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ABSTRACT 

o 
Fifty -five spectra at 39 A /mm are used to determine 

rotational velocities for 25 stars in the galactic cluster 

Messier 7 (NGC 675). Compared to field stars, the brighter 

(-1.4 < M.. < +1.0) cluster stars have very low rotational 

velocities ( <V sin 0 ^. 91 km /sec), whereas the 

fainter ( +1.2 < My < +2.3) stars have a rather high 

<:V sintL of about 196 km /sec. The sample is probably 

incomplete at the fainter magnitude ranges. The frequency 

of spectroscopic binaries among the earlier type stars is 

believed to be high, but the <V sint> of the brighter 

group remains low even after removal of known binaries. 

Three Ap or composite stars are found. 

The rotational velocity characteristics of Messier 7 

are compared with those of other clusters. Low <V sinf) 

for brighter cluster stars is not a unique phenomenon. 
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INTRODUCTION 

Much work has been done on the axial rotational 

velocities of stars in galactic clusters. The determination 

of this property has direct bearing on the distribution of 

angular momentum among the cluster members. The theoretical 

prediction of this distribution must depend critically upon 

initial conditions which are not well known, as well as upon 

evolutionary effects which have occurred since cluster forma- 

tion. The difficult problem of fragmentation of gas clouds 

has been studied by Layzer (1963) and Arny (1965), but nothing 

definite has been said about the distribution of angular 

momentum to different groups of cluster stars. The original 

distribution of angular momentum for known star clusters can 

only be derived theoretically, since they have had time to 

evolve and thus perhaps change their rotational velocity 

characteristics. Therefore, we may look upon the study of 

cluster rotational velocities as a search for observational 

clues; these clues may eventually result in a clearer 

understanding of the origin and evolution of star clusters. 

An indication that this may be possible has been given by 

Kraft (1967), who finds the (My) <V sini) ) relations for 

the of Persei and Pleiades clusters to be essentially 

identical, and unique in that all spectral regions studied 

in both clusters have large <V sini> as compared to 

field stars. Eggen (1965) suggested similar origins for the 



3 

two clusters on the basis of very similar color -magnitude 

diagrams and space notions. On the other hand, Abt and 

Hunter (1962) investigated several clusters and associations 

and found no unique (Mu, <V sini) ) relation. Much of 

the work which has been done will be discussed later and 

compared with results of the present study. 

The main purpose of this paper is to present for 

comparison with other data a rather unusual (Mg, (V sinL> ) 

relation for the bright open cluster Messier 7 (NGC 6L1.75). 

Messier 7 is located at of = 17h52í , S ..=-34°47' (1960), 

which is near the galactic plane ( ,QII = 355 ?9, II = -L{ °5) 

and in the direction of the galactic center. The earliest 

spectral type is B6 V. The cluster's distance is determined 

by the UBV photometry of Koelbloed (1959) to be about 240 

parsecs. The spectral classifications given herein do not 

conflict with this distance. The size of the cluster is 

determined to be in the neighborhood of 8 or 9 parsecs in 

diameter. 
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CLUSTER MEMBERSHIP 

Most of the stars studied here have been taken from 

the list given by Hoag, et al. (1961). However, some of the 

brighter stars in the present sample (3a, 6a, 6b, and 9b in 

Table III) are not included by Hoag and his associates. 

They are somewhat displaced from the very central region of 

the cluster, but are not photometrically distinguishable 

from cluster members. They are included in the list given 

by Duscombe and Kennedy (1968), who cite proper motions 

taken from the Smithsonian Star Catalog (1966) in deciding 

that most of the brighter stars in their list are cluster 

members. Because the proper motions are small, photometry 

and radial velocities remain the best membership criteria. 

Abt, et al. (1968) measured radial velocities for all stars 

in Table III down to No. 15. The photometry and spectral 

types of stars No. 17 and 23 make their membership question- 

able. They are included in Table III, but are not included 

in the determination of <V sini> for the fainter group 

of stars. If they were, the <V sini> would not be 

significantly changed. 

