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ABSTRACT 
The color-magnitude diagram of NGC 5897, derived from two-color photometry of 254 stars relative 

to a photoelectric sequence extending to V =17.15, is characteristic of a globular cluster with low metal 
abundance. The magnitude difference, AF, between the giant branch at (B — F)o = +1.4 and the 
horizontal branch is 2.75 mag; the color of the subgiant branch at the magnitude level of the RR Lyrae 
gap is (B — F)o ,g — +-0.78—values which suggest a metal abundance intermediate between extremely 
weak-lined clusters (Deutsch group C, Morgan class I) and moderately weak-lined clusters (Deutsch 
group B, Morgan classes II-III) 

Two new RR Lyrae stars and a new red variable near the top of the giant branch have been isolated, 
bringing the total number of known variables to seven. 

The RR Lyrae gap occurs near V = 16.20. The apparent visual distance modulus is (m — M)APl>,y = 
15.70 if the gap has Mv = +0.5. The estimated reddening is E(B — V) = +011 ± 0.02. If Av/ 
E(B — F) = 3, the true modulus is (w — M)o = 15.37, the distance from the Sun is 11900 pc, and the 
height above the plane is 6000 pc. The absolute magnitude and linear diameter are Mv = — 7.3, D = 54 
pc, which require the average surface brightness to be 14 times smaller than that for M3. The low central 
concentration and large linear size are taken to mean that NGC 5897 has not suffered appreciable tidal 
evaporation by passage close to the galactic nucleus. 

NGC 5897 (a = 1544^5, Ô = -20°50' [1950]; l11 = 343°, Ô11 = +30°) is a globular 
cluster of large angular size, small central concentration, and abnormally low surface 
brightness. As part of a continuing program, we have made photometric observations to 
obtain the color-magnitude (C-M) diagram. 

The surface brightness is so low that integrated spectra are not available from the 
programs of Mayall (1946) and Morgan (1959). However, Deutsch (Kinman 1959) has 
obtained spectra of individual stars from which he classifies the cluster as extremely 
metal poor in his group C, which also contains M92 and M15 of Morgan metallicity 
class I. No other prior data on chemical composition were available, such as the photo- 
metric indices 0, A, 0, and y of van den Bergh (1967#), van den Bergh and Henry (1962), 
and Gascoigne and Koehler (1963). The present work was undertaken to determine if 
NGC 5897 obeys the correlations between chemical composition and the morphology 
of C-M diagrams suggested by previous studies (Arp 1955; Sandage and Wallerstein 
1960; Sandage and Smith 1966; Sandage and Wildey 1967). 

I. PHOTOMETRIC DATA 

A skeleton photoelectric sequence of twenty stars was established over the range 
11.34 < V < 17.15 with the 100-inch reflector in the 1956 and 1958 observing seasons. 
Although the sequence is sufficient for the present reconnaissance, it is not definitive, 
since only one or two observations of each star were generally made. Furthermore, the 
brightness of the Mount Wilson sky made precise observations difficult fainter than 
V ^ 16. The systematic accuracy of the colors for stars fainter than this limit is certainly 
better than +0.10 mag, but it is not of the order of +0.01 mag. 

The photoelectric values are listed in Table 1, together with smoothed magnitudes 
obtained by reading the standard stars back through the photographic calibration 
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curves of four plates in each color. The random accuracy of the photographic data is 
±0.021 mag for V and B, as discussed later. 

The sequence stars are identified in Figure 1, which is reproduced from a plate of 
15-min exposure with the 100-inch reflector diaphragmed to 58 inches, on Eastman 
103aD emulsion behind a Schott GG11 filter. Also identified are the seven known 
variable stars discussed later. The scale of the print can be found from the diameters of 
the two circles, which are 4'42" and 9'8". The cluster extends beyond the outer circle, 
according to the measurements of Kron and May all (1960), which indicate d0.g = 15 Í 4 
for NGC 5897. 

In total, 254 stars, contained within the outer circle of Figure 1, were measured 
with an iris photometer on four 200-inch plates in each color that had been obtained 
in June 1966. Standard plate and filter combinations were used, consisting of Eastman 
103aO+GG13 for B and 103aD+GGll for F. Half of the plates in each color had ex- 
posure times of 1 min, and the remaining half, 2 min. 

