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Table 1 The main parameters of old open clusters

(016} Cluster RA DEC Agem] Rgc[12] oC Cluster RA DEC Age[12 Rgc[lz]
no. name /Gyr  /kpc | no. name /Gyr  /kpc
1 Berkeley 12 71.1 42.691 2.0 12.49 | 24 FSR 1083 110.503  3.557 2.0 12.66
2 Berkeley 14 74935  43.488 2.7 13.13 | 25 FSR 1113 107.3  —1.502 2.8 11.59
3  Berkeley 17  80.13  30.574 7.2 11.67 | 26 FSR 0866 103.823  29.745 2.1 9.55
4  Berkeley 18 80.531  45.442 44 13.81 | 27 King 2 12.741  58.188 4.1 13.26
5  Berkeley 19 81.014 29.575 2.2 14.89 | 28 LP 5 156.138 —72.51 2.7 7.84
6  Berkeley 20 83.152  0.185 4.8 16.32 | 29 Melotte 66 111.573 —47.585 4.3 10.28
7  Berkeley 21  87.93  21.812 2.1 14.73 | 30 NGC 188 46.486  44.383 7.1 9.29
8  Berkeley 25 100.317 —16.487 2.5 13.81 | 31 NGC 1193 11.798  85.244 5.1 12.71
9  Berkeley 29 103.268  16.93 3.1 20.58 | 32 NGC 2112 88.452  0.403 2.1 9.36
10  Berkeley 31 104.406  8.285 2.8 15.09 | 33 NGC 2204 93.882 —18.67 2.1 11.34
11  Berkeley 32 104.53  6.433 4.9 11.14 | 34 NGC 2243 97.395 —31.282 44 10.58
12 Berkeley 39 116.702 —4.665 5.6 11.29 | 35 NGC 2682 132.846 11.814 4.3 8.96
13  Berkeley 66 ~ 46.03  58.731 3.1 12.35 | 36 NGC 3680 171.392 —43.24 2.2 8.10
14 Berkeley 68  71.053  42.134 2.1 11.60 | 37 NGC 6253 254.778 —52.712 3.2 6.88
15  Berkeley 70  81.457  41.951 2.2 13.20 | 38 NGC 6791 290.221 37.778 6.3 7.94
16  Berkeley 78 110.913  5.37 3.9 11.99 | 39 NGC 6819 295.327  40.19 2.2 8.03
17  Berkeley 98 340.665 52.407 2.5 9.79 | 40 NGC 7142 326.29  65.782 3.1 9.26
18 Collinder 261 189.519 —68.377 6.3 7.26 | 41 NGC 7762 357.472  68.035 2.0 8.78
19  Czernik 21  81.671  36.013 2.6 12.35 | 42 Ruprecht 147  289.087 —-16.333 3.0 8.05
20  Czernik 24  88.848  20.876 2.7 12.29 | 43 Skiff J05074+30.8 76.78  30.846 2.5 14.38
21  Cezernik 30 112.796 —9.945 2.9 13.78 | 44 Teutsch 11 96.352  13.878 2.0 14.48
22 FSR 0278  307.761 51.021 2.2 8.45 | 45 Trumpler 5 99.126  9.466 4.3 11.21
23 FSR 0496 6.656 64.01 2.0 9.14

Notes: Age and galactic distance of 45 open clusters in the sample. The first column is the uniform number of star clusters in our

sample; the second column contains the names of open clusters; the third and fourth columns list the location information of the

corresponding open clusters; the fifth column is the open clusters age; the sixth column is the galactic distance. The source of

reference is the work of Ref. [12].
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Fig.1 Public member star metallicity comparison of different sky surveys in cluster NGC 2682. [Fe/H]pamosT indicates the

metallicity of the open clusters under the LAMOST survey, [Fe/H]garan indicates the metallicity of the open clusters under the
GALAH survey, and [Fe/H|apocrr indicates the metallicity of the open clusters under the APOGEE survey.
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Fig.2 The metallicity distribution of the member stars of open cluster NGC 2682 based on the GALAH, APOGEE and
LAMOST data. N indicates the number of open clusters.

