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1. INTRODUCTION

It is very easy to use a Planck distribution to show that a color
index is a temperature parameter, but it is more difficult to calibrate
such a color index in terms of temperature because only a few Teff Values
are determined. A pioneering work is that of Kuiper (1938), who derived a
temperature scale according to spectral type (from A0 to M2 for dwarfs
and from GO to M8 for giants) and a Becker index. The first study giving
a relation between T,¢¢ and a photoelectric color index is that of
Popper (1959) in which the author derives a relation between T,¢f and
B-V for the A and F stars and for G8 to K5 (dwarf and giant) stars. On
this occasion, Popper shows the relation between temperature parameters
of two photometric systems, R-I from the six-color system of
Stebbins and Whitford, and B-V. This work was followed by a quantity of
others from numerous authors in various systems, one of the most impor-
tant being that of Johnson (1966). The purpose of the present study is
not to review all the relations to be found in the literature but to de-
fine a set of stars which can be used to determine a calibration of a
photometric parameter in terms of T ¢¢.

2. DETERMINATION OF Teff

B8hm-Vitense (1981) has published a very important and complete stud: |
of the T ff determination to which the reader may be referred. BShm-
Vitense classes the various methods to determine Toff into direct methods i
(mainly Code et al. 1976), semi-direct and indirect methods. Semi-direct
methods are those of Pottasch et al. (1979) for O stars and those of
Underhill et al. (1979) for O and B stars. In both cases angular radii O
are obtained with the help of model atmospheres calculations. Indirect
methods are of various kinds: a) comparison of energy distribution (in
the visible and/or in the UV) with model energy distribution methods
applicable to O, B, A and F stars, b) ionization equilibrium (O stars),
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c) Balmer lines (G stars), d) synthetic colors (B, A, F, G stars),
e) spectrum analvsis (F, G, K stars).

Since the publication of the review paper of B8hm-Vitense, some new
studies have been published and mention may be made of that of Malagnini
et al. (1982) who use for A and F stars a method described by Morossi
and Crivellari (1980) for O stars. Malagnini et al. compare UV distribu-
tions published in the UV Bright Stars Spectrophotometric Catalog (S2/68
experiment, Jamar et al. 1976) with Kurucz models. The same procedure is
also applied by Malagnini et al. (1983) to B5-A stars. Malagnini et al.
(1984) give a relation based on 81 B5-F7 non-supergiant stars between

R=1log ;1292 and Teff derived from the two previous studies:
5445
BeffF=—0.266R + 0.557

B8hm-Vitense (1982) also proposes an indirect method to determine
effective temperatures of late A and early F stars from the UV flux
obtained in the S2/68 experiment.

Adelman and Pyper (1983) have published Teff values for eleven stars
using the same approach as in their earlier studies by comparing energy
distributions with Kurucz models.

3. STANDARD STARS

The present purpose is to define a set of standard stars to calibrate
various photometric parameters in terms of Teff. There are many papers
giving Teff but it is not possible to use all the stars. Reddened stars
must be avoided since only a small number of photometric parameters,
such as Q in the UBV system and X in the Geneva system, are independent
of interstellar reddening. Unreddened or only slightly reddened stars are
proposed. A method proposed by Cramer (1982) based on the X and Y para-
meters to select unreddened stars has been used for O and B stars. Com-
panions are often a source of '"pollution' and unresolved visual binaries
must be excluded. In addition we must consider only stars belonging to
the same luminosity class and having the same chemical composition.

The first study in which such stars may be found is that of Code, et
al. (1976). It is the only one giving T values determined with direct
knowledge of the star's diameter. Semi-direct and indirect methods must
be used because Code et al. give Tgff values only for B and A stars.

To complete the sample, data were taken from Adelman (1978), Adelman
et al. (1980, 1983), Hayes (1978), Underhill et al. (1979), Perrin et
al. (1977) and Oinas (1974). Considering first the main-sequence stars,
Table I contains those proposed as standard. We have thus selected 104
stars from B9 to K2. The column contents are as follows: (1) name,

(2) BS number, (3) HD number, (4) Bg¢f, (5) Teffs (6) B2-V1, (7) B-V,
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(8) source of Teff, then the various systems in which the star is
measured. This information is extracted from the General Catalogue of
Photometric Data which is in course of preparation. Table II gives the
same information (except B-V) for the giant stars from Oinas' list that
are measured in the Geneva system. The number of stars in each system
is given in Table III. The first column of this table gives the identi-
fication numbers of systems, these also appearing in the last part of
each line of Tables I and II.

