the bands have been multiplied by an appropriate factor. Except 
for the step mentioned above the fl ux of the standard star is very close 
to constant.
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Fig 6: Observations of the standard star μ Col during GHRS orbital operations. Three wave-
lengths closely corresponding to the wavelengths bands observed with the spectral lamps 
(Figure 4) have been plotted. For better comparison the fl ux in two of the bands have been 
multiplied by an appropriate factor. Except for a step introduced by the addition of COSTAR 
(details in the text) the fl uxes are constant to within about 5%.

GHRS OPTICAL LAYOUT AND INTER-
PRETATION OF THE OBSERVED BE-
HAVIOUR OF THE LAMPS

The observations of the standard star demonstrate that the perform-
ance of the elements of the light path for an external source were very 
close to constant throughout the lifetime of the GHRS. The 15% loss 
in intensity of the fl at fi eld lamp very likely originates in the lamps 
themselves or the lamp windows since they illuminate the detectors 
directly without any optical elements in between (green in Figure 7). 
Light from the Pt-Ne calibration lamps (red) is refl ected twice before 
it enters the spectrograph slit. From there on it shares the full opti-
cal path (yellow) with an external target such as μ Col. Given that 
the conditions in the hollow cathode discharge also do not seem to 
change over time (Figure 2) we have to conclude that the observed 
wavelength dependent changes in the intensity of lines observed from 
these lamps arise from changes in the optical properties of either the 
lamp windows or the two MgF2 surfaces feeding the light into the 
spectrograph.

Fig 7: Schematic drawing of the GHRS optical system. The fl at fi eld lamps illuminate the 
detectors directly without any optical elements in between (optical path marked in green). 
Light from the Pt-Ne calibration lamps (red) is refl ected twice before it enters the spec-
trograph slit. From there on it shares the full optical path (yellow) with an external target.

SUMMARY

We have assembled a unique data set spanning a period of 
20 years consisting of spectra taken before launch, during 
operations in orbit and after return of the four GHRS and FOS 
lamps.

The lamps still work perfectly after 20 years and the condi-
tions in the discharge seem to be rather constant in time 
confi rming that hollow cathode lamps are very reliable and 
stable sources for wavelength calibration. 

This stability is confi rmed by accelerated ageing tests of 
lamps similar to those used on GHRS, FOS and STIS with 
operating times well in excess of 1000 hours.

The data show some change in the intensities as observed 
over time. Careful analysis suggests that these can be attri  
buted to optical components in the light path, specifi cally 
two refl ective prisms or possibly the lamp windows.

Hollow cathode lamps have been previously suggested as 
secondary radiometric standards for the monitoring of such 
changes in the optical path. Further investigations to this end 
are recommended.
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EXTRACTING SPECTRA WITH OPTIMAL WEIGHTS 
IN aXe1.5
Jeremy Walsh, Martin Kümmel & Søren Larsen

INTRODUCTION

The use of weights for the extraction of one-dimensional spectra from 
a long slit spectrum is well developed and many astronomical pack-
ages implement such a scheme. The method has gained wide use 
since its introduction in the mid-eighties, following the work of Horne 
(1986) and Robertson (1986). It can be understood rather simply. The 
spatial profi le of an astronomical object (similar to the Point Spread 
Function in imaging, but in spectroscopy there is a wavelength axis 
independent of the spatial dimension) naturally has the highest signal-
to-noise at its peak and its lowest signal-to-noise where the object 
is faint and merges into the background. But in order to collect as 
much signal as possible, the collection aperture should be as wide 
as possible. In terms of signal-to-noise, this creates a tension, since 
inclusion of fainter signal in the wings will add little signal but much 
noise; depending on the contrast of the source with its background, 
adding more signal (increasing the width of the extraction) will even 
lower the resultant signal-to-noise. 

Weighted extraction provides a solution to this quan-
dary between a broad extraction, to collect as much 
signal as possible, and the highest possible signal-
to-noise. In the most commonly used method, called 
optimal extraction (Horne, 1986), weights are applied 
which depend on the signal-to-noise level of the spec-
trum in the spatial direction. The weights are usually 
established by fi tting the spectrum in the dispersion 
direction as a function of the spatial offset. This fi t 
then provides a model spatial profi le of the source. 
However, for emission line sources, or where the sig-
nal-to-noise is very low, this approach is restricted. 
The net effect of applying weights to the extraction of 
a 2D spectrum is to increase the signal-to-noise over 
that of a simple box (ie, unweighted) extraction. The 
resulting increase in signal-to-noise is equivalent to 
having exposed for a longer time if only an unweighted 
extraction was applied.

