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0000000000, S =S@®)0000000000000000. ¢80 fcd,

0000000 ¢(f) = (¢, f) eROODO. Bochner-Minlss 00000 S/00000000
00000000 000000 $00000.

(1) S =0(6(f). f€S), (2) / ) gy — = INIIE.

000000 ¢(f) = 6Rf) +i¢(SA)ODDD0D0000,000 [|é(f)2du=L]f|?00
0fe®RH00000000.¢(f)00000000000 {¢(f)---(fa), f; € L2(RY)}
0 L2(S)000000. wa(k)=+/kP+m?0 L2(R) 00000000000, 0000
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L*(R?) . > H ()
Js Ug
4 Y
LZ(Rd+1) w4 H_1(Rd+1)
035,000

AT (wn(—iV)) : LA(S!) — [A(S) 0000000

dU (@ (=1V)) :0(f1) - d(fa)i= D :0(f1) - Slwm(=iV) f) - d(fa) :

Jj=1

000 dl(wn(=iV))1 =0. H; = dl'(w,(—iV))00O0. 000000000000 00O0
00 Hy=L?RY) ® LA(S)000. Hye O

Hyo=H,®1+1® H;
000O0. Nelson0OODOOOODO HyOOOOOODOOODOODOOOO.

@
Hy=Hyotg [ o(p(—dn, gem (4.1)

@ ~
DDDHNg/.ﬁ@&mmmmmmm.@:@ﬁ@@ﬂ@DDDDDDDDDDDDD
R4

000 Jom$, ¢/wnm € PRHOO000. HyOOOOOO F, 0000000000 et
0000000000000000000000. 000

e—tHN = s— lim (6—(t/n)H16—(t/n)Hp®16—(t/n)1®Hf)n

n—oo

000. 00 et = j+J, 000 J,00000. 0000000000000, O
000000000000000000000000000000000000. 00
H,(R") = {f|f(R)(|k|* +m?)*/* e L*(R")} 0O O

Ug = \/555 X - H,l/g(Rd) — H_l(Rd+1), f — \/E(S(S — kfo) & f(k')

000000000, 00 (usf, wg)g_ sy = (f,e " CVg)y 20000, 00 u,
O L2RH0O0 L2RHO0O00000000
ooo

Y

wg = Vwn (k) : L2(Rd) — H_l/g(Rd),
Wi = Vwm (k)2 + |ko|? : LARYY) — H_j (R

5. X:000000000.00000000000000000. :6(f):= ¢(f), : 6(f)e(f1) - ¢(fn) :=
O(f) :0(f1) - d(fu): =5 251 (Fi ) 2 0(fr) - fj) - o f):
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goo

Y

Js = wy tugws : L*(RY) — LR

obooboog.b3gboo0.0boobbobooboobdg

e~ itho Wi (k)

77\ ot 1 ! B (k) € R xR

Gef (k, ko) =

000 jfj,=e tsen=V)0000. 00 4500200000. 000

Jl=1, Jo:¢(f1) - o(fn):=06(f1) - de(jf):

00000 et = pJ, 00000000000, 000 ¢p(F) = {(¢5,F), ¢p €
SI(RMY, F e RN DOODO0DDDDOODOOO. LAS(rRY),dy) 00000000
LSRR, dup) 00000, ¢p(F)0 Fe L2®HHOOODODODOO.

oo 4.1 [BHLMSO2]F,G€HNDDD. gooooooooao.
(F e tING) = / drE® { / Ay JoF(Bo) (JG(B,))e Jo V(Bods = ¢E<js¢<-—Bs>>ds] . (42)

gobobo: ggobbbuoooobobooooobon

(F,e"™G) = lim (JOF, (Joe—%Hpe—%Hng;) <J16_%Hpe_%HIJ2 ) (Jte—%Hpe—%HIJ;> JtG)
000. 00000 E,=J,J:0000000 ¢ 0000 Feynman-KacODOOOOD
00O0O000000000000O. qed

004200 F,GeHO F,G:z+— F(z),G(z) € L¥(S)0000000. (42)0000
0000 e JoVBIse— [iop0sp(—Bo))ds 5 0000 e NOODODODODODODDDO00. 000
O O Perron-Frobenius O OO OO OOOOd.

