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Abstract. The projected ellipticities and orientations of 173 globular clusters in 
the Andromeda galaxy were determined by using isodensity contours and 2D 
Gaussian fitting techniques. One to five B plates taken with the 2m Ritchey
Chreticn-coude reflector of the Bulgarian National Astronomical Observatory 
were digitized and processed for each cluster. The projected ellipticities of all 
examined up to no~v 173 globular clusters lie in the range of 0.03 -:- 0.24 with 
mean value t = 0.086 ± 0.038. lt may be concluded that the most globular clus
ters in the Andromeda galaxy arc quite spherical. The derived orientations do not 
show preference with respect to the center of M 31 but a tend to align with the 
major axis of the galaxy. Some co1Tclations of the ellipticity with other cluster's 
parameters arc discused. The ellipticities detem1ined in this paper are compared 
with those in other Local Group galaxies. 

1. Introduction 

Ever since the work of Pease and Shapley [ 1] we have known that the majority of the 
globular clusters in our Galaxy are somewhat flattened. Since then a number of studies 
have been published, where the ellipticities of large globular cluster samples in our and 
in nearby galaxies are investigated. 

A number of studies reporting the shapes of the M 31 globular clusters appeared 
in the last years. Pritchet and van den Bergh [2] measured the ellipticity of Mayall II, 
the brightest globular cluster in M 31. Lupton [3] published the ellipticities of a small 
sample of 18 clusters in M 31 based on CCD frames taken with the 88" telescope at 
Mauna Kea. Davoust and Prugniel [ 4] repo1ied the flattening of 13 of the brightest 
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globulars in M 31 using CCD images, taken with the 2m telescope at the Pie du Midi 
Observatory. 

Ten years ago with the 2m J /8 Ritchey-Chretien-coude (2m RCC) reflector of 
the Bulgarian National Astronomical Observatory (BNAO) on Mount St. Spirit near 
Rozhen, Rodopa mountains, a Jong-tenn programme for studying the shapes of the 
system of globular clusters in the Andromeda galaxy started. This paper is a report 
on the latest step of this programme. Here the results of the analysis of the projected 
ellipticities, c ± &, and the orientations, 0 ± 80, of the largest sample of 173 brighter 
(B ::; l8rn.5) globular clusters in the Andromeda galaxy are presented. 

2. Observations and Data Reduction 

The observational basis of our study was a collection of photographic plates_, covering 
the whole galaxy. We used 7 TI-plates (Kodak IlaO and ORWO ZU21 emulsions, WK 
38 glass filter), exposed between 60 and 90 minutes, taken on the 2m RCC f /8 reflector 
of the BNAO (plate scale 12.89 arcsec mm- 1 , mean seeing about 2"). In addition, 2 
B-plates taken with the 1.82 m telescope at Asiago Observatory on 103a0 emulsion 
with GG J 3 glass filter (plate scale 12.59 arcsec mm- 1) were kindly provided to us 
by colleagues from Asiago Observatory. 173 globular clusters were selected from the 
lists of cluster candidates published by "M 31 consortium" [5] and by "Bo-Group" 
from Bologna University [6]. In fact, this sample includes all clusters brigher than 
B = 18m.5 which are located in the main body of the Andromeda galaxy. 

All plates were digitized and 2D density distributions were obtained using the 
MDM-6 Joyce-Loeb! microdensitometer of the BNAO. These distributions were used 
to estimate the flattening of the cluster's images expressed in terms of ellipticities, 

c = 1 - ~. where a and b were the projected major and minor semiaxes, and ori-
a 

entations, B, measured eastward from north. We developed a specialized, PC-oriented 
software for the purposes of our study where we used both the isodensity analysis by 
ellipse fits and 2D Gaussian fits to each image array. 

The final shape parameters, c and 0, are detennined using 1 to 5 different plates 
in order to minimize the nonlinearity of plate response. The final errors are, typically, 
±(0.01-;- 0.02) inc and ±(2°-;- 5°) in 0. 

3. Results and Discussion 

The projected ellipticities of all examined up to now 173 globular clusters lie in the 
range of 0.03-;- 0.24 with mean value € = 0.086 ± 0.038.,It can be seen that 70 % of 
them have c < 0.10. while only 2 clusters are flattened more than 0.20. Thus it may be 
concluded that the most globular clusters in the Andromeda galaxy are quite spherical. 

Figure 1 shows the cluster ellipticities and orientations as a function of cluster po
sition in the M 31 plane in relative coordinates (expressed in arcmin) as defined by 
Huchra et al. [7]. In this coorduiate system, positive X is east by northeast and positive 
Y is north by northwest. The bars are proportional to the cluster's flattening. The major 
axis of globular clusters does not exibit a preferential orientation toward the center of 
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the Andromeda galaxy but demonstrates a relatively well prominent alignment with the 
major axis of the galaxy itself. This is indicative for an influence of the global tidal 
forces in M 31 on the cluster's morphology. 
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Fig. 1. The ellipticities and orientations of globular clusters in the M 31 plane 

The ellipticities determined in this work were compared with those from [3] and [ 4]. 
16 clusters from our list are in common with Lupton's data and 11 - with Davoust and 
Prungniel ones. Our ellipticities are in reasonable agreement with CCD observations of 
[4]. The comparison with Lupton's data [3], based on Wilcoxon test shows no significant 
diiTerence for the sample of 16 common clusters with 95 % confidence level. Although 
the mean flattening of the two sets is the same and the mean difference is nearly zero 
within the standard eITor of the mean there are significant differences between the 
ellipticities of some clusters. 

