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Abstract

Abstract

It is generally agreed that stars in the Galactic disk normally form in open clus-
ters(OCs), but little is known about the actual formation pattern of the open clusters.
An important question arises: does the formation process of OCs exhibit a hierarchical
clustering pattern? In other words, do OCs tend to form isolated or do they prefer to
form in pairs or groups? If such a tendency exists, what are the underlying physical fac-
tors? Additionally, what are the dynamical evolution characteristics of binary clusters
or cluster groups? In this regard, OCs and cluster groups can provide valuable obser-
vational constraints for the study of observation and numerical simulations of Galactic

dynamics.

For a long time, OCs have been mainly regarded as isolated systems. Since the
era of Gaia, it has gradually been recognized that some OCs are actually formed in
groups. These OCs are kinematically coherent, similar in age, and adjacent in spatial
position, thus constituting a cluster group. In-depth studies on coeval cluster groups
will contribute to a better understanding of the formation mechanisms and evolution
patterns of OCs. Using OCs as tracers provides a new perspective on the process of star
formation in giant molecular clouds and contributes to a deeper understanding of the

theory of hierarchical star formation.

Despite significant progress in the search and identification of cluster groups, the
sample remains very limited, and the formation mechanism of cluster groups is still
unclear. Therefore, there is a need to expand the sample of primordial cluster groups
to provide reliable observational constraints for further research on the formation and
evolutionary patterns of star clusters. In recent years, with the advent of the Gaia era,
the number of newly discovered open star clusters has dramatically increased, and the
completeness and reliability of open star cluster catalogs have continuously improved,
providing a more solid data foundation for the search for cluster groups. At the same
time, combining high-precision kinematic data from Gaia DR3 allows for a more accu-
rate search for star cluster groups and a deeper exploration of their internal motions and

possible origin mechanisms.

This thesis is based on high-precision astrometric and photometric data from Gaia
DR3 and re-determined the parameters of relevant OCs. Based on this, we discovered
four new cluster groups in the Cygnus region, namely cluster groups G1, G2, G3, and
G4. Among them, G1 contains 6 clusters, G2 consists of 8 clusters, and both G3 and G4
contain 3 clusters each. Our analysis indicates that the four cluster groups each occupy
relatively independent regions in space, with member clusters being closely adjacent

and connected, exhibiting consistent tangential velocities, suggesting that all member
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Search for Cluster Groups in the Cygnus Region

clusters of each cluster group were formed within the same giant molecular cloud. The
star formation duration of the four cluster groups are 13 Myr, 29 Myr, 10 Myr, and
12 Myr, respectively, indicating they likely formed sequentially. Distance corrections
were performed using Bayesian methods to study the spatial distribution morphology
of the cluster groups. The results show that cluster groups G1 and G2 exhibit distinct
filamentary structures in their spatial distribution, while the member clusters of G3 and
G4 are more concentrated. Some member clusters in G1 and G2 currently show no
significant interactions, while interactions exist among the member clusters of G3 and
G4. Finally, utilizing the Galpy package, we further investigated the orbital motions of
the cluster groups in the gravitational field of the Milky Way. Orbital analysis results
indicate that the member clusters of these cluster groups will gradually move away and

eventually evolve into independently distinct individual clusters.

Key Words: Open cluster, Binary cluster, Cluster group, Galactic dynamics
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CG20b Cantat-Gaudin et al. (2020b)

COCD Catalogue of Open Cluster Data

GMC Giant Molecular Cloud

NCOVOCC The New Catalogue of Optically Visible Open Clusters and Candidates

IX



Cygnus JIX i) 5 PHFEI B¢

NGC
oC
Qin23
RAVE
TYCHO
MWSC

New General Catalogue of Nebulae and Clusters
Open Cluster

Qin et al. (2023)

RAdial Velocity Experiment

The TYCHO catalogues

Milky Way Star Clusters



Fl1E 5lE

B1E 515

iR Al g+ 2 ETRIEEREWERE RS, Bl ORISR T
NZEIREBRAN Tz 2638, GG B A 1 25 i I AR AT LAY BRS04 5 B2 ] (Pleiades,
i 1-1) o BT HLIESE A Wk SRR, B AW S 2 45558
AR IR . IR — LU R I, B AR ) TP A (Bica et al,
2003; Casado, 2021; Camargo et al., 2016), ‘B 17E=3 6] MBS HR B R—E
¥z (GMC), L EAJLFERIE. M H 6 e, FRAMJILA TEEL
T HHAEE (Casado, 2021, 2022).

Pl 1-1 Gidavi s A

Figure 1-1 Pleiades star cluster

*: BEERARERA-CHKER
The Pleiades star cluster is also called the Seven Sisters. (Image credit: LazyPixel/Brunner

Sébastien)

S BRI R A R R S, H D B A 4 B B S RS B A
A, WFFER o B AR PR TE A R I R A A B R S5 R ) & B (Dias
et al., 2005; Janes et al., 1982), ERIH W2 A 501H B 5 B WP s =i i A
A (Evans et al., 2009), A B T IR AN E 41 = E 2 55RO EE e
(hierarchical star formation, Bonnell et al. 2003) [HEfE. FHEAHREESE
A1IE WAL 75 B I g i A AR A T A TR B 5%, T AR AR T Wk ) 30
G BN, wiLAE B 0 SO 3l ] BB G H 4 JR L - = TS A R 2L ) E P
B, B2 TR 2RI AL ST, ARG B B . X
VA i) L AT ) B 9 DU A T e R R A SR i 9 (B R e, A AR
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WA AR R AR AR ST W] AIBIECT I 4F B 0 18 B i
XA FATTRERS 4xTh L 1 ff— > BRI A 2 W B A B A A, I
RAFGEIREN B AR AL o B OF 50 03 A AR AR AT, T PASE 7 B2 A
NHREh Ty ep A R, AT S 4 T PR A B R L R A A . RV B TR
T UL TAEA TRORAIERE, (B2 i TRAA R DA R Bk BE R R, EE A
RS TR M AR, B UL IR AE A Wk R I I BB AR A (Krause
etal,, 2020). (NI, TR RIEHEBREREA, Nit—2OE B RIWIE NS HEE
BT AL PTEE AL R o 3R B AR S AN SO EE R SR 22—

Ll BiEH

i FR MR EHEEER. T 5T RERANE RERSGE, Hp4ik
Z3E B AR 7 X B (Lada et al., 2003; Bressert et al., 2010; Megeath et al.,
2016), HiHCEHHE X NERBRGHN . BRI BET 2 ETRiEE A
G, XSEE Bt TR — R HZh | R4 (Lada et al., 2003), KERS- R4
B TER 5 Zh AL EU# (100-200 Myr ), HAl b B2 M AR B Y 32 22
T o A Y —F 5 B B4 R R EDIRZSE 24, A FRATTIRAE LI 2] i 4F 22 B L
E F] (Krumholz et al., 2019; Krause et al., 2020; Portegies Zwart et al., 2010),

BB ) 2 A TR RE 2 b, AR AR (52 A
TR ) FBTES, N B RS MR R, . R, &8
FRE L PHELACSE o XSGR B SO E B R U 5 A AL ] 5 AR
5L H % (Evans et al., 2009);  [a] I A B KRR AR O B 58 Be 1 B2 &R
GEASH AR AR, JUH2 B AL A 4 8 1 EAE AR 2R N 1) 43 1 92
RESR LR A B A A A I Ak T S BRAR JE, 3 AT DASH ARSI ORI AL 1) BRI AR
RUPAE AT EE ) 23R (Dias et al., 2005; Janes et al., 1982),

1.2 BHERFREN
12,1 ERAATZR

A B4R R B A —E 9T oy, B L EERERNZ BH RS8N
S 15 A1 (cluster complexes, Piskunov et al. 2006) 1% 5 4] 5 F# (primordial
groups, Conrad etal. 2017), ARCPA “EH#HE” gifk. ERFEEE S L1 OB &
PIMFIAR SR AT, A BIEBGE ARRr LA AR B LT A S . X SefE
BT HABG T (self- gravity) fERIF). BHEMNHTaH. U9+ =23 heE
13 (Bonnell et al., 2006) . #8:37 BE AAH % L3N (Elmegreen et al., 2004) DA Az i
WHksl (Mihos et al., 1997) Z4NFAE I, SBT3 IATEFIY) By JR iR
ME, H50 1= 2 FREEEE R, MBS PR S5 (Elmegreen,
2007, 2010), 48T E KT Jeans JFifE (Mapelli, 2017) i, FFEA5] H1HH4E T
2 B3 — DR S N/ N G5 . E R TR BGE R 2 I 5 24T (Bonnell
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etal., 2003) PR, BIEEFEFFEZ N RE BRSSP X —
Wstgth, HEERAR MR R —-ERE, e N2 2EK. ZHrBmiE
3 #E (Efremov et al., 1998),

K 1-2)87R T1E B SR ATE e . HEESG T RRES T4
(B 125 —IRTE). XErFmeBRnihiKngite—, BhusET:
B IAERAIAR, EAUESECATIHE R . MESI IMER, 0 F o ihRitEs
Sledr, TR T ENEELNG (B 128 IEFE), T8 (Molecular
Cloud Cores) FlJ5{H E4% (Protostellar Cores) o M 434 H 3K 1[5l — N T = A
PE s ZAEE, AL Sub-cluster (& 1-2 55 =R &) . FEX b FE iR
o L) SR SR SR L AR HE . SR 2 A e i A 1) Sub-cluster £
(B 1-2 5B UiR ), RATEER .

Hierarchical fragmentation Sub-cluster formation Hierarchical assembly

Gravitational collapse .
into subclouds and stars and stellar feedback and gas blowout

7

Pel 1-2 R SF R AN R BN .

Figure 1-2 The model of cluster formation from hierarchical star formation

E: NEBIAFIR, F—BFE: FRENSFREBS NAE. FZEFE: 510
IREMSHS FRERUBER, FE-RINBEARANS Tz, RLPEERIER. £
ZEFE: NERNSFZHREBER Sub-cluster, #EERBXREEERRIRE
IR AR SE. SMNIEFE: BEEERBENEFFRSERE, Sub-cluster GFH A
—/EH. BR#EHEGrudicetal. (2018).

