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ABSTRACT 
An objective-prism survey of somewhat more than half the sky, being the portion more than 10° from the 

Galactic plane and north of declination —25°, has been completed, using the visual-red spectral region. From 
this survey we list 583 late M stars (mostly type M6 or later) not contained in the third edition of the variable 
star catalog or its supplements. Many identifications with the Caltech Two-Micron Survey are given. The 
great majority of the stars are likly to be giants. For an assumed visual absolute magnitude of —0.9, the 
distance of the stars from the Galactic plane is well represented by an exponential (barometric) distribution 
with scale height 1800 pc; or 900 pc for an assumed absolute magnitude of zero. The sample may well be 
related, therefore, to the recently discussed “thick disk” component of galactic structure. Carbon stars appear 
to be at least twice as numerous, relative to late M stars, at large Galactic Z as at small Z. Although difficult 
to quantify, it appears unlikely that large numbers of these late M stars are undiscovered variables of appre- 
ciable amplitude. 
Subject headings: galaxies: Milky Way — galaxies: structure — stars: late-type — stars: stellar statistics 

I. INTRODUCTION 

We have recently completed a survey, using our 4° objective 
prism on the Burrell Schmidt telescope, of the entire sky north 
of declination —25° and more than 10° from the Galactic 
plane. The survey employed the 5000-6800 Â spectral region, 
at a dispersion of about 1000 Â mm-1 at Ha. It was intended 
to complement our similar survey of the lower latitudes, which 
was completed about 10 yr ago, and to complement as well a 
red-region but higher dispersion survey south of deck —25° 
carried out some 30 years ago by K. Henize. The new S-type 
and carbon stars found in the present survey have been 
published (Stephenson 1984, 1985a), and the new Ha-emission 
stars are in press (Stephenson 1986). 

M stars, usually of type M6 or later, were tagged and mea- 
sured in this survey; of 412 such stars contained in the 3d ed. of 
the General Catalog of Variable Stars (Kukarkin et al 1969, 
hereafter GCVS), 93 had no published spectral type and so 
were reported by me (Stephenson 1985b). The present paper 
presents data for another 583 stars not contained in the 3d ed. 
of the GCVS, although a few of them have been named as 
variables in the subsequent name lists. 

II. OBSERVATIONS 

At 0.2 mm spectral widening and 10 minutes exposure on 
Kodak 103a-F emulsion, the plates reached 13th visual mag. 
Visual magnitudes were determined from eye-estimated den- 
sities of the spectral images in the 5200-5800 Â region. The 
approximately 1300 survey plates were not calibrated individ- 
ually for magnitude, but rather a mean calibration was used for 
all. The mean calibration itself is very well tested. 

For the M stars, spectral types were estimated from the 
strengths of the (0,0) and (0,1) bands of the organge-red system 
of TiO. These types agree well, on the average, with types 
published by Bidelman (1980), Hansen and Blanco (1975), and 
Lockwood (1974). For M stars up to type M4-5, it is possible 
to segregate dwarfs from giant M stars by the great strength of 
the sodium D lines that dwarfs exhibit, if that spectral region is 
well exposed. For stars as late as the present sample, however, 

the (1, 0) TiO band of the organge-red system masks the D 
lines at our spectral dispersion, and no luminosity classi- 
fication is possible. However, late M dwarfs, even near the 
survey limiting magnitude, should be at such small distances as 
to occur in the high-proper-motion star lists of Luyten and 
Giclas, and ~20 dwarfs have been thus weeded out from the 
identified late M stars. The great majority of M dwarfs within 
our survey have weaker TiO than the present stars, and several 
hundred of them have been recognized separately as dM stars 
and will be published in another paper. Thus the stars of Table 
1 should practically all be giants. 