Our set of data of the projected ellipticities for a representative sample of globu
lar clusters in M 31 is homogenous enough and there is a reason to look for some 
correlations of the ellipticity with other cluster's parameters. 

(1) Ellipticity t: - Luminosity Mv 
The projected ellipticities t: of M 31 globular clusters, derived in our study as 
a function of corrected Mv magnitudes, are plotted in Fig. 2. 
There is a very weak con-elation of t: with Mv magnitude in sense that the 
brighter clusters are more spherical. The mean absolute magnitude of globular 
clusters in our sample is (Mv) = _3m,57 ± om.99. For the clusters brighter 
than (Mv) (77 ones) the mean ellipticity € = 0.081 ± 0.033, and for the 
fainter clusters (87 ones) € = 0.086 ± 0.039. The Kolmogorov-Smimov and 
the Wilcoxon tests do not distinguish these two subdistributions. 
Let us define two new subsamples containing the "bright" (brighter than 
(Mv) - a(Mv) = -9m.56) and the "faint" (fainter than (Mv) + a(Mv) = 
-7m.58) M 31 globulars. When these two ends of the luminosity distribution 
are compared, the differences between their mean ellipticities become more 
pro1nin~nt. For the "bright" globular clusters (30 ones)€= 0.075 ± 0.034, and 
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Table I. Comparative data for the ell 
Magellanic Clouds 

Galaxy e±& I 
M 31 0.09±0.~ 
M 31 annulus A 0.08±0. 
M 31 annulus 13 0.12 ± 0. 
M 31 annulus A 0.06±0. 
M 31 ann ulus B 0.07±0. 
Milky Way 0.08±0. 
Milky Way 0.08±0. 
Milky Way 0.07±0. 
LMC 0.22 ± 0. 
LMC 0.16 ± 0. 
LMC 0.13 ± 0.1 
LMC 0.11±0. 
SMC 0.19 ± 0. 
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for the "faint" globular clusters (26 ones) € = 0.104± 0.051. The Kolmogorov
Smimov and the Wilcoxon tests distinguish these two subsamples with high 
confidence. It can be seen that among the brightest globular clusters there are 
no ones with large flatness. 

(2) Ellipticity c - Velocity dispersion V(V2). 
We have compared velocity dispersions, V(V2), for 14 M 31 globulars de
rived by Peterson [8] with our ellipticities. These is an obvious trend velocity 
dispersion to take lower values with increasing flattening. This tendency is 
consistent with the oblate-isotropic model for globular clusters, where the ratio 

of the mean rotation velocity to the mean velocity dispertion, ~, is nearly 
V (v2) 

constant to maintain the dynamical equilibrium of the system. 

Let us compare the mean ellipticity for 173 globular clusters in M 31 with the 
mean ellipticities for globular clusters of four other galaxies studied up to date. The 
comparative data are presented in Table 1 together with other useful information. 
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Fig. 2. The projected ellipticities c of M 31 globular clusters as a function 
of corrected .Mv magnitudes 

Table I. Comparative data for the ellipticities of the globular clusters in M 31, Milky Way and 
Magellanic Clouds 

Galaxy c: ±c5c: sample interval source 

M 31 0.09 ± 0.04 173 0.03-:-0.24 this work 
M 31 annulus A 0.08 ± 0.07 18 0.02-:-0.24 [3] 
M 31 annulus 13 0.12 ± 0.06 18 0.04-:-0.27 [3] 
M 31 annulus A 0.06 ± 0.05 13 0.01-:-0.20 (4) 
M 31 annulus B 0.07 ± 0.05 13 0.03-:- 0.20 [4) 
Milky Way 0.08 ± 0.05 93 0.00-:- 0.28 [9) 
Milky Way 0.08 ± 0.06 100 0.00-:-0.24 [10] 
Milky Way 0.07 ± 0.04 20 0.03-:-0.30 [II] 
LMC 0.22 ± 0.07 25 0.09-:- 0.33 [12) 
LMC 0.16 ± 0.05 49 0.06-:-0.32 [ 13) 
LMC 0.13 ± 0.12 25 0.00-:-0.36 (14) 
LMC 0.11±0.07 52 0.01-:- 0.33 (9) 
SMC 0.19 ± 0.06 34 0.03-:-0.33 [ 15) 
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Two main conclusions can be drawn from this Table: 
- The apparent ellipticities of M 31 globular clusters cover the same range of 

ellipticities as the galactic globulars. The globular clusters in both galaxies are nearly 
spherical. 

- The flattening of M 31 globulars seems to differ markedly from clusters in the 
LMC and SMC, the latter being highly flattened. 
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