OPTIMAL EXTRACTION IN aXe

aXe is the software package developed at the ST-ECF to extract slit-
less spectra from images taken with instruments such as the Ad-
vanced Camera for Surveys (ACS). Whilst aXe was developed in the 
context of an agreement to provide support and calibration for the 

ACS slitless modes, it is designed to be usable by other instruments 
which have slitless spectroscopy capability. In the last ST-ECF News-
letter (Kümmel et al. 2005), the use of quantitative contamination in 
the new version of aXe (1.5) was presented, and this provides the 
basis for implementing optimal extraction. 
The contamination model image provides the framework for calcula-
ting the extraction weights. The model of the shape of the object on 
the detector pixels thus provides the normalised spatial profi le at each 
wavelength increment that is needed to compute a map with optimal 
weights. The other ingredient is the statistical errors for each pixel, 
which are computed by aXe by propagating the photon statisti cal er-
rors and readout noise through the reduction process. The opti mal 
weight map is then used to scale the pixel fl uxes of the actual object 
at the time they are summed together in the spatial direction to form 
a 1D spectrum. Figure 1 shows the quantitative contamination image 

A spectrograph takes the light from an object on the sky and spreads it across many pixels of a detector. When software extracts this 

spectrum the goal is to reconstruct the best one-dimensional calibrated spectrum by combining the signals of many pixels in the 

detected image. It is a challenge to give all these different pixel values appropriate weights so that the result is as good as it can be. 

Such an optimal weighting scheme has now been introduced into the aXe software developed at the ST-ECF for processing slitless 

spectroscopic data from the Advanced Camera for Surveys on Hubble.

Fig 1: Schematic representation of the process of extracting a slitless spectrum using 
optimal extraction. The observed spectrum, a compact galaxy taken from the HUDF parallel 
data (ACS HRC with the G800L grism, see http://www.stecf.org) is shown with the weight 
spectrum derived from a Gaussian model of the 2D shape of the object and the actual er-
rors on the observed data points. Upper right shows the 1D spatial profi les of the galaxy 
spectrum and the optimal weight. The actual extracted 1D spectra for the unweighted and 
optimally weighted cases (the latter in red) are shown in the lower right plot. Note that the 
optimally extracted fl ux is slightly lower than the unweighted one; this is attributable to the 
slightly smaller effective aperture resulting from the optimal extraction. The lower errors on 
the data points from the optimally extracted spectrum (in red) are clearly visible as is the 
smoother appearance of the optimally extracted spectrum. 
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(noiseless) derived from a contamination image (using the Gaussian 
model for the object shape) for an observed slitless spectrum of a 
compact galaxy. Although the contamination image is noiseless, the 
features in the weight map arise from differing pixel coverage (cosmic 
rays render a pixel value unusable, pixels are marked bad and there-
fore the exposure time per pixel is not uniform). The extracted spectra 
of the galaxy for the unweighted and optimally weighted extractions 
is also shown. 

To test the optimal extraction implementation in aXe1.5, a set of simu-
lations were performed with a mock stellar fi eld composed of (spa-
tially) well-sampled star images. The quantitative contamination facil-
ity in aXe was used to make simulated slitless spectra starting from a 
catalogue generated by SExtractor and using the Gaussian emission 
model. A background and noise were then added and the spectra were 
extracted with and without weighting. The gain of optimal extraction 
was specifi ed as the ratio of the signal-to-noises in the optimal to 
the unweighted spectrum over a given range. As the signal-to-noise 
level decreases the optimal extraction shows an advantage over the 
unweighted extraction. This is shown in Figure 2, which refers to an 
aperture of width six times that of the object (expressed as a sigma). 
At the low signal-to-noise level, the advantage is around a factor 1.4, 
equivalent to an increase in exposure time of 1.9 over unweighted 
extraction. This is not however a real increase in exposure time, but 
rather it shows that the application of a rather simple technique can 
produce derived spectra with the signal-to-noise characteristics of 
longer exposures. Since exposure time is always expensive, this leads 
to a distinct advantage.

