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Mation of patterns is usually recognized by tracking the behavior of
interfaces segregating two phases as in solidification, combustion, polymer
alloy, chemical reaction, population biology, and so on. In most cases the
width of interface (denoted by €) is assumed to be much smaller than the
size of the domain. It is known in experiments (for instance, block
copolymer melts, nematic-smectic transition in liquid crystal and magnetic
thin film) that very complicated and fine structures are observed as final
stationary states. This is due to the existence of nonlocal effects in those
materials. The issue is to find the characteristic domain size of such
complicated stable patterns and determine their morphologies in higher
dimensional space, which depend on & and the strength of nonlocal effect.

There are conserved and non-conserved model systems to describe
the above phenomena; Cahn-Hilliard equation with non-local effect and an
activator-inhibitor system with Bonfoeffer-van der Pol type nonlinearity.
It should be noted that the patterns become finer and finer when & tends
to zero, and hence there are no well-defined limiting configurations for
such systems. Rescaling technique is employed to overcome this
difficulty.  Here a natural question arises: "Is there an any difference
between conserved and non-conserved models about the stability and the
scaling law for stationary interfacial patterns?'. It turns out that there is
essentially no difference between them for the scaling law, in factit is quite
robust and does not depend on the precise mechanisms. Existence and
stability criterions are the keys to determine the appropriate scale for the
final patterns. The mathematical core part is to find asymptotic free
boundary problems for final patterns and asymptotic formulas of
eigenvalues of the linearized problems there when & tends to zero and the
effective length of nonlocal term tends to infinity, then derive existence and
stability criterions, and finally, find an appropriate scaling satisfying those
criterions.
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D HIZx LTHLMZSNTE T, BEBCRSIFRE (i B-Parthasarathy; 1974), BRERF
*(KKNMOOT 1; 1978), BEMIE S 7 = A b 3Bl (Davidson-Stanke; 1993), 72 & A3giAlHY
RBlTHD, TeiE L, * HIORBITOWTIIRT A —FZ BT 5HIBRH Y,

ST, m(H) PREWGFARR DD K-AREE LTHELND & &, HORBEEHE
B H* P BAEBICE 2 Bz C-FFEMEE Ind$ (n) DH~OEDIASLE DE AV TR
SITBHTENTED, T, ik GOMESBENOBENRE, #E H* — IndS(n) %
RDBZ LiX, WMHFHEXRDF = 00fFEREFZEM IndS (n) OPITKD B Z LITEE
THEDTHD, ik, B Harish-Chandra MBEOFHEREUCK T HEE L ED BT
HO—EAIFEEZE 25 ([1, I, Theorem 2.4] D—i{L), |

 BETIL. HAEBRIIORAITEARKY., HE G/K FITERT 5 Gradient B4
SrVERSRE = RV e, HOBBENBE~DOEDIABREITDOUVTHERET S (cf. [1], [3])s 5
IC. Gradient B ERRIC L HEEE AVWT, HOMMEZEEERE » Gelfand-Kirillov R IT
IREDEER “REBRER LEMT HFRE 2] 225 (cf [4)).

SE 3

[1] H.Yamashita, Embeddings of discrete series into induced representations of semisim-
ple Lie groups, I, Japan.J.Math.(N.S.) 16 (1990), 31-95; II, J.Math.Kyoto Univ. 31
(1991), 543-571.

[2] H.Yamashita, Associated varieties and Gelfand-Kirillov dimensions for the discrete
series of a semisimple Lie group, preprint.

[3] T.Yoshinaga and H.Yamashita, The embeddings of discrete series into princi-
pal series for an exceptional real simple Lie group of type G5 , to appear in
J.Math.kyoto.Univ. '

[4] A.Gyoja and H.Yamashita, Associated variety, Kostant-Sekiguchi correspondence
and locally free U (n)-action on Harish-Chandra modules, in preparation.
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Infinite to one factors of sofic systems, entropies and cellular automata
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AREE A OERERZER X = AP % L5, BHESr : X — XOKEWBLT
B, Lt —bvbhrEdE,

EF 1.1. ACZP 2R O NIHRIET. fe Al ANDEFRET S, £EDz e X
WOWT—HRIZ (12); = flzj;5 € A+1) & Bo TSTALi I, A% i PIETR
@Lf:%)@fﬁ)%o )
FRGHACRHEZEBRE RO NERLALTIENTESL, A2, kTR D =1
TA={0,1} & LTr# (7'11«'21' = z; 1+ ;1 mod 2 & THIE, BELEAIENSE, =
DEMERO—FIZRD X H 12k 5,
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t=4 00.0...00.00.000000.000000.0.0..000..000.0.....0.000000.00..00.,..0.00,
t=5 +0..0.,000.00.0....0.0,,..0....000.0000.0..0...0..0....0.0000000.0..000
t=6 0.00..0.0.00,.0,.0,..0..0.0..00.0.0..0..00.0.0.00.0,.0..0,....0..000..
t=7 ..0000....0000.00.0.0.00...0000....00.0000..... 00..00.00.0...0.000.000

BRIICEANT VA — b P L IZECHEBRET 2R 2 ERT2ETLELT
RIBINLDDOTHBHH, 1980 ERITIEE T A AR L HFERE L TOEBED S EdEY
BT AT bl TV, WENICEKROD 2FERE LT, E5ERT L3>
ETFEZA M= 2AFBREBFHETAETVEEBRLZEVWIHRESND Y | 5T
HNEFTHLZLIZLoTENVNF =< VIWWEEFVOELLFERIZR Y S 24
ZRLTWVWS, LDL, BEALDEFVIZZOEEL T2YEES L otttz
LD B, 22T, BNA— P VEHRIIIEREBICHERE LTRSS
E2TEA LT 2 UEPE Lz, 1990 FICAY, TS 277 ICHTEE MO NT
Wh,

IVt —-MERET., v=por 1 LTh, — h, TEHET 2, 2F ), T
YOI F LOREIEORBNEEZ Rt 2b0EE2 2, T, 2 b
V—DEHEEH722 L,

EF 1.2 (1 RXTEFEE O Y b -, 2 FITREAE L X EomssjE L+
Bo Ly HE—hit
. 1
$§%2n+1a_

Z ,u[a'—m"' aan] log#[a—nv"' 7an]
ne,0n€A
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HO. plap, 0, 1 FEFEa_,, -, e, DHBEEELERT,

ZokE, 2V O¥-oBEMERICOVT,
ha(X,0) < ho(X,0) + /Y hadv.

TIT, d(w) = #fj(w) REFwOSEEE RV, fi,(w) 1F wEEIZE DEFED
EFERT, d(w) OIEBBEEHZREBOL — M IROBRETH ),

1) ha(y) = Jim ~ log d(wa(y))

ZNidy — ae. THET S,

Tz, EEHEL L TEMZMOPEIREEZ S 2 % Gibbs llEZ LT, 2R
FROEFTIILT S, AZLD GibbsIE L 1F, AZL0OESHEB U(s) ZROE
2 P,C1,C >0 &ELT

ﬂ([xo Tt :z:m_l])
<
G S e EmP —sig Uloay) = &

L%BbDTHD, TIT(oz); = ;1\ TFTRE X RTEMRLTH ), Gibbs HIER
RFV v VAR UL 2ELOD L T—REEFORBFEELR L T1D,
EROBREDD ETIY P a =39 EINICR 5 Z EIZEHBEZDY, ZoFRERIT
IV O —OBPELNERORIN (2 70) ZREEPOHHAL TV LERT
X2, 79275 0EEL OBRBRIIBELESIZLPbI> TR,




THE NAVIER-STOKES EXTERIOR PROBLEM
IN THE LORENTZ SPACE L™

MASAO YAMAZAKI

Hitotsubashi University

This is a joint work with Hideo Kozono (Nagoya University).

Let © be an exterior domain in R™ with smooth boundary 992, where n > 2.
We consider the following initial-boundary value problem for the n-dimensional
nonstationary Navier-Stokes equation in {2:

Ou

(1) a7 —Azu+(u-Vy)u+V,p=0 in (0,00) X Q,
(2) Ve-u=0 in (0,00) X Q,
(3) u=0 on (0,00) x 90

with the initial condition
(4) u(0,z) = a(z) in Q.

Here we assume that the Cauchy data a(z) satisfy the conditions V, - a(z) = 0 in
Q and v - a(z) = 0 on 89, where v denotes the unit normal vector of 9.

In the case n > 3, we also consider the following stationary Navier-Stokes equa-
tion on {2

(5) —Agw + (w - V) w + Vor = f(z) in Q,

(6) V, - w=0 in,

(7) w=0 on N,

where the external force f(z) = (fi(z), -+ ,fn(z)) can be written as
fi(z)=>"%, B, Jk(w) with some tensor field F(z) = {ij(x)}:k_

We also con51der the stability of solutions of the above problem by treating the
above nonstationary equation in {2 by treating the following system:

(8) ‘;’; Agv 4+ (w- Voo + (v Va)(w+0)+Veg=0 in (0,00) x £,
(9) V,-v=0 in (0,00) x Q,
(10) v=0 on (0,00) x IN



with the initial condition
(11) v(0,z) = b(z) in Q.

In order to state the results, we first recall that the space L™*°(Q)
is defined to be the set of measurable functions wu(z) on Q such that
supgso Rp ({z € 2| Ju(z)| > R})l/r < oo for r € (1,00), where u(X) denotes the
Lebesgue measure of the set X. Then there exists a norm on L™*°(Q) with which
the space L™>°(Q) becomes a Banach space. Furthermore, the space L™%°(§2) coin-
cides with the real interpolation space (L™ (), L™(R2)), ., , Where ro, r1 € [1,00],
ro #r1, 0 € (0,1) and 1/r = (1 —8)/ro 4+ 6/r1. In the sequel we abbreviate L"(£2),
L"*°(Q2) and C§°(R2) to L™, L™ and C§° respectively.

