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Abstract

Abstract

Open clusters are a class of important celestial systems that are widely distributed
in the disk of the Milky Way. They are formed by hundreds to thousands of stars that
are bound together by gravitational forces. These stars usually originate from the same
molecular cloud and exhibit characteristics of a coeval population, meaning they share
similar parameters such as age, distance, radial velocity, and metallicity. By analyzing
the Hertzsprung-Russell diagram of open clusters in depth, key information such as the
stars’ age, mass, and evolutionary stage can be inferred. Due to their unique proper-
ties, open clusters serve as important sites for studying stellar evolution. Open clusters
not only span a wide range of ages, from millions to billions of years, but also have a
broad spatial distribution. Their metallicity reflects the chemical evolutionary history
of the Galactic disk, making them ideal "probes’ for studying the Milky Way. As a cru-
cial link between stars and the Galaxy, open clusters occupy a significant position in

astrophysical research.

Thanks to the high-precision astrometric parameters, such as spatial positions, mo-
tions, proper motions, and parallaxes, of billions of stars released by Gaia, the identifi-
cation of open cluster members has become more accurate. Combined with emerging
clustering algorithms, a large number of new clusters are continuously being searched
for and identified in the Milky Way, leading to a rapid increase in the number of open
clusters and continuously breaking records. Currently, the largest cluster catalog con-

tains nearly 5,000 open clusters.

Open cluster catalogs are important foundational tools for related research. Al-
though the open cluster catalogs, continuously updated based on Gaia data, include
high-precision photometric parameters, they still lack many key physical and chemical
parameters obtained from spectroscopic observations, such as stellar radial velocities,
atmospheric parameters, and metallicities. China’s LAMOST spectral survey, through
efficient large-scale sky area observations, has acquired a vast amount of stellar spectral
parameters, providing valuable data for open cluster research, including spectral infor-
mation such as radial velocities and metallicities of member stars. Previously, based on
LAMOST low-resolution spectral survey data, researchers had obtained spectral param-
eters like radial velocities and metallicities for 300 to 400 open clusters and performed

relevant large-sample statistical analyses.

With the advancement of the second phase of the LAMOST observation mission,
the open cluster sub-project of the medium-resolution spectral survey has also begun
implementation. By the end of the second phase, we have completed observations in

10 sky areas, obtaining spectral parameters for 82 open clusters.In order to make full

I



Study of the Properties of Open Clusters Based on LAMOST Medium-Resolution Survey

use of the LAMOST medium-resolution spectral data to study open clusters, we se-
lected the latest and most complete open cluster catalog, which includes five years of
medium-resolution spectral observation data from LAMOST DR11v1.1 and the catalog
from Hunt based on Gaia DR3. This has led to the construction of a large-sample open
cluster parameter catalog containing LAMOST medium-resolution spectral data. The
catalog includes radial velocity parameters for 1033 open clusters, as well as metallic-
ity, aelement abundance, and the abundance of twelve chemical elements for 446 clus-
ters.In addition, the sample provides radial velocities, atmospheric parameters, element
abundances, observational values, and their errors for over 6,800 member stars with
membership probabilities greater than 50%. Our work has created the largest catalog of
open star clusters to date, incorporating spectral parameters from LAMOST, providing

crucial data support for the statistical study of large sample open star clusters.

We performed statistical analysis and comparison of the cluster’s average radial
velocity, metallicity, the abundances of 13 elements, and the atmospheric parameters
(effective temperature, surface gravity) of the member stars. The cluster’s radial velocity
was compared with high-resolution spectroscopic survey results (APOGEE), with an
average difference of less than 1 km s~! and a standard deviation of less than 10 km s™!;
when compared to low-resolution spectra (LAMOST) data, the average difference was
approximately -5 km s~!, with a standard deviation of about 10 km s~!. The cluster’s
metallicity [Fe/H] was compared with high-resolution literature values, with an average
difference u ranging from 0.02 to 0.04 dex and a standard deviation ¢ of 0.06 to 0.08
dex; compared to low-resolution (LAMOST) data, the average difference y was less
than 0.02 dex, with a standard deviation o smaller than 0.2 dex. The comparison results
suggest that the spectral parameters observed by LAMOST at lower resolution generally
show good quality.

Finally, we performed a linear fit of the metallicity [Fe/H] distribution along the
Galactic center distance (Rgc) for 442 open clusters, and along the Galactic vertical dis-
tance (|Z]) for 230 clusters. The gradient slopes obtained were -0.041 +0.008dex kpc_1
and -0.044 +0.067dex kpc™! , respectively.Moreover, at the Galactic center distance of
11.5 kpc, our sample shows a ’knee’ in the radial gradient distribution of metallicity that
is similar to what has been reported in high-resolution literature. The fitting slopes for
regions smaller and greater than this inflection point (11.5 kpc) are -0.047 +0.006dex
kpc~! and -0.014+0.017dex kpc™!, respectively.

Key Words: LAMOST-Medium Resolution Spectroscopic Survey , Open Cluster, Data

Analysis, Atmospheric Parameters
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N RER K. SFIREH (Chaboyer et al., 1996; Bica et al., 2006; Massari et al.,
2019) ML (3R 1-107R ), Bk EEHA SRR RRHME : HE B R R
SRR, BEARTEAR 2 IR R AS, B B2 [R5 | R A A XA
550

B B AR I s FEAROR , s TACEJLE 4R (Myr) 4AERER, a0
FA W B A NGC 2244, BIARISREEIL A (Gyr) WIAEZER, 11 M67.
EATFERR R P iy oA B v TR AL DK, R e P . 3K 28 DI R S
ARBIRECFE, NEERIESIRML TA P BHCE BF AR A 7 e
43z, BRI B AR, AR A K FH R 4s, — B e 2 S AR
Jrlal, BEESARZY 20kpe A E

FER I, AT A 1 AR 2 I A 1Y), X 288 B el R B
[6]—H14> T 2 (Lada et al., 2003; Kruijssen et al., 2011; Pfalzner et al., 2012), HA&
HERIRAE, gt ul, NS0 BAEFR . g, M A &8 5
G4 PRI A . X s B 2 R R A AT, RO AT RE IS4
Wt 1 SR AR S L T DA i A v AR B B A AR L

1E 2 T X SR i T, B A B T R E A 4t . AT
S BB E R BRI AL TR AL By B B A Rkt B e L, 91 an 2L 4]
R, WEHEM Be BUE % . NS MRS, BECE RN G] R
B85, FEENEPERS, BB, Hrh i BB AR R, Bl
HE.

AL, BiEE BE R T a4, BN T 5T =Pk
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Table 1-1 The differences between open clusters and globular clusters

HEAHE HiALE R R
BB AR RRE LG T BT S T S
M > 10°M, M > 10° ~ 10" M,

ZEAE B R AR B AR O AR X
s AHTEAR BRI BRAR

EREE Ve VR SR BOTEN AT
Flt 4 (IMyr~1Gyr) & (> 10Gyr)

EAEE NS HEI R P &

51 R E 55 9

BB R % BI%

fezeglsy, Ha i F A — R bR T AR s e P s . I, R
Wizl B2 DA AR SA A PR, DA A SE s i R I B AR G 5
(aiupE e iU I SN P VRIS

G IR AR R AR S0 R o o G B, B R T R B AR AR E
Al BT B SR — R E B A AR B M RS, A58 B Ak T T S 400 A ]
. KRHIPAK, B B— BRI RS B R R BAE “IREE” 22— MBI
A RFFRAIRIT, AU B T S AR E B R L AL AR, iR
BN RS T RO RE IR LB Ty AR DA SR s A pL e, SR =
KEZWFEE

1.2 B ERRHARERL

RAKYEL2EAE R — TR T UM AR, BECE ST B A AR T X% 45
FEARSHPIREHENI o X 26 S5 S R0 25 RERAEAR . B 4T (Proper Motion) . #i
7% (Parallax ), #[## (Radial Velocity). 4 (Age). &8 FJF (Metallicity)
PAR R (Mass) %6, Hior, SEI0E . BATAMZESESE, FEEs (£57t)
DX A TR T T . 4 R DA Ak 22 e R 5, WS Bt
RS DA E . K EARIZEB A AR I, A E U B S50 e R R T i
2 H B -

[ Jost it 5 B2 AT g 5, AR R S 2 2 R, 3 AR RIS K I
HJrRE, BER—E MBS RmEE «TA”. BERAFEET. &~
AR VR B LI Bt RGBSR ST R T IR S e S A

FT I, FRATRE AU A A1 B2 Fe B B 18] A sh A BE B M Ik 2%, AR R 3C
2 AR Y Gaia 38 REE AR B A, RHETEE BR80T O
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S B RAE RSN G, B U A B 5 R R
12,1 G EFR R NFIER

LR BTN AN 7T 0 RS R L —, o2 18 ALK . Bhak
/K (William Herschel ), ¥ (Herschel, 1786) Hric#k 1T a5 B 55 B A H 2
Ao [F—BHW, ¥EERICEZR AR #75HE (Charles Messier) Zfil 71 PHHE &2
#°, MERTEEMEE 110 MRS RE, Hhad 29 M E R (% M34, M35,
M36 %) (Messier, 1781), M1 TAF A IESEWFSE0EE T A6l 19 HE4IARE 20 it
Y], RICFFMA R AR HIS R TY, B A TR A i 5
BACELEE, FFE TRNG AR H R AL SR T A, 1888 4F, Zuiy. Bk 5 i, 1t
KR, 5K (JL.E. Dreyer) #ifil i34 ) NGC B3 (New General Catalogue )
(Dreyer, 1888), HrhdEE 5. BEH. B REZMEBMRN R K2 R
DR, It 7840 A, EANICE TR KR R . BB, L UM JES
S, YPESRZEHEER (6111 NGC 2164, NGC 2516 %)

20 g =P, fEmiE BESS RS R T ECR B3 . WA
e 7RG 3. V05 (Harlow Shapley ) ZURi4E Y, BiHiE FIB0FHA & R 451
55 AE (Shapley, 1916), il Ak & A B9 4% O DI AT R A AUE HAE AR S5 44 1) —
B, AN SO AETEACE B IE R4y o X —JERETE 24 4 Gaia BHACAS3] T ULI
BRAIESE . 1930 47, EE K Z B A% R4 (Robert Trumpler) XJ Bk
HRETIEAS )G, il Trumpler £3% (Trumpler Catalogue) , HH1{i: 37
NEECR RN S HEISE S (Trumpler, 1930). 1962 4F, f# L. 45 (Ivan
King) #2411 “King 41" (King, 1962), M THREiHER H 45 e 2%
FEAAT, IR AN T B R B 45 AT

2|7 20 T4 80 A, BFEE WIS 20 DA B A ROR I & e, RELKR
T H Fic bl 2 KA, B R T A TE BRI . 1989 45, BN 25 0] =) (ESA) A& 4
A RAR N T2 B2 AK 248 (HIPPARCOS : High Precision Parallax Collecting Satellite ),
WL T 245 118,000 FiirfEES (FEHbER 500pc) 1H 2wk R . 22, BT
JCREEE , X SESELRENS HRARUE S B B A B A M. IR
e84, Pinsonneault et al. (1998); Baumgardt et al. (2000) 43 51X} 5 81 & 21 %) #E 25
BIFIFSE, HAEPT T &S5 i1%25; Robichon et al. (1999); Castellani et al. (2002) 115
T SEE EUR ATREAHY 4T WS AR RESE (29 0.5mas yr'),

20 28 90 AR, KEEZFMEM KRR (NASA) K GG 3 K2 BT s
(HST), FfEeipittfe, R T KEREWESPERERG, Pt fmngiE
HI NGC 6193 Ly O AU, MGG ANE 1-1F7R . 2MASS K5 H L3 T
ITLLANE BRI, T+ 2001 4E [ 58 AT 55« AF B 2MASS 7 5 4 K iE 214t
W s, AFEBRCR BB i USRI EZ R . filan, Grocholski
et al. (2002) 5T KM, XA KT 2Gyr WYEHLE ], K B BLLIA 5 B I 2%t
HEFEZ BAEE RS, S RHELG, WA 20181 7 8 B
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WEITH T B AU ] NGC 2158 fUFEE5; Chen et al. (2004) 3 185 E T80 24T
2MASS ¥, 15 H AR R HUR F 2 H K5 R4518; Yong etal. (2005) 454
2MASS il 5iEsdE, REE T 6 NMERIMMNEE . @R, ANTE
A e Ay e S R E 2 U Lol aR e 91 e 2P YL A S L2 1l S S N A A e N
XTI R T S R AR PR T R

Lee et al. (2008, 2011) fif B £ E B £ K (SDSS) 3 H BTk BUR 6% &
MFEEE , R T 2R E RN EE . RASEOAKEBERE, Ifit—
SR h B A SRR E FE o [RIB, HHAH OC 2531 5 A NGC 2420, M67
Fl NGC 6791 R[ % [a/Fe] {#; Chen et al. 2011) [AREF] ] SDSS ¥4, 4% H
ANEEFEER (NGC 6791, NGC 2420, NGC 2682, NGC 2158 Fll NGC 7789)
JRFFRABST, AGHESRE T BT 48 FEERI A1 s Cheng et al. (2012) N3
15T SEGUE WM A, I T 4R80T ZR AR A R 41 B A (0 A% ) e B 4
A3A, CNEREE R G T BRI S A AR T O R 2R A A

NGC 6193

() (b)

Pl 1-1 i RERUE ] NGC 6193 fil M7.
Figure 1-1 The galactic open clusters NGC 6193 and M7.