An important question which should be asked is: 

Are there enough stars in the sample to meaningfully calculate 

and compare <V sini> for two or more groups of cluster 

stars? An affirmative answer cannot be given without at 
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least expressing reservations about the small number of stars 

in the fainter magnitude group. Not including stars No. 17 

and 23, there are eighteen stars in the range -l.L;. ( Ply <41.0, 

and seven stars in the range +1.2 < IIy < +2.3. A division 

of the sample into these two magnitude groups displays very 

well the rotational velocity characteristics. Further 

subdivision would make no essential change in the very low 

V sinL) for the brighter stars. One would like to have 

more stars in the fainter magnitude range, but seven spectra 

are all that are available at the present time. 

That the data is somewhat incomplete may be seen by 

inspection of color magnitude diagrams which have been 

published by Koelbloed (1959), and Hoag, et al. (1961). See 

Table I, in which the numbers represent counts of stars which 

are very close to the cluster main sequence (within about 

f .25 magnitudes), and are thus probable members. 

TABLE I 

Range in V: Koelbloed Hoag, et al. This Paper 

5.9 -7.0 7 7 8 

7.0 -8.0 7 5 7 
8.0 -9.0 15 7 5 
9.0 -10.0 18 11 5 

Koelbloed included a greater area of sky in his photometry 

than did IIoag, et al., which is the reason for larger numbers 
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at the fainter magnitudes in column 2. It is obvious that 

the present sample is incomplete at the fainter magnitudes. 

Messier 7 probably covers a greater area of sky than 

has been included in any of the previous photometric studies. 

H.D. spectra and magnitudes are found to be consistent with 

cluster membership out to a radius of approximately one 

degree from the cluster center. At a distance of 240 parsecs, 

this would correspond to a linear diameter of about 8 or 9 

parsecs. The important thing to consider here is that several 

of the brighter cluster members were probably not included 

in this investigation. A list of possible outlying members 

is given in Table II. The two KO stars are included in the 

list because their proper motions (from S.A.O. Star Catalog, 

1966) are consistent with cluster membership, and their 

magnitudes are about the same as a KO III star (HD 162587) 

which is a member. 

A more sophisticated method to determine the 

completeness of the sample would be to find the cluster 

luminosity function by star counts in and around the cluster 

region. However, in this case star counts seem to be 

unprofitable. The area of the cluster includes much patchy 

obscuration, and one does not have a good idea of which area 

to choose for comparison counts. An attempt to make star 

counts from the Cape Photographic Durchmusterung failed, 

probably due both to obscuration and to systematic errors in 

the C.P.D. megnitudes, which are serious for the fainter 

stars in the region. 



TABLE II 

List of Possible Outlying Members 

CD HD mag. Sp CD HD mag. Sp 

-33° 12606 162857 8.7 AO -34° 12262 162980 8.7 AO 

12608 162874 8.0 B9 12277 163109 8.7 B9 

12609 162873 7.6 AO -35° 11954 161855 7.19 AO 

12661 163519 8.7 AO 11992 162287 7.22 B9 

-34° 12073 161575 6.90 AO 11979 162145 6.89 B9 

12080 161649 7.49 B8 12034 162762 8.4 B9 

12154 162305 8.4 AO 12053 162891 8.03 B9 

12170 162391 5.84 KO 12070 163139 6.7 B9 

12050 161330 7.48 B8 12103 163482 6.88 AO 

12051 161360 8.5 AO 12129 163724 8.4 AO 

12123 162016 8.7 AO 11929 161561 8.5 B9 

12134 162103 8.7 A2 -36° 12064 163708 6.80 AO 

12186 162496 6.12 KO 12115 164245 6.32 B9 

To summarize, we may conclude that the statistics, 

although not complete, are good enough to indicate the 

(Mv, <V sini> ) relation. The data for the brighter stars 

in the present sample is secure. The general result is 

unlikely to be changed drastically by including more stars, 

but the <V sin L) for the fainter members could be tied 

down more firmly with additional data. 
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SPECTRAL TYPES, REDDENING, AND DISTANCE MODULUS 