We next recall that there exists a projection P in (3, <r<oo Lr)n such that
Py = 0 holds if u can be written as u = V f with some scalar function f € L} _ (Q)
with Vf € () crcoo L’")n, and that Pu = u holds if u satisfies V-u =0 in © and
v-u = 0on 8. Putting LT = P (L")" and L3> = P (L™*°)" respectively, we have
(L, L) oo = Lg™, where 1o, r1, 0 and r be the same as above. In the sequel let
|- |l and || - ||,c0 the norms of (L")" and (L™*)" respectively.

Then the results on time-local solutions of (1)—(4) are as follows.

Theorem 1. Suppose that n < ¢ < oo. Then there ezist positive constants
M = M(n,q) and € = e(n,q) such that, for every a(z) € L»* + L% satisfying

(12) limsup Ry ({z € Q| |a(z)| > RNY™ <,
R—ro0

there exists a unique strong solution u(t,z) of (1)~(3) on (0,T)x 2 for some T >0
satisfying the conditions

(13) 0<Sll<pT' ta=m/24)|y(, )|, < oo for every T' € (0,T),

(1) ier llu(t, )| zno+re < 0o for every T' € (0,T),
0<t<T

(15) ﬁgni%p'f("’”)/ |u(t, Mg < M

and the initial condition (4) in the following sense:
(16) u(t,-) — a in the weak-+ topology of L7*° + LI as t — +0.

Next, the results on time-global solutions are as follows.

Theorem 2. There exists a positive constant § = 6(n) such that, if a(z) € LW
satisfies ||a|lnc0 < 6, there emists a smooth solution u(t,z) of (1)-(3) on
(0,00) x Q satisfying (13)~(16) with T = oo and ¢ = 2n. Moreover, we have
SUP5g [|u(t, )llnco < 00 and sup,so /2 u(t, )|, < co for every q € (n,00).

In the case n = 2, the smallness of the Cauchy data can be replaced by the
smallness of the distance between the Cauchy data and the closure of the space
L%% N (L*®)" in L%°°. In fact, we have the following theorem.



Theorem 3. Suppose that n = 2 and that a(z) € L2 satisfies (12) with n = 2
and g = 4. Then there ezists a smooth solution u(t,z) of (1)—(3) on (0,00) X 2
satisfying (13)—(16) with T' = oo and ¢ = 4.

From now on we assume that n > 3. In order to state the results precisely, we
introduce some function spaces. For 1 < r < oo, let H! denote the completion
of the space C§® with respect to the norm ||V - ||,. Next, for 1 < r < oo and

1 <4qg < o0, let fﬁ’q denote the real interpolation space (Hﬁo,]‘-]ﬁl)e , Where
q

ro, 11 € (1,00), 70 #711,0< 8 <1land 1/r = (1~ 8)/ro+6/r;. Then the space

H ,%, ¢ s independently defined of the choice of rp and r;. Moreover, it coincides with

the completion of C§° with respect to the norm ||V - ||, ; provided 1 < ¢ < co.
Then our result on (5)—(7) is the following theorem.

Theorem 4. For every n > 3, there ezist positive constants k = k(n)
and v = 7(n) such that, for every F(z) € L™*% satisfying the inequality
| Fllnj2,00 < 7, there uniquely ezists a solution (w(z),n(z)) € H}l/zim x LP/2%:e0
of (8)—(7) satisfying the inequality ||w||n,c0 < k in the sense that the equality

(Vw, Vo) = (w- Vp,w) = (7,V - ) = —(F, V)

holds for every ¢ € (C$°)" and that the equality V, - w(z) = 0 holds on Q.

Finally, in order to state our result on (8)-(11) precisely, let us recall the defi-
nition of the Stokes operator. For 1 < r < oo, the Stokes operator A, is defined
on the set H2(Q) N H}, ,(Q) as A, = —P,A, where the space H}; () is the
completion of Cg%, with respect to the norm || - ||, + ||V - ||. Then we can rewrite
the system (8)—(10) into the evolution equation

(17) Z—;}—l—Arv—{—Pr(w-Vzv—I—v-wa-{—v-vzv):0
for v(¢,z) such that v(t,-) € L7.

Then our main result on the system (8)—(11) is the following:
Theorem 5. For every n > 3 and every real number r > n, there erist positive
constants k = &(n,r) and X\ = X(n,r) such that the following holds. Suppose that
w(z) is a solution of (5)—(T7) satisfying w(z) € L}, Vw(z) € L" and |w||n,c0 < k.
Then, for every b(z) € L2 satisfying ||b]|n,c0 < k, there uniquely exists a solution
v(t,-) of (17) on (0,00) satisfying the following properties:

(1) v(t,-) € BC((0,00); L»*) N C((0,00); D(A,)) N C*((0,00); L),

(2) v(t,) — b in the weak-* topology of L™ as t — 40,

(3) supsso t™/ 2 |Ju(t, || < oo,

(4) limsup,_, o t~™/27|ju(t, )| < A

Moreover, the above solution v(t,-) enjoys the estimate

sup t=" /24 [u (2, )|, < oo
>0

for every q such that n < g <r.



Existence and Non-existence Theorems for positive solutions
to scalar field equations and their Asymptotics

. *
Osaka Univ.  Tadaaki TANIMOTO
In this talk, we discuss the existence and non-existence of positive solutions satisfying
(*) Izll;iexP(]fﬂl)U(z) —f as |z] — oo forsome >0
of the following semilinear elliptic equation
Au —u+ Q(|z))u? =0 (B)

where A is n-dimensional Laplacian, p > 1, and Q(z) is a given non-negative function.
If u(z) satisfies equation(E) in the entire space R™, (), and

u(z) >0 for z€ R,
it is called a ground state. If u(z) satisfies equation(E) in R™\ {0}, (%),
u(z) >0 for z#0, and wu(z)—oc0 as |z]—0,

it is called e singular ground state.

When Q(|z]) = 1, equation(E) becomes a scalar field equation. Gidas-Ni-Nirenberg have
shown that both ground states and singular ground states are radial symmetric. For 1 < p.<
%’E—%, the unique existence of ground states is well-known. When p > %{%, Ni-Serrin proved that
scalar field equation has neither a ground state nor a singular ground state. The existence of
singular ground states when 1 < p < ?f_—% has been left open. However, recently Jonson-Pan-Yi
gave the affirmative answer for it by using a dynamical system approach.

We can give a completely different proof of the unique existence of a ground state and the
existence and non-existence of singular ground states. Moreover we can extend the results to
general Q(|z]) and show their asymptotics under the suitable conditions on Q(|z]). For simplicity,
we state our result in the case where Q(|z|) = |z|™ with m € R.

Theorem 1 Suppose that n =3 and Q(|z]) = |z|™ for some m € R.

Casel : m<—~2
Ifp > 1, then equation(E) does not have any positive solution.

CaseIl : ~2<m <0
(1) If 1 <p < 2m+5, then equation(E) has a unique ground state and infinitely many
singular ground states.
(i) If p > 2m + 5, then equation(E) has neither a ground state nor a singular ground
state.
CaseIITI : m>0
(3) If 1 < p < m+1, then equation(E) has no radial ground state and infinitely many
radial singular ground states.

(i) If m+1 < p < 2m+5, then equation(E) has a unique radial ground state and infinitely
many radial singular ground states.

(i) Ifp > 2m+35, then equation(E) has neither a radial ground state nor a radial singular
ground state.

*Currently at Semiconductor & Integrated Circuits Div, Hitachi, Ltd.
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Representation of Canonical Commutation Relations in a Gauge Theory

and the Aharonov-Bohm Effect

B #AkE (Asao Arai)
Department of Mathematics, Hokkaido University, Sapporo 060, Japan

Abstract

We consider a representation of canonical commutation relations (CCR) appearing in
a (non-Abelian) gauge theory on a non-simply connected region in the two-dimensional Eu-
clidean space. A necessary and sufficient condition for the representation to be equivalent
to the Schrodinger representation of CCR is given in terms of Wilson loops. A representa-
tion inequivalent to the Schrodinger representation gives a mathematical expression for the
(non-Abelian) Aharonov-Bohm effect. Some aspects of the Dirac-Weyl operator assomated
with the representation of CCR are discussed*.

AMS classification numbers (1991): 81505, 81R05, 81Q05, 81Q10, 81Q60

References

1. A. Arai, Momentum operators with gauge potentials, local quantization of magnetic
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2. A. Arai, Properties of the Dirac- Weyl operator with a strongly singular gauge potential,
J.Math.Phys. 34 (1993), 915-935..

3. A. Arai, Gauge theory on a non-simply conneted domain and representations of canon-
ical commutation relations, J.Math.Phys. 36 (1995), 2569-2580.

