Dooooobooodd BrownO O

goood

000000000
000000000000 (PD)

oboboobooooobon
20090 90 240
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P.W. Anderson (1958)

‘O0bobooboooobooooboooo”
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P.W. Anderson (1958)

‘O0bobooboooobooooboooo”

l

goan
(Gartner—Molchanov 1990)
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vV, 0ooooooooooooo Hy,=—-sA+V, 0000
Anderson 00000000 OO0OOO

gobobobooboboboboboboboboo,
gbobobooboboobobooboobom

gooboooooooogd,
elrA—Volte — /e‘” dE\f

gobooobooboooooobbooobooobboobooonboo
gboooo
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00

.0oo0ooooon

. PoissonO OO OO0

.oopoooooo

. 0do0ooo0oooooooooooon
.gd0o0Do0oooDooooon

gl W N =
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1. 000000000

o ({Bi}izo:Px) : 0000 Brown 00

¢ (w=>"d,P): RIODODODDDDD
i

Hard obstacles

(00)0000000 KO w=Y;4,, 000

S(w) = Jwi+K).

i
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1. 000000000

o ({Bi}izo:Px) : 0000 Brown 00
¢ (w=>"d,P): RIODODODDDDD

Hard obstacles
(0D0)0000000 KO w=) ;6,000

S(w) = Jwi+K).

i

Soft obstacles
gogooooouoooo wao wzziéw,.DDD

V(x,w) = Z W(x — wj).

6
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gobgoobooobgooog

BrownOOOODO TOODODDODOOOOO,
» Hard obstacles D 00000000000 OO0O
u,(T,x) = Py (Hs(w)> T),

» Soft obstacles 0 00 [t,t+dt] 000000 V(By,w)dtO

00
Uy (T, x) := Ex [exp {— /OT V(Bs,w) dsH .
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oobooobooouDo, Feynman-KacOOOOOOOODOO
gobooboooooboooooon

(Hard) aatu(t,x) = %Au(t,x), u=0on S(w),
(Soft) au(t,x) = %Au(t,x) — V(x,w)u(t, x),

0000 w(0,-)=1000000 (T,x) 0000000
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goboboogdobooo

gbobobobobob,bobobooboobooooooog
goo.boooobooooo

Qr,w(-):=Po ( . ‘ Bt survives.)
1
TP

Uy,
oooooooooon
Qr(-)=P® Po(- {BT survives.)

1
= BT e T PC)

00000 {B:ho<i<r0000O00DO0OOOOO.
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gooboogdooon

goboooboooobooo,booboooboboobooonbog
gboo.ooooobooooo

Qr,w( ) == Po (- | Br survives.)

_ uw(:;_7x)exp {_/OT V(Bs,w) ds} Po( ),

goboobooobod

Qr(-) =P Py (-|Br survives.)

_ mexp{-/oT V(Bs,w)ds}lf”@) Po( -)

00000 {B:}o<e<7000000000000OO.

9/36



2. PoissonO0 O OQOO0O

ooboooooooboobbOooDoOn Poissond 000
obo,0o0b00oo0oooogooooooon

v k
@) = k) = YA (i,

(2){A}, 0000000 {w(A)}, 0000

obdv>0000000000,D000DO0DODODO.
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2. PoissonO0 O OQOO0O

ooboooooooboobbOooDoOn Poissond 000
obo,0o0b00oo0oooogooooooon

v k
@) = k) = YA (i,

(2){A}, 0000000 {w(A)}, 0000
000»>0000000000,00000000000.

gobodgbbooobooa,bgoboobobuooboabbd
gobooboog,boobbooboobobooboonbbg
gog.

10/36



2.1 Light tail case

Donsker and Varadhan (1975), Sznitman (1990)
Hard obstacles [1 [ soft obstacles 0 W(x) = o(|x|~97?) 000

Ey[u(T,0)] = exp { ~c(d, ) T#2 (14 0(1))} (T = o0).
c(d,v) = UCRI?:fOpen {v|U|+ A1 (U)},

1
A1(U) : _EAD Dirichlet 0 O OO 0.
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2.1 Light tail case

Donsker and Varadhan (1975), Sznitman (1990)

Hard obstacles [1 [ soft obstacles 0 W(x) = o(|x|~97?) 000
E,[u(T,0)] = exp { ~c(d, ) T#2 (14 (1))} (T = o0).

c(d,v) = inf {v|U|+ A1 (U)},

UCRY : open
1
A1(U) : _EAD Dirichlet 0 O OO 0.
Remarks.