Far left: An unstable molecular cloud undergoes gravitational collapse. Centre left: The
gravitational instability causes hierarchical fragmentation, producing a hierarchy of sub-clouds that
eventually fragment into individual stars. Centre right: Stars that fragmented out of the same
sub-clouds form in sub-clusters. Feedback from massive stars starts to evacuate gas locally. Far

right: The sub-clusters merge hierarchically into a single cluster as stellar feedback blows out any

remaining gas. Image source: Grudic et al. (2018).

SE B BN b 1 28 LS9 2 0k S S R AR VT R AR A b FT
Persei, H.45%57 5128 NGC 869 }; NGC 884, K 1-3J#/R T h fll y Persei {45
[B] 731 . xR A EFRA120 2.2 £ 0.2 kpe, EHFZ 8 E A 21 pe, ZEMM I
BUEIA N JE T RIE R AR A o 10 5 R R S8 A 7= B TR, B
FELEULI_ - AR BAE R K Z5H (REERZECH pe) et 2R/ +45t (R
JER 2% pe BIE1 pe). Efremov (1978) FIRAFSE T kpe REE b B2 %41
I T= 8, HFRZ NIE B Gk ( “star complex” ) . fBATTARTFT T WHZE 20K
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1-3 WU AL h Rl Persei 11945 0] 53 4ji
Figure 1-3 Spatial distribution of double star clusters z and y Persei (NGC869 and NGC884

I kXEZEZ A (E) #1x () Persei WEH, iz THREL 1.5 EREHIXIE.
E K58 NASA ER, {E& Marten Frosth

Note. The picture of famous double star clusters, A (top) and y (bottom) Persei, which covers an

area about 1.5 degrees wide in the constellation Perseus. Image Credit: Marten Frosth

FE s e B as i R R EME B &k, /N2 OB B . Hlun4 1 Orion (5%
FURE) , KRR PR Z AR R EREEZE, P20 5 AREZERT
45#4) (Elmegreen et al., 2000b). FEFAREE b, fAEFMER “AHE” (12
W), Ho s KREREE (Efremov, 1997), ARRAGE EEBEHE. 4/
H i R S5 H )& i /R (Gould belt) , k25 M2k Orion OB &t /Ry
PR TS 2 —, JB T3 =12 (Poppel, 1997). Orion OBI1 {1 4 4
F4E, 4351 OBla, OBlb, OBlc il OB1d, J&T-45DU4 27K (Blaauw, 1964)
(W 1-4 RAEFTR) . B 1-4 AR ER T OBle W T4, Hpas
NGC 1977, NGC 1980 FI NGC 1981 ZAENMEZAER (BHENER).

122 WERA/ZEFAZEYH

B2 2 Ay HLH R T 2R A Z AR Y S TR AU 1A DA S 2
BT A, , de la Fuente Marcos et al. 20103 X A0 AF 5T 1 45 5 (de
la Fuente Marcos et al., 2009), Z5& N (ABIEER, HIR RS HPE 1 TR ]
DA Z B A AT e T A X
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e NGC 2024
B ). Ori (<5 Myr) (OB1 d)

Horsehead
Nebula

o Ori
(OB1c)

stokd orioBld
B8 14 (8- 12 Myr; d ~ 350 pe)

Ori OBle
B 1) (3 -6 Myr; d - 400 pe)

S | (2 Myr: d ~ 400 pe)

e Ori OBld
4 X - “Ld (=2 Myr: d ~420 pe)
e L Ori
At NGC1980

Pel 1-4 35 P BiAE R IX P 3 A AR S it e e 45

Figure 1-4 Hierarchical stellar structure of Orion region

7: Z&: Orion OBl HE &M 4 N F&#, B35 OBla, OBlb, OBlc #10Bld. A
E: OBlc FIEIFLHIMY, OBlc 4 NGC 1977, NGC 1980 #1NGC 1981 £EHH S
MEH. ER#EEBally (2008),

Note. Left: The four substructures contained in Orion OB1, including OB1a, OB1b, OBlc and

OB1d. Right: A close-up showing the substructure in OBlc. OB1c also contains multiple star
clusters including NGC 1977, NGC 1980 and NGC 1981. Image source: Bally (2008).

(1) JETE R (Simultaneous formation): FE [/]—4~4rF = WIE FINE
A, BA MR b2 R EMILFEES, R AR BB .

(2) HHYRTE A5 (Sequential formation.) : 7 5 A1, ¢ B KU BB %
FEERIE TR, N RERE A ERTER . (Goodwin, 1997; Brown
etal., 1995). W RES FHEAENMM b A~ B FAA A B N AR RS 22 57, T B
KA ) 4 SR TS Y] RE X A B A AR [ &R R

(3) fFHIE B (Capture): B HIEMZ )G, BT80S EAERFIR
B . 7 AR B N AR R Ry 25 (R, (HE AT TR AE Ak i
SATRERARKRZESR, RIS B BN S FR TR X & .
de la Fuente Marcos et al. (2010) FyEIIZE AN E R IEE AR EN RS, [F
it Arnold et al. (2017) (1) N {AF(ERPI G LRI, R W U AR BIRMERF A
HB 12 FUfR SO S IR 2 AT 748 BUAh, P4l fE HosU R B g e %
0= RA G5 2 BACDKIEEE YA ¢ . WL E, Kovaleva et al. (2020) {i#
il 6D ZHAIE T Collinder 135 F1 UBC 7 fy— X WUR I - W4 B 17125 i) 43 7 4%
I, FOZEREEE R 242 £ 2.1 pc, HATZ 4 0.6 + 0.1 mas yr‘1 (FEXFT] i)
142+ 0.15kms™") | I HFAEHB 0SSR TS, BAM R R
ZI4k, AFIRRARAE 40 Myr Aty . B L, P2 Collinder 135 #1 UBC 7 HAGHHIE )
. R, FRFHCIZEEE, RO R0 1 o A f U A .

VFZWF5T R0 25 AR N BLIE B SRR S0 A A 2, B 45 1] v 7 i EL A A AL
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B A K3 Rz ), 2840T Collinder 135 #1 UBC 7. A —FiEdl 2 dE 5
WIBUE ], 502 Ul PSS ) 3 R T A] REAE 12 S R AR A, HAs H
TR RIEAETEE =, (B BB AR AR DA A R XA
() HL AL ()12 Piatti et al. (2022) IR AT R N “RlEfE” XU ] 1C 4665 il
Collinder 350, IC 4665 (4Fi% 53 Myr) #/1 Collinder 350 (4% 617 Myr) ¥ T4R
I I _EJ7 2 100 pe, BEESRIHZ) 330 pe. PiA I EZEL N Skm s~ 7E
2S[E] FANAHRE 29 36 pe, /NTEAN14 B 2482 1 (de 1a Fuente Marcos et al., 2010).
R TR B AR B Y R R, Piatti et al. (2022) F1J ] 2 89467 B A E
SB[, 4R R BB AAe S R FAHRREIE, 75 IC 4665 YA i) 5
Collinder 350 fEE BT 500 pe. P2 P S e A= 1 i O 1A i el s 3l 23
EAHIE, TARFERIAUR I 2455 . 1C 4665 F1 Collinder 350 27 8] ()R SERERA [F] T
EAE BB B LA B e . n] 0L, AR AREAS A IRR AN R B R BRI A
BEAFR ML T — IR SE T %

HRAE FaARmI AT, R H rp ) B A i BN R, HIRCE KRB
EAHBPBE R, X W] T R EZHOE B R TE R — 1= R R,
BT IO A B DA B S 2= FUg O R 383 B i —#0 45 . de la Fuente
Marcos et al. (2009) $& 21| 10U A1/ B B0 =M iR 36, “[FITERY &
R DU A/ L AR ) B o1 A P B AR e, R E 60 B 25 IR B AT
ZAREAMMVES , H HEAMREG . T SRR XER, B
HIER TCIR BRI T A 8 0 08 4k B L AR AR RIS SR A ) vl ek, e ik %
AR B AR AP MR B 24 B SE R s 325 B BT R A Y AN
A2 A FAE S . B 2 B A s A iz 2 i ) T A5

1.3  Gaia 3

Gaia PR ZRMAE )R (ESA) T 2013 4F K 51— 23 5] KA 0 & P A
(Gaia Collaboration et al., 2016), Gaia P EHHCE T HHFAS H L2 /5, H%E
1552 il HL A ARG B = AR R IE 5, IR A &R BT e 2
Hzsh . Ay, IESE R . Gaia TEWINEA (K 1-5) & HMEE 3
AALFEE B R )RR E S (FLE . AfT. 9122). AR BB,
[F] B BB A AR EUIE G 5 ELF A5 B R P B S BOOA KR ) U . Gaia DR
LS00 o PR AR AR T R AL AL L A DA ST AT R PR AL A
o

HEl, Gaia 8% $PAES BT 2016, 2018, 2020 PAK 2022 4E 445 T 4 Ik
WA, 4 WBHE B & B A B4 TR -1,

Gaia DR2 (datarelease 2, DR2) k75T 2018 4£. B4uFE T Gaia P EFrE &
722 A~ H I s, A Ao At 4

o Y 13ALTIEER S 4ERAMFESEL (A%, MEMBELT), BEERRES%
Y1k G=21 4%, EMREHLN G=3 55;

6
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s REFEZHFLEA

Kl 1-5 Gaia TVREFPWMELA . ElJR: ESA/Gaia.