4. A. Arai, Representation of canonical commutation relations in a gauge theory, the
Aharonov-Bohm effect, and the Dirac- Weyl operator, Nonlinear Math.Phys. 2 (1995),
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5. A. Arai, Canonical commutation relations, the Weierstrass Zeta-function, and infi-
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*Recently a relation of the Aharonov-Bohm effect to infinite Hilbert space representations
of the quantum group U,(sl;) has been discovered [5].
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QRTET VY by a—2 DORF VX VEOFM HLKE FHERK)
1. ESELET

Xi(k=1,2,-) % Z2EZ &L VAN ET 5, 2KRTLTS V5 hv s —
7 (HFEE 0){Se )20kt So =0\ Sn =i Xp b EHEL, EHIT2KRTT ¥
Fhyd—2DRT VvV Az) 1 E A(z) = T2 (P{S, =0} — P{S, =
—z}) L BET B TI T, |o| PERRTORT ¥ v Vi A(z) DEE)
WKWOWTHRD, BEZBRBE-20D1C, WS O»DEETZEAT S,

Q0) = E{(0- X1)*},  9(6) == —4E{(0- %:)°}/3Q(0)*

Claflol) = Jim [ g(v(1, )t
72720, z=(z1,22) KX LT

v (2 )

2. FER

FH (F—Uchiyama) 2 KICT V5 57 4 — 7 BSROEH 2 TH12T . (1) 2K
TT v AT d—7 (S} WA TH B, Thbb, {z€ 2% P{X,=
z} > 0} 2 EURADINETFN 22— L Twb, (2) 56> 05 FEL
T EB{|X1]**} < co £ B,
h7p):= 5

(%) A(z) — (1/2/c10.7) log(Q(z2, —21)) — Co
= (1/4n*|z|)C(z/lz]) + O(|z|™*) (lz] = o)

72720 01,000 Xy DRDHATHOBFETH ) ColdT V& b4 —=71XD
HEFT B2EHTH Do z DF AN DRMKIFT 2 C(z/|z]) #¥z DT T
DHEETOTHEIEE XiDIRDE—AVIPIRTOTHLI LR
FfETH D, TOEHIL[1] & [2] DHE 123 DEREELHID LR o T
%o

SR

[1]A.Stohr, Uber einige linearepartielle Differenzengleichungen mit
konstanten Koeflizienten ,Math. Nachr. 3 (1949-1950) 330-357.
[2]F.Spitzer, Principles of Random Walk (Springer-Verlag,2nd ed.,1976).



Colloquium Lecture

ON THE NONLINEAR SCHRODINGER EQUATIONS
OF DERIVATIVE TYPE

T. Ozawa¥)

Department of Mathematics
Hokkaido University
Sapporo 060, Japan

My talk is on the Cauchy problem both at finite and infinite times for a class
of nonlinear Schréodinger equations with coupling of derivative type. Concerning
the Cauchy problem at finite times, I give sufficient conditions for the global well-
posedness in the energy space. Concerning the Cauchy problem at infinity, I con-
struct modified wave operators on small and sufficiently regular asymptotic states.
The proof uses gauge transformations which reduce the original equations to sys-
tems of equations without coupling of derivative type. Detaﬂs will be published in

the Indiana University Mathematics Journal.

*)Partially supported by the Sumitomo Foundation and by the Suhara Memorial

Foundation.



Pattern Formation
in

a Nonlinear Diffusion Equation in Biology

Masayasu. Mimura

Department of Mathematical Sciences
University of Tokyo
1-3-8 Komaba, Mcgura-ku, Tokyo 153 Japan

In my talk, I would like to consider- a reaction-diffusion-advection system which has been proposed
in order to describe aggregation of individuals in biology. The system is

£, =e2Au - £8V(u » V(v)) + £(u) |

(1) t>0,xE Q.

evy=dAv +u-yy,

Here u is the densitiy of biological individuals and v is thc concentration of chemotactic substance.
d, and d, are the diffusion coefficients of u and v, Tespectively. We assume X(v) >0 and x'(v)
>0 for v > 0, for which each individual has the tendency of migration to higher gradicnt of
chemotactic substance. As far as our knowledge, the functional form of ¥%(v) has not been specificd

clearly so far, though some plausible forms have been often used such as %(v) = v or logv or v/(s
+v) with a constant s > 0. f(u) is the growth term of u, which includes the effects of intraspecific
competition and cooperation, For simplicity only, we specify it as [(u) = (1 - u)(u - a) with

constant a satisfying 0 < a << 1 which binlogically indicates tich nutrient for individuals. y is the

degradation rate of v. If v is spatially constant, thatis Vv = 0 (that is, no chemotaxis cffect), the



first equation reduces to the scalar. bistable reaction-diffusion cquation which is called the Allen-Cahn

equation. If Q is a bounded domain, the boundary conditions to (1) arc

(2) afou(u,v) = (0,0) t>0,xE9Q

with the outerword nommal vector pon A8 or if it is an unbounded domain RY, the boundary

condition is
3) lim x |- (v, v)(t,x) = (0,0),

In the absence of the growth term, (2) is called the Keller-Segel model which is proposed to
describe slime mold aggregation[] and has been investigated by many authors. One typical
phenomenon is the localization of u due to chemotaxis cffcet, which.imph'es the aggregation of
individuals. Especially, if an initial function of u takes nearly the delta distribution at some point in

R" (n = 2), the solution u(t,x) tends to infinity at one point in finite time. This is called chemotactic

collapse in biology.
For (1), (3), the cxistence and stability of radially symmetric equilibrium solutions are discussed. It

is emphasized that the stability crucially depends upon the form of  x(v). In fact, for x(v) = v2,

such solutions arc destabilized for suitable interval of & and they cvolved into spatio-temporal

patterns exhibiting network like strucutre,
Our strategy to understand thesc patterns, we derive the limit frec boundary problem which can be

derived as €0 in the problem. It will be stated in the lecture.

Refercnces
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Families of modular forms and supersingular motives

A.A.Panchishkin
The purpose of this colloquium talk is to describe a general notion of a p~adic family
of formal Dirichlet series L(s) = > oo, ar(n)n™° € A, where A = Z,[[I7°])i primes 15
the ring of all formal Dirichlet series with coefficients in Z, (or A = K[[[7°]li primes:
where K is a closed subfield of the Tate field C,, the completion of an algebraic closure
of Q). Here k is a parameter which is an integer in simpliest examples; c.g. for the
Riemann zeta—function ((s) we have the following p-adic family

oC

Li(s)=(1—=p" ) (s —k) = Z n*ne.
(mp=t
which depend p-adic analytically on k. Such families naturally arise in the theory of
modular forms, and more generally, in the theory of motives over Q. Main examples
of these families come from the theory of H.Hida [HiGal] of p-ordinary forms, from
the theory of Mazur [Maz] of deformations of Galois representations, and from a recent
work of R.Coleman [CoPBa] related to study of p-adic properties of the trace formula
of Hecke operators [Miy]. In the famous work of A.Wiles [Wi] on Fermat’s Last theorem
and on the Shimura-Taniyama conjecture the existence of such families plays a crucial
role.

It turns out that the specialization of Ly (s) to certain critical points s can be often
interpolated over k to a Cp—analytic function depending on a p-adic parameter k. For
example, k — (1 —p*){(—k) (k > 0) interpolates to the p-adic zeta-function of Kubota
and Leopoldt. Further known examples of p-adic families come from the theory of Siegel
modular forms [PLNM], [PAdm]|, [Ti-Ur], and more generaly, from automorphic forms
on reductive algebraic groups. ’

L—functions (of complex variable) can be attached as certain Euler products to var-
ious objects such as diophantine equations, representations of Galois groups, modular
forms etc., and they. play a crucial role in modern number theory. Deep interrelations
between these objects discovered in last decades are based on identities for the corre-
sponding L—functions which presumably all fit into a general concept of the Langlands
of L-functions associated with automorphic representations of a réductive group G over
a number field F. From this point of view the study of arithmetic properties of these
zeta function is becoming especially important.

The major sources of such L-functions are:

1) Galois representations of Gp = Gal(F/F) for algebraic number fields F, r : G —
GL(V), V a finite dimensional vector space, and one can attach to r an Euler product
due to Artin.

2) Algebraic varieties X defned over an algebraic number field F. In this case one can
attach to X/F its Hasse-Weil zeta function.

3) Automorphic forms and automorphic representations. In the classical case one asso-
ciates to a modular form f(z) = Y oo, a(n)exp(2winz) its Mellin transform L(s, f) =
Yoo sa(n)nTe.

Conjecturally, all the three types of L-functions are related to each other using the
general theory of motives over Q with coefficiens in a number field T C C. This field



coincides with the fleld Q({a(n)}»»1) generated by the coefficients of the corresponding
L-function L(M,s) = Y o2  a(n)n"*. The definition of a motive implies that for each
finite place \ of T there is a Galois representation

raa=Trx:Gq — GL(M)).

where M) is a vector space of dimention d over T), the completion of T' at A\. The
number d is called the rank of M ([PalF]).
The L—function L(M,s) of M is defined as the following Euler product:

L(M,s) =[] L(M.p™*),
P

extended over all primes p and where

Lp(l\/f, _X)_l = det (1 - X. T'A(F?";l) | _/\/Iip‘) —
(1-aMP)X)-(1-aPPX) ... - (1- oD (p)X) =
14+ A (p)X + ...+ Ag(p)X 4

here Fr, € Gq is the Frobenius element at p, defined modulo conjugation and modulo
the inertia subgroup I, C G, C.Gq of the decomposition group G- (of any extension
of p to Q). Under a standard hypothesis the coefficients of L,(M, X)™! belong to T,
and they are independent of \ (coprime to p). Therefore we can regard this polynomial
both over C and over C,.

We describe a general conjecture on the existence of a p-adic family Mp of motives,
parametrized by some dense subset of algebraic characters P of a p-adic commutative
algebraic group (which we call the group of Hida). This group can be regarded as a
maximal torus of the p-adic part Garp, of the motivic Galois group Gas of M (the
Tannakian group for the tensor category generated by M'). The important condition of
motives Mp of the above family is that they have the same fixed p-invariant h = hp,
which is defined as the difference between the Newton polygon and the Hodge polygon of
a motive at certain point d* (the dimension of the subspace M ™ of the Betti realization
Mp of M). We call a motive M supersingular if h, is positive. For the motive of
an elliptic curve E over Q this notion coinsides with the notion of a supersingular
elliptic curve. The corresponding p-adic L-functions of this family can be unbounded
(of Amice-Vélu type [Am-Ve]) but they form a family which is conjectually bounded in
the "weight direction”, that is for P parametrized by algebraic characters of Gy ,,.