Fig 2: Result of a simulation of a star fi eld observed with the ACS WFC G800L grism in 
terms of the signal-to-noise (S/N ) advantage of the optimal over the unweighted extraction, 
for extraction widths six times the sigma of the sources. The lower plot shows the actual 
advantage for each star in the simulation (ratio S/N optimal divided by S/N unweighted 
averaged over a wavelength range) in terms of the i band magnitude of the stars in the 
simulation. The upper plot shows a histogram version of the lower plot where now the plot 
abscissa is the mean signal-to-noise over a 1000Å range.

Is this advantage realised on real data? To test this we used observa-
tions of a crowded stellar fi eld from the Hubble APPLES programme 
(ACS Pure Parallel Lyman-alpha Emission Survey, PI: J. Rhoads, 
STScI). Over 7000 spectra were present on this ACS Wide Field cam-
era image so there is often considerable contamination between ad-

jacent spectra. Using quantitative contamination approach, only those 
spectra with <5% contamination were selected and the advantage 
in signal-to-noise of using optimal extraction was determined. Figure 
3 shows the result and a peak advantage factor of around 1.3 is re-
vealed. This is somewhat lower than that achieved in the simulations, 
but can be explained as a consequence of the narrow undersampled 
Point Spread Function (PSF) of the WFC data. Nevertheless, the theo-
retical gain in exposure time is around 60% at low signal-to-noise. 

AVAILABILITY

The aXe1.5 software has just been released along with the latest ver-
sion of STSDAS 3.4 (November 2005). It is available in the stsdas.
analysis.hst_calib.acs package or for download from the ST-ECF 
webpage http://www.stecf.org/software/aXe/. The aXe manual, also 
available for downloading from the same place, gives full details of 
running the package.

References

Horne, K. 1986, An optimal extraction algorithm for CCD spectroscopy, PASP, 98, 

609

Kümmel, M., Larsen, S. S. & Walsh, J. R. 2005, New developments in aXe, ST-ECF 

Newsletter, 38, 8

Robertson, J. G. 1986, Optimal extraction of single-object spectra from observa-

tions with two-dimensional detectors, PASP, 98 1220

Extracting Spectra with Optimal 
Weights in aXe1.5

Fig 3: Identical plot to Figure 2 but now based on real data taken with the ACS WFC G800L 
grism as part of HST APPLES programme 9482, which was a pure parallel programme. The 
fi eld was at low galactic latitude and consisted of many late type stars. There is consider-
able scatter in the optimal versus unweighted advantage at the lowest signal level but a 
demonstrable increase in signal-to-noise at low fl ux levels is achieved. 
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HUBBLE

MOST DETAILED IMAGE OF THE 
CRAB NEBULA  [heic0515]

A new Hubble image — among the largest produced with the Earth-orbit-
ing observatory — gives the most detailed view so far of the entire Crab 
Nebula. The Crab is arguably the single most interesting object, as well as 
one of the most studied, in all of astronomy.

The Crab Nebula is one of the most intricately structured and highly dy-
namical objects in the sky. The new Hubble image of the Crab was as-
sembled from 24 individual exposures taken with Hubble’s Wide Field and 
Planetary Camera 2 (WPFC2) and is the highest resolution image of the 
entire Crab Nebula ever made.

The Crab Nebula is a six-light-year-wide expanding remnant of a star’s 
supernova explosion. Japanese and Chinese astronomers witnessed this 
violent event nearly 1,000 years ago in 1054.

The fi laments are the tattered remains of the star and consist mostly of 
hydrogen. The rapidly spinning neutron star embedded in the centre of the 
nebula, only barely visible in this Hubble image, is the dynamo powering 
the nebula’s eerie interior bluish glow. The blue light comes from electrons 
whirling at nearly the speed of light around magnetic fi eld lines from the 
neutron star. The neutron star, like a lighthouse, ejects twin beams of radia-
tion that appear to pulse 30 times a second due to the neutron star’s rota-
tion. A neutron star is the crushed ultra-dense core of the exploded star. 

NA
SA

, E
SA

 a
nd

 J
ef

f H
es

te
r/A

llis
on

 L
ol

l (
Ar

izo
na

 S
ta

te
 U

ni
ve

rs
ity

). 
Ac

kn
ow

le
dg

em
en

t: 
Da

vid
e 

De
 M

ar
tin

 (w
ww

.s
ky

fa
ct

or
y.o

rg
).