Equatorial coordinates of usually l"-2" probable error have 
been determined from measurements of the survey plates, by 
means of the reduction theory discussed by Stephenson and 
Sanduleak (1977). A somewhat more accurate measuring 
engine than the one used in the paper just cited was in service 
during most of the plate measurements of the present paper. 
However, the declinations are based on positions of TiO band 
heads and will sometimes be less precise than quoted above. 

in. DISCUSSION 

a) Variability 
It is well known that many late M stars are at least some- 

what variable, and the question at once arises, to what extent 
are the Table 1 stars significantly variable? I know of no realis- 
tic way to assess the completeness of our census of variable 
stars of magnitude 13.0 and fainter, as 80% of the Table 1 stars 
were estimated to be when I observed them; but the great 
majority of the systematic variable star searches (Plaut 1965) 
have been in the lower Galactic latitudes, as have the newly 
named variables of recent years. So far as this goes, we can 
hardly preclude a great many of the Table 1 stars’ being strong- 
ly variable. 

On the other hand, the GCVS stars (3d ed.) that I also 
classified > M6 in this survey have a very similar distribution 
in Galactic latitude and longitude to the Table 1 stars, and, 
moreover, 65% of these variable stars were also called mag 
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lololocvjcolo^-iooolo t-Hr-l.-lC\JC\Jr-H.—I.—tT-Hr-l 

O LO OO f-i f^. co «d- LO CO C\J 1—t r-H C\J C\J C\J + + + + + + 
LO CO f-H o O CO CVJ <NJ <T> vococTtocoonor^Lor^. 1«—Ir-H 

CNjcvjcxiLn«—it—loocM^nr^ C\JCgC\JC\JOOCOCvJr-lCOC\J + + + + + + + + + + 
r-Hr-Ht—ICOr^t-HOCOOCn coct>loooct»lococ\jlooo t—It—It—Ii—lr-Ht-Hi-HC\Jr-Hr-l 

CMC-.C»t—it^-LO^-t—l^i-CO cvjCMLOvoo^cococncoco C\J C\J i—I t—I C\J C\J f—I C\J C\i 
LOLOLOLOLOLOLOLOLOLO LOLOLOLOt—ILOLOLOr •—ILOr^OLOLOLOLOLOLO 

C'JCOt—icococococococo rH t—4 f-H r-H f-H i-H »-H r-H t-H /\ /\ /\ 

CO C> LO LO LO LO LO LO LO LO 
cocococococococococo It—Ir^tt—Ir^l^^r^H^Hr-l 
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cor^^j-co«^-coc\jLO(X)0 I—lOCsJ^LOCVJf—I^COLO 
r^.oOLOOco>^-^-ior^^ ^■locvjocvjcocoocvjo 
r^oOLor»coLOOcor^cvi COCVJIOCOCVJLO^OLOCO + + + + + + + I+ + 

OLOLOLOLOLOLOlOLOLO 
cocococococococococo COCOCOCOOCOCOCOCOCO COCOCOCOCVJCOCOCOCVJCO rH t-rl t—I »—I 1—I t-H t—I t-H t-H t-H 

<0 «O CT» +1 I I + I I r^r-.r^LOLOr^ooi'^r^.r^ 

c\jr^<ïTrv.LOoo»-<cooocvj LOOIOC\JO«^-C\JLOLOlO 
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oco^-cooo^iOLo^Hcn LOCOCMt-HCOCNJt-H^LOCO + + + + + + + + + + 
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XJ C\J CM o t CO co r-^ t-H lo cm 

O) LO CM CM LO LO 2: o o o o CO CM ,sT + + LO -»d- 0 o an ou Q ►—1 1—• 

LOCOLOOVOLOLOIOCM'd- CM LO fH <—I LO LO LO CM CO LO 

coLococoo^i-*j-'a-<r»co- COLOCOCOOOf''»lOLOCO t-H r—H t-H t-H CM CM t-H t-H t-H t-H 