More precisely, the values of the function P +— L(Mp,0) satisfy gencralized Kummer
congruences in the following sensc: for any finite linear combination ), bp - P with
bp € C, which has the property ) bp- P = 0(mod pY) and Mp is critical in the sense
of Deligne we have that for some constant C # 0 the corresponding lincar combination
of the normalized L-values satisfies the following congruence

L('p,oo)(ﬁi[p, 0)
Coo(.l\/jp)

C Z bpep,(Mp) - = 0(modp™).
[)



Here ¢,(Mp) and coo(Mp) denote the p-adic and the complex period of M p so that the

Mp :
”%” is uniquely defined, and L, o)(Mp, s) denotes the above L-function
Cool\ WP

L(Mp,s) normalized by multiplying by a certain canonicaly defined Deligne’s p—factor
corresponding to a choice of inverse roots a!P(p), ..., cv(dﬂ(_pf) € C, of the p-local
polynomial of M such that

ratio

ord, (¥ (p)) < ordp(a®(p)) < ... ordy(a'V(p)),
where d is the common rank of the family Mp.

Recent examples of such families related to modular forms were constructed by
R.Coleman [CoPBa] and they are related to p-adic properties of the trace formula of
Hecke operators [Miy]. J.Tilouine and E.Urban [Ti-Ur] constructed (in the ordinary
case) p—adic families of Siegel modular forms parameterized by a three-variable param-
eter (see also [PaSE] for examples related to Siegel-Eisenstein series).
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On Selmer Groups

Haruzo HIDA

We first define the Selmer group as an analogue of the first cohomology group of Riemann
surfaces. We take a continuous representation ¢ : Gg = Gal(Q/Q) — GL,(A) fora
compact Z,-algebra A acting on V(g) = A". Here p is a prime. For each A-direct
summand W of V(g) stable under the decomposition subgroup GQp’ we define

W#* = W®,A* for the Pontryagin dual A-module A* of A and the Selmer group
Sel(g;W) of (e,W) by

Sel(g; W) = Ker(H'(Gg, V() *) = H'(I,, V(@)*/W*)xTTg,,H' (5, V(9)*)),

where I is the inertia group at a prime q. Replacing Q by the function field of a Rie-

mann surface X and q by points of X in the above definition and taking @ to be the
trivial representation id with values in GL,(Z,) and W = {0}, we recover the first co-
homology group of X with coefficientsin Qy/Z;. In the talk, I discussed many number

theoretic invariants of a number field F which can be described by Sel(g;W) for a suit-
able choice of W. For example, Sel(Indg;“- (1d);{0}) gives the class group of F, and in

general, under a suitable assumptions, the characteristic ideal of Sel(q;W) is expected to
be spanned by a p-adic L-function of ¢ regarded as an elementof A. As typical examples
of this phenomenon, I described the following two examples. The first is the Selmer group
of the universal formal deformation unramified outside p with W = V(g), which gives
the Iwasawa module of the trivial character whose characteristic ideal is one of the Kubota-
Leopoldt p-adic L-functions. The second example comes from modular p-ordinary Galois
representations @ attached to an elliptic modular form f of level 1. Welet Gg act by
conjugation on the space V(Ad(q)) of 2x2 matrices of zero trace, getting a 3-dimensional
representation Ad(g). In this case, there is a canonical choice of W of rank 1 in

V(Ad(g)). Suppose p =5 and that L(s,) = L(s,\) for a character A of the p-adic
Hecke algebra H of the space of cusp forms containing f. Writing K for the field gen-
erated over Qp by the values of A, we can decompose H®Zpr = KxB as an algebra

product so that A gives the projection onto K, and we put P = HN(Kx{0}) C Im(A).
Then the following results are known by the efforts of many mathematicians:

(i) |Im)/P| = |L(1,Ad(q))/the period determinantof f [;1 (Hida, 1982; see [H]);



(ii) Sel(Ad(p); W) = Ker(\)/Ker(A)?> (Mazur-Tilouine, 1990; see [MT]);
(iii) |Im\)/P| = |Ker(\)/Ker(\)*| (R. Taylorand Wiles, 1995; see [W] and [TW]).

These three facts combined yield a non-abelian generalization of the class number formula
of Kummer-Dirichlet. Then after stating a conjecture of Greenberg [G] asserting the
co-torsionness of Sel(p;W) for a general @ over A with suitable assumptions, I stated a
recent result of mine concerning the proof of this conjecture for Sel(Ad(®);W) with W of
rank 1, where @ is a 2-dimensional modular Galois representation realized on the big
nearly ordinary Hecke algebra. |

References.

[G] R. Greenberg, Iwasawa theory and p-adic deformation of motives, Proc. Symp. Pure
Math. 55 Part 2 (1994), 193-223

[H] H. Hida, Theory of p-adic Hecke algebras and Galois representations, Sugaku Expo-
sitions 2 (1989), 75-102 ' _
[MT] B. Mazur and J. Tilouine, Représentations Galoisiennes, différentielles de Kihler et
«conjectures principales», Publ. IHES 71 (1990), 65-103

[TW]R. Taylorand A. Wiles, Ring theoretic properties of certain Hecke algebras, Ann. of
Math. 142 (1995), 553-572

[W] A. Wiles, Modular elliptic curves and Fermat’s last theorem, Ann. of Math. 142
(1995), 443-551 »



The theory of R. Nevanlinna describing the numbers of a—-points of

meromorphic functions and the theory of locations of the a-points.

Barsegian, Grigor A., Inst. of Math. Acad.of Sci.,Yerevan, Armenia.

— e ———

One of the most studied objects in complex analysis 1is the
quantity of a-points of meromorphic functions in the plane ( see clas-
sical theories of R.Nevanlinna and L.Ahlfors ). Most likely, the pre-
sent stage of the gquantitative study will be replaced by a stage of
investigation of location of a-points.

In our report will be presented a theoxy of locatlon of a~p01nts~
of meromorphic functions, which involves the main conclusions of
theories of R.Nevanlinna and L.Ahlfors concerning the quantities of a-
points. The locations are described by a new characteristic ( they can
not be described by the known characteristics ).

One of main conclusions of the theory of locations can be stated
as follows: we can describe the locations of a-points of meromorphic
functions for the most of values a & C, if we know the locations for
one. "good" value a.



On the Trotter Product Formula in Operator Norm
for Schrodinger Operators
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KRR He XHE (REKE)
mEEE Quantum mechanics in AF C*-systems

BB

Motivated from the chemical potential theory, we study quantum statistical thermo-
dynamics in AF C*-systems generalizing ususal one-dimensional quantum lattice systems.
Our systems are C*-algebras A which have a localization .{A[i’j]} of finite-dimensional
subalgebras indexed by finite intervals of Z and an automorphism ~ acting as a right shift
on the localization. Model examples are supplied from derived towers (string algebras)
for type II; factor-subfactor pairs. Given a (y-invariant) interaction and a specific tracial
state, we formulate the Gibbs conditions and the variational principle for (y-invariant)
states on A, and investigate the relationship among these conditions and the KMS con- -
dition for the time evolution generated by the interaction. Special attention is turned to
C*-systems of gauge invariance (typical model in the chemical potential theory) and to
C*-systems considered as quantum random walks on discrete groups. The CNT-dynamical

entropy for the shift automorphism 7 is also discussed.
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(@) f(z) & 2 ETER,
(b) |f(2)P Su(z) (z € 2) ZFITHRMEE v BEETS.
p=oco D& X, H®(2) TN _LOFRZFEAMELEDOL4EAET. Fiz, Nevanlinna & N(2) %
RTEHETD :
(a) f(2) X 2 ETEHL
) log" |f(2)] < ule) (z € Q) EMTF BMEL v WEETB.
2. Ny &£ O,
FHE1 O<p<oo DX, S AOHAES K 75 Hardy i HP DB ETHERIRS (725
KeN,) ThdLix, RBRVIDZLERS:
() K@av,As b Ths.
(b) S\ K RETRVWIHESTHD.
(0 K Z&TLMOMR 2 K/ L, AL LT H(2\K) = HP(Q) 5% Y L.
—7, WO O,, Oy ZRORIZERETD :

O, = {2 C S| N IFFURT H(N) IZELFHDZ},
On = {2 C S| 2 BZFIRT NQ) FEREE DI}
FE 1 (D. Hejhal) KeN, & S\ K€ O, iZfMliith 3.

EE 2 (W. Rudin) 2>7 MEA K CSIKHL S\K € Oy & cap(K) =0 ZRAIITHS.
L, cap(’) XMBARLTIERT.

%5, ROMEEFE~D :

B 1 0<p<oolZXl, N, OILEFHAIT X, Eie, (iR bDELT) O, RN
X.

THIFHEL <, FREM L D> Thigu,
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FIE 4 (M. Heins) K CR IZOWT, A(K)=0A5IES\KeO;,. BL, A () 121 KR
DNANTARLTIETHD.