0 4.2 AxO0OOOO 000000 ¢, >0000. 00000000000000003
go.

000000000000000000 (4.2)0000000000 [Spe99). 00000
F>00000 (g, f®1)>0000000,00000 50000

(e, SemtINf@1)
(g, Sipg) = lim TN (4.3)

000. (43)000000000 S=1®e?,4>0,000.000 N=d4d(1)0000
00000. ¢p(F)0000000000000000 (e f® 1,(1® e #V)e N f®1)
0duz000000000000.00000000

—(g%/2)(1—eP) [O dt [ dsW (t—s,Bs—B:

(¢g, e Np,) = lim e Vdur.

T=eo Jomzd
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goo
d,uT——ef— B)dseg2/4f at [T, dtW (t—s,B;—Bs) ) P°
Zor
00000,000000 (B0 t=0000000ROD0OD0O0O0O0O0O,000000 P°
0 C(R;R?Y) = C((—o00,0;RY) x C([0,00);R) DO 0DDOO C(R;RHYODDOODOOODO. W
g200000000000000b0b000000:0.

~(1)2
W(t, X) :/ Me_“lw(k)meikxdk,
R

¢ Wi (k)2
00 4.3 [BHLMS02] [.,|o(k)[?/wm(k)?dk < 0co0D0. D00000 dpp 0000000

du, 0000, 000000.

<¢g7<1®eiﬁN)§0g) _/ e (2/2)(1 e 5)f dtfo dsW (t—s,Bs— Bt)d,uoo (44)
C(R;R9)
A k 2
g/ PRI (4.5)
R

0 00
dt dsW(t —s,B; — B
‘/ / ° ( * t) d wm(k)3

0000000.000 [|@k)?/wa(k)*dk000000000000000. 00 4300
00000000 400000000, 0000000000000000. 000 pe O
0000 (0000)000400000000000. 00000000 [BHLMS02].

(1) (¢, (1®e®)p,)0 40000000000 cO00000000.00000000
00 (g, (1®ePV)p,)0 (44)0000000000.

goo

(2) ps € D(1@ e N) VB e C.

(3) (pe (1@ N)pg) = 35(0e, (1@ e )e)[5=0 O O

2 0 00
(00 (18 N)ipg) = 9—/ (/ dt/ dsW (t — 5, B, — Bt)> i,
2 C(R;R4) ) 0

(4) 131r2n (g, (1 ® N)gpg) = 00

I/t * | =00
0000 0 NOOOOOO o(N) = N<O00000 ¢, = &2 000. (2)00
etV pg]12 = 3220 [lePmpl |2 < 00, V3 > 0,0 00,0000 n0000D0 00000
0000000000000 000,0000000000 ||¢g/wy?| »co00000
000000000 (3)00000. DDDy|<,0/w3/2\|:ooDDDDDDDDDDDDDD
0000000000 [Hiko7, LMS01]. 00000

gooboooooboood

oo —
gbooooogn

OO0000ONelsonOOODODODODODOODOOODOOODOOODOOODOODODO. OODOODO
O000 NelsonOODOOOODOOO weak coupling limit 0O O0OO0O0O0O0O, 000000
0000000000000 0000. 0000 [LHBGoO7TjOOODOO.

0000000 (superexponential decay) 00 O .
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4.2 Pauli-Fierz O[O

Pauli-Fierz 000000000, 000000000000 NOOOODOOOODOODOO
00000. B=B(z,t)000,E=(z,t)000000. ¢; = ¢;(t) €R%, j=1,..,N, O
00+00,;00000000000000.00000000000000000000
ooo.

B=-VXE, E= VxB—eZgo 4;)4;,

7j=1
N
V-B=0, V-E:eng(-—qj).
j=1

bbb bOOoooooog. bbo fgo(:c)dle. 0000000000 A= A(z,t)0
B=VxAODOOOOOODO,0000000000 ¢=9¢(x,t)d E=-A-VeOOOO
Ooo0o0obooo0.0ogobooov-A=000000.000DCOO0O00O0OO0ODDOO
HEN

N
DA = v¢—e§:¢ D Ap=—ed ol —q)
j=1

gooooog. DDDD,DDDDDDDDDDDDDDDDDDDDDDDDDDDDD
obog.000b000

N

Hd:%Z(pj—e/A(:c)go(a:—q])dx) /A2 (VX A2zt L 62/¢ po—g;)da

j=1

000.000p;0¢000000000,A¢=—-SN,0(-—¢)00000000d=23
ooooo

w d

%eﬁ / Bla)p(x — q;)de = — Z / / 2= V) gy (4.6)

ogoooon.

