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Abstract. We present here, for the Ο and Β type stars in the Catalogue of
Stellar Ultraviolet Fluxes, an approach which does not require a precise
knowledge of spectral type and luminosity class for deriving E(B – V)
colour excesses. The method is based on the use of an UV-visual twocolour diagram; galactic variations in the interstellar extinction law are
analyzed and fully taken into account. Our results have been compared
with those derived by using the differences between observed and intrinsic
colours for stars with known spectral classification. The very good agreement in a large number of cases (94 per cent) demonstrates that our
approach permits the derivation of reliable colour excess values for early
type stars even if only a rough spectral classification is available.
Key words: interstellar medium, extinction—stars, colours of—ultraviolet observations.

1. Introduction
The HR diagram is a fundamental tool in the comparison of stellar evolutionary
models with observations. In particular, an accurate positioning of early-type field
stars, Ο and B, on the theoretical HR diagram would permit astronomers to test
different hypotheses of models for massive stars, to complete the upper main sequence
for the solar neighbourhood, to support the determination of the initial mass function
in the form derived from clusters and associations (Lequeux 1985; Scalo 1986).
However, since theory provides quantities such as absolute luminosities and effective
temperatures, while observations provide apparent magnitudes or fluxes and/or
spectral classifications, links between these different sets of data must be carefully
investigated. In fact, the tests sought by the theory may require not only accuracy on
the observational side, but also uniqueness in the relationships between ‘observables’
and physical quantities.
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Along this line, the most relevant difficulties to be expected are due to the following
problems:
1. derivation, for a star, of actual apparent magnitude values from the observed one
(or from the fluxes) through correction for interstellar extinction;
2. derivation of effective temperature from photometric or spectroscopic data
and/or spectral classification;
3. determination of absolute luminosities or bolometric magnitudes from ‘observables’, different kind of measurements, distance determinations, and, in general,
bolometric corrections.
In previous works devoted to the determination of effective temperatures and
bolometric corrections, Malagnini et al. (1986, and references therein), resorted to the
use of intrinsic colours for dereddening the stellar fluxes. This choice was not
particularly critical because they were dealing with bright stars slightly reddened, and
spectral classification could be carefully checked individually, due to the limited
number of objects under study. On the other hand, the application of such a method
to very large data bases becomes impractical because it is almost impossible to check
spectral classifications and to guarantee their overall consistency and homogeneity,
especially for poorly studied stars. We faced this problem when analyzing the data of
Thompson et al. (1978, hereafter Thompson Catalogue), for the project of deriving the
HR diagram for early-type field stars. Interstellar extinction can not be ignored since,
due to the absolute high brightness of Ο and Β stars, very highly reddened objects are
expected to be present in the Thompson Catalogue which contains also stars with
V > 9 mag.
In fact, the knowledge of interstellar extinction is of paramount importance for
many different applications, such as distance determination, derivation of flux distribution, calibration of photometric data as a function of stellar physical parameters,
comparison between theoretical and observed fluxes. Interstellar extinction depends
on both the characteristics and the column density of interstellar matter lying in
between the star and the observational apparatus.
It is usual to give a global measure of extinction at a specific wavelength, Αλ, as the
product between a dimensionless wavelength-dependent term, kλ, and a sort of
reference scale factor, the colour excess E(B – V) = AB – AV (mag). While the same set
of kλ’s, which represents the interstellar reddening law, may hold valid for different
objects, the E(B – V) value has to be estimated for every object under study.
Among the different methods devised in order to determine E(B – V), the following
are most widely applied:
1. computing the difference between the observed colour, (B – V), and the intrinsic
colour, (B – V) 0;
2. making use of two-colour diagrams, like (U – B) versus (Β – V);
3. comparing star-to-star;
4. ironing out of the 2200 Å bump.
In the first case, intrinsic colours are obtained from compilations such as that of
FitzGerald (1970), once spectral classification has been assessed. Obviously, reliable
classification and accurate photometry are needed in order to avoid large errors
in E(B – V).
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The second method requires the knowledge of the loci of sequences of unreddened
stars and of the slope of the reddening line in the two-colour diagram. If the reference
sequence results are different for different luminosity classes, then reliable spectral
classification, in addition to accurate photometry, is also required.
In the third case, magnitude differences between nearby and distant stars of the
same type are measured in a set of spectral bands. E(B – V) can be obtained, once the
galactic interstellar reddening law is assumed. Mismatch error in spectral type and/or
luminosity class must be carefully checked.