FZT, HiRED K it oW TR E~D»IEMBIC/2 5. Heins OFEROEE FizhH Db
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FRER QIER rOR—BRO/NIBR rT DAY e O4GTHOTH 3 ZBAHERE
QB L. TDON LT Dirichlet 58
—Auf=f in QF,
w*=0 on 0T°UdN.
=% Z,
e—0, e—=0

DBEE, HE{LOBEEZEZ 5 (BWEAMNE). oL

eN-2
0 < lim py < o0

Thhid, a° — u weakly in Hy(Q),
—Au+Cu=f inQ,

u=0 . on 01,

EWBIENDP>THS. TR vOBRETHD. IOBBIEEL BV
2 H = L2(Q) L0 TSNS : H — [0,00] DEMAEROT

86°(uS) 3 f in LX(Q)

EFECILENTET, ZOPIROFTE T HEk L EIH D Mosco DBERDPIR DR ITT
2ICOEBIENTES. TUADDL,

¢° — ¢° in the sense of Mosco ,



8¢°(w) > f in L3(Q). |
2N TR EDZH 4 Neumann B L TEE LB EICES B 5D

—Auf=f in QF,

Ou® .
5 = 0 on 0T,
u*=0 on 0.

ZDEE

€

0<lim=—<oo
—BEILRIEF R OK, B HY(Q) > v — 9 € HY{(Q) I U T, &° — u weakly in H} (),
Hu=1nf 1in$,

u=0 on 09,

EHBIEATRES. TIT, >0, TICEDEFEZEEHT, HIZ-AOBEEIERFE
THb. IOHBABRELILLEHMATEFRARIENTDH S ([1]).

I TEMAERFIOPROMEED U L5k U T ¥k MBS O [UR O &N
DB LAEETHBEER L. I OHRBIEREERE OBEREMEOHE L
RO A ST EFHEMEOHEMRICOENTH S ([2], 3], 4]).
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such that po p; = dg mod 2 on I,.
2. A= Kerpld rank 8§ ® HH abelB. BT, ROZERYIT 5H
T5h:

0 » A > 1 A/ » 0.
EoT, IZAXZy. WInTH AD Zo-VEfHIZv e AITHLT,
V= —0.

3. IO WAL I3 rank 9 O BHH Z,-INEE L [FEL.
F72, 1D Sp(4,Z)-HEEXHE LT, R2HEF Lo

R. pilr, &, T -1 O EFrid2FEH D Johnson YEF %
5.

Remark. (1) 2% H @ Johnson #FZid F €1 Y — 3-FKHD Rochlin
AEEDHFERD )L, 122KV 9202 FATWET (Johnson). —
%, @ & Rochlin AEEDEHRIZ 5O TY. L7245 T, 7id Rochlin
AEETRRTAZ LIITEFEFEA. 72, Rochlin AEED #TIEE
RTAHZELITTEXFEA.

(2) 1 D 4 FARITBIT % Reshetikhin-Turaev D ANEEDED 5 Torelli
Ho [FHE] 13 ANENIZ, Rochlin AMEEDFREHAE —HT 1L
PBHEIS N TWE§ (Wright).
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1. HY A2/ 9,7 2MHEH, v 2F0L0 o-BRAEL LTEETS. T H—
BN CHERT SLEDZVDOT, T = R" 2 T=7" 2 EEEFEICETTL V. £
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3. 575Y7 > HOEREREET {;,}J CE L% 2b0Dr—2EEL T, B* DEE
Bl AnE).
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0 0

LB &, D;e L((E),(E) PRaEnsb. Zhid, 74y 7ZEDERETH, (¢ Tsmear L
71)(%(&1’5%,%&“? 5. 20#% Dy PEBIEAZRTHS. BED,D, D € L((E), (E)")
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D 1EEERTEICEOAT N, TOEMMEBAIERRIZ IN +(i/2)A¢ THZONAE. T2,
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5. 1 BHEBRBOBREHMEDESITIV7 > —RIC7 VI =22/ X EOEREAE
ZT{E"/nl;n=0,1,2, -} PRABEEERICZ S D D% equicontinuous generator & FET
D). KIS 5 1 BHERBEIZERBECERSNS. N 2 Ag i equicontinuous generator
THN, ZDOZTHRBBEPDS aN +bAc bF) THAH. SHIT, HEDED N(f), Ac(g) P7E
A, Bk [N(f), Ac(g)] = —246(fg) BTRENAD. N(f)+Ae(g) #° equicontinuous
generator IZZ2 B 720 DTHEGEVHMONTWE, BHELT, F0OLI BT TSI LT /I
T BEARN (HAHVIL, Ya b —F 1 v I—FER) OBIFHRETESNS.
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1B 537 5 DA BB TR AR,

/N ERFE—
EEBAFRERS THBHEFEH

Vojta iZ. Roth DEE :
TH. o vEEOREWHET L, COLE, FRECEBRH >RV T

1

g < (2+ <) log* max{z, g)
q

log™

AN Lo,
¢ Nevanlinna DE_FEEHE :

FH. o ¥ ) -VYRACERDA, f=fi/fo (BHER) *EEOHEHML.
If,all % f & o OREREET R, 20L&, BEFROFSOREONDTTD
r>0 LT :

/2'"'1“"+____1__£i;0<(2+)/2"1 + :0, 40
, 8 TFrem,alzn S 2 FE) ), Toem max{ifal, |fi}re )2

MY LD,

DEADFEFZFUE TR LED T, ESHROEESLTFELF 4477 b ZIELD
FECRRT 2HBLERL 2. Vojta DEEFHRIT. EIMRTI

T X 2HEREEHRE. D 2 X OBRERTERT. E* X £O big RE
BE., c 2EEQEOHET A, COLE, XOUEEH-T X OEABEMRTE
S Z=2(X,D,E,e) WHEHETA.fC)¢ Z LLbTTOFRMR 7. C— X
lZr LT

mg,p(r) + Tr x5 (1) < Ty, p(r)

PESEROFANAHEFONDTTD r 123 LTEILT 5,
THY., F4F77 b AT

FHE bk EEE. Xk E EESRSNWCHEREEME. D ¥ X OEMERLER
F.E%2 X tOD big 2ERR, c xEEDEDOEET A, 20L&, XOUHE
1Y X OERBHETRE Z=2(X,D,Ee) "FHETE  P¢gZ Lizh k-HE
S PICHLTHE., BRENCEANZRNT

mp(P) + hi(P) < ehg(P)

Typeset by A S-TEX
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THho ST, myp(r). mp(P) & f R P 0O D CETAEERE. Ty x(r).
he(P) 2R f PO K ICHT28sBEAEL TN, #heh, FBASIE
Bl OEF~0 k", K THlo/-FESPIEIMKD “EEs 2R T2E
THhab, BETR, LOSO2DOTFEEH—MICHBETARMELERTL00
BAOERE LT, EFAHICBIT 5 IEFEOTRIELABRMMEEICOW
THRLA. AEIT.

(1) Nevanlinna O EEHE

(2) Radon 1R & FOHAT | “USHRER" BL U “MODEHHER"

(3) V=v MG OETLZEM & T 0RMES L ESHRYOER

(4) ESHFOEETFROBEHRIZLIT T

BEBRES L VI DT, L 2T BERMSBEICEE A EFEHR. Calabi-Yau
SRELR R T RTETED T Zariski-closure ¥ £ 5L 346 DTH A, (2) T
BHIUSBRBE R LA FEXTR T, 4205 IR, WAL BEIC non-trivial
Tdh B4, SR TNTHEMNTH Y, Griffiths-Harris OFH D 2 BLL FOFF
BITRE L Ve,
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& B IFMIALR S B DOBER & DY K — F OFEFIOVT

KE B (KIRI#EKRF)
Tk EE  (ERAFEHFEH)

MBI FERNCTESINIBHRIIELE DD, XFETIE, 200 THSILEEMAERICET S
bDEFEHI T LT H, T TV LILEEK (porous medium) &%, ARY Y, #d, a7
V=FrDEH, MELRARPEELZBVWTWERETHL, FOFERRNLFHEOENTI, B
DIRDIEFITH R0, BF, ZHNICEYEL-EELAVWCER{LE S, Tz &
D, MOREOMBEL ZOMBEEDIRWFELRL LI ATHL, SILEEAREOMEN S L, %
COMEDPLINTWD DI,

(a) 1 EEOLVEDORENEIZHNSEE

(b) ZHEEZ LM OHRNEEE

(c) NHDEB-ZT O HENIES

() 1 BEOZEDHEFEIZHENLEE

(e) 2TBENEWVIZIRL Y & ) MBI THN 554

) BLY Db WHEIFHELLEE
REDFDHY, FRNENICERECHERS D, TRLOHRS, ZF%‘@"IE’C*Gi, (b) 2k Z ki
T 5,

1 RITZERE R (2B 5 RIEERE

vg = (V" )gg — CVP, t>0, ze€R!, (1)
v(0,2) = v%(z), z € R (2)
EERET 2. ZIT, m(>1),¢(20), p(>0) iIXEHT, YK O %) Wk LT 5, WEY
I, ot z) R ¢, BET 2 OB A EMMICERL SN ERTORKOEE (ERICWVE
W, MEOFYE SN BE ERAENAORIIEDLEEE T b0 THD) 2EL, (1) o
HALOHE 1 B SILABEF COMMONE, £ 2 HEIREORRETBL TV, ILHEIR

(™o = (mo™ Lug), EE, mom! PEEEN Y ET. SOEMEHRIE 0 =0 0L ZAHTHE
52720, (1),(2) O v 12, ¥H—F OFBEHE L FSNBERT, T5bb5,

supp v(0,-) PEREZLE, TXTO >0 K LT supp v(t,-) DHERTHS (3)

ERFOILPMONT VD, SILEBAEROBAD SV, H8— b k) HEST 5 R %
RLTWD, TOFR=FOBEMIIHLTROZ EAHLNT NS,

Casel.c=0 F/lde>0,p2m DEE, supp v(t, ) HEIIEDND, ¢ — 0o DL &
supp v(t,-) — R!