00 Pauli-FierzOOOOOOOOOO Hy;,OOOOOOOODOOO ADODDOOOOOO
O00. O0OO000D0OD0O0O000. D00 ¢(fH)D000D0oDoooOO0oooooOg. @ =
Sx--xS§00Af)=(A,f), Ae @, Fe@OOO. Bochner-MinlosD0 O OO0 Q'O

d
Oooood Yphoooooooo p,doboooogoooon.

(1) Bo =o(A(f), f € Q) @)/gmmmAzgﬂmww‘

gbooboboogogn

dhe) =3 / (a,w— %) 7o ()3, (k) dk

wr=1
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Kk,
Lik
0000000. ¢(f) 000 A(f))DDODODDDD f e @/L2®RH)0ODOO0O0OO0O. OO
A/ )DDO0O0DOOO0OO {A(f1) --A(fa), f; € LR} 0 LA(Q)ODDOOOOO. OO

A(f) = AO@-- f--@0), fe [2RY),000.

w(k) = k|0 2@H00000000000. 000 w,o(k)D00000.00000
oo mbo0ooooooogoooo.goobooogoooog
m=000000000000000C.000000000000000. 000000
000000000000 @0)£00000, [|¢k)2/wk)*dk0 d=300000000
oggooogo.

00 Hpa: L2(Q) — [2(Q)00000.

gooobobbdgo

O00O00. 000000000, 00000000 6, —

rad (fl Z »/4 fl (—lV)f]) tee A(fn) .

000 Hyql =0. Hpr = L2(RY) @ L2(QYDO DO ODO.
HPFOZHp®1+1®Hrad

000000000 —iV,®1 =T, =-iV,@1—e [Y AP —2))de p=1,2,3,000
OO0 Pauli-Fierz OO OUOOOO HepOOOOOOO.
1
HPF:§T-T+V®1+1®Hmd. (4.7)
Hpr O D(-A®1)ND(1® H,o) DOOODODODODOOO. 000,000000000000
00O [Hir00b, Hir02]. ecTtHrr 000 00000D0O0OOOOOO.

00 4.4 [Hir97, FFGI7] F,G e Hpypy 00 0O. O0O0DOOOODODOO.

(Fe @) = /da:‘]Ex

000 jp: LARY) — L2RY) O J; 0 LAH(Q',dua) — LA Q. duse) 00000000000
00000000 00000000000000000. A0 A00000000000
000. 00000000000000000000000. 0000 [Hir97)/00000.
00000000000000000. 000000000« *rrO000000000. O
000 phase

S, = exp (—z’e /0 t Ag(js¢(- — Bs)) - st) = exp <—’i6AE (@u /Ot Jupl: = Ba)dBy >)

(4.9)
D0000F>0,G>000000 (Fer@)>0000000. 000 0= e (/2N
D00D00000000 (F,0 e rrgG) >00000. 000671500 00000000
00000000000Y.00000000000.

"000000000000000000,000000000000.000 J§0~156J, 0000000
ooooooboooog.

/ dpiapJoF (Bo) (JiF (By))e™ o VBsemiefy Aplisa(=BdB: | (4 8)
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0 4.5 [Hir00a) Hpp 00000000000000000. 000 @/2Np, >00000
000 ¢, 000000000,

00 ¢y =gz, A)0 2 erR00000000000 Carmona0 0 [Hir040OOO. OO0
0 E(A) = info(Hpp) 00 O |(F,e PG| < (|F|,e~Pro|G)) 000000000000

E(0) < E(A) (4.10)