Spectral types were determined by myself and 

Dr. Helmut Abt through comparison of the stellar spectra with 

spectra of stars classified by Slettebak (1954). The UBV 

photometry of Hoag, et al. (1961), and the ( (B -V)0 - 

Spectral type) relation from Johnson (1963) are used to deter- 

mine color excesses for cluster members. The mean color 

excess is f09, and the range is 1;105 to 
1;116. 

The absolute 

magnitudes in Table III are given by assuming a ratio of total 

to selective absorption, Av/EB of 3.0, and a distance 

modulus of 7.0. The distance has been checked by this 

writer, using the published photometry et al. (1961), 

and the method given by Johnson (1961). Johnson, taking into 

account all possible sources of error, estimates the error 

in distance moduli derived by his method to be ± 0.2 

magnitude. Briefly, his method is as follows: 

1. Determine the color excesses. 

2. Correct each observed V magnitude for reddening, 

yielding Vo for each cluster member. 

3. From an N,v, (B -V)0 relation, find the absolute 

magnitude (M0) each member would have if it 

were on the main sequence. 

I.{.. Plot Vo versus Vo -Mo. At the fainter values of 

Vo, where one would expect cluster members to be 

unevolved, Vo -M0 should be the true distance 

modulus of the cluster. 
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MEASUREMENT OF V sin I 

Fifty -five cassegrain spectra of twenty -five cluster 
o 

stars at 39 A/mm were taken by Dr. Abt with the 60 inch 

telescope at Cerro Tololo. Generally, more than one spectro- 

gram was available for each star in the range B6 -Al. Similar 

spectra were obtained for thirteen stars whose rotational 

velocities were measured by Slettebak (1954). Direct intensity 

microphotometer tracings were made of the Mg II )1)181 line, 

and half widths were measured for both the cluster and 

standard stars. The V sin is for the cluster stars were 

determined from the calibration curve drawn by plotting 

Slettebak's tabulated V sin is versus the measured half widths 
of )i01. Six spectra of Slettebak standards were obtained 

at Kitt Peak National Observatory with the 84 inch cassegrain 

spectrograph, which is identical to the one used at Cerro 

Tololo. Their measured half widths showed agreement with the 

standards taken at Cerro Tololo, so they were included in the 

calibration. From the scatter about the mean calibration 

curve, the error is estimated to be about ± 30 km /sec. The 

error may be larger for V sin 250 km /sec, because half 

widths are more difficult to measure for the more rapidly 

rotating stars. Visual comparison of the spectra with 

Slettebak standards results in rotational velocity estimates 

which agree well with those obtained from the calibration curve. 
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RESULTS 

The results are summarized in Table III. The first 

column gives the numbers assigned by Hoag, et al. (1961), 

except for 3a, 6a, 6b, 9a, and 9b. The second column gives 

Koelbloed's numbers, with HD numbers given in the third 

column. The UBV photometry is that of Hoag, et al., except 

for the "a" and "b" subscripted stars, for which the photometry 

of Koelbloed is given. The V magnitudes given by the two 

authors agree very well for the brighter stars. The B-V colors 

of Koelbloed are systematically m01+ bluer than those of 

Hoag, et al. The color excesses were measured by using the 

( (B -V)0, Spectral type) relation given by Johnson (1963), 

and the absolute magnitudes were obtained by assuming a 

distance modulus of 7.0. 

The cluster stars seem to be divided into two rotational 

velocity groups, as shown in Table IV. The data is plotted 

in Figure 1, and a comparison of the (I-t , <V sin i> ) relation 

for !i7 with field star and Pleiades relations is given in 

Figure 2. The (Mu, <V sin i> ) curve for the Pleiades is 

given by Anderson, Stoeckly, and Kraft (1966). 

