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Getting here: five steps forwards and four back
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Abstract. The concept of libraries of stellar spectra is by no means new,
though access to on-line ones is a relatively recent achievement. The road
to the present state has been rocky, and we are still far short of what is
needed and what can easily be attained. Spectra as by-products of individual research projects are inhomogeneous, biassed, and can be dangerously
inadequate for modelling complex stellar systems. Archival products are
eclectic, but unique in the time domain. Getting telescope time for the required level of homogeneity, inclusivity and completeness for new libraries
requires strong scientific arguments that must be competitive. Using synthetic spectra builds misconceptions into the modelling. Attempts to set up
the initial requirements (archives of observed spectra) encountered dogged
resistance, much of which has never been resolved. Those struggles, and
the indelible effects they have upon our science, will be reviewed, and the
basics of a promotional programme outlined.
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1. Preamble
Libraries of stellar spectra, in the forms and formats that we know today, had a difficult
beginning. Historically, spectroscopic observations were photographic, and although
an observatory willingly offered bona fide researchers access to its plate stores and
privileges to borrow plates and take them off-site for (re)-analysis, the fact that little
could be shared digitally and even less was born digital engendered an unadventurous
way of regarding the data from a telescope: they were the possession of the observatory or telescope and the prior right of the observer. Indeed, observers usually did not
place their photographic spectra into the plate store until the projects had been quite
finished.
∗ email:

Elizabeth.Griffin@nrc.gc.ca

40

R. Elizabeth Griffin

When eventually the CCD replaced the photographic plate as the workhorse detector, data needed to be collected somehow for access by the observer. But even
20 years ago computers were still feeble and their capacity minuscule; a CCD image occupied an uncomfortably large volume of the then current storage and transport
medium, the 9-track tape. Tapes were costly as well as bulky, and the regular observatory practice was to give to the departing observer a tape copy of his or her raw
data to take home, with instructions to signal when the contents had been read safely
onto a home computer so that the observatory tapes could be re-used. There was no
concept of archiving data, and without archives the chances of creating libraries of
spectra were slender indeed.
A few pioneers, championed by Robert Viotti (Frascati), recognised the considerable scientific advantages of creating data archives that could be shared and re-used by
the whole community. Appeals to the relevant IAU Commission (29: Stellar Spectra)
fell on deaf ears until the General Assembly of 1991, held in Buenos Aires, Argentina,
agreed to pass a limited Resolution (i.e., binding only on the proposing Commission)
that efforts to establish archives of observed stellar spectra be supported and pursued, and that a solution also be designed for rescuing the vast amount of information
known to be latent in photographic plate stores. A few months following that GA, a
workshop was convened in the Vatican in order to discuss the implications of that Resolution and in particular to so engage the large fraction of northern members who had
not attended the GA in Argentina. The outcome, described in Griffin (1992), was the
creation of the IAU Working Group for Spectroscopic Data Archives (SDAWG), with
myself as its Chair and a vigorous core membership of 8 or 10 research astronomers
or data managers. (Even the term “database” was barely in regular parlance then).

2.

Facing challenges

The SDAWG took advantage of its IAU status to participate in meetings of various
sizes and hues, losing few opportunities to ask the necessary questions: Are the (spectroscopic) data recorded at your observatory archived? Can that be done? What are
the chief drawbacks (apart from cost)? The scientific benefits were stated and restated so as to make the diversion of at least minimal resources seem competitive, but
observatories were slow to catch on.
Reducing the raw spectra loomed as a major hurdle. Understanding the lightpath through the spectrograph and its calibrating devices was for experts or for those
very familiar with the instrument, and observatories tended to use their own in-house
software packages rather than a globally-used one like , then still rather junior
in development. If a telescope could not read encoded positions there was no way
of checking an object’s identity, and not infrequently the naming was facetious, or
deliberately falsified to safeguard a researcher’s interests. Raw uncalibrated spectra
presented a time-consuming challenge to researchers with rather few skills in data
handling, but those who could volunteer assistance for the community and not just for

Getting here: 5 steps forward and 4 back

41

themselves were rare birds. One major observatory admitted that it downloaded each
night’s records onto magnetic tape “just to prove that no-one would use them”. The
future for libraries of stellar spectra thus remained elusive, and it didn’t get any easier
for some time (Griffin 1994).
The crucial experience which inspired the development of public data archives
involved the IUE satellite. The “IUE Final Archive” (a public database of fully reduced spectra from even just one camera in one mode) enabled researchers who had
never applied for their own IUE time to incorporate UV spectra into their research,
resulting not only in a substantial number of papers in the literature but also in statistics which vastly improved the accountability of the mission: on average, each entry
in the Final Archive was downloaded five times, thus converting the actual 15-year
lifetime of the satellite into an effective 75-year one (Wamsteker & Griffin 1995).
The fact that researchers flocked to use—and to use very richly—such spectra once
they had access argued on behalf of the Archiving movement more powerfully than
any specific scientific advance, though of course the latter could also be demonstrated
through publications.