Case 2. ¢>0,1<p<m D& &, supp v(t,-) WHAMEA S, 1 IS L T—RICHRTH B,

Case 3. ¢>0,0<p<1®&E, 37 > 0 such that supp v(t,") = ¢ fort > T



ZZ T, Case3 IZDWTHERT D, B (55%)
DT & —E ML Kalashnikov (Z. Vycisl. Mat. i
Mat. Fiz. 14 (1974), 891-905) IZ X DEERH ST
Who m+p=2DE&E, Kersner (Vestn. Mosk. |u
un-ta. matem. 33 (1978), 44-51) IZFFHE B L
720 F 72, Rosenau and Kamin (Physica 8D (1983),
273-283) (&4 F— F PEREEEARICOHT S Z
EERET HHEERRE TR 072, LML, HHIE
%wggﬁﬂg&ﬁ%%ﬁ:&’)f‘l‘&\ﬂo FAOHMIL, A= : 575
By EFOYFE—1 supp v(t,-) XEBET L7200 1 8- bAFSEET B REERG
ESHEREL, TORES, JUREE LIS, £ (m=15,p=05¢c=6)
DESBOBE 2 HEoT, 8- PP 500554 L REH7EX (interface equation)
EFRENABBRES R B I ETH D, 2/, RELI LI, 0<p <1 DT RTDBFHIZONT,
WL ITERSEL T LSRR o7 Kersner % Rosenau and Kamin & & FfRIC, m+p =2
OHEFHELERETHI L LT B,

A DENEOEEIUTOLBN Thb, u=vm"1 B E, (1)1}

uy = Hu+ Pu+ Du (4)
EEEIBWZONDL I EDPHFESL, T T,

m

m—1
Thhb, F4ld, operator split method % Vv, WMAEHEZ H, P, D D& A%, ESEUT B
TkE Lo HRER uw = Du BEERERSFERCTHHOT, ZOFEELE> TESEME Dy
PREBEL wu=Huldw=u, £BLZEIZLD,

——(w?) (6)

2\ Burgers FERICEBERION D, u DEST
R X SRR R e L THRT 5709, w
DENER S EHBEB TH D, 20720, (6) i,
t u=0 Burgers 7230259 % Riemann MEZHEC Z &I
' X0, BMEBIBITL, TOMERYEST, WH1E
HE H OES1EHE H, 28R L7 P OESI
B, AERLfEDNEFLESEES>TITR 27
HR=FOFPEWH AL RTHD L, R
bs X o AT SEBIERE H, D O TR o
2 1 DBIZENAY R oo ERZE P a0 ES 2o GEU LAY, 20
ERZFEHR—-P 2T EERv, TOZ LA, kA
DEFEIZBNT, 5 R—F OEUPRVEHD 1 2THSH EEBbNIb,
MEOBEGELE, RELEEICREICETA /R, SOT7T7ANT 7 FTldERT L, HR—F
OHEEE REFBRAICELT, BAGKOERSE/, SIT, RELIE, v>0 & v=0 DK
B, Thbbt, Y R-POERTEKRT S, LT T, BEOMHKILDOLD,

£(t) = sup {£; v(t,z) =0 for z € (—00,£)} (7)

Hu = (uz)?, Pu= mutz, Du=-—c(m-1) (5)

Wy =

0.035

u>0




TEHR SN HFME (left interface LIER) IZDWVWTEET 5,

Condition A. u°(= (v°)"!) € C°%(R') N BV(R?) is a nonnegative function with compact
support, u2 € L®(R') n BV(R!) is absolutely continuous and ess.inf 42, > —oo0.

Condition B. There exist positive constants M and € such that
wd(z) 2 M for z € [£(u°),£(u’) + €. (8)
Theorem. Under Condition A, assume that

w®(B;) 114012y e

(m —1)+ mCoCy ~ e(m — D)7 — 1) — (m + m/(m — 1))CoT V() ~ i=12 (9)

holds for some 1 < 71 < 72 < P2, where Cy = Hu°||L°°(R1) and Cy = —ess.inf u,. Then there
exist t* > 0 and 2* € [y1,72] such that

u(t*,z") =0 and u(t*,B;) > 0. (10)
Theorem. Under Conditions A and B, there exists T > 0 such that
(™ N (t, () +0) >0 for 0Lt<T (11)

and the left interface £(t) satisfies

m
-1

¢(m—1)

(0™ D) (, £(1) + 0) + (vm=1),(t, (1) + 0)

(12)

d
W=7
forO<t<T.

INLDEEDIEIL, Z5BOWV {20 OFHER,
NHRERE KBERZH > TITE 27

FFETIE, YR b OSEME QATREY S
) RECOVTORBEEROERLRTFETH

=5
i

R

Do 2B, 2RTHEICHT 22581, 1 K5CHE A
. . , 2N
DA DESE L FROE L FHCHE L7, B AN

DEZH, IUREREDERIIELN TRV,

$72, YR N OSUBREICHLT, Wi oho
IR D WT, A DBT5&1M (9) & FftisE 3 2 RXTCHIR O EERF
BROMELITR Do 4B, FiR—VORHERoy TOHERZITIL0, y20 LTOREE
3, (9) #MRT DA THE S EICHENT B o 0 g Ts S LA
T, EHLD, FH— h ST B LA D, ’



Non-trivial linear systems on smooth plane curves

~Menelaos DEEDILE & Z DA
IR EE kst

C % degree d DIFFRLHENBMBL T2, DL E, n € Zsy ITH
U, C LiZ linear system gi™ X#EEET 20, ¢l BHEELRWE SR
l(n) €Zsy BZH LY, g™ BRBFMITLEVSRENDHS. ZhIZHL
Max Noether (&1 8 8 34EICEEES5Z 7=, LI L, HOMHAIZIEZF vy
THH ok (GELE, Ciliberto IZk > TIELWENEZbNE) . 2O
L&, g FLTOEZDREKET very special TRWEA, very special
TdHoTd trivial RBEDDH .

FEZE. C _LO linear system g7 1° very special TH 3 &idr > 1,
dim|Ke —g5| > 1 DD IEDZ &. FEjR%E D =721 complete very
special linear system g5 B trivial TH 3 &1X, g = |mg2 — E|,

r= 1"—2—}1"-‘- — (md —n) B2H=TIEAEE m & degree md —n DIERTF
EDPEETBZL.

&l n € Z>y 123 U non-trivial linear system g5 on C IZFEET 3
D grHl FHEELRWL S r(n) 2RDBZL2EZS. BRI

EHE. g7 % C _LOXRE % 7272\ non-trivial linear system & L,
r=tEE) 33 >1,0<8<2) HODT. TOLE,
n>n(r) = (d—3)(z+3) — B BHD .

FEHDFERAL generalized linear systems % FiV\/= Hartshorne {2 & % M.
Noether D EE DR KR Z OFEAEE modify 22 &1L >TT
=5.

IHIZ, CORBOFMEIRRTH B I hariid, r(n) BPKDLH
5. ZhBRTEHIZE C LICTERZ S 24\ non-trivial linear
system ghy BPHEET B LEVZELN. ZOEDIZ, UTICHE~D
WIZE M CH &2 Menelaos DEBDIEDNEIZE <.



EE. L],Lz,L;; 6i§9‘?‘3$ﬁ P2 AOERCTHERZD ERVDHDET
%. D;= Zm,, s (me =m,i=1,2,3) & L; LOIERFT

D;, NL;, ——0 (21757:2) t?‘Z) (z:y:2) & L, Ly, Ly D57 FEAEHY
z=0,y=0,2=0CMIET B LD P? DEEIFERE L, P,; OEEEN
(zij :ysj - 2i5) THBELTB. COLE, Li;, (:=1,2,3) ZHHE LTS
7=\ degree m OHEE I' ¢ (I.L;) = D; (1 = 1,2,3) L7255 DDHELE
TB3HDRLERDFHFE

£ ny mi; Ly 2o m2; £3 T3 m3j
() B ) o

=1 \ %14 j=1 \T2j =1 \Y3j

TH5.
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(F) |
U, 0) = Up L) Z0 //{N‘
22 i (0, =) <m< |, Py mt
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A LBxs, (Chit [RIIem=ms=]a v, meps)

Ut = AU - UV 4w
(S Ve = AW™) — UV +W Ly RN xR+
Wt = Alwl) + Wv—Ww

St o, m, 0z | B Eu U2, Vi) i) el A,
sz S5 vt Uk - m(k) t AR T
VX, t >0 - B
2) Jule = 20+ ACkoIt)” % bl
/\f; LA(t-S )3 P, ds
N KETS, 22, AA)=mA™ L A=A §,v) 0.

U = @ﬁ]zmm oo 72w e & T2 N4/azs

)1~ /\:ﬂzf“—@“—"’% %:V':—vﬂwm__a} AN

) )= < [ sy 1- 262 ]
FAEs Do

o i -20
|wol_t = Jwwl,™ fwil, ~ < )™

T RAVWE V&), WD Imovw T E P\ 48
2E/E) . W) I+ (UL-N-€) < ( [/ftal/t/(%)*@]
13 ABR EAE D KEVER Tistima tHER 14
I (L-DU-2) > 4
SETT AT £ s D TUB B,
BB > (I-)U-F)(F+E)

2t (S) I KB L.

