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EH. OCHEFRIETE RS Fr, —#H20CH:
% 7F I 4k 2 T8 5T N A B 45 0, T U [ B
FER=ZEWS2HEEFIRG. FEAELAT Y (NGC
869FINGC 884)2 HLiM 2 55 1AM i WA I XU [4]
R i 25 0 14 8% 4 AN DT 338 A R0 0300 5040 v
PR B, R R £ () DU [ 25 # 4 R BL. Subra-
maniam5 "1 F 2 248 3 T 184N 1] BE 1 XUE 4]
LA W ER 9T R A K 208 % 1) 2 1] WU [ 45 #4
De SilvaZs " I 56 B v A 0 9 606 1 22 1A
NGC 5617F1 Trumpler 2272 4R £ 1 f Ji7 46 B
1. SongZe "3 i 14 ] Gaia DR2EHE BT 5 417 &
R AR O A1 7E50 pelal Ba W A BEAEH, RILT
14063 7] fig 19 U . Li%s "3 i 8 F Gaia DR3%L
I 5 LR OC R L 57 B2 1 0 3 0 R A i 2 0 9
RIL T 13X U M. 2 H A, M A I 8K 2 2
MR H B AR HOCH . HTFHEREOCHEH
AbF A R AL B B e 2L DR, XUR [
Xof B AR R AR B RS T A B R L

20204, Tian™{# FH FOF (Friend-Of-Friend)
%, M Gaia DR2EHE H kI — 2% B XU ] R 4t
(Tian 2FINGC 2232)2H i 1 3k 6 - 284 tH — 26 K
FE #8 31:200 pet R 15 B 45 M, N <5 2
(Stellar Snake)”, #1175 . 3 i X 1H A2 0 A 57
(1) P 28 B 7 B AT A A, R DB B8R FH ISR 2
TR 51%09310.4 peAl39.6 pe, Hed 27 HiE
BU T HA K, X & R R 75 1E R e R A7 AR A
TFHIZ . P B AT TR AL AR R R ) 2 &
(e ptp) = (—2.5040.68, —1.84+1.07) mas - yr*,
o g Ay 53 RN AR ZE 15 RV RIAR 45 b5 TH) A
7. AR BRI E R e R, B AT KN IE
A 3 AT R RS 7 ) Bk T il &k
25 0L A I T % 45 R 1 4F 88 7E30~40 Myr, AR ¥
Kharchenko "y B 52 ]3] 947 45 K B 0L % 51 4 1o
S I W AR F TG IR AR X AN 88 LN T At ot
K- 1) 45 49, 20224F , WangZ% 194 & Gaia EDR3.
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LAMOST DR8EA A #i] 5 2% 7 %% (The GALactic
Archaeology with HERMES, GALAH) % 37k %45
KAt (Data Release 3, DR3)5: %4, M TH A i fff iz
PAUE H R 58T 1 HRE B 45 0 B R B2 A R 4R,
IFE5-EOCHLIN & HAH . 45 REWZE I &R
gt J AT A [ 1R A 8 A0 <2 i o5 B2, AT RE A dE ad [R] —
MNESF = PRI B AR 3 H 3h ) & 1 i ] B
KE AP Gy, o E B g5/ 9o 1,
MrfE A (Bridge stars)5 32 22 i 114~ & 412 1 1) %
I3 HE . 20244F | Yang® "M ] Gaia DR3% 4,
THE T2 R ME R RS 01 1 PR o A, KK
5315 B 43 200 9 46 5 & bR %L (Initial Mass Func-
tion, IMF) A It AN[A], 31X 1% 7= Hoys 46 iy s a1 55 2%
A% 4] (Hierarchical ) 2.
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Fig. 1 The observed stellar snake member stars
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NOCHETHAE0 My, FJC% T B W 2 08 % i
25K, Tian™ 272 %0 70 3L 6l |, A8 18 2 g JF
R FE— AN W S5 K. 20204E Dinnbiers Wil it — &
BB B0 77 2 BB A, 5 B A 25 e OCHE TE i)
H, H T A PR T A T AR AR K, AE 50
My ()5 [8]_F T 0 9 25 K 4R SR 7 17100 pe. (H
XA TAEAE 0 5 B [, SR B R St T 48
S A ) B B A e B A EAE AT 5
THe, FEHEASHEBAIRKAR. de la
Fuente Marcos& " 238 i % XUE [ AR 0L 9%
T, RUE A1) 45 ¥ Tk Ae 8 AR AR, HARAE IR [A] K2
410~100 Myr. Priyatikanto2s*Hf 51 T 7E 423 &
W ARPUEM AL SR B AR, K
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W g, (E0UR [ () AH B 56 % T LA A1 FELE BY
JLH W B BCTE R B AR 38 W 25 R T R
B H R B, 75 R G0 112 0 fE B 2 1 o0 5t
1 37 PR B (A0 STk [23]). TR, A TR R
[, XU 2 TR I BRCSE K 9 25 H4).

