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Abstract. It is important to distinguish between objectivity and subjectivity in the entries that constitute a Stellar Spectral Library. Are the basic spectra observed or synthetic? Were the stellar parameters determined
individually, or as averages, or were they interpolated from adopted relationships? Any biases in those quantities must not be passed on to the
user. High-dispersion analyses of the calibrator stars also require careful
handling if systematic errors are to be avoided. The burgeoning volumes
of medium- to low-dispersion spectra that constitute ‘big data’ need special automatic management if important astrophysics, represented by the
‘outliers’, is not to be lost.
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1.

Introduction

In the context of this conference, a ‘library’ (Stellar Spectral Library, SSL) is a compilation of chemical and physical parameters, either derived from the analyses of observations of stellar spectra or produced from models (via simulations or interpolations)
representing different spectral types, and usually with links to the spectra or models.
The SSL will normally be arranged in a sequence of one of the parameters, such as
effective temperature (T eff ). Most SSLs do not contain raw data – the usual place for
those is the archive or data repository – but when they do, it is vital to respect their
objectivity (i.e., that they are basic and unchangeable) and to make that fact fully clear
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to the user. On the other hand, if the source spectra are synthetic, and especially if the
codes which generated them are not in the public domain, then they will be unique
and need to be included in the library.
Although spectra as observed bear signatures (resolution, wavelength region, optical transmission profile, detector imperfections, etc.) of the telescope and spectrograph with which they were recorded, the fundamental characteristics of the features
are preserved; the variations of intensity with wavelength have not been altered. Because they are objective, those spectra can be used as a starting point for any purpose. By contrast, synthetic spectra are subjective; they are totally dependent upon
the physics enshrined in the stellar-atmosphere modelling, and upon rather gross simplifications such as micro-turbulence and rotation or inclination, as well as upon input
data such as gf values – any of which can be modified by the producer or by a user
before being adopted as bases for analyses. It is therefore crucial that the SSL describe adequately and completely the state and status of its entries: whether the basic
spectra are objective or subjective, and whether the parameters listed for each star had
been optimised through individual model fitting or were interpolated in (say) a (T eff ,
spectral type) relationship. If the latter, was that relationship based on results from
individual stars or on averages of published quantities? That information is critical to
the user, who may need to know which quantities can freely be altered and which
cannot. Each entry in the SSL therefore needs to be qualified appropriately.

2.

The Scientific Role of ‘Data’

The descriptor which is most often applied to the contents of tables of numerical
quantities is the innocent-looking 4-letter word, data. That word has unfortunately
become so over-used and mis-applied that its appearance in any given situation introduces confusion rather than offering an explanation. ‘Data’ is a plural Latin word
meaning ‘things given’, the singular (but rather rarely used) form being ‘datum’. In
some situations it can be synonymous with ‘information’, but that is not true in any
general sense. Other languages may have separate words for ‘stuff’, ‘record entries’,
‘output’, ‘vital statistics’, etc., but English speakers are content to use the one word
for them all, thereby buying into an unhelpful vagueness. Fortunately, in the context
of SSLs the potential exists to assist the user by being more precise.
A data chain or data pyramid reminds us how (first) information and then knowledge proceed from a basic observation. Each step in the chain depends upon the
algorithms and relationships that were adopted to develop it. Each stage is therefore
subjective:

DATA → Information → Knowledge → Wisdom
(objective)

(subjective ..........................................................)

Preliminary calibrations need to be applied to the raw data in order to remove de-
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tector signatures (e.g., pixel-to-pixel variations in the case of a CCD, or the non-linear
response of a photographic emulsion to light), and thence to convert the readings into
scientifically-meaningful units such as wavelength and intensity. However, those calibration procedures are not dependent upon a choice of theories or algorithms but can
be determined uniquely from the parameters of the spectrograph used, so the products
are still objective, albeit second-generation. Beyond that, though, the derived stellar
parameters such as T eff , log g, [M/H], radial velocity, spectral type, etc., are all subjective, and it is vital to flag those quantities thus in the library and to indicate the
source(s), or if the values quoted are averages of what was found in ‘the literature’.
Iterations and loops in the data chain may occur, and often do occur, but only in the
subjective steps.

3.

A Human Element to Astrophysics?