BT ok, FeAl1R H A Netopil Z B ALL Y J7 72,
THE TR B A e 4 0 & i F FEHE AR, RATH &
REMEBFE Y NP — KR ETAPOGEES
B R GIE R RS B &8 E AR, 2R
FETLAMOSTHE 73 #F F 635 & R 13 2 1) & )&+
FEHAE. X T RHA TR B, WG SR
ST AL 1) 7 572 2R 4 SR = B, B L P S5 B AT A A
EAE Az s fCR 0 4 8 F FEHERE . X T A FEK
R I 2] 1) TR — R 3 F2 IR, A T4 UL
UWHGL S, BIINAPOGEEMGALAHXS [F]— i 7
LA WA, 84X R F 4R+
FEE [FIREA R0, EFRA TIP3 S R A E T A
W CEAITEAE R EE. A, X TRE R T E
R TE KRG E A Rk 51 R 4R T FE s HUE 41, 8¢
HE R B BT KRR 38 AR B I FRATT ) 7 i

41-8

A, A TATIEFE I TLAMOST 141 73 #f %
W &8 E A Z AR & B EEHEE 55
YR B AL B 7 A, AT IH S 2 F &
R & B T Y B R R A A A N % 5 U [
(14 J8 = BEHERR A, SR2P i Ja b I 4h AR A A1
&8 FREHERE, PR PR B 15 R IR 1
FERLI A (7 53, Res), HERHEREKAE T &
Iy HEE SR, LR R HEEE R A TR HE ok
T, 5241 s WL IR E S 3HI AR 451 43 il R
AN VTS BT I AR [ R R (P B R bR A
725 SE5HIFNHHUR B R R AR, PR A
H AT AR 41 B2 S B U 11 1 4 = T AR A

3.2 REREERFEHRE
FEIX — &R 73, FATH 20 g HUE H i & s



63 % SROCKESS: A BRI 1) 6 3 5 S AR < Ja = B L AL AT 7 4 34

FREMEFEARCKAM RSB EEFIME), & S50 AU IEER, S22 R/ —RiES B &
FOR AL B T EBA LR ) p k. B3gs A RAMERE, SR RNRE RN SR F RN
FEAS b 2248 i AU A1 1) 4 J =F P Bl AR O BE ) 24k, —0.047 dex/kpc.

y=-0.047x+0.350

0.4 + y:u/dex,x:Rgc/kpc
0.2 + ‘ #
°
0.0 \I\I\’L °
$ 02 P ‘r .
EL ~—t

~0.6

-0.8

~1.05 7 ) i1 i3 15 17 19 21
Rgc/kpc

Bl 3 ZHHEUERIREARS MR SR F AR, BAPRRALOEE, ALFRR [Fe/H] NP9 ME p, BITHUURFEA b Z RS HUR B INNE,
HE&RH TN ZRIENE IR,
Fig.3 The radial metal abundance gradient of the Galactic disk, the abscissa is the galactic center distance. The ordinate is p,
which is the average of [Fe/H]. The scattered points in the figure represent our samples of old open clusters, and the straight

line is the result of the ordinary least squares.
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Fig.4 The radial metallicity gradient of the Galactic disk evolves over time, and the abscissa is the galactic distance. The
ordinate is u, which is the average of [Fe/H]. The solid triangle in the figure is the sample data of open star cluster obtained by
Ref.[10], and the solid dots are the sample data of this paper. The straight line is the result of the ordinary least squares. The
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Metallicity of Old Open Star Clusters and Study on the
Evolution of Metallicity Gradient of GGalactic Disk

ZHANG Wen-jing!? ~ CHANG Rui-xiang! ~ ZHANG Xi':23
(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 Changchun Observatory, National Astronomical Observatories, Chinese Academy of Sciences, Changchun 180117)

AsstracTt Open clusters are good tracers for the study of the structure and evolution of the Milky Way.
Previous studies of open clusters have shown that only a small number of open clusters have metallicity
measurements. Moreover, these measurements based on different qualities of observed data, using different
methods. In this paper, we collected a sample of an elderly open cluster older than 2 Gyr by collating
the metallicity data of these cluster members. On the one hand, the systematic errors of metallicity of
members given by different spectral survey projects are compared as the example of NGC 2682. On the
other hand, the mean and median values of metallicity of the members are calculated as the recommended
values of metallicity of the open cluster. In addition, the evolution of the radial metallicity gradient of the
disk with time was investigated using this sample. The results show that the radial metallicity gradient
of the disk is steeper in the early stage, and gradually becomes flat with the increase of evolution time,
which provides a more strict observation constraint for the chemical evolution model of the disk.

Key words Galaxy: open cluster, Galaxy: abundances, Galaxy: disk, Galaxy: evolution
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