Figure 1-5 Observation technology of Gaia satellite. Image source: ESA/Gaia

o Y17 AZHEEN G B B, DA 8 T iiE 2t S41
(E(GBP‘ GRP)) ;

o JfT-HH T UE B R ) (Katz et al., 2019).
PA_EANH B35y N2, =T Gaia DR2 £ N2, UL Gaia Collaboration et al.
(2018). Gaia DR2 3R T Gaia T EALSSW)—DERHE, LI T X 10 1255
TH B 22 A0 BAT AT Rk BE M R H AR . 5280 T R TH AR AR PR A 1) 3 B2 AN
REYEME BWE 2 . RERE SR B Y3l . 4RI 2 DA A R ST
W EEEE, FEE R T Gaia FE KRBT HIE RIS 5 Gaia DR1 A
t, Gaia DR2 Uit fit THHE R Gpp A Grp W BN E S, X EAMR P Bit-2
SR E B TR, EIRATRENE 5 AT U 5T B 1A DA SO i B O[]
KA EEAHT B, AT, B T AR AR TR B4R, 5 B 2
PAKWHTR A . A B AL R ) E 48 A 58 4%, Gaia DR2 AT RGL 1R 2
B AR B BRI

1.3.1 Gaia DR3

Gaia DR3 ZHEF X T Gaia DR2 F1 Gaia EDR3 &8 K4, Gaia DR3 fif
SRR PR B R E M RRIT AR A . Gaia DR3 FfatE it —2 9"
Ji& T Gaia EDR3 [J%HRNES, i Gaia EDR3 [R5 F4 0L T4 RAAY S5
Gaia DR3 21t T I8 L RIKHI AL EMPA G e Br 5%, RTHA ISACIF, BT
M2 BFTPAK Gpp, Ggp MBI ESE . Gaia DR3 RGN 10 [r) 3 B2 14 B8 5
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% 1-1 Gaia IR Bl B A BN 22 Le

Table 1-1 Comparison of content included in Gaia’s previous data releases

Gt Gaia DR3 Gaia DR2 Gaia DR1
H ARiE A 1,811,709,771 | 1,692,919,135 | 1,142,679,769
A KA (E B R 1,467,744,818 | 1,331,909,727 2,057,050
S HESHORIE 585,416,709
6 AESHUR I 882,328,109
2 SRR 343,964,953 | 361,009,408 | 1,140,622,719
HAT G WS B Roddk 1,806,254,432 | 1,692,919,135 | 1,142,679,769
HAT Gyp PR BRI RIAK 1,542,033,472 | 1,381,964,755
HA Gyp PR BRI RIAK 1,554,997,939 | 1,383,551,713
FLAG ) R T U 33,812,183 7,224,631
HAT Gyys WBFY BLAF I RIK 32,232,187
HA BP/RP FEGHE R R 219,197,643
BA RVS GG Kk 999,645
Lo 10 509 536 550,737 3,194
APERRE (HBF22T) 24 6 2
HAT BP/RP SR R AR S 500 Rk 470,759,263 | 161,497,595
FAT RVS SGREHFM KA YIS E0) R AR 5,591,594
HA RVS JGRET R R F M AR (Fik 13 F) 2,513,593

FE: HHRRIET Gaia"B M. Kb S ESHRT: WAERIKBARALE (0, 8) BT (45, 45). MZE (@). 6
WSHIRE: WS ESH I EREESE RY). 2 S EREAELE (a, 6).

Note:The data comes from Gaiaofficial website. five-parameter astrometric solution: position on the sky (a, 6),
parallax(w), and proper motion (1, p;);

“https://www.cosmos.esa.int/web/gaia/dr3

HIREE T KRB RIE I SE. Gaia DR3 .5 T N2 3 T 3 | 7 a2
MM (Katz et al., 2023), HHEE Gryg< 14 mag, 3100< T,<14500 K; [H]
B AL T3 4.70 [0 RAKY LS50

Gaia DR3 W[ R L p B L 36 ARy B #ihn  (BP) M4lug (RP) i
PA K43 #8558 Radial Velocity Spectrometer (RVS) Stk U ) B2 1 I 124 R
PRI M RVS SGIEH SRR L Se M &8 FEEE R 2R SAPEmR.
Gaia DR3 S tUFFIERE . REERFME RIZR.

Gaia DR2 5 Gaia DR3 {35 S 500 AN 2 EXT LU g5 5 W3 1-2, Gaia DR3
BT ALY Gaia DR2 (ERGRESR S 2 /e, BATRER S 2-3 1%, MERE
$Em 20% DAL Gaia DR3 $EALA){E B W3 B 28 Gaia DR2 1) 4.5 £, HAF
YIRS BETE Grys= 12 mag AT PALF] 1.3 km s, FF Grys= 14 mag B 7] DLk F] 6.4
km s~ G0 B T A RN (E BB L B 23 (AR R B4 A (AFGK i)
BRI ATFR, SRS HPERFZ 1 kms™ ZEAHNTGEED.
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%% 1-2 Gaia 2 fi &

Table 1-2 Basic performance statistics for Gaia data.

BlEs Gaia DR2 WA 2 % Gaia DR3 WAURH & ¥
52 0.02-0.04 mas at G < 15
0.1 masat G =17
0.7 mas at G = 20
2masatG =21
& 0.01-0.02 mas at G < 15
0.05mas at G = 17
0.4 mas at G = 20
I mas at G = 21
FE=S 0.02-0.03 mas at G < 15
0.07 masat G =17
0.5mas at G =20
1.3 masat G =21
H17 0.07 mas yr'at G < 15 0.02-0.03 mas yr' at G < 15
0.2masyr!atG=17 0.07 mas yr ! at G = 17
1.2masyr!at G =20 0.5 mas yr ! at G = 20
3masyr!atG =21 1.4 mas yr! at G = 21
G EBOLE 0.3 mmag at G < 13 0.3 mmag at G < 13
2 mmag at G = 17 1 mmag at G = 17
10 mmag at G = 20 6 mmag at G = 20
Gpp BHBOGE 2 mmag at G < 13 0.9 mmag at G < 13
10 mmag at G = 17 12 mmag at G = 17
200 mmag at G = 20 108 mmag at G = 20
Grp BB 2 mmag at G < 13 0.6 mmag at G < 13
10 mmag at G = 17 6 mmag at G = 17
200 mmag at G = 20 52 mmag at G = 20
R [7)3 iE 0.3km s™' at Gpys < 8
1.3km s™" at Gpyg = 12
0.6km s™! at Gpyg = 10
6.4 km s~ at Gpyg = 14
1.8km s™" at Gy = 11.75
MR RGIRE  <0lkmsatGryg <9  <0.1kms™ at Gpyg < 11

0.5kms™ at Gpyg = 11.75

0.4 km s™" at Gpyg = 11.75
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Gaia {155 JFITRIT 2019 45 7 4R, O R ER E 2025 4. 2R
5, Gaia XU EERIE 10 4R 8, UL S KA EAERCA, Bl Gaia DR4 Al
Gaia DRS. Gaia DR4 Ff£F 66 4~ H B, €0 — D E 25 2 f - it g
IS UL S dh . RPRTA DO R AR & . S Bl e . A B A 1 At
Gaia DR4 FiiT 27 2025 4F )5 % Ali. Gaia DRS Ff BT AEHE TS5 W RS 0 2K
P, POTRHAE 2030 4FJRZ A A AT . 18 1-6.625 1124 M 11 Gaia FirAy B8 AAT Y
REEME (2, BT WEAFHERX L, HHIAT Gaia DR4 #l Gaia DRS i
IMAHHEE . Gaia DR3 H T M Gaia DR2 Jil K5 B EH T, K% Gaia DR4
1 Gaia DRS B LAMEREIRAT I R Z W5 T . ks BERY KA & 240 Y
X AR AT A8 B B B A E AR L T IR SE R A i E A e RS R AR R
X B TR TR UEIA -5 PE SRS 28 R HE B

1.3.2  Gaia 3t B AW HIZ N

Gaia $EL0 T B SR ZEI A EE, (R T RENFE T, iR
VAT ) B PR b o Rt BT A o B R AT ) B BB 2 T SR L o B
PR G . ARG HCE B S, AR AR 0 A A MO UL I A AR 5 i R
Gaia fE5- AL TR HCBUE B 1wk B LA R R S8 (e 6. g us. @)
=AY B B58E (G, Gpp. Ggp) . IEANE 1-TTRIR, Gaia WHHEEY
BEATOLIAT RZ LT, (AR REE BEORG . B E s MIAIER B . 5B Gaia
M EER AR, a5 A R GRIINLERS B, (IR REAE i K %
OEESG, FR A ROR AR E AN 1451, ifER 2, WvR%E. fi
f1Zhang et al. (2020); Meingast et al. (2021); Tarricq et al. (2022) FBTFTZFAH, KFH
P 2 R AR 2R W JIWE T 2wy e, 1% B AR T
RN VE T FLARRIESE; LA, Zhong et al. (2019) {i#i ff DBSCAN |2 1ty
S AN A E R A5 (LA 1-8).,
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Figure 1-6 Uncertainties on the astrometric parameters vs. G for Gaia data releases 1-5

i Gaia 8 4-5 RPBRABERKER. £ NE o FTHEEN G KEESNE
£, BT BIT (uy, 1p) NHEER G HRESHNEZWN . HP Gaia DRI UBREERT, B
AlERTIZENS. BiE: Gaia Collaboration et al. (2023)
Gaia DR4-5 will be released in the future. The panels show from top to bottom the uncertainties in
parallax, proper motion in Right Ascension, and proper motion in Declination. The uncertainties
for Gaia DR1 are shown in the form of density maps, with lighter colors indicating a higher

density of sources. Image source: Gaia Collaboration et al. (2023)
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GAIA FOCUSED PRODUCT RELEASE
GAIA REVEALS THE CROWDED CORE OF MASSIVE STAR CLUSTER

ESA's billion-star surveyor reveals half a million new Gaia stars at the core of Omega Centauri, the largest
globular cluster in our galaxy that can be seen from Earth.

//‘ﬁ! 5 ! 58 Gaia used a mode not

|

originally planned for science

Gai

crowded regions in this way more stars in the cluster core

Gaia now charts stars up to 15x
fainter in the cluster core

Kl 1-7 Gaia TR A ORIES . BJR: ESA Gaia.

Figure 1-7 The advantages of Gaia observations on the cores of star clusters.

62 T T T T T T T T T T T T T T T T

60— e e e _|

58—

DEC (degree)

56— ’ L R —

54 L 1 L L Dx ° L ° L = : L L L 1 L L ° ’ L
25 30 35 40
RA (degree)

Pel 1-8 AL NGC 869 I NGC 884 [ 4hHil I 1454 -
Figure 1-8 Stellar halo structure outside the double cluster NGC 869 and NGC 884.