FFIX e g AR T AR B I VA& B A R
OC NGC 22321 Tian 287 2H 5 (1) XUE B R G AT
B J 5 AR DU IE R e 45 1 2 75 2 i XU
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2B EEAFOCH B R HIHRE LS L K A5
U35 5 5F 37 o 2EL 1 A A 0 58 0 ) XU [ 3
AT EERE, IF HBEFE T WA 2 I o s 0 N
X R i B AL, T 1 1E R e 5 ) 1 T K
JRIA; SEATTHEAT T —2ihie,; S5 R A TIER
P4 4k
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2.1 ERFpER

FEA S A48 A Python s A1 Galpy
1) A5 HEKingt%E 8 >k A i &2 4] ¥ 46 % 4 (Initial
Condition, IC)P. %7 /& i King™/7F 19624F )
P BRI 2 AT &5 545 2 i 4E & 40 A, m] DUR B
R — AN Gt 78 73 St R N A R G 1) 8) 15 IR
A, [FII B 0 R T AT s AL 4 T
HIRE R 2 2 A bR HE King B8 =84 DL T LA
ZH: REN T LHW,. B B E M-
OCHI KL ¥ £ NFI B B A%, . XET W, IR 4%,
RNT IR, RSO OCH W, HRIEEE A6 (XM
25 AR AR, Wang !5 i LA S50 28 % B
H 2 I H180% A I B I E# /N T 1 My, e K1E
B i E 4 N3 M, JF 18 i A Kroupa IMF
P AP0 45 B 4E B i R 48 R B 42500 M. %
FE B A E R R R A Z A K, R HN T 50
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BRI — ANk 1 & 48— 38 N0.8 M. 1F
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A=153km-st-kpc 'l B=-11.9km- s
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PUAE 8 LA Mgy, 227 B ] 46 BeF 20 b0, 55
TR P90% 5w AR, Hoe R

M (r < ry)

ML (2)
OCEAK M HS Bl 2145, 55151 26 7R 30 10
OC#& K, w1000 M, MOCH Hir % HOCL. X+
— NI REIOC, BRI SRIE S S ILE T
A PR IR ) Py RO DR W B o LT
WA G AR, JadhavZE P ] Gaia DR3%HE 1 C
G RE I KB 4B T 1379400C, K ILH AL L)
1% 1 B AAE B BeRFE. DL LR, AR A
JSARE Sy, H BRI OCHIGa I Z3% A H JE.
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Table 1 Parameters related to open clusters

