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Abstract. Calibration curves giving M, for stars of luminosity classes II1, II, Ib, Iab and O are derived
and shown graphically in the HR diagram. There are serious gaps in which the calibration needs to
be improved.

The luminosity calibrations that I have to discuss here do not involve any new methods
of estimating absolute magnitudes. They do, however, meet the condition that virtually
all the stars included had their spectral classification checked or revised by inter-
comparison of a nearly uniform set of spectrograms. The two main reasons for impos-
ing this requirement were:

(1) The need to come as close as we can to eliminating stars with spectral peculiari-
ties, which can systematically affect both temperature types and luminosity classes.
The resulting calibration is limited to stars of roughly solar composition.

(2) The desirability of reducing statistical corrections by making the variances
within each group as small as possible.

The table of revised standard types for the stars is given in a review article on classi-
fication by Margon and Keenan (1973).

1. Class III - Giants

For the main giant branch the calibration of luminosity classes in terms of visual
absolute magnitudes was based on mean trigonometric parallaxes, using the method of
reduced parallaxes (Russell and Moore, 1938). As far as possible the class III stars
were separated into the three subclasses IIla, IIIb, IIlab, and the IIIa and IIIb stars
were not used in the calibration. The stars that could be rejected as definitely brighter
than the central giant branch, and, hence, classified as IIIa or IIIb were a minority of
the giants, for all doubtfull cases were retained and classified as merely class III.
This at least served to eliminate distortion of the means by such stars as f Gem, with
its very bright apparent magnitude, which would dominate any weighted mean. From
several good spectrograms B8 Gem could be classified as KO IIIb, and the large
trigonometric parallax of +07093 gives the good value of +1.0 for M,. By comparison
with Figure 1 it is evident that with good spectrograms one can just detect a luminosity
difference of about a half magnitude in K-type giants.

By using only stars brighter than the fifth visual magnitude it was possible to derive
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satisfactory values of { M, in spite of the small samples - averaging 12 or 13 stars for
each group. Not all the eligible stars brighter than ¥'=5.0 have been re-classified,
particularly in the southern hemisphere, and the resulting imcompleteness factor so
nearly balanced the Malmquist correction that the latter could be omitted except for
the last group (M1-M2). Most of these M-stars were fainter than ¥'=4.5, and a
correction of +0.2 mag. was estimated and applied to this group. The general correction
{MY—M (M,>)=5((logn) —log{n)) ranged from —0.2 to —0.7 mag.

Good arguments can be advanced for preferring either weighted or unweighted
means. In the plots of group means in Figure 1 both solutions are given, and in the

LUMINOSITY CLASS II
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Fig. 1. Calibration of giants by mean trigonometric parallaxes. Stars with ¥'<5.0.

final calibration the two sets were averaged. The two encircled points represent direct
unweighted means of the absolute magnitudes for the groups in which no negative
parallaxes occurred. Although their almost exact agreement with the mean parallax
solutions must be fortuitous, it seems evident that no serious systematic error was
involved in the corrections applied to the latter.

The zigzag pattern in Figure 1 is due, of course, to the small size of the samples, and
there seems to be no reason not to draw a smooth curve through the band of points.
This was done to give the final calibration of class III in Figure 6. From the deviations
of the group means from this curve the mean error of the smoothed relationis 0.27 mag.
from the unweighted means and 0.17 mag. from the weighted ones.

The choice of trigonometric parallaxes to calibrate class III was not made to dis-
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parage the value of statistical parallaxes, but I felt it desirable to have this independent
solution to permit comparison with the luminosities derived from radial velocities and
proper motions. In Figure 2 the new luminosities are plotted against the values found
by Jung (1970) for the stars in the Yale Catalogue of Bright Stars. The dashed line has a
45° slope. No marked systematic difference is present but Jung’s final adopted values
were not smoothed as much as mine, and his groups means show greater oscillations,
particularly at K1, where he obtained a luminosity lower by 0.6 mag. Of course,
neither the sample population nor the breadth of the band of giants averaged was the
same in the two solutions. Nevertheless, the overall agreement appeared close enough
to justify the use of Jung’s values to extend our solution in Figure 6 by the dashed line
as far as type GS.