E: E B 3kiE:NASA-ESA.

1 20 405 % 2016 4F Gaia B(¥i & 2 BiW X B, =1 EEL—
ANTERBARPE, R B R G 40 2 ¢ B YRR . 102 e K
SR MIE. A (Gosta Lynga) F5/0Zmifil i 25 (Lynga Catalogue) (Lynga,
1982), Mk i W KB SCHR B R SR HL A BB CoA LI B, M T aX—
B, Hp s 1200 20 HEUE . fEILERE T, Mermilliod (1995) Al T
WEBDA ##fa /% . H:¥K, Dias et al. (2002) i /R BEHIAH & SCERII &5 58, Zwifil i
DAMLO2 B 5. ZERI—H9 78 T HHUE FRBCRECE, #0357 1500 245
MR, F5%, Kharchenko et al. (2013) £ 2MASS 3% K H3E A1 PPMXL K441
HER, 4l Kharchenko IR (MWSC) . IR E 3000 2R R b
BRI R B, R T BRI E . . Y AT HERSE S, R

B TR B R R . 55, WEBDA /R LI LSRR, Mg T
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AR S G R RIS, HFUEAT 7RSI LR, g I
BT Bh A H A 4 i i Bl S5

122 Gaia RHHGREEFHAR

2013 4¢ 12 , Bl=ia))s (ESA) BN &S5 (Gaia) KL KES
(Gaia Collaboration et al., 2016) . 1t K FoAE LA BE Sy, DATTHTAA HIH;
JEX A R AE A E T 22 Dy o, SRELT ok BE R R AR S, i a =
BALE. EAT. PRZER ) 3 B4 RS R

2016 4£ 9 /1, Gaia DR1 ¥ iE %, H 835 7l 124 B IR AE.
HEVAK G B RS, FEFIH T 200 JitE £ BT 2. 2018 4F, DR2
$#}8 % 111 (Gaia Collaboration et al., 2018), H I FRG B2 ' B8 &R 3 H 5T
YRR T AR . AT M EN RS, MEMHRTAVEERRES T8
H, G BBOULIR R S5 k%] T 20.5mag . 2020 4F, DR3 KL%{i EDR3 %
i, %] 2022 4E5¢%# ) DR3 &1 (Gaia Collaboration, 2022), ZE{EEE T 18 12
A VR R A S {H

Gaia i KT Eoks BEE B S RO & . BAT 2N HdE, NHAL
S IR 5E Sy R T ARASPEAR . A B S, fighs B P s B R A
B BRI BIRGRE , [R] B EAR T 2 0 AR B ST 22 R A, TR R 5 T
G AR BT AE AR R . MDD GRS IR Areb e i TH OIS S &, 5 Gaia BURIE L
AREAN, 3 LR AR BRI A — AT R SR A B . 3R TRA
PRITHL R B Y T . A AR SRR AR, RO T AR IR S HLR A Ak
W SCRE, BREES) T HHUR ERF T A R

122.1 mEFIEMIEH

TEHET Gaia T M BHCE AT TAED, —TURCh % i U 215 3
Gaia Ir2 by sk BE S EALE . BATRAS R, RGO &G A F
(FZEYE [ Dias et al. (2002) 5 Kharchenko et al. (2013) gl EFFE) &=
B T U EHE o HH AR T RE—p afigs HARR 58 & 0 B R 2, JEmAR
Pz RS AR AN ER (RE) MR ESRE, PALIRARE
FUAR T ZR B S5 AR o

3% [ Cantat-Gaudin (2022) & 1-2, @R T iz 4 Gaia $d A T A% B H
PRI O, B EHA AR PR 0 BAE eSS R A . HAT I
RERE, THEGHE-E%E (CMD) (K2 &AL FEER) PASESE-H
ZE (FWre A MR E) MR B A E . B LP 589 (Fe) Mk
KRR, NGC_2509 (¥t ) i HAE@UE. #ifk/K 5 Dreyer (1888) siA 102 2
Al sEhrizf, MT8Eaz (ET4) BER, {8 UPMASK (48750
AAbR. BT MM ZE A H TR O S &) LR Ok 58 U 5L B A E TAE,
fl1Cantat-Gaudin et al. (2018, 2020) fE4cHI N E B £ ER -, HEER T, &
Bk T 2017 D HHCR B R 5 B AR S O a SR B P 244 Dias et al.
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Pl 1-2 ] Gaia EDR3 )5 i e Al LP 589( ) Al NGC 2509 ) [k biAL.
Figure 1-2 Using Gaia EDR3 to determine the member stars of the open clusters LP 589 (cyan)

and NGC 2509 (yellow).

7: B 5| B § Cantat-Gaudin (2022).
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Pl 1-3  Qin et al. (2023) #i & LAY HE R BOL AL
Figure 1-3 The newly discovered Galactic open clusters by Qin et al. (2023).

7: B 5| HHEQin et al. (2023).
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Figure 1-4 Newly discovered Galactic open clusters from He et al. (2022) (red dots) and known
clusters (gray dots).

¥: B 5| FHgHe et al. (2022).

(2021) FT* Gaia B ARAFHYHERT AL AHFE , B SR ARG T R IR A,
Bl A 5 DAMLO2 B Rr4 5 1700 24~ B J R [ B 2 2% .

K RS RM A, /2 Gaia Bl & 11 PASK B HUE FHF 57 45U ) 28
el TEA BT B X AR, Gaia DR2 5 DR3 {11 = 200 o2 Homk
JERBEAT, BT @ahze ) —35hE, Mz SRR EEH (MR
BYEACHS R HE Python {44 scikit-learn Pedregosa et al. (2011) Z588 7 2 1 3k1S ) |
REMETEAR BN 2 A B 5t H AR B R B 2R ) BRI . Castro-
Ginard et al. (2018), Cantat-Gaudin et al. (2019), Sim et al. (2019), Liuet al. (2019a),
Castro-Ginard et al. (2020), He et al. (2021, 2022, 2023b); Hao et al. (2022b), Qin et al.
(2021, 2023), Hunt et al. (2021) 28 7 #| ] Gaia 3k, {6 ] DBSCAN(Krone-Martins
etal., 2014), HDBSCAN. iR AL (GMMs) SRR E, TR R
FETHAAB EASAERNB G ECER . B 1-3775°4Qin et al. (2023) 1E
O FH & FE 500 Fb22 50 N & BLAGHBT EAT; [& 1-4J77R8 AHe et al. (2022) ##R F11) 541
MR RBHERR] (L0580, AWRBRIUIA T LA A B R A E Bt B2

1222 453KIEEMTFEN

b T XL A R A i B TR R A R 2 A8, BERE
I Gaia FEALREDRTEE . KAUBEDEE S, PAAREIR IR 45 (G~20mag),
i BB G- EERE, R T AR A B H A 2 KA L
IR, Ik 2 fE R AR T TIRAGSE, HBUS T R E R .

@41, Luo et al. (2019) F] | Gaia DR2 45¢; LAMOST DR5 #¥{#&, Mt
BN T 924 FHE AR, H T T HORE B I =4Eain R 25 Rl sh S5 A, Ei
BB AFLE AT, RIARSEER AT E B RS, Wi, ERPr S
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P 1-5 Rain et al. (2021) X}5E R A1 IC 4651, Jadhav et al. (2021) % 4] NGC 2682 FILi
et al. (2024) %} A NGC 752 vl BiUE (BSS) RWESE.

Figure 1-5 Rain et al. (2021), Jadhav et al. (2021), and Li et al. (2024)’s studies on the blue
straggler stars (BSS) in the open clusters IC 4651, NGC 2682, and NGC 752, respectively.

s¥: B 5| A gRain et al. (2021); Jadhav et al. (2021); Li et al. (2024).
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P 1-6 Hao et al. (2022a) F|Ji] Gaia DR3 %8, ¥ 1 W einf SR i A A1 vh 22 0L 5 A A8 FE 1y
WA, SR BT AW, 84T 50 Wige ML A AL 1 45 AU MIAFE GG, Horp 39 xHit
W1- 3 A8 78 R ORI AT B v T s

Figure 1-6 Hao et al. (2022a) used Gaia DR3 data to extend the survey of classical Cepheid
variables in Galactic open clusters. The comprehensive analysis indicates that a total of
50 classical Cepheid variables are associated with 45 open clusters, of which 39 cluster-
Cepheid variable associations have a high degree of reliability.

7¥: B 5| A gHao et al. (2022a).
WA 1-5 B 78 W B ] i 2R E RIS - Rain et al. (2021) #1] i Gaia DR2

B 53] 7 408 NHHCR B R0 897 Bk BEE (BSS) A1 77 v B HE
(YSS); Jadhav et al. (2021) T Gaia DR2 %#l, #7227 S EE A BSS E3:
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FIAFFE 500 ifigeise BSS, I A BT A AF T 10 /24F . BE ST 1000 £5 K FH 5
IR A S BSS, HAP 40 bl B B4R IR A s m s mm g, HE R E
55K BSS BURRIFERMA XL ; Lietal. (2023, 2024) EF Gaia DR3 15T 50
ANBECE B H ) 138 A 3G 1 ) i B HEE

Canton et al. (2021) W% 5F Gaia EDR3 #fi5E [ B HUE F M67 P11 iR DA
MEBRE (B3R EY) 10,000 K) #:47 T & E W OGS4, I o m 8
RIS ERE. FRER M6T HEE Y SAMy A Emgaf—8, #£
HE I R B E R 2 A A S e 1.5 AR EEE, WA hE
TNERT FE Y RS T SRS ) A
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Pl 1-7 Li et al. (2022) Hii A B MiMO 1320 08 41 NGC 188 B, UK R4 55 3L
fJs iR e #s (JilEl); Jiang et al. (2024) Xfi i 4l OCSN 280 )5 53 A bF 52 (£ D).

Figure 1-7 The left figure shows the comparison of the single and binary star membership

probabilities of the open cluster NGC 188 obtained by Li et al. (2022) using the MiMO

mixed model with other methods; the right figure shows Jiang et al. (2024)’s study on the

mass distribution of the open cluster OCSN 280.

*: E5| FHLi et al. (2022); Jiang et al. (2024).

A% B 8 iiMichalska (2019) YEAE 52 B EUE A NGC 2244 HhJFE T UBVIc
Z W B EAS BIORESY , He A B 245 FiAR B . Horp 211 FUARUNEAE E, 23
W B BRI AR AL, 57 4 5 8Scuti BUAR B e iR K 7 BE R . #t— M
A BRREATGE AR, B 97 A ME A4 T 2R kiR (96 FURHN AR
B 1PANAR). 68 Fsgdkad T REMEMAE (54 FAMNASE S 14 5
JEIWAR B ), DA S 6 i Herbig Ae/Be & ; Zhou et al. (2021) FI| ] Gaia EDR3 ##a ill
JeERE, MEHUE R P MG A BT Ra M, AR 33 TG
ZRACE . BT, 2 KA Beide A R Y B A i A8 AR AT, Horp 13 i
BRI . R T B AL MRS SR, DL 3.5% WoRGREE S T W1 BB JH
TeXFR A BRI S AR T 2 A0 B R -4 B2 X 5 5 Drimmel
et al. (2023) | Jf] Gaia DR3 & ATHYEYE, TR RAMEAIL T — gy e LIRS,
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Figure 1-8 This is the study of the extended structures of the open clusters NGC 2632 (left)
and Blanco 1 (right) by Réser et al. (2019a) and Zhang et al. (2020), respectively.

7X: BEl5| I ERoser et al. (2019a); Zhang et al. (2020).
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Figure 1-9 The ”’King distribution + binary component” model of the open cluster NGC 2972.

+*: E5| FHZhong et al. (2022).

A BRI BT SUR I Uo7 Li et al. (2022), it pR 4] Jiang et al. (2024) 15
BMZEFUIT (K 17871 ) Lietal. (2019); Buetal. (2024) 22 2 . WEM A
PEIFIE B B SR R R R K £ i e (eMSTO) JEAS4E 77 THIHY
T, BORHUMER T RHIT A S0 E B AR G SR A i BEARK Sny ves et al. (2015);
André et al. (2019). GHUE R E SOy RIETE B A PHE PR , S
SeH B W SRR AL T R AR

BLAh, Gaia Bdar B A S5 AT FC Ok R A R B by R A 5. A5 Bk 2 ks
JERE, WS N RBENSIRG L AE R Z A B b, AT A B A B - F
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ZRER)T-458 . WMeingast et al. (2019). Roser et al. (2019a); Zhang et al. (2020);
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Figure 1-10 Over 3,000 open clusters distributed by age on the galactic disk’s spiral arms.

: B 5| FHBHao et al. (2021).