#F: FENTERASHNKREANEESZL, S1FS2 BRNEAREMRLIKT
&y, BELLAZANZFRE, ELHZhong etal. (2019) TIERRERLEMRIXIE . E
Fr#EEZhong et al. (2019),

Note. The green and red dots represent the stellar halos and cores of the clusters, respectively,
while S1 and S2 are the long-stretching filamentary substructures. The solid black line represents
the core radius of the clusters, and the dashed line indicates the region of extended structures as

identified in the work of Zhong et al. 2019.
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L4 GHERANRERAFREIER

WFE R ], 2 TR S R E RN 5, RIS 137 B i
W EIERET BRSO, X — PP HE s Al BT -5 A LA SBT3
ZEAL S R PRI S IR A B R . T A IR A B S T A TR AR
Pt AR B S B AT AS R DA R B - B 2 B R e AR AE . i R 2 R0
AU AL AR AR AR b, 37 B0 T4 AR MR ) il B B AR AT IR, 0k
s R R SE (NEEEY . B30 (5 BR4ER) AAT4EHE (Netopil et al., 2015).
L, af AR BRR GBS R, e — AR IRE. A Gaia T
RIS PAK, BUHE AR S5 BAE TARRUS 7\ 2 db i, p A i Al 2 4R
EONUEECDIIR

R, FF A BB AR B2 180T 220115 1) B 25l e s AT B B ST —
MMUFEEMGE. Rl RPE. BEESEENN. —NRiERx, &
BUAT LARE BTSN ST A BRI B AT, () I B2 11 2 v 4 o ) S B AT 0 i
FIECHE B ) B2 PRSI SRk dee 1 SR N SRR 4R i HLAE — R B AR 1 e BB S
KW BRI BT R LB 4 i (20 SRl LR AU AT BT
AORFAEAIPESR , AT DATR A PR B A RO A AL D s, RPOUR AT B IATREZ 1]
FRIAH ELAE FH DA B R ERAT 28 S R R AL ) 52 10 o

141 BREE

B 18 AR Pk, AT KER TR E L H R ILgmE, AR
A EIALE . BAT. SRS SEE T SR E RN g H &z — 2 g Hp
3% (Messier Catalogue, Messier 1774), %1 731 30 MEF] . X TAER Pk
W& /R 1) One Thousand New Nebulae and Clusters of Stars(Herschel, 1786) fff 5 5 .
—/Mt40 )5, Dreyer Y451 New General Catalogue of Nebulae and Clusters (NGC,
Dreyer 1888) 3%, HH 2 T4 650 MM, Lt rGHE B 3R b i B sk my Kk
B2 20 4%, X2 YRR Bk

A2 )G, BB A MACgwmE R ZE 7. JLPAE— ML 5 Mermilliod
19953 T Lynga 198734 1Y B HI 34T 7 BT, e 3K45 1708 1100 24~ B [l
P L F3¢ (Mermilliod, 1995). %3 T.4f & The Open Cluster Database (WEBDA! |
Mermilliod et al. 2003) B & EAt, WEBDA J& B 512 68 5 12 .
R T4ER, HE 2D RAGE RE R %A1, #i41 HIPPARCOS #il Tycho
(Hgg et al., 1997; Perryman et al., 1997) f¢) R 4 M & 2045 DA St 2MASS (Skrutskie
et al., 2006) FRAFHY FEAIAHLLAMEIAE , . et T8O 7 E B a g, gk T
B AR AR 8 T TR, JUHOE X TIRLEIE 5517« AR BRI DA S IR e
ILHY R . Froebrich et al. 2007 7 i) A1 S TAE, UEIN T 1788 AN EH, H
Hr 1021 > E B2 E R ARGE .

W5, Tz A B ER A AR R TR A9 45 The New Catalogue of Optically

Uhttps:// webda.physics.muni.cz/webda.html
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Visible Open Clusters and Candidates (NCOVOCC?, Dias et al. 2002) . Milky Way
Star Clusters (MWSC?, Kharchenko et al. 2013), Dias et al. (2002) {8 Jf] £ f )y 4
HE2ANERGRIEERE, XA R SCEFFE A5 210 29 2200 BB S50 T T
KD, HAp R ATE 2 kpe . ([HEZERRD EAMMRSE, hAFT
YRR E SR g B A, FFAREE G — ARG, AR A —E n R
Kharchenko et al. 2013%%5 4 PPMXL(Roeser et al., 2010) JFAAR| & B2 F 1 E B A7 E
5 AfTEE, PA 2MASS R 2 4.7 A RIRPIELLAME SR, £XF 241 2
(1) 3784 A B E B g — A TiAIE. Sk, 13845 17 HA 3006 4~ B AR A
WEAMETSE (G0, BT, . RS M8 B AR, H 2800 £41-8
T B R B AR, g MWSC B 713K T8 Gaia BARREIZ A, MWSC
HEHFR R R ARG — RGN R L. BT HIHERNEER, HEIAN
FEEKBH 1.8 kpe AN E FHSTHUE BIFEAMI _FE e se 4. 2, 1F4 Gaia
R 2 BT — N SE 4 1 B3, MWSC H B W AETE—E MR . 52 24 B0
M F T ER R, HEIAE AR AL, BEERSCEEIRIEREA, &
ZEANWA B I IR, BlAnSchmeja et al. (2014) #3453 7 782 N E M, Hrp
139 R Bl e B B R, FF & T EHI4ERS; Scholz et al. (2015) #3145
#7327 AEH, Hi s 63 Mg aE R . st 2, MWSC BEHIRARRE
Tk B A L) A .

W& Gaia BRI AT, BHARI TEEAT — DA HEmE
[ R AR T B e 5 2 L 2 ) RS IAE & 6, Bl (UPMASK®, DB-
SCAN®, HDBSCAN®, GMMs’, FOF®, f{di15 B[] F-MRicR Rk . Castro-
Ginard et al. (2018, 2019, 2020) F X RE THANEECE ], HEIH 2 AT
P2 5175 DBSCAN HIA T HZ: [ 4% (ANN") B B IR AT . Sl 7E
TAESHAE (a6 pys usy @) WEARH], ALK T 600 ZA-H TR
4], Cantat-Gaudin et al. (2019a) ¥E Perseus JE& 5] E R T 41 S HGLEUE A .
Sim et al. (2019) i i H kA B i AL E A BATA 40, UEA T 207 S
AR R teAh, Liuetal. (2019) ] 778 B REWF5E T iz 1Y FOF Jr ik
RERITAE, RE1E3T 2443 DNEHCE R SR G, HrPadE 76 4S5 Rk
FOP=EAEi

L5 NI, BT Gaia BHRC EUEAL BTN EHCE R, ERdTkBEAR
AR, I Gaia %5 AR DA SO 3 BLFE T i S AR A R] A5 2L 1A
PERBIME LS R AFE 2= 5% . Mk, Cantat-Gaudin et al. (2018, 2020a,b) Z5 1 & T —

*http://www.astro.iag.usp.br/ wilton/

3http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/558/A53
“UPMASK: Unsupervised Photometric Membership Assignment in Stellar Clusters

SDBSCAN: Density-Based Spatial Clustering of Applications with Noise

SHDBSCAN: Hierarchical Density-Based Spatial Clustering of Applications with Noise
"GMMs: Gaussian mixture models

8Friends of Friends algorithm

® ANN:artificial neural network
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FHNTAE, BIEET Gaia DR2 i, X LA RIE R B2 T EH — By kg — ik
frv R B, HH e BAr S5

B JcCantat-Gaudin et al. (2018) (faj ik CG18 ) ¥4 T Dias et al. (2002); Kharchenko
et al. (2013); Froebrich et al. (2007); Schmeja et al. (2014); Scholz et al. (2015); Roser
et al. (2016) SE 24> TAEFFHRIER 3328 D EiHUE K], H AR5k HDias et al,
(2002); Kharchenko et al. (2013), X Fix AN KA, flf 15T Gaia DR2 i
UPMASK REHFX BB TR, 1587 1229 B AR R B A T EER) 2
A5

M )5, Cantat-Gaudin et al. (2020a) (fajfr CG20a) £ 5wk it DA S 5 4L
B B B A i B HE At B S, Ho s

e Castro-Ginard et al. (2018, 2019) Frafmp £171, PA UBC fy44 (University
of Barcelona) ;

e Ferreira et al. (2019) ¥ty 44 -~ URMG [ 27 ;

e Cantat-Gaudin et al. (2019a) 3 ) COIN & H] (Cosmo statistics Initiative)
BT PAEEHRA, mAREEH T 1481 NHiglE B s 2.

#3i/f, Cantat-Gaudin et al. (2020b) (f&jFr CG20b) gl T — N K IFEUE
M5, fFCantat-Gaudin et al. (2020a) ZaE F A THBIREA, Hrpa$ECastro-
Ginard et al. (2020) #] f] DBSCAN 2.4 #7118 514 B 1 FfiLiu et al. (2019) FrikiE N
HH. mAREKGEH T 2017 MEEERMR R, HOAMRIR AR E T H
REZHEBMSE, UEAE . FEEMER. CG20b #fit T —&AX 58 H ok
gi—M R HIER, X B AR R R E T RS AR A . (A1
M2, CG20b it R T REHGFEBRSEN B BEA, JE— 1 AT R 4E
W) AR R A . R 1-90rN, AR 210 B HT R ) T R FE = AR 2
HIX, X —H A HAE S R Bonatto et al. (2006) IYAIFSE I RIGEN A . i
XK B, FRATTAT DASE TR A R ] 25 ) 2t e HE A R

13 3457 CG18, CG20a, CG20b Hr i | i 2 B AR K &L, f4E DA
PR R A AR B & BB B T B

HARFER M2, Qin et al. (2023) (f##x Qin23) J:T Gaia DR3 (i, iz H]
pyUPMASK F1 HDBSCAN 5.3, REuHIE RIFHIT T BHEKH 500 pe 71 Fl N Y
Bii R . B EES, ZLAERAHIN T 324 DEigCER], H P dg 101
DRI R B X — TAEAUR K BH Bk s il 2 FE i 1 45% , 3K
TEANERA G BBTE, 223 E T EMERN S B [, %
IR TR ER S8, HPhadd gz, Fit. BERSHES8. It
Hb, ZBFGER RN E T BB AE CG20b ok gy il 51 ) B HI{5 B, 4nSim et al. (2019)
PA CG20b 2 J5#idiai i S 1A, M AS 7 K BH R, 500 pe DA A 52 25 1) i
RS ER. B 1-10R T 324 S ERITE 1-b SRS, 2 Eikilk
SERUREYEIR S SNEIE S S e
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#¢ 1-3 Cantat-Gaudin et al. (2018, 2020a,b) Z %1 {1 it 2 A FEAS
Table 1-3 Open clusters sample used in the Cantat-Gaudin et al. (2018, 2020a,b) series of work

SOurce ID N

Dias et al. (2002) DAML 2167

Kharchenko et al. (2013) MWSC 2854

Schmeja et al. (2014) MWSC 139
Scholz et al. (2015) MWSC 63
Roser et al. (2016) RSG 9

Castro-Ginard et al. (2018) UBC 23

Castro-Ginard et al. (2019) UBC 53

Sim et al. (2019) UPK 207
Liu et al. (2019) FoF 76
Ferreira et al. (2019) UFMG 3

Cantat-Gaudin et al. (2019a) COIN 41

Castro-Ginard et al. (2020) UBC 570

F¥E: Dias et al. (2002); Kharchenko et al. (2013) PASMY AR, N J3r L n ERBI%E .
Note. In work other than Dias et al. (2002); Kharchenko et al. (2013), N is the number of newly discovered open
clusters.