O t-t 
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CMOOCMr^LOGOOCMCM t-H^l-CM^fCOCOCOCOCOCO 
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CMr^OOf^O-d-CMLOLO CM ^ CM O LO LO CM CM CM LO CM t-H CM CM t-H t-H CM CM CM »*H 

f^LOOLOLOLOlOlOOLO 
CTlCOCOCOCOCOCOCOCOCO 

^ A Tn 7? * 
+ + r^oOLOr^Lor^r^r^ooco 

O r-H O CT» t-H CT» t-H LO O» t-HLOr-ILOCO^i-COLOCO-d- 1+ I+ + + + + + + 

LOOLOLOLOOOLOLOLO 
cocococococococococo 

I—ilololololololoolo 
ococococococmcococo 

LO LO CO LO LO LO LO LO LO 
t-HCOCOOCOCOCOCOOCO 

LOLOLOLOC^LOCTir^LOLO 
* 

LO LO t-H LO LO LO LO LO LO 
COCOCMCOCOCOCOCOt-HCO 

) lo r^. lo 

LOCO^CTlCTit—ICOCTt—ICO COO*d-«3-t-ICMOCMCMO + I + + I I I + + I 
CT» t-H CM LO LO r>. CM LO CO CT» <OOCM«a-lOCT>-d-00» 

II '1 Lor^LOLOLor^r^Lor^r^ 

LOCTit-Hco^T^cor^-Lor^ ^a-t-HocMOLOoco«d-co 
cooLOLOcor^^cMLOLO •—Ir—l«^-rJ-LOCMCOOt—ILO 
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cocococococococococo r-H 1—I 1—( I—I «—t i—i i—1 r—( f-H f-H /\ /\ /\ /\ 

vor^vovor^r^vor^voc 
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TABLE IB 
Notes to Table 1A 

02h53m37s8  M8 (Lockwood). 
02 55 50.1  M8 (Lockwood). 
03 10 15.7  The IRC identifies with HD 20246 (F5), mag 9.0. The M star is 50" in p.a. 155° from the HD star. 

M6 (HB). 
03 46 09.3  M7 (Lockwood, HB). 
04 40 57.0  The M star is 95" in 225° from the HD star identified by the IRC. Incorrectly identified 

with a Cordoba Durchmusterung star by Bidelman (1980). 
04 53 52.9  M5 (Bidelman). 
06 01 25.3  The IRC position is that of the M star, not the HD star that they identify with. 
06 1121.9  D 30223 (K5) is seen nearby. 
06 25 27.7  M8 (Lockwood and McMillin 1970). 
06 35 35.8   D 12451 (M0) is seen nearby. 
07 47 39.1  M8 (Lockwood). 
09 06 16.0  The TiO 2,6150 is exceptionally strong for the weakness of the TiO 2.6600. 
09 45 04.4  D 14011 = 32° 1941, a brighter and earlier M star, is nearby. 
10 42 55.2  NSV 4977, IRC +40220. M8 (Vyssotsky and Balz 1958). 
11 02 45.2  —11 °3030. M2 (Yale zone catalog). 
11 16 54.2  M6 (Yale zone catalog). 
11 23 14.1  IRC +50212. M8 (Balz 1956). 
11 30 12.3  +35°2265, IRC +40226. 
12 19 25.8  M6 (HB); M5 (Wyckoflf and Wehinger 1974). 
12 19 55.1  M6 III (Upgren 1960). 
12 57 53.4  M8e, Mira-type spectrum, by Bidelman and MacConnell (1973), hence NSV. 
13 05 19 0  IRC +20257. 
13 17 19.3....  IRC +00233. 
14 45 19.3  NSV 6828; M6 (HB). The IRC position agrees better with that of the M star than with the 

HD star picked by the IRC, as does the / —K color index of 3.8. 
15 14 14.4  IRC -10318. 
15 20 24.6  Near another late M, both stars seen on the same plate. 
15 23 43.6  NSV 7098. M8 (Lockwood); late M (HB); M9 (Solf 1978). 
15 37 46.2  NSV 7216. M8 (Lockwood). 
15 39 03.4  IRC +00270. Despite the disparity in spectral types, our star is the only candidate for the Dearborn star. 
15 42 12.9   Me according to Stock and Wroblewski (1971). 
16 02 13.7  IRC —20309 (M3). M3 in the Yale zone catalog. 
16 03 51.1  V649 Her. M7 (Vogt); M8 (Lockwood); M6 (WyckofT and Wehinger 1974). 
16 13 35.2  Different from the nearby Dearborn star at 16h13m40s9. Both are seen on the same plate. 
16 27 14.1  Included here although earlier than the other stars in the table, because 