Name Mass/M, Particle Number r,/pc rq/pc
0OC1 1000 1250 14.27 7.0

0C1.25 1250 1562 15.37 7.4
OC1.5 1500 1875 16.33 7.6
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PAAE AW 7T HEAT NARBL BT A2 7
J&Gadgetd?, iX J& H Springel 2 PV & (1 F T 2 &
T AL RS AT R e, W AEAT o
AL EEBREMMNER . BN FH KR
BEMELZ N RENRGENKTTE. N T R&E T
SR 30 2 I e URS BE, A SO FH FMM-PMA V%, 1tk
AEFMM#8E Fast Multipole Method, PM#8 Particle-
Mesh#% . FMM-PMS % 56 3 1k PMS %4 22 7]
53 X H A4 i Tree (BIR) 4544, 2 JG AR 4 Tree 7 &1
(1) 2% ) BE B R R 2 (8] 1) 51 7793 i 3 71 F i 3
JIPI AR R AT ) LA I PMURL V. T AE R Y
B 1)/ RUBE B, ik S LA AT Wi A Gadget B 2R H
i) TreePMA&L i 78 /N R 38 2] ) 530 B (one side
tree) ] #, iX HL R FH FMMEL v06 Wi 8 JF .l it
W REFMM 1 J& T B BORI AR G e FF 2095, o] BLFEfR
FERG FE () [ B K v B R AR S 1005 A2 . IR A
TR B E B R PR R A AR R AL, FRATTIE R
TE/NRBEHEAT B4 5] D3t 5, X FE AT DUE — e 2
A o V=2 = S = T BT S w8

8 0.11
44+
0.08
3
£ 0
0.04
—4}
-8 0
-8

X/pe

Surface density/pc

Gadget4xf /N R AL -4 7 A0 B.AE F R H 51 70
A b B, kT (] BE s T OB, Bl &iE RN
Gm/e*, MARKBMETTT K, XB el T
A E, m B BN R 1 T . IR AR AL 3
A DLRE G 51 7 R RN, AR KR B 4 e 1 B K
RS FEUNREWAES) )5S R E TR, B
TR S A BEOGE FE A J R 45 2k R A I TR R
XA AR T 2 52 R A AR 5 B 0 A e AL A K tE A
b FAE R BN A1 J1d i itiE 8 s, 15 R T R
B A 2 BB 3 S B R o A B 2 ad it
Gadget4 ) 5| 7 AT R IEA 2 S EE B H4EY)
HZMK, Bl 2 (4 2 b T8 A2 4h, AT
B ad B p I ¥ 8, R B R S5 T DR RR AR
E. B2 R RXTOCLsRI R e Mo i, T H A
FECRAEKE FZ 00 [R] I 4 5 e OB R, A ik
M GadgetdfF N8l 1y FHUE AR PP . e id A
AR B e, FAIT A I e = 0.1 peli, BERELRIE
BLADLER [ 1) R 1, TR] B SRR 3R AT B v 1Y) B A
PR, IS, B B A B 48—
BHEN0.1 pe.

107 f—t ——- =OMyr 1 1
i --- =30 Myr |
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100F ! i
o i i
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2 AENOCL.5#£100 Myri B T-70 A7, BB~ a R B I L, SO REIR R ry; A RN TR AR BRI (8] )32 fl, Hooh
ROLATORKing B I ELRFEIR, RN 3NN LI BE A . A B pad il o 3 €0 R 2 AN 2 10 R 2R 0 ) B m AL R L el 242

Fig. 2 The left panel shows the particle distribution of OC1.5 at 100 Myr, with the color representing the stellar density. The

green circle indicates the ry, radius. The right panel displays the evolution of the stellar density profile over time, where the

black solid line represents the theoretical profile based on the King model, and the dashed lines show the density distributions

at three different time steps. In the right panel, the black dashed line and the green dashed line represent the softening length ¢

and the r,, radius, respectively.

®https://Wwwmpa.mpa—garching. mpg.de/gadgetd/
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IAh, Gadgetd ik = 85 & i (i 72 S U0 4E
BRI ERUR. @I, K EEEEAZ
OV 1, LR A AR e 2 T R ) R AR Ok
KR EE R R, SRR &, Wi
{15 B F S T, SEEREK, 30 /%%
KRR, B AT IR [ BT )46 A A
FH IR 2 2 R0 B 20 B 0 2 4, R 2 ] © & AR
#EIE30 Myr, K &1H 2 s C L g R, @it
Lamers 25 " F 45 HY 10 J5R B 45 25 2 5 1) 28 4k (1) 30
AKX CH (2)X), 3 2I1E R FHE S HEOCH & 1E
30 Myr#100 MyrHA A 457 2% £93.9% 1) it 2. 7 &
SCRR[33] AT FH 72 51 0 a4 i, A SO 2
Too V0 BBl PN A BT 5 2, EHOKT = 1E R AL IE R
£13.9% I F 5 2% Z 0 g ) 47 45 A ) B i kA
A] DL 2.

