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ABSTRACT 
Slit spectra at a dispersion of 128 Â/mm were obtained of eight stars in M67 which, in the color- 

magnitude diagram, lie either in the Hertzsprung gap or near the main sequence but above the turn-off 
point of the majority of the cluster members Radial-velocity measures based on these spectrograms show 
that the brightest star in the Hertzsprung gap is most probably not a cluster member and, in addition, 
give no evidence that any of the stars are short-period, large-amplitude spectroscopic binaries, although 
duplicity is not disproved. Spectral types of seven of the stars are compatible with cluster membership; 
two of them are Am stars, the others appear normal. 

The color-magnitude diagrams of several globular and old open clusters exhibit a 
handful of stars near the zero-age main sequence but above the point where the cluster 
main sequence turns off into the subgiant and giant regions. These “blue stragglers,” as 
they are sometimes referred to, are anomalous in that we cannot account for their 
existence within the framework of our current evolutionary interpretations of the color- 
magnitude diagrams of old clusters. Because of the well defined main-sequence turn-off 
point and fairly narrow subgiant and giant branches, a spread in the time of formation 
of the cluster stars is not an attractive explanation. Therefore, most attempts to explain 
these stars have invoked mixing or accretion. McCrea (1964) suggested that the “blue 
stragglers” are members of close binary systems to which mass has been transferred from 
the original primaries. 

In order to learn more about these stars and, in particular, to search for radial velocity 
variations in the hope of finding out if “blue stragglers” are members of close binary 
systems, a series of spectrograms were obtained of some bright blue stars in the old open 
cluster M67. This cluster was selected for two reasons: (1) the B-magnitude range of the 
bright blue stars is 10-12, which makes them fairly accessible for spectrographic observa- 
tions; and (2) a recent investigation of proper motions in the field of M67 (Murray, 
Corben, and Allchorn 1965) has confirmed earlier studies (Ebbinghausen 1940; Van 
Maanen 1942) indicating that the bright blue stars are cluster members. The stars ob- 
served and the schematic color-magnitude diagram of M67 are shown in Figure 1, which 
is based on the photometry of Eggen and Sandage (1964). There is some question as to 
whether these bright blue stars in M67 are really “blue stragglers” or are more appropri- 
ately described as horizontal-branch stars as was done by Eggen and Sandage. Since the 
number of stars in question is so small and because we have no other observational 
evidence1 for the existence of a horizontal branch in an old open cluster or on the position 
of such a horizontal branch in the color-magnitude diagram, it is difficult to make a 
decision about this matter. However, the point is not crucial for the present paper since 
no conclusions are drawn which depend upon these stars being either “blue stragglers” 
or horizontal-branch stars. 

The spectrograms were obtained during seven nights in January, 1965, with the 
Meinel Cassegrain-focus spectrograph (Schulte 1963) of the Kitt Peak 36-inch reflector 
mounted on the Kitt Peak 84-inch telescope with a negative lens before the slit to 
change the Cassegrain f/7.5 beam to match the f/13.6 spectrograph collimator. The 
spectra, which were widened ^0.3 mm, have a dispersion of 128 Â/mm and a resolution 

1 See, e.g., the color-magnitude diagrams of NGC 188 (Sandage 1962) and NGC 6791 (Kinman 1965). 
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782 PETER PESCH 

of ^10 n. Eastman Kodak HaO plates were used and were developed in D76. Exposure 
times for the stars in M67 ranged from about ten minutes at £ = 10 mag to about 45 
min at i? = 11.5 mag. 

Several radial-velocity standards were observed each night in order to determine if a 
systematic correction was required and also to serve as controls—that is, to determine 
the scatter in repeated observations of stars presumed to have constant radial velocity. 
These observations are summarized in Table 1. The average internal probable errors 
(based on the line-to-line variations of velocity in one spectrum), shown in the eighth 
column, and the probable errors of the average velocities (based on the plate-to-plate 
variation about the average), shown in the tenth column, agree well with the cor- 
responding values obtained by Rubin (1965) using the same spectrograph and disper- 
sion. The scatter in the velocity determinations, as indicated by the probable errors per 
plate in the ninth column, is in general larger than one would expect on the basis of the 

Fig. 1.—The schematic color-magnitude diagram of M67 and its bright blue stars. Open circles: stars 
for which observations are reported on in this paper; filled circles: stars which are also cluster members 
according to proper-motion studies (except one star for which no data are available) but which were not 
observed by the author. 

internal probable errors. Indeed, in several cases, the probable errors per plate are larger 
than the internal probable errors by factors between 2 and 3. However, all the stars in 
Table 1 have been observed repeatedly at higher dispersion and not found to be variable 
in radial velocity. The Catalogue of Bright Stars (Hoffleit 1964) notes that HD 20365 has 
a variable radial velocity; this is apparently based on early observations by Plaskett and 
Pearce (1931). On the other hand, Petrie (1953), with twenty-one plates at his disposal, 
has included HD 20365 as one of the primary standards to establish wavelengths for 
radial velocity determinations from B-type spectra. In the absence of further informa- 
tion, the author prefers to conclude that the scatter in velocity determinations is instru- 
mental rather than that several of the standard stars have variable radial velocity. In- 
spection of the eleventh column of Table 1, which gives the differences between the cata- 
logue and the average observed velocities, shows no clear systematic difference. Hence, 
no correction has been applied to any of the velocities. The general agreement between 
the probable errors of the average velocities (tenth column) and the differences between 
the catalogue and average observed velocities (eleventh column) is good, and suggests 
that five plates taken with the Meinel spectrograph at 128 Â/mm yield a velocity which 
is good to ±5 km/sec. This also agrees with the results of Rubin (1965) using the same 
spectrograph and dispersion. 