000 [Hir97. 00000000000 (pg,Sp,) 00000 NelsonOOOOOODOODOO
OooOo.oogoo s;ooon

_ 2 t t
/dMAEStSt = exp (Te Z/ ng/ ABYW,, (s — 1, B, — BT)>
w0 0

gobo,gg0boobboooobbobod. ogn

k kl/ ’@(k>‘2 ikx | —|t|lw
Ww(t,X):/(éw,— |Z|2> () e*re @ g

00000000000000000000000,000000000000000 [BHOT).
Nelson00O0O0000000000000000000000000. 00 (g, (10eN)g,)
00000000000

(pg, 1 ® e_ﬁN)apg) — lim et (€/2)(1—e"") T, [2rdBE [ dBf;W%y(tfs,Bths)dluAT (4.11)

T=e0 Jormd)

000000 Nelson0OOOOOOOOO00 [Hir04). 00 pur 0T 000000000
00 [BHO7JOOOOOOO. (411)00000000000 [HLO7b] OO0 .

4.3 000000 Fauli-Fierz O O
000000 Pauli-Fierz0 00O HRp = LA(R3C%) ® LA(Q) 0O

3
HPSF:§Z<O—HTM)2+V®1+]‘®HTad:HPF_5/

p=1

Qu

-B(p(- —x))dx (4.12)

D00000. 000 B(@(-— ) = 1ot A(@(-— ) 000. ey 0000000000
00000000000 He(@V)O0OOODO0O000eo€ez00000000000.0
0o

e (& .
(HS.F)(0) = (HPF - 50&,) F(0) = 5(Bi +i(=0)Ba) F(—0)
000, HS. O L(R® x 2,) ® [2(Q)000000000. 0000,
00 4.6 [HLOTa] F,G € L3R x 2,) ® L¥(Q)000. 0000000000,

(Fe e G) =1lim Y / dxE™° { / dudoF (€0)(J,G(&,))ext | . (4.13)

e—0
AV
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goo

e

xi-- V(Bs - ic / Ap(id(- ~ B.) - dB, - / (=50 Bealicdl- — B))ds
- o8 [§ (Bea(p( — B)) +i(-0)Braliap( — B)] dn

1, |z| <e€/2,

B (js(- — ) = 10t Ap(jop(- — 2)). D00 [k = K + ee(K), e = { 0, |2 > e/2

00 4.7 (1) (413)0000000000000O0O0O0O. 0O0DO0O0OO0OOO0DO0OOOOOO
Es = J,Jf O Hypercontractivity 00 00 00000. 0000 HLO7ajOOOODO.

(2) XeOOO [-.0[-]000000000000000000000. 00000
P = BE,l(jSQZ('_Bs))+i(_as)BE,2(js¢<'_Bs)) =o00o0ooon flog[P]estzlogENt 0
0000 eflslPledNs — NeO0, e — 0000 M 400 N,00000000000, O
goouououooao.

000000000000000000000000000000 (410)0000000.
000 E(HS:) = E(A By, By, B;) 00, A0 BOOOOOOO0O000000000O

nm%EOlM@+B%Q&)ﬂJ&%ﬂLZ&DDDDD}gEUU&B%&) (4.14)

4.4 0O0O0OO0O0O0O0O0O

Pauli-FierzOO OO OODOODOOOUOODOODO. ODOO0OLOOOOO0DLOOOLDOODOODO
00000000000.000000000Cc?@L3(S)000000ooon

Hy=e01 @1+ a3 ¢(h)+1® Hy, €,a€cR, (4.15)
D00000.000000€z, 0000 HeyODODOOOO

(Hg, W) (0) = (Hy + ad(h))¥ (o) — ™ Hos(—0)
000000000000 00.0000000000000D00OO0.
00 4.8 [HHO7] &,V eCc?® [*(S)000. 0000000000

(@emmm:a}:m{/@wkwwkﬂwwﬁmwpﬂmﬁw@>.@um

OEZ2

004800 ¢+ 00000 HS,0OOO0O0O0000000000. 000 HyO € —¢
00000000000.00e<00000 (416)00 ¢+ 000000000000
00,VeeR(OOOe#0)0000 H,0OOODOOOOOOO0O0O0000000000O00O
00.0000e=00000000000000200000000000000000
0000000000000000000000000000000000. 00 (4.16)0
0000000 (pTe,) 00000000000000 [HHOT).
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5 UUubuuooonon

OO00O00O0vobooooooOdo, NelsonOOO Pauli-FierzOOOOOOOOOO
000000000000. 00000000 Peri000000O0O0OO0OODOOO0
gobobooogo.