The program stars are identified in Figure 2 following a numbering system originally 
established by Maarten Schmidt in an early unpublished study of the cluster. The cluster 
is divided into twelve horizontal strips (not shown), each about 45" wide. Within the 
topmost strip the numbers increase from west to east, with star 1 and photoelectric 

TABLE 1 

Photometric Values for the Sequence Stars 

Star 
Photoelectric 

B-V U-B 

Photographic 

B-V 

B 
C 
D 
E 
F 
G 
H 
I 
J 

K 

M 
N 
O 
P. 

R 
S 
T 

V5 

11 34 
J12 39 
\12 45 

13 13 
13 65 
13 86 
14 10 
14 33 
14 45 
14 78 
15 04 

15 24 
15 33 

/15 70 
\15 64 

16 16 
16 38 
16 63 
16 80 

/16 92 
\16 68 

/16 87 
116 79 

17 14 
17 15 

+0 86 
+0 71 
+0 68 
+ 1 15 
+0 98 
+ 1 01 
+0 77 
+0 99 
+0 73 
+0 75 
+0 75 

J+0 98\ 
\+0 64/ 
+0 87 

+0 74 
+0 69 
+0 68 
+0 23 
±0 75: 
+0 09 
-0 02 
+0 13 

±0 16 
+0 06 
+0 73 
+0 82 

0 63 
30 
40 
96 
65 
67 
43 
74 
28 
43 
09 

.49 
45 

18 
20 
37 

Í8 
35 
28 

33 
0 14 

à 
1 
1 
1 
1 
1 
1 
1 
1 

2\ 
1/ 

2\ 
1/ 
1 
2 
2 
2 
2\ 
1/ 

2\ 
1/ 
1 
1 

Red variable near top of giant branch 

12 36 
13 14 
13 69 
13 82 
14 12 
14 36 
14 44 
14 78 
14 96 

15 30 

15 66 
16 08 
16 47 

Í6 78 
16 99 

16 86 

13 28 

0 61 

1 16 
1 04 
0 99 
0 76 
0 93 
0 73 
0 75 
0 81 

0 98 

0 71 
0 64 
0 18 

Ó 16 
0 14 

0 09 

1 62 
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Fig. 1.—Identification chart for the photoelectric sequence and the seven known variables in NGC 5897. Reproduction is from a 15-min exposure on Eastman 
103aD+Schott GG11 taken with the 100-inch reflector diaphragmed to 58 inches. The diameters of the two circles are 4/42// and Q'S". 
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Fig. 2.—Same as Fig. 1 but with 254 program stars identified 
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GLOBULAR CLUSTER NGC 5897 571 

standards N and P as the only stars within the strip. The numbering proceeds from 
east to west in the second strip, starting with star 5 and ending with star 20. This criss- 
cross numbering is continued, alternating in direction for each successive strip and end- 
ing in the southwest corner with star 366. 

Not all numbers are represented because only stars with F < 17.0 were finally re- 
tained due to the steepness of the calibration curves and uncertainty of the magnitudes 
fainter than this limit. 

The final mean data are listed in Table 2. Analysis of the residuals of each star shows 
the formal probable error of the tabulated values to be ±0.021 mag in V and ±0.030 

Fig. 3 —The C-M diagram from the data of Table 2 Small circles are presumed to be mostly field 
stars. Crosses are six of the seven known variables plotted with their instantaneous magnitudes and 
colors at the time of observation. No light curves are available to obtain mean values. 

mag in J5 — F. To within the accuracy of the data, the colors in Table 2 are on the 
B — V system, as shown from an absence of a systematic color equation between the 
photoelectric and photographic values of the standards listed in Table 1. 

II. THE C-M DIAGRAM 

The color-magnitude diagram is shown in Figure 3 as plotted from Table 2. Six of 
the seven known variable stars (see § III) are shown as crosses. Stars which fall off the 
principal sequences are plotted as small circles. These are presumed to be field stars be- 
cause their frequency in ring 2 is three times that of ring 1, which is close to the ratio 
of the two areas. Field stars of nearly constant surface density should occur with this 
areal ratio, whereas cluster stars will be more concentrated in ring 1 due to the steep 
negative density gradient for cluster members. 

The C-M diagram has characteristics of a moderately low-metal-abundance cluster, 
midway between M92 (Morgan class I, Deutsch class C) and M3 (Morgan class II, 
Deutsch class B). The parameter which has invariably correlated with metal abundance 
is the magnitude difference, AF, between the level of the RR Lyrae stars and the giant 
branch, read at (B — F)0 = +1.4. According to Demarque and Geisler (1963), the 
helium abundance, which may be the second parameter controlling certain other charac- 
teristics of the diagram (Sandage and Wildey 1967; van den Bergh 19676), has no ap- 
preciable effect on AF. 