only 100" from a later M. 
16 32 08.0  IRC +00289. 
16 33 46.5  Mira-type Me (Bidelman and MacConnell 1973). 
16 38 13.1  M5(Wyckoffand Wehinger 1974). 
16 46 22.0  V2066 Oph. M9 (Lockwood). 
16 49 19.2  Not SY Oph, separately seen nearby. 
16 53 49.8...  Near, but unconnected with, the old nova V841 Oph. 
16 53 51.7  M7 (Lockwood). 
17 09 04.8......... NSV 8374. M8 (Lockwood). 
17 19 09.8   An IRC star, HD type Kl, is seen on my survey plate 5' south. 
17 23 12.1     M8 : (Wyckoff and Wehinger 1974). 
17 28 48.9  IRC +00307? The M star is not the nearby HD 159272 (K0), with which the IRC identifies. 
17 43 49.2......... IRC +30313. Ml (Yale zone catalog). 
17 48 15.4  IRC +30318. M2 (Yale zone catalog). 
17 49 56.3...  D 16308 (K5) is probably seen nearby. 
17 52 51.1  M7 (Wyckoff and Wehinger 1974). 
18 10 25.5  IRC +20354. 
18 18 29.0.  NSV 10701. M7 (Wyckoff and Wehinger 1974). The I-K color index makes it clear that the 

M star, and not the GO star cited in the IRC, is the IRC source. 
19 13 15.4  Separately seen on the same plate as the two nearby stars in the table. 
19 13 15.5  One of a close group of three late M stars. 
19 21 21.9..  NSV 12009. The I — K color index of 5.0 mags assures that the M star, and not the IRC-quoted 

A0 HD star, is the infrared source. The positions also support this. Type M8 by Bidelman. 
20 06 44.2  M6 (Bidelman). 
20 29 35.8  NSV 13155. 
20 30 39.9   Our star is the most plausible candidate for the Dearborn star despite the disparity in spectral types. 
20 41 27.5......... NSV 13284; M7 (HB). 
20 44 59.2  IRC +10478. M7 (Bidelman). 
20 45 58.6......... The IRC suggests the Algol variable BX Aqr for an identification, but the variable’s R.A. differs by 

18 s from the IRC, and the large I — K color index strongly supports the source being the M star. 
21 31 59.0  NSV 13806. 
21 35 06.0   IRC +00507. This plate not measured; the position given here is the IRC one, but the 

BD identification is independent. 
21 54 40.0  M8 (Bidelman). The IRC missed this Dearborn identification, but there is on my plate 

only one M star in the region, and the infrared color index is +4^. 
21 57 48.7  IRC +00511. 
22 49 10.0  . NSV 14352. M9 (Lockwood). 
23 28 41.4  NSV 14611. 
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13.0 or fainter on my plates. Of the Mira stars, at least, I tended 
to pick them up nearer to minimum than maximum, doubtless 
because of my policy of retaining only quite late M stars. The 
circumstances just cited make it appear a bit unlikely that a 
large proportion of the Table 1 stars are strongly variable. The 
same negative conclusion is suggested by the agreement 
between my spectral classifications and those of Vogt, Hansen 
and Blanco, and Lockwood. On balance, I think it unlikely 
that a major portion of the Table 1 stars are strongly variable. 

b) Galactic Distribution 
I have already stated that the distribution in Galactic coor- 

dinates of the Table 1 stars is quite similar to that of the late M 
GCVS stars that I found. The longitude distribution is also 
quite similar, as far as it goes, to that of the lower latitude M 
giants discussed by Blanco (1965), which are generally heavily 
concentrated into the hemisphere centered on the Galactic 
center. 