WKHE Gaia IR A AR AN ER R, AMIFET R AGTHUEEE N
TREF, 7N ERERT R EE AT AL T 98 DA . 4N, Tarricq et al. (2021) B4 77 1382
A B BRI R ARG, PFR A R R B SR A I i R A s
1, XA ZR) B B OF G K3 Bossini et al. (2019); Cantat-Gaudin et al.
(2020); Monteiro et al. (2019) il it #l & B S &R IWFTY, g T E 7w
W HEAERS; Hao et al. (2021) BT Gaia EDR3 (4%, 4Rl 785 3794 N Higl 2
A ESR, Hh REZEEFCREMNE THZE. BITManEE; £S5
o H SCHRG | BOASIFSE RT3 S BRARAR T 2R AR MR E 45 A S e AL, AT
TEALR BT REAR R S8 A BB TR B DA S B R . BT
L, SR B IR AT A K A R S AL, R K AR 24 Wi Ak B A
B, AR Bl e K Aar g, WK 1-10F7R (i MReid et al. (2019) £
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#) ; Cantat-Gaudin et al. (2020); Castro-Ginard et al. (2021) F) H 4242 5 A1 1) 25 H]
AR FRAEAR T R ERERAS, JUHGBE XA 1-11 R i SV 2 B RS
FI LRI TERAGTHE (4 Reid et al. (2019) £:24)

Ylpel

—4000 —2000 0 2000
Xlpc]

Pel 1-11 FERRBLERE b1e B R IX R AR SR i A .

Figure 1-11 Young open clusters in star formation regions on the galactic disk’s spiral arms.

7¥: B 5| F B Cantat-Gaudin (2022).

1224 BHEHZE

SRR RS, VEREECE G BEGRE, BT R AR T EE )
KT H, BFEERMSZOER. HEEEERRERLZm: 5, XeEE
GUHE T E BRI, REERMSEER, AMUCREREARSG TS, 42
HETE R AR RS TIRIRARER .. Rk, 1ERERMEER, B
SO B A BRI S80S B 2 5, hEMERE RN ER S gt T
IR SER AR B s SCHF

B HHARARIE . LI BE AR H B H 7 R A AW B, B A RN 2 A
T . JUHA A Gaia B, | 5242210 Cantat-Gaudin et al. (2020) 23 ()51
Fr CG20) 5 Y4nilicrk B F SR i 2 W Hunt et al. (2024) B3 (BL/5 AR Hunt24)
A4k, A BTHUR BB T 5 0 5 e n] S R A B

CG20 E5RH1 Hunt24 B 3K2 45073 T Gaia DR2 F1 DR3 14 2 1 i1~ 2
2, HERSHAAEMUZA, FEAHE: Gaia $RALM AR E R KR B
MEES. BEE. M. B%. 817, FR%ES80 DAL Gaia TEEE
S MG RE(Y (RVS, Radial Velocity Spectrometer) 3 H ) 1E B2 40 1) 58 B2 U
X LS AE Gaia DR2 Al DR3 AR —3,
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IR, PINBREANDER, (RILT B R E AR 2D A B 58T
Feml. 1ot BERPHHERNEERFAENEES. 2018 4, Cantat-Gaudin A
T Kharchenko et al. (2013) FIAH & SCHk, BB — 106 50T 2 Fn el ik & 4]
B 3%, F0 ) JC I AR L4 IC 44y UPMASK % Gaia DR2 3347 74007, 2k
157 1229 BRI R LS5k, Hiid &3 T 60 ~# i) iGi HiUE H] Cantat-Gaudin
etal. (2018) (IJ5PA CGI8 KR ). M5 A, FTM1E Kharchenko B3 f 3¢
R TP R L B HR ETE Gaia HdhaRRIEIA . FiJE, SRAMHBIAM R,
TEFE SR 1.8kpe JLHEI N APL T 41 4S5 i E ] Cantat-Gaudin et al. (2019), f#
ZF| ] Gaia MYEEE (G B2 % G~18mag), X4 2000 4~ 1) Gaia DR2 il 5
TUNPGHCE BT TR AR S BRI b, 158 T 1867 An] % EH
ZH) CG20 B %,

35T Gaia LEMNERSE, GRS AR LA RIS TR
E9J€. Huntet al. (2023) $gi, Gaia 4 IEAEM R HBUZ FRATRMAR T B Al 4] &
PIANHL, RO EdE &1, RS BECE B AR R . A A Gaia DR3 %%
Py 729 LA B (2 G~20mag) #7742 KE® (B 1-12)¢ Hunt24 B 3%
TEAR R I B AR B X)), R HDBSCAN JREF VARG ERIR 5, 15
BT ERAMEARRENESE. FRE. SR ESE. &4, HilE 7167 M2
W1, o 2387 AN @Bt KAk, 4782 A5k 2 RIVLHD, A4 134 etk
W @R, RAHE T 4105 ANEE AR B BIREA, HhadE 739
ASH R R R . Hunt i8558, MR ER (MWSC) BE&d 1152 AR i
Gaia HER I 19 2 B KRB &I, w1254 20 B 1 AT BRI AN ELSEAFTE, iX
5 Cantat-Gaudin /)32y 255 —F, 7F Hunt24 %%, Hunt #5477 B G R
R TERMARIE, IR XS T B S A RN (RIS R4
HLHER] PRI T 2 R FIR SZ R 28 1) B AT, AT & AR 1A 2023 4F B K5
fii b BT R AR, ST SRR A e B A a2, oA 3530 A
Jo B R AR

40

20

—20

—40

—150 —100 —50 0 50 100 150
[

P 1-12 Hunt {£ Gaia 249 5Pl AR AT H bR DX

Figure 1-12 Hunt’s target cluster search area on the Gaia star catalog density map.

7: B 5| HEHunt et al. (2021).
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HK, WNERERARNEEZESHENRE (BF) $H B AfE R
#e5t. Gaia DR3 %A1 11 3000 Jo i E B 40 i BE4iHe . bE DR2 $n 1 1i
5. L, VF2AE CG20 B R scA fin # EERR I E T, 1F Hunt24 B 1Y
3 THbE. BN, CG20 B 2017 NFBUR MY 234,128 Bl A 2, H
H 1190 R (29,5 59%) $RAE TR H BE & . 1 Hunt24 A1, 5647 4
RAPARC R R, Hd 44724 (2905 79%) $&4L T IR 24

BT ERAH TSR, REIEMEREE, RE BN
EMFER B ERR, EEE SR LR AR A FoARE . 8%, Hunt24 B4
FREB RN 2ok 5 BRI DA L B, I — S B AW S e shity, 5
TERFEAGET E, WAERWERSHF L 2R . CG20 BREMA S
AR BB D, (HE R RS W 5 AR IR FTHEVE, 41 Niu et al. (2020);
Alonso-Santiago et al. (2020); Gutiérrez Albarran et al. (2020); Ferreira et al. (2020);
Zhong et al. (2020); Magrini et al. (2021); Casamiquela et al. (2021); Donor et al. (2020);
Bhattacharya et al. (2022); Spina et al. (2021); Widmark et al. (2022) &8 ETZ B %
JBFF T — R FA KA F 5 TAE. Hunt24 B RWEIZS N IEE S REZ G
BERIMER, REHPRDEEIMNFRES BT, W, B BERMER
LG IEVE— IR, A L8R K IR B AT 7 8 A A I S 8 i AT A

PA CG18. CG20 Fil Hunt23, Hunt24 25 KFEARGLEUE AR M ERE, 4564 Fh
RSB R EE S5 (B U B RS SR TS, A1
ARG ATH . FEMERGEE, A THEW s R f v, iR
MSEFNFEE S B B A4S . 4, Zhong et al. (2020); Fu et al. (2022) 435I f &
# CG18 il CG20 45 LAMOST L7 #EA30EE KA dEAT I T R B2 327
A A A A B AR 22 4% ) #1245 J8 - BERS 5 Donor et al. (2020) il B 5%
CG20 iy APOGEE/OCCAM 571 HE G158 R B K A8 PABHUE A1 K
INER AR I B T 2 A on K ) F RS E 4041 Spina et al. (2021) i ]
E# CG20 454 GALAH &2y R y6ie il K% . Carbajo-Hijarrubia et al. (2024)
%y OCCASO /i #rA0 G KRS, 1F4IHe T B EW &8 FEMZ ik
SOUER PR, MR BRI R B 6 )8 FJE i % Zhang et al.
(2024) fdi Ji] B3 Hunt23 56 LAMOST %7 #0001 KEER 19153 7 1000 £
ANEM (#57# Hunt24 4328, b Ror B IAE T8 BAE) 1 LAMOST i ) Ji2
M )BF S . BRIRGGAFEROGREE KRB, o T2 f LA [ 5
B BIREA I S8, AT 22 A BE Sk A T i 0 1] 28 e S 1 — Bk B A A
2E5e, MIHES BT AR I 5 RTR AR R -

B2, BT IREABEERM S M, 556 BRI T
ZH, Trg At BRI R3] T BRI A ORI . SRR ] B R T F
EBIETR, SR TGO B E B AL R R S5 S 2 A U AT
5 B AT REAS B 42 T R AR IR T A P S s A, R T 48 7 AR 2R 1) BLAL
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123 iR

JRE Gaia S WFFE SRR ML B3 B SR AL T 1T AR A 14 o B R AR I A
(HERIUE R HTR HARY PS4, s BRI R . RIS R F
PASZIE EBAEA AL B Ao U 3R SR T HOBUR B E i I &tk » X
WSRO AR A R B R PR B R . AR Gaia ] DAJRAHE
R A S R, Al T HOGEEE B (845nm< 4 <872nm ) HEE
JCIF VR, N & R LA BE TCIR 5 L TR 8 KU AR 4 5€ . Gaia DR2
KA 700 22 77 BEAT W 1) R A TR B, T 24 R W B8 R e Y SR e
i LAMOST(Zhao et al., 2012) fgfefit b1 BiiE B Aot % . Hap, Gaia
DR3 AT 2K 8| TOr & H AL % dE, t DR2 2 7 HAh, (EXT&)8
T AT RFEES AT (RAE RN EEERE RS
8O RAEBT L1 IR R,

1.23.1 &KXKInH

H R R B G EOR I H 206 I 5 W) LAMOST (Large Sky Area
Multi-Object Fiber Spectroscopic Telescope) , Bl K KX Z H AR GLF Gk
%% (Zhao et al., 2012; Cui et al., 2012; Deng et al., 2012; Luo et al., 2012), 18K X1,
ALK BKEEf (ESO) . BRZ & (ESA). el B RFIFPUHE A S5 E K G
Gaia-ESO (Gaia-European Southern Observatory Survey) K (Gilmore et al., 2012;
Randich et al., 2013) , T BER A UL Y Bg KK K GALAH (Galactic Archaeology with
HERMES) (De Silvaetal., 2015). & [E 4 K K1 H SDSS/APOGEE ( Apache Point
Observatory Galactic Evolution Experiment) (Frinchaboy et al., 2013; Majewski et al.,
2017) Fl WEAVE(Dalton et al., 2012). PA KK 5 FIERIN 2 4[5 2 5 1) 4MOST(de
Jong et al., 2012) %5,

HES B HCE B X H L 08 K3 H A SDSS 3 H % TR T B 4
J& FEER T3 H OCCAM (The Open Cluster Chemical Abundances and Mapping) .
VEPE A R SCH BHUE B2 70 2 F FE W £ TR OCCASO  (the Open Clusters
Chemical Abundances from Spanish Observatories) 1 LAMOST {55 730 H
LAMOST-MRS-O(Liu et al., 2020; Zhang et al., 2025) %%,

APOGEE 15 H 44T 3¢ [ 28 FU RN A B i 2y S K SC B 1 2.5 K mds . RS
I ) DARF RN, (AHSE SRS OB B I R S, SRR & 5
T RE . APOGEE BRI K YERy 1.51pm %2 1.70um, =24 PAEr 2l 4
W Tz Bayere BB B TSRS, BES SRiE IR 2, I ) AR
2 N S Kk e B, R AR ST BT AR A R AR S T R R B
APOGEE [/)/3 #8524 22500, J& T 4 HER i Nl , 3 (o H GO A ff I 22
fE ELETE B AL , AT SE ERR MR s TH R A2 . R0 H AR oA R
RS R IR, BT 5] XIS ] A B B B A Ak 24
W, RN R TR S AL S . APOGEE RERS RS B B £2 F k2 o 2 i
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BE, gk, k. & ESELTFTER, HRE R R E S
1% 46 5T FR =F R ARG A I & S B 5 4 A T A S AR T 2R 1 A2 Ak it R
TEEEE.

GALAH 5i H Fl KR P R KL H (AAO) 1 3.9 KRB, 454 Hi
# 1) HERMES S¢iA%, SEBL T %R 8 B AR ROl . % B s i K Ik
AR TR OGS SRR O T A, OGR4 HER 220 28000, J&T 4t
RICEWI . GALAH () H br2 2 55 0T WG 220 AMEEE (370-785nm), REASH
PR ZRpE EDEIERE, ARSI EE B aR0RE. EmES. £2BFEX
BAFMbT R F B . GALAH [ 2R 4 B AT S BT AR 28 50 7 BORTE 1k
AR, BRI 2 100 JTEE , JER A RS HAF T 45 R A E IS
TR . T HE B b2 RS AR e B T 04T, GALAH BEA% I8 AR
RIEADT L, AR R BRI T T r e SR

Gaia-ESO i [H &5 A 7 #1352 0 55 A0 4 [a) WL Al A0 98, 32 A ] e I B
(470-680nm) HEATICIENM , Sk HEFAE 11500 2 47000 6], %I H BHE 4
TR DR 22 N ) 4R I 2880 MORRIE AR B B E BRI B E A, 14
BRI R S GRS MR . R EE N E . B8 RS
B, Gaia-ESO REWSIKBUH B A RURE . BRE N MERFEEREARSE, If
456y Gaia PRI KA S5, R EE RN, AfTATEm %z )
2SR XEBARAISEA I, AT E R . AR R A BN 2R g DA E
FETE ISR T ) S

IR KIS R I H A A I T 45 RS, FRHEA R .
U, APOGEE Fl GALAH ¥E 5 4r R i 2 B2, RRASHE A I &1 A2
Ifb2E IR FE, T LAMOST JRAESGIE A XA, (HH & 3y 0
R8T 7R KRR B R B AR A A R B 1 i s Bl =7 . Gaia-ESO 1]
HEARA AL, BRMY 10 JTHEEERE, #2452 20~30 FocE £
APOGEE 15 i R e i X e BB, B R A2 70 J5 ilE B yeis, $2{key
20~25 FhoCE FJE; GALAH Ry BAFEb SR H W, B &MY 60 15
WE B YGRS 29 30~35 FCEERF; LAMOST IS4 &, [HEWH,
Kk, BRMAAETHPEERER, BB RILE 20 ZMTREFE.