3. Recognising the bottlenecks
Once computing power, speed and capacity approached its present levels, the tasks
of the SDAWG eased but changed. Observatories that were supported through public
funds were required, by a broader IAU Resolution in 2003, to make their observations
available in the public domain, though the situation regarding private observatories
such as Palomar remained difficult; there was a reluctance to offer what were often
highly-coveted data for public use, even though the astronomers there who maintained
that attitude could nevertheless access data from other observatories. Yet the future
visualises such enormous waves of data from up-coming survey projects that appeals
for help are beginning to replace the denials to share, so there are sea-changes in that
direction too.
10 years ago telescope and spectrograph designs were incorporating routines
for archiving raw spectra robotically, and the major bottleneck to progress (as the
SDAWG recognized) was the ability to generate archives of reduced spectra. Once
spectra are stored in ready-to-use form it takes little SQL application to extract a library of whatever type of star for the kind of scientific needs which this workshop is
highlighting, but getting there proved to be a rather different matter.

4. Pipeline reductions in the context of stellar libraries
Packages in  can be assembled into a reasonable model for extracting and calibrating the  image of a spectrum recorded by a classical-grating spectrograph and converting it into a 1-D spectrum that is linearized in wavelength. But a stellar library re-
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quires the removal of extraneous influences like atmospheric extinction, grating blaze,
throughput, and other instrumental factors which modify the original distribution of
intensity with wavelength, and models also want absolute fluxes rather than relative
intensities—something which is possible with spectroscopy from space but not in observations from the ground unless the spectrograph aperture is large enough to accept
the whole of the stellar image; atmospheric scintillation cannot be controlled, and the
losses that it causes may only be mimized by adaptive optics, not removed.
Echelle spectra are another matter. The curvature of the orders and the inter-order
scattering require much more careful modelling, and since rather few researchers may
ve able to tackle well the reductions of data from an unfamiliar echelle spectrograph
the need for pipeline reductions is even more acute. The SDAWG recognised that as
the next challenge to be faced, but it wanted a re-selection of members with different
backgrounds and felt instead that it was time to dissolve. Since the availability of
ready-to-use spectra is critical for the preparation of well-populated spectral libraries,
pressing for—if not being actually responsible for—such pipelines could be a very
worthwhile project for the Stellar Spectral Libraries community.

5. Spectral libraries: what to include and what NOT to include
Projects that drive the formation of spectral libraries, or which could only be done
because of the ready existence of such, are well represented at this meeting. Different
projects have different input requirements; comparisons models need SEDs, or at best
the removal of extraneous slopes; some of that can be done by observing spectra of
standards at different air-masses, analogous to absolute photometry. Meta-data are
useful though not essential—again, it depends upon intended re-uses of the spectra.
However, it is absolutely vital to differentiate between the objective and the subjective.
An observed stellar spectrum is what it is, though with unavoidable instrumental
signatures such as resolution and wavelength region; it is a snapshot of the appearance
of that spectrum when the light arrived, and is an objective, invariable fact. Meta-data
such as spectral type, effective temperature, surface gravity or luminosity class are not
part of that data-set, nor should they be even closely associated with it. Subjective attributes like metallicity and other physical parameters will change with opinion, fashion and scientific progress. Keeping copies as part of the stellar library lays open the
opportunity for out-dated quantities to get frozen in with the observation files. Only if
the values for the parameters of the stars in a library are kept entirely separately and
are available only for specific purposes will the virginity of the observations remain
unassailed.
Other data which can get attached to stellar libraries include atomic and molecular
line-lists and oscillator strengths. Access to those is essential for calculating element
abundances, but again if the relevant files are too deeply embedded alongside the
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stellar spectra themselves it will be tiresome (and therefore difficult) to replace one or
more values as necessary. It is far better scientifically to maintain files of those data,
and lists of published stellar parameters, as an accessible central resource rather than
copying them individually into every stellar library.
What one can get away with, however, may depend upon the intended uses of a
stellar library. Bernard Pagel coined the phrases “broad sweeper” and “ultimate refiner”. The former can tolerate vague, assorted or rather dated input when (say) generating a representative spectrum of a galaxy, but the detailed analysis of the metallicity
of a selected type of star will want the input to be stripped of every possible man-made
feature that can introduce bias.
The scientific future for Stellar Spectral Libraries is certainly rosy, but it does
require careful management by the interested community to produce, develop and
apply these assets responsibly.
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