ON A STABILITY OF HEAT KERNEL ESTIMATES
UNDER FEYNMAN-KAC PERTURBATIONS FOR
SYMMETRIC MARKOV PROCESSES

0000 (K. Kuwae) 0000000

1. STATEMENT OF RESULT

D0D000000000000 [3,4,5,6,770000. (B,d 0000
0000000000, F, 0000000000000, mO supp/m] =E
D000 E00O0 RadonDO0O0O. B(E)D EO0DDOOODODDO
B(E)D EDDODOODODODO, By(E)D FOODODO0OOOOODO
00. X =(Q,X,({Pylecp) 0 ED0mO0DO0O00OODO0O. OO
0Q:=D(0,+x[— F)0 ED0ODOODOODOODOOOOOOOO,
Xi(w)=wl®) 0D we QOO0 ¢t0000, ((w) :==inf{t > 0| X¢(w) ¢ E}
00000000, X, 0000900000000 DODO. P, OOOO0
0Dze EOODOODDODODOOOOODOOOODOOOO. 000 m-
00000000 Pf(z) = E[f(Xy)] O fog € L*(Esm)NB(E)0O0O
O (Pf,9)m = (f,Pg)n 00000000 ((f,9)m = [p fodmO L2-00).
(,F/)0 X00O000000000000000 (000 (§,F7) 00000
000 2000000 (Ty)ese0 Thf = Pf mae. 00000O000). OO
0000000000000 (&,F)0 Beurling-Deny 0000000000
DO000O000O0oooood (2): f,ge F

(0 = o)+ [ o F) = S at2) g0 () + | faan

000 JO Ex FE\diagDOO0DO000D000D0OO0DO00 (&,F)00
O00000000D0000000000000000,x<00000000
0 F)0D000000000000000000000000. &0¢
0000000,0000 &(f,g) 00DOD 0000000, 0DO0OOO
E¥(f,g) 0000 £0000D00DOODO. E%ﬁ):%wfﬂ)DDDDD

DDDDM< O f,geFO000000DOO00ODOODOODOOODOODO

0. DDDDDDDu<ﬂM¢—2h z) — f(y)(g(x) — g(y))J (dzdy) O
00000000000, uf,,(dz) = f(2)g(x)k(dz) 1000000000

- j k
DDDDD,DDDDDMM.Mﬁg> w20k 0 fge FOOOD

(
0000000 &(f,9) = supe(E)00000. E=£°00X 0000
0(00000000000000)000 £=£00X00000000
0 (0000000000000000000000000000),0000
00000000000000000.0000000000000000,
X 00000000000 ]0,+00[XE x E 3 (ta,y) — p(z,y) 0 t > 0,
xEEDDy%ﬂﬂxwDDDDDDDDDDDDDDDDDDDDDDD
0000,000 Bf(x) = [yoiz,y) fly)ym(dy), f € By(E) 00000, X
DDDDDDD(DDDDDDDDDDDD(DDDDDDDDDDDDD
1



U,b0bobooboboboboooobotbobu. oo XxXgoboobpoog
gobooboobooooboobog:

00 1.1. (£, F)0 F=FO0000 L¥E;m00000000000000
0000000000000.000 Ce>000000 Cy'm<m<Crm
O00i=cj00

Cp&'(f.f) <E(f, f) < CEE(f,f) for feF=F.

000000 (§,F) on L2(E;m)0t>0,z€ EOD y— py(z,y) 0000
0000000000 py(zs,y) 0000000 C,>00k>00000

(11 Cle Mpy(a,y) < prla,y) < CpeM'py(a,y) t>0, x,y€eE

00000, (1.1) 0 pz,y) =g pe(z,y) DODOOO.

00 1.100000000000000000000000000000
0000000000000 00000000000000000,0000
00000000000000000000.00000000000000
0 (VD)0OOOOOOOO0OO0OO (PH000000000000 (PHN)OO
00,00000000000000 (GHE)OOOOOO0O000000. 0
000000000000000 Chen-Kumagai 00000000000.