It is tempting to use this new sample of late M stars to study 
their distribution in height above the Galactic plane, since the 
available information on this point is so meager. Unfor- 
tunately, even given the large scope of the present survey, such 
a study has several serious drawbacks. The worst of these are : 
(1) imperfect knowledge of the individual absolute magnitudes; 
(2) the missing volume of space below Galactic latitude ± 10°, 
which corresponds to Z distances up to several hundred pc and 
so weakens any determination of the scale height of the space 
density; (3) the missing declinations south of —25°; (4) we lack 
determinations of the interstellar absorption for these stars. 
Point (4) is less serious than the others, because of our 
restriction to relatively high Galactic latitudes. Since I propose, 
nonetheless, to examine the apparent space distribution of 
these stars, I shall next take up these four difficulties in turn, 
not that they are the only weaknesses to be faced. 

1. Somewhat widely varying estimates have been made of 
the visual absolute magnitudes of M giants, and as a first 
approximation I shall use Blanco’s (1965) adopted value of 
— 0.9 for the later spectral types. 

2. The problem here is that our survey of low-Z values is 
incomplete. It is not, however, nonexistent, to the extent that 
there are nearby stars at the higher latitudes. I have attempted 
to limit the study sample to a spatial volume defined by a right 
circular cylinder C with axis perpendicular to the Galactic 
plane. The missing low-Z space in the survey has been approx- 
imately allowed for by weighting each star that does occur 
within the range of defective Z values by the ratio of excluded 
to included survey volume at the star’s Z value. The definition 
of the study volume C will be completed in the next para- 
graphs. 

3. To avoid the complication of the missing southern decli- 
nations, the volume C was limited to northern Galactic lati- 
tudes and to longitudes between 0° and 240°. One base of the 
(now sectored) cylinder is assumed to lie in the Galactic plane 
and to contain the Sun. 

4. I have applied a mean interstellar absorption, defined by 
the local absorption decreasing exponentially away from the 
Galactic plane, with scale height 150 pc and visual extinction 
of 1 mag kpc-1 in the plane. This model produces 0.15 mag 
total absorption at the Galactic pole. 

The size of the volume C was specified by assigning mag 13.8 
to the numerous “ > 13.5 ” stars, and adopting a base radius of 
C that makes an M star on the lateral surface at b = 10° have 
mag 13.8 in consequence of the assumptions about absolute 

magnitude and interstellar absorption. It turns out that stars 
on the lateral surface at somewhat greater heights are brighter 
than 13.8 because of lessened model absorption, and when the 
height of a still higher lateral-surface star is great enough to 
make the magnitude again 13.8, we have reached the top of the 
cylinder. The height thus defined is 5500 pc, and the radius 
5770 pc. 

To review the space-distribution program: We seek to learn 
how these M stars are distributed in distance Z from the 
Galactic plane by examining a sample that is preselected by Z 
only in having Z < 5500 pc (apart from complication No. 2). 
We pick such a subset from Table 1 by limiting them to posi- 
tive Galactic latitude and to longitudes 0°-240o. We further 
exclude stars if their apparent distance puts them beyond the 
test volume C ; at the Galactic pole, this means excluding stars 
fainter than mag 13.0. 

The subset of M stars, limited as just described, contains 
only 159 stars. Their Z-values, derived from the stated assump- 
tions, have been grouped into 250 pc intervals, and these 
normal points in N(Z) are plotted in Figure 1. The point based 
on Z < 250 pc has been omitted because it would have been 
defined by a single star, normalized by an enormous weight. 
The range of Z values within which the survey is incomplete 
because of the h > 10° limitation is 0-1000 (1018) pc; thus the 
three leftmost points of Figure 1 are the only ones involving 
partially unsampled Z values. 

An exponential function has been fitted to the Figure 1 data 
by least squares, and the result shown fits quite well. The dis- 
crepant point at 375 pc is based on a sample volume that is 
six-sevenths incomplete (but see the discussion to follow). The 
solution for N(Z) is 

N(Z) = 32.8(í g) exp [-Z/(1800 ± 200)] . (1) 

The quoted errors are mean errors, and N(Z) gives numbers 
within 250 pc thick C-sections. 