RCLETH R 5 B BRI B RS A ME, W R CHFRE TS
FEAL B IR R, SLmlEsh T N EXHAR T R L5 . 18 A DA S i S o ) L
fif o BEFE VA5 WS BRI o 22 v SR PR 0 A, AKX B0 H 0 K SRS
AL E A G B TN KRB ORI B B A ANk 127
Ro

1232 RIEKXSHHERAFRR

WHFE TR AT PR LA Gaia ks BE SE R xT 2 AT A B3 frls 1 1 7 S 26
-5 W B Rs s s AL B DI R R . & B FEES
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%12 RADEE R H

Table 1-2 Large-scale Spectroscopic Survey Project

HiH DA Otes M WINBER LR R RESEL
(m) (deg?) ~ (nm)

LAMOST 4.9 4000 20 370-900 1800-7500  ARF, fHEYH, KA

APOGEE 2.5 300 7 151-170 22500 HUM R fk2EEAe, HEIER

GALAH 39 39 1.5 470-790 28000 eI A e = 3

Gaia-ESO 8 132 25 370-950  11500-47000 47 R fb2iiAk . B aabE R

4MOST 41 2400 42 370-950  5,000-20,000 4RI FR, FE KN JELERIE

WEAVE 4.2 1000 2 370-950  5,000-20,000 4RiMFE, LR E RAfb2EEL

B E , MR CREI , —EAHATA N . BT Gaia WIDECEIE, 456%
PG R EEE, C RO IR E R A — D E 25, Bil4nZhong et al.
(2020); Fu et al. (2022) & TAE. @ DG 56EEdR a4 G, HF5E A Dkt
G AR A SR R B iz shas . s s M e el T SRR T

RS R, Toi HAr BN, 1 SeT ml AT i G i PR T B ) A0 v
JE. R EREE . [HE RS, HEFML., RIMTE. BERULTF
WA E S T H . Ay R, ] AR R KRR 3N ) et S AL P e K
S B A ) BE AN RE S T SR B T g A M B 3l 2E Ak, LRI ) )2
Y I (He, 2023¢), IR REAS T B BN IUE RGEPLER I, BIanpiE
S OB HE (Jiang et al., 2024) 48, HAh, DR E B A A ) 2 R E5d e
AT AR RAFFTER R IR 4R . B85 H DA S = 180 1R 46

TR RGN 7 — D KSR HEN &R LA A Moo R £,
XX TR EE (AR ) b2 DA S TE B . B T FIAR T 2R
TS A s 2 R, R R, a8 R R — A L
Fil. TR R e F R AREHE R SRR, HIE g
F 5T % ) ) PR AR S AR o e i A 4 T S AR O BE A A A B, WT DA
FAFARTT R A2 8 BRI, HHE ST WZhong et al. (2020); Fu et al.
(2022); Donor et al. (2020); Spina et al. (2018); Carbajo-Hijarrubia et al. (2024) Z£ 7
TAE. H+HDonor et al. (2018, 2020) ] | OCCAM ¥ IE5 21 128 N s E H %
B, BHIE T AR A SO EERY [Fe/H] BBEE4-0.061 + 0.004 dex kpe™', I %
HLOEEZY 13kpe AMFAAE— P8 (BiFRhy “knee” ), Rge< 13.9kpe L FEELE,
1M Rge>13.9kpe W4 5 -4 ; Carbajo-Hijarrubia et al. (2024) F]H OCCASO
JEREBRAE Y T B AR A 4 RERE AR O BE RS FE 4 AT, & B 11.3kpe AbFEAE
—ANPi A Ak, Zhong et al. (2020) | LAMOST % ###ti% (DRS) /15T
295 /™ i AR AT A A0 ) 3k RE AN < g R FE I, RS TR TRT 2R B A ) e
@ RERR R M H e B AT 4RI A2 4k A Fu et al. (2022) | | LAMOST {i% 43 9
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I DR8 424tr 386 MERDCHE SR, WFFE BT AR 58 3 011 SR A
WEh AL, Zhang et al. (2024) FWFFE A 1] LAMOST {ii/r #5)¢:1¥ DR8
BAEHAG 1L 1000 AGHUR P35 45 =2 AL ) RE A

1.3 #WRENFAE

b Gaia WHAREE, BiREBIIFRIEA T GE PGB . Gaia 155
R B AR I S RN B A R A B TORS R S TRl . EAT. MZE (BRE) 4%
KSR, 190 TIXSUERS B, B AT i o ) T ) AR o7 B2 AT B AN W
M. 245, CHSCIRIGE R REFEFIRECEIE 5 T4, AUFREHT R4
P B B AL PR L T E AR

BLAH TR HCR B ET, B T RN &S M EdE 2 oh, B Bt
W, & F RS LSS TR RN 2 X EE. REHACES
A R I H RS R R R p fE S S 8, (BT AT Bk
G, XUHEEIREE Z . EIK Gaia-DR3 O\ A gt & 5 F R i
PR R, (R AT S e B R B S Pk 2 e 3 TR B SR 7 MO T
FEHE LI S R o

T E B F ) LAMOST S KB e Be e G is e 11 T R B H T
FRE S . R BB EA RPN EE S, —REECRIATHRE 4000 4~ H A5 K4
PGS, I A BT ECE AR TR 3 . RS E TR
BE. 78 LAMOST {54 PR R, B8 %AE 1 (Zhong et al., 2020; Fu et al.,
2022) ZirFA> (Zhang et al., 2024) BiELE FIAS T R R GESE, X—8E
TEHE A G R H Y Bk .

LAMOST w3 HEr G RAL 55 i i 5 48, T 2023 48 6 H BIWE5H, I )
AP AT DRIWVLL 8, W& THEW (54) ERMITAMMEER, MU
BETHEEMRmEE., &R FEM 2R RS, DUREHEE
() vsini (5652 AFEHEE) {H. (HEREAE, LAMOST HorHEa i et n) 3
FESHRG B _EALT LAMOST R4 #E i8R s, MG aemiocde it 7 s m]
fERE.

AL FEERE AN ARATEES 51 LAMOST-I 43335035 R
55 R BN 75 H  (LAMOST-MRS-O) , F#t—#| il LAMOST-
DRIIVL I 4 2 g, 4RBUE BRGS0 (B KSS48. W
FE. &R FER 13T RFIE), FESAEET Gaia-DR3 MHGHHE 2 MY
Hunt24 A RTHER AR, KWE—NHA LAMOST iy HE ik R
(LAMOST-MRS) S BHUE B REEA . T A, XFEFDEGES B
MGETH AT, B DAREA ERET , 7 BRI 22 4 i 2 I A [ A AR 2 1) oF B 1Y)
IR, TR RARIT AR 2 A S5 A A A SR AL B ) 25 Ik B

Yhttp://www.lamost.org/dr1 1/v1.1/
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FENAELELHAN : S6—8515; B E 4 LAMOST Jeilfi R m
RO 28 =S4 LAMOST 7 B il R i 2 WL 75T H - (LAMOST-
MRS-0), FEA M EFATRITE BT By AR DL SRS 4 i 7 . X S8t
T JE Y R 7 DA S e B LI S5 R B R0 258 5 28 DU/ v 43 5T LAMOST-MRS-
DRI11 56§ &l Hune24 B 5, #H#EAA LAMOST-MRS 562 8 Gi il
BRI, HXHFEOCREI T ORI GE T i 50 L@ A AR B 45
PASORF AR TARRY Fe 2.
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2% LAMOST EERXET

KRR A% B AL S0 #5250 (LAMOST: The Large Sky Area
Multi-Object Fiber Spectroscopic Telescope) M FREFFALH iR, S EH FF
il R BRI E - S it B B, (o7 T B RR2E BE I 5 K S 24P
s . LAMOST 256 7 RN SE s, REETAI494 215 4000 6T,
RBRESEN 19 45, (A5 HLIRG 55 AR B Gt Re A% f BDGIG 0T o A Ukl
ARIBEOT 5061, 2ie N IR m G RIH 2 —, R
B iR HE Streisdde , WORHIES) T RS2 A G K.

2.1 LAMOST 2Biis

LAMOST S it i e 2% . Fah e S 25 . L3R
WEERG . HinsE i 2. BT mEs. HinkE ., R XEEHIAEHEALRL.
PAS i A H SRS RIS NN T RS . WEF ARG A 2-1FT7R

Kl 2-1 LAMOST 2L Bil) bR 5.
Figure 2-1 The optical system of the LAMOST telescope.

#: E5|HBELAMOST E.

LAMOST [JJt2E RGO EH e Wy R IR 2y ), i SOt Rl e B
(MA). FEHMERE 58 (MB) AL, FBFRRES MA (5.72mx4.4m) T4k
Vi, H 24 BUONIETPE TR, B TENXALERN 11K, JBER 25
2K, FEMB (6.67Tmx6.05m) BT rwm, 37 HoNHIEERE FE4m, Ak
THRIXALERN 11K, JBERT5 2K, K 2-287R. £ MA fil MB Z[f]
[ 2 BN 1.75m (2 5°) B, fEFER 20m, 4000 ARYELF LT3 515016

21


https://www.lamost.org/public/instrument?locale=en

HT LAMOST 433 250 A it i e A1 M e o

FEH b FHEME A S EFEE b, SONSOIE SR ESR R iz g, RIAFEH T
FRE PO (Cui et al, 2012).

1. 10m

Iﬁl"f‘ —

& e
= w
7] <
4. 40m 6. 05m
| |
Ma-24 active deformable sub-mirrors Mb-37 spherical sub—mirrors

Pl 2-2 LAMOST BLg i ik 88 Ma(/k) Fd:88 Mb(£7).
Figure 2-2 The corrector mirror Ma (left) and the primary mirror Mb (right) of the LAMOST

telescope.

+¥: B3| FBCuiet al. (2012).

S/N (46504) > 10 S/N (74508) > 10

Pl 2-3 LAMOST #5110 FYCEr 53 A R EF A 8% Bon B, Boa il A g .
Figure 2-3 Schematic diagram showing the fiber distribution on LAMOST’s focal plane and
the quantity of spectra collected by the fibers, with numerical labels denoting spectrom-

eter identifiers.

s¥: B 5| FH Yuan et al. (2015).

(TR BN E B2 F AR _EA 16 ASEIEAL (RIARIE T 2 HOERHMY,
MTREATAS R 73 B AL ) (Zhu et al., 2000), 4G RE AT A 94 250 IREfE
320 ok (RFRZ 3.3 D) HIOLET (Zhu et al,, 2006), &3k 4000 ARIGEFI 215y
i b A0 2-3 BRI RIEEF A — Bl - LAMOST JCRL Ty )i -1 H
(LSS-GAC) i, V-1 b [F] o B A REAR DG AL IN 2 i R BOGIEEH i AN [H] B
SV RN
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2.2 LAMOST ik Rk

LAMOST 3 FARSENM H AR, A4 AP T 255 LAMOST [ 4R
K (LEGAS) (Zhao et al., 2012; Kong et al., 2010) F1 LAMOST 4R & 4514 5i5%
&K (LEGUE) (Deng et al., 2012; Chen et al., 2012; Liu et al., 2014), LAMOST F]
MURFRTT A RS A B R Hh AR 4000 5501, IR 57T 3A r=19mag, 4}
i R=1800 ~ 7500, It EA SR REEME RE KT S
HERWARIE , LAMOST KA 43 AR BRI OR ()5 1k LAMOST-LRS)
AR ERE R (G iR LAMOST-MRS) (Liu et al., 2020),

2.2.1 LAMOST RGP E MK K

Ko PRI R B S R GG SRR 7, RS TE 5 AT [R] PY S 2 RN
BRSO . LAMOST R4 #1301 K (LAMOST-LRS) i K & 5
{1 A 370nm-900nm, 7 550nm Zb4HEZ% R ~ 1800, I1F=XWLMAT-4% T 2012
4£9 H 28 HEah, #2018 4E52H T4 By B (Cui et al., 2012; Zhao et al.,
2012), ZRIFLOEHE 900 2 J5 4%, HrPaHEL 530 J74%H EoLi.

LAMOST drll vl1.1 - Low Resolution

"e Pilof 2011.10 ~i2012.06 e st 2012.09 < 2013.06
ogo2nd 2013.09 ~ 2014.06 . 1405

L o Sth 2016,09 ~ 2017.06

e 7th 2018.09 ~ 2019.06

1202009 % .06

o 8th 7019.1¢ ~ 2020.06
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Figure 2-4 The low-resolution spectroscopic survey region of LAMOST.
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Figure 2-5 Schematic Representation of LAMOST Low-Resolution Spectra.
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Figure 2-6 The medium-resolution spectroscopic survey region of LAMOST.
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Figure 2-7 Schematic Representation of LAMOST Medium-Resolution Spectra(Part 1).