142 ZEREIIRAE

St T4 2 P AR IS . FLEE 1995 4F, Subramaniam et al. (1995) {EFF
AT AR B R TAE. MB1E T Lynga (1995) L4411 B B R AT T IR AT,
KIMKZ) 8% WG R AP e @BV R, X — W5 R/NEE 1 B = i E H
FEAS BB R A AR o 3 — A B0 A TR AT TR AR T 2R v B2 T 1) TR B R e A e i T E 2k
‘&, F)5, delaFuente Marcos et al. (2009) i# i3 & A #1 WEBDA #1 NCOVOCC
HR, TR B A . T RFIEEE R BT, FERHME, 2/0F
12% Bt B B EAE s 5 R 5 A2 A G . X — KIAIESE T
XUER AR AEAR T R iy 1, AR ATHR s T B 2 [0 A2 A R A I
YER SR . X SEAE T T IR R TR B ZRAR, AT
WREBIMIE . A A S E A A EAE R T R SRR RN
de la Fuente Marcos et al. (2009) B ¥X &2 GeHARTT 7 A E A 1) 7] G i =,
T4 il T ERAT FODUE A Rk B A 2R . HETRESUR AT, AR T 2li3h 7
AR, BPEROBUR ] 2 (B PR s A 25/ N TR A b B AP kR (10 pe,
Binney et al. (2008)) B =Af%. [ElI}, fBfi1Z*Innanen et al. 1972094515, B4
MEBZ EIEE R T 2R Eam = e, BRZ P AL ZAEMEAEN.
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Pel 1-9 CG20b i B AIREA AR IR UL Be 22 18] 43 Al
Figure 1-9 Age and spatial distribution of OC samples from CG20b

b SAAREHEENRARCESS T EHAEROESREENSHIER,
BEBEERTER. ATEPEENELRTAMEAEME. BRHHEE CG20b.
Note. Top: galactocentric distribution of the OC sample from CG20b in three age bins. Bottom:
altitude above the Galactic mid-plane of these clusters as a function of their Galactocentric radius
and coloured by age. In both panels, the vertical dotted line represents the position of the Sun.

Image source: CG20b

HT Fik#krifE, de la Fuente Marcos et al. (2009) #¢5& 7 B H 8] #E & /N 30 pe 1Y
PRI, FfF1F WEBDA I NCOVOCC R T 5, 2, fhfi1zhih
1 WEBDA 4 tp 83 T 34 XAUEH], ¥ NCOVOCC g 4k 3] 7 27 XU
Ao X —WFEA N FAHE R TR FIAER TR P AR oL, oA S 2E AR
AR TR HRAL T B S A .

H Mde la Fuente Marcos et al. (2009, 2010) Re45 HAR M BN EFAEA G, &
AR Z DU A I B AR BT R TR I . X SR 2 B T S R R
SR RUEA, (H25Lhr EAM s AT 2 RA—EEW R A REE. ERZ
BT, EMNREMIEMNL LES, ARG ILFEMZEIFEE, IR
HHA. WGt b, e B R =483 EEEMEL T, eSS E
SR AT AT RETEAR K

Ifi J5iConrad et al. (2017) F R A 6 4EzS ()5 E. (BIEAE. BIT. M2
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i BEAR citetQin2023ApIS BN MERIET M ER, TEGERIZTIEPIIE
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Note. The black points represent the reported OCs found in Qin et al. (2023), and the red squares
represent the OCs newly identified in this work using Gaia DR3. The blue circles refer to the

r,(half number radius) values given by Qin et al. 2023. Image source:Qin et al. (2023)

COCD, BIBHUERN g% B EA, 456 T RAVE!)(Steinmetz et al. 2006) #2fit
FORLIEDHE AR E Y T 432 A B 528 6D Bt BB BT E A1 kAR
BEFHRAER . B 1-11)RR T 432 A B AR 5L 2 (8] 1] B A0 B A R
HEREOM IS, RN T RS AR B 2 (864 3D BEgs 4, FATn]
PAF EIFE 50 pe 1 100 pe P4 W4~ PH 2 I . #R¥EConrad et al. (2017) f4)#fE
W, 336 T Rl AR 2 SR AR T A B 1 2 ) B sy ML R A . WU FA 2 (]
B DA B FEL PEITRE A A 53 L P I 7 32 ) S/ N T T R 2 ) g B R ), R 4
B B A S E /T 100 pe.

[T, S 10 A % 2 T 0 A v 57 214 5 B AT g 0 3 R By
RUEAR 5. F I, Conrad et al. (2017) Xif B ] Py #BH FERRELHEAT T 05T F 1-114
B RER T T R AT REAR 1 P 3D SR RESR B A A L, UVW S A BRI
H7E 3 ~4kms™, KZHUMNT 10 kms™, HARARHL 20 kms™ ., #RIEALE,
Conrad et al. (2017) Ak F77E Py BB 2 1 AU 141 22 8] 3 B 22 W i% /N T 10 - 20
km s~ FE, AlA15 16 B A2 2SN 10km s~ 5 20km s~ /g
PREVEFTIE S, HHBR R RN T ST 10 NMUFRERIRE (group) , W&
10 DA_F A 5 B A IRk AR B A1 A1 (complex ). PAZSJE][EIE/NT 100 pe. B
ZER/NT 10 km s~ R4, HEINT 14 XPUURRL 4 4H603E 3 ~ 5 A B E R
EHABEAK | HEA 1S AR REFE Ak, PAZSE[EF/NT 100 pe. 3
JEZES/NT 20 km ™! SRSk, IEAEE] T 31 WRURE . 4 43R 3 ~ 9 AN
B LA R 1 41EA 15 a5t B AL B A A ik

SRR TAE o8 53 7 R/ g LB P % SR A (LS M6 1 i L A
1R EAEAS I SE A MRS PSRRI B E A 2 B R AW B L 1832
SEREURY, S EOE AU 1 B I

Ohttps://www.rave-survey.org/
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Figure 1-11 Spatial separation of the nearest neighbors and intrinsic velocity dispersion dis-
tribution of OCs

*: b EABARESNEASSMEEANZEESSHER. T EAZ4EE
MNESRE, HPEE, &6, da95K5RU, V, WEAAENEES 28 RHE
B Conrad et al. (2017).,
Note. top: Histograms for the spatial separation of the nearest neighbours in XYZ-space. bottom:

Histograms for the uncertainties in the computed and corrected Cartesian velocities(U-blue,

V-green, W-red)in our OC working sample. Image source: Conrad et al. (2017).

1E Gaia BHRRERCZ 1], XA 2 AR A K B AW R AL, ERREZ
Bl = R R R AR SR, A TIR AT o BEE Gaia B KA, 3R T K
FI R EEE (AL MZEREAT) A2 i B4 (Gaia Collaboration
et al., 2018), 5[ TR F R B 5E #] . Soubiran et al. (2019) PA CG18
At 1229 D EER RIAEA, JiiEt T 406 S BTERAAEA . FIH Gaia DR2
e, FR A B A 2 1 ) B R = i 2 2SR A UERUE A, Hoh B S 4Rl B
2 [7] 3D BB/ A g 150 pe, SRR 22 I g 3 km s™!, EE
VAR B PR AR AR A v T2 A7 1 A b IO AT R AR B A R A ) 3
FIFbA, FEUE TAEHE R AR B 22 8NV 100 pe, #EZEF/NT Skms™! ffRL
E M EAAE, B8 S158) 21 XPRE R .

Piecka et al. (2021) J£T CG20a $2{ILf1) 1481 /N E A pg%dE , 1/ T RIFIKAL
A A e AR v o AR B A i B B 2 Tl A s M A T e SR E R A 5
EP B BALFRMRAE, HHEKH B 5ER CWALFRMEAE, IBax=
NEAIE R — A BE R . HZEASE T 52 WEHR . 4 Ai 3 NERHRE
HEE#E. 3HME 4 NERERFAL 1At 5 ADERA SR 2R T
PR AZ B AL R, TSR B FREAE 5D A 2SR B R AR

Casado (2021) ##&Conrad et al. (2017) B} 53 AUEL B i FH /) i ve bR e, BT
Gaia EDR3 {8, FHFI 24 B o BB B B BUE B3¢ CG20b., FEHLZ 240-271
JEE 1) R DX ] PN 48 AR T R v R AU T % B B AR AR . AR Conrad et al. (2017)
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B A0 1) 22/ T 10 ks~ A R o) 2 i) B R e 25 0 e AR R T 11
XPBUR A 13 HE AR B2 DMERITSE, eI seE 5 3] 0 B A5 3)
BERIGI, BT oA A 2R bE , U5 J2 DA AT SEHAH 2 ER VT 28 HhOSUE AT
S ATHERY LA

Song et al. (2022) PA CG20b $2HERY 1867 A~ 1A 1) 5 1 B2 5t DA R4 ) 2
W24, 5B EZ BPPEEE/NT 50 pe fERTiEhniE, RATHESS T 14 XF
WU AT o

TEEGI ) TAEH, Qin et al. (2023) 3T Gaia DR3 %iilt, RGE T THEK
FH 500pc Ji5 FEl A Y 324 D aial 2 AT, Ho i g3l 101 S sE Bl fEix L
K PHARE E A A, BT8R w i a4 F, BRI I H G E] B Apos < 20 pe,
W2 NAV < Skms™!, AFEREEIE—E(AAge < 30 Myr, TJFEHBAIAH 15 %t
W Je 3 AL AR, Horb 12 XA B AT A R R B YR G

bEE IS R PE T, DARCE R ECE R, e SR A ARt i
AN, T i oE TAEH A e i 45 14 B S5 R FRAMBC T Tl B BB, 4521
VL3R 1-4. SR EER) SRR Al A B T FUEATE 2 8 214, R SRR
iz B2 R T DATS BhERAT TS MR AR 7S R . £ B 2 Rz a2 R BT
Gaia ¥, FAVAFFFER IR H B 2 00U B2 AR, MIREEBIRA T fi#
SIS BRI AL, IR AR S 254 5 S A i PR A

143 BEH#MARIHER

1T Gaia YR HER RS EEZSTH] L G2 3h22 80 BOR B 1 B IR A . X
BT ke ) B TR ) A (A 0 A RRE 5 RS, BT TR A BRI 4%, et
“pearls” (Coronado et al., 2022), “rings” (Cantat-Gaudin et al., 2019b) , “strings”
(Kounkel et al., 2019) . “relic filaments” (Beccari et al., 2020) PA fz “snakes” (Tian,
2020) &5,

JeHE Vela-Puppis X 1 52 I BERE AR BIIE, — RO T AR 6% R
X B B EIEIE T T8 (Beccari et al., 2020; Tian, 2020; Wang et al., 2022; Pang
et al,, 2021b), kB RBIHFHIE ML -5 AR TR A .. Hh A
Vela OB2 KIX, ‘ERJEEEN 300-500 pc, HALE KEAFERIERE (~ 10 Myr), [
A A 3G — BB XTAF 2 19 B ] (NGC 2547, NGC 2451B, DA}z Trumpler 10 %5).

