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Abstract. Astrometry and BVRI CCD photometry of 115
stars down to B = 17.6 in the region of about 11’ x 11
around the globular cluster NGC 4147 was performed.
In the astrometric reduction, three earlier epoch plates
taken at Sheshan, Shanghai, China, in 1958 and four re-
cent epoch B-passband CCD frames taken at Kavalur,
India, were used. The data were reduced to a catalogue
based on measurements of stars on seven plates with an
epoch period from 1917 to 1979 taken in Bonn, Germany,
and ultimately to the Hipparcos catalogue. The reduction
was done with the central overlapping method. Based on
the new proper motion data, the membership probabilities
of 115 stars were determined. Furthermore, three colour-
magnitude diagrams (CMD) of V versus B—V, V — R
and V — I, respectively, for HB and GB stars were con-
structed from CCD photometry obtained with the Vainu
Bappu Telescope. An absolute proper motion of the clus-
ter of —2.08 + 0.48 mas/yr in right ascension and —3.07 +
0.46 mas/yr in declination has been obtained. The space
velocity and apogalactic distance of the cluster with re-
spect to the Galactic standard of rest were calculated. In
contrast to the first results given in the literature we ob-
tain a significantly lower velocity and a smaller apogalactic
distance for NGC 4147.

Key words: stars: kinematics — stars: Hertzsprung-
Russell and C—M diagrams — globular clusters:
individual: NGC 4147

1. Introduction

Globular clusters (GCs) are among the oldest stellar ob-
jects in the Milky Way. Due to the total luminosity from
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the large number of stars, they can be observed far away.
They play very important réles in the study of the struc-
ture and evolution of the Galaxy. For instance, with GCs
as a new constraint, Dauphole & Colin (1995) studied
the mass distribution in our Galaxy, re-calculated the
model potential and obtained a better consistency with
the observations. The formation of the Galaxy was stud-
ied by Eggen et al. (1962; hereafter ELS), which were in
favour of a pressure supported rapid collapse model (ELS
model), while Searle & Zinn (1978; hereafter SZ) pro-
posed an accretion model of Galaxy formation (SZ model).
Their model is based on the fact that the globular clusters
could be considered as relics of some sub-systems merging
with the Galaxy, these relics still having different kine-
matics and metal abundances. Geffert et al. (1995) and
Dauphole et al. (1996), using a sample of 26 GCs with
absolute proper motion data, found a correlation between
the apogalactic distances and the metallicities in support
of the ELS model.

Kinematic parameters of globular clusters may provide
important information for the understanding of the forma-
tion of the Galaxy. The reliability of their determination,
however, depends of the quality of the proper motion mea-
suring. In fact, the accuracy of radial velocities of the GCs,
at present, is better than +1 km s~! and the accuracy of
distance determination is better than 10%. On the other
hand, if the proper motion accuracy were £1 mas/yr —a
typical value for a recent proper motion determination—
it would lead to an uncertainty of 50 km s~ for the tan-
gential velocity of an object with a distance of 10 kpc.
Moreover, proper motions should be linked to an iner-
tial reference system and this correction itself might have
larger uncertainties that could result in errors worse than
+1 mas/yr.

To avoid such errors from the corrections, Brosche
et al. (1983) have determined the proper motions of
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reference stars in the fields of globular clusters relative
to a large number of extragalactic objects, using the Lick
plates taken for the NPM program. They so reduced
the data directly to an inertial system. Using the above
method, Brosche et al. (1985) obtained absolute proper
motions of 42 stars in the globular cluster NGC 4147
and found the mean absolute proper motion of j, cosd =
—2.7+0.6 mas/yr, us = +0.9+£ 0.6 mas/yr (in 1991, they
recalculated the both errors as +1.3 mas/yr). One problem
in their work is, that the number of observed stars is too
small and no photometric data are given. Since also the
proper motion accuracy of individual stars is poor, mem-
bership cannot be estimated reliably and only three field
stars in the sample were found. Another problem is that
Brosche et al. (1985) used the AGK3 Catalogue to deter-
mine the positions of reference stars so that their results
still unavoidably contain systematic differences from an in-
ertial system. Now we can fortunately use the Hipparcos
Catalogue, which is the best optical realization of the
International Celestial Reference System, to minimize
such a difference.