Like it or not, there is an inevitable sociological component to research and the scientific method. For instance, it is remarkable how the status of an idea, theory or
deduction gets elevated when it appears in print. What was born as an hypothesis –
perhaps only a fleeting one – scribbled on the back of an envelop or beer-mat magically acquires a kind of reverence, even if never embellished any further, the moment
it appears in print. It is then liable to get quoted as a ‘known fact’ by the unwary,
particularly the student. Lifting values from the literature can be dangerous if the
SSL creator has not investigated what assumptions went into the generation of those
values, and whether the author in question had subliminally applied a personal preference when selecting stellar parameters to use in an analysis. We surely agree that
every effort needs to be made, however time-consuming, to avoid the proliferation of
systematic errors.
One SSL which is the victim of such problems is the Bright Star Catalogue. Comprehensive and thus very useful, it compiles published information on more than 9,000
stars taken from other catalogues and from results in the literature. It has undergone at
least four revisions and extensive updates, though in its effort to be comprehensive it
has tended to err on the side of completion rather than critical assessment, discrimination, and homogeneity. For instance, it lists many rapidly-rotating B–A stars as having
variable RV, a statistic which has caused many researchers to declare that ‘nearly all
B–A stars are multiple’, but their only evidence is the scatter in RVs derived from
measurements made on broadened lines. High precision can be unattainable in such
cases so an enhanced degree of scatter is only to be expected. But once the label
‘SB?’ is assigned, it can take years to demonstrate that a star which was too casually
labelled as ‘variable RV’, and is therefore likely to be binary, is in fact single.
Examples of the problems thus caused are not rare, and we cite one here. λ Boo
stars as a class show marked metal-deficiency and may also show high rotation. A
proposal that all those so classified are in fact unrecognised binaries (Faraggiana et al.
2004) was puzzling and invited investigation, so a study was initiated which examined
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the properties of a sample of 12 ‘likely’ candidates listed by those authors. It took 5
years and much telescope time to conclude the study, and to refute the proposal to a
reasonable level of certainty (Griffin et al. 2012). All but one of the sample stars were
marked in the BSC as having variable RV, but in fact none of them did, except one
3rd -magnitude object that was hitherto unrecognised as a spotted CP star.

4.

Synthetic Spectra, and Big Data

The use of theoretical spectra introduces problems of a different nature. However
convenient it might be for stars, at whatever stage of evolution, to be governed monotonically by a small set of parameters, those who study real stars at high dispersion
learn that in fact real stars are all different from the ‘norm’ in some small but fascinating way, probably owing to varied historical paths which they have pursued. Yet
over-confidence in the infallibility of theoretical modelling has encouraged a belief in
some quarters that if mismatch occurs between observed and synthetic spectra then it
is the observations that are at fault.
‘Big data’ present another category of problems. Deriving parameters from huge
surveys needs to employ automated techniques to perform spectral classifications and
assign values to basic quantities if they are ever to get done at all, but unless or until
the techniques are intelligent enough to treat oddities as real and interesting and not
just as poor values to be rejected, and to handle correlations that were not initially
programmed in, the recognition of new science will be missed, and become lost. Data
recovery demands are already overloaded, and we must avoid having to ‘recover’
important information in the future from data sets that were incompletely analysed
today.

5.

Fundamental Calibrators: the Gaia Benchmark Stars

Analyses of the ‘Gaia benchmark stars’ (see contribution from P. Jofre in this volume)
constitute critical calibrators for low- and moderate-resolution surveys, but because
of their relative purity they demand special attention to matters such as correcting for
the psf. Energy into, or absorption from, a line profile is scattered by imperfections
in the diffraction grating. In a typical case, about 5% of the energy is scattered into
the line wings, the latter extending towards ±infinity (Griffin 1969). In an emission
line that ‘lost’ energy can be traced into the wings, but in an absorption line that is not
possible. The problem is exacerbated in a region of crowed spectral lines, since the
far wings of the lines overlap and depress the continuum in a way that is liable to get
overlooked when placing the continuum. Stars may also display differences in their
characteristic atmospheric structure; in Arcturus, for instance, effects of stratification
could be detected clearly when the profiles of lines of low-E.P. neutral elements were
compared to those of ionised ones (Gasson 1966), so it would be a mistake to determine line-strengths (as many past authors have done) by assuming a uniform profile
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for every line in a given star. Refinements can now be applied to analyses of the Gaia
benchmark stars, whose observations are more detailed than is routinely the case for
most SSL stars, and it is necessary to pursue those refinements to a high standard
in order to avoid the proliferation of systematic errors mentioned above. Identifying
the effects of subjectivity in the results for these stars is therefore an important step
towards confirming their status as reliable SSL calibrators.
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