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3. Poisson O O (Heavy tail case)
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W —-y)w(dy) OODOO

E,[u,(t,0)] =E, ® Ey [exp{ /tV (Bs)dsH

_E,oF [exp{ //wg;_ () w (dy)H

00000000000* 00000000 W() = |z~ v=1000,
Poisson 0000 Laplace 000000000000000, (90000

oo —oe -]
~ g o { [ (1-exp{t [y ol o) mitan) | ) v}

ggooobooboobob,0bbbbbtdd z,y0oooobbbbbbogg
oooooooo {---}000000000000,

()t [y =l = o) Lildo)
~t [ (W) + e W) ) Lida).

0000 Taylor 0000000, 00000000000000 e MW "dyoO
O00000000000000. 000 FubiniDOO, yOOOOO, Brownian

00 (10)00000000000000000D00000D000OD0D0O0D,000000.
00000000000000D0O00 (9 0000000000000 DO00O0OOOoOoDOoD
ooboooooo.



scaling (zx=r{) 00000

©)000 ~ By :exp {—t/% (x,/W“(y)e—tlyI“ dya:) Lt(dx)H

~ Ey exp{—t‘iz/caWLt(dx)H (10)

B, _exp{—tdagrz / ca|§|2Ltrz<d£)H

OO00. 000 Donsker-Varadhan 000 OO0OOOOOO0O

exp {— | inf {/tT—2H|V¢($)|2 + t%r20a|x|2¢(33)2 dx}}

|¢[l2=1

a—d+2

ggouooobobbbbbobooooo, bbb 0gg0 r=t 2 U
BrownOOOOOOOOOOOOOODOOOOOOO. ODODODOO, Brown
000000000000000,000000000000000(0000)0
ggodooobobobobbbbobtbdddood. ooobobbbbboboooo
0000000000000 000000000000 Ornstein-Uhlenbeck O O
ydododooooooooooo,boooooou0doo0ouuouuuga
ggo.

4. Poisson OO QOQOOOOOO

00000 Poisson 00000000000 DO0OOOO, Sznitman [33] 00O
Poisson 000 0000000000000 O0O0ODO GibbsOOOO (Ruelle [25]
00)000000000. 0000000000000 00000D0O000O00
0*®0000000000,000000 Poisson 0000000 GibbsOOOO
oo pboobbbooobobbboooobo

Eluy(t,0)] = exp {—cl (d,p)tﬁ(l + 0(1))} as t — oo.

000000000 nonoverlapping traps 0 000000000 OD0DOOODOO
ogoobo,0o0o0b0boooobbooobobooooboboooob. oo
0000000000000000 p0O0ODO (=0000000000000O)0O0
0000000000 O0DD, Poisson 00000000 OCOOOOOOODO.

* 000000000000 BrownOJODOODOOODOODO.



00000000000000000000 Albeverio-Bogachev [1] O Poisson
cluster 000000000000 00000D0000000000000000.
000 Poisson 100000 w; 000000000000000000000
(v eR?:1<j<N®}0D000DDDOO0O0DD,0000000000
00D0000D00D000000000000000000000, 0000
00000000000000000000000000. 00, (100000
Poisson OO OO0 OO0OO0O

Elu,(t,0)] = exp {—cl(d, V)td%?(l + 0(1))} as t— oo.

O000. 00000 PoissonO0O00OD00O0O0D0ODODOO, clusterd00000O0
I A A A A I

o0O00obOo0o0oOoboOobo0o BrownOOOOOOODOOOODODOODO, O
0000000000000000000 ([1]00000)00000 Bogachev
0 4O0000000000,000

O Erepltw(t,0)] < Encluw(t,0)] < Eagr[tw(t,0)]

(00000 repulsive, non-correlated, attractive) 0D O000000000. OO
0000000 logE[u,(¢,0)]0000000000000O0O0OOOOOOOO
00000000, 00o00ooood,Poisson0000000O0O0O0OO0DOODO
goooobooooooood.

00 logE[u,(¢,0)) 0000000000000000, Szitman 0 000
Gibbs 0 0 0O, Poisson cluster 00000 ¢t00 (trapping0000000) 00
00000O0oooOoo,Poisson000000O0O0O0DOOOOODOOOO.