The observations of the bright blue stars in M67 are given in Table 2. The spectral 

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



O
b

se
rv

at
io

n
s 

o
f 

R
a
d

ia
l 

V
el

o
ci

ty
 S

ta
n

d
a
rd

s 
£ 

g B 

&&<s 

2 ^ 
^ g 
§ « ^ 2 s 
^ w 

to tn O g 
Ô 2 

OsfOO^HCMCOOOO 
+I+1111+ 

Or^OsT^OOOOlvO 
cOPO^-i<NfO + vO + 

-rHrcrOOO’^t^rO'-i 
iO 00 + + i>* MD CM On 

COCOIOCMCMNOtHCM 
+ CO + COCN + + LO 

CONOiOriHNOCMrfrtt 

B >1 
8 U & . 5 ^ 2i 3 _ 5 w ^ 
rl > ^ 

H S 

OOT-iOrHOvOCMO 
+ I + + + I I 

cöcöedcöcSXJcjXJ 

T-INOlOT^NOfOlOlO 
i^fONOOt^ONONNO CM i-H 
+ I + I + I I + 

>>>>n>>¿¡ 
▼HrorONO-t^ocMO PQpqpqpqpq^^i^ 

< <î CM On t-h CM T-H ^ J-, ro 
C/3 + CO 
2^2 < CM < 

d 
2 ° ^ ° 
H pq ►-! 
O - 00Q CM 3.i^ ^ 

• • t-h On On^OOO^-ioOOncmOn O'OWt^QcO'i-i'dH CMcOt^OM^i'^cOrF '^OrOT-iON CO CM CM CM CM *—t »—< 00 
QQQQQQQQ 
wwwwwwww 

cj > 'q. <t> 
Æ CÖ <J »-I a « 
Sä 

ëi 
S 3 
i-S .2 «5 
B g 

.S £ 

ö ^ .5 o 
<L> 

aa£ 
’O o _, 
" X) J «5 0> "t? 

2 g ^ 
Ö 2 Ö " tj > -Q aj ” cd 0< &> 
i "- a 

flj r-í r—á bp pÛ 
?r v v > >H M < Ph 

w.2s íJ'Íh 'cd 4j >P^ 0) » 
^ to 
v <u 
C3 

M-l 2 
® 2 'w ¿ X aj 

"2 ^ 5X2 lO «o 
« «2 

^ g1! « 
Ï Iss 
^ a-oPn 

rî; •* cd _r «5 v rt^0 

*£ d ^ On 
MÎ^ 
■I -b c 
cj 2-G tî 
<u «d^P-i 
a 
B 

d <u -3 r*t ^ 

" -Ig 

’u W-S, 

I r-1 w 

«ul? 
2 51« ■g 4, ^ cd 
& -S Î tn a ” £ 
* -g-s > Ö *a< 

© American Astronomical Society Provided by the NASA Astrophysics Data System 



T
A

B
L

E
 2

 

O
b
se

rv
at

io
n
s 

o
f 

S
ta

rs
 i

n
 M

67
 

¿ oí O 
> S 5 

'Z X TO -N, 
g 

Í -G I ° O o .2 

o O 
2 Ä W 

D< <u 
I O n. 9-t Ui Ph w 

<u tp d 2 æ î? « P a» O tn ^ ft o •-1 \ <U<UrQ^2r > -2 g H 6 t—I Pq 

o ^ é'Z? 

e >-i 2> >■ « 
g £ - d 
•iS«3 

1 e/» 