A'00000000000000000000000 p=pm-p0000
0000 smoothO O DD, AF .=, F(X,_,X,) 00000 ExEODO
00000000000000000000 F,RO0DO0OO0OF=FR-F
00000000000000000. (N,H) 0000000 X O Lévy
0000: B, 0000000 2+ E[f;°e'dH,) 00000000000
00000, N(z,dy) 0 XO00OOOOOOOOO Epx E, 00000000
04000

E. | > 6(X, . X.)| =E, [//¢ )N (X, dy)dH,

s<t

000000000.00000000¢000, N(¢ fE N(z,dy)
oob. o0 ExEOOODOOOODOOOOO (;5(1’8)—0 CCGEDDDDD
H, 0000000 smoothO0OO puy000. J(dedy) = 5N (x,dy)um(de),

<d:c> N(z,{0)u(dz) 50000

k e py(x,y)dt0 a-0000000000, R(z,y) == [, pe(x,y)dt
DODDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
Sk (X)(resp. Sk (X), SH(X)) OODODODODO (resp. DODOOOO0OODODO,
00000000)000000000

e 1€ SE(X) & img o0 SUPLep [5 Ra(x, y)pu(dy) = 0.

o i€ Sk (X) & limg_, oo sup,ep [ Ro(z,y)pu(dy) < 1.

e 1€ SH(X) Y supep [z Ralz, y)pu(dy) < oo for ¥/3a > 0.
O-000fdoooboboboboo0ooooooooobO,0000d S}DO(X)

O00: ue S} (X)@supaceEfE Ly )u(dy) < oo.
uefmC()DuHeSW)DDDDDDDDDJWDUQU—me
O000000 (2)000000000000000oooooongn:

(1.2)  w(Xi) —u(Xo) = M+ N te€]0,400] Pgas. forall zeE.



000 Mr00000 (1.2)0(00)00000000000000. N
00000000000D0000000000000000, u=Raf, f€
LX(E;m)NBy(E)0 0 Nt = [H(au—f)(X5)ds0D0,000000000
000000000.000000 4,:=N*+A'+AF00O0,

(1.3) ea(t) :=exp(Ay), t>0

000.000000(1.3)0000000000000000000 (PA)so
0ooo:

(14) P f(x) i= Balea(®)f(X))],  f € By(E), t>0.

00 1100000000000 w, u, FOOOO (1.4)0000 pi(z,y)
00000 piMx,y) < pe(2,y) 00DO000O000000D0O0O00ODOO0O
0o.

[y + o1+ p2 + N(FL+ Fo)ug € SHp(X) 000, (Q,F)0 (1.4)000
00 L*(E;m)0000000000.0000000000 ([1)):

(1.5) Q(f.g) =&(f,9)+E(u, fg) —H(f.9) f.geF.
god

(u, o) : / it / gditgu fy,
me:éﬂm u(dz) + //f — 1)N(z, dy)up (dz).

a>0000 Qu(f,g) :==9Q(f,9)+alf,g)m, Qf,9) :== Qo(f,g) for f,geF
00,00neSL(X)000,

(1.6) A9 () = inf {Qa(f, f)

feFNCyE /den—l}

00000 f:=jn—f2 0 fn = NV)ug+p+5u0,, iz = N(EF)un+ps
0000. 000 V(z,y) = (ef'" — F* =1+ B)(a,y), O FYz,y) =
F(z,y) + u(z) — u(y).