5. Biskup-Konig OO O OOOOO

0000 Z000000000,0000000000 BernoulliOOOOOO
Donsker—Varadhan [8], Antal 2] 00000000 D0O0OO, Biskup—Konig [3]
ggodoobobboobbbobobtbddooo. ggoobobbobbbobooad
gbooboobobooboobooboboooboo,b0y>000D00

P (V,(0) <v) ~exp{—v""/y} as v—0

000000o0o0ooooo.o0oo V(x)OOOOOO O0O0OO0OOO0ODOOoooo
O000000000. 00000 heavy tailed Poissonian potential 0 0 0O 0O 0O O



O000O0O00000,000000000 “classical” 0000

0 By fus(t,0)] = exp { —ea(d, 7, kptTHE (14 0(1) ) (t— o) (11)

ca(dy, k) = inf {/ﬁlv¢(x)|2+2¢(x)mdx} (12)

¢ll2=1

000000000000, 000000000 trapping000 [345,1) 00

D0000000,0000000000000000.00000000000
log/([0, A]) ~
2(d + 2y) 5+

d d
— ca(d,v,k)2T7TINT2TY as A — 0,
(d+ 2y +2) 5+ (7:)

godobbooooboboooooo.
ggodooooboboboboboobobobodddooooooooooboobo.bboo
000 (00000 Laplace00O) O

E, [exp{—tV,,(0)}] = exp {—ztﬁa + 0(1))} as ¢ — 0o

D000.000,0000000000000 Ly=t"")dp,ds0000

/ Vo(By)ds = 3 tLu(x)V(2)

0 r€Za

goooooboobon,

000 Donsker-Varadhan 0000000000

tog Bt (8, 0)) ~ = It | {t [ Ve + 2t()) dm}

*6 ¢4 #£0,000000 (11)000000000,0000000000000000. 00 (12)
0000 ¢00020000000000000000000000.



0000, r=¢t7m 0000 ¢(z) 0 r¥2¢(z/r) 000000000000,

000000000~ =0000000 Bernouli 0000000000000
000000000, >0000000000000000000000000
0000000000000000000000000000000000. (00
0000000000 Schmidt 0000 minimizer 100, 0000000000
0000,0000000000000000000000000000))

5. oouoooboobood

000 Biskup-KonigOOOODOOOOOOODO BernoulliOOODOOOOOO
O0,000000 PoissonODO0O0O000OD0OOOO0OOOOOOODOOO,DOO
Oo0O00ooooOooooooo (wzzqezdéquwq,IP’g)DDDDD. 000 we O
goooooooo

Py (w, € dx) ~ exp{—|z|°}dx as |z| — o0

O000000. 0000000000000 00D0 #=20000000000
0000000000000000000 (Sodin-Tsirelson 2900 ) 00000
O,00000 FrenkelJODOOOOODOOO0OOODOODOOOODOOOOOOO
0.0000000000000000000D0DOO0DO0O 12,14]0000000
000000000000*0

()WOO0O0O0O0000000

_tzzljfg(logt)fﬁ (d=2),
log ]EO [uw (tv 0)] = d+26/d

T (d > 3).
(2) W(z) <|z|* (a>d+2)0000

—tite (logt) "0 (d=2),
log ]EB [Uw (t, 0)] = d+20u/d

—taF2F2007d (d>3).

000 p=(a—2)/(a—d).

*0000000 W(z) <|z|~3000000000000000,0000000000000
00.00D0 [14]00.



(3) W(z) < |z|~* 20000
log Eg[ug(t,0)] = —t758  (d > 2).
(4) W(z) ~colz| @ (d<a<d+2)000

log Eg[u(t,0)] ~ —cs(d, 0)ta+s (¢ — o0),

es(d, 0) ;:/R inf (0t y”) dg.

a yeRa\ |q + y|*

00 f(t) <g(t) O 0 < liminf; o f(t)/g(t) <liminf; o f(¢)/g(t) < co OO0
O0000. 00000 heavy tail case 0 0 0 0O Biskup-Konig 0000000
0 trapping 0 00O [d;iQ,l)DDDDDDDD. 00 W(z) < |z|~4 200000
O Laplace 00O O00O0O0O0O0ODOOODOOODODO,00000D0O000O000O0O00O ~
ggodooobb.oobbobooodoooooooooboobobobobboooaa
g, 0oddggouoobbbbod00ogubobbbooooooo,uUog
ggoboboooooobooon.

