Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BT AN 4 IE 5 RSB I SRR R B L
FZ AR KM

Monte Carlo simulation of bond percolation on square lattice with complex neighborhoods

Xun Zhi-Peng  Hao Da-Peng

5 Fi{# B Citation: Acta Physica Sinica, 71, 066401 (2022) DOI: 10.7498/aps.71.20211757
TEZE RT3 View online: https:/doi.org/10.7498/aps.71.20211757
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

AR Iz (R R e G R B LT vk

An efficient Monte Carlo simulation method for thermal radiation transport

WAL 2020, 69(2): 029501  https://doi.org/10.7498/aps.69.20191315

SET AU IR IR A IR AR BRSO

Source boundary parameter of Monte Carlo inversion technology based on virtual source principle

YIFIEH. 2019, 68(23): 232901 https://doi.org/10.7498/aps.68.20191095

FHIE y LT B SR S BRAUEAR
Monte Carlo simulation technology based on characteristic vy —ray spectrum analysis

PyFEEEAR. 2020, 69(11): 112801 https:/doi.ore/10.7498/aps.69.20200279

AU 28 (4 25 P H OB i 2

Percolation of interdependent networks with conditional dependency clusters

Prezd. 2019, 68(7): 078902  https://doi.org/10.7498/aps.68.20182258

T35 AR LB

Robustness of interdependent networks withheterogeneous weak inter—layer links

YIBR2AHR. 2019, 68(18): 186401  hitps:/doi.org/10.7498/aps.68.20190761

BTSSR - B 7 VR R STUTO G A5 B 7 TR SR A8 R o AR A A 4L
Numerical simulation of deuterium—tritium fusion reaction rate in laser plasma based on Monte Carlo—discrete ordinate method

YrH2E 4. 2019, 68(21): 215201  https://doi.org/10.7498/aps.68.20190440



Y B ¥ R Acta Phys. Sin.

Vol. 71, No. 6 (2022)

066401

%#H%#ﬁiu

FZ M1

\

i R

(P ET R SRR, TR0 221116)
(2021 429 A 21 HUH); 2021 411 A 11 BHUE &)

BT i A B A R A KA, SRS R 2 J5 IR T 25 B it

4B YT AR, B E A LT AR AR 4

AR T REEB . TH S B T ARk RUBE R R LAY BB R B AR, R IR AR T8 B {E pe 5K K4S

Hy Z ) ) SCHE . Sl 51 A SR = ZZ zird fi (Ferh 2 B 43 50 R 56

@ T AT RS 5 B TEC S K500 B v O A% S R

B9) KA ER “TRI I, WE5E 5 I pe Bl € 0738 AR A i T R A G B pe o €77, UEAN B iy = 1.

XKBIE: B, BB RKE L, SRR RP
PACS: 64.60.ah, 89.75.Fb, 05.70.Fh

1 5 =

BRI 5 W R, RS A
Sy LR AR R 2 — (=0, — 7T, WFSEE A R
PEAR F AR AP AR ARG R | 08 AR S
EYREEENRANE. 55—, BRAAT
Z WL, Wi 28 2 LW BT BRAR IR | AT
WL RS (W L R HEii R ) 5. Pk, Xz
TR AN Y BA 2 B N S L

ST A PP B AR OB W BT
Bz —. TEFRE A% S b B — Mg (B8 2
ML HYIFLA—E IR p Bt i (ABh e AR
N1 —p), BdidERA% S (B nT LUE Rt % Y 1A
. Y R p DN OB T R B B — i FLE
M R FORE T B Y BLOR B REAE B R A RGE 1

VA3, O L 3ok Bof ) 28 49 30 5 3 00 Y 3 0 A 2 1 Ay
PE, FRIXFER R G NBUL, JT HARI A9 I S

DOI: 10.7498/aps.71.20211757

RBWEE, FHpe 2. B BIE poe B L
SRz —, RA M0 E B I RME, A R4
Tlﬁ%/ﬁ\ll FAT R LA S E s AR EL

1 MY £ B2 3 2 2R FH 52 7R 20 UL S5 8K
ﬁﬁ(ﬁ, VFZ A% s R 12 58 LIRS i B {8
pe LA BCAH R B Im A8 5. FERZ A8 mifsiAlrh, 54
F AR B A% AT ISR H T 22 O T A 8L P T R
R G PR 2 —. i, IR S
T DABE AR B A% SRR T RIBIR (W [RITE | BR
E) BB A A 18 SR AN S5 /N R 2%
FE BV R P, 38T DUIE I 0 1 B A5 4
MR T B AL AR 7 101, HOR X B AR i)
WRAWFSE, BEREF & A OCHB mHEe, R E
UL IR A% R () 2850, JUHORAR s L B2 ]
B R BAHE R FAER. oAb, XA B0
BB 5 H N TR BB I 5 iES08 2 [H], X HE
TTRAB A B T s B EB M ALELLB IR Z
() 75 e BRI

*rp E AR SEANEMIR D 5 9 LI R 4 (kS 2020ZDPYMS31) B B AL

t iBfEVE#E . E-mail: zpxun@cumt.edu.cn
i BfE1E#E. E-mail: dphao@cumt.edu.cn

©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

066401-1


http://doi.org/10.7498/aps.71.20211757
mailto:zpxun@cumt.edu.cn
mailto:zpxun@cumt.edu.cn
mailto:dphao@cumt.edu.cn
mailto:dphao@cumt.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 6 (2022) 066401