##], Beccari et al. (2020) T Gaia DR2 %35, 1F VelaOB2 KX EKH T —
AMERS 5 B A NGC 2547 MRIET B, w4 BBY 1, HaxX WA~ B Kl th 73 4
TR BN T A A BRI R K IX 260 pe, FEHAE
£ (K235 Myr), A DAHERR HOZ 247 B BRI 45 . T 5 48 (a. 6.
@ Wi ) BCEDAR - B AHT, A B R IR T R — 4 T
=, FERRXASGE R 22 R B A58 (relic stellar filament)

1M )5, Tian (2020) [F#FA5 ) Gaia DR2 $4liE 22 IR 1H B L5 P, ksl T
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Table 1-4 Primary selection criteria and results of binary cluster and open cluster groups

T BEAORIE BdRER EERE R 225 Sk
1 WEBDA pre-Gaia Apos < 30 pc 34 SR A de La Fuente Marcos et al. (2009)
1 NCOVOCC pre-Gaia Apos < 30 pc 27 XA A de la Fuente Marcos et al. (2009)

14 X5 AR A
Apos < 100 pc
2 COCD pre-Gaia 5 HEFAHE Conrad et al. (2017)
AV < 10kms™
1 P A A
31 XPRUR A
Apos < 100 pc
2  COCD pre-Gaia 9 7 B A1 Conrad et al. (2017)
AV <20kms™

1 4 BRI Ak

Apos < 100 pc

3  CGI8 Gaia DR2 21 XA A Soubiran et al. (2019)
AV <5kms™
52 XA A
4  CG20a GaiaDR2 AW AE Piecka et al. (2021)
8 2H B ¥
Apos < 100 pc 1 X4 E A
5 CG20b Gaia EDR3 Casado (2021)
AV <10kms™ 13 4R
5 CG20b Gaia DR2  Apos < 50 pc 14 XX E 7 Song et al. (2022)
Apos < 20 pc
, 19 % XLEE ,
6 OCSN Gaia DR3 AV < 5kms™! Qin et al. (2023)
3 4H A

AAge < 30 Myr

—AKE) 200 pe WAERE “Ip” TEZ5H (snake) , %451 S 80 h (o7 5 25 (1] byt
PAIHEJE 23] EREE . SBeccari et al. (2020) X 22 {R1H B 454 54518 AL,
XANMERRRY “hp” TEZ5H (29 30 Myr 2| 40 Myr) 2 JFHITE SR . Lok, feiEss
F5Beccari et al. (2020) $& H {20 1E ELE5H7E 5 4iMZSTE) (a. 6. @ py ps)
FAHRURHE, FIBPEAE AR, R 35 W8 A Al sRAH L. 2R — 35 W)
FHHARRBIA, K2 K Vela OB2 RIXE RIS EIRE, XHaRXE
TIE ORI Ak 17 52 R R AL EL A TR 85 1) o

frBeccari et al. (2020); Tian (2020) pBF5E it ., Wang et al. (2022) T
Gaia EDR3 di it — 04" KRR XY, WFIChe T8 450 S 15 Ji B 45 4 1) % &
(Kl 1-12), 7 Gaia $2EP AL E . FEE AN BATEAR I EAL L, Mi1Hsa T
LAMOST. GALAH. APOGEE. RAVE 5l AR M0 m) 3 B M4 g %
FE, RGHMSR T Vela OB2 RKIXH g E 454 (Kl 1-12, Part I) DA K 224K 46
A5 (B 1-12, Part ID. Z5R RN, PIAZEMTES ] EAHENGE, 897
30 ~ 40 Myr, HHAEFA-BWEETE, RHHRTREEETHR—-FES o
PIREEN, tE B SR = .

SR1M, Pang et al. (2021b) X} Vela OB2 KX B HJE b=t T 5 —Fp R
. Pang et al. (2021b) 3T Gaia EDR3 $HE1E Vela KXo &I T i 1N Hi 05
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Figure 1-12 Spatial distribution of snake and relic stellar filament

E: AMEHRRREZ BT, BRRTARRIES. ALANELRTERSEN
MESYIEEE, ERFIRTZEMXFEENEHIYEEE, SFEHKEEMTFAEL
AT LELLGI4ER. BERHEE: Wangetal. (2022),

Note: Spatial distribution (I — b) of the member candidates (color coded with distance as
represented in the color bar). The arrows over structures illustrate the median tangential velocities
of stars in localized regions, while the arrow in the top right-hand corner marks the median
tangential velocity of the whole structure. The lengths of the arrows are scaled with respect to the

total tangential velocity of the whole structure (Parts I and II). Image source: Wang et al. (2022)

AU W] (fiv44 o Huluwa 1-5) #0) BHIRE, -5 i B ATREE IR T 121 1H B
FEBGERE, RI4FEBCE Y B 4] Huluwa 1-3 (10-20 Myr) 7EJE AL 72 f ™ A A 1E 2
Bedst, 51T M T4, vEmis kT AR — U B Huluwa 4-5 (7-20 Myr)
W 3 —J7 i, XA RGO T —SHO BB 522 b, AHRR
e T R A KT Huluwa 4-5 BYFEAG. [RIINF, 7T Vela IRAS NRYHEDET B &
BRERCRF Huluwa 4-5 PR TR, ATTBEL 1321 B2 AT PR O i 2 Y 44k
Sl B TAERB A N AU 2 AR R S 2R, 45R %
] Vela OB2 w11 Huluwa 1-5 FF7EAR R 100 Myr IWRFLEIL . IEAKIT e & TLAR A
N E

1.5 AXABTUREEELRE

ST, SR H R RS THEA TR TR R, g it
O % B RSO R T 8 R AA. ER i TR A S KA
FERIRIR, % B RS R L M R . B, R R AR, it
S R I T 1 A R T R R R AR T B R e 5
WHE LA . B Gaia BRI RURIT R SR R IO HES , M7
BERITTICIEA AT, e A BRSO 55 Gaia DR3 $L 5t
ORI A, FRATTRENS TR AL S R AR, TR ASRICIL NS B
T B AR LA

KA (Cygnus), LrFHNTRAALT , MR s Ak R R
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AR 26 2 BN BN SH E N 32077k 53 5k
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Figure 2-1 Open cluster samples used in this work

F HESARAMNMRE, BERTARNES. BEESARAPOIE, BERS
=g AlFRR¥kR Qin23 5 CG20b R EH .
Note. The colored dots represent member stars of the clusters, with colors indicating different
distances. The black dots denote the central positions of each cluster, with circles and triangles

representing clusters from Qin23 and CG20b, respectively.

22 ERSHNE

ST FRATI A ) L A B 53 BB VE T AN R Gaia B RCA (Gaia DR2 il
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5 Gaia DR3 AT T A X ULAL . F HEBHHE T HAr BB 6D 2% ({7
B, Afr, W) DAAFRAMER . &5, FATCREHER 20 4
PR A SRALEAER 2- 1, O JE S0 B R IR AR BEE T
TEEL

22.1 EHF 6D &#

FUHCR R L, AR A R DK, X T A DA B S5 3 G
2o Mk, FADRA THAHEEATT (Kernel Density Estimation, KDE) J53%, PA
HERR R A P A 2 B A VN R T RO . KDE Sl sl e B %5 o] e L
AN BXIFRE AT, R SRR RN, AT SE B AL LA B AR
BREC AT . X — RSP ER X B A TP I AL B, A2 (0% B eR A %
ST . KDE RO SRS AR 8. A% s B E T RN mO A
TR TR, A SN R SERE , B b 1A TH AR .
T KDE A TR @ AR i, e RA SR RGN, (e
WA EWEBIRIER . H4h, KDE R AF AR FEAZERE, i, =
FRAR KA A A B AR R R PR O TR R . SR, KDE J7 iR
W AT D I TGS —LE b A X B B3 B AR 45 8] o A1 Az B 2R ik B34
T2 F AL EPERYSTEUR AT, KDE J5 kB vl SEXE ARG B A R T b . B4t
PN RIS 2R3N Jraad B o 61 B B AR AR TELAE T DA S SR ERSE I I3 <7 L &R
L nlHEXT KDE J7 ¥k 1 CLHER PR I T3 NI, fEiz 1 KDE Jrikit, $fil
FIC 5 R LK, THETLR B R BN WS, DA ORGSR T 5E 1

FEASCH, FATHIA] KDE S39520 5IHE (Lb) Al (pml,pmb) X H~Z K A%}
PR R BT T AR AT, R RN T AR KDE By BT
WX, EATHE TR RS 10 AR, R TR R (L) Al
(pmlpmb) BE, PAAEN B L. XR IR RATRERS n] SEHA5 41> B A
DAL S BT, SR ANIA 221 2-3 i RO TR . SRRk
i, (I SRR SRR B AL AL B, FA TS T KDE J5 ¥k E i
HICE AT O

HH., FATRER—A R B B B A P AU, PALYE N
H AR L H R (dist)

N T AR AT R AT SEAER AL L, AT — e Rise, B
FE AL 1) P e e o, Al 2-DFfoR. BBk, JAT B A 51
B AL ) B FEREAT T il X ARG T YR BB A RAL B B B A [ SR O
AR, BEMAS SRR B s B . 7E3C -Dp, 29 (u) . BEK
alAf o @RBRMGSE, HPREEHRIE (n) BB 82
o KT RAMEENRTIGER, mEILE 2-4.