7 Galpy o 5% King 5 2 7 SZ 91 A2 38 i 75 41
2 VB F% R 5 o0 A BE ALK AL, X BE AL I FE 2 ok
— 5B TR FNAR 22 76 AH 23 (0] Fh e AR ) R A K TR
FER K R R ERR 2 F, Galpy 24 50T 46 46 14
Sk ah g, Hp 0 X B 2 AR B O B R R B
X — P R AR 2 5 U B R AR B %
BRHTRE K. A SR T ICHRSE HE4T 7100 Myrf
POSTIE AL, B 7 K656 10 S0 8 1 Gadget 4t 2 4
PR AT VRS, IR T ICKR M, Wi LA i 2
T W& I 8] R A4k FE A ICHEAT SR, T B 3
N 77, A5 AR B I TC P 3 40 A 5 H AR 24 B
NIRRT AR, R R ZE R K, R &5
H Gaia%F TR, HIFARe B34S H1H B 2 B
SR B) 1R A ARSI %85 90% 5 &=
IR rgo, VBN B B R 03 AL & 1) 18 v =
roo HWIURT ZI B 52, ASBER A5 40, AL N A

AR 242, 1 — 2. [l 275 B A J2 1 4 6 [ e
FORZERB R reo A2, B TIZEBIKENEL, 1%
YU SN 2 FEARAR, XECLRI. A5 &I o 73S
Z) 2 A 1R85 B 53 A1 DL R JEE e (BB RE 2 ) AT g
(L), W LLE R, 2 HIE 2% A R
FE100 Myr )i [a] ROBE EREAT €, 53R E (R +F
—HL XRYEATE AR S i B U R
HH) B R ASE 1, N5 Seri T d it 1 T SE A At

2.3 SRITRBIFRE

B RN RORE R, LA E B R ek
(Bulge). 4% (Disk) P f 4% (Halo) 2H i 1%
BROZ AR A P e DX B R 5 B A T AR R R
O, HEFEZ N (2.04£0.3) x 10" M, ™, R4
) PE . SR DL R R PR AR R A . AR R R
eI TLT- 4090 A A% BR DL KRB -, McMillan™
08 T R AR Y 5 T AT L B R R T R
JFi RN (6.43 £ 0.63) x 1010 M, . {62 % 511 5R
TR T AR R X B TE AL ERORAR B A1 R
ghky, Jorp AN S 5 s G AH TR RS & 4K
2 K. W (1 7 BB AT 30200 kpebA Ak, SR B E S
10" ~ 2 x 10" Mgz ], 2 5 4R £ L5 & 1
97%"".

% pE B E R dv R G IR ER, R R
TEAGIK PR AR K, A SRS RIT R 5] 7134, k4%
() 155 78 & Bovy ™ T 42 1 BovyMWPotential 201445
R GRS RS AL S HUE, IRATE T RefE
N —AFT AR HRIECRD A AR e B A AR R AL T
OB TE R . B S R 20N, Ho,
Modeld§ 1 # i BovyMWPotential20145] 77 % [
B HRAE S ) O 1) AR S A

%= 2 BovyMWPotential2014#R 8! 245
Table 2 BovyMWPotential2014 model parameters

Component Model M/M, Scale length a/kpc Scale height b/kpc
Bulge PowerLawCutoffPotential 0.5 x 10*° 1.9
Disk MiyamotoNagaiPotential 6.8 x 10'° 3 0.28
Dark matter halo NFWPotential 7.27 x 10" 16