4. CALIBRATION OF B2-V1 AND B-V

In this section the stars in Table I are used to calibrate B2-V1
(from the Geneva system) and B-V (from the Johnson and Morgan UBV system)
‘for main-sequence stars with a solar chemical composition. The data are
plotted in Figures 1 and 2 respectively. A relatively large dispersion
is to be noted near both B2-V1=-.150 and B-V=.00 which could be due to
a small gravity effect. If we plot the synthetic colors calculated by
North and Hauck (1979) for the Kurucz models (1979) we remark this
effect clearly, which is maximum near AO. Both linear and polynomial
fittings were used for each diagram, giving the following relations:

Bef£=0.917 + 2.306(B2-V1)  -.300 < B2-V1 < -.160 (1
+ .014 + 0.057

Beff=0.632 + 0.640(B2-V1) ~-.160 < B2-V1 < .730 )
+.002 + 0.006

Berg=0.573 + 1.512(B-V)  -.22 < BV < -.05 (3)
+.007 + .049

Bege=0.536 + 0.514(B-V)  =-.05 < B-V < 1.20 ()
+.003 + .005

Borg=0.643 + 0.567(B2-V1) -0.597(B2-V1)% + (5)

+ 4.406(B2-V1)3 - 9.033(B2-V1)4 + 5.970(B2-V1)°

Beff=0.525 + 0.807(B-V) -1.442(B-V)2 + 3.194(B-V)3 - (6)
- 3.208(B-V)%4 + 1.153(B-V)5

Relation (2) was checked for the main-sequence K stars for which Oinas
(1974) and Lambert (1977) have determined the temperature and good agree-
ment was found. We may therefore assume that our calibration is valid
from B9 to K2.

The relations obtained are valid for stars on the main sequence with
normal of solar chemical composition. Many metal-deficient stars are to
be found in the paper of Perrin et al. (1977) and if these stars are
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plotted in a Bgff vs B2-V1 diagram there is a clear blanketing effect,
all these stars being shifted to the left. But B2-V1 can be corrected
(Hauck 1973) and the corrected values bring about a good fitting of
these stars with the relation for the normal stars.

For the giant stars hotter than the Sun, we have noticed that only
the few for which the temperature is known do not show any deviation from
the relation for main-sequence stars. Using the data Oinas (1974) has
published for some KO-K3 giants we obtain the following relation:

Beff=0.634 + 0.548 (B2-V1) (7)

5. OTHER CALIBRATIONS

In the previous section we have seen that the stars proposed as
standard can be used to calibrate B2-V1 and B-V in terms of effective
temperature. These stars are also measured in some other systems and many
calibrations could be determined. We can also use relations between B2-V1
and some other photometric parameters established by Meylan et al. (1981).
.ut it should be remembered that these relations can be sensitive to
gravity and blanketing effects.

Various calibrations can be found in Golay's book (1974) and in the
proceedings of the workshop on Problems of Calibration of Multicolor
Photometric Systems (A.G. D. Philip, ed. 1979). Among those that have
been published more recently I would mention Cramer's (1984) study of
the B stars, in which we found the following relation:

log Teff = 4.586 — 1.038 X + 1.094 x? - 0.646 X> + 0.139 x°
where X = 0.3788 + 1.376 U - 1.2162 B1 - 0.8498 B2 - 0.1554 V1 +
+ 0.8450 G

is a temperature parameter (in the Geneva system) for the hot stars in-
dependent of reddening.

Stone (1983) has published the following relation for extremely
metal-deficient red giants:

2
Tegg = 7101 - 3768 (V-R)  + 848 (V-R).

while Straifys et al. (1982) give tabulated relations between log Tgff
and the indexes U-P, P-V, X-Y, Y-Z, Z-V, Z-S of the Vilnius system.