5.1 Nelson[[

NelsonO0OOOOOOOOVOOOOOOOODOOOO. 0000 P=dl(—V)O0OO
oboobobog,00bo0boobil r=—VeI1+1leRr 000000

[Hx, Pr] =0

000.000000 [ eiN]=0. 00000 HyO A O00O0D00O0OO00OOOOO0
gbooob.ooggbooboooon.

P b
1
Hy %/ L*(8))dP, Hy g/ Hx(P)dP,  Hx(P) = 5(P = P)* + g6(#) + Hi.
R R4

d

Hx(P), Per?, 0 D(H)ND(PRA) 000000000000, e Ogo00o0o0o0
00000000,

00 5.1 [Hir07] ,9 € [¥(S)000. 0000000000,
(®, e NEP)g) = g° {eiP'Bt /alm;m({]te_ipf'B’f<I>)e_gf01t ¢E(¢’('_BS))ds} (5.1)

00000: ,0000000. 00 F,=M,00, G, =, oW 000 (F, e e &P,

dood4200000000000000

(Fy, e e G, = /dx]E‘” [HS(BO)HT<Bt - &) /dME%_q)(Jte_ig'Pf\I/)e_gfg ‘i’E(‘Z’("BS))dS}
(5.2)

goo. oo

(F,, e tHNei€Prc ) — / dPe P (F,(P), e INP) G, (P)) (5.3)

R4

DDD.DDDRgﬂ:@ﬂ”m/EWWJWH@WMDDD.GAHDDD.SHODD

00000 Fy(P) — (2r)"%2®, l,(z —y) —» d(z—y) 00000, (52)0 (5.3)00 5 — 0
0ooo

1

R

-F {Hr(Bt —§) /dMEJo_‘I’(Jt@ig'Pf‘I/)eg Jo o5 (p(~B)ds (5.4)

20



oboo.bogbg¢bounoonpooboon

(@67 0G,(P))
1

= enie / dge* B [“ABt - ¢) / A Jo® (e~ W) e o o de(@CB (5 5)

O00.000r—-00000 (5.1)000. qed

Hy(P)O [A(SH)O0000000000000000000000000000000
googooooo. oo
exp (iP - By) (5.6)

0000 phase0000000000000000000. 00000000000 E(P)=
info(Hy(P)ODOO E(O)<E(P)000. 0000« *A30000000000. 000
P=0000 (5.6) 0 phase 0 1(>0)00000 ¢ P=0000000000000. O
0 Hy(P=000000000000000000.000000000000. 00 Hy
000000000000 PO« O000000000000000000O0000
00 [Fro74]. 0000000000 0000 Nelson0OOOOO0O000000O00000
000.000 Pauli-Fierz 000000 0000000000000000000.000
ooooooo.

5.2 Pauli-Fierz 0O [
V=000O0O0 Pauli-FierzOO OO OO ooooo,

52 52
1 -
Hop = / L3(Q))dP, Hpp = / Hpp(P)AP,  Hpe(P) = (P = Pi = cA(?))* + Hrag
R4 R

00000000000, Hep(P)OVPeRL Vee RO D(HWg)ND(A) 0000000
0O [Hir07, LMS07]. e #rr(P) 000000000000000O0.

00 5.2 [Hir07] @, ¥ € [*(Q)000. 0000000000,
(@, efthF(P)\p) — RO [eiP-Bt /dMAE%_@(Jtein'th;)eiefé AE(js¢(~Bs))~st} (5.7)
000000 NelsonOO Hy(P)OOOOOOOODO. (b.7)OOOODOOOOO

Jo exp (@ /Ot (P — P — eAp(Jsp(- — Bs))) : st) Jt

000000000000. 000 PO0000O0DO0O0O0O0O0OOOOOOOOOODOOO.
. . t N

(5.700 PP 000000,P=000000000. e loAUs20-B))dB: OO0 0O0

0000000000000 6=e/ANO00000000000000000,000

ooo.

