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P ~ B L I C ~ I O N S  OF THE ASTRONOMICAL SOCIETY OF THE PACIFIC 
89:&549, August  1977 

FOUR-COLOR AND HP PHOTOMETRY OF STARS 
I N  NGC 7654 AND M25 

ED\Z'ARD G. SCHMIDT 

Behlen Observatory, University of Nebraska, Lincoln 

R e c e i ~ r t l  1977 ,Llurch 10 

Four-color and HP photometry has been obtained of stars in the galactic clusters NGC 7654 and M25. An analysis 
of these data shows variable extinction in both clusters. The distance modnlus of NGC 7654 is found to I)e 10'I'I)R i 
0.2 and that of M25 is 8'?68 ?r 0.1. 

K e y  words: photometry-star clusters-cepheids 

I. Introduction 

There exist a number of galactic clusters which have 
yellow giant or cepheid members. These clusters are of 
interest in connection with the intrinsic colors, temper- 
atures, absolute magnitudes, and evolutionary status of 
such stars. As a step toward securing a better under- 
standing of these stars, a program of ucby/3 photom- 
etry in such clusters has been undertaken. Results for 
one cluster, NGC 6633, were previously presented 
(Schmidt 1976) and the present paper contains infor- 
mation on two further clusters. NCC 7654 (=  M52) 
contains the F7 Ih star BD +60°2532 which may be a 
nonvariable located within the cepheid strip (Schmidt 
1972). M52 (=  IC 4725) contains the cepheid U Sagit- 
tarii. This cluster was included, in spite of its location 
and the consequent complications to the photometry, 
due to the fact that it is the nearest and brightest of 
the clusters known to contain cepheids. 

11. The Observations 

The stars observed in these two clusters are listed in 
Tables I and 11. The first columns of each of the tables 
contain the designations of the stars from various pre- 
vious authors followed by information from the liter- 
ature regarding the membership of the individual stars 
and their spectral types. The remainder of each of the 
tables contains the results of the present investigation. 

The observations were made between June 1975 and 
August 1976. Except during August 1976 the methods 
and equipment used were identical with those de- 
scribed previously (Schmidt 1976). In August 1976, the 
photometer at  Behlen Observatory was automated to 
allow sky chopping and rapid filter cycling. This sys- 
tem is described elsewhere (Taylor 1977). The quality 
of the observations with the automatic photometer is 
somewhat higher than before and it is possible to use 
nights of lower quality but otherwise the later observa- 
tions are completely consistent with the earlier ones. 

In each cluster a regional standard was chosen and 
all the observations were corrected using it. For 

NGC 7654 the adopted values for the regional stand- 
ard, star 646, are simply the averages from all the 
nights of photometric quality. However, because M25 
is located so far south, it is never seen through less 
than two air masses from Behlen Observatory. Thus, 
special care was taken to establish the standard values 
in this case. Two methods were used. The first was 
simply to use the ordinary standard stars for each night 
(normally observed at small air mass) together with the 
extinction coefficients determined from an extinction 
star. Data from seven nights were used. The second 
method was to observe standard stars near two air 
masses. This was done on three nights. The results for 
the regional standard in M25, star 6, are presented in 
Table 111. It is clear that the results of the two meth- 
ods are entirely consistent and the adopted standard 
values should be trustworthy. 

The internal errors of the photometry were calcu- 
lated from the data for stars which were observed 
more than once. This was done after correction with 
the regional standard. The standard deviations for 
single measurements are tabulated in Table IV. In 
NGC 7654 enough observations were obtained to make 
most of the standard errors of the indices near OrfO1. 
In M25 the standard deviations of single observations 
are larger than usual for stars as bright as these. This 
arises from the large air mass through which this clus- 
ter is observed. For most of the stars enough observa- 
tions were obtained to reduce the standard errors of 
the (h- y) and P indices to about OLfO1 but the stand- 
ard errors of m, and c, are somewhat larger. 

There has been some previous photometry of these 
clusters which can be compared with the present re- 
sults. Pesch (1960) has observed stars in NGC 7654 and 
a comparison with the present photometry gives V(S) 
- V(P) = O'P017 f O'P014 (standard deviation for a 
single star). In this case one star, number 733, has been 
omitted from the comparison because it deviates by a 
large amount. In the case of M25 there has been some 
difficulty in reconciling photometry from different ob- 
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TABLE I 

DATA FOR NGC 7654 

S t a r  Number Membership 

Lundbyl Hoag e t  a12 ~ u n d b y '  Ebbighausen 3  

S p e c t r a l  

Type4 v b-y ml 1  

646 3  No 

735 5  Yes Yes 

759 7  No Yes 

769 Yes Yes 

81 3  9  Yes Yes 

820 8  Yes Yes 

86 7  6  Yes Yes 

930 Yes Yes 

4  No 

Foo tno tes :  

'Lundby (1946)  P rope r  m o t i o n  s tudy .  