With respect to rotational velocities, I47 behaves 

very differently from both Pleiades and field stars. The 

observation of low 0 sin i) for the brighter stars, 

coupled with the suspected high frequency of spectroscopic 
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TABLE III 

Star 
No. 

2 

3 
3a 
4 
5 
6 
6a 
6b 
7 

8 

9 
9a 
9b 

10 
11 
12 
13 13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Klbd. 

26 
86 
110 
56 
- 

88 
42 
121 
104 
55 
77 

108 
59 
71 

103 
63 
82 
72 
92 
96 
68 
47 
79 
65 
48 
51 
78 

HD 

162374 
162724 
162817 
162586 
162678 
162725 
162515 
162888 
162780 
162576 
162679 
162804 
162588 
162631 
162781 
163630 
162680 
162656 
320861 
320859 

- 

320863 
- 

- 
320862 
320864 

- 

Sp 

B6V 
B9V 
B9.5V 
B8V 
B9V 
Ap 

B9.5V 
B9V 
B9V 
Ap 
B9V 
B9V 
AOp 
B9.5V 
B9.5V 
B9V 
AlV 
ll9.5V 
A1V 
AlV 
A8V 
A2V 
A2V 
A2V 
A2V 
A3V 
A9V 

V 

5.89 
5.96 
6.11 
6.17 
6.38 
6.45 
6.51 
6.93 
6.88 
6.97 
7.16 
7.02 
7.19 
7.37 
7.48 
7.61 
7.77 
8.21 
8.1.i..9 

8.80 
8.93 
8.99 
9.01 
9.06 
9.20 
9.30 
9.56 

B -V 

-.08 
-.01 
.03 

-.03 
.00 
.02 

-.01 
.02 
.06 
.04 
.03 

-.01 
.00 
.10 
.11 
.00 
.08 
.04 
.11 
.17 
.36 
.22 
.16 
.15 
.19 
.21 
.45 

EB -V 

.06 

.05 

.06 

.06 

.06 
- 

.02 

.04 

.12 
- 

.09 

.05 
- 

.13 

.14 

.06 

.05 

.07 

.08 

.14 

.13 

.16 

.10 

.09 

.13 

.12 

.18 

II ,o 

-1.38 
-1.31 
-1.16 
-1.10 
- .89 
- .82 
- .76 
- .34 
- .39 
- .30 
- .11 
- .25 
- .08 
+ .10 

.21 

.50 

.94 
1.22 
1.53 

- 

1.72 
1.714. 

1.79 
1.93 
2.03 

- 

V sini 

<40 
93 
64 

<40 
-5.40 

<40 
93 

227 
295 
<40 
<40 
<40 
52 

184 
205 
<40 
60 

<_40 

150 
220 
113 
215 
230 
215 
174 
166 
170 

Remarks 

.. 

-` 

.. 

-` 

.. 

,: 

:: - 

.: 

.. 

:: 

.. 

:: 

.: 

2: A suspected binary, on the basis of radial velocity 

variations. 

3: Double lined eclipsing spectroscopic binary. 

6: Silicon very strong. Radial velocity may be variable. 

I Tany metal lines. 

6a: Spectroscopic binary, P - 6.68 
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6b: V sin G has low weight. Visual estimate = 290. 

7: V sin i has low weight. Visual estimate = 240. 

8: May be a spectroscopic binary of long period. Iron 

and Si II lines may be a little strong. Ca K line much 

weaker than in a B9V standard, but He I lines not seen. 

9b: Spectroscopic binary, P = 6.41. K line weak, but no 

He I is seen. 

11: Spectroscopic binary. 

12: Radial velocity may be variable. 

14: Spectroscopic binary, P 4478. 

15: A suspected spectroscopic binary. 