The colour-magnitude diagram of the globular clus-
ter NGC 4147 was given earlier by Sandage & Walker
(1955) and was studied by Friel et al. (1987) later. Auriére
& Lauzeral (1991) presented the BV CCD photometry
of this cluster and presented a CMD of 532 stars up to
V = 21 within a 100" x 160" area. In the CMD, they
found a red giant 25" away from the cluster center, which
was about 1 mag brighter and 0.4 mag redder than other
red giants in the cluster. The giant is located on the ex-
tension of the red giant branch (RGB) of the cluster CMD
but it may also be a field star. The proper motion data of
this star may provide a clarification of its membership.

In the present work more accurate absolute proper mo-
tions for more stars in the cluster NGC 4147 region are de-
termined. With the proper motion result, the membership
probabilities of the stars are estimated using the maximum
likelihood method. Meanwhile, multi-colour photometry
was made of stars in the cluster. The proper motion mem-
bership probability is used to purify the CMDs. Then,
with this member sample, a more reliable mean absolute
proper motion of the cluster is deduced.

2. Observations and photometric reduction

Three first epoch plates were taken with the 40 cm re-
fractor (f = 6895 mm) at Sheshan station of Shanghai
Astronomical Observatory in 1958 (see Table 1). All of
these were taken without filter but are roughly in the B-
passband. Perhaps due to weather changes during the ob-
servations, the number of detectable stars on the plates
varies significantly, although the exposure times of these
plates are not very different. Altogether, there are 115 dif-
ferent stars measured on the three plates.

All plates were scanned using the PDS-1010MS instru-
ment of Purple Mountain Observatory, Chinese Academy

Table 1. The three first-epoch plates taken with 40 cm refractor
at sheshan station of Shanghai Observatory

Plate No. Observation date Exposure No. Stars

CL 58001 1958 — 03 — 29 60™ 38
CL 58003 1958 — 02 — 13 45™ 24
CL 58004 1958 — 02 — 13 60™ 112

Table 2. CCD Observational material taken with the Vainu
Bappu Telescope

Frame Observation date Passband Exposure (s)
24mA4147i27f 1996 — 03 — 24 1 60
24m4147i28f 1996 — 03 — 24 1 180
24m4147i29f 1996 — 03 — 24 1 900
24m4147r30f 1996 — 03 — 24 R 60
24m4147r31f 1996 — 03 — 24 R 180
24m4147r32f 1996 — 03 — 24 R 900
24m4147b33f 1996 — 03 — 24 B 180
24m4147b34f 1996 — 03 — 24 B 300
24m4147b35f 1996 — 03 — 24 B 1800
24mA4147v36f 1996 — 03 — 24 |4 60
24m4147v37f 1996 — 03 — 24 |4 180
24m4147v38f 1996 — 03 — 24 |4 1200
24m4147b30f 1996 — 03 — 25 B 1800
24m4147v31f 1996 — 03 — 25 |4 1200
24m4147r32f 1996 — 03 — 25 R 900
24mA4147i33f 1996 — 03 — 25 1 900

of Sciences. Window scanning was used, with the ini-
tial coordinates converted from the CCD data (see be-
low). The second epoch data in this paper are CCD
frames taken in 1996 with 2.34 m Vainu Bappu tele-
scope at Kavalur, India (focal length 7558 mm, geographic
position: E121°11'11.3"”, N31°05’47.6”, altitude 713 m).
Table 2 gives the detailed observing information. The
main purpose of taking these frames is to do BV RI
photometry, but they are also of interest for astrome-
try. Of these, four B-passband frames were used for the
proper motion determination. The CCD was made by
Photometrics Inc., type TK1024AB2, 1024 x 1024 pixels,
each 24 x 24, the field is 11’ x 11’. This field size defines
the investigated region in our work. Image processing of
the CCD data frames was done in the usual manner using
bias subtraction and flat-fielding. The coincidence of the
flat field frames (summed for each colour band) is bet-
ter than a few percent in all the filters. The magnitudes
were determined using DAOPHOT?2 and ALLSTAR2 pro-
file fitting softwares (Stetson 1987, 1992). The stellar point
spread function (PSF) was evaluated using the Penny
model of DAOPHOT?2 from several uncontaminated stars
present in each frame. The image parameters and errors
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Table 3. Coeflicients of linear transformation of 3 B-passband
CCD frames to the standard CCD frame (24m4147b33f)