Eventually, E(B – V) can be derived by applying a mean extinction law, such as that
by Nandy et al. (1975), to the spectral flux energy distribution with varying values of
E(B – V) until the bump at 2200 Å due to interstellar absorption is ironed out. In this
case we should be certain about the exactness of the applied extinction law.
We present here, for the Ο and Β stars in the Thompson Catalogue, a particular
two-colour diagram devised for the purpose of obtaining the E(B – V) colour excesses
without an accurate a priori knowledge of their spectral classification.
The input data are described in section 2; the two-colour diagrams with reference
sequences and reddening line slopes are presented in section 3 for twelve different
regions in the galaxy; results and comparison with determinations of colour excess by
the intrinsic colour method are given in section 4.
2. The input data
The Catalogue of Stellar Ultraviolet Fluxes (Thompson et al. 1978) contains the
amplest collection of stellar absolute ultraviolet fluxes collected by the S2/68 ultraviolet sky survey telescope aboard the ESRO TD-1 satellite. The magnetic tape
version of this catalogue, prepared by United Kingdom Science Research Council, is
the result of merging the Thompson Catalogue with a consistent set of catalogues (see
Carnochan 1982) providing information on other relevant stellar quantities. It was
prepared at University College London (UCL) and provided to us by the NASA
World Data Center. It contains the absolute fluxes and their one-sigma errors in four
UV passbands, centred on 1565 Å, 1965 Å, 2365 Å, and 2740 Å for 31290 stars; the
broadband fluxes have been calculated by combining the individual data points,
obtained with a resolution of about 20 Å, which fall within the bandwidth of 330 Å.
The stars have been selected with the constraint that the signal-to-noise ratio (S/N)
should be at least 10.0 in any one of the passbands.
The following complementary ground-based information, if available, is also provided on the magnetic tape: (i) HD number, DM number, SAO number, Bright Star
number and the name of the star; (ii) right ascension (RA) and declination (Dec);
(iii) proper motion in RA and Dec; (iv) UBV photometry; (v) Strömgren parameters;
(vi) Spectral classification; (vii) peculiarity; (viii) radial and rotational velocities.
It is worth remembering that the entry referring to spectral classification, if present,
may come from different sources, and represents either the only determination found
in the literature, or the average of more than one determination, or the result of
Carnochan’s choice in the case of stars classified in very different ways by different
researchers.
All the UV fluxes and errors were transformed into magnitudes by using the Hayes
& Latham (1975) absolute calibration of Vega.
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From the Thompson catalogue we have selected the magnitude at 1965 Å wavelength to define a new colour, i.e. (m1965 – V). This colour should be more appropriate
than the classical Johnson (U – B) colour in analyzing especially Ο and Β type stars.
In fact the (m1965 – V) colour permits us to extend the wavelength coverage of the
star’s energy distribution to the ultraviolet region where most of the flux is emitted by
early-type stars. Moreover, the (U – B) colour includes residual atmospheric extincttion (Johnson 1963) which introduces uncertainties and inaccuracies in the
(U – B) versus (Β – V) two-colour diagram.
Among the four UV bands we have preferred the magnitude at 1965 Å due to the
following reasons: (1) the absolute calibration of the 1965 Å band of TD-1 satellite is
in good agreement with that of the IUE satellite, which is considered the most
accurate and reliable. In fact, in its wavelength region the correction factors needed to
convert individual TD-1 fluxes to the IUE absolute scale are very close to 1 and only
slightly dependent on wavelength (see Table 2 in Bohlin & Holm 1984); (2) the 2740 Å
band is very likely to be affected by calibration errors which cannot be easily corrected
for by introducing a constant scale factor (Faraggiana & Malagnini 1984). Therefore
the colour excesses obtained by using two-colour diagrams based on the 2740 Å
fluxes, as for instance the one presented in the Thompson Catalogue (page XVI), may
be affected by unpredictable and non-negligible errors; (3) over the 2365 Å band the
correction factors needed to convert individual TD-1 fluxes to the IUE absolute scale
depend significantly on wavelength (see Table 2 in Bohlin & Holm 1984); moreover,
this band includes the maximum of the 2200 Å bump due to interstellar extinction
that causes heavily reddened stars to have very low signal-to-noise ratios. The
situation is obviously better in the 1965 Å band, even if it is affected by the interstellar
bump, because here the intrinsic fluxes for Ο and Β type stars are expected to be
higher; (4) the 1565 Å band includes strong resonance lines such as those due to C IV
and Si IV which are critically sensitive to luminosity and mass loss effects.
Galactic coordinates (lII, bII) have been computed for each star starting from right
ascension and declination and the whole sample was divided into twelve different
regions (see Table 1) analogously to the regions defined by Meyer & Savage (1981,
hereafter MS) in order to compare our results with theirs. Region A includes stars in
the Scorpius-Ophiuchus; regions B, E, F, G, and Η include stars along the galactic
plane whereas region Κ includes stars from Orion region. The other regions are
included so as to cover the rest of the sky.
3. Two-colour diagram
Instead of preparing an (m1965 – V) versus (Β – V) colour diagram we decided to use,
by analogy with the Johnson colour factor Q, a reddening-free quantity defined as