To find A F we must know the reddening E(B — F). Two methods are available, one 
from the present data and one from the results of Kron and Mayall (1960). Assuming 
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TABLE 2 

PHOTOGRAPHIC VALUES FOR 254 PROGRAM STARS 
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GLOBULAR CLUSTER NGC 5897 573 

the shape and intrinsic color of the blue end of the horizontal branch to be invariant 
from cluster to cluster, justified by results on M92, M15, M3, and M13 (see Sandage and 
Smith 1966, Fig. 4), Figure 3 can be fitted to clusters of known reddening and the dis- 
placement along the (B — F)-axis determined. This gives E{B — V) = +0.10 + 0.02 
for NGC 5897 by comparison with M92, +0.12 ± 0.02 with M3, +0.14 ± 0.03 with 
M15, and +0.09 ± 0.03 with M13, for a mean E(B — F) = 0.11 with an uncertainty 
of about ± 0.02 mag. The method is relatively sensitive to the assumption of where the 
edge of the RR Lyrae instability region occurs, and, although not well defined from 
Figure 3, we have assumed the color of this feature tobe B — V = 0.28 in NGC 5897, 

Our value of E(B — F) should be compared with Kron and Mayalhs results of 
+0.11 and +0.12 from their two assumptions of intrinsic integrated colors. While it is 
true that these authors had to assume an integrated spectral type of F5, this does ap- 
preciably affect their answer—providing that the true type is not later than F5— 
because the function (P — F)o = /(sp. type) is nearly fiat for types between A6 and 
F6 (Kron and Mayall 1960, Fig. 12). We adopt E{B - F) = +0.11 ± 0.02 for NGC 
5897 in the subsequent discussion. 

If the horizontal branch occurs at F = 16.2, estimated from Figure 3, then AF = 
16.2 — 13.45 = 2.75, obtained by reading the magnitude of the giant branch at ob- 
served B — F = +1.52. This value is intermediate between the Deutsch B-type clusters 
(Morgan II-III group) with AF = 2.54 ± 0.06, and the Deutsch C group (Morgan I) 
with AF = 3.01 ± 0.08, summarized elsewhere (Sandage and Wallerstein 1960, Table 
4). On this basis alone we classify NGC 5897 as intermediate in metal abundance be- 
tween M92 and M3. However, the same conclusion follows from the color of the sub- 
giant branch because this sequence lies between the schematic lines for M92 and M13 
(or M3) in a calibrated diagram (Sandage and Smith 1966, Fig. 4) which shows the 
progressive redward shift of the subgiant branches of clusters with increasing metal 
abundance. 

The same point can be made from the color index, (B — F)0,&, defined as the un- 
reddened color of subgiant sequence at the magnitude level of the RR Lyrae gap. The 
value {B — V)o,g = 0.89 — 0.11 = 0.78 ± 0.03 replaces an earlier result of 0.69 mag 
quoted by Sandage and Smith (1966) from the unpublished preliminary, and now super- 
seded, data of Sandage and Schmidt. The new value is intermediate between the Morgan 
class I and classes II-III clusters, although it is somewhat closer to the latter, as seen 
by inspection of a table given elsewhere (Sandage and Smith 1966, Table 3). Although 
we are pleased with the consistency of these results, which show no anomaly with previ- 
ous correlations of morphology and metal abundance, we do not consider the colors of 
Figure 3 to be established beyond doubt at the ± 0.05-mag level because of the marginal 
nature of our photoelectric sequence, discussed earlier. 

Another feature of the C-M diagram is the near, or perhaps total, absence of the hori- 
zontal branch redward of the RR Lyrae gap, and the strong concentration of stars blue- 
ward of the gap. The density gradient along the horizontal branch is known to be a 
function not only of the metal abundance but also of a second parameter. That the 
NGC 7006 anomaly is not present here shows that the strength of the second parameter 
in NGC 5897 is more like that in M92 and M15 rather than in either M13 or in NGC 
7006—two clusters that bracket the presently observed range of this parameter (Sandage 
and Wildey 1967; van den Bergh 19676). 

Finally, the presence of a moderately well-developed asymptotic branch, similar to 
that in M13 (Arp 1955; Arp and Johnson 1955) and in M92 (Sandage and Walker 1966), 
should be noted. 