' ~ o a g  e t  a l .  (1961 ). 

3 ~ b b i g h a u s e n  (1942)  P rope r  m o t i o n  s tudy .  

' ~ e r m i l l i o d  (1976) .  
* 

Regiona l  s tanda rd .  The t a b u l a t e d  va lues  a r e  based on 7 n i g h t s '  obse rva t i ons .  The s tanda rd  e r r o r s  o f  t h e  mean va lues  a r e  

V :  om01 1 , b - ~ :  O ~ Q O ? ,  ml : O ~ O O ~ ,  cl : 0m007, B : 0%07. 

TABLE I 1  

DATA FOR M 25 

Membership 3  
S p e c t r a l  

Type 4  V b - y  
S t a r  

Wampler e t  a l l  Johnson 
2  

Yes B6 I I - 111 ,  B 6 I I 1 ,  B9V 8.09 0.270 

Yes B5IV, B7V 8.81 0.320 

Yes B 7 I I I - I V ,  B9V 10.24 0.349 

11.26 0.348 

AlV, A8V 9.01 0.253 

Yes B6IV, B6V, B8V 9.13 0.394 

Yes B8V 10.34: 0.389 

Yes B7.5IV-V, B9.5V, AOV 9.23 0.290 

9.37 0.234 

Yes B 5 I I 1 ,  B6V, B 7 I I I  7.95 0.279 

Foo tno tes :  

'wampler e t  a l .  (1961) .  

' ~ o h n s o n  (1960) .  

3 ~ e a s t  (1957)  R a d i a l  v e l o c i t y  s tudy.  

4 ~ e r m i l l  i o d  (1976).  

Reg iona l  s tandard.  The d e r i v a t i o n  o f  t h e  va lues  f o r  t h i s  s t a r  a r e  d e s c r i b e d  i n  t h e  t e x t .  
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TABLE I11 

STANDARDIZATION OF STAR 6 I N  M 25 

SCHMIDT 

TABLE I V  

STANDARD DEVIATIONS FOR SINGLE MEASUREMENTS 

V b-y ml C1 B n 

O r d i n a r y  Standards 8.104 0.275 -0.007 0.589 2.697 7 

Two A i r  Mass Standards 8.079 0.266 0.001 0.599 2.694 3 

Adooted 8.092 0.270 -0.002 0.594 2.696 

servers due to the problem of observing it from north- 
ern latitudes. In comparing the present photometry to 
previous work we find an average difference of V(S) - 
V(WPHK) = 0.006 i 0.032 (again omitting one 
deviant star) from the photometry of Wampler et al. 
(1961) and V(S) - V(J) = 0.024 f 0.029 from the 
photometry of Johnson (1960). The above differences 
are relatively small and give confidence that the V 
magnitudes obtained using the present filter system are 
reasonably well standardized. Graham (1967) has pub- 
lished /3 indices for stars in M25. There are eight stars 
in common with the present observations and the 
mean difference is P(S) - P(G) = -0T005 f 0.034. 
Although the scatter is rather large, the systematic 
agreement is good. 

111. Discussion 

A variety of calibrations have been made of the 
four-color and HP indices in terms of intrinsic color 
and absolute magnitude. In the present paper we have 
used the calibrations of the intrinsic colors from Craw- 
ford (1970). The absolute magnitudes were calculated 
using the calibrations of Crawford (1973). The separa- 
tion of B stars from the later stars was accomplished in 
several ways. Many of the stars have spectral types and 
these are listed in Tables I and 11. In NGC 7654 the 
reddest B star with a spectral type, star 735, has a 
(b- y) color index of 0'f1454. This is redder than any of 
the three stars without spectral types. Thus, it is likely, 
unless the reddening is very nonuniform, that the stars 
without spectral types are all B stars. Finally, 
Stroingren (1966) has shown that it is possible to sepa- 
rate B stars from later types by using the diagram of 
[c,] and [ m l ]  When this test was applied, all of the 
stars in both clusters which are without spectral types 
were found to be in the B-star region of the diagram. 