where k1965 is the coefficient of interstellar extinction at 1965 Å band, A1965/
E(B – V), and R is AV/E(B – V).
Since the interstellar extinction is different in different regions of our galaxy (see for
example Koorneef 1978; MS; Carnochan 1986) the proper extinction coefficient
(k1965 – R), hereafter denoted as c, was derived in each region. To derive c values,
plots of E(1965 – V) versus E(B – V) have been prepared for stars with available
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Table 1. The extinction coefficients and intrinsic colour line parameters for the twelve regions
of the sky used in this paper.

No. = number of stars, c = (k 1965 – R), (B – V)0 = a × Quv + b.

spectral classification. The intrinsic colours used to compute E(1965 – V) and
E(B – V) are from Carnochan (1982); the following selection criteria were adopted to
arrive at the appropriate c values for each region. According to Bless & Savage (1972)
Ο and early Β type stars with the same spectral type and intrinsic visual colours
exhibit similar relative flux distributions in the UV while this does not hold valid for
later spectral types. In fact the UV flux decreases steeply with decreasing temperature,
and the spread in temperature for different stars of the same spectral subclass causes
significant differences in the UV colours for late Β and A stars, thus preventing welldefined intrinsic (m1965 – V)0 values. To overcome this problem related to the
coarseness of the spectral type classification, only stars classified as B3 or earlier were
selected to arrive at c values. The stars with very blue E(1965 – V) were omitted and
only stars having S/N more than 10 in the 1965 Å band were retained.
The linear least-squares fits through the data were performed with an iterative
procedure such that points away from the linear relation by more than 2 times the
root-mean-square error of the fit were rejected. A first check on the values of the
intercepts was performed and, since in all the cases intercepts were not significantly
different from zero, the slopes derived with the above-described method have been
accepted as reliable estimates of the extinction coefficients. They were actually found
to be significantly different for different regions by using a Student t-test, thus
confirming the variation of the interstellar extinction along different directions of
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observation in our Galaxy in good agreement with the MS determinations at ANS
wavelengths (see Fig. 1). In fact, in each region, the extinction coefficient at 1965 Å
band lies in between the two values derived by MS from the ANS bands at 1800 and
2200 Å, respectively, if the two-sigma error bars are taken into account. These results
are shown in Table 1 and, for an illustration, the data and the linear least-squares fit
for one of the regions is shown in Fig. 2.
For each of the twelve regions defined in Table 1, the proper c extinction coefficient
has been used together with intrinsic colours from Carnochan’s (1982) Tables 3 and
29, to prepare the twelve intrinsic two-colour diagrams, namely one Quv versus
(Β – V)0 diagram for each region (see Fig. 3 as an example). In all the plots, referring
to the different galactic regions, the points corresponding to the eleven different