—(x—u)*

f(x)=axe @2 (2-1)
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Figure 2-2 Results of two-dimensional kernel density estimation in (1,b)

the final star cluster center, and the lines are isopycnal lines.

80 81 82 83

HEAZHRMRE, HPEE. K&, 468, #es3XNERR G,
BRERAPL, AFEAFEEL.
Note. The colored points in each sub-figure are cluster member stars, among which blue, green,

red, and orange correspond to cluster groups G1, G2, G3, and G4 respectively. The black cross is
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B, MR A SR 5 R 6 4EPERT S48 (1, b, dist, pml, pmb, Rv),
F A1 astropy(Astropy Collaboration et al., 2013) #2715 T B B A1 2 7 i 7
B EMBIRR DB =G B E . RV UK BHA T 4RO B =
YEVERE (U, V, W)=[10, 235, 7] kms™!, KFHFHL0HIEE B Ry=8.0 kpe (Bovy,
2015) fEAERINSEL.

222 FiRERE

% B (Hertzsprung-Russell diagram), Y FR HR &, EPAKRCEZEL) - ik
Y (Ejnar Hertzsprung) A1 - 75731 - & (Henry Norris Russell) [44
fird . ERIM THEMGER (SHERE) SHxES (BMES) ZEpx%
.o ol WEE B A HR K B, AT AR B [ 2R 2L 0 1E B 52 I
P, 3K LA s ik T 1E B INTE R P B A AL B . T SRR 2R 2 A (]
RIS AT R R LA E . FEREBFR T, SR kG
ERN A EES G- EERE (CMD) Esa. @il iBREnanaEn. sE+
JE . BB AVESE SR, W ATHRS B B0 B A T B AR DRI SR 4L
MM E B AT PR A I A A - 2488, 0T 2R L AR B i At AR 2 X d e

FTHER - ERARERE, ROEERR CMD _E#F T8 84l G . 15X
AR, FATE S AR E T E B BT CMD _ER ST, REIRLE B &4k 25
TP BAE A RIS, AR, DIRIRNTEZ 0 Iras RA Z ik 8
RN T B, FATM CMD 3.7 F# T #1%) Gaia DR3 W R G M FLIE 55
Lo AT TGN — BRI FEW LR LA T B T log(Agelyr]) = 6~10,
B kA 0.01, &)@ FEEIKENKHEEFE (Z5=0.0152, Caffau et al. 2011).
BE 5, FRATHIH R IRLE B ORI — A R B A IR S8, @ )85 iR s
 (DM). 2IAKME (E(B - V) KFah%itek, 52 Fr CMD 2 ftHICRL .
TEPRS R, AR BT HENE 2 5 B CMD _E&AS AR ()7
Piri. B EimdE) MIETEN. A THRBIsEMEEER, RATEHBIIS SR
5 5 [ CMD 1 327 b DA S 32 4 s o i e A 8 R A, 6 2 T s DUl
B FRAL SR RZ BRI R B . f%, K2 REREMaERT
FRA FEBFIILES , FATE T 2RISR SR L, NSRS T8 2 4
. LIAEEE S (2-2)(Casagrande et al., 2018) 715155

E(BP— RP)=1339Xx E(B-V) (2-2)

R TR B R, ARG S 2 FH 3R B 0 B
I, RZm Rl R B R, mSs TEREE (mass). &
{i1f#i H Scikit-learn (Millman et al., 2011; Grisel et al., 2021) #2771 11¥) KDTree
(K-dimension tree) %y (McMillan et al., 2007), %45 55 0 EAF IS &5 8 2 ik
ATEAPIT 5. KDTree Bk 2 —FhhidE K #74F (K-Nearest Neighbor, KNN) ##

Uhttp://stev.oapd.inaf.it/cgi-bin/cmd
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Figure 2-4 Gaussian fitting results of radial velocity of member clusters

F: BN FETEAEARREARZEES T, SFEASHIMSER, d8ELH 1o
FEEE. 81 ERMBRHERRREERP.
Note. The histogram in each subfigure is the radial velocity distribution of member stars; green is
the Gaussian fitting result. The cluster group to which each star cluster belongs is marked in the

figure.
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FRCRM 1, KDTree 1@ (i FH SRR SRR S, T DA 009 I DA 2R 5
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A 2-1 PUAS R AIRERR BUR AR R A VE I 5 B

Table 2-1 Basic property parameters of the cluster members in four cluster groups

Group cluster 1 b pml pmb  dist Rv  logt DM Ebv  mass rt
(deg) (deg) (masyr™) (masyr™) (pe) (kms™) (mag) (mag) (My) (po)

BEH#E Gl ASCC105 62.88 2.10 -0.68 -2.03 558 -16.75  7.85 9.30  0.18 120 7.05
OCSN 152  66.19 5.86 0.03 -2.86 435 -20.13 791 8.63 0.11 86 6.31

OCSN 113 68.10 -0.36 0.61 -3.86 372 -18.53 7.82 8.28 0.09 263 9.14

OCSN 117  71.28 -0.05 243 -4.37 329 -1820 7.76  7.83 0.05 147 17.54

Roslund 5 7139  0.14 0.12 -2.39 545 -18.01 7.87 9.04 0.14 164 7.82

UPK 82 63.26 -0.54 -0.69 -3.04 540 -16.26  7.93 894  0.11 83 6.25

BEH# G2 OCSN 16 6247 13.52 -2.76 247 372 -16.50 7.54 8.04  0.07 124 17.12
OCSN 18 63.92 1540 -2.54 -1.69 371 -17.58 17.56 8.06 0.07 62 5.67

Stephenson 1  66.89 15.34 -2.31 -2.21 356 -18.42  7.58 8.01 0.08 120  7.06

UPK 101 70.21 15.64 -0.80 -1.80 351 -18.99 7.59 7.89 0.06 194 8.27

UPK 64 56.47 10.33 -4.65 -1.31 430 -1596 7.60 8.95 0.26 127 17.19

UPK 72 57.98 10.21 -4.35 -1.45 456 -16.62  7.63 8.83 0.18 77 6.09

UPK 78 61.02 16.65 -3.39 -1.54 372 -16.79  7.56 8.06 0.06 55 545

UPK 83 64.40 12.67 -2.03 -3.23 352 -16.00 7.48 7.99 0.06 42 499

EHF#E G3 OCSN 13 55.66  2.05 -5.06 -4.54 499 -9.71  7.35 8.55 0.23 268 9.21
OCSN 14 56.93  3.20 -4.39 -3.92 514 -4.23 725 8.47 0.14 48 5.21

UPK 70 56.28 6.24 -4.90 -2.52 493 -12.06 7.45 8.52 0.20 90 641

BEH# G4 OCSN 22 80.94 13.19 343 -2.09 306 -13.69 772 1735 0.03 82 6.22
OCSN 23 84.88 6.73 3.31 -1.39 345 -6.87 7.61 7.91 0.08 142 7.45

RSG5 81.75 6.05 3.34 -2.21 337 =712 7.60  7.89 0.07 167 17.86

e ORAEIEE 1 RIS 2 5 R ERIHEA KBTI ER 56 3. 4 DIFRER LR AbR; 55, 6 SIFRER BT 55775
FoRBEIRFEEET 45 8 5FoR B ALIAEE ;25 9-11 F Rl i S S I 15 B B4R WG . BE LAk (B 56
10 512 B A ST, 26 11 912 B AR k1.

Note. The first and second columns of the table represent the open cluster group and the included open clusters, respectively. The third
and fourth columns denote the Galactic coordinates of the cluster centers. The fifth and sixth columns represent the proper motion of
the clusters. The seventh column indicates the average distance of the clusters. The eighth column represents the radial velocity of
the clusters. The ninth to eleventh columns represent the ages, distance moduli, and reddening values of the clusters obtained through
isochrone fitting. The tenth and eleventh column represents the total mass of cluster and the tidal radius of the clusters, respectively.

RLAE B L3 snudk)
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23 EHEEIAE

KT BRI LT, #1322 Z% Conrad et al. 2017) BIHFFE. (T
WA, FATHE— LA TR, HIE TARR IR (Qinetal,, 2023), FEATRF
SRR A B RIF L NT 100 pe, FH HAFRREZEH/INT 30 Myr; [R5 Brg i 5 2
A1 2 60 ¥ =2k P 2 5 ) sk 3 20 /N T 10 ke s~ 1 B PR s ) L A
I o KSR R B e 25 PERA PR T FRAT TR R ) B TR B AN s ) B, i
HAzshr B0 BEIAR . RAMEBIS 2.2.2 o490 KDTree 35, Xt
et ) 36 A B HIREA, A5 =4E B 25 AR AT 1% T T SR e R B AT 2 (1]
MR . w4, RATIIHIA T 4 DEERE, T8 20 i 21
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FEIE Cygnus KEERBIEINER

3.1 ERIEHEZhFREXME

J5H) B2 A RRE AT 2 — 2 TS5 M IR AEAEIB By AR 360, K02 Bl iy
TEEMTEM RN E S T2 PR, HUK T BT 2 105 31245 (Elmegreen
etal, 2000a). I, KT 250 SE32E00M 0, FATE 20 D EFRIS A4
SLHABE, A RI64 o G, G2, G3 il G4, i3 5 A M I 2 80881 35 2- 1+,
Hi, Gl 45 6 NER, G2 i S ANER4, G3 Ml G4 a5 3 4MEF. It
A, 2% SR IATREN FOBUR A BT LT3 3-1,

FERE 3-1e0, AT AT DAY 7 b 2 DA B I BEAE 1-b 23 (8] 1 1 843 16 K Y )
BEfEOL . MBI E SRS, FAESAHERRMZEIEE. Bk ok
&, RFREGL A G2 WYILzsh ) 5 G3 fl G4 IEEBEER

AR, G RIFRE G2 Hi UPK 64 Fl UPK 72 5i%REAN HAbH A
F2 P 1) 8 3 R/ NG TR ], {ELS 8 e P ) = 2 o 8 25 A3 [R5 10 km 57!
DAY (JLAF 2.3 ). BRI RIS R B G3 it i b R B g Bk
EARIE, (B 22 R AT 10km ™! (JUEE 2.3 25, DU RS H S
Phs7 g ZSIE], X TAE— R E RS, B5UR B A S, P — )
U, X R EA G R BRI A T R— T a .
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A 3-1 EHIRE P AU A