The scale height of 1800 pc in equation (1) is very large, 
comparable to that of the longer-period RR Lyrae stars and 
much greater than the 700 pc for the M5-M8 long-period 

Fig. 1.—N(Z), numbers of late M stars within 250 pc slabs parallel to the 
Galactic plane, vs. Z, distance from the plane. Dots are observations and the 
curve is eq. (1). 
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variables quoted by Mihalas and Binney (1981). The long- 
period variables, in turn, are supposed to have a larger scale 
height than the M giants in general (Plaut 1965). 

The very large exponential scale height in equation (1) need 
not be viewed with surprise. Virtually all the stars of Table 1 
are in the Galactic halo, more or less by definition. They may 
well form a different population from the bulk of the M giants 
so far studied, and so be not merely an extension of the latter. 
From this point of view the high point in Figure 1 at Z = 375 
pc, for all its uncertainty, is probably real and reflects the 
addition of a significant Galactic disk component to an other- 
wise essentially halo component. It is then not surprising, 
either, that the coefficient of equation (1) predicts, within 125 
pc of the Galactic plane, a space density of giant M stars later 
than type M5 of 0.002 stars per 106 pc3, versus 0.1 for the same 
quantity estimated by Blanco (1965) from a low-latitude 
survey. A factor of 2 of this 50-fold difference may be an artifact 
of my omitted longitudes 270o-0°, where approximately half of 
Blanco’s stars are found ; but most of the remaining factor of 25 
discrepancy is probably real. But for the lack of low-latitude 
fields in this survey, one could have modeled the Z distribution 
with a low-Z component superposed on an extended-Z com- 
ponent. 

The conclusions of the last paragraph overlap appreciably 
with recent remarks by Gilmore (1985), who has posited an 
intermediate (“ thick disk ”) Galactic population with an expo- 
nential scale height of 1.5 kpc and having about 2% of the 
solar neighborhood stars belonging to it. I have no evidence 
from my low-resolution spectra that my M stars are metal- 
deficient, as the thick-disk stars are supposed to be (Gilmore 
suggests a mode of —0.75 in [Fe/H]), however. Neither do I 
have any evidence that these stars are not metal-deficient. The 
mere presence of TiO bands in strength is not proof of near- 
solar metals abundance, because a metal-deficient model 
stellar atmosphere may be given a TiO-prominent spectrum by 
a relatively small lowering of the temperature relative to a 
solar-abundance model (cf. Johnson, Mould, and Bernat 
1982). 

It is next incumbent to inquire to what extent my derived 
large scale heights for these M stars depends on their assumed 
absolute magnitudes. To address this, I have repeated the com- 
putions, using instead of —0.9 an assumed absolute magnitude 
of 0, which is nearer to another estimate (Mikami and Heck 
1982; Blanco, McCarthy, and Blanco 1984). The change leaves 
practically the same stars in a shrunken volume of space and so 
diminishes the derived scale height, to 900 pc. The modified 
value is now comparable to that of the later M-type long- 
period variables but is still large compared to other estimates 
for M giants in general; Mikami and Ishida (1981), using stars 
selected in a very different way from mine, at distances less 
than 1 kpc, find about 400 pc. For both assumed absolute 
magnitudes, a simple barometric formula like equation (1) fur- 
nished a much better fit to the data than a Gaussian fit, which 
agrees with all previous experience for stars this far from the 
Galactic plane. 

Since we lack a confident estimate of the absolute magni- 
tudes, it is pointless to attempt to force the issue further at 
present, beyond proposing that despite the great uncertainties 
there is a definite likelihood that these stars define quite a large 
scale height in Z. 

c) Completeness of Surveys for Late M Stars 

The present survey was not undertaken with late M stars as 
the primary target, and in fact in our low-latitude surveys using 

the same spectral region, M stars were never singled out for 
position measurement or even tagged for possible future refer- 
ence. We followed this policy in the northern sky because 
doing otherwise would too much have duplicated the Case 
infrared survey, and in the south we expected that future infra- 
red surveys would extend the Case ones. In fact, to this day 
there is no catalog of M stars for the southern sky based on 
either a red or an infrared spectral region survey, whether at 
low or high Galactic latitudes. 