Figure 1. Extinction coefficients (c) at 1965 Å and two-sigma error bars are. plotted for the
twelve regions given in Table 1 together with the extinction coefficients for the ANS passbands
at 1550, 1800, 2200, 2500, and 3300 Å from Table 3 in Meyer & Savage (1981). The extinction
coefficients for the ith region have been shifted by putting the value at 3300 Å equal to (i – 1)
× 2. Smooth dashed lines through the points have been drawn by hand just to make the figure
more readable.
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Figure 2. Correlation between E(1965 – V) and E(B – V) for stars in region M. The encircled
points have not been used in deriving the slope of the L.M.S. straight line (see text) which is also
shown. As expected the L.M.S. line passes very close to the origin.

luminosity classes (i.e. V, IV–V, IV, III–IV, III, II–III, II, Ib–II, Ib, lab, la) listed in
Carnochan (1982), do not build up clearly separated sequences but are mixed
together. Only three points fall away from the main bulk of data; they correspond to
the intrinsic colours for the spectral classes B9 II, B9.5 II and A0 II, and have been
obtained by Carnochan (1982) by interpolating the data for the very few luminosity
class II stars at his disposal. It is very likely that their anomalous positions in the twocolour diagrams are due to the poor statistics for this luminosity class and do not
reflect intrinsic properties. For these reasons, we decided to ignore them in the
following analysis.
We can see that, for spectral types earlier than B8.5 (QUV < – 0.80), at any fixed QUV
value the spread in the corresponding intrinsic colours (B – V)0’s due to the presence
of different luminosity classes is always less than 0.04 mag. This figure is equivalent to
twice the actual uncertainty on (B – V) 0 , therefore an unique mean relationship
between the two colours can be adopted without introducing significant systematic
additional errors. By fitting a least-squares straight line through the points in each of
the twelve diagrams, we found the mean relations, (B – V) 0 versus QUV, which permit
us to give an estimation of (B – V)0 starting from a QUV value. This estimate is
independent of spectral type and luminosity class, and is affected by an uncertainty of
± 0.02 mag, which is comparable to the figure given in FitzGerald’s (1967) Table 6.
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For each region the parameters a and b (slopes and intercepts) of the linear relations
between (Β – V) 0 and QUV are given in Table 1, together with their uncertainties. It is
now possible to use these relationships to assign intrinsic (B – V)0 colours to actual
stars: from the observed values of (B – V) and (m 1965 – V) we derive QUV, taking into
account the position of the star in the sky so that the appropriate value for the
extinction coefficient c can be used. Finally, the following relation is used to derive
E(B – V):
(1)
where

and
In order to estimate the accuracy of our determinations of E(B – V) we took into
account the following sources of uncertainties:
(a) photometric errors in the observed (B – V) and V, which are on the order of 0.02
and 0.05 mag, respectively (see Blanco et al. 1968);
(b) photometric errors in m1965 from the Thompson Catalogue;
(c) uncertainties in the parameters a and b, and in the interstellar extinction
coefficient c as given in Table 1.
Hence the final error in E(B – V) was derived by using the standard propagation of
errors:

(2)
It is worth noting that the main contributions to the actual errors on E(B – V) are the
photometric errors on (B – V) and m1965. The 0.02 mag uncertainty on (B – V) causes
an uncertainty on E(B – V) of 0.04 mag, while the errors on m1965 start to be
important only when the signal-to-noise ratio in this band is lower than 7.
4. Results and discussion
We applied formulae 1 and 2, for each region separately, to the 1155 Ο and Β type
stars (the values obtained are available on request) whose spectral classifications are
given in the Thompson Catalogue. This figure of 1155 stars comes from the full set of
31290 stars contained in the magnetic tape version of such a catalogue by adopting
the following selection criteria based on the information contained in the catalogue
itself:
(1) no indication of peculiarity, variability and/or duplicity;
(2) presence of both spectral type and luminosity class;
(3) positive values for both the flux and the corresponding error at 1965 Å band;
(4) presence of (B – V) colour and V magnitude;
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(5) computed QUV value smaller than – 0.80 (to reject stars for which the spread in
the intrinsic two-colour diagrams, due to luminosity effect, is larger than the
observational uncertainties in the photometric quantities).
The fulfillment of the criterion 2 for these 1155 stars permitted us to compare our
results, EBV, with those, EBVF, obtained from the difference of observed colour,
(B – V), and intrinsic colour, (B – V) 0 , taken from FitzGerald (1970) according to the
listed spectral classification. There is a very good agreement between the EBV’s and
EBVF’s values in most of the cases (see for example in Fig. 4 the plot of EBV versus
EBVF referring to the stars in region M).
In order to identify the discordant cases, we defined a ‘diagonal distance’, D, which
is related to the uncertainties on EBV and EBVF, namely

