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By Helen B. Sawyer

(with Plate XXX

i

One of the clusters placed on the observing list at the Steward

Observatory in 1939 was the large, bright globular cluster Messier

11. XGC 6656. This is the third of a series of papers 1 presenting

results derived from plates on southern globular clusters taken by the

writer with the 36-inch reflector.

Messier 22, R.A. 18h 33m , Dec. -23° 58' (1950). is well known

among the globular clusters. The cluster was one of the first in which

variable stars were noted. Bailey 2 announced the discovery of 16

variables in 1902. Bailey and his assistants did considerable work on

the determination of periods in this cluster, but the only paper he

published on them was a brief general summary 3 in which he

stated that most of the variables had periods of two-thirds of a day.

Exceptions to this rule were No. 3 with a period of about one-third

of a day, and Xo. 14, of which the period is 200. days.

In 1927 Shapley 4 published a paper on the distance of Messier

22, with a summary of information about the variables as determined

by Miss Swope, who had added a seventeenth variable. Seven periods

were given to a considerable accuracy, five were dubious, one was

irregular and four unknown. < )ne period was suggested as possibly

7.097 days, thus making the star a possible long-period Cepheid.

The writer's principal interest in the cluster was in searching for

additional variable stars and in investigating any long-period Cepheid-

which the cluster might contain. Considerable spread in the maximum
magnitudes of the known variables suggested that the cluster might

be a good one in which to test once more the period-luminosity

relationship. A series of plates for this purpose was taken at the

Steward Observatory, 19 plate- i one of them red) on 14 nights.

However, when the writer came to work over these plates, it wa<

found that such a compact series afforded an excellent starl for period

determination of the cluster type variables and. with the hel]

Harvard material, this determination has now been completed.

I am greatly indebted to Dr. Edwin Carpenter for the use ^i\ the

Steward tele-cope and to Dr. Harlow Shapley who placed at my
di-po-al the existing Harvard plate- on this cluster and the unpub-
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lished measures of several observers, including Bailey. Gould and

Miss Swope. With the help of this material I have been able to make

a rather thorough investigation of the periods in this cluster, except

for the determination of the actual size of the period changes of the

c-type variables.

From a survey with a blink microscope of the Steward plates by

the writer, eight new variables have been found, bringing to a total

of 25 the number within the boundaries of the cluster. All the

variables, both old and new. are identified in Plate XXX.
Two sequence plates of ten minutes' exposure time on both the

cluster and Selected Area 134 were taken to check the sequence

previously published 4
. In general the magnitudes determined

from these plates agree with those previously given, but there is a

deviation around magnitude 14.0. When the Arizona plates were

measured with the new sequence they gave light curves in which the

magnitude progression was more regular. For the measures published

in this paper the new sequence was used as given in Table I. The

letters of the comparison stars are those assigned by Bailey and

identified in H.A. 3S.

T VBLE I

Magnitude Sequence ix Messier 22

Mag. Sawyer

—

Mag. Sawyer

—

Star
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The fifth and sixth columns give the maximum and minimum

magnitudes indicated by all the plates. In the next column is given

the mean, which is the mean of maximum and minimum magnitudes.

For comparison, the following column gives a median magnitude,

taken as the brightness which the star is above half the time. An

epoch of maximum is given for most variables from the Steward

plates. The last column gives the period. In most cases, a period

given only to the fourth decimal place indicates a change of period.

Xotes on the individual stars accompany the table.

For three stars, Nos. 5. 12. and 17, no period is listed. The pos-

sible period of 7 days suggested by Miss Swope for Xo. 5 does not

appear to be confirmed by the series of 16 nights of Arizona plates.

which show only a small range for this star. The existing measures

suggest a period longer than this, but the star may belong to the

bright irregular class. The variability of Xo. 12. which Bailey himself

doubted, is not confirmed by the Arizona plates. The star is one

component of a double. Variable Xo. 17. classified as irregular by

Miss Swope, is left in this classification. The observational material

is much scantier for it than for the other stars because at maximum

it is about the same brightness as the other variables at minimum.

Of the twenty-two periods listed, eighteen are of cluster type-

variables, one (Xo. 14) is a long-period variable, one (Xo. 11) is a

typical Cepheid, and two (Xos. 8 and 9) appear to be a semi-regular

type with periods of two and three months. Several of these stars

require special comment.

Variable Xo. 11, previously noted as "short-period" would appear

to be a long-period Cepheid, but since this star is located at almost

the exact centre of the cluster it is an exceedingly difficult object on

which to get reliable magnitude estimates. The scatter from any de-

rived period is bound to be large, making it rather difficult to disting-

uish between true and fictitious periods. Of all the periods tested, the

period 1.69050 days best represents all the observations. The star

is 0.8 magnitude brighter in the mean than the cluster type variables

and thus seems to afford additional evidence for the validity of the

period-luminosity relation.

The three variables Nos. 5, 8, and 9 are conspicuous by reason

of their brightness, averaging a magnitude and a half brighter than the

cluster types. Their range is less than a magnitude and. since they
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tend to be overexposed, the magnitude estimates are not very reliable.

Unfortunately the Arizona series contributes little information on these

stars, except to show that the period of variation is long or irregular.

For No. 9, an RV Tauri type of curve is suggested when a period of

87.71 days is used to compute the phases. This is represented in

Figure 1. This type of variable is not shown to best advantage by

combining observations from many different epochs but, in this case,

the observations are too scattered to be treated in any other way.

