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1. INTRODUCTION

1.1. Percolation. Percolation % 7 /Li& Broadbent ¥ Hammersley (2 & D
1957 FICEA SN ZAMEZ N L T2 s 2ET AL THL. TT N
ERDEIICERIND. BHEL T3 24 0 fHE ok o2k %E B(ZY)
TRY. &le € B(ZY 2, HER p T open, % 1 — p T closed ¥ W5 IR
RAMIICEZ 5. X651, open RAL I E2ED 757 G, = (24, {e €
E(Z%) : el open}) % Percolation graph & FER. PJFEMIICIE, 7855 open T
H DI, AN HNSG L ER L. ZODHR x,y D G, DFE UEMHDICEE
NBEZX 22yl dOBDoTVdRE VWV, xyeEL ZHIRC(r) 2 r %
Bl G, DEMH DL L, x ALY 7 AKX —LIEXR. Percolation € 7 /L OHf
FTIX, pHEDLIEEC(x) DWEN LD LS IZED LWV MENERE
BIIFENR & 72 5. EEROEPRHN TV S.
FEIE 1 (Aizenmann-Kesten-Newman '85 [1]). Suppose d > 2. There exists
pe(d) € (0,1) such that
e forp <pc(d),
P(IC(z)| < 00, Ve Z) =1;
e for p> p.(d),
P(3z; |C(x)| =005 Vy ¢ C(x), [C(y)] < o0) =1.
Z D pe(d) % d XIT Percolation & 7L DEFEFHER L LR, X 512 p < pe(d)
L2 B, HEEFREEG p > po(d) L7221, BEEFEE MR EEL 1 IC XN

X, LEEFAEB TIXER 7 7 2 2 —13FEE S, —HBEREETIEE—D D
MR 7 92X —DEAETEZI bbb, ZOL5CHEEZEIC, HEN
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AMICED S Z & ZHEERS 2 FESR. Percolation & FVISTHEEE S E Z 2 & D
Bl (ICEFLTE D) »2OHBEHWVWET LD —DTH 5.
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FIGURE 1. 2D Percolation graphs (red) as p moves

1.2. Chemical Distance. Percolation graph @2 7 iffi% Chemical dis-
tance £ FEX, D(z,y) TRT. ZAUMLFRKIED open BLDAZ @i L, £
OEER 2 1 RS 2 & D(x,y) R0 T a 22 6% o 7L RIGD y
CEEST 2R EAON2 2L HRTWVS. 1980 FH 72D > 5 Chemical
distance ORI ZEENDAE I N D K 5K o T2, FHIROFERIFI ST
W5,

EI 2 (Garet-Marchand '04). For any x € R?, there exists u(x) > 0 such
that for any 6 > 0,

P(|D(0, |nz]) — nu(x)| > dn; 0 <> [nz]) — 0.

Z D p(z) % time constant & FER. FFLDEH I Chemical distance D 12
BES 2 REDFEANSHIST 2 DTH 5. fE-> T, ROMEL L THOERE
HERUORFREFREZFAXRZONEARTH 5. ZOHBAFRTIIKRIFEEFEICD
WTHRS.

2. RIFZHEL & SEATHE

— R, KMREFRBIZEZ DI WHREOHRS ZDE R Z AN 2 22
THb. ZNHDOMERIE, I DI WHRERZ Y SEBRT 208 0D g E



RET D ZEIZDRNE. oI, Mt NFRBWTKIEAEHIZ, £2L0H
BRAREZEEREE LTH RN TEBY, EERE T —~D—DOTH5.
RDAGEHRIZ, Chemical distance (B3 2 KifZEFR D FEIC B W T EEAY 72
LOL LTHATHS. LK, D) = D0, [z]) £ #<.

EIE 3 (Antal-Pisztora '96 [2]). Suppose d > 2 and p > p.(d). For any
z € RY, there exist K,c¢ > 0 such that

P(Kn <D(nx) < c0) <e .
Garet ¥ Marchand (3 FEEDAER % time constant ¥ CTILER L 7z.

EIE 4 (Garet-Marchand '07 [6]). Suppose d > 2 and p > p.(d). For any
z € R? and € > 0, there exists ¢ > 0 such that

P((1+€)u(z)n < D(nx) < o00)) < e
ETHIHESIEFILAMY T NEOKIRBEIIOWTXEET-.

EIE 5 (Garet-Marchand "07 [6]). Suppose d > 2 and p > p.(d). For any
z € RY, the following limit exists and is negative:
o1
nh_)ngo - logP (D(nx) < (1 —e)u(x)n).
REDOEBICHN 2RI KIFEEZFEO L — MR FFENA TV 5. A
FZOENE, FRARZFRMEO L — EROFEEDIEAS & 2 0 BIEH 726
RTH 5.

3. SPACE-TIME CUTPOINT

COETE, FERREFRHED L — b EROENR MEEDERICBEWTE
B 1% E| % 87-3, space-time cutpoint #EA T 2. DIETIXHEICd > 3 R
p > po(d) BIRET 2. ERICHDER_ODLIEEEAT . FED 2 € RY,
N > 0Z2WT, Ay(z) =z + [-N,N|? L BL. 252602 € 29,
s > 0122 T Chemical distance ICBI 3 25k % B,(z) = {y € Z%| D(z,y) <
s} CERT 5. LD, B, = B,(0) £ EL 21T 3.