&3 
cff "i 

q> -o' oq 
CN CS ^ CO VO 00 CN y-i 

CO'004000'«-I©10 
CNrsIOO^fCOLOlOCN 

©Tt<'OOvT-icsi'^-ivO 
i>«. ■»—! !>» © T—I lO 

t^cOOÎT^iO^iNOO 
CSThcOCO^CSCOCO 

COOOCN^I^CSIOIO 

OOtH^ÇNI^OO^vo T—i Tf 1—1 CO CO CO CO 

>Bg 
t£;> r\ rTi #-«vi 00 
«Ä< 

Bä >1=1 cs 

H H H ö© H H H, 
oC^Tco O ^ °o 

< W <! bo<S <J <J 

CO pH 

ca ^ 
S & 
W) rfj 

W Ö 

++í> ^ •J-+K> î> ^ 
S 00 O S^CSOOCO <pqS<Oc<<J 

i^-hco^OVO©© lOOOcOiOiOiOOvOO tH 'r-H tH y—i T—H CS 

i 

40 u 

0-44 B 4 

^-2 On 
®t- On Q* 
21 •§ 
11 2 s-B Æ 
QS| 
Zil 

III ^ M 4» ~ O > d M—i '-S 
22 « •* M 
P o ►-J' 
=£ ^ 

0 . 22 
a 

¡^<2 

1 ce ^ 
êgs 

^ B B •»-) <U rrt (A 
H2 g 
§5 S 
2 S á 
^O! W 

>* 
S<3 Í •B O ^ 00 p O 

• k^> tn CS h-> O 
& <U-P ^ 

ëi sy 
S s Ca 

tr 
4) 4> ^ PQ 

«■ sR-ä° ^ ^'*-> tí O VO io fl, B bO 
2 «1 ö SIS 

-ïl3ïl 
^ 1 sS s« Bh «e B,—• o 2 w c/} CB . C4 
S ^ Uíl o ce 

ioo C 4) rH tj B 
^ be ¿2; TO W 1_" H ¡z; 

++ 4) 105 7Î So î£? te 2: 

© American Astronomical Society Provided by the NASA Astrophysics Data System 



19
 6

7A
pJ

. 
. .

14
8 

. .
78

1P
 

RADIAL VELOCITIES AND SPECTRAL TYPES 785 

types in the third column were assigned by the author, using spectra of MK standards 
taken during the same observing run as the spectra of stars in M67, plus some additional 
standards from the collection taken with the closely similar spectrograph of the Warner 
and Swasey Observatory. 

The new radial velocities and spectral types given in Table 2 permit a reconsidera- 
tion of the cluster membership of these stars. The radial velocity of Fagerholm No. 155 
is sufficiently discordant with the other velocities in Table 2 and with the average 
velocity of +33 + 3 km/sec obtained by Popper (1954) for thirteen stars in M67 that it 
appears this star cannot be a physical member. The spectral classification of G2 V con- 
firms this conclusion; if it were a cluster member, its absolute visual magnitude would be 
0.95 mag, a value incompatible with its assigned luminosity class. When one considers 
the small number of plates available and compares the results of this study with those of 
Deutsch (1966), the radial velocities do not exclude any of the other bright blue stars 
from membership in the cluster. The weighted average velocity of the cluster from this 
author’s data only (excluding Fagerholm No. 155) is +31 km/sec with an estimated 
uncertainty of about ±5 km/sec. Fagerholm No. 81 has the best determined radial 
velocity of any star in M67, and its value differs from that of the cluster by about 10 
km/sec. This difference seems a bit large, but not large enough to reject this star as a 
cluster member. The spectral types of all the stars in Table 2 (with the exception of 
Fagerholm No. 155) are compatible with these stars being cluster members insofar as 
absolute magnitude is concerned. 

A comparison of the average internal probable errors of the radial velocities of the 
standard stars with those of the stars in M67 shows that they are essentially equal. The 
same is true for the probable errors of a single radial velocity determination. This means 
that the scatter in radial-velocity measures of the bright blue stars in M67 is no larger 
than the scatter encountered in repeated determinations of the radial velocities of the 
standard stars. In keeping with the discussion of the standard star data, this is inter- 
preted as meaning that there is no evidence that any of the bright blue stars in M67 has 
a variable radial velocity. Using five plates taken over a period of eight years, Wallerstein 
(1959) similarly found no evidence of variable radial velocity for the star Fagerholm 
No. 81. Thus there is no indication that the stars observed are members of close binary 
systems. However, because of the limited number of observations, and the possibility of 
large mass ratios (resulting in negligible orbital motion of the primary component), mem- 
bership in close binary systems cannot be excluded. Hence the observations neither con- 
firm nor disprove McCrea’s (1964) theory. 

The evidence of the spectral types is similarly inconclusive. The spectra of many close 
binary systems display peculiarities arising from the interaction between the two com- 
ponents, such as emission lines from gaseous rings (Sahade 1960; Wood 1962). However, 
the visibility of the emission lines seems to depend on the orbital inclination, and, fur- 
thermore, systems are known (Huang and Struve 1956) in which one component touches 
the inner contact surface but which have shown no emission or sporadic emission. The 
presence of any peculiarities in the spectra of the bright blue stars in M67 would thus 
have been suggestive, but the absence of such peculiarities does not prove that these 
stars are not members of close binary systems. 

It is a pleasure to acknowledge the use of the facilities at Kitt Peak National Observa- 
tory and the efficient and friendly assistance of the Kitt Peak staff and, in particular, 
Dr. H. Abt. I would also like to acknowledge numerous helpful discussions with Dr. C. B. 
Stephenson. l am indebted to Dr. A. J. Deutsch for permission to quote his data before 
publication and for helpful comments. This research has been supported by the National 
Science Foundation grants GP-962 to the Warner and Swasey Observatory and GP-642 
to the Andrew R. Jennings Computing Center of Case Institute of Technology. 
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