Frame X coordinate Y coordinate
a b c a’ b c
24m4147b34f 1.00 0.00 0.38 0.00 1.00 0.82
24m4147b35f 1.00 0.00 —0.31 0.00 1.00 1.49
24m4147b30f 1.00 0.00 16.42 0.00 1.00 —21.80

Note: 2’ = axz + by + ¢,y = o’z + b’y + ¢, in units of pixel.

Table 4. Average positional accuracy of the position of one star
on the B-passband CCD frames (unit: pixel)

Frame Oz oy star number
24m4147b33f 0.22  0.20 106
24m4147b34f 0.18 0.17 103
24m4147b35f 0.20 0.19 104
24m4147b30f 0.21 0.16 101

provided by DAOPHOT?2 and ALLSTAR2 were used to
reject poor measurements. About 10% of the stars were
rejected in this process. After all the frames were reduced,
Stetson’s (1992) DAOMATCH and DAOMASTER rou-
tines were used to cross identify the stars measured on
different frames of the cluster region.

In order to estimate the astrometric accuracy of the
four B-passband CCD frames, we took the first frame
(24m4147b33f) as a standard frame. Rectangular stellar
positions (in units of pixel) in the other three B-passband
frames were linearly transformed to the same system as
the standard frame (coefficients of the transformation are
listed in Table 3). The few stellar positions in those three
frames that have significant coordinate deviations (ex-
ceeding 2 pixels) in comparison with the standard frame
(probably due to erroneous identification or severe image
blending) were rejected before further reductions. Then we
obtained an average frame in which each stellar position
is the mean of the (z, y) coordinate in the four frames (in
the same system). Coordinate deviations for stars in all
four frames with respect to the average frame were calcu-
lated and stars with x or y deviations larger than 0.7 pixel
were rejected. The resulting (x, y) coordinate dispersion
for the remaining stars is about 0.2 pixel, corresponding
to 0”13 (see Table 4). We only used the remaining stars
for further astrometric reductions (Table 4 also lists the
number of stars used in each frame).

The CCD instrumental magnitudes have been cal-
ibrated using local standards in the cluster field by
Christian et al. (1985). The equations relating the
instrumental magnitudes to standard magnitudes are:

B = b—(0.3213 +0.0165)(b — v),
V = v—(0.1528 £ 0.0118)(v — 4),
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Table 5. Photometric errors (output of DAOPHOT) from the
fit to the star profile

Parameter Median error Maximum error
14 0.025 0.296
B-V 0.043 0.404
V-R 0.045 0.301
7 0.043 0.303

R = 7+ (0.0738 + 0.0287)(v — 1),
I = i+ (0.0706 % 0.0156) (v — i),

where b,v, 7,4 represent instrumental magnitudes while
B,V, R, I represent standard magnitudes.

The limiting magnitude of the photometry is close
to V = 22 mag, in this paper however, only stars with
proper motion data available were considered, whose lim-
iting magnitude is about B = 17.6. Table 5 shows the
photometric error distribution for the 115 stars. The com-
plete photometric work will be given in a separate paper
by A.C. Gupta.

