TWO-DIMENSIONAL CLASSIFICATION OF THE HD STARS
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Abstract. The major project of assigning spectral and luminosity classes to the Henry Draper stars
south of +30° is underway. The high-quality objective-prism plates have been taken with the
Michigan Curtis Schmidt telescope at Cerro Tololo Inter-American Observatory. The spectra,
widened to .8 mm, have a dispersion of 108 A mm~! at Hy. Plates exposed for 20™ and for 4m + 1m
yield classifiable spectra between 4 and 10 mpg.

Star identification is completely automatic, using a computer-generated plot to the Schmidt plate
scale for each plate center. This plot, having the HD stars identified by number, is copied onto
transparent material and placed under the Schmidt plate while the stars are visually classified.

Classification is being carried out by one person (N.H.) to maintain a uniform system. MK
spectral standards of similar quality and density, also taken with the Schmidt, are continually referred
to. Intercomparison of the new types with existing spectral types shows no systematic differences.
However, the HD types themselves are systematically earlier in the range A to F.

Stars between the south celestial pole and 6 = — 55° are being classified first, with the first volume
of results to be published late in 1973. 1t is expected that the catalogue of spectral types and remarks
will be published in 6 volumes containing all HD stars south of + 30°.

This research is being supported by the National Science Foundation.

During the past four years 10° objective prism plates covering the southern sky have
been taken with the Curtis Schmidt telescope on loan at Cerro Tololo Inter-American
Observatory. Most of the plates have already been scanned for peculiar spectra by
Bidelman, MacConnell et al. The goal of the present Michigan spectral classification
program is to assign two-dimensional spectral types to all stars in the Henry Draper
Catalogue south of +30° (the northern limit of the survey planned to be completed
from Chile). It is hoped that this material will greatly add to our understanding of
galactic structure, percentages of giants and dwarfs in the solar neighborhood, fre-
quency and galactic distribution of both normal and peculiar stars to mention only
a few applications. It will provide a moderately accurate spectral class for any individ-
ual HD star as well as being useful for statistical purposes.

The high quality plates have a dispersion of 108 A mm ™! at Hy with spectra widened
to 0.8 mm. Because of the overlapping of plates about 25%; of all stars appear on 2 or
more plates. The 20-min exposures give classifiable images between 7 and 10 mag.
4m 4 1™ exposure plates are now also being taken to cover stars in the range 4-7 mag.
Because of the excellent seeing in Chile the resolution of the spectrograms is compar-
able to that of the MK atlas. Multiple exposures of widely differing densities have
been taken for the standard stars so that an unknown can be compared to a standard
of similar density. 260 standard plates are presently available covering 145 MK types.
Figure 1 illustrates some of the spectra so that the reader can get a visual impression

of the high quality of the plate material.

An identification chart to the Schmidt scale marking the HD stars on each plate is
generated by the Cal-Comp plotter and then copied on transparent Xerox material
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Fig. 1. Some GS5 stars. The Sr114077/Fe 14045 and 4063 ratios enable each of these luminosity
classes to be differentiated. HR 6392 is a G51Ia standard, but on our plates it is a KO. It may have a
somewhat variable spectrum.

= 204 704 FIT TR

L, ol o
Zl v o P W 4 e Z1y

o Y. o

2% 227 -
)
e 238 935 734

— 231X
Z SS——TP, TH
s 5| 244 !
240 753 =5
. & X 747 %6? =
774! 27,
x4 —5 & —1 &
q s qu-’ Z%& —— 21"1 rr 2
ETVEETT e T
S 7~ 322 10 149
113 2e I22
S o 7 4 i 321 = THZ"
AT —
349 o Jig— Y

Fig. 2. Sample region ~ 2° x 2° showing spectra and superimposed identification chart. For each
plate the computer generates both an overlay and an accompanying list giving the HD number,
position, and magnitude corresponding to the identification number on the overlay.
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to form an overlay. An example of a stellar field with a superimposed identification
plot is shown in Figure 2.

The classifications of all stars are now being made by one person (N. H.) to
maintain a uniform system. A quality estimate ranging from 1 to 4 is assigned to each
star. A description of each quality group is given in Table I. The table also lists the
percentage of stars in each quality group for a representative sample. Although there
are problems with overlapping spectra, especially in the galactic plane, this does not
greatly affect the percentages of stars for which good types can be obtained. The main
plate to plate variations arise because the limiting magnitude of the HD varies substan-
tially from one region to another; on some plates there are many faint HD stars while
on others almost none. In summary, good spectral and luminosity types should be
obtained for 80% to 90% of the HD stars.