Table 3-1 Binary clusters in each cluster group

Group clusterl cluster2 Apos AV AVt AAge

(pe) (kms™) (kms™") Myr)

Gl ASCC 105 UPK 82 31.05 1.68 243 16.3

Gl OCSN 113 OCSN 117 473 1.72 272 8.53

Gl Roslund 5 UPK 82 77.45 2.14 2.63 12.97

G2 OCSN 16 OCSN 18 15.31 1.16 1.43 1.63

G2 Stephenson 1 UPK 101 20.53 1.73 2.67 0.89

G2 UPK 64 UPK 72 29.09 0.73 0.48 2.85
G2 UPK 78 OCSN 18 19.9 0.94 1.54 0.0

G2 UPK 83 Stephenson 1 22.66 251 1.74 7.82
G3 OCSN 13 OCSN 14 21.02 6.13 1.74 4.6

G3 UPK 70 OCSN 14 34.19 8.24 3.74 10.4
G4 OCSN 22 RSG5 50.83 6.13 0.61 12.67
G4 OCSN 23 RSG5 20.76 1.24 1.26 0.93

Fok: Apos FoR BHIZ MWEEE (Z=4E), AV RRERZHEEZ (Z48), AVeERIZ Y]
2%,
Note. Apos represents the distance (in three dimensions) between clusters, AV denotes the velocity difference (in

three dimensions) between clusters, and AVt stands for the tangential velocity difference between clusters. .
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Figure 3-1 Spatial distribution (1 — b) of the four cluster groups

* HEBARTARMERR, HPEE. K6, 46, #e95A2HA8 G, G2,
G3,G4. BEFLARAVIMEE, ERKESEZETALANIATLEITEL HIGEM.
Note. Colored points represent different cluster groups, among which blue, green, red, and orange
are star cluster groups G1, G2, G3, and G4 respectively. The arrows over structures illustrate the
tangential velocities(Vt) of the cluster, while the red arrow in the top right-hand corner marks the

reference Vt. The lengths of the arrows are scaled with respect to the reference Vt.

32 ERBRIEERBIFERR

Efremov et al. (1998) fF 58 % R ZHE = P i B B — 4 B E AL H
B RS 18] 5 25 o) R Z TR A R . Bk, RUEHERT =T
pc AR, HAHLRAGE T #72: 10~30 Myr. [ 3-22 L 1 4 M E BT
PR SF M AU A SR, NBATRAE Tl 5 B AR FLAE B 23,
B 3-3%2 1 A A B R P AR I S AR Y AR I 22 0 A1 25 A 18] 3-2 5 [ 3-37]
PATEIT L EE 2] BT GL Ry 6 i B2 W4 i Bl 58~87 Myr, {HEE
IS RERFSE T2 29 Myr; EIATHE G2 i) O ANl % B2 T4 % 0 A1 fE 2 30~43 Myrr,
THE G RERZE 74y 13 Myr; (i B I G3 1Y 3 /8 b3 B 4 e 70 Ao 18~28
Myr, {HEE MG FERFEE T2 10 Myr; e, EHIE G4 /9 3 D ai ot B HIAE k7
AiifE 40~52 Myr, {HEE MG RERE: T4y 12 Myr. 4/~ BE R TE R S an
[FIERAT B S E B P MR FR AR, 2B 4 A BTN Al B3 B R e A B
B T P EELE LIS, A B A Z TR JE R AR .
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Figure 3-2 Isochrone fitting results of four star clusters

Ggp — Gpp[mag]

Pel 3-2 B AIRE TR BUR A SRR AU 8521

*: BTEMEMNERARNIEELATA RESAEARGE, HPEE. 6. 48,

RS HXEERR Gl . G2,

RRENGSHER LRER.

Note. In each subplot, the labels of the open clusters correspond to the bottom left corner. The

G3. GA M GER . RBLAERFRE. FREFRL

colored dots represent the cluster member stars, where blue, green, red, and orange correspond to

the member clusters of star clusters G1, G2, G3, and G4, respectively. The black lines denote

theoretical isochrones. The age of the isochrones and the best-fitting parameters are annotated in

the top right corner.
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Figure 3-3 Average log(Age) and age difference distribution of cluster groups

A E BE. RE. 48, #eSAXNERAR Gl . G2, G3. G4 Y log(Age) 5
REARKERENT

Note. Blue, green, red, and orange correspond to the log(Age) of cluster groups G1, G2, G3, and

G4 respectively and the maximum age difference distribution of member star clusters.
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33 EEEMIES 3D FES
331 BEEBXIE

H T AL2ZE I SR 25 2 N ] 2 1Y, o L 5 A= I EOR T R
FEES, S22 SR 2B s 2N IE g rh . BRI SR 225 A i
HEEHE, HIEEUE S5 MR IES B B2, N SEE 44500
AR AR ] R T T ) MR %« FEFRATTR AR, RR2 B 2=
1 2 WAL 7 B LS TR AR W BB SR SE I, AT R0 B2 A A A 1) A3
AT PR A o

N T B —8, FAT2R ) T Carrera et al. (2019); Pang et al. (2020, 2021a)
SN DU 3, W — U B R T TR . RS A T EE
FRESASEIR T (TI(d)) FTH 1E B2 A0 22 S iR = 0 e AR 1 (f (),
R, RIOER TEENERS N (fdlw) , w=k G-D:

f|m) « f(w|d) X II(d). (3-D

Hr, el (D) S (3-2), s T EHITE R R pfE BR R,
o AT P ER RS BT R RS AT C(d) AL BRI 231 P(d).

I(d) = C(d) + aP(d). (3-2)
S PR R B RS o o A C(d) MM b oo

C(d) = (1 — a)——e~(@=d0)/205 (3-3)
Q’Gd

(7] I B 37 B2 A B S5 30 11 B2 i Bailer-Jones (2015) Bt I B 48 &5t 111

_ 1 o an

FEARNT EE O S4B B A AR ZE . 1AL, a MR EBYR, FRATR
M 5% HBUE, E—HUEZ% T (Pang et al., 2020, 2021a) FYHFST.

TEH BRI ZEM BRI OLT . FoAT B B A 22 70 11 380 e S 201
BT X — Rk, AT AR AR AL IR e L (likelihood) e it ixX — 4311
PE:

1
fw|d) « @00 (3-5)

Hrf, o REREMERNERZE. @il DA BT R G8) aiE R 4l ol
IS RYBE RS, FRATTH ] AR B LS = 4B S 0 A
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332 3D ZFEE9SH

Innanen et al. (1972) Y AXFTRUE ARG, WA 2 B 2 [ i A FE 2/
T PR =A%, WA WA EAE R . B, b T SRS Ak i 01 2
Z WA EAER , FRATHAEH =R B IR e, SRIEAL P i aCE ]
Z @ EAAEMEAEM . AT YEPinfield et al. 1998 Fir i A ¥k, 11HE TE
F I 24, BRI R L (3-6):

GM,,
2% (A - B)?
G /251 JyHAL, Bl 4.3 107 kpe (kms™)* Mg'. A il B /& Oort #4, WU
& EBovy (2017), 4+ RIHL 15.3 +0.4 km s~ kpe™! F1-11.9 +0.4 km s~ kpc~'. M,
R E A B & .

HY O, FRATT T O S T A o B AT 1) 0 B B O DA 1 = 4 A5 ) 4y
i, e 3-4pR, B KGR ERC T4 B 3 5% R (3r) BALE.
RERSRAE , X PUAS BB 23 8] 41 ROBE R R R B AR R (JLE pe)
(Efremov, 1978), s AIHFAY B 71 B2 AIHE 2 ()b R sr SO FLRIEAR: B AR Gl
G2 WS [B) M B B A 22R G54, T 2 BI#E G3 A1 G4 1) b B2 A 2 (1)
SRR AR . FERIIEE GL AT G2 v, FR4- 51 B AT H Al R R B Y
FEAER, T2 EH#E G3 F1 G4 Hr i i b B2 F NS AR AR

B AR Gl A0 2B 2R, £ X, Y. Z =40 B
JiE Ji& RUEE 7331l 2478 209 pe. 306 pe 1 90 pe. 1% 5 BIHF 2010 TR AP, H
e FARR T IR B , I Y fy it e . Ho, B Roslund 5 5
At A b3 B A E S ) B ANARRE, H 3rg WAL S HAL R R 2, PR i
A B A B B 2 H BN BAR AT . R BRI 3r, MR A
B LA BRI R, RN Z A —ERR A EARE .

HFREG2AE X, Y. Z RS 1% 212 pe, 221 pe fl 72pe; HFH X, Y
J5 ) RE R RUBEAE 2, e 3 ELARSE 7 1a) i 20 11 JE AR R U A, SR B TR A
FEMAAEAET . UPK 72 5 UPK 64 15 3r U B B A& M R, it
EATZ IR REAAAEA BRI, -5 B AT r i) oA B2 AR A 55 R MEAS:
HERZ, UPK 72 5 UPK 64 B IR B S AYEIS 45, Horf UPK 64 ERIRY =S
[ A AR, AR B AT 3 3r, Z b

SR EEREAR, RERE G3 M B S B AE . ZAEH
=S B R A AR, RS ES, £ X, Y. Z =4 EERREM
2, 22k 56 pe. 68 pe Ml 59 pe. =ANEWITE 3r JEH HAHES, £33 E
A H AR EAE M . B4R UPK 70 S [AIFHXS /- R EL, H 2 R A i b A
H5 3r, Y.

H A G4 1 B S R R FE A, FE XL YL Z =ANT5 ) ERYE R
Ir 22 75 pe. 138 pe 1 120 pe. & Z J5 1) ER 31 A At B2 AT REBE

.
W=

ry=1[ (3-6)
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Figure 3-5 Orbital motion of 4 star clusters
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Note. Panel a and b show the orbital motion of the open cluster in each group, which is from their

birth to the next 100 Myr in the future. Panel ¢ shows the distance between the oldest member

cluster in the group and the rest of the members, which changes with time. Panel d shows the

average distance between member clusters and the nearest neighboring changes over time, which

begins after the birth of all member clusters in the cluster group. Panel a-d: Different colors

indicate different member clusters. The triangle is the birthplace of the star cluster, the diamond is

the predicted position at 100 Myr, X is the current position, the solid line is the orbit from birth to

the present, and the dotted line is the predicted orbit at 100 Myr.
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