The last two columns of Table I give the color ex- 
cesses and true distance modulii of the stars in 
NGC 7654. Star 646 has a distance modulus and color 
excess which are considerably below those of the other 
stars and is obviously a nonmember. The remainder ap- 
pear to be members on photoinetric grounds and this 
agrees quite well with the results of the proper motion 
studies. The average color excess of the cluster mem- 
bers is E(b - y) = 0 "488 which corresponds to 
E ( B - V )  = W66. However, there is a range of the 

M a g n i t u d e  Range V b-Y ml c 1  HE 

NGC 7654 

10-11 0.023 0.014 0.020 0.027 0.035 

11-11.5  0.040 0.018 0.028 0 .054 0.041 

measured color excess from O'P447 to 0 5 2 6 .  This scat- 
ter is larger than what would be expected from the 
photometric errors and agrees with the finding of 
Pesch (1960) that the reddening in NGC 7654 is non- 
uniform. Pesch found a larger range in E(B - V) than 
was found here but this is apparently due to his larger 
sample. Individual measurements agree reasonably 
well. The true distance modulii have an average value 
of lO'P99 i Om20 (standard error of the mean) and the 
scatter of individual stars is characterized by a stand- 
ard deviation of OT56. The average standard error of 
the HP values given for this cluster is Om016. Carrying 
this uncertinty through the calibration gives an error of 
Om45 in the absolute magnitude which is reasonably 
close to the observed scatter in the distance modulus. 
Pesch gave a distance modulus of llml for this cluster 
which agrees very well with the present value. 

The last two columns of Table I1 give the color ex- 
cesses and distance modulii of the individual stars in 
M25. Star 58 appears to deviate from the others and is 
clearly a foreground star. Star 14 has a color excess 
which is reasonable for this cluster but has a distance 
modulus which is too high. Furthermore, the absolute 
magnitude M,. = -5, is clearly too bright for the 
spectral type given in the fourth column of the table. 
Since the absolute magnitude was obtained from the 
HP index, the individual measurements were examined. 
It was found that they are reasonably consistent and 
there is no indication of any problem. The present re- 
sult agrees well with Graham's (1967) /3 measurement. 
Therefore, it is uncertain whether this is a background 
star of high luminosity as the photometry would seem 
to indicate or whether it is a main-sequence cluster 
star as the spectral type would seem to indicate. In ei- 
ther event, the inclusion of the distance modulus given 
in Table I1 would significantly alter the modulus of the 
cluster and is unjustified either because the star is not 
in the cluster or because the photometric luminosity is 
wrong. Therefore, star 14 has been omitted from the 
following analysis. 

The color excess for M25 is very nonuniform as was 
previously known from UBV photometry. The current 
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values range from Om315 to 071472. The situation is 
particularly bad in the region near the cepheid U Sgr. 
Stars 63 and 64 on one side of the cepheid have a 
mean value of Om465 while star 36, approximately the 
same distance away on the other side, has a color ex- 
cess of Om390. Because the extinction is irregular it is 
not possible to determine where the color excess of U 
Sgr lies between these extremes. 

The mean distance modulus, weighted by the num- 
ber of observations of each star, was found to be 8.68 
f 0.1 (standard error). The standard error was found 
from the errors of individual HP measurements. This is 
considerably lower than values indicated by U B V  pho- 
tometry. Johnson (1960) gave a distance modulus of 
8m95 and Wampler et al. (1961) gave a value of 9m08 
i 0%. The discrepancy between these values and the 
present result is larger than the errors would lead one 
to expect. Furthermore, the absolute magnitude of U 
Sgr determined using a distance modulus of 8.98 (Sand- 
age and Tamrnann 1969) agrees to within a few hun- 
dredths of a magnitude with the calibration of the pe- 
riod-color-luminosity relation based on 13 cepheids in 
various clusters. A possible source of systematic error 
in the present work is the adoption of a value for the 
HP index of the regional standard, star 6. Decreasing 
the p index for that star by Om01 would increase the 
distance modulus to agree with the other values. HOW- 
ever, as explained above, the value obtained for this 
star was obtained in two ways and it can be seen in 
Table IV that they agree well. Furthermore the various 
individual values which went into the averages in that 
table are in good agreement. We have already noted 
that the measurements of Graham (1967) give P indices 
higher by Om005 on the average than the present ones. 
If we corrected the present values by this amount the 
resulting distance modulus would become less by about 
Om15, aggravating the disagreement. Graham obtained 
a distance modulus of 87184, for M25. While this is in 
good agreement with the values of Wampler et al. and 

Johnson, it was based on a preliminary calibration of 
the ,i3 - M, relation. Application of the more recent 
relation used here would decrease Graham's average 
di2tance modulus to about 8m44. Thus, the low dis- 
tance modulus obtained here is consistent with the pre- 
vious HP photometry and does not seem affected by 
serious systematic errors. 

It should be noted that the current distance modulus, 
unlike that determined from the U B V  photometry, is 
not based on the Hyades cluster. The Crawford (1973) 
calibration of the P - M, relation was tied, via the A 
stars in three clusters, t o  trigonometric parallaxes. 
Thus, the controversy surrounding the Hyades distance 
modulus does not affect the present result. 

In view of the importance of U Sgr to the calibra- 
tion of the period-luminosity-color relation of cepheids, 
the conflict between the uvbyP and the U B V  distances 
of M25 should be investigated further. 
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