Another approach to the determination of T may now be mentioned.
Some authors have calculated synthetic colors £$6m model atmospheres and
then constructed a photometric diagram (color or parameter vs color or
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parameter) with loci of constant Teff and log g. Releya and Kurucz
(1978) calculated theoretical uvby and UBV colors from the Kurucz grid
of model atmospheres for O, B, A, F and G stars, while Philip and
Releya (1979) used these synthetic colors to propose three large-scale
(c)o vs (b-y)o grids calculated for [Fe/H] values of 0.0, -1.0 and -2.0.
These authors claim rms errors of the calculated values of *0.2 in log g
and * 250 K in Teff. Philip and Egret (1980) applied these grids to the
whole uvbyB catalogue (Hauck and Mermilliod, 1980). Synthetic colors
for the RGU system have been published by Buser (1978), while Buser and
Kurucz (1978) give synthetic UBV colors and derive an effective tem-—
perature scale as a function of (B-V),, (U-B)o and (U-V),. North and
Hauck (1979) have also published synthetic colors in the Geneva system
from Kurucz models and also given an effective temperature scale as a
function of B2-V1, while Lub and Pel (1977) have published a set of
theoretical two—color diagrams in the VBLUW system calculated from the
first set of Kurucz models (1975).

Theoretical colors in various photometric systems (UBVR, Geneva,
uvby, DDO, gnkmf, Uppsala, 13-color (Arizona)) were calculated for the
G and K giant stars by Bell and Gustafsson (1978, 1979) using
their own set of model atmospheres (Gustafsson et al. 1975, Bell

et al. 1976)

6. TEMPERATURES FOR THE Ap AND Am STARS

Several attempts have been made to determine effective temperatures,
one being that of Babu and Shylaja (1981), who determined fgff for 125 Ap
and Am stars. Their method is semi-direct, since they use flux distribu-
tions in the AA4000-7800 wavelength region and Mihalas models. Shallis
and Blackwell (1979) determined effective temperatures for five Ap stars
using a semi-direct method (Blackwell et al. 1977, 1979) in the IR
range. Flogquet (1981) derived effective temperatures for 69 mostly cool
Ap stars taking the intensity of the Call line as a temperature indi-
cator. More recently Lanz (1984) has determined effective temperature
for six Ap and six He-weak stars, employing the Shallis and Blackwell
method. We thus have a lot of effective temperatures for Ap and Am
stars but the basic problem is that color indexes are generally affec—
ted by the peculiar characteristics of the star. B2-V1 is not affected
in the case of Am stars (Hauck and Van't Veer, 1970) but B-V is affec-
ted and also b-y, but to a lesser extent. In the case of Ap stars,
many photometric parameters are affected because one filter is in the
spectral interval of one of the continuum depressions, mainly that at
X 5200 K. B2-V1, B-V and b-y are strongly affected, but one of the less
affected photometric parameters is B2-G (see Gerbaldi et al., 1974) and
recently Lanz (1984 ) obtained a calibration of (B2-G), in terms of
effective temperature for the Ap stars.
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DISCUSSION

PAPOULAR: Is there any hope of extending this effort to M giants and
supergiants?

HAUCK: The problem is not with the colors but with effective
temperatures and at the present time we need more effective temperature
determinations for these stars.

CODE: What is the Dbasis of the effective temperatures for metal
deficient stars?

HAUCK: Perrin et al. (1977) have obtained the effective temperatures
from detailed analysis based on model atmosphere calculations.

POPPER: Effective temperature is defined in terms of bolometric flux.
This quantity is known only for stars with measured angular diameters
determined, which are, unfortunately, very few in number. Temperatures
derived by comparing synthetic spectra with observations should,
perhaps, be termed "hypothetical" effective temperatures. This
distinction, usually overlooked, has been pointed out many times in the
past. It is typical for those who interpret IUE observations, for
example, to quote temperatures from models without reference to the
calibration of these models against ultraviolet observations of stars
with known effective temperatures from angular diameter measurements.

TOBIN: To reinforce Dr. Popper's comment, can I say that I would
classify the Underhill et al. method as indirect, rather than
semi-direct, as what it really does when strictly applied is to compare
the dereddened value of(monochromatic, visual or infrared flux/observed
integrated flux) with model values, and it is just as dependent on the
Kurucz models as anyone else's "effective temperatures".

CODE: To follow up the remarks by Popper, I wish to remind you that
another assumption the concept of effective temperature is that the star
is spherical and the atmosphere thin. For hot main sequence stars and
supergiants this may not be +true and some other concept must be
substituted for effective temperature.
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