CLASS I
MK

+2 +| (0] =l -2
Jung

Fig. 2. Comparison of smoothed mean trigonometric values of M, with Jung’s values derived from
statistical parallaxes. The dashed line has a slope of 45°.
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2. Class II - Bright Giants

When we go above the giant branch even the mean trigonometric parallaxes become
too small to be meaningful. At the same time the number of well-classified stars is so
small that one must lump a number of spectral classes together to have a large enough
sample to give decent statistical parallaxes. There is an alternative means of calibration,
however. The linear relation between K-line emission widths and absolute magnitudes
that was found by Olin Wilson allows the values of M, for class II stars to be derived by
interpolation. Since his calibration (Wilson, 1970), was tied to the Sun, the Hyades
main sequence and giants, and the Perseus cluster supergiants, it is independent of the
class II stars, and can therefore be applied to them without any circularity in the argu-
ment. Dr Wilson is currently preparing a new catalogue of K-line luminosities and
kindly provided me with the revised data for a number of stars having luminosity
classes near II. His coudé spectrograms were limited for the most part of stars with
m,<7.0, and since neither his sample nor mine was complete for this range, the elimi-
nation of stars classified IIa or IIb leaves only the few points plotted in Figure 3 for
the center of the bright-giant group at the present time. The apparent dispersion in the
diagram is too great to be accounted for by the uncertainty in classification alone.

M, from Wilson K- Line Widths
Luminosity Class II
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Fig. 3. Luminosities of class II stars given by K-line calibration of Wilson.
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If we regard the K-line emission width as another luminosity criterion more or less
independent of the usual criteria used on small-scale spectrograms, the scatter in
Figure 2 suggests that the several criteria do not correlate perfectly — which is not
surprising when we consider that the different spectroscopic features will not neces-
sarily respond in exactly the same way to individual variations in such physical
characteristics as chromospheric activity. One striking discrepancy is shown by the
well-known bright giant { Cyg, which nearly all recent observers have assigned to
luminosity class II. The K-line luminosity is +1.1, which would put it at the lower
edge of the giant branch and entirely off the diagram. { Cyg does have a slight enhance-
ment of Ba 11, but is not a real barium star and this degree of peculiarity does not seem
sufficient to explain the large discrepancy.

In order to take account of all the stars near luminosity class I1, and the evidence
from membership in open clusters and binary systems, the stars between types G8 and
K4 have been grouped together in Figure 4. For the two binaries near Ib, ¢ Peg and
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Fig. 4. Comparison of K-line absolute magnitudes with those derived from open clusters and binary
systems. The + shows the mean trigonometric absolute magnitude for class I1I, types G8-K4.

n Per, the K-line luminosity and that derived from the spectral classification of the
early-class companion have been jointed by a bar. For these two stars the differences
between the two methods is in the opposite sense. The class IIb, Ilab, and IIa stars in
clusters, however, appear to have higher luminosities than those given by the K-line
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widths. The adopted mean curve in Figure 6 represents a compromise between the two
sets of data. As soon as a sufficient body of accurate types is available for class IT
stars — perhaps down to V=8 — it will be especially desirable to derive statistical
parallaxes for this luminosity range.

3. Classes Ib, Ia and O - Supergiants

Membership in groups of stars at known distances is recognized as the best means of
calibrating the luminosities of late-type supergiants. Both the membership of individual
red stars in clusters and associations, and the distances to these aggregates, have been
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Fig. 5. Luminosities of supergiants given by their membership in binary systems, open clusters
or associations.
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reviewed carefully by Schmidt-Kaler (1961), Hagen (1970), Humphreys (1970),
Humphreys et al. (1971, 1972), Schild (1970), Stothers (1969, 1972), Stothers and Leung
(1971), and others. These data, combined with our revised types, are summarized in
Table 1. '

The only systematic changes that I have introduced followed naturally the recogni-
tion of the brightest supergiants of the LMC as defining luminosity class 0. For the
distance modulus of 18.6 for the LMC (Wesselink, 1971), the visual absolute magni-
tudes of the four reddest ‘super-supergiants’ defined by Feast and Thackeray (1956)
remain in the range — 8.8 to —9.3 mag., very close to their original estimates. With the
brighter M-type supergiants in h and y Persei retained as defining class Iab, the other
classes of supergiants can be assigned by interpolation.

v
-9 \ O -
_8 - -
_7 — -
_6 - -
__———1Iab
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Fig. 6. Adopted luminosity mean absolute magnitudes for several luminosity classes. The dashed
lines indicate extensions of lower weight.

https://doi.org/10.1017/50074180900055108 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900055108