A close-up look at one area of the new Hubble image. The fi lamentary structure seen 
throughout the entire image consists of remnant material from the interior of the original 
star — a violent testimony of the explosion that ripped the star apart.
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ESA-ESO TOPICAL SCIENCE WORKING GROUPS
Wolfram Freudling

TASKS OF THE WORKING GROUPS

The tasks of the working groups are:

To outline the current fi eld of knowledge of the fi eld;

To review the observational and experimental methods used 
or envisaged in a specifi c fi eld;

To perform a worldwide survey of the programmes and 
associated instruments which are operational, planned or 
proposed, both on the ground and in space; 

For each of these, to summarise the scope and specifi c 
goals of the observation or experiment and also to point out 
the limitations and possible extensions;

Within the context of this global effort, to examine the role 
of ESO and ESA facilities. Analyze their expected scientifi c 
returns; identify areas of potential overlap and thus assess 
the extent to which the facilities complement or compete; 
identify open areas that merit attention by one or both 
organizations and suggest ways in which they could be 
addressed;

To make an independent assessment of the scientifi c cases 
for large facilities, planned or proposed. 

So far, working groups on Extrasolar Planets, Alma/Herschel Synergy 
and Fundamental Cosmology have been established. 

EXTRASOLAR PLANETS

This group was chaired by Michael Perryman (co-chair: Olivier Hai-
naut). The fi nal report has been issued, and is available online at 
http://www.eso.org/gen-fac/pubs/esaesowg/espwg_report.pdf and a 
printed copy may be ordered from:
http://www.spacetelescope.org/hubbleshop
The conclusions have also been summarised in a recent article in the 
ESO Messenger (September 2005, edition 121, page 56). 

ALMA/HERSCHEL SYNERGY

The group is chaired by Tom Wilson (co-chair: David Elbaz). A fi nal 
report will be available in December 2005.
 

•

•

•

•

•

•

FUNDAMENTAL COSMOLOGY

The group is chaired by John Peacock (co-chair: Peter Schneider). 
The group met for the fi rst time in November 2005. A fi nal report 
is planned for February 2006. To provide input to the group, please 
contact John Peacock (jap@roe.ac.uk). 

ESO and ESA serve essentially the same scientifi c communities through different means. Since September 2003, the organizations have 

held regular science planning coordination meetings to ensure awareness of each other’s activities and identify potential future syner-

gies between ground and space astronomy. These meetings were attended by representatives of the scientifi c advisory committees and 

by the executives of both organizations. At the fi rst meeting, it was agreed to establish working groups that would be tasked to explore 

synergies in specifi c scientifi c areas of mutual interest and to make recommendations to both organizations. The working groups will be 

organised and supported by the ST-ECF. Information on specifi c groups can be found at http://www.stecf.org/eso-esa/.

The cover of the fi rst ESA-ESO working group report.
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NEON OBSERVING SCHOOLS
The Fifth NEON Observing School 
Observatoire de Haute-Provence, France, July 23 - August 6, 2006

The Second NEON Archive Observing School 
European Southern Observatory, Germany, August 30 - September 9, 2006

Sponsored by the European Community, Marie Curie Actions
 Harald Kuntschner & Michel Dennefeld (IAP)

These summer schools provide the opportunity for young researchers to gain practical experience in observational techniques, data 

reduction and analysis and the use of virtual observatory tools. Students will carry out small research projects, centered on selected as-

trophysical topics, in small groups under the supervision of experienced astronomers. These practical exercises will be complemented 

by lectures on general observational techniques and archival research for both ground and space based astronomy.

The observing school at the telescopes in Haute-Provence will largely concentrate on the skills required to execute an observing pro-

gram (imaging and spectroscopy), giving emphasis to spectroscopy and instrumental developments. The Archive Observing School at 

ESO will concentrate more on the quality appraisal of existing data and the research possible with large databases combining ground 

and space data, with emphasis on data reduction techniques and the new tools now available within the Virtual Observatory. 

The school is principally open to astronomy PhD students and postdocs who are nationals of a Member State or an Associate State of 

the European Union. Applications from non-European students will also be considered, depending on the resources available. 

The application deadline is April 30, 2006 for both schools. 