X: BEl5| FHH Wang et al. (2019).

Pl 27701 2-843 532 LAMOST tf13t5%6 Fil T 0 o L 16 kS 1 76 32 2 BE 1 e
7RI . LAMOST-MRS JGif5r il (F70) FILrsss (A7) iAibsr, Bk

26


https://www.lamost.org/dr11/v1.1/doc/

% 2 5 LAMOST Jeifl K/t

FSE P A 5 30 P R i 1 LI 4k Mg Tb =2k (4=516.7, 517.3, 518.4(nm))
DL T3k H, (Balmer 2%, 4=656.3nm). [& 2-8 2 T W00 T 25 4 BE A it i 1
B, SR IO (SR IR LD . TENE TR R,
TR T X R R A DT AT . TC 2% R B Iy VSl A O R
BIEHTEE (A LASP 538, BlE a3 e e B AR (40 Kuruez #4578 5§, MARCS
WAL AR A OGS, W R AR . HHENESH, EAB0GES
WIS RE B VERE (B AME 2%). 505 R PSS Jvk, BIZE 4 LAMOST
WFECERE , YIZRURBERIZ % (11 CNN J735), HEMOCEE P A T &
R, HARAALIIT VT 5% Wang et al. (2019, 2020) I SCHR .

TS

M Al [ |
‘"‘O:a Ciii [ [y |

mworornn I| illll IIH | \
LTI VRN LU LR TR LT B
: ! ! LY T § Y " IIIIIIIIIIIII:IIIfl\II,II'IIIIIHII I“II Lo I||| ||||| I III‘IIII,I ||§F1

% 10_TTW‘NN?WAWIWmMMWWﬁw‘m’mﬂmﬁ’mﬂ“wwﬁmwﬁmﬂ[ - YRR (i 'L‘K‘WW""-\ ) W T

=ooe
® o N

P 2-8 LAMOST gy g0kl n il (2).
Figure 2-8 Schematic Representation of LAMOST Medium-Resolution Spectra(Part 2).

+¥: B 5| B Wang et al. (2020).

2.3 EF LAMOST #ER G ERHAR

BiE R HE R —Fia E R REEE 2RSS, A5 8 EEEARNES Rt
THAEMERIA T TR BRI R, TR KRR G
PRI, i85 R B R B s 3l SR, o W AR TR R S5 HA RN A A Y i £ O
(ENESY

f P AE LAMOST 3R RiHr Bz, Chen et al. (2008, 2009) Ay s i 141 1
R RIEEE T 993 NEBIFEA, 5 7E LAMOST 25— B KA 55 1 I i by
EZ, Chen et al. (2012); Hou et al. (2014) “HFiat EFWMELE T 8 I~ KIX, B
22 N FNIRYELELE AT, Deng et al. (2012) HE 5 U XL DA K8 18 it 5 2 B HR
AL By ALS) ) LAMOST 8 KL% HF5Z —. Liu et al. (2020)
TE LAMOST 55 — 445 i) v 4y HEfeot iR B U B g il (LAMOST-
MRS-O) FIATIHY, 5E5- T LAMOST 388 FXH G i 153 28 KA
AL

27



HT LAMOST 433 250 A it i e A1 M e o

23.1 KBERFEITHR

A LAMOST 8 KRB 7SR 1, IrikZ —RE At S8 5
A Gaia IVESHIEWIFR, B KHARBRSGIGSHESR, HETREAELT
STt

041 ]

j,}i* ~0.066:0,021 dex/kpc 04l 0.25720.397 dex/kpe 1

00F = } 1 ekdz¥ - - = === =1

- ool — — - — — 7

(5 R L S #4
-oar == - -04 |
oge < 0.10 Gyr

=08 N=27 . -0.8F g <270.IO Gyr i

0.4

-0.038:0.012 dex/kpe | 0.4 -0,122+0.150 dex/kpc

Do o £ EETRR B TR

0.10 < oge < 0.5 Gyr

-0.8F N =45 - -0.8 :).I-O :5 oge < 0.5 Gyr
.4 -
0. i -0.042:0.009 dex/kpe 04t . ~0.338:0.086 dex/kpc |
T 00 — 4 — _# 1 = ook j
(Il kR o S TR IS Y P R
= =04 S -V S A R § S el
05 < <10 -
-08fF N= 5:“ o . -0.8} 2.5_< ;ga < 1.0 Gyr i

0.4

-0.0440.011 dex/kpc | 04k -0.10320.099 dex/kpc |
00 — L 5 _ 3 _ g - ol i 4
bRt T CT G B SN IO
—osl '1"0-‘52;9' < 2.0 Gyr | —o0s8f ’l'.n-<zgg= < 2.0 Gyr 4
041 -0.0530.012 dex/kpc | 04l 0.227£0.076 dex/kpc -]
0.0=...._,_§_§_______§'-} 7 0.0F ;{-” __i______.___,_:
oal ; % SN IR I U 3 L B S : ]
o8k WL } {‘ . 0.8 L 39 3206 7
8 10 12 14 0.0 0.2 0.4 0.6 0.8 1.0
Rgc (kpc) Z (kpc)
(@) )

Pel 2-9  (2)295 ANGEIBCE HITEAS R AR BER AR I B 1 BE BRI (b) T 1h) 3 1 B
Figure 2-9 (a) Radial metallicity gradients of 295 open clusters across different age ranges;
(b) Vertical metallicity gradients.

+*: B 5| FHHZhong et al. (2020).

B 5CH A LAMOST 55— R, #r B iUE PG S8R £ TER
HiZhong et al. (2020) SE A, L TAEMIH T LAMOST {7 ###% DRS SGik4d
4547 DA Gaia DR2 DGR CG18 B, HIKIKFAA LAMOST Jti%S4k
()G AR R A %, 4045 8811 ANl bt BB 51 4 295 4> B o) B 55 . B 1A
RSP REN ESE. RN EEAPEESE. s E SR A,
PASG SIS SRS AT s JFRIFSE T AT R AR ) A B s R (&1 2-9FT7R)
PARAFIS-E B FIE R R (8 2-10017R) , 152 R9HE RE #2535 25-0.053 + 0.004
dex kpc™!, -0.252 + 0.039 dex kpc~! F1 -0.022 + 0.008 dex Gyr~!,

Wi4E 2 5, Fu et al. (2022) #|H LAMOST-II i K %45 4 ) LAMOST-LRS
DRS, F45# 3T Gaia DR2 1] CG20 £ H15, 15— HHI a5 386 P Eiak £ 4]
MEFESHER. ZEFRRMIE TR - EHZEE RIS EfEN S, P aits
PRI IR . & )i FREDA RS 2k (A B0, fashia. BheR)

28



22 LAMOST YL KM@/

2-10 BEURHMAER-2 B R R £1384-0.022 + 0.008 dex Gyr~! (age<0.6Gyr).

0.5

0.0

(Fe/Heon

-0.5

T rryrfl rrrreorrrrrrqg

-1.0

i L

i

i

(=]
K

4

6
Age (Gyr)

10

Figure 2-10 The age-metallicity relation of open clusters: the slope is —0.022 + 0.008 dex
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fith, WEWTA BT s R AR AR A A SRR S HAR 1) 4 J R ERBE , IR IR AT X
CSEESTRRAIUBE T

ARA, LAMOST Jeile il KA k2L FE A5 Hm R i e s, fEsh Koes
IR ABTE . BEE WM AR AW HES, LAMOST Sl KA B & —
RIVHHA, BE— AR T BE MR B o )i, X LB IR e vt B
Tl e B AN S R A Bt b BRRE Sk DRI A, TR AR . B R e
B R G -5 LA KSR A R TV B PR TR
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$3E LAMOST P45 8EGEE AR

B R ) 00 B AR AR . PR SR EE R 2E 1 S5 0 T AR, (H2
BUR S, WA R AL B, X A5 OIS E BT R AR
fre BbAh, BRECER 20 TR, B A SUR RN S 2 e R+
FER A 5784, X SRR ST 5 1 AATTI 22 R - BRI £k 21 7
ARG

H 2018 4 Gaia DR2 £it4fs & 11 DA, SR ke i AR I = AT 25dE , i
FRCEE T A D B A SR PSR AR B T BB R, ANMAR K Hu e 3 T i ik [
PIRFSE . SRT , BEFTIR ARSI A S Lt 0 B A T, A5 7 i At e i e
P Z X T MR B EEYHGEE, . RS, tXFEMAE
WL RASE MY KT H (4 APOGEE., GALAH. Gaia-ESO Z8) HA5
B, (BHS R R A PR, JOvE R0 R E AN RS 1 A
B SR F ST sk . M2 F , LAMOST 3K REfS 4 (g S s ieide , 7
H B KR, XA B B B T AR 5 5% B SRy

LAMOST H143 3% 22575 8 5 4 08 0 391 | 7% LAMOST-MRS-O, & LAMOST
5 I th A FER GRS RS TP B — AT H . AT 11T T LAMOST-MRS-
O £ XF ik B F K XCR F 2 UCRAE I ASE =, RIFE [A]— R IR AR 6 277
B S EE AT o SRR AR X BEAS R ] B 22 B I 28] AN ] 1) L A % B
AT 72 1 B2 AT a8 0 B P R AR . LAMOST-MRS-O it SREU 53 B2 1) v 73 FER01
i, AENS LU AU B AR B LAMOST SEiis sors af b B2 bl i e (2 4FE
BRI ERSE AT 1 kms™) . KASBMEIEFE, ARESIbICR
($1-FF) (Liuetal, 2020) %5, 4, LAMOST-MRS-O i H 5 7E 745 5 5 52 8
R OISR AR (Gmag=9~15mag) , %5 5T 5 EIREE DA S E B i
A TR R SRR AR ) 4 F A SRR A AR R B S

A NAEH LAMOST-MRS-0 Wi H ¥ £ 52 5%, W H RIS T,
FES 57 WK DX A EL A A B R A 0ok . 2K R SR AR BRI S5 I AT O
FAREL XL A ) R SRR I 52 28 BE 1) AT &5 LA . AT R BN AR BN 4
X T A,

3.1 LAMOST-MRS-O InH

LAMOST BEfZ 7] 2R3y 4000 4~ RAKHEREE S, FERFEASEHE K KI5 1
HATMRROCE . SR, X TR R IX R E WL, AR$EXT LAMOST i #t
M KE S (DRS) FERAGMT, TEARERES (b)) XKIH (-10° < b < 10°) #Y-F3
REEE L BT J5 8 280 BifEE . i LAMOST f£Rifith )G oA -4
2, REBORHAUR TR PR E N CFYRIELS 10 faz) REERIEE
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Uk 10 i/ (Zhong et al., 2020), Ji b B HARSRAF ZERF ™ 0 B il AH O B 14
5T LA T RS

AT R iR A8, LAMOST-MRS T 2018 4F 9 H 53 T B iU X+
JiH (LAMOST-MRS-O). ULl 5 %555 F 25 Gmag=9~15mag, i 51 B R E
Al IRARF5 FEZ) 1000~2000 B, % [£%) LAMOST [{GEF% 5k 240475 & 200
L, DRl — B B R X AN A B 2 ORI 2047 X TR~ RIX,
SR BCRFA DT 8 Yk, BRI TR B 1 X3 (29 10 f45) PSRN 2] 1) 1 01 2
SBCRF AT 50 M. BT UL R, BRRRERNG TS R B GE. [H]
iF, #E LAMOST B8 S (i B A T 2 OB, B B R X g o 1E A
AT RE SR 2 28 B AN o X HCRE AT B A1 B 1 B AT 8 B ) B AR R R A
SR .