Sk, (X)000000000000000000000000, Spk,(X)
000000000000000000000, S4,(X)000000000
000000000000000, S (X)000000000000000
0000000,8h5,((X)00000000000000000000 (000

000000000000000). XO0000 (transient) 00 m(f =0) =0
000000 feLL(E;m)0 Rf(r) < +oom-ae 2 € EOOO0DDOOOO
000000. 00

o0 1.2. XO0OOOoOooo. 00 11 0k=000000000, u +
N(eFl — 1),U,H € Sll\le (X), F () S S}VKOO(X) 0 Mo + N(FQ)/,LH (S SbO(X) O
ogooo.oooo,
(1) ,=0000.0 A%4) >0000000 pA(z,y) 1000000
O, pi(x,y) =k pe(x,y) with k = 0.
(2) 1+ NP = Dpp € Ske, (X), pwy € Sgs (X) O po + N(Fy)up €
She(X) 000000 (1)0000000000.



a>000000.X®O00 000000 XOe-O0ODOODOO0O.
000 X@Oooooo0 PY(z) =e P f(z)00000000000
O00. XOooOooooooo Xe@ogoooooooo.

01.3.00110k>000000000,m+N(ef—1)uy € Sk, (X)),
figw) € Sk (X)) O pg + N(F)py € SH,(X@)0000000000.
oood,
(1) ,=0000. A\ (a;) >0000000 piz,y) 00000 0O
O pMa,y) <ppe(z,y) 000 k=k(a)>000000
(2) M1+N(€F1—1),U«H € '5%'51 (X(O‘)), My € SéSoo (X(a)) O po+N(Fo)um €
She, (X 0O0DO00. pa,y) <k pe(x,y) 000 k>00000
00 M (i)>00 a>k00000.

013()0boo0000000000O00o0ooog,0Dooopboo. o
gbobogooooooboboobooobooboboboboooboboobog
goooo.

00 1.4. 00 1.1 000 £>000000000. u + N —1Duy €
St (X), ppy € Sk(X), p2+ N(Fo)pg € SH(X)000. 00 F,=000
000.0000 p(z,y) <k pe(z,y) 000 k>000000.

00 1.201)0000,0000000 [3,4000000 X(fE) >00
(1.3) O gaugeability: sup,cp Ezlea(¢)] <ocoO0DOODOO0O0O0ODOO, Markov
000 Girsanov 0 OO Feynman-KacO O, Doobd AOOOOOO,O000
0000000000000, 00 1.212) 00000000000 [3,4]0
00000 X)) >00 (1.3) 00000 (suberiticality): RA(z,y) < oo,
(z,y) e ExE\d(DO0Od:={(z,y) € ExXxE| R(z,y) =+0c0}) DO0OO
00000. 013000000 12000000000000000000
0000000 1.20000000000.00 140000,0000000
O00Z0O000 veSL(Z) (resp. v € SH(Z))DDODDOO00OO0 a>00
V€ Sk, (Z) (resp. v € 5}, (2(¥))000000,00000000a>0
0 M\ (z;)>000000000 1.3(1)00000000000.

REFERENCES

[1] Z.-Q. Chen, P. J. Fitzsimmons, K. Kuwae and T.-S. Zhang, On general perturbations
of symmetric Markov processes, J. Math. Pures et Appliquées 92 (2009), no. 4, 363—
374.

[2] M. Fukushima, Y. Oshima and M. Takeda, Dirichlet forms and symmetric Markov
processes, Second revised and extended edition. de Gruyter Studies in Mathematics,
19. Walter de Gruyter & Co., Berlin, 2011.

[3] D. Kim, M. Kurniawaty and K. Kuwae, Analytic characterizations of gaugeability for
generalized Feynman-Kac functionals, II, draft in preparation 2015.

[4] D. Kim and K. Kuwae, Analytic characterizations of gaugeability for generalized
Feynman-Kac functionals, 2015, to appear in Transactions of Amer. Math. Soc.

[5] D.Kim and K. Kuwae, General analytic characterization of gaugeability for Feynman-
Kac functionals, preprint (2013).

[6] D. Kim and K. Kuwae, On a stability of heat kernel estimates under generalized
non-local Feynman-Kac perturbations for stable-like processes, Festschrift Masatoshi
Fukushima, Interdisciplinary Mathematical Sciences, 17, World Scientific, (2015).

[7] D. Kim and K. Kuwae, On a stability of heat kernel estimates under Feynman-Kac
perturbations for symmetric Markov processes, preprint, 2015.