3. Proper motion reduction and membership probability
estimation

For the reduction of the proper motions we used the cata-
logue of positions and proper motions of 82 stars based on
Hipparcos system given by Geffert et al. (1997) reduced
from positions of stars on plates taken with the 30 cm re-
fractor (f = 5130 mm) over 60 years (Brosche et al. 1985).
The catalogue is in the J2000 system with an epoch of
1950. It has 54 stars in common with the present work.
These stars served as reference stars. A Central overlap-
ping procedure (Russell 1976; Wang et al. 1996) was used
for the proper motion reduction. The four B passband
second epoch CCD frames were treated in the same way
as the three first epoch plates and all will be designated
as “plates” hereafter. The x,y coordinates of the stellar
images in the plates with units of CCD pixel were mul-
tiplied by a suitable factor in order to convert them into
numbers in units of mm, which are close to the units of
the measurements of the first epoch plates. All of the 54
reference stars were adjusted in each iteration of position
and proper motion reduction.

In the reduction we checked the need for different plate
constants. It is shown that six plate constants would be
enough for our central overlap procedure. Thus, higher
order polynomials of the positions and additional magni-
tude and color terms were not necessary. Figure 1 gives
the residuals in x and y with respect to magnitude and
color, respectively, for plate CL 58004 (here we selected
only stars which were seen on at least two of the first
epoch plates), Fig. 2 gives the same relations for CCD
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Table 6. Internal astrometric errors

Parameter Median error Maximum error
e 020041 070394
0 0”059 0”404
fha COS O 1.45 mas/yr 15.13 mas/yr
s 1.39 mas/yr 11.88 mas/yr

frame 25m4147b30f. Both figures show no significant sys-
tematic trend. From these two figures one can find that
the positional accuracy of the CCD frames is about 0713,
which is consistent with our estimation above, while the
positional accuracy for photographic plates is about 0”20
(after rejecting several stars with large deviations).

After the fourth iteration positions and proper mo-
tions from two subsequent iteration steps showed little
deviations. Mean differences in position were smaller than
0”703, the rms is smaller than 6 mas and the differences
in proper motion were below 1 mas/yr, the rms below
0.15 mas/yr. We took the positions and proper motions of
115 stars given by this iteration as the final outcome and
their errors are listed in Table 6. It should be pointed out
that the errors given in Table 6 are only estimates of inter-
nal errors in the adjustment process and are undoubtedly
underestimated to some extent. In our following discus-
sion on the membership probabilities, we shall give more
realistic error estimates.

To search for possible systematic errors in our resulting
proper motions, we selected a test sample of 34 stars with
membership probabilities greater than 0.7 and of horizon-
tal branch or the giant branch nature from the V' versus
(V —I) diagram (see Fig. 6 and text below). From this
sample, the resulting proper motions were plotted against
R.A.,DEC., V and V —1I, respectively, as is shown in Fig. 3
and Fig. 4. No apparent systematic dependence could be
found in these figures. However, as is seen in these figures,
the proper motion dispersions are much greater than the
internal errors in Table 6. The proper motion dispersions
here are 2.7 mas/yr in right ascension and 3.2 mas/yr in
declination, respectively, which should be related to the
astrometric accuracy of the CCD frames and the pho-
tographic plates. For those stars which are seen on all
three plates and four CCD frames, the accuracy is rather
3 mas/yr.

For the membership probability estimation, we used a
maximum likelihood method with a 9-parameter Gaussian
model as follows:

(I)c (Ma:ia :U'yL) + (I)f(:u'xia Myi)a
Ne
2m(of + €2,)1 /% (08 + €3,)1/2

1 (Ma:i - ,U'xc)Q (Nyz - Myc)Q
"eXPY 5 + 7, .2 ,
lon —l—syi

2 2
2 oy ten;

D (i pyi) =
q)c(,u:m;,uyz) ==
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where (g, tys) and (e4i, €y;) are the proper motion com-
ponents of the i-th star and their observing errors, respec-
tively. The centers of the cluster and of the field stars in
the proper motion vector point diagram, (e, ftyc) and
(e, Hyt), the intrinsic dispersions of the proper motions
of the cluster members and field stars op and (040, 0y0),
the correlation coefficient p, and n., the fraction of all
member stars, have to be determined in the fit. The 9
parameters were determined by the maximum likelihood
procedure and their uncertainties by the second derivative
of the likelihood function. The results are summarized in
Table 7. Once these parameters are determined, the mem-
bership probability of i-th star is given by