()OOOO inf{v|U|+\(V)} 00000000 Ro(d,v)0 0
B(x,Rp) O 0O 00O OO (Faber-Krahn's inequality)
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(i Jensen D OO ODOOO,

B, [u,(T,0)] = By & Eo [exp {_ /OT V(Bs,w) dsH
> exp {—IEV = [/OT V(Bs,w) ds} }
— exp{—cT}.

00000 lowerboundOOOODOOOOODOCOO,0000D0O
goboobooboooboobooobooboooboo.
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0000000 (Hard obstacles, K = B(0,1) 00 0)

Wr = Up<rer B(B:, 1) 00D,

Ey[uw(Ta 0)] =E, [PO(HS(W) > T)]
= B[P, (w(Wr) = 0)]

= /e_”|U|P0(WT € dU).
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0000000 (Hard obstacles, K = B(0,1) 00 0)

Wr = Up<rer B(B:, 1) 00D,

Ey[uw(Ta 0)] =E, [PO(HS(W) > T)]
= [IP’,,(w(WT) = 0)}

= /e_”|U|P0(WT € dU).

Po(Wr € dU) =~ e™MTO (DO ODO)
U— |U|ODO “regular OO00OO

|} (Laplace 0 O)
E, [u.(T, 0)] ~ exp{ — inf{1|U] + M (U) T} }

00000 inf0 Te2B(x,Ry) 000000,
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Sznitman (1991) and Povel (1999) (d > 2)

Hard obstacles 0 0 OO0 0O OO0 0O O O soft obstacles 0 O OO
Ro(d,v) >0,6(T)—0(T —o00)0O0ODOO

Dr:Q — B(0, T#2(Ro + 3(T)))

oooog T —oold,

Qr (B, 1y € B(Dr(w), T#2(Ry+3(T))) ) — 1.
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F. (2008)
Hard obstacles D 000 0 00O O O O soft obstaclesO 0 O O,

T4 |Wr| — |B(0, Ro)| in Qr-probability.

000 Wy ~ Ta2B(Dr(w), Ro)d
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F. (2008)
Hard obstacles D 000 0 00O O O O soft obstaclesO 0 O O,

T4 |Wr| — |B(0, Ro)| in Qr-probability.
1
ooo WT ~ TTHB(DT(w), Ro)D
oo,

1B(0, Ro)|, o> 4%,
T~ | Wro| _>{ e
N o< d+2°

17 /36



2.2 Heavy tail case

Pastur (1977)
Soft obstacles 0 W(x) ~ q|x|™* (d <a<d+2)000
E, [0 (T,0)] = exp { ~&(d. 1) T# (1 + (1))} (T — o0),
~ . d/a d
&(d,v) = vcd*188(0, 1)|r(1 + &>'

Remark.

000000000000 E[exp{—-TV,(0)}JOOCDOOO.
BrownOOOOOOOOODO o(l)DO0OOD0OOODOOOOOODO
o0o.
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ogbooooo

° Heavy tail case 0 O

o(T Ta(T) > T/A(T)
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ogbooooo

° Light tail case 0 O
a 2
\ o(T) / To(T) < T/5(T)
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F. (in progress)

W(x)=|x|"*A1000. 0000 T —oco0000

at+d—2

Ey[uw(T, 0)] = exp {—E(d’ Z/)Tg _ (32 + 0(1))TT} '

goo

= i 1 2 v a+2 2 )
a2_||<z>”lf—1{/2|v¢(x)| +2f’dr< 4 )Ix! $(x) dx}.
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3. 00000000

Poisson 000 ODOODOOOOODOODOODODOODOOOODOO.
» Sznitman (1993)

Poisson0O0OOOOO0OODOODOODOODODOO,000
gbobooooo.