III. THE VARIABLES 

Four RR Lyrae stars discovered by Helen Sawyer (1953, 1955) were previously 
known in NGC 5897. From a short series of twelve plates, taken on different nights with 
the 100- and 200-inch reflectors between 1956 and 1966, we have confirmed all of 
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574 ALLAN SANDAGE AND BASIL KATEM Vol. 153 

Sawyer’s stars and have added three new variables, to which numbers V5, V6, and V7 
are assigned. The seven variables are identified in Figure 1. Six of the seven are also 
marked in Figure 2 with their program numbers as VI = 351, V2 = 299, V3 = 206, 
V5 = 20, V6 = 118, and V7 = 119. We discovered star V5 to be variable by inspection 
of the photoelectric measurements on seven nights in 1956. It is a red star near the top 
of the giant branch and is plotted at F = 13.28, B — V = 1.62, which are the instan- 
taneous values for June 9/10,1966, the date on which the photographic plates for Table 
2 were taken. We have no information on the regularity or the period of this star, but it 
undoubtedly belongs to the well-defined class of red semiregular variables found in this 
region of the C-M diagram in other clusters. 

The other two new variables were found from a special inspection of ten horizontal- 
branch stars which lay close to or in the variable-star gap of Figure 3. Program stars 
which were checked for variability but found to be constant on our few plates were stars 
M, 116, 120, 163, 174, 240, 328. Star 63 may possibly vary, while star 118 = V6 and 
star 119 = V7 are variable without doubt. Six of the seven variables are shown in Figure 
3 as crosses and are plotted at their instantaneous values. No light curves are available 
to determine mean values. Sawyer variable V4 is the western component of a close 
double and could not be measured. Of particular interest is program star 120 near the 
center of the RR Lyrae gap. Special effort was made to detect variability, but the star 
was constant to within ±0.1 mag on our short series of twelve plates. 

IV. DISTANCE, DIAMETER, AND ABSOLUTE LUMINOSITY 

If the RR Lyrae star gap in Figure 3 occurs at F = 16.20, and if My = +0.5 for 
such stars, then the apparent visual modulus is {m — M)apP>F = 15.70. Adopting 
E(B — F) = 0.11 and Ay/E{B — F) = 3 gives a true modulus of (m — M)o = 15.37, 
corresponding to a distance of 11900 pc from the Sun and a height above the galactic 
plane of 6000 pc. It is not expected that strong-lined clusters would be present at this 
height above the plane (Kinman 1959, Fig. 6; Eggen, Lynden-Bell, and Sandage 1962, 
Fig. 5)—a fact quite consistent with the weak-line nature of NGC 5897. 

The angular diameter within which nine-tenths of the light is contained is 15 Í 7 
(Kron and Mayall 1960), which corresponds to a linear diameter of 54 pc. 

The asymptotic visual magnitude of the cluster is estimated to be Vt = 8.4 by Kron 
and Mayall. With (m — M)^yv = 15.70, the absolute magnitude is My = —7.3. A 
convenient comparison is the cluster M3, whose apparent modulus is (m — M)apPly = 
15.77 if the RR Lyrae stars are again assumed to have My = +0.5. The asymptotic 
visual magnitude for M3 is F* = 6.38 (Kron and Mayall 1960), giving My = —8.79, 
which is 1.49 mag brighter than NGC 5897. Kron and MayalFs diameter for M3 is 
do 9 = 9Í3, which gives a linear diameter of only 29 pc. These numbers are consistent 
with the abnormally low surface brightness of NGC 5897 relative to M3. The ratio of 
linear diameter for the two clusters is 1.86, and NGC 5897, which is the larger aggregate, 
is 1.5 mag fainter intrinsically. For similar surface density distributions, the surface 
brightness of NGC 5897 will then be (1.86)2 X 4 = 14 times fainter than that of M3. 
This explains why the cluster can be resolved to the very center without photometric 
crowding, as evidenced by Figures 1 and 2, in contrast to the usual situation in M3, 
M15, M92, and most other globular clusters. 

The low central concentration and large linear diameter are characteristic of clusters 
that have not passed close to the galactic center and have not, therefore, suffered tidal 
evaporation which cools the cluster and causes subsequent contraction. The effect is 
evident in the extremely remote clusters isolated by Abell (1955). Particularly good 
examples are Palomar 3 and Palomar 4 (the 10- and 11-hour clusters), discussed else- 
where (Burbidge and Sandage 1958), where it was shown that these clusters have proba- 
bly always been more remote than 9000 pc from the central region of the Galaxy. 
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