(pyi — :ny)Q

+
2 2

Pi = Pe(ais tyi) [ P (i fhyi)-

Figure 5 gives the vector point plot diagram of the 115
stars, with different symbols for different probabilities.
The number of stars with different membership proba-
bilities is shown in Table 8. According to the value of n.
in Table 7, there should be 70 cluster stars, under the as-
sumption that stars with p < 0.6 can be regarded as field
stars.
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Table 7. Estimates of model parameters from maximum likeli-
hood fitting

Parameter Estimate
Hazc —1.65 £ 0.39 mas/yr
Lye —2.69 £ 0.38 mas/yr
Lot —5.30 + 0.66 mas/yr
Lyt —4.13 + 2.63 mas/yr

o 2.58 + 0.33 mas/yr

Oxo 12.69 £+ 0.10 mas/yr

Oy 11.52 + 1.40 mas/yr
p —0.105 £ 0.095

Ne 0.698 £ 0.051

Table 8. Membership probability distribution of stars in the
region of NGC 4147

Prob. Number of stars
1.00—0.90 59
0.90—0.80 16
0.80—0.70 6
0.70—0.60 2
0.60—0.50 2
0.50—0.40 2
0.40—0.30 1
0.30—0.20 2
0.20—0.10 3
0.10-0.01 3

0.00 19

The values in Table 7 provide a possibility of estimat-
ing the external accuracy of the proper motion results in
this work. Since NGC 4147 is very far away from us the
contribution by the internal motions of the cluster stars
can be neglected and oy can be regarded entirely as the
observational dispersion. The dispersion of 2.6 mas/yr is
in good agreement with the error estimated from the as-
trometric accuracy of the CCD frames and the plates.

4. Color-magnitude diagram

The color-magnitude diagrams of V' versus B—V,V — R
and V — I are presented in Figs. 6-8, respectively, with
different symbols for different membership probabilities as
used in Fig. 5.

The characteristic behaviour of these diagrams is, on
the whole, similar to the CMD of V versus B — V from
Auriere & Lauzeral (1991), however with a large disper-
sion for the cluster members, especially there are quite
a few stars with large membership probabilities located
above the horizontal branch. From our CMDs of V' ver-
sus V — R and V — I, it seems that there exists a sec-
ond horizontal branch (somewhat similar to the second
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main sequence in CMD of some open clusters). It might
be caused by double stars. On the other hand in our sam-
ple, we have not identified the RR Lyrae stars which would
drift off the horizontal branch. Moreover, crowding prob-
lems near the cluster center caused the reduced accuracy
of the photometric data, and this could be another reason
for the large dispersion in the member star sequence. In
our sample 54 stars, which appeared only on one of the
first-epoch plates (CL 58004) and not in the catalogue of
Geffert et al. (1997), have relatively large uncertainties in
the membership probabilities since their proper motion es-
timates can only be regarded as preliminary. In addition,
some of our stars with large membership probabilities have
large internal proper motion errors (which can be seen in
the vector point diagram of proper motions). In this case,
it is likely that one or two non-members were estimated
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as member stars, which could also lead to an increase of
the dispersion in the CMDs. It is interesting to note that
the star sorted out by Auriere & Lauzeral (1991), being
brighter than the red giants by about 1 mag and redder by
0.4 mag is, according to our result, a cluster member with
a membership probability of 0.97. It is located on the ex-
tension of the red giant branch in all three CMDs. Based
on this, it is very probably an AGB star which is entering
or has entered already the thermal pulsation stage. Since
the cluster radial velocity is large, and the star not ex-
ceedingly faint, a future radial velocity measurement may
check its membership.