75

LUMINOSITY CALIBRATION OF GIANTS AND SUPERGIANTS, GO-MS5

ssald Aussanun abprqued Ag auljuo paysiignd 80155000608 17£005/4101°0L/B10'10p//:sdny

*2181 MO[S © 1B A[QBIOPISUOD P3LIeA sey ssomysLiq jusredde syy

‘spueq N Suouss A[fensnun aaey 03 syeadde 00§ NE "PaFeIoA® USIq dARY (S961) H3qIeL pue (1961) uaB8g “(6S61) '1v #2 SJIUOY Jo npowr YL "S0+9 DON »
-2dA) aanjeradud) pue 1ysi| ut

Aqeoidde saureA 1e1S YL "7'S — = Sy ‘ANsourwin] Jomof APYSIs 3Y) SALISp (1L61) Suna7] pue s13410)S 7O UONBIOOSSE 3y} UT dIYSIdqUISW WOL "00§ ¥ ¢
*PoSeIOAE USSq OABY (L96T) SNEIY PUE (Z961) PAWYY ‘(Z961) 39YS Aq punoj seouelsip YL "99LE ODN =

‘[nJ1qQnop £19A se €47 DON Ul dnd Y jo diys
-Ioqudw oy} presal | ‘sweiSonoads uois1adsip-mo] ay) Jo uondadsur [ensia Jo SISeq 3y} U0 sjqeredwod 3q 03 1eadde sjueidiadns 0m) Y} JO SIWIJO[IA [BIpBI

3y} ySnoyj[e 90Uy "I9ISN[d 3y} JO DUBISIP Y} NIM} Jn0qe e dng Yy 2oeyd pjnom yorym ‘pardadxa aq pinoys 6 — ~ ‘W Jo Ansourumn| e ‘A[3uIp10dy "DIN'T
3y} UI 56697 AAH YIM Yo3ew 350[0 S} w0y O TO St 3dA) Pastadl Y3 Yolym 10§ ‘dng y punoy st ‘yueidsadns ¢\ Y3 0} 3500 pue ‘p[3Y SIYI UL "6€¥C OON «

LLEEo) | Ire— $'’s ar e Areurg 84 2
v ($961) 113qel ve— '8 I+ NDAI §°TA S0¥9 DON 055 N
€ (¥S61) 2AnNS pue UOIS 96— 08 qel TIN-TIN Areurg 03§ ©
TT ‘0T "duids NvI (1961) 15834 L's— 811 qQel-TIN SSLY DON 6SvY .66 — AdD
2 Tr— qI ON 99L¢€ DON 9€9¢,09 — AdD
8T ‘68T "4YoON "UoASY (L961) snery vy— [ qI-qel-1N 99L¢€ DDON 179€,09 — AdO
819 ‘811 20§ “uodjsy
Aoy sao110N Apy1uop (8561) 15894 Ls— SII qI-qel S'TIN £67¢€ OON T70S€,LS — AdO
*L8S ‘Y UOUSY “arfy (1L61) uadeH (L961) yopur'l 0t — VI qII 1 1LST OON 1¥65,6C — A°D
€18 ‘pL I "uo4Isy (6961) 19V pue uesioy 8TC— €8 eIl TIN 91ST OON €s1€ S
0t — qII §°€X €2¢C OON 8¢6¢S AH
T (€961) 1Mo Ty — L1t qI-qel €N 6£¥C DON 06L1,1€ — AdD
¥eqana[s 1A 4q A 84
payIsse(o uotuedwo) L'y — '8 11-91-¢3X Arewig Jog U
(6961) 1v 42 plojmesd 96— S'IT qel €N RIXRy _d NS
syIeway $30IN0S TN oy — W) adK], WIIsAS 1e1s

Swia)sAs A1eulq Jo SI9)SN[O Ul s1eys adA)-9)e[ Jo sansourwun| paydopy
I 3714VL


https://doi.org/10.1017/S0074180900055108

76 PH.C.KEENAN

Most of the best calibrated objects from Table I are plotted as an HR diagram in
Figure 5. Two VV Cep-class close pairs are CPD —56°3586 and BS 8164, and their
absolute magnitudes are found from their B-type secondaries (Keenan, 1970). The
point for « Sco (M1-M2, Iab) also is based upon the spectral types of its companion
(Stone and Struve, 1954; Garrison, 1967). The star BS 5171, shown in the midst of the
LMC stars, is the G-type supergiant to which attention was directed by Humphreys
et al. (1971), who derived an absolute magnitude of —8.9 from their classification of
BO Ibp for its visual companion, using Blaauw’s luminosity calibration for that type.
My type for the primary component, G8 0-Ia, agrees essentially with theirs and is
based on a spectrogram kindly loaned by Dr Humphreys. Since a value of M,=—9.0
is obtained if one uses the calibration of Weaver and Ebert (1964) for B-stars, it is
possible that my luminosity class is too low.