0 5.3 [Hir07] 6~ e #rr(P=0p 000000000000, 00 Hep(P=0)000000
DDo000ooooo.
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0000000 NelsonOO Hy(P)OOOO Hep(P)O P#00000000000000
0000.|Plle 00000000000000000000 [Hird5a, HS01]0 OO 000

D.DDDDDDD/|<,Za(k:)|2/w(k)3dk:ooDDDDDDDD P£00000000000

00000000000 [Che0l, HHOG. 00000000 ec RO Hpp(P=0)00000
00000000053000000.000000 info(Hpp(P)) = E(P,A)000

0= F(0,0) < E(0,A) < E(P,A), PcRr? (5.8)

000O0. Nelson00O0OO0O0O000000000OO0 (5.8)00000000000000
000 Hep(P)0O00000060000000000000000000O0.
000 P=000000000 ¢,(0)0 (¢g(0),1)>000000

(104(0), 6—51\1%(0)) — lim /21—, [0, dBY [ dijWuu(sfr,Bsz,«)dluAt
t=o0 Jo(r:r3)

O0o00bO0o0b0d0d duyu 00000, 00000¢t—-0c0o000000DOO0O0DOODOO
goood.

5.3 00O 0O0O0OQO Pauli-Fierz 0O O

000000000V =00000 HS,0000000000000000000. HS:
0

(&) (&)
Hp / C®(Q)dr, HEy = / HEu(P)dP.
R R3

3

He(P) = 5+ (P — P~ A@) + H;

00000000000.0000000.
00 5.4 [HLOTa] &, 0 € L2(Q' xz,) 000. 0000000000,

(D, e HEr (Pl = lim ¢’ > EY {eiP'Bt / JOQJ(a)eXE(t)Jtein'Bt\Il(at)duE] . (5.9)

oE€ZL

00 info(HS(P)) = E(P, A B, B, B;) 0000, 0000000 (5.9 00 E(0,0) <
E(P,AD0D00O0D0OO.

maX{E (0,0,,/1332 +B§,O,Bk) (0,5, k) =(1,2,3)00000 } < E(P, A, Bi, Bs, By).
(5.10)

6 Uogno

(1) Nelson0 O Hy\O0OOOOOOOOOOO ¢ — (20)"%2000 H,0OODOOO [Nel64].
000 *~0000000000000000000000.m=0000 H,O0OOO
00000 [HHS05 00000000000 0000000000.
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(2) 00000 Pauli-Fierz 0 O

00000000« 00000000000000000. 000000000000
gbboooobbbooobobbuooobbbuoodobbbuooobboooobobo. o
0 HL,0000000000000000000000000000000000000
g,bouggoobooaoon

Ooon

[ALS83] G. F. De Angelis, G.J. Lasinio and M. Sirugue, Probabilistic solution of Pauli type equations, J.
Phys. A: Math. Gen. 16 (1983), 2433-2444.

[Ara02] A. Arai, Mathematical theory of quantum particles interacting with a quantum field, In: Non-
commutativity, infinite dimensionality and probability at the crossroads (eds. N. Obata, et. al.), World
Scientific, 2002, 1-50.

[LHBGO7] V. Betz, M. Gubinelli, F. Hirohsima and J. Lérinczi, Feynman-Kac-Type Theorems and Gibbs
Measures on Path Space. With Applications into Rigorous Quantum Field Theory, to be published from
De Gruyter.

[BHO7] V. Betz and F. Hiroshima, Measures with double stochastic integrals on a path space, preprint 2007.

[BHLMSO02] V. Betz, F. Hiroshima, J. Lérinczi, R. A. Minlos and H. Spohn, Gibbs measure associated with
particle-field system, Rev. Math. Phys. 14 (2002), 173-198.

[BHL98] K. Broderix, D. Hundertmarl and H. Leschke, Continuity properties of Schrodinger semigroups
with magnetic fields,Rev. Math. Phys. 12 (1998), 181-225.

[Che01] T. Chen, Operator-theoretic infrared renormalization and construction of dressed 1-particle states
in non-relativistic QED, mp-arc 01-301, preprint, 2001.

[FFG97] C. Fefferman, J. Frohlich, G. M. Graf, Stability of ultraviolet-cutoff quantum electrodynamics with
non-relativistic matter, Commun. Math. Phys. 190 (1997), 309-330.