5. Illustration of the catalogue

In Table 9 we give absolute proper motions as well as
BV RI photometric data for 115 stars in the region of
globular cluster NGC 4147. The investigated region is
about 11’ x 11’ in size. The limiting magnitude of 115
stars which have proper motion data available is close to
B = 17.6 mag. The complete photometry on NGC 4147
will be given in a separate paper by A.C. Gupta. Detailed
description about the observation, plate measurements
and astrometric reduction can be found in Sect. 2 and
Sect. 3 of this paper. In Table 9 the 115 stars were ar-
ranged in two parts. The first part includes 61 stars which
appear on at least two of the first-epoch plates, or which
have the position and proper motion data from Geffert
et al. (1997) though it might appear on only one of their
first-epoch plates. The second part includes 54 stars which
appear on only one of our first-epoch plates, and these
proper motions should be regarded as preliminary. The
meaning of each column in Table 9 is as follows:

(1). sequence number of stars in this catalogue,
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(2). sequence number in the complete photometric cata-
logue of A.C. Gupta,
). sequence number in Geffert et al. (1997),
4). internal star ID number in Geffert et al. (1997),
).V magnitude,

). standard error of the V magnitude (in units of
0.001 mag),

). B —V color index,

). standard error of B — V' (in units of 0.001 mag),
9). V — R color index,

0

1

10). standard error of the V' — R (in units of 0.001 mag),
11). V — I color index,

12). standard error of V' — I (in units of 0.001 mag),
13). right ascension relative to J2000.0 equator and ver-

nal equinox for epoch 2000,

(14). standard error of the right ascension (in units of
0.00001 s),

(15). declination relative to J2000.0 equator and vernal
equinox for epoch 2000,

(16). standard error of the declination (in units of
070001),

(17). absolute proper motion in right ascension (in units
of 0.01 mas/yr),

(18). standard error of the absolute proper motion in right
ascension (in units of 0.01 mas/yr),

(19). absolute proper motion in declination (in units of
0.01 mas/yr),

(20). standard error of the absolute proper motion in dec-
lination (in units of 0.01 mas/yr),

(21). number of plates contain this star,

(22). membership probability,

(23). member selection (0: non-member, 1: member).

6. Proper motion, space velocity and orbital parameters
of the cluster

We have obtained three values for absolute proper motion
of the cluster, from (1) the maximum likelihood fitting
(—1.65+0.39, —2.69£0.38) mas/yr; (2) the mean value of
proper motions of all stars, weighted by membership prob-
abilities (—2.08 £0.41, —3.07+0.39) mas/yr; (3) the mean
value of proper motions of all members, equally weighted
(=1.94 4+ 0.47,—2.86 = 0.39) mas/yr. In comparison,
Geffert et al. (1997) gave the value (—1.0,—3.5) mas/yr
(this value is also used by Odenkirchen et al. 1997). All
these results can be regarded as consistent within the
uncertainties. We take the second set as our final estima-
tion of the absolute proper motion of the cluster. Taking
into account a systematic error of the Hipparcos proper
motions of +0.25 mas/yr, we have the absolute proper
motion of the cluster as (—2.08 + 0.48,—3.07 + 0.46)
mas/yr. We calculated the space velocity of NGC 4147
in a system of galactic standard of rest using a dis-
tance of the Sun from the galactic center of 8 kpc,
a rotation of 225 km s~!' at the place of the Sun,
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Table 9. Absolute proper motions and BV RI photometry of 115 stars in the region of globular cluster NGC 4147
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Table 10. Space motion and orbital parameters of NGC 4147

PM value 11 C] Z R, Ry e )
(km s™1) (km s™1) (km s™1) (kpc) (kpc)
(2) +70 —-91 116 22.5 4.2 0.69 89°2
(2)+1o +104 —58 123 22.0 2.3 0.81 84.2
(2)—1o +26 —124 109 23.5 6.9 0.55 91.7

a peculiar velocity of the Sun relative to LSR of
U=10kms !,V =15km s tand W = 8 km s™!
(note that U points from the Sun to the galactic center,
V' is parallel to the galactic plane in the direction of the
galactic rotation and W perpendicular to the galactic
plane), a heliocentric distance of NGC 4147 of 18.32 kpc
and a heliocentric radial velocity of NGC 4147 (from
Harris 1996) of 183.2 km s~!. The resulting space velocity
of NGC 4147 is 164 + 24 km s~!. Taking the proper
motion value from just the maximum likelihood fitting,
we obtained the space velocity as 142412 km s~!, which
is, within the uncertainty range, in a good agreement
with the above.