here σ(ΕΒVF) was assumed to be 0.04 mag because of uncertainty of 0.02 mag in both
(B – V) and (B – V)0.

Figure 4. Comparison of E(B – V) derived in this paper with those obtained by using
FitzGerald’s intrinsic (B – V) 0 for the stars in region M. Points with significant discrepancy in
the two colour excess determinations are encircled and the line at 45 degrees is also plotted.
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A check on the ratio of actual distance (d) from the line at 45 degrees to the diagonal
distance (D) was made. We found 67 cases (6 per cent of the total) for which the ratios
d /D are larger than 1 and the list of the corresponding stars is given in Table 2 with
some remarks. Out of 67 stars, one star has d/D greater than 3, five stars have ratios
between 2 and 3 and the rest of the stars have ratios between 1 and 2. These too large
d/D values can be attributed to one or more of the following reasons: (i) wrong
spectral classification: it causes a mistake in the EBVF estimation; (ii) anomalous
photometric data reported in the Thompson Catalogue which will effect both EBV
and EBVF determinations; (iii) underestimation of errors on EBV and EBVF values:
it will effect the ratio between the actual and diagonal distance; (iv) peculiar extincttion for the stars, which effects the c value used in the EBV determination; (v) presence
of binary stars or multi-component systems; (vi) stellar peculiarity and/or variability.
Investigating the first possibility, thirty-two out of the 67 stars are found to have
some classifications in the literature different from that given in the Thompson
Catalogue. By choosing properly one of these, a good agreement between EBV and
EBVF determinations can be achieved in twenty-three cases. If we add the fact that we
could not check the reliability of spectral classification for those stars with only one
determination, we can be confident that the inaccuracy of spectral classification will
attribute most of the cases in Table 2 to wrong EBVF estimates. Therefore the
advantage of our method, which does not require accurate knowledge of the stellar
spectral type and luminosity class, is clearly confirmed and particularly evident.
The second and third possibilities seem to be less important. We have found no
large differences between all the UBV photometric values given in the literature and
those reported in the Thompson Catalogue. Therefore, both our estimates of Q UV and
D should be correct. But we have to recall that in some of the cases only one set of
UBV photometric data has been found, thus preventing any check on their reliability.
Massa, Savage & Fitzpatrick (1983) and Camochan (1986) have deeply analyzed
individual stars to study deviations from the mean extinction law and they concluded
that some of the stars have actually peculiar extinction. Comparing their list of
peculiar extinction stars with Table 2, we found five stars in common with Carnochan
and one star in common with Massa, Savage & Fitzpatrick (1983). Hence the fourth
possibility cannot be excluded.
As far as possibilities (v) and (vi) are concerned, we looked in the literature for any
indication of variability, duplicity and/or peculiarity of all the stars listed in Table 2
even if they are classified as single normal stars in the Thompson Catalogue. Actually
we found three binaries, one Be-shell, two variables and two chemically peculiar stars.
It is possible that the use of non-simultaneous observations in the UV and in the
visible produce spurious results for these kinds of objects (probably with the exception
of chemically peculiar stars): in general, results for undetected variables or binaries
may be unpredictable.
In conclusion, we can say not only that our method of estimating E(B – V) gives
reliable results as compared to those from the standard intrinsic colour method but
also that, if for some stars discrepancies arise, this can be considered as a good
indication that these objects are worth deeper analysis.
The main advantage of this method is that it makes it possible to estimate the
colour excess for a much larger number of objects than usual, since it requires only a
very rough indication of spectral type.