Tian 2FINGC 22320 HLiE FE 55 4R 18 1H i) = 2

RN, ANEIE100 pe, ZEALE R R 1E 2 5 N I2AT.
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X B R A5 08 A 2 Miyamoto-Nagaif#i 71 B % 3 |[EEMCHyIEE
SRR R — MR WA, LR BN

B(r, 2) = — G M, LG 3.1 [EEfRNESH
\/7“2 + (a + /22 + b2)2 Wang%s USI2E 34 2 v 3% A Schonrich® B #f &
Horb M ORI, 2B B AT BB, odbs MORFAGLE(Ro,Z,) = (8.27, 0.0, 0.0) kpe, SEHEK
K. bR, FEV, ~ 219.2 km - s, X PHIZ 3l BE 7E A4S b i 1k

N T A AR I 2 A BT A I R TR AR A ] A Fr #fE & (Local Standard of Rest, LSR) T [ i# &
KSCEMIR T MeMillan 1 794250 R, 2550 % (Us, Vo, Wo) = (9.58, 10.52, 7.01) km -5~
W, 8 IR B 0 2 AR BT SR (AR AR I Tian 2FINGC 223200 I s 1 3 3. e (1,
AU, S REEAR—F N T SCE RN, AT HE bo) RN R A MR 4 AL H5 , d3R 7R 5 K BH I BE B,
HA4BovyMWPotential 1445 1 1) 25 5 (U, V., W)Z7RAHXT T LSRAE B

% 3 Tian 2MINGC 223209 HRITRIZEHFESH
Table 3 Kinetic parameters of nowadays Tian 2 and NGC 2232

ocC ly/° by/° d/pc U/(km-s™) V/(km-s™1) W /(km-s™t)
Tian 2 218.33 —2.12 285.9 —8.0 —1.9 —4.0
NGC 2232 214.22 —7.51 319.2 -9.9 —2.6 —4.0

FRAME P Wang M8 S A I 6 A 437 B AN HUR B R G- TCERR AR, 1l DAL i AR R
T, HEE A R3PS, KR~ ir R 1& (transient objects); Priyatikantos %% & > fi#
b 90 B f AR bR &, Tian 2FINGC 223247 B 44 P A5 2R R N AR AR DL K AR VAT 2R W 3 v R XU T
Br A oN(X, Y, Z) = (—8.49,-0.18,-0.01) 278200 Myr N B4 KA HE, BB NIE R 4
kpe. (—8.53,—0.18,—0.04) kpc. & FF {5 2 4 5l RY, T e Bl RQIEANAEAE. [R5 8 2L
NV, V,, V.) = (=8.0,217.24,-4.0) km -s~* o ORI AN 1, R IR AN RE HI Wiz R S
H1(—9.9,216.64, —4.0) km -s~'. PINEBIRIAEX 7R ST & 42 5] 1R EDIRE. A 0K 1% R 5
#E B N50 pe, & AIZ5M1000 M, AT N WU IR 7S 9 A TR 4 21 40 A 14 AR o 48 2% 0 A 200 7
2.02 km - s, B & TR 48 R G A 2K 110,402 L AT E. Ak, BEARIE IS SRR LA 40
km - s, KA PAHEWT, ZXUE R4 H T2 dE 5] 1 2 Bl AE 6 20 830~40 Myr, % & 2% 77 vk A
IR R G, AHXUR B R G (e 4 5 3 v 1 B 78 EEROUE I 5% 22, N — € I [a] sk &, A
A B AN E 1, BRI R 4 15 I A AR O A {5 FH100 MyrfE N5l 77 2 A B 1] 1 FR .