T 1 (Space-time cutpoint). Fiz a € [20/21,1). Given s > 0 and x € R,
Asz(n) = {3t > sn, Jw € Aye(nz); {w} = By \ Bi—1}-

RAHDDETlE, 2 mHZ DR LEEENRDI SR, ZDE% cutpoint
LR, SEOERTIE, RO D DOI% closed 125 5 &, Z Z £TD Chemical
distance DXk & &R 7 T 2 & — DEFEED N S & W 5 EIKT cutpoint, %7z
FERZ e MNBICHE T 2HIR%E LTV DT, & T space-time cutpoint
EREATVS.

RDOFEHIL, space-time cutpoint IZEH3 %5 L — FEODFEZRL TV 5.

E 6. For any e > 0 and x € R,

(e, x) = lim ~log P (Aco(n)).

n—oo n
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FiGURE 2. Examples of space-time cutpoints: Basic v.s. Pathological

Moreover, I is conver and homogeneous, i.e.,
IAs+ (1 =N)s" Az + (1= N)a2') < X(s,x) + (1 = N)I(s,2"),
I(As, \z) = M (s, x).

4. FERER

BIE TI§ & 4172 space-time cutpoint IZBE 5 % L — N T Z W T, Chem-
ical distance D LEDOKREFHDOL — MEABEERTS. HAoN2E>0
¥z e RUCOWT, Bl J ZRTERT 5:

J(&u) = inf{I(s,u)] s >0,u € RE: s+ p(x —u) > (14 &)pu(z)}.
RPFERGRE 72 5.

EI 7. Suppose d > 3 and p > p.(d). For any x € R?, there exists & > 0
such that for any & € (0,&),

J(€u) = Tim ~logP (14 Eu(x)n < D(nz) < o0).

Moreover, J is continuous in (&, u).

Remark 1. EFERDFEIAL, 3] THWONLF 2 —TOFEmr HEI L
bD%ZHWS. —7F T, Chemical distance | FPP & 1Z:E W closed 7234 % 18
B EMTERVED, 72— 7 LAMRZHZ S 2 o hin & v o RN
2. ZNZHIET 27291, 6] THLALMREZID AN IAALZ
Fa— 7 DDA L.

Remark 2. FEDOKREZEE ZOD cutpoint IGLTWVWAE I ZRT I &
D, FREROAOH E 125, X5/ EITIUL, 2DDOO cutpoint
WS TH2EN RSN, FRRNFREFRHED L — FEIED cutpoint D L — +
B TRINL2FDR DN S, —T7 EDBREVIE, REOERDIWMD IO E S
PIIRBATH 5.

Remark 3. =t E®D Chemical distance ®_EE D K{F7 T, cutpoint
DERLTWE Z e LEEEOERREL LN S, K DIEHEIZIE, FREOKRREE
MR Z 2 R, HIHER DY cutpoint 218 % 72912, closed ZZHHENICHEH N 2 2 W\ o



closed curve

0 nej

FIGURE 3. ZRITCRIFZEDEZ 26

JPRIREAEZ 5. OF D RPN R fEEBICHIHIER DB CUiA s 41, £ 2 TRV
W% B0 T AEDI D % 72 Chemical distance BARKEL 2 AT 5. #
DEKRT, CORRAZRFPTHEEEZ 5.

ZRIETR, LROXKFEAFRMIIRE 2 2#G2Ro e fFLTwWa. Iz
X, FIRIZE closed 72 IR T T E1ENFHET 256, £ TOHIMIRIZZH
T 2 72 DI RV Z BT REDD 5. Z ORI T, JERIE e 22
FWGFTNZEH CIAD 5TV B DI TERVWDT, RBRIRAKFEATHL S
Z2%. —HZRITDOKIFATD cutpoint BN D AIREEL D D, Z DA IR
FRE R KR 2BIN 5. DI X D ZRTOGE W, Rk K, WG O g
BEZELLDHEENRRKE VDR T 208D 5720, MEITEHETH 2.

5. S/ DEE

SEOFERIE, ZXTTLL E2 DT/ E W0 € W0 ZERDONTNE DT,
ZRIEDHER EDVNZIVWEEIIMNIDT 2FEREEZDDIFEARTH . =X
TLDHEL, LTl &5 ICKBI R IRN 2 WIS 2 0EZEDH 5. ZRITD
KIRZFE O, 5] %5 % Dembin K& HEFE TR DHATWS. K&K E
WZOWTIE, E TRz X 512D cutpoint Z [FIFFHICUEE T 2 XEDH 5.
Z ORI & b —&%BY72 multiple cutpoints (2B 2RI DO o TV L.
HWIZHBEEHD D % cutpoint ZN Y D & 5 RN G 2o THE
LHo TV WS OIFEBRENEETH 5. FERANICIE, Z OREICSHE
DA TV E 0.

F 7z, =20 cutpoint ICEAL TH WL O DRIENK-TWVWS. 21X
cutpoint IZEZE$ % Kiff] @ Chemical distance DERDIE D & 5 g% LT
% 7», Deviation 282 D H VDK Z X7 EIWIRMZN LB S5 b HEL
I CTH2. THICZITORIIL ZALTANTLERORREMEDL D D, K
BIMEOIARTE 5. £/, 2 2 TORMZEN R EDFHMLFHEIX, KFE
DA XY b ETO cutpoint DFER Y, L— FMEEL LOBE®RZE2FHICD
DRV LIEELMEETH S LHFLTVS.
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