TABLE I
I;l plane (;/ 500 sfafs) " Out of plane (~ 1000 stars)
1) 50% ) o (1) 559 °
@30 8% @ 31 § 86%
3 17 o 3 11- °
@ 3 ¢ 0% @ 4§ 4%

(1) Highest confidence; approximately equivalent to slit
spectrum of similar dispersion and resolution.

(2) High quality but spectrum somewhat faint or over-
lapped; in many cases as accurate as group 1.

(3) Faint or overlapped to extent that spectral or lumino-
sity type or both uncertain; range of possible types is
often given.

(4) Poor type but better than nothing; usually no lumino-
sity — ‘early A’, ‘K, etc.

Several preliminary estimates of the internal and external accuracy of classification
have been made. The first is from stars classified independently on overlapping plates by
N.H. In all the comparisons only stars having quality ratings of 1 or 2 were included.
Secondly a comparison between A.P.C. and N.H. on the same plates was made. Our
agreement is good especially for spectral types (see Table IT). This sample includes a
large number of A stars for which luminosities are more difficult than for later spectral
types. Finally, Morgan, Bidelman and Keenan have given us much valuable
advice and stars which have been classified in common with them also show good
agreement. Table II also shows comparison with HD types. The standard deviations
are large, of course, and in some spectral regions are systematic. The types F2-GO
show relatively small scatter and no systematic differences.-There is a large systematic
difference between the Michigan types and the HD types for the A stars in the sense that
the HD types are earlier. However, the scatter is such that no effective corrections to
the HD types can be made (see Figure 3). A star classified as A2 in the HD is about
equally likely to really be of type A2, A3, A5, A7 or FO. The difference is not magnitude
dependent as is shown by Figure 4. There are also systematic differences in the B
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Fig. 3. Comparison of Michigan revised types with HD types for the A stars. Note the systematic
difference in the middle A’s such that the HD types are earlier.
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Fig. 4. Comparison of the types for the bright A stars as classified by Cowley et al. (1969) compared
to HD types. Note the similarity of the systematic difference to that shown in Figure 2.
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stars when the Michigan revised types are compared to the HD types (see Figure 5).
The G, K, and M stars show slight systematic differences (see Figure 6) with the HD
types being earlier. However the scatter is large. It is of interest that over half of the
M stars were classified as K stars in the HD catalogue.

N.H. has examined and classified some of the stars on Miss Cannon’s original

TABLE II
I
o’ =
N—1
Spectral type Luminosity type N
NH —NH +0.13 +0.56 153
NH —APC 0.10 0.90 93
<F0 4-0.38 261
F2-GO +0.29 493
NH—=HD 0.35\ 53 ko037 373 [ 1499
> KO0 -£0.36 372
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Fig. 5. Comparison of Michigan revised types with HD types for B stars. Note that the HD type BS,
in particular, seems to be a catch-all for stars from B3-B9. The crosses are luminosity class I1I,
triangles are IV, and filled circles are V.
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Fig. 6. Comparison of Michigan revised types with HD types for G, K, and M stars. Arrows indicate
uncertainties in spectral type for 4 of the stars.

plates at Harvard. About 50 stars, mostly A’s, were classified on 5 HD plates having
a dispersion of approximately 400 A mm™!. For the stars which are of high quality
on the HD plates the agreement with the types derived from Schmidt plates is good.
However for the fainter images N.H.’s classifications from HD plates agree better
with the HD types than with Michigan revised types. It is difficult to overstate the
problems with focus on the HD plates. Only the central region of each plate is in good
focus, and Miss Cannon classified many stars which were quite out of focus. On some
no lines at all could be seen. Consequently the HD type may be uncertain even for
some strongly exposed spectra.

By the end of September 1971 about 4200 HD stars had been classified from
Michigan plates. All of these stars are South of —55° and West of 12 h. According to
present estimates all of the stars south of —55° (~ 33000 stars) should be classified by
mid 1973. :

It is proposed that the new spectral data be published as it becomes available in
broad declination zones. We anticipate that six volumes will be published containing
all HD stars South of +30°. Some data, such as coordinates, magnitudes, etc. will
be included in the catalogue in addition to the HD number, Michigan revised spectral
types, quality estimates, and remarks about the spectrum.

We sincerely hope that it will be possible to extend the observational material to the
North Celestial Pole so that the catalogue will be complete.
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