0000 PoissonOOOO0OO0OO0OOOO,0000000DOO0OO0O0ODODO
00000o0o00o0o0o0o0ooUo0. 0oo,000(Woooooooo
000000)00000000000000000000. 00 LaplaceO 00O

000000000000000. 000000000
Eolue(t,0)] = Py(w(U) = 0)Po(Bjo,y € U)

00000000000 DOoooDodo. OO U 000000 regularity condi-
tionJ O OO

logIP’g(w(U):O)N—/d(m,(?U)adx as |U| — o0
U
0000000000 00000,000000000000

exp{—[}rgg{A(U)H/Ud(x,a(])@dx}}

00000000000000000.000 8={R*\suppVy}eeq O UODO
0000000000%. 00,0000000000000000000000

*8DI:I[IDI:I[IDI:IirregularDDDDDDDDDDDDDDDDDDD,I:IDI]I:ID Laplace O
000000000 Donsker-Varadahn 0000000000000 O00OOOOO.

000000000000, 0000 Laplace 000000000000 000D000O0O0O0O
gooooo.



000000000000000000 #($)0 ¢7=@ 000 U0 r()U0000
00000,000

taeee  inf {A(U)+/Ud(x,@U)9dx} (13)

UES,,.(t)

000. 000 S = {r@®)""(R*\suppV,)} ., 000,000000000
ooooooooo.

O000,000000000¢t—000000000000. 00000000
000000,0000000000.00000000000000 8,000
0000000,000¢00000000000000000 00000000
O000.0000000000000000D0000000000000000
0000000000000 000000000,00000000000 AU)
O0000,00 “Brown 0000000000000 O0”0000 (00 r(t)0
O0)0000D0000 AU)00D00000000000000000000
ooooooo.

000000000000 (13)000000000000000000000
O0000000. 0000000000000000000000,0000
000000000000 f,d@0U)ds0000000000000,0000
00 “Brown 0000000000000 O”000000000000O0. O
0000000 Rauch-Taylor [24) 0000000000, 0000000000
O0000000000 Newton capacity 00 000000000000 000
O0000000000. 000000000000000

)
)

ugdobobooooobooooobo,bgoobobboooobbboooooboo

-2 r(t) o 9
tr inf SANU)+ ——— [ d(z,0U)"dz
UeS, (1) t U

o (logt) 577 (d

2
r(t) =
3

v

Y
Y

1
{d+2+207d (d

0000000 t—o00o0000 000D coO0O0ODDODOOOOODDODOO. O
00000000000 “0bo0bo0oodoOoOo”0o0d. Dooooogoo
t—ooUUO0O0ODOOOOO0OODDOOOOOO,00DbbOOO0O0O0bLbObOO0OOn
O0000. 000Db0Db0DbOO0DO0DO,0000000vUbOO0ooDOoooooog
goodooobobbb. bbb bobbbbboboog



godooobobboobbbobtbdddoodoobobn.bbbbbboboooa
dodooooooooooo,ooooooooddoo0ouoguuga
go0ooOoO00ooOoOoOoooOooOo,000oooooooovUogooooooo
goobobooooboboooooo.