[Fro74] J. Frohlich, Existence of dressed one electron states in a class of persistent models, Fortschritte der
Physik 22 (1974), 159-198.

[HHO6] D. Hassler and I. Herbst, Absence of ground states for a class of translation invariant models in
nonrelativistic QED, preprint, 2006.

[Hik07] M. Hirokawa, Infrared catastrophe for Nelson’s model. — non-existence of ground state and soft-
boson divergence, Publ. RIMS 42 (2006), 897-922.

[HHO7] M. Hirokawa and F. Hiroshima, Poisson point process and spin-boson models, preprint 2007.

[HHS05] M. Hirokawa, F. Hiroshima, and H. Spohn, Ground state for point particle interacting through a
massless scalar Bose field, Advances in Math., 191 (2005), 339-392.

[Hir97] F. Hiroshima, Functional integral representation of a model in quantum electrodynamics, Rev.
Math. Phys. 9 (1997), 489-530.

[Hir00a] F. Hiroshima, Ground states of a model in nonrelativistic quantum electrodynamics II, J. Math.
Phys. 41 (2000), 661-674.

[Hir0Ob] F. Hiroshima, Essential self-adjointness of translation-invariant quantum field models for arbitrary
coupling constants, Commun. Math. Phys. 211 (2000), 585-613.

23



[Hir02] F. Hiroshima, Self-adjointness of the Pauli-Fierz Hamiltonian for arbitrary values of coupling con-
stants, Ann. Henri Poincaré, 3 (2002), 171-201.

[Hir04] F. Hiroshima, Analysis of ground states of atoms interacting with a quantized radiation field, Topics
in the theory of Schrédinger operators ed. by H. Araki and H. Ezawa, World Scientific, 2004, 145-272.

[Hir05a] F. Hiroshima, Multiplicity of ground states in quantum field models:applications of asymptotic
fields, J. Funct. Anal. 224 (2005), 431-470

[Hir05b] 0000, 00000000000000O000O, 00 57 (2005), 70-92.

[Hir07] F.Hiroshima, Fiber Hamiltonians in nonrelativistic quantum electrodynamics, J. Funct. Anal. 252
(2007), 314-355.

[HLO7a] F. Hiroshima and J. Lorinczi, Functional integral representations of nonrelativistic quantum elec-
trodynamics with spin 1/2, mp-arc 07-137, preprint 2007.

[HLO7b] F. Hiroshima and J. Lorinczi, Exponential locarization of ground states of the Pauli-Fierz model,
in preparation.

[HS01] F. Hiroshima and H. Spohn, Ground state degeneracy of the Pauli-Fierz model with spin, Adv.
Theor. Math. Phys. 5 (2001), 1091-1104.

[IT86] T. Ichinose and H. Tamura, Imaginary-time path integral for a relativistic spinless particle in an
electromagnetic field, Commun. Math. Phys. 105 (1986), 239-257.

[Lie80] E. Lieb, The number of bound states of one-body schrédinger operators and the Weyl problem,
Proceedings of the Amer. Math. Soc. Symposia in Pure Math. 36 (1980), 241-252.

[LMSO01] J. Lérinczi, R. A. Minlos and H. Spohn, The infrared behaviour in Nelson’s model of a quantum
particle coupled to a massless scalar field, Ann. Henri Poincaré 3 (2001), 1-28.

[LMSO07] M. Loss, T. Miyao and H. Spohn, Lowest energy states in nonrelativistic QED: atoms and ions in
motion, J. Funct. Anal. 243 (2006), 353-393.

[Nel64] E. Nelson, Interaction of nonrelativistic particles with a quantized scalar field, J. Math. Phys. 5
(1964), 1190-1197.

[Sim79] B. Simon, Schrédinger semigroups, Bull. Amer. Math. Soc. 7 (1982), 447-526.

[Sim00] B. Simon, A Feynman-Kac formula for unbounded semigroups, Canadian Math. Soc. Conf. Pro-
ceeding 28 (2000), 317-321.

[Spo99] H. Spohn, Ground state of quantum particle coupled to a scalar boson field, Lett. Math. Phys. 44
(1998), 9-16.

[Spo04] H. Spohn, Dynamics of Charged Particles and Their Radiation Field, Cambridge University Press,
2004.

24