KR R G 0 IE LR T7 R WU R G A A RS2 1A A - o

oy, 6 BRI RIS, e 32 NERRRERURE

IR 5 45 A 7 1) BE B8 AR 6 33 BE, 460 9 4 2 S ISP B B AR 51 R L 2 ]
FEOUUR R G AE B ) N R AR 6 B A B BF, B S 2 T B A RN A 2 4 A\ BovyMW-
B IR AE AT N 2 AN B AU AR A A I E Potential201444 22 I HRIM R 5] 1 AR | il ik
ide la Fuente Marcoss "8 W I v & B0 XL i & Gala®F2 7 1 4 B (1 Bovy2014 % 37 85 84 i3k 4T £ 3E
BB RS 1025 Myl , HAFER RE2417%; de la 3B R, 33 T X AN R JIAE100 Myl AL B
Fuente Marcos% "5 i N A&z /1 AN N XBE FIE A S, WRAFTR.

®https://gala.adrian.pw/
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& 4 100 MyrATIFREERHNEFAEHFRER
Table 4 Kinematic parameters of the unbound model of two clusters 100 Myr ago

oC X /kpc Y /kpc Z [kpc V,/(km-s™1) V,/(km-s™") V,/(km-s1)
Tian 2 7.652 —-3.5 0.04 —94.76 —197 —2.97
NGC 2232 7.733 —3.493 0.02 —95.07 —196.5 —4.77

Galaft i "2 Pythont — 4 [TH F Kk Z17E24 Myr i A B AL T X6 77 1w 42 W, Al Rg
1T T RAL, FR4E T 5 KB )y =B SRR R E . R B 2 5 s TT d6 A
FEGE T HINRE. ST 2 Gl DR A B &, W AER RS RN,
AR RH . BRERHSE, R A AT 3 I R ABE UL BT A R ) A — S B 1 )
xR 1E R DR Al RARTE X L B3 rh (3 THR A Ere RN IR T &, 75242 2 16
HEAT BB FUN . BE AL, %A IR B A RS R E ()0 B A 5 TR BRI OC &R, W 4f s, Hod M,
R 35, T LAKC BN [E] R B (B A0 ARG BE SR, T R0l 3 o 2 2 ATE Horgo RN 2, M)
PN RN LTI RERIG R, B4k B RR B2 R R &

AR KA AR 0 R B BB AYIME A EREIUL, £ B R B UK 25 31 Ho
(50 )12 S H AT AR, 2 BN EERIULAIU2 W B s BN R ER %k, BOgLERmm
(iX B UM % Unbound, dE 5| 5 A 45), H v 5 AN B 2 18] 1 B B AR AR, AT BLR B 7E 100
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Asstract Thanks to recent advancements in observational technology, significant progress has been
made in the search for open clusters. Among these, binary open clusters have become a key focus of
cluster studies due to their unique properties and complex interactions. The open clusters NGC 2232
and Tian 2, which are located at a very close distance from each other, are considered a binary cluster
system. Observations show that these two clusters have very young and similar ages (approximately
30~40 Myr). There is a structure formed by stars with a length exceeding 200 pc near the binary star
cluster, which is called the *Stellar Snake”. Through a series of high-precision N-body dynamical
simulations (N: the number of bodies), the formation of the stellar snake has been dynamically
modeled. The simulation results indicate that the two clusters are currently in a non-dynamically bound
state, and it remains uncertain whether they were bound at the time of their formation. If the system is
initially considered unbound, the two clusters show no significant mass loss after independently evolving
for 100 Myr, and their mass loss rate is not significantly higher than that of a single open cluster in the
Milky Way under tidal stripping. In contrast, if the two clusters were initially bound at birth and
evolved together for 100 Myr, the tidal effects from mutual orbital motion within this bound system
significantly accelerated the mass loss of the clusters. As a result, the stripped stars formed a larger
tidal structure, but the tidal stream did not effectively form a structure resembling the stellar snake
with a span over 200 pc. Additionally, considering the observed stellar snake as a one-sided structure, it
does not match the symmetric tidal arms and tails that would be expected from tidal interactions.
Therefore, the stellar snake is not likely to be a product of tidal effects, but rather a formation
mechanism more consistent with the collapse of primordial gas along a filamentary structure.

Key words galaxy: open clusters, stellar snake, galaxies: kinematics and dynamics, methods:
numerical simulations
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