For further details, see:

http://www.eso.org/neon-2006 and 

www.iap.fr/eas/neonNew.html

The organizing consortium is composed of Asiago Observatory (Italy), Calar Alto Observatory (Germany, Spain), European Southern 

Observatory (ESO, Germany; including participation from the Space Telescope European Coordinating Facility), Observatoire de Haute-

Provence (OHP, France), Institut d’Astrophysique de Paris (IAP, France) and La Palma observatories (ING and NOT, UK, Netherlands, 

Spain and Nordic Countries). 
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HUBBLE

HUBBLE

FITS FOR FUN – CREATE 
SPECTACULAR PICTURES IN 
MINUTES  [heic0510]

With the release of version 2 of the popular ESA/ESO/NASA Photoshop 
FITS Liberator image processing software it is now easier and faster than 
ever before to create colour images from raw observations from for in-
stance the NASA/ESA Hubble Space Telescope, ESA’s XMM-Newton and 
the NASA Spitzer Space Telescope.

In July 2004 imaging scientists at the European Space Agency, the Euro-
pean Southern Observatory and NASA released a free plug-in called the 
ESA/ESO/NASA Photoshop FITS Liberator. FITS stands for Flexible Image 
Transport System and this single fi le format archives nearly all images 
of stars, nebulae and galaxies produced by major telescopes around the 
world. Until July 2004, this fi le format was only accessible to very few 
people other than the scientists themselves using highly specialized im-
age processing tools.

With the release of version 2 of the FITS Liberator today it has become even 
easier to create colour images from raw observations. You can literally cre-
ate spectacular pictures like the iconic Hubble image ‘Pillars of Creation’ 
in a matter of minutes. 

Since the release of v.1 in July 2004, more than 50,000 laypeople, educa-
tors and amateur astronomers have started using the Liberator. The FITS 
Liberator has also become industry standard for the professional imaging 
scientists at the European Space Agency, the European Southern Observa-
tory and NASA.

Version 2 of the FITS Liberator has been improved in several areas, and is 
freely available for download from:

http://www.spacetelescope.org/projects/fi ts_liberator
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This image shows the User Interface for the ESA/ESO/NASA Photoshop FITS Liberator ver-
sion 2.

NL39_11.indd   15NL39_11.indd   15 09/12/2005   12:15:5209/12/2005   12:15:52



16
ST-ECF NEWSLETTER 12/2005

HUBBLE FINDS MYSTERIOUS DISC 
OF BLUE STARS AROUND A BLACK 
HOLE  [heic0512]

Astronomers using the NASA/ESA Hubble Space Telescope have identifi ed 
the source of a mysterious blue light surrounding a supermassive black 
hole in our neighbouring Andromeda Galaxy (M31). Though the light has 
puzzled astronomers for more than a decade, the new discovery makes the 
story even more mysterious.

The blue light is coming from a disc of hot, young stars. These stars are 
whipping around the black hole in much the same way as planets in our so-
lar system are revolving around the Sun. Astronomers are perplexed about 
how the pancake-shaped disc of stars could form so close to a giant black 
hole. In such a hostile environment, the black hole’s tidal forces should 
tear matter apart, making it diffi cult for gas and dust to collapse and form 
stars. The observations, astronomers say, may provide clues to the activi-
ties in the cores of more distant galaxies.
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The images and illustration show that the Andromeda Galaxy’s (M31’s) core is composed of 
a ring of old, red stars and a newly discovered disc of young, blue stars. The disc is trapped 
within a supermassive black hole’s gravitational fi eld. The mass of Andromeda’s monster 
black hole is 140 million times greater than that of our Sun.

Cover image [heic0514]: This intricate region of star formation in the Small Magellanic 
Cloud surrounds the bright cluster NGC346. In a Hubble study of the fi eld Antonella Nota, 
of the European Space Agency, and her collaborators have discovered a rich population of 
very young stars scattered amongst the bright cluster stars, These faint objects are not yet 
hot enough in their cores for hydrogen fusion to have begun. This image was taken with 
Hubble’s Advanced Camera for Surveys. Two broadband fi lters that contribute starlight from 
visible and near-infrared wavelengths (shown in blue and green, respectively) have been 
combined with light from the nebulosity that has passed though a narrow-band hydrogen-
alpha fi lter (shown in red).

Image credit: NASA, ESA and A. Nota (ESA/STScI)

HUBBLE
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