. oooon

00oo00o0oDooooooooDoDoooooDoooDooooo. oooo,0o0d
000 Poisson 0O OOO0O0O0OO, 0000 trapping 000 [%,1)DDD
O00. 00 Biskup-KonigD ODOODO0O00O00O00O0D0OO0O0OOOODOOOO
0000000000000 0oooDoo,00oooo0oooooooooooong
0000000000000 000000000. BogachevOOOOOOO, 00O
0000000000000 00obOO0oDooOo, 0000000 oooDOoog
O00o000DO00oo0ooo0ooDoOooO. ooo,00000000000000
Oo00o0ooo0ooooooooo,0o000booooooooooooooog
O00. 0000000000000 Poisson D0 OO0O0OOODO renewal process
agooo (O,l)DDDDDDDD trapping 0 00000000 DOO0OODOO0OO,
ooooooooooon.
000000000000000,(00)0D000000 BrownOO By+htO
godooboodood. doouooooooodoouooboodoouon
00D0000D00,00000 PoissonO0OOOO0D0OO0OOOOOODOOOODOO
00o00DoD0o0oo0oooooo. ooooooooog,oood>20 wood
0000bO00o00ooO0obOoooooOooDoognD Ae>000000,0000
0do00Do0oooDoDooooooooooooon

sup |B; + ht|
0<s<t

=t if |h| > he,
{ — o(t7¥2) if |h| < h,,
000000000000 0000*Y, 000, 00000000000000
ydodooooooooooo,oooooooouddoo0guuoguugua
000000000 O(t*:) 00000000000000,00000 (34 0
goooobobooooooobbb. bbooogouobb,toooobbbbUuoo
minimizer 000 (F0)UOOODOOODOOO0OO0OOO0OOO0O, 00 minimizer 00O

*10 o000 00000D000000000000000000000, 00000000000
ooboocoooooo.



ggobobooobobbooo. booobboooo

Brown OO0 Poisson 0 O0O0O00OOOO0OOOOODO

Hp(y,1)
=E, ® E [exp{—/ Vw(Bs)dSH
0

Oy—ooUDOOOOODOODOO LyapunovOOOOOOD0OODOODOOOOODOO
goooooooo,ooooooooouodooudoououoouoooo
gogoboooa.

Ooon

1]

2]

(9]

S. Albeverio and L. V. Bogachev. Brownian survival in a clusterized trap-
ping medium. Rev. Math. Phys., 10(2):147-189, 1998.

P. Antal. Enlargement of obstacles for the simple random walk. Ann.
Probab., 23(3):1061-1101, 1995.

M. Biskup and W. Kénig. Long-time tails in the parabolic Anderson model
with bounded potential. Ann. Probab., 29(2):636-682, 2001.

L. V. Bogachev, S. A. Molchanov, Y. A. Makhnovskii, and A. M.
Berezhkovskii. Correlation effects in the trapping problem: general ap-
proach and rigorous results. In Stochastic processes, physics and geometry:
new interplays, 11 (Leipzig, 1999), volume 29 of CMS Conf. Proc., pages
29-42. Amer. Math. Soc., Providence, RI, 2000.

E. Bolthausen. Localization of a two-dimensional random walk with an
attractive path interaction. Ann. Probab., 22(2):875-918, 1994.

E. Bolthausen, A.-S. Sznitman, and O. Zeitouni. Cut points and diffusive
random walks in random environment. Ann. Inst. H. Poincaré Probab.
Statist., 39(3):527-555, 2003.

M. D. Donsker and S. R. S. Varadhan. Asymptotics for the Wiener sausage.
Comm. Pure Appl. Math., 28(4):525-565, 1975.

M. D. Donsker and S. R. S. Varadhan. On the number of distinct sites
visited by a random walk. Comm. Pure Appl. Math., 32(6):721-747, 1979.
M. Fukushima. On the spectral distribution of a disordered system and
the range of a random walk. Osaka J. Math., 11:73-85, 1974.



[10] R. Fukushima. Asymptotics for the Wiener sausage among Poissonian
obstacles. J. Stat. Phys., 133(4):639-657, 2008.

[11] R. Fukushima. Replica overlap and covering time for the Wiener sausages
among Poissonian obstacles. J. Math. Kyoto Univ., 48(2):455-470, 2008.

[12] R. Fukushima. Brownian survival and Lifshitz tail in perturbed lattice
disorder. J. Funct. Anal., 256(9):2867-2893, 2009.

[13] R. Fukushima. From the Lifshitz tail to the quenched survival asymptotics
in the trapping problem. submitted, available at http://www.math.kyoto-
u.ac.jp/ " fukusima/Fuk09b.pdf, 2009.