» Bogachev et al. (2001)

ooooo “ooo"obooobooooooo, 'nogrgo
gobooooboooon.

» Biskup—Konig (2001)

zZf0000000000000000000000000
O Donsker-Varadhan DO O 0OO0O0O0O, 000000000
goooa.
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Frenkel DO OO0DO

u]
8]
I
i
it

faQe
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Frenkel DO OO0DO

® 00
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O 00
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Frenkel DO OO0DO
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Frenkel DO OO0DO
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Frenkel DO OO0DO

u]
8]
I
i
it

faQe
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Frenkel 000000

Q>
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Frenkel 000000

oo ot

Q>
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Frenkel 000000

o ®

oo ot

Q>
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e« % o
oop o®

Q>
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Frenkel 000000

Q>
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gobooobooboooooo {wq}qedeDDD,DDDDDD
Py(wq € dx) = N(d, 0) exp{—|x|?}dx.

000D0000.000600000000000.00000
00000 w:= Y gegaOqtw, 0D 0.
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gobooobooboooooo {wq}qedeDDD,DDDDDD
Py(wq € dx) = N(d, 0) exp{—|x|?}dx.

000D0000.000600000000000.00000
00000 w:= Y gegaOqtw, 0D 0.

00000000 soft obstaclesO O OO, 00OO0O Schrodinger
0000000000000 000D0000o0o0o0n,ooo0g
000000000000 oooo0O,oo0booooooogd
ooooo.
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3.1 Compact obstacles case

F. (2009)

Hard obstacles 0 0 00O 0O 0O 0O OO soft obstaclesO OO OO,

oooeé>o00000

_T%(Iog T)_“%f’ (d=2),
|Og EQ[Uw(Tv 0)] = d2+26

T @iz (d >3).

Remark.
d 60—0 d2 + 26 6—o00

d+2 d? +2d + 26

1.

000000 Biskup—Konig (2001) 00000000000,
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0000000 O (Hard obstacles, K = B(0,1)000)

00000 Donsker—Varadhan O OO O
EO[uw(Tv O)] =Ey [PO(HS(W) > T)}

- / Py(w(U) = 0)Po(Wr € dU),

000000000, Py(w(U)=0)000000000.
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0000000 O (Hard obstacles, K = B(0,1)000)

00000 Donsker—Varadhan O OO O
Ee[uw(Tv O)] =Ey [PO(HS(W) > T)}

- / Py(w(U) = 0)Po(Wr € dU),

000000000, Py(w(U)=0)000000000.

Lemma
UcRIOOOOOOD regularity condition 00 00O,

Py(w(U) = 0) & exp{—/ud(x,aU)9dx}.

(cf. Poisson 000000 Py(w(U) =0) = e IVl)

26
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ooo

Eg[uo(T,0)] ~ /exp{—/w d(x,aWT)‘)dx}Po(WT e dU)

A exp {— inf {/\1(U)T + /WT d(x, OWT)edx}}

ooooooo,
UH/d(X,aU)HdX
U

O “regularity" DO O OO0OOO0OOOOOOOO,000D0ODODO
goboodgboog.
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Sznitman O OO OO

Eg[u.(T,0)] = Eg [Po(Hs(w) > T)]
~ Ey {exp{ A1 (]Rd \S(w)) T }}

_ /e MUT By (RY\ S(w) € dU).
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Sznitman O OO OO

Eg[u.(T,0)] = Eg [Po(Hs(w) > T)]
{exp{ M (RN S(w)) T }}
e MWIT Py (RY\ S(w) € dU).

Q

Il
—

gogooooon
Ur— A\ (V)

OO00000 "regularity' OOOO0D0OOOOOOODOODOO.
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Sznitman O OO OO

Eg[uw(T,0)] = Eg [Po( Hswy > T) )]
{exp{ M (R S(w) T }}

e MWIT Py (RY\ S(w) € dU).

Il
—

gogooooon
Ur— A\ (V)

OO00000 "regularity' OOOO0D0OOOOOOODOODOO.
000000 Py(---€edU)D000000OOOOOODOOODOO
OO0 LaplaceD 0O OOOOOODOODO.
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goboboboooon

inf {/\1(U)T + /Ud(x, aU)de}

OO0000O000.0O0nD poissondO00OOoonoooooOO,
gobobobobobvvoooooooooooog.