AL (MY K. Mscinubi, Ampmpteti belaving of sl
W sl Toons Ty Jorari %%m&v 2pnatidud, Pruprat
(K1T Kawnsage, C.R, Acad. Sk [aree 3/7(793)827. ,
(R] R , Laclunn, Nelw on Muf. 07207 P4) , Sprmgin .
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b RZ
£t BR %% ol B 2 HT 78

199641 A 30 H

B ROBEEEE LD,

R%#THEE L. R ED n RABAH A B 2L AZg B % GLJ(R) DBEALT T
Ck>T A='TBT L %3k LEHTS., ST A B2k > TESE 5 _RBRANER
TWRTHEWCBIBL LSS 2L THE, FIHER

K # %k, Ox # 20BMBL L. A B 2HBLHABERANL TS, ZHLE
A%, BHEROEOET2E A B ORI AXBIRGED 557

BEEF LS., 45, £ LT n ROFEEHARTH CEEME. THXOE=1. BOoxH
BB E 2 LDLE.2215, CDLE S, #oL n BIDERTHEZLIIFAMET
B 4{Ss/ =z} =1, 1{S1s/ Zz} = 2, t{S24/ =z} = 24, 1{Ss2/ =2} > 100 x %3, K%
BoREETRELTDn L H{Se/ B0 }=1k% 3., HIB. Ok FTIEETHEWCE
BUEMITRBYD S, —F K 2 REET2L2TD n 2L §{S/ S0, } = 1{S:/ =z}
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AT v TOWEEHBST B501L, TOHMOEE L-EMESHZY OBBH-RLE—
BO) THD. AT v T ON—FIHENAERRTEIY, HERETY, E—E 70
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RETLBEOT THRET 2ERRORT v 713, BEEEINE & REEI - TR 7
BREFOELEVREIHEETS. FLEADEL TE, ZORATF v 7L Sivashinsky
TR0 + Ouay + Onewaly + (0oy)? = 0 THIRE N, VARMEEN BT 5. —“OHF 25
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R% Og(Green B EA LS B Riemann O class) IZfE 3 5 Riemann [, oz R
D IEAIERST IR (i.e. Rold T compact T, dRZHRBOBTHABRN S D, R~ R
FEEE) &L, V=R-RkE<. P(V) %2 VEOHAMERMBELE TOVTERMEO =52
bO&KET S, BMBZR {hy — hy : by, he € P(V)} ORITAE dimP(V) &E& L VORM
RIT & MRS @nHV)i&@ﬂ@ﬁﬂﬁ%ﬁh:&W&%R@Em%ﬁﬁﬁtﬁékg
dimP(R - R;) = dimP(R ~ R,).

RIZ, OgiZ B9 5 B Riemann [ R'C%@IEBWB%%]?@ Rl LT dimP(R — Ry) = 1
EHBLDD class % M £F 3. Martin compact {LOSEEAEHYNIE, Re MiZ Re O¢
D RO Martin BERNHE 1 SO OKE I EERMETHS. ZHICE LT, IRD Heins DFS

IEEBREE .

FE. R%B Riemann @, {R,} % ROELIIT Ry, — Ron1 (= As) P2 EEEEFIIC
N5HDETE. A, DFFEL mod A, K. TDEE

(*) i mod An = o0
=1
Bold,REMTH5.

LOEBOEME AITEMUS {R,} DT 5 & 5758 Riemann D class % Og &%
TEE, LOFEIT O C MAEERTS. FRFETHE, LEEEOEPBIAL LB N &, HI
H 0% < M(strict inclusion) TH 5 Z ERT EREHICENTEHE (*) %=

i mod A,)

0<a<)KEEBRASNBLEINIIOPVTHT 5.



Jordan-Brouwer DEME DY &7 DEYEEERE

199642H7H
R & URERFEHEZEE

DT (OKES) 1. 75 IL0 Carlos Biasi ol DEFIHETH B,
F9 KD Jordan-Brouwer DTEHEZBENWHZS, :

Jordan-Brouwer OFE®E f: 5" — R ZAHFEOAAET D&, R — F(S7)
W5 & D E 2 DDERRITN 5785,

ZCTE EORBEOBERKOLDONEINEEZ LS. BFNITIE, f: 5» - R
ZEHHHT, [oR - f(SY) =2 (L. G, CEERD OEEEET) BdbDE
IB5E, fFITEDABD, ENWSEEEREZTHS (ZOREICRANCEDHAZEDIX
3] THBEEDND)., CTHUIERICONBESIC, | EBDND O BOIXD T H &
UTHIELLRR, TIT, EXERIHIZEED R v I BEGEEDTITHS T
EBEZILD,

M,N ZZTNTH C® MEHAKT, dimM < dimN B3 HDET B, O~ HEHK
f: M — NITHLUT. £O 1-jet extension j'f : M — JYM,N) B&EZ5 (T
ZT, JYM,N) = {(z,y,0)lz € M,y € N,a : T,M — T,N i linear}, j* f(z) =
(z, f(),df),z € M, THB)o 4. JYM, N) DEDEHEM 5 = {(z, y, o)|dimkera = 7}
(1=1,2,8,--) ITHLT, jif AATRTO o ITHEBRINCD D, 2D, FED ye N I
RUT df, (T, M), -+, dfey (T, M) (f72() = {1, -+, m}) BFT,N ICBNT—IRDALE
WHDBEZ, f % generic EIERTEITTS (7128, ZEAE ERRROED ZH
I generic T, 7. generic ZREBREEIL. FHEZEM 0 (M, N) DFT (Whitney
D C=® FHDEKRT) dense THD I LITHERT S,

LD S ZAOELHLUTIE, ROESIZ, Jordan-Brouwer DFEBDYENRILT B,

EHE (6) M,N PEEFITIEE. ERET, M Na2NT N THBET B, Fik.
n=dimM = dimN — 1 &9 %, E5IZ. H(N;Z) ODETLONENERTH SN, £/
W fulM] € Ho(N;Z) DB ERTHS ERETS (ZTT. (M) € Hy(M;Z) W& M
DEAE) . TDEE generic IREBR f: M — N ITHLUT, Go(N — f(M)) =2 £725
&k fFRCe BHORAE/RD I ERFAETH 5.

% Generic I35 f: 5" — R ITHL T, BRP - f(S™) =2 &b & §F I8
C*> $EOAD L7125 T EIIEETH 5.

EEOEHZILFO—OOBEELBAWTREINDS,



1 (7)) f: M — N % generic £E§5 &, M(f) = My(f) = M(f)US(f) 2RO 3L
Do ZIZTC X(f) = {z € Mlrankdf, < n}, M(f) ={z € M|f~1(f(z)) # {z}}, Ma(f) =
{z e M|fH{f(2)) = {=,y},z #y,df; & df, IX injective} TH 5.,

EFE C hEH f: M - N IZHLT. y € N % normal crossing point of
multiplicity m TH2EW, fHy) = {21, -, Zm} (@ # 250 # §) TIND, dfy, W
injective THD T, dfy,(To, M), - - -, dfe,, (T, M) X T,N T—IRDILBIZH B EEZRE S,

#WeE2 (8) f:M— N %, FEHOD (homological 73) REEIHEET O HEHET
%o L normal crossing point of multiplicity m WEETIUX, Fo(N — f(M)) > m+1
Thd,

fRE 213, XY OHEREFE-> TRHHT A ENTES,

T, FEOLHADPEEBRNE S, TF. 1 3 0 FEORBDEE fo(N— F(M)) = 2
&75% Z &1 homology theory &> TRBITRT T EMNTES (Jordan-Brouwer @ -
FEE, FEMITIIRICTH D). #T Go(N — f(M)) =2 T f 5 C° FHHDAAR TR
WELED, THE M(f)#0 EEE(F) A0 RDOT, BELELD My(f) #0 Hb
0%, Ko THRE2 XD, Bo(N - f(M)) 23 LI52H, ZHIFETHS., LT
v O BEDIAATARIF IR R 5730,

728, BLOERDERA DRI THLENTYS ([1,2,3,4,5, 6,8 9 M), i~k
DFEFRIE. MDA E (Cech homology, topological dimension &) 25 Z &ick-> T,
codimension 2% 1 T/RNEEIZBIFETED Z LICHHEL TBL (ZOBREA, Bhowmz:
FIONy FET, b EOEEIEDADNE S DRDNB, [4, 5, 6] ZH).
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THE SPACE OF HARMONIC MAPS FROM
2-SPHERES TO THE UNIT N-SPHERE

MorToxko KOTANL

Recently there has been much advance in the study of the space of all harmonic
maps from a compact Riemann surface M into a Riemann manifold N as well as
in study on individual harmonic maps. The space H armg(S?, SN of harmonic
maps from S? to SV with fixed degree d is shown to be path-connected if N > 3
([VI.IL] for N = 4, [K] for general N > 3) and its fundamental group is com-
puted in [FGKO]. Similar results have been obtained for harmonic maps from S2
to many other target maunifolds [Cr] {GO],[GMO]. Nevertheless, it seems that the
structure of the space Harmg(S?, S"), which is a fundamental object, still is not
sufficiantly well understood. The present paper is intended to be a step toward a
better understanding of the space.

It is casy to observe that the proofs of the above-mentioned known results con-
cerning the spaces of harmonic maps share the following common technique: For an
arbitrary harmonic map as above, there exists a smooth deformation given as the
gradient flow of a Morse-Botl function over the corresponding twister space. The
deformation reduces the codimension in the target space while it respects the degree
and the energy. By using the deformnation, important information,like the connect-
edness or the fundamental group, of the spaceis obtained out of the information of
the spaces of harmonic maps of lower codimension. In this way, an indnction on
codimension proceeds and we get the results mentioned above. We, however, need
more detailed information on each step ol deformation in order Lo understand the
space better. In other words, we should know exactly which clements come from
the above deformation and explicitly describe the subset of which consists of those
deformed maps. In this talle we study such subsets in the case of Harmg(S?,5V).