[14] R. Fukushima and N. Ueki. Classical and quantum behavior of the inte-
grated density of states for a randomly perturbed lattice. Kyoto University
Preprint Series, Kyoto-Math 2009-10, submitted., 2009.

[15] J. Gartner and W. Konig. The parabolic Anderson model. In Interacting
stochastic systems, pages 153—179. Springer, Berlin, 2005.

[16] M. Kac and J. M. Luttinger. Bose-Einstein condensation in the presence
of impurities. II. J. Mathematical Phys., 15:183-186, 1974.

[17] T. Komorowski, C. Landim, and S. Olla. Fluctuations in Markov Processes.
Book in progress, 2009.

[18] I. M. Lifshitz. Energy spectrum structure and quantum states of disordered
condensed systems. Soviet Physics Uspekhi, 7:549-573, 1965.

[19] S. Nakao. On the spectral distribution of the Schrodinger operator with
random potential. Japan. J. Math. (N.S.), 3(1):111-139, 1977.

[20] H. Osada. Homogenization of diffusion processes with random station-
ary coefficients. In Probability theory and mathematical statistics (Tbilisi,
1982), volume 1021 of Lecture Notes in Math., pages 507-517. Springer,
Berlin, 1983.

[21] G. C. Papanicolaou and S. R. S. Varadhan. Boundary value problems
with rapidly oscillating random coefficients. In Random fields, Vol. I, 11
(Esztergom, 1979), volume 27 of Collog. Math. Soc. Janos Bolyai, pages
835-873. North-Holland, Amsterdam, 1981.

[22] L. A. Pastur. The behavior of certain Wiener integrals as ¢ — oo and the
density of states of Schrodinger equations with random potential. Teoret.
Mat. Fiz., 32(1):88-95, 1977.



23]

[24]

[25]

[26]

[27]

28]

[35]

[36]

T. Povel. Confinement of Brownian motion among Poissonian obstacles in
R?, d > 3. Probab. Theory Related Fields, 114(2):177-205, 1999.

J. Rauch and M. Taylor. Potential and scattering theory on wildly per-
turbed domains. J. Funct. Anal., 18:27-59, 1975.

D. Ruelle. Superstable interactions in classical statistical mechanics.
Comm. Math. Phys., 18:127-159, 1970.

U. Schmock. Convergence of the normalized one-dimensional Wiener
sausage path measures to a mixture of Brownian taboo processes. Stochas-
tics Stochastics Rep., 29(2):171-183, 1990.

Y. G. Sinai. The limit behavior of a one-dimensional random walk in
a random environment. Teor. Veroyatnost. i Primenen., 27(2):247-258,
1982.

M. v. Smoluchowski. Versuch einer mathematischen theorie der koagu-
lationskinetik kolloider 16sungen. Zeit. f. Physik. Chemie, 92(2):129-168,
1917.

M. Sodin and B. Tsirelson. Random complex zeroes. II. Perturbed lattice.
Israel J. Math., 152:105-124, 2006.

A.-S. Sznitman. On the confinement property of two-dimensional Brown-
ian motion among Poissonian obstacles. Comm. Pure Appl. Math., 44(8-
9):1137-1170, 1991.

A.-S. Sznitman. Brownian asymptotics in a Poissonian environment.
Probab. Theory Related Fields, 95(2):155-174, 1993.

A .-S. Sznitman. Brownian motion in a Poissonian potential. Probab. The-
ory Related Fields, 97(4):447-477, 1993.

A.-S. Sznitman. Brownian survival among Gibbsian traps. Ann. Probab.,
21(1):490-508, 1993.

A .-S. Sznitman. Annealed Lyapounov exponents and large deviations in a
Poissonian potential. I, IL. Ann. Sci. Ecole Norm. Sup. (4), 28(3):345-370,
371-390, 1995.

A .-S. Sznitman. Brownian confinement and pinning in a Poissonian poten-
tial. I, II. Probab. Theory Related Fields, 105(1):1-29, 31-56, 1996.

A.-S. Sznitman. Brownian motion, obstacles and random media. Springer

Monographs in Mathematics. Springer-Verlag, Berlin, 1998.