17: Photometry by Hoag, et al., and the assigned spectral 

type makes the membership of this star questionable. 

18: Same comment as for star number 17. 
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binaries (Abt, et al., 1968) in the same spectral range, 

lends further support to the idea that low rotational 

velocities may result from tidal interaction in close binary 

systems. The Pleiades have a very low spectroscopic binary 

frequency (Abt, Barnes, Biggs, and Osmer 1965), and rather 

large rotational velocities. 

It should be mentioned, however, that the <V sini> 

for the brighter stars lies below the field star relation 

even after removal of all peculiar stars and suspected 

binary stars from the sample. Their removal does increase 

the average rotational velocity of the early group by about 

20 km /sec, but the effect isn't nearly as dramatic as that 

found by Kraft (1967) upon removal of known short period 

binaries from the Pleiades data. Before saying anything 

definite concerning the relation between binary frequency 

and rotational velocity in Messier 7, more work needs to be 

done on the frequency of spectroscopic binaries. Nothing is 

known at present about the binary frequency among the fainter 

stars with high rotational velocities. 

Van Den Heuvel (1968), from an extensive analysis of 

published data, suggests the existence of two maxima in the 

V sin t distribution for field stars over a rather wide 

spectral range. The data for Messier 7 also shows this 

grouping into slow and fast rotation groups. Inspection of 

Figure 1 reveals one group with (V sink) = 52 km /sec, and 

another with (V sin L> = 207 km /sec. No cluster members are 
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found in the range 100 < V sin < 150. However, the 

possibility of statistical fluctuations can't be ruled out. 

Three cluster stars are classified as Ap. Star 

No. 6 is the most obvious; 8 and 9b show Ca K line strengths 

too weak for the observed absence of He I lines. It may be 

that higher dispersion spectra would show the peculiarities 

that Conti (Conti and Strom, 1968) finds to be frequent 

among sharp lined stars mear AO. 

One should investigate evolutionary effects as a 

possible cause for the very low rotational velocities 

displayed by the brighter stars near the turn -off point. As 

a star evolves off the zero age main sequence, it will expand. 

The effect of such expansion on the rotational velocities 

has usually been described under the assumption of conservation 

of angular momentum, with either rigid body rotation or 

complete differential rotation within the star. For the 

latter case, the angular momentum of each infinitesimal mass 

element will be conserved, so an increase in radius by a 

given factor will result in a decrease of V sin L by the 

same factor. However, if rigid body rotation is assumed, the 

effect of expansion on the rotational velocity will depend on 

how the moment of inertia changes. Sandage (1955) demonstrated 

that rigid body rotation is more compatible with the observed 

rotational velocities which Slettebak (1954, 1955) and 

Slettebak and Howard (1955) had made available at that time. 
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Using the models of Sandage and Schwarzschild (1952), and 

the observed V sin t Is of stars in the giant and supergiant 

regions, Sandage computed from the evolutionary tracks what 

the V sin L of each star was when it resided on the zero 

age main sequence. This was done separately under both 

assumptions: rigid body rotation and differential rotation. 

The "recovered" distribution function of V sin i resembled 

the observed function for main sequence stars more closely 

under the assumption of rigid body rotation. 

In the process of determining the distance modulus, 

the brightest stars in Messier 7 are found to lie about 1.5 

magnitudes above the main sequence; if the effective 

temperature remained constant during evolution, this corresponds 

to a factor of L in luminosity and 2 in radius. From Sandage +s 

computations, an expansion by a factor of 2 corresponds to a 

decrease of V sin i to 755 of the zero age main sequence 

value. This decrease is not sufficient to explain the very 

low rotational velocities of the earlier stars in M7. The 

phenomenon extends to more than two magnitudes from the top 

of the main sequence (see Figure 1). Furthermore, the field 

stars themselves should on the average have decreased their 

rotational velocities by evolution. The Pleiades, which are 

of about the same age as Tessier 7, have very high rotational 

velocities among the early spectral types, thus offering a 

further argument against an evolutionary cause for the low 

V sin i) group in Messier 7. 
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DISCUSSION 

Abt and Hunter (1962) published V sin L data for 

seven clusters and associations, and concluded that the 

( v, <V sin i> ) relations show no apparent consistent 

pattern. Certainly, it is obvious from their data that no 

unique (MV, <V sin i> ) relation exists for star clusters. 