X} B O 2 4 A% s B AR AL ) BF9E T LAGA
%) i Dalton, Domb F Sykes!'2—14 $ H ) “25:54
EAREEARY . Z 05, R NIRRT IR 1)z
FIFSY, UNZ2TE 4544 B X IR KRR B i 1), %
JE I 3T A RN YR G RIS (R A4 U ST 7K - 1 55015 i R
BRI S DU A A TR Co T A s i it (1)
4% . d’Iribarne 45 18=200 W KE WM E R GITHE T
KA (R RIHR R T4 10 S0 484& A1) By 2B
11 A B LKA A 1Y £02 0. Malarz Fl Galam®!
GIA ARG ML, B[R] SRS s i 25 Fh 2l
G MIFAJR PR T BB ARAE o, b 2R X —
AEIE T+ HERI SRS A% DULERE ST i+
F BT T — RSN TAE 220, i,
TE2FA AL R, 52 24 SR AAS B )
RS R Tz AT B8

BIBIE pe 5% GBI ZE R (ANFCOI%K 2) Z 8]
AR G R — EL AR T I S 2 —. i STk [23]
i H — 2 = A A sSURE R (1) A508  (E S5 S S LA
B AN R R pe ~ 27, 16%a = 0.790(26).
Galam Fl1 Mauger®!, van der MarckP2, L & HAlh
SN AR T2 AR R, 152U
FHICZR 2930, Domb? 48 H 7EAH R A% 55 BT
KT, S R AR A B OB AR B 2T 2 3R
KIS HHTEAT N 5 SRS R 0. A G, ZIRsfs
FI) 7 HoAth 27 2 A (R AR 7820 S5 il IR AR
W5 3 7 I T G R N pe ~ 29 /2. W4k
B, %W C R T Bethe ¥ 1 19 45 3 pe ~
1/(z = 1); BABCY 2 A BRAE i 2 A BRI
2pe—L~varz ™ H e 48 L = 4EE 00T o =
(d —1)/d B35, XSS - Fr 25 815 2 T K%k
BB T AR A SaIE 27:28.3359],

{H2, DL EdniE T LA BRRSHE IEAT RO
BRI RIS B TR ALRAT R, X T &R
7% (AR USRS B A B S T AE 2 T A
M. 3B PRk Ak SOB TR B R B FriE Y
“TRIE G, RI—ANELA7ERL 2 KR T 2248 i
S5, WAL 1 BT 0 5 2 2 RA% U 4R DT %
T (E o " RR A AR, ORFR TP 1
T ABAE A, QM FE PSS 2 LA AL, e )s
O 1 ITABHER 2 AEAR7 5 A 1 I ABHER 3 IAR” T
XTI A BE A ESORAR R Y, 3458 8; H 2 X A 4514
(B I BB R AA R . P, Xk 2eAs 58

TR, (A R — S B, An o]
LR 75 JEAS R O PR NS AR R T B R 0T 2 A
PRAZ AL Y SR FITTE .

® @ © @ ©
@ o o o @
® O o O
@ © o o ®
® ® ® @ ©

Bl IETTR TR0 aR (“e7) BT ARHE A1, B 54N
Fig. 1. Neighbors of a central site (“e”) on a square lattice,

up to 5th nearest neighbors.
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a function of p.
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Table 1. Bond percolation thresholds of square lattice

with complex neighborhoods.

e s e gi MBI pe
SS%IQ i 8 8 0.2503683(7)
SQ-1,3 8 9.33  0.2214989(9)
SQ-1,5 8 104 0.1972557(13)
SQ-4 8 10 0.1937380(10)
SS%:LQ 23 35 12 13.33  0.1522201(9)
SQ-1,2,5 12 144 0.1380527(7)
SQ-1,4 12 14 0.1362105(5)
SQ-2,4 12 14 0.1345500(10)
SQ-1,3,5 12 15.73  0.1342972(8)
SQ-3,4 12 15.33  0.1309686(14)
SQ-4,5 12 16.4  0.1247135(15)
SQ-1,2,4 16 18 0.1059928(8)
SQ-1,2,3,5 16 19.73  0.1032173(7)
SQ-1,3,4 16 19.33  0.1027026(6)
SQ-2, 3,4 16 19.33  0.1011488(8)
SQ-1,4,5 16 20.4  0.0978026(14)
SQ-2,4,5 16 20.4  0.0967349(11)
SQ-3,4,5 16 21.73  0.0954613(7)
SQ-1,2,3,4 20 23.33  0.0841507(7)
SQ-1,2,4,5 20 244  0.0804649(9)
SQ-1,3,4,5 20 25.73  0.0790839(9)
SQ-2,3,4,5 20 25.73  0.0780764(6)
SQ-1,2,3,4,5 24 29.73  0.0671855(5)
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Abstract

Based on an effective single cluster growth algorithm, bond percolation on square lattice with the nearest

neighbors, the next nearest neighbors, up to the 5th nearest neighbors are investigated by Monte Carlo

simulations. The bond percolation thresholds for more than 20 lattices are deduced, and the correlations

between percolation threshold p. and lattice structures are discussed in depth. By introducing the index

&= Z zr?/i to remove the degeneracy, it is found that the thresholds follow a power law p. x €7, with

v~ 1, where z; is the ith neighborhood coordination number, and r; is the distance between sites in the i-th

coordination zone and the central site.
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