We didn’t take into account the uncertainty of the
heliocentric distance determination of the cluster in the
above reductions. Let us assume the adopted distance of
the cluster has a relative error of 10%. With this error
assumption, we used two extreme distance values (that is,
by adding +1o variations to the adopted one) as input
data for a similar calculation. The derived space velocity
values are 183 &+ 30 km s~ ! and 149 & 18 km s™!, re-
spectively, which are consistent with our adopted value of
164 4 24 km s~! within the uncertainty range.

Therefore we take the space velocity result derived
without considering the distance uncertainty as input
value in the following kinematic discussions.

The velocity components of NGC 4147 in the galactic
standard of rest as well as the orbital parameters calcu-
lated using the potential model from Dauphole & Colin
(1995) are listed in Table 10. In addition, we varied the
cluster proper motion by 4+ 1 ¢ and re-calculated the cor-
responding velocity and orbital parameters, which are also
listed in Table 10. The velocity components 11, ©, Z are in
a system of galactic standard of rest. II points radially
outwards from the galactic center to the cluster, © is in
the direction of the galactic rotation, Z is perpendicular
to the galactic plane and towards the galactic north pole;
R, is the apogalactic distance, R}, is the perigalactic dis-
tance, e is the eccentricity, and 7 is the mean inclination
angle of the orbit plane.

7. Discussion

The space velocity and the orbital parameters of
NGC 4147 in Table 10 are quite different from those given
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by Dauphole & Colin (1995), but are in good agreement
with the values given by Odenkirchen et al. (1997). The
major difference to the work of Dauphole & Colin (1995)
lies in the velocity component ©, where our values change
the cluster’s prograde rotation of Dauphole & Colin
(1995) into a retrograde motion. Since the inclination
angle of the cluster orbit is close to 90 degree, small
changes in the proper motion may change the sign of ©.
Both of the absolute proper motion results from this pa-
per and from Odenkirchen et al. (1997) are based on the
Hipparcos reference frame and should have a better
reliability. However, large proper motion errors of the
single stars exist in the previous work while the proper
motion reduced in the present work should be better
due to deeper first epoch plates. From the relationship
between apogalactic distance R, and metallicity [Fe/H]
of 26 globular clusters, Dauphole et al. (1996) proposed
the existence of a metallicity gradient among the halo
globular clusters and they took this as a support to the
rapid collapse model of the Galaxy (ELS). It seems that
such a metallicity gradient is present in their Fig. 4.
NGC 4147 is one of the two clusters, which do not fit very
well to the proposed relation. As for NGC 4147, according
to Dauphole & Colin (1995), its apogalactic distance is
52 kpc, while its metallicity [Fe/H] = —1.80. If the metal-
licity gradient is true for the halo clusters, NGC 4147
should have an apogalactic distance smaller than 40
kpc. Using R, calculated here or from Odenkirchen
et al. (1997), the apogalactic distance of NGC 4147
will fit better to the apogalactic relation of distance
and metallicity and NGC 4147 will be then a “normal”
cluster. Among the smaller sample of 15 clusters with
proper motions based on Hipparcos reference stars in
Odenkirchen et al. (1997) the relation between R, and
[Fe/H] is hardly seen. What can be inferred from their
work is that the more metal-rich clusters are concentrated
towards the galactic center and that the group of clusters
with retrograde orbits (including NGC 4147) is in general
chemically quite homogeneous, with [Fe/H] between —1.5
to —2.0. This conclusion is to a certain extent in favor
of Searle & Zinn’s (1978) accretion model, but it not
necessarily excludes the ELS model. Our results support
the conclusion of Odenkirchen et al. (1997). Obviously
more accurate absolute proper motion data of globular
clusters should be obtained before we can make definite
conclusion on the existence of the metallicity gradient
and which of the ELS and SZ models would be the most
favorable scenario for the formation of our Galaxy.
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