5 LAMOST {43 HE 256150 1, LAMOST Hh4: 35614 B DA T /2 ks 5
REUE Z e FREEE RIS B, fEEMHE SN > 10 400,
BERIRS BEZh 1km s™!, [Fe/H] 258 0.06 dex, HAMTZEFEREEZH 0.06-0.12 dex,
[HEFRHE 28 0.17 dex, HRUEEZ)M 110K (Wang et al., 2020),

3.1.1 ®BEFH*R

AR, F TS L) Gaia KRN SAIMDGEERE , BORBZ (1B HUER &
i (Bica et al., 2019; Cantat-Gaudin et al., 2020; Liu et al., 2019a; Castro-Ginard et al.,
2021; Qin et al., 2021, 2023; He et al., 2021, 2022; Hunt et al., 2023, 2024), £ 1)
B TR Y . G BRI S5 R B TSR A s B P v,
ek 22 14 B A gl 1) 2L 1 R 454 (Roser et al., 2019b,a; Carrera et al., 2019;
Zhang et al., 2020; Bai et al., 2022), FL % JFIRIERLEH (Zhong et al., 2019). 55
I, BT R BRI XIS L AT SN EE A, 3 e BRI A3 i B2 A A A [ 4
AT AFHRUSL A 53 1 R A 1A, 33X 6 I B B2 AT 174 2 JRe 45 A AN AU A% O L 401
AT ERAEA, T ) RE B AN [ R IR B Bl ) 25 AL FRIE (Zhong et al., 2022), jX L8
X B A BT TRAN A I RR 288 2 LI AR AT 5T

it (Gaia) %dli, LAMOST-MRS-O 3t [ 70 I 58 2 17 B 1A ot
FEARIBOR A R . RSH CARGRE, RIEES)) Ffbe %, X
R kg4 o L L AT 0 B ) PR SR AR I Tk . AN, BT RO B =4
W, AR A AR, b GRS B 8 )5 FU AR (Odenkirchen
etal., 2003), EHHJLEELEH) (Zhong et al., 2019; Bai et al., 2022) DA K B F#427
HALHFE (Zhong et al., 2020),

I4h, LAMOST-MRS-O T H n] iy 52 28 B A4 4k oy B 5 B ) il 01 B D6,
R AR AR AN X3, O T 2AE B GE T B AR X, s AL
B (Pietrukowicz et al., 2021; Hao et al., 2022a; lin et al., 2022). Be & (Tarasov et al.,
2012; Lin et al., 2015)., #5 B E & (Sindhu et al., 2018; Rain et al., 2020, 2021; Li et al.,
2023,2024). £I[A1#%E5 (Chen et al., 2017, 2020; Magrini et al., 2021) Fil4x4- T B2
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% 3-1 LAMOST-MRS-O |- %I X
Table 3-1 Planned survey fields of LAMOST-MRS-O

Plan ID Central Star  R.A.(2000) Decl.(2000) Nstar Nocs N_memb Remark
NT002740+583314C HIP 2191 00:27:40.51  +58:33:14.08 23927 8 992 Y
NTO014347+555239C HIP 8081 01:43:47.05  +55:52:39.11 25538 4 885 Y
NTO014355+602612C  HD 10474  01:43:55.05 +60:26:12.23 24349 13 1315
NTO021558+581737C  HD 13744  02:15:58.69  +58:17:37.00 24592 13 3186 Y
NT024142+552853C  HIP 12575  02:41:42.76  +55:28:53.76 18401 6 904 Y
NT024709+603414C  HIP 13004  02:47:09.67 +60:34:14.74 16096 20 1948
NTO033932+592643C  HIP 17075  03:39:32.64  +59:26:43.51 11761 5 782 Y
NTO041712+505156C  HIP 19986  04:17:12.30  +50:51:56.95 13220 9 767 Y
NT043052+443610C  HIP 21062  04:30:52.88  +44:36:10.98 13944 4 923
NTO045451+440349C  HIP 22842  04:54:51.22  +44:03:39.56 18941 11 1446 Y
NTO052826+344150C  HIP 25624  05:28:26.39  +34:41:50.93 20667 15 2961 Y
NTO054955+314708C  HIP 27538  05:49:55.53  +31:47:08.66 23671 10 1616
NT061047+133934C  HIP 29310 06:10:47.36  +13:39:34.09 20206 18 1227 Y
NTO061156+231225C  HIP 29425  06:11:56.25  +23:12:2542 20727 13 2178
NT063435+045804C  HIP 31363  06:34:35.61  +04:58:04.87 21081 15 1801 Y
NT184324-054140C  HD 173005 18:43:24.07 -05:41:40.52 43882 19 3379
NT194619+222809C  HIP 97289  19:46:19.48  +22:28:09.95 22572 11 1209
NT200015+295514C  HIP 98460  20:00:15.53  +29:55:14.30 33955 9 1311

NotEs: 5| H HZhang et al. (2025).
“Nstar” FRPrAEEREGE, T “Nmemb” 7R XM 85 2 B 5 B A BICE 5
T Y? FOREZE H TS S80I ) X .

(Preibisch et al., 2005; Mauco et al., 2018) &, £ryHlJ Xt T £ 7 e B E LY
— AR %, ANERFESE (Smiljanic et al., 2010; Romano et al., 2021). %E &7 £ 7
A ((Lietal., 2019; Sun et al., 2019; He et al., 2023a) 4%, LAMOST H14r #1551
TSR REANE B 1 P ) 2 SRRl X et o P i ) B SR

3.1.2 Mt RIF0SKREE

A THE LAMOST-MRS-0 i H H3REUK & B H A R eis, FRATESE T 18
A S R A R (PUF fEFR OCs KIX, U132 3-1777). 44~ OCs RIX A
G745 AN EREURR, Mty 180 4 B F A i R B E Cantat-Gaudin et al. (2018)
(PARE#R CG18), PAK 397,356 i (Gmag<15mag) £03f 51 B A1 B HE .
TR ZE e R FAL TR R T, 18 4~ OCs KIX K4 AR £
ik, HAEPIERSLH (130° <1 <240°, H-10° < b <10°, H 1 H1 b 403
FIRRGRURS) , BRI R OL 8 & 14 TREME, 4E#TEEAE 30 Myr &
1 Gyr 2 [8], @Kl 3-1FR. BARXPESTS @D 10%. FTHAH KX 20
Oy BER) ARG YE El, LAMOST-MRS-O i H (7),5. 58 55 AR 24 360 -5 B .

LAMOST-MRS-O i H T~ 2018 4£ 9 H a3, 3T 2023 4£ 6 45w, iRt T
o BRI BT A 44 9 H #7282 2K 4F 6 H ). LAMOST-MRS-O 5ji H
I A HERHEE AT (PAF AR NT 8220) , LHEE KRR T. BT NT U
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Pl 3-1 LAMOST-MRS-O 5ii H i RIM M) 180 AN EHIR % ] CAlel) FAER: 5 A (A BeD.
Figure 3-1 Spatial (left panel) and age (right panel) distributions of the over 180 star clusters
planned for observation in project LAMOST-MRS-O.

7¥: B 5| B Zhang et al. (2025).

BRI B A5 B, T AR TRl —UE B i 22 25 SRR B il e T &, LA
PAFFEAEMELL (SAN). EHF T, LAMOST-MRS-O fJ—ANUL K [X £ %
SetA T =BG, BREDE 1200 2, SEERAY 3 x 1200 #0, & e it
et EAERMEEL SIN~10, ARG imik S G = 14.5mag. ZLimik%] G
= 15mag [N ER B S5 FENLINSRIE 7 I, oA 732 i b B R AR, il AR
EFHEATHEAT /N UGG, BT 3R I B2 11 F8 5% Y e R PR i v 22 70% , AR
0] ik5%] G = 15mag.

32 MR

LAMOST DR11 v1.1 fiiAF 2024 4 9 H %17 ', HA 4 7 M 2018 45 10 A
JIEZE 2023 4F 6 H (114 Pt gt . LAMOST DR11 v1.1 3L T #84d 1000 77
SRR, o 258 TR A KRS B AT RS PR R
P —MREER (general catalog), AW HESFEARFLE: H—FEE
RS (stellar catalog) , [ TR EE AL T RIS HOA I 13 PR [ fbaF
TCERFEERFL.

7£ LAMOST DR11 ', LAMOST-MRS-O i F }J i+ g2 F (0Cs) K
X B SE OIS, A 3-2fR, Wik (R IXE 10 N ESE I R IX, 5k
BARKXEER LR BRINE, F4 OCs KIXFFT T /KA R LR HEA
PRI, DA 3 S A O IR O I 1 R 2 e . B R T
TANEHIRIX 133,792 FifE 1Y 235,184 S5 Ak, XSGk 60 ik im 5k 21 v

"http://www.lamost.org/dr1 1/v1.1/
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MRS-OCs Fields
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Pl 3-2 LAMOST-MRS-O SiH: PRI 18 AKX, Cognk 44K XA @)
Figure 3-2 Project LAMOST-MRS-O: 18 survey fields planned for observation, with ten fields
completed (light blue).

WTEAE R, HArAGIERIEMLE SIN > 5. ItHh, HESHERGE THE+
AEBIRIX N 67,318 FfE K 105,068 5061, JLPFAGIEREREL (SN2
10, FFRETUMEE. RIS, @EFE (IMH]L [FeH]) PAK 12 FioHfi
WU F R R, XOARANNE B AR AME A S 1 250

3.3 WMEyEEHE

1£ Gmag = 9~15mag AU I, i AR 2 W )R 22 B0iE B 2 sl 52 st
(S LI 3-37cM), ik R BHULI T RIAS- 21 T %08t . 6+~ OCs RIXHT, TR
I B A 197,357 5 (I L7 &), 17 S5 o L 0 F i B 45>y 133,792 Jit
(L ENE), SERERTTL 70%. B 3-34MER T s NE B — R %
DX [] N AE X ] R IX Gaia DR3 i S H BAEXT5E 4% X T B 4 7F 10mag~13mag
ZIARIE L, O 52 AT 75% . Ak, 1 3-4424] TS OCs KIX i E
IR B By B o 3k 2 R IX R 2 H0iE B T 2 1~2 ), X 5T
SR RE 1 B A DRSOV SRS FHAT o X TRl 22 YOI i [ i, G Rg T T
FEA ) B B ) AR A0 DA B 8500 B i R e, AT A S 2 1) R SRR 3R L 56 5 i
BiHE 73 (Zhang et al., 2025),
R 72BN 5E 5%, Fil ] Cantat-Gaudin et al. (2020) (DA
T EFR CG20) HivsiBUE F S B2, 5 LAMOST-MRS-O 4~ K DXL 2]
FITE BT TIRZEEAAN 3 AR A SLULES, MTHAS T 8T 89 M~ EF1RY 2170
WG . H, 4 73% R E (29 1577 ) HA5 LAMOST {5t # i) i
JEo P 3-50R T NI E] i B A B AR B AR DX R] Y ) CG20 B2 T A B Y 5
2R, ERER, TR ESTE 10mag 2 13mag 2 [A[ R ZEE R, 2 70%
) a8 D L R 1
PABLHUE ] Stock 2 S, 2R 3-500 4 MR T HULM 524 . #£ Gmag =
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Figure 3-3 Left panel: Histogram of stars from the input catalog (gray) and observed stars
(red), with an observation completeness rate of approximately 70% in the range Gmag =
9~15 mag ;Right panel: Completeness rate of observed stars relative to Gaia DR3 in the
same 10 fields, exceeding 75% in the range Gmag = 10~13 mag .

7E: BEl5| /I HZhang et al. (2025).
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Figure 3-4 Histogram of the distribution of the number of observations of stars.

7*: B 5| FHEHZhang et al. (2025).
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3-5 Jelel: DR SRR CG20 1 ST 7 %5 %5 47 1l: ALH] Stock 2 UM e 7 % (L
HRAESE T 14mag O 58 % F iid 80%).

Figure 3-5 Left panel: Observation completeness of cluster members relative to CG20 mem-
bers; Right panel: Observation completeness of the Stock 2 cluster (where the observa-
tion completeness for stars brighter than 14 mag exceeds 80%).

7*: BE5| FHHZhang et al. (2025).
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Figure 3-6 The sampling completeness of member stars in the outer regions of the star clusters
NGC 1528, NGC 1960, NGC 869, and NGC 1912 is approximately 70%, largely meeting
the expected requirements (red dots).
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9~15mag LRI, % EWIFE CG20 EELHILA 546 Wi 1. Hrf 367 HilH
7£ LAMOST-MRS-O i R gl 2], (HAERRZ, WTES/NT 14mag fY
fEE, WISER R T 80%. % EF] LAMOST WGer iy s, Blife
B KIS AT T \UORAE, 5T BRI AR 2 i B . AR, X118 Stock 2
ARG R AR A0 L AT, LAMOST-MRS-O WL 3 A AEA% 52 BAH X8
T AT S DR B R

SRR E B SN DI AR BEAS A FI P2 T0% HYREER, AnfE] 3-67
4B, b A e — LA e ar i B AT, RIVREAEE B i B O
DIk, HIRBERS MBI R 2 it B, el i B 4] NGC 1528,

34 BNSH
341 RENEE

LAMOST Hor 3 ik (MRS) 38 B SR P4 T\ BhAS ] (8 400 ) 3 2
B 25 R T FEXT B A iR 2, FRATTIESE T rv_brl A MAEASE B (40 1) 3 &
B, ZS S B S A LR O TS R ERERT, TR R
RIX AL 133,792 ifE F 1Y) 235,184 GGk . Mty 97,479 iz Lx
S/N > 10 H. rv_br_flag=0 pyfEE . FEZFEAT, 29 25% WfE 0000 T Pk Ek
R, HP- R A0 1) SR (RS AR B B OV A SR ZE A T AT AR . X T B
HAL R R ZE R T LAMOST-MRS 5 B SRR (Zhang et al.,
2025).

RFix 97,479 MifE B AE A Gaia DR3 417 732 LIULEL, $R15 T 72,737 i
RME R, &l 3-7877~, LAMOST-MRS 5 Gaia DR3 2 [E]fH L& 17
W1 2 B AR ME R 22/, 43314 0.08 km s~ 1 3.09 km s~ X KHH
M LAMOST MRS i H R i) B2 400 1) i B EL AT 8 v ) HE A

AT WG E R BRI R, R BERE B AR AR S CG20 1 2 141 A
PR FRIIT T AL . 553K T 84 ANEHFIH Y 1577 B B, Hdr 77 A4~
EAPA WP E 2 W B B B 0 e R L e R L i B A
JITA o8 7 B A ) B ) T I (RN At e 22 ok R o FEHERR 100 1) 80 B B 1% S
wR (it 50kms™) WERG, HAREG 2 AER, H 7 AR —5
W . KMILRAE 33 A BRI 3 EE CG20 i iefit. &l 3-8/ K
JETR TR REA R LL S5 5, Sn R ) SRS B ZE (BRI BR L (BRifEfm2s ) B
N, AyEk-278 kms™! FT 11.21 kms™!,

Tarricq et al. (2021) 454 7 Gaia DR2(Sartoretti et al., 2018; Katz et al., 2019;
Randich et al., 2013). APOGEE DR16(Ahumada et al., 2020), RAVE DR6 (Steinmetz
et al., 2020) Fl GALAH DR3(Barros et al., 2020) [ y¢ie5d , 118 T 1382 4 Hikk
HEEMEEE . 5o PR AT R LS, KA 5T A EERIER, H
1600 PP 25 (b HARME IR 2273 9°25-1.87 km s™! il 14.38 km s™', {1512
DL 3-8 £ A
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Figure 3-7 Comparison of radial velocities for the 72,737 common stars between LAMOST-
MRS and Gaia DR3: The mean difference is 4=0.08 km s~! with a standard deviation of
0=3.09 km s~! indicating high accuracy of stellar radial velocities derived from medium-

resolution spectra.