326

R. K. Gulati, M. L. Malagnini & C. Morossi

E (B – V) from UV-visual two-colour diagram for OB stars

327

328

R. K. Gulati, M. L. Malagnini & C. Morossi

E (B – V) from UV-visual two-colour diagram for OB stars

329

Acknowledgements
The facilities of the Astronet Center of Trieste on the Vax 11/750 were used for the
computations. The NASA World Data Center is acknowledged for providing the
UCL Ultraviolet Star Catalogue on magnetic tape through the Astronomical Data
Center. Partial supports from a CNR-GNA grant, from the Universitá degli Studi di
Trieste (MPI 60 per cent grant), and from ICTP are acknowledged. R.K.G. appreciates the hospitality given to him by the Osservatorio Astronomico di Trieste during
his stay in Trieste while working on the present project. We are grateful to Prof. M.
Hack of the Astronomy Department of Trieste University for critically going through
the manuscript, for helpful comments and suggestions.
References
Blanco, V. M., Demers, S., Douglass, G. G., FitzGerald, M. P. 1968, Photoelectric Catalogue,
Publ. U.S. Naval Obs., 21.
Bless, R. C, Savage, B. D. 1972, Astrophys. J., 171, 293.
Bohlin, R. C, Holm, A. V. 1984, NASA IUE Newsletter, No. 24, p. 74
Buscombe, W. 1968, Μ Κ Spectral Classification, Northwestern Univ., Evanston.
Buscombe, W. 1977, Μ Κ Spectral Classification, Vol. 3, Northwestern Univ., Evanston.
Buscombe, W. 1980, MK Spectral Classification, Vol. 4, Northwestern Univ., Evanston.
Buscombe, W. 1981, MK Spectral Classification, Vol. 5, Northwestern Univ., Evanston.
Buscombe, W. 1984, Μ Κ Spectral Classification, Vol. 6, Northwestern Univ., Evanston.
Carnochan, D. J. 1982, Mon. Not. R. Astr. Soc, 201, 1139.
Carnochan, D. J. 1986, Mon. Not. R. Astr. Soc, 219, 903.
Faraggiana, R., Malagnini, M. L. 1984, Astr. Astrophys., 137, 149.
FitzGerald, Μ. P. 1967, Doctoral Thesis, Case Inst. Tech.
FitzGerald, Μ. P. 1970, Astr. Astrophys., 4, 234.
Hayes, D. S., Latham, D. W. 1975, Astrophys. J., 197, 593.
Houk, Ν. 1978, Michigan Spectral Catalogue, Vol. 2, Univ. Michigan.
Houk, N. 1982, Michigan Spectral Catalogue, Vol. 3, Univ. Michigan.
Houk, N., Cowley, A. P. 1975, Michigan Spectral Catalogue, Vol. 1, Univ. Michigan.
Jaschek, M., Egret, D. 1982, Catalog of Stellar Groups, Part one: The earlier groups, Centre
Donnèes Stellaires, Strasbourg.
Johnson, Η. L. 1963, in Basic Astronomical Data, Ed. K. Aa. Strand, Univ. Chicago Press,
p. 204.
Kennedy, P. M., Buscombe, W. 1974, Μ Κ Spectral Classification, Northwestern Univ., Evanston.
Koorneef, J. 1978, Astr. Astrophys., 68, 139.
Lequeux, J. 1985, in Birth and Infancy of Stars, Ed. R. Lucas, A. Omont & R. Stora, NorthHolland, Amsterdam, p. 3.
Malagnini, Μ. L., Morossi, C, Rossi, L., Kurucz, R. L. 1986, Astr. Astrophys., 162, 140.
Massa, D., Savage, B. D., Fitzpatrick, E. L. 1983, Astrophys. J., 266, 662.
Meyer, D. M., Savage, B. D. 1981, Astrophys. J., 248, 545.
Nandy, Κ., Thompson, G I., Jamar, C, Monfils, Α., Wilson, R. 1975, Astr. Astrophys., 44, 195.
Scalo, J. Μ. 1986, Fund. Cosmic Phys., 11, 1.
Thompson, G. I., Nandy, K., Jamar, C, Monfils, Α., Houziaux, L., Carnochan, D. J., Wilson, R.
1978, Catalogue of Stellar Ultraviolet Fluxes, UK Science Research Council (for the
magnetic tape version).