For No. 8, a period of 61.1 days represents many of the observations

but a period as long as 73 days cannot be ruled out. For No. 5, no

period is suggested. All three of these star.- would merit further and

more accurate observations.

TABLE II

Variable Stars in Messier 22
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Remarks to Table II

1. Miss Swope's period of 0.615542 is virtually unchanged.
2 One of the brightest regular variables in the cluster, because a companion

star contributes some of the light. This is the only variable with period
greater than 0.4 day which shows a possible period change. The period
0.641789 satisfies almost all the observations.

3. The scarcity of measures on this very faint star leaves the period uncertain.
Probably not a cluster member.

4. This star has the longest cluster type period in the cluster.

5. Miss Swope's suggestion of possible 7-day period is not confirmed. A longer
period, or irregularity, is indicated.

6. A close companion makes magnitude estimates inaccurate.
7. Miss Swope's period is unchanged.
8. Existing observations do not permit a rigorous period determination, but a

period between 61 and 73 days seems indicated.
9. Semi-regular variable, with RV Tauri characteristics.

10. Another variable which has a close companion.
11. Apparently a long period Cepheid, though, since it is the central star in

the cluster, estimates are difficult, with a large error. The related reciprocal
period 0.6283 gives a curve with larger scatter.

12. No evidence of variation from Arizona measures.
13. Only slight refinement of Miss Swope's period.
14. Definitely long period variable.
15. Period change. Period 0.372054 satisfies interval of several thousand days.
16. Period change. Period 0.323736 satisfies all but earliest observations.
17. Arizona observations contribute no further information to Miss Swope's

'Probably irregular."
18. Period change. Period 0.324863 satisfies a large number of observations.
19. The shortest period in the cluster which gives no evidence of period change.
20. The longest period of the c-type variables.
21. Period change. Period 0.326579 satisfies many observations.
22. No Arizona maximum, but period well determined.
23. Period change. Large scatter, because the star is in centre of cluster and

one of most difficult variables to estimate.
24. Period determination based on Arizona plates only, so that the possibility

of a fictitious period is not ruled out. This new variable was first supposed
to be identical with Bailey's No. 1. When it was discovered that there
really are two variables side by side in the centre of the cluster, it was too
late to measure the star on the Harvard plates.

25. Curve shows great regularity despite the short period.

Table III gives the observations of all the variables from the

Steward plates since they are a uniform series of measures on many

consecutive night-. Figures 2 and 3 give the plot of the Steward

measures on the basis of the adopted sequence and period, showing

the light curves arranged according to increasing period length. The

curve drawn is that obtained from the means of tin- measures on

Harvard and Mount Wilson plates, representing over a hundred

points. These point- are not individually plotted because of inhomo-

geneity in the measures due to different series of plates and different

observers. For mosl of the variable-, the estimates from the Steward

plates satisfactorily represent the course of light variation and the

scatter indicates the difficulty of estimating the -tar in question.

Bailey's early statemenl in regard to the variables that "the

majority of these have a period < I about two-thirds <il a day" hold-

true for the variables known at that time. The variables found latei'
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bv the writer, however, are mostly c-type variables with periods of a

third of a day. A selection effect operates here as the variables with

smaller ranges were missed by the early observers.

Two important facts stand out from a study of these eighteen

cluster type variables. The first is the remarkable distribution of

their periods. Ten variables have periods which fall between 0.37

day and 0.43 day and eight periods lie between 0.61 and 0.71 day.

But no periods were found between 0.43 and 0.61 day. This

cluster is comparable with Messier 15. investigated by Bailey;
1 '

in which he found the same phenomenon. It should be pointed out

that this interval in which there are no periods in Messier 22 is the

No. 9
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Fig. 3.—Light curves of cluster type Cepheids with periods greater than
0.6 day.
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Only one variable not of the c-type shows a period change, namely

No. 2, with period 0.6418 day, whose magnitudes are somewhat

brighter than those of the other variables because a second component

contributes light to the system. This period change is not so well

confirmed as those of the c-type variables because a fixed period of

0.641789 days fits almost all the observations.

The value of the modulus of the cluster, uncorrected for absorp-

tion, as determined from the average mean magnitude of the cluster

type variables (excluding Xos. 2 and 3) is 14.17. This agrees

excellently with the modulus of 14.1 determined by Shapley 17 years

ago. In computing the distance, however, there will be an absorp-

tion correction for this cluster as it is on the edge of a region of

obscuration. The colour excess of Stebbins and Whitford 8
is 0.19;

there are no nebulae in the field but the star count is normal.

Summary
1. From a study of plates taken at the Steward Observatory, eight new

variables have been found in Messier 22.

2. Periods have been checked and determined for 12 variables. One is a

long-period Cepheid which falls on the period luminosity relationship. One is

a long-period variable, two are semi-regular variables and eighteen are cluster

type.

3. The cluster type Cepheids show a remarkable frequency distribution of

periods. No periods fall between 0.43 and 0.61 day.

4. The short-period cluster type Cepheids. whose periods lie between 0.32

and 0.38 day, all give evidence of period change, while, with one exception, the

variables whose periods are longer than this show no such change.

5. The modulus of the cluster, 14.17, derived from the mean magnitude of

the cluster type variables, confirms Shapley's modulus, giving a distance of

6800 parsecs, uncorrected for absorption.
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