7¥: B 5| B Zhang et al. (2025).
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Figure 3-8 Left panel: Comparison of radial velocities between LAMOST and CG20 for 33
common star clusters, showing a mean difference i = -2.78 km s~! with standard devia-

tion ¢ = 11.21 km s~!; Right panel: Comparison of radial velocities between LAMOST

and Tarricq21 for 57 common star clusters, showing a mean difference ; = -1.87 km s™!

with standard deviation ¢ = 14.38 km s~_.

+*: B 5| /g Zhang et al. (2025).
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ML 22 A, F 7 I 1A P B R A~ 2 00 ) R A T4 Al 22 T i U A1 00 o
G DA SAS [ e i B2 1) ) i i3 2 25 57 T A3 3 (Zhang et al., 2025).
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Figure 3-9 Comparison of radial velocities between LAMOST-LRS and LAMOST-MRS: Re-

sults from comparisons with Zhong20 (42 common clusters) and Fu22 (41 common clus-

1

ters) show mean differences of p = -5.0 km s~! and y= -7.69 km s~!, with standard devi-

ations of 6 = 11.19 km s™' and ¢ = 9.72 km s/, respectively.

+¥: B 5| /B Zhang et al. (2025).
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Figure 3-10 Comparison of [Fe/H] and [«/M] between APOGEE DR17 and LAMOST-MRS:
Results from 1137 common stars for [Fe/H] and 968 common stars for [«/M] show mean
differences of A[Fe/H] =y = -0.013 dex and A[a/M]= u = 0.015 dex, with standard devi-
ations o = 0.025 dex and ¢ = 0.012 dex, respectively.

+*: B 5| FHHZhang et al. (2025).
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Figure 3-11 Comparison of [Fe/H]: Left panel: LAMOST-MRS vs. Zhong et al. (2020)
(36 common clusters), showing a mean difference ;=0.002 dex with standard deviation
0=0.121 dex; Right panel: LAMOST-MRS vs. Fu et al. (2022) (37 common clusters),
showing a mean difference ;1=0.041 dex with standard deviation 6=0.105 dex.

7X: El5| /i §Zhang et al. (2025).

% 3-2 BBURHA Stock 2 ¥ LAMOST-MRS-0 ¢ % )i

Table 3-2 Chemical abundances of the Stock 2 derived from LAMOST-MRS-O spectra.

Element

4 (dex) o (dex) N_member

[M/H]
[a/M]
[Fe/H]
[C/Fe]
[N/Fe]
[Mg/Fe]
[Si/Fe]
[Cal/Fe]
[Ni/Fe]
[O/Fe]
[Al/Fe]
[S/Fe]
[Ti/Fe]
[Cr/Fe]
[Cu/Fe]

-0.066
-0.005
-0.061
-0.029
-0.002
-0.005
-0.020
0.012
-0.025
0.043
-0.017
0.063
-0.049
-0.009
0.015

0.050
0.035
0.051
0.059
0.071
0.065
0.051
0.044
0.024
0.010
0.029
0.031
0.027
0.011
0.019

200
200
200
200
200
200
200
200
200

[NCTE NI \S I O T \O R )

25|/l HZhang et al. (2025).
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Figure 3-12 Histograms and Gaussian distribution profiles for the nine abundance parame-

ters of open cluster Stock 2.

+: B 5| FHHZhang et al. (2025).
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Figure 3-13 In the color-magnitude diagram of Stock 2, stellar colors are color-coded by [«/M]
abundances. The LAMOST-MRS catalog reveals systematic offsets in [a/M] measure-
ments for hot stars, particularly evident in the bluer stars at the upper main sequence of

this cluster.

7¥: B 5| B Zhang et al. (2025).

TEEAE . RKEBEESHERE RIS B/ NabR R, ZHAR
FAEREF M2, H LAMOST-MRS ¢ 8 A & 1R B (Zhang et al., 2025).
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Figure 4-1 The cluster membership cumulative frequency distribution reveals that within a
sample of 446 star clusters with radial velocities, metallicities, and other elemental abun-
dances: 52.9% of the clusters have >5 member stars with radial velocities (denoted by
blue points), while 20.4% possess > 5 member stars with metallicity measurements (indi-

cated by red points).
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Table 4-1 Radial Velocity Comparison for the Open Cluster Sample (RV ;o ature" RV Mrs)

Literature Survey farykms™)  oap (kms™) N_OCs
Hunt24 Gaia DR3 -0.86 16.19 824
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Pl 4-2 1033 A~ BLATFE AR RV-MRS LEEs: 55555 9% Hunt24 Rl Tarricq21 2 4 LEER (1),
SR 1=-0.86km s~' (/),0.15km s~ (£7), MR b dE R ZE N 6=16.19km s~',9.85km
s™'; &5 Zhong20 1 Fu22 {¥) LAMOST fits» JeR LA L4 (F), B X u=-3.45km
s (k) M1-4.50km s~ (£5), krdEdh 7% 0=10.22km s~!,8.48km s~'.

Figure 4-2 Comparison of RV-MRS for the sample of 1033 star clusters:When cross-
referenced with high-resolution Hunt24 and Tarricq21 catalogs (upper),the mean differ-
ences are ;=-0.86km s~!(left) and 0.15km s~! (right),with corresponding standard devi-
ations 6=16.19km s~' and 9.85km s~'.When compared with Zhong20 and Fu22’s LAM-
OST low-resolution catalog (lower),the mean differences become y=-3.45km s~' (left)
and -4.50km s~! (right),with standard deviations 6=10.22km s~' and 8.48km s~! respec-

tively.
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#4-2 18 MM RV(km s™!) 7
Table 4-2 Example of RV(km s™') of 18 open clusters

Cluster RV-MRS o6_MRS N_RV RV_H24 ¢ _H24 N_RV RV_T21 o¢_T21 N_RV

NGC 2682 33.96 1.19 188 33.77 4.97 387 34.18 0.13 360
Stock 2 9.02 1.97 272 8.17 7.59 495 8.61 0.13 177
Mellotte 22 5.39 1.3 217 5.34 21.89 398 5.88 0.03 426
Mellotte 25 38.47 2.45 111 39.26 6.66 252 37.97 0.16 186
NGC 2186 -8.09 4.31 122 -9.30 19.53 356 -7.86 0.25 32
Trumpler 2 -4.26 3.52 78 -8.32 11.77 112 -3.97 1.14 12
NGC 1039 -7.84 2.5 69 -7.08 10.62 228 -6.91 0.6 42
NGC 2632 38.18 1.25 46 33.94 11.21 348 34.94 0.08 219
NGC 869 -44.48 8.48 41 -67.64 25.53 6 -44.09 7.52 1
NGC 884 -37.61 10.64 32 -43.90 2.28 2 -33.66 4.03 5
NGC 752 6.21 1.21 70 5.71 10.26 135 5.44 0.04 102
Tombaugh 5 -23.04 12.89 59 -24.86 8.67 24 -23.1 0.19 5
FSR 0596 -38.0 7.12 4
CWNU 2352 -34.6 7.2 4
UBC 1253 -49.71 8.52 2
0C 0237 -39.22 3.07 3
UBC 1253 -49.71 8.52 2
HSC 1170 -40.07 6.4 2

Notes: “RV_H24” | “RV_T21” 43545 Hunt2024 F Tarricq2021

R 4-2, AT T UL S ) 3 o0 L T SR i B2 TR 5 4838 A IR L
S PAH RV-MRS . MAIREL, FIHATF5ER) 2 Z]H RV-MRS 5 Hunt24 (Gaia
DR3) F Tarricq21 17550 HF3A0 ) o BEAE 2 HU A — By 3R FHRar /2 6
BRG], o PRR e E A S 105 N ETE B RV 24K,
TESCHER ) W R . R R 2 Ak 105 ASE A R B ECH /0T 10 4,
H.50% m B A 1A B

] 4-3001 53 AR T = AN FE 8 2 1) L 1A (L) 8T 2 B UL % -
PER (F) MBia-EER, Bty % 2 RV-MRS., _FHE=ANE A
NGC 2682, NGC 2632 Fl Melotte 25 [ V¥ 30 [ 8 B FIER S04 5128 33.96+1.19km
s71. 34.18+1.25km s~ i1 38.47+2.45km s~!; HEE A Theia 1722, Theia 754 F
COIN-Gaia 13 [ F-H 00 i) 3 B AR L2 519-7.35+11.87km s™! | -11.4+6.96Km/s
FI-13.3144.1km s™1 . T EHEN B F S0P mZE RN, B
RV-MRS {HAIX 2, HonH S ©; THER Theia 1722 5REE K,
RIAH e S AN ER, SR BB A g5 F— 1 BRmE, HnEE
g £ - 5 45 B A S [R) A B AR TR AL TR R R Ak B B . B2 T B B A DR A A s )
JoTFE AN [ T (B A AN R] (L HAGARCL A AR WA ) B2, R A E I P R
[ LA 2 — 21

EVRTIT , LAMOST HJp o B AP 40 1) e 2 5 SCHR ELRE SR 2 0 5
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Figure 4-3 The figure presents Color-Magnitude Diagrams (CMDs) of early-observed open
clusters (upper panel) and newly discovered clusters (lower panel), with color-coding
corresponding to LAMOST-MRS radial velocities. Symbol notation: open circles

(LAMOST-MRS data), gray dots (Hunt24 data). The black dashed line indicates the
theoretical isochrone from Bressan et al. (2012).
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Figure 4-4 The figure displays Hertzsprung-Russell diagrams of six open clusters, demon-
strating the consistency between observed parameters (effective temperature 7,, . and
surface gravity log(g) of member stars) and theoretical stellar evolutionary trends. The
black dashed lines represent PARSEC theoretical isochrones for respective clusters, while
color-coding corresponds to metallicity [Fe/H]. Notably, the main-sequence stars in the
youngest cluster NGC 2632 exhibit the darkest hue, aligning with the observational char-

acteristic that younger clusters generally show higher [Fe/H] values compared to older
stellar populations.

59



HT LAMOST 433 250 A it i e A1 M e o

1
Melotte_22 ___:__:_,::_—;;;"’ 0.10
Y log(age)~7.937 yr - ___—===="" 0.05
T 0.00
g 3
S 3 -0.053
c T
) -010 5
— 4 - L —_—
__________________ » -0.15
e R -0.20
5 -
-0.25
7000 6000 5000 4000 3000
Teff (K)
0.2 eff (K)
Melotte_22
0.1 48
= 465
g 0.0 4 3
= ot 24
£ ) C
2 0.1 (] g\
= . 4.2
—0.2 .
. 4.0
.
-0.3 . r . r
7000 6000 5000 4000 3000
Teff (K)

Pl 4-5 L1l Al Melotte 22 k%5 Pel, 2 g 20 it 4] PARSEC BlHBAERR 2L, ULBJm 1%
[Fe/H] R th; FEIEEA log(e) it T, , -[Fe/H] 3¢ F Pl

Figure 4-5 The upper panel shows the Hertzsprung-Russell (HR) diagram of cluster Melotte
22, where black dashed lines denote the PARSEC theoretical isochrones for the cluster,
with color-coding corresponding to metallicity [Fe/H]. The lower panel displays the T, , -
[Fe/H] correlation diagram color-mapped by surface gravity log(g).
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Figure 4-6 The HR diagram and 7, .-[Fe/H] correlation diagram of star cluster NGC 2632
are presented, with black dashed lines indicating the theoretical isochrones.

¥: El5| FHgFu et al. (2022).
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#¢ 4-3 [Fe/H] Lbs% ([Fe/H]Literature'[Fe/H]MRS)
Table 4-3 Comparison of [Fe/H]

Literature Survey UArFe(deX) O pym(dex)  N_OCs
Donor20 APOGEE DR16 0.024 0.076 38
Spina21 ~ APOGEE DR16,GALAH 0.038 0.061 45
Netopil22 APOGEE DR16 0.036 0.062 40
Zhong20 LAMOST-LRS DR5 0.012 0.116 93
Fu22 LAMOST-LRS DRS 0.068 0.114 127
Zhang24 LAMOST-LRS DRS8 0.021 0.123 275
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Figure 4-8 The figure shows a comparison of the LAMOST-MRS metallicity [Fe/H] with high-
resolution Spina21 (left panel) and low-resolution Zhong20 (right panel). The mean dif-

ferences are 0.038 dex and 0.012 dex, respectively, with standard deviations of 0.062 dex
and 0.116 dex. The error bars displayed for the [Fe/H] of the LAMOST-MRS clusters
represent the standard deviation of the mean [Fe/H] values of their member stars.