Between the Case infrared surveys (Stephenson 1966) and 
the present red survey, a gap of about 4° in Galactic latitude 
exists. This is of consequence mainly for tasks such as IRAS 
source identifications, and north of declination —4° the gap is 
substantially filled by the Dearborn red-star catalogs. 

d) Comparison of Carbon and M Stars 
The proportion of carbon to M giants is known to increase 

with distance from the Galactic center (Blanco 1965; Fuen- 
mayor 1981 ; Blanco, McCarthy, and Blanco 1984). Keen inter- 
est has arisen in recent years in differences in the carbon 
star-to-M giant ratio between different nearby galaxies, in 
particular between the two Magellanic Clouds. This is most 
often interpreted in terms of metallicity differences, and one is 
naturally curious about how the carbon star-to-M star ratio 
in our own Galaxy behaves as a function of distance from the 
Galactic plane. 

Unfortunately, making this relatively local comparison with 
any precision requires rather accurate knowledge of absolute 
magnitudes. Even if we were confident of this information in 
the case of the M stars, which we are not, the best indications 
that we have for the carbon stars (Gordon 1968) make their 
visual absolute magnitudes range through about 4 mag as a 
function of spectral type. We lack the appropriate spectral type 
information for most of the carbon stars that we would like to 
use for the comparison. 

Probably the best that we can do is to compare in directions 
that are far enough from the Galactic plane that the low inter- 
stellar absorption and large Z-heights reached make it unlikely 
that we are missing many stars in either group. I have chosen 
to make the comparison for Galactic latitudes north of + 40°. 
For this zone, all longitudes are covered by my red survey, 
there being no declinations south of —25°. For the carbon 
stars, I have used my carbon star catalog (Stephenson 1973), 
augmented by a number of published and unpublished sub- 
sequent lists, including the new carbon stars found by me in the 
present survey. The carbon star catalog includes finds based on 
a number of different spectral regions, but above latitude + 40° 
the vast majority of carbon stars were either found or (more 
often) rediscovered in the present survey, so the two lists have 
similar, not to say identical, limiting magnitudes. 

The best low-latitude comparison would employ the Case 
infrared surveys. Since we are begging the question of space 
densities, consider the discussion of stars of class M5 and later 
by Nassau, Blanco, and Cameron (1956). This paper reported 
that 7963 stars, essentially all expected to be giants, had been 
found within 6° of the (system I) Galactic equator in the longi- 
tudes accessible from Cleveland. From Blanco’s (1965) dis- 
cussion, we infer that a third of these or a bit more than 2600 
stars were M6 or later. The same survey found 693 carbon 
stars, for a ratio of 3.8:1 for > M6:C. The greater part of these 
carbon stars are expected to be N-type, which (Gordon 1968) 
are much more luminous than the R-type carbon stars known 
to predominate at high Galactic latitudes; hence the low- 
latitude ratio actually favors carbon stars. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
8 

6A
pJ

. 
. .

30
1.

 .
92

73
 

LATE M STARS 937 No. 2, 1986 

Above latitude 40°, my counts give 95 M stars versus 50 
carbon, 1.9 times as many >M6 stars as carbon. The red 
survey, as asserted earlier, has probably found the great major- 
ity of both kinds of stars that are there to find; since the 
infrared survey should if anything have favored carbon stars 
somewhat, we have a secure result that carbon stars are at least 
twice as numerous relative to late M stars in the Galactic halo 
as near the Galactic plane—in each case, in the general solar 
neighborhood. 

The factor of 2 ratio change between the low-Z and high-Z 

M giant : carbon star numbers is in the direction to be expected 
from the known Galactic center-to-anticenter differences 
(Blanco 1965; Fuenmayor 1981; Blanco, McCarthy, and 
Blanco 1984). In both cases we may be seeing a consequence of 
systematic variations in mean metallicity within the Galaxy. 

I am indebted to Dr. W. P. Bidelman for the use of his data 
file, to Dr. Earle Luck for helpful discussions, and to the 
National Science Foundation for vital support. 
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