However, through more complete data for the o< Persei and 

Pleiades clusters, Kraft (1967) has shown that their 

(Iiv, <V sin i> ) relations are essentially identical if 

known short period spectroscopic binaries are removed from 

the Pleiades data. The data which was available to Abt and 

Hunter does not reveal this similarity. Kraft ( 1965) also 

compares the Hyades and Coma clusters, and finds that their 

( I-Z, .<V sin L)) relations are similar. The discovery of 

such similarities is important, and must result from the 

careful study of more data as they become available. 

Low <V sinL> for the brighter cluster stars does 

not seem to be an uncommon property. McNamara and Larsson 

(1962) demonstrate this property clearly for the BO -B3 stars 

in the Orion association, and Abt and Hunter (1962) show that 

the same phenomenon exists in the I Lacerta association. 

Slettebak (1968) finds that the brighter Scorpio -Centaurus 

stars have lower <V sin ì, than the fainter ones. 

Messier 7 is found to be similar in this respect to IC4665 
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(Abt and Chaffee, 1967), which has a very low `V sin i) 

for the early type stars, while the fainter stars have a 

V sink) very close to the field star relation. For 

neither cluster is the spectroscopic binary data complete 

enough to say for certain whether removal of short period 

binaries would eliminate the low ( V sin 4) groups. 

Perhaps the <V sink> of the fainter stars in Messier 7 

would prove to be clossr to the field star relation if more 

cluster stars were studied. Abt and Snowden (1964) presented 

star counts in ICL665. Evidently, Messier 7 is the more 

populous of the two clusters, indicating that total cluster 

membership may not influence cluster rotational velocities. 

The earliest type star in IC4665 is Btr, thus making it 

somewhat younger than Messier 7. In neither cluster is it 

believed that evolutionary effects could cause the very low 

V sin t> for the brightest stars. 

As mentioned previously, Van den Heuvel (1968) 

suggests the existence of a bimodal distribution of V sink 

among field stars. In Table V is presented V sin¿ data 

for a few star clusters. Only stars in the spectral range 

B5 -A2 IV, V (about the range of M7 data) are included. 

Numbers in parentheses refer to counts after the removal of 

Ap stars. A suggestion of a bimodal distribution is present 

in the cluster data, but is not present in Van den Heuvolts 

data when averaged over the spectral range B5 -A2. Van den 

Heuvel separates his data into more restricted spectral 
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ranges, which give a clearer indication of two rotational 

velocity groups. The two groups are reported to exist 

regardless of the presence or absence of Ap and Am stars. 

As is the case for IC 1665 and Hessler 7, it is not known 

whether removal of short period binaries would eliminate 

the low 0 sin t> groups. It might not do so, because 

Van den Heuvel reports the binary frequency among Ap stars 

to be rather low. 

V sin t I17 IC4665 

TABT,F V 

Persei Pleiades Combined 
Van den 
Heuvel 

o-45 

45-90 
90-135 

135-180 

180-225 

225-270 

270 

9 

3 
2 

3 

5 

2 

1 

(7) 
(2) 

5 

4 
1 

0 

6 

4 
1 

6 

4 
2 

4 

9 

9 

(3) 

5 

o 

6 

5 

2 

6 

3 

25 

11 

11 
12 
22 

17 

14 

(23) 

(9) 

90 

55 
63 

49 
46 

29 

36 

(55) 

(41) 
(57) 
(47) 
(42) 
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4 
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