7:»% 4-4 [X/F e] B(J Hﬁﬁ: ([X/Fe]Literature'[X/Fe]MRS)

Table 4-4 Comparison of [X/Fe]([X/Fel; ierature-[X/Felyrs)

[X/Fe]l  upaixiragD (dex) o poxpeqgD(dex)  N_D  pp pypS(AeX) o pgpS(dex)  N_S

0 -0.021 0.021 26 0.147 0.204 24
Mg -0.034 0.059 37 -0.050 0.058 39
Al -0.032 0.076 29 0.046 0.077 29
Si -0.012 0.035 37 -0.016 0.063 39
Ca -0.008 0.068 37 0.039 0.025 39
Ti -0.007 0.045 25 0.027 0.069 29
Cr -0.008 0.048 26 0.006 0.067 9
Ni -0.017 0.027 37 -0.015 0.027 39
Cu -0.007 0.061 28 -0.054 0.096 29

NoTEs:’D’~ Donor et al. (2020),’S’~Spina et al. (2021).
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Figure 4-9 The LAMOST-MRS cluster sample, cross-matched with the high-resolution clus-
ter catalogs from Donor et al. (2020); Spina et al. (2021); Carbajo-Hijarrubia et al.
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(2024),yielded 38, 45, and 12 common clusters, respectively.The abundances of 9 chemi-

cal elements (CH24,0xygen-deficient elements) were compared among them. Pink circles,

blue triangles, and orange stars denote the common clusters between LAMOST-MRS and

Donor20, Spina21, and CH24, respectively.
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Figure 4-10 The fitted gradients of metallicity [Fe/H] for 442 open clusters along the Galac-
tocentric distance (R, )and for 230 clusters along the vertical distance from the Galactic
plane (| Z|) are -0.041 +0.008dex kpc~' and -0.044 +0.067dex kpc !, respectively.
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Figure 4-11 The abundance gradient of metallicity in open clusters along the Galactocentric
distance (R, ), derived by Donor using OCCAM spectral data.
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Figure 4-12 The metallicity gradient ([Fe/H]) of open clusters from CH24 along the Galacto-
centric distance(R, ), with a break point at R,. = 11.3 kpc.
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Figure 4-13 The metallicity distribution ([Fe/H]) of open clusters along the Galactocentric
distance exhibits a distinct break point at R,.=11.5 kpc.For the 387 clusters in the re-
gionR, <11.5 kpc,the fitted slope is -0.047 +0.006dex kpc~'.For the 55 clusters in the
region R, >11.5 kpc,the fitted slope is -0.014 +0.017dex kpc~'.The color scale represents

the cluster ages in logarithmic units (log(Age)).
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Table 4-5 Comparison of radial metallicity gradients

Reference Slope Range N_OCs
(dex kpc™))  (kpe)
This work -0.041 +0.004  5-18 442

-0.047 £0.006 <11.5 387

-0.014 £0.017 >11.5 55

Donor et al. (2020)  -0.068 +0.004 <13.9 68
-0.009 +0.011 >13.9 3
Spina et al. (2022)  -0.064 +0.007 <12.1 -
-0.019 +£0.008 >12.1 -

Myers et al. (2022)  -0.055 £0.001  6-18 85
-0.073 £0.002 <11.5 51

-0.032 £0.002 >11.5 34

Magrini23 -0.054 £0.004  6-21 62
-0.081 +0.008 <11.2 42

-0.044 +0.014 >11.2 20

CH24 -0.062 +0.007 - 99

-0.069 +0.008 <11.3 71

-0.025 £0.011 >11.3 28

Chen et al. (2003)  -0.063 +0.008 <17 118
Reddy et al. (2016)  -0.052 +0.011 <12 79

Zhong20 -0.053 +0.004  7-15 183

Zhang et al. (2021b)  0.066 +£0.005 6-15.5 157

Gaia Collaboration23  0.054 +0.008  5-12 503
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~1 $1-0.014 +£0.017dex kpc™!, 4N 4-13J)77%. Donor et al. (2020) 23, “knee”
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TEAEMXE . N R, <Tkpe; KBHXIE Tkpe< R, <9kpe; 4Mi R,.>9%pc),
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Figure 4-14 The figure shows the metallicity [Fe/H] distribution of 245 open clusters across
four age bins as functions of Galactocentric distance and vertical distance. The color scale
indicates the number of member stars with metallicity measurements. A small fraction

of clusters contain 50-100 or more members,while the vast majority have fewer than 50.

A 4-6 AFIARBY DX MR AE I 52 R BERE R LL A

Table 4-6 Comparison of radial metallicity gradients across different age bins

Reference Age Bin Slope_R,.  N_OCs Slope_Z N_OCs
(Gyr) (dex kpc_l) (dex kpc_l)
This work Age < 0.1 -0.044 +0.008 153 -0.097 +0.218 76
0.1< Age <05 -0.050 +£0.006 208  -0.354 +0.129 110
0.5< Age < 1.0 -0.034 +0.006 54 -0.344 +0.152 28
Age > 1.0 -0.043 £0.012 27 0.338 +0.152 16
Zhong20 Age < 0.1 -0.066 +0.021 27 0.257 +0.397 27
0.1< Age < 0.5 -0.038 +0.012 45 -0.122 +0.150 45
0.5< Age < 1.0 -0.042 +0.009 32 -0.338 +0.086 32
1.0< Age <2.0 -0.044 +0.011 20 -0.103 +0.099 20
Age>20 -0.053 +0.012 12 0.227 +0.076 12
Donor20 Age <04 -0.050 +0.003 13 - -
0.4< Age <0.8 -0.073 +0.003 16 - -
0.8< Age <2.0 -0.066 +0.002 27 - -
Age >2.0 -0.094 +0.005 12 - -
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Table 4-7 Comparison of 12 Chemical Element Abundance Gradients

[X/Fe] This work N This work N Slope_D N D
5<Rgc<18 (kpc) R,.<1 1.5 (kpc) R,.<14 (kpc)
(dex kpc_l) (dex kpc_l) (dex kpc_l)
C -0.004 +0.002 222 0.002 +0.004 195 - -

N 0.055 +£0.006 ~ 222 0.100 +0.011 195 - -
O 0.008 +£0.003 156 0.010 £0.005 129 0.013 £0.002 45
Mg 0.003 +£0.003 222 0.006 £0.005 195 0.009 +0.001 68
Al 0.002 £0.003 156 0.003 £0.006 129 0.018 £0.002 68
Si 0.006 +£0.002 222  0.014 £0.003 195 -0.001 +£0.001 68
S 0.003 +£0.003 156 0.005 +£0.006 129 0.010 +0.003 68
Ca 0.003 £0.002 222 0.003 £0.005 195 0.012 +0.001 68
Ti 0.007 £0.003 156 0.015 +0.005 129 -0.000 +£0.002 68
Cr -0.007 £0.002 156 -0.013 £0.003 129 0.010 £0.004 68
Ni 0.003 +£0.001 222 0.002 £0.003 195 -0.002 +£0.001 68
Cu 0.004 +£0.003 156 0.002 +£0.005 129 0.015 +0.004 68

Slope_D indicates Donor et al. (2020).
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Table 4-8 Radial Velocity Catalog of Open Clusters

Column Format  Unit Description

Cluster String - Cluster name

Ra Float deg Mean right ascension of members from Hunt2024

Dec Float deg Mean declination of members from Hunt2024

GLON Float deg Galactic longitude of members from Hunt2024

GLAT Float deg Galactic latitude of members from Hunt2024

PMRa Float mas yr~'  Mean proper motion along Ra of members from Hunt2024
s_PMRa Float mas yr~'  Standard deviation of PMRa of members from Hunt2024
PMDe Float mas yr~'  Mean proper motion along Dec of members from Hunt2024
s_PMDe Float mas yr~'  Standard deviation of PMDe of members from Hunt2024

PLX Float mas Mean parallax from Hunt2024

s_PLX Float mas Standard deviation of Mean parallax from Hunt2024

RV_MRS Float km 57! Mean radial velocity of clusters by LAMOST-MRS
RV_MRS_Std Float km s~! Standard deviation of RV_MRS

RV_MRS_Num Integer - Number of stars used for RV_MRS estimation

RV_MRS_flag String - Flag of Gaussian fitting process for RVs estimation

Zmax Float Kpc Averaged maximum vertical distances above the Galactic plane
R,, Float Kpc Galactocentric distance assuming the Sun is located at 8.0 kpc
Dist50 Float mas 50th percentile of maximum likelihood distance from Hunt2024
LogAge50 Float yr 50th percentile of logarithm of cluster age from Hunt2024

X 49 GEBUE DK U PRI 5 Bk
Table 4-9 Radial Velocity Catalog of Cluster Member Stars

Column Format  Unit Description

Cluster String - Cluster name

Uid Float - Unique source identifier calculated by LAMOST-MRS
GP_id Float - For each LAMOST source of star by LAMOST-MRS
GaiaDR3 Integer - Gaia DR3 source ID from Hunt2024

Ra_obs Float deg Fiber pointing right ascension of star by LAMOST-MRS
Dec_obs Float deg Fiber pointing declination of star by LAMOST-MRS
PMRa Float mas yr~'  Mean proper motion along Ra of stars from Hunt2024
e_PMRa Float mas yr~'  Standard error of PMRa of stars from Hunt2024

PMDe Float mas y#~'  Mean proper motion along Dec of stars from Hunt2024
e_PMDe Float mas yr~!  Standard error of PMDe of stars from Hunt2024

PLX Float mas Mean parallax from Hunt2024

e PLX Float mas Standard error of parallax from Hunt2024

Gmag Float mag Mean G-band magnitude from Hunt2024

BP-RP Float mag BP-RP colour from Hunt2024

Band String - represent RV by B or R band spectra

RV_MRS Float km 57! Mean radial velocity of each star by LAMOST-MRS
RV_MRS_Err Float km s~! Error of RV_MRS of each star

RV_MRS_Nobs Integer - Number of observation for RV_MRS of each star
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Table 4-10 Chemical Abundances Catalog of Open Clusters

Column Format Unit Description
Cluster String - Cluster name
Ra Float deg  Mean right ascension of members in Hunt2024
Dec Float deg  Mean declination of members in Hunt2024
M_H Float dex  Mean [M/H] measured from member spectra by LAMOST-MRS(cnn)
M_H_Std Float dex Standard deviation of [M/H]
M_H_Num Integer - Number of stars used for [M/H] estimation
a_M Float dex Mean [@/M] measured from member spectra by LAMOST-MRS(cnn)
a_M_Std Float dex Standard deviation of [a/M]
a_M_Num Integer - Number of stars used for [a/M] estimation
Fe_H Float dex Mean [Fe/H] measured from member spectra by LAMOST-MRS(cnn)
Fe_H_Std Float dex Standard deviation of [Fe/H]
Fe_H_Num Integer - Number of stars used for [Fe/H] estimation
Cu_Fe Float dex Mean [Cu/Fe] measured from member spectra by LAMOST-MRS(cnn)
Cu_Fe_Std Float dex Standard deviation of [Cu/Fe]
Cu_Fe Num Integer - Number of stars used for [Cu/Fe] estimation
K 4-11 FBUERDR VR Yoo R FESER
Table 4-11 Chemical Abundances Catalog of Cluster Member Stars
Column Format Unit Description
Cluster String - Cluster name
Uid Float - Unique source identifier calculated by LAMOST-MRS
GP_id Float - For each LAMOST source of star by LAMOST-MRS
GaiaDR3 Integer - Gaia DR3 source ID from Hunt2024
Ra_obs Float deg  Fiber pointing right ascension of star by LAMOST-MRS
Dec_obs Float deg  Fiber pointing declination of star by LAMOST-MRS
T,y Float K Mean effective temperature of stars measured by LAMOST-MRS(cnn)
T, y f_Std Float K Standard deviation of effective temperature
T,;;_Nobs Integer - Number of observation for effective temperature of each star
Log(g) Float dex  Mean Surface gravity of stars measured by LAMOST-MRS(cnn)
Log(g)_Std Float dex  Standard deviation of Surface gravity
Log(g)_Nobs Integer - Number of observation for Surface gravity of each star
M_H Float dex  Mean [M/H] of stars measured by LAMOST-MRS(cnn)
M_H_Std Float dex Standard deviation of [M/H]
M_H_Nobs Integer - Number of observation for [M/H] of each star
Cu_Fe Float dex  Mean [Cu/Fe] of stars measured by LAMOST-MRS(cnn)
Cu_Fe_Std Float dex Standard deviation of [Cu/Fe]
Cu_Fe_Nobs Integer - Number of observation for [Cu/Fe] of each star
Vsini_Lasp Float dex  Mean Vsini of stars measured by LAMOST-MRS(lasp)
Vsini_Lasp_Std Float dex Standard deviation of Vsini_Lasp
Vsini_Lasp_Nobs Integer — Number of observation for Vsini_Lasp of each star
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Figure 5-2 Left panel: Nitrogen abundances in giant stars (marked in orange-red) of the

old open cluster NGC 2682 show significantly elevated values. Right panel: Old open

clusters(blue) generally exhibit systematically higher nitrogen abundances compared to

young clusters.
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Figure 5-5 Classic Binary Cluster Example: NGC 869 and NGC 884.
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Figure 5-6 Candidate Binary Cluster Example: HSC 1486 and HSC 1493.
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