__d
T d?2+2d+26

1
T4+0 _
g (d - 2)7

o]

]

Td2+22d+26 (d > 3)‘
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3.2 Light tail case

F. and Ueki (2009)
Soft obstacles 0 W(x) =< |x|™® (e« >d+2)000

_T%(Iog T)_“%e (d=2),
log EQ[Uw(Tv 0)] = d?+20u

— T d?+2d+20 (d > 3)_

000 p=(a—2)/(a—d).

Remark.
a=d+2000000000 PoissonO0O0O0O0O0OOOOOO,
0000000 lghttalODO0O0O «OO0OO0OOODOOOOO
ooo.
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3.3 Heavy tail case

F. and Ueki (2009)
Soft obstacles 0 W(x) ~ q|x| @ (d <a<d+2)000O

Eolu(T,0)] = exp { ~&(d,0) T (1 + 0(1))} (T — o),

&(d, 0) ::/R inf (LJF W) dq.

d yeRI\|q + y|®

Remark.
00000000000 0O0OUO0,00o00ogoUogn Poisson
000000 Eglexp{—TV,(0)}]OOO0O0O0O0ODOODODO.
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4. JOO00O0OO0O0OODOOoDOOobOoboOooboOg
—1/2A+V,0 “0000" (density of states) O
((d)) = fim_ Ny D ey (@A)
k=1

00000. Lifshitz (1965) 0 4([0,A]) 000000000000
000000, 000000000000.

~ (A - AW ~ exp{—A~9/2}
f -\ A

0

0 Ao
periodic potential random potential

32/36



00000000 00DOO0D00O0 LaplaceOO0OOOoDOOoOoOOg
log
E[UW(T7O) NE[pw(TaOaO)

1
= lim / Pu(T,x,x)dx
N—oo (2N)d (—N,N)d ( )
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00000000 00DOO0D00O0 LaplaceOO0OOOoDOOoOoOOg
log
E[UW(T7O) NE[pw(TaOaO)

1
= lim / Pu(T,x,x)dx
N—oo (2N)d (—N,N)d ( )

= lim e M T X x)dx
A G 22T [ PN
=(Z)(T)

Tauberian theorem: (.Z0)(400) — £(0+).
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Nakao (1977)
Poisson0 OO0 O0OOO0OO0OOOODO hard obstacles 0 O soft
obstacles 0 W(x) = o(|x|~972)0 00O

([0, A]) = exp{—/lA—%a + o(1))} as A —0.

F. (in progress)

Poisson0 OO0 O0OOO0OOOOOO soft obstacles O
W(x)=|x"*A"1(2Vd<a<d+2)000

10 A = exp {_’2xﬁ —(k+ o(1))x5‘<%§} ,
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F. and Ueki (2009)

FrenkelOOODOODOO
(1) Hard obstacles0 0 0 0 0 00O 0O soft obstacles 0 O O

—xlfg(logi) > (d=2),

(d > 3).

Qo

log £([0, \]) = { e

(2) Soft obstacles 0 W(x) < |x|™® (e« >d+2) 000
0

0 1\~
A1z (log=) * (d=2),

log £([0, \]) < { d+u9< )\)
AT 2 (d > 3).

(3) Soft obstacles 0 W(x) ~ clx| @ (d <a<d+2)000

log £([0, A]) ~ —lgA~(d+0)/(a=d)
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5. 00bugouoobuogd

v

wOODOOOOO0O0OOoOODoOO, PoissondOOOoon
goboobooobooooobg.

Frenkel 0000000000 Bylu,(T,0)0000000
00000000000,000000000000000
0000D0O000oOooOooon.

Elu,(T,0)] 0000 exp{—cTﬁ},ﬁg_z[d%z,l]DDDDDD
ooooooo.

oobooodBrownODOOOOOOODLOOOOODOOOOD
ogboboboboboboboboobo.

Moving traps 0 000000, OO Gartner, den Hollander O
oooooooooooooooon.

v

v

v

v
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