For nearly all the late-type supergiants both the temperature type and the luminosity
vary appreciably, and the points plotted in Figure 5 are averages. The most accordant
results are given by the five points for Iab stars, which cluster close to M, = —5.6 over
the observed range from MO to M3 in type. This agrees with the result of Stothers
(1972). Additional points for several luminosity classes could be added by including
stars in other associations, besides O0B1 and Gem 1, but the evidence for both member-
ship and distance for objects assigned to associations is so much less definite than for
stars in clusters that the latter should be given much higher weight in calibrations.

The calibrations adopted on the basis of the discussions in this paper are shown
graphically by the curves in Figure 6. The lines extend only as far as we have reasonably
good absolute magnitudes at the present time. The gaps are serious, but there is hope
of filling them - at least in part.

References

Ahmed, F.: 1962, Publ. Roy. Obs. Edinburgh 3, 57.

Blaauw, A.: 1963, Stars and Stellar Systems 3, 383.

Crawford, D. L., Glasdey, J. W., and Perry, C. L.: 1970, Astron. J. 75, 822.
Eggen, O. J.: 1961, Quart. J. Roy. Astron. Soc. 2, 163.

Feast, M. W. and Thackeray, A. D.: 1956, Monthly Notices Roy. Astron. Soc. 116, 587.
Garrison, R. F.: 1967, Astrophys. J. 147, 1003.

Hagen, G. L.: 1970, Publ. David Dunlap Obs., Toronto 4.

Humphreys, R. M.: 1970, Astrophys. J. 160, 1149,

Humphreys, R. M., Strecker, W., and Ney, E. P.: 1971, Astrophys. J. 167, L35.
Humphreys, R. M., Strecker, W., and Ney, E. P.: 1972 (in press).

Jung, J.: 1970, Astron. Astrophys. 4, 53.

Keenan, P. C.: 1970, Astrophys. J. 162, 199.

Kraus, B.: 1967, Astron. Nachr. 289, 285.

Morgan, W. W. and Keenan, P. C.: 1973, Ann. Rev. Astron., to be published.
Rohlfs, K., Schrick, K. W., and Stock, J.: 1959, Mirt. Sternw. Hamburg-Bergedorf 23, No. 269.
Russell, H. N. and Moore, C. E.: 1938, Astrophys. J. 87, 389.

Schild, R. E.: 1970, Astrophys. J. 161, 855.

Schmidt-Kaler, T.: 1961, Z. Astrophys. 53, 1.

Sher, D.: 1962, Observatory 82, 63.

Sher, D.: 1965, Monthly Notices Roy. Astron. Soc. 129, 237.

Stone, S. N. and Struwe, D.: 1954, Publ. Astron. Soc. Pacific 66, 191.

Stothers, R.: 1969, Astrophys. J. 155, 935.

https://doi.org/10.1017/50074180900055108 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900055108

LUMINOSITY CALIBRATION OF GIANTS AND SUPERGIANTS, GO-MS5 77

Stothers, R.: 1972, Publ. Astron. Soc. Pacific 84, 373.

Stothers, R. and Leung, K. C.: 1971, Astron. Astrophys. 10, 290.
Talbert, F. D.: 1965, Publ. Astron. Soc. Pacific 77, 19.

Weaver, H. and Ebert, A.: 1964, Publ. Astron. Soc. Pacific 76, 6.
Wesselink, A. J.: 1971, Monthly Notices Roy. Astron. Soc. 152, 159.
Wilson, D. C.: 1970, Publ. Astron. Soc. Pacific 82, 865.

DISCUSSION

Van den Bergh: Stars of luminosity class III represent a mixture of objects of differing age and com-
position. The absolute magnitude calibration for giants is therefore function of the data selected for
the calibration. A good example is provided by the M giants in the nuclear bulge of the Galaxy for
which { M) ~ 0 compared to {M,> ~ — 1.5 for the M giants near the Sun.

Schmidt-Kaler: 1 would say that perhaps the greatest merit of the MK-system is that it represents
a reference system for about 95% of the stars. So it may serve as a guide to all subsequent work.
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