Let L, = {2 admits a smooth deformation =, 1 $2 — S™*" of harmonic waps
of degree d, limy_,o0 2, = z} C Harmg(S?,5™). We will characterize L, in terins of
the eigenfunction of the Laplacian A and show the space L, is equal to the space
P, of harmonic maps which have exaclly » pairs of extra cigenfunctions. This is
conjectured by Ejiri and proved iu the case of r = 1 {[51],{152]. The space /. was
studied in [EK1],[EK2] through the study of the Gauss maps of the complete totally
isotropic minimal surfaces in R***! with only planar ends. It was shown, among
others, that P = U, P, has an algebraic structure and that it has codimension
greater than one. In this paper, we will reconstrnet the space [armng(S?,S"+?)
by L, = P and the deformations.

Theorem 1.

Suppose x 1 5% — S has v pairs of extra eigenfunctions. We cun construct
a smooth deformation (explicitely)of full harmonic map w(l) @ $* — 52 ()
preserving degree d and converging to w us b gocs co.



Theorem 2.

The space Pr = {x : 8% — S?" adinils r pairs of cutra eigenfunctions } is
equul to-the space of all x : S — SP" which admil the sinooth defornations as in
TheremA.

Corollary.
. o - /841~ -
A harmonic map  © $? — $?" of degree d has al most ¥EH 12 ol ooty
.
cigenfunctions. Fspecially, x has no ertra cigen function when d = ﬂ—(—’%—'—l

Corollary.
dim Haring (8%, $2" Y = dim Harmg(S?, S%") + (r — codimL,) + (r +m)? —m?,

codim L, — »r does nol depends on r.

Remark. 1f we prove codinil,. = r for some r, then we prove dimy Harmy(S?, S?V) =
2d + N2, which is a conjecture in [V].

Proof.

Il zg has » extraeigenfunctions, then we construct a harmonic map z, into
S20m ) by using G and A; € C* U for i =1, r, which converges to zo € 527,
Thus we obtain

dimn Hearng($?, 5201100y
=dimU, ¢, {#, : &% — S20min), Jin = o}
=dim L, + dimn{z, 5% — .5’2('”'""), Ll_l_{&J = 2q for a fixed wo}
=dim Harmy(S*, $*™) — codimL, + »(2m + 1 + 1)
= dim Harmy(S?, §*") + (r — codimL,) + (r + m)% — m>.
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FTEORBOBEARN MO IERZ * ERIERART 3
Markov BFZDHERL & ZOMEIC DL T

BHEm  (BREKTI)

1993 £ N.Jacob, H:.Leopold DFH3L [1] 121, 0 < o(z) < 2 72 L. Schwarz’s class
DR EEBEDOMTEDLENDLEE o 1TF LT, < ¢ >@= (/1 + [¢]2)°® % symbol &
T AEMOSERE P BT, ZOBMOSERE P % EBREREIZ S D Feller
semi-groups NHFEDTRINT VB, FEIE, D symbol < ¢ >°@ 25 ¢ KL LTt
negative definite B8 TdH % DT, Courrege DIER LY. fEHE —P 13 C(RY) H5
Schwarz’s class S(R*) ™~ positive maximum principle % 7= T BHERETH L = L »
5. Yosida-Hille-Ray DEEIZFELAL LD TH S, COERYEHT 2I12H7->T.
B A>0ICH L. Coo(RY) @ dense HEBFEMAMFIE—Py, = —P + A #5 —P OEsH
D(P) b ZDEITERMD EANDERE R 5 TWB I L ERTLEND S, 151384
7% Sobolev ZZf % EFE L. —Py 25T ® Sobolev 2RI BT AEHETH L L 2 HWTEE
HLTWw5,

Z ZTiE, Sobolev ZHMDEFR XD LEZ., $5 7 5 ADEMSVERAEH Markov 1852
DERVERZRL LA L 2HET S, BIZ. D Markov 38F2 1% transition density % ¥
DT EHIHE LIV,

TFRMIC, TS TR BBRBOBHAMERED 7 S A2 EHET 5o

EFE 1 ERELZLE 0eBo°(RY) L 0<6<p<1 2R TE R p. 6§ BB 0NT
W5,

(1) p(z,€) € B®(R* x R*) MEE D multi-indices o, B 13 LT, T Cop > 0 HEFEL
T, &TDHA (3,€) € R* x R T |03(—10,)p(,€)| < Capp < & >oE@)—rleltélBl %357-1
WaH L& p(z,€) iF 5 BT B LW,

(2) u e S(RY), p € 895 IZXF L, Pu(z) = (27)~¢ ./Rd e p(z, £)u(€)dé € S(RY) LEEEh
5 P% 7I7AE DEMOSITERRLIEY, P=p(X,D,) £dH bbb,

D77 AT AEHERBEHERMSERR 2 EE T 5,

EFE2 (1) Pepl LT, 5% Co>0, R>0DFFEL.

Ip(z,€)| > Co < £ >°G), (€] > R) ZHh7TEE, P EBAMTHL L),

(2) % C1 >0, M >0DHFEL T, Re p(z,£) > C1¢]°D), (|¢] > M) &= T& &, P
z EiE A L IR,

o(z) 2T IEAUCEBEMA-TEEE L, 0 kD Sobolev ZE % 0X D & 3 IoE%
T5,
HO(R') = {u € H(R"); < D, >"®) u € I*(R?)}

Rk K (BREAL) & 0XRBZE




LN TWAS < D, > 13 < € >90) % symbol & AEMATERZETH 9%
CNDFEREERETHAILEFIL. B2 e REIIBVT oy(z) < oy(z) £ %52
DDEHEEI 01,0, € BX(RY) 2L T HO(RY) ¢ H*O(RY) #EoNb, LI
H°O(RY) ¢ HY(R?Y) (72751, g =infolz)) THH I LIZEER LT, W%

(4, ), = /R (< Dy > ) (2)(< D, > v)(a)da-+ /Rd(< D, > u)(2)(< D, ¢ 0)(z)dz

LE#FET A &, H°O(R?) & Hilbert ZH &%), S 1EZDZEM T dense ZEOEAIT S
TWwh, BIZ, Pe o, PiEHBETH L2 6

H°O(RY) = {u € H°(R%); Pu € L*(R%)}
bWz Do D Sobolev ZZfI L b DOMEEHVIITUTOEENRENS,

THE1oeB°RY) P2 0<info<o<supo <2 ZALTWAH, WE, Pe fI, W
i B MO TEEE T %D symbol p oF ¢ DL LT negative definite 2B TH
i, ZOHE P 2 ERIEAE L T 5 Markov BREPHFLET 5o

I 2 e(t,z,é) %
{0:+Plu=f in (0,T)
limu(t) = ¢ in L?(RY)

DERFFED symbol & L7z E &
K(t,,y) = @m) [ = elt, o, ¢)dt
(t € (0,00), z,y € R?) I 1 ® Markov B2 transition density T 5,

THE3 K recRIIIHLT
(1) o(z) <y <2DLE, P(lim_o|X(t) —z|/t/"=0)=1
(2) o(z) >v>0 D& &, P,(limsup, | X (t) — 2|/t = 00) = 1

[1] Jacob, N., Leopold, H. G.: Pseudo differential operators with variable order of differ-
entiation generating Feller semigroups. Integral Equations and Operator Theory 17
(1993), 544-553

[2] Negoro, A.: Stable-like process : construction of the transition density and the behav-
ior of sample paths near ¢ = 0. Osaka J. Math. 31(1994), 189-214
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Seminar on Feb.16,1996
Quantum cohomology ring of Calabi-Yau hypersurfaces
and GKZ hypergeometric systems
Bk - B HE A
L=

BRSO T %y MEORIER S 3 K75 Calabi-Yau SHEOEF IR ET Y —BOK
ERFEEN, %h@fjjﬁﬂﬁ%@ & Gromov-Witten AEEICE D W FEHENLA
BLEEDTVE, ZZTR, HEEHAOEBTEEE LTH 2 515 Calabi-Yau ZHEDE
FakEU V*ﬁ%@*ﬂﬁﬂﬁ%}iﬁ%ﬁ5 o TOB, L% 5DITIER] 3 EAAWES Gauss-Manin
FOFIEERE (flat coordinate) TH 5,

BEHDEEHE MO Calabi-Yau BFEEIE, EMEEFET 25?7 ZOMEIX 1 RTO
Ea, BHEBESOMECE L 3@ CHESR, T4 2RT TR, K3BRAOSHEIZ
% 1 Reid,Yonemura iZ & 5T 96 B Y I ENT V%, 3 RIT Calabi-Yau ETHE TI3H
%% Klemm-Schimmrigk 12 & o T 7555 ) TH 5B Z LHFAL LTV,

Z 9 L7z, 3RIT Calabi-Yau #BFEE DAEOBERE T LEWVICER SNAEE LN HED
—D% mirror HHETH 5, Zhid, 3K Calabi-Yau SHkMEA%, 3t (M,W) Z21E> THN
BZHHRT, M & WikZhbo o Hodge FizonT

WA) = W) | B() = KW (1)

DR EFD, ZD%, Batyrev 1 toric geometry 22DV T mirror X (M,W) ZAEH
7% (reflexive) B EADBIE (A, A*) WL o THEIRL TV 5,
& T, mirror #HMEIE Hodge DI REQY —DRY MVZERH L LTORE

&3 H" (M, C) = ) H>~*(W,C) (2)

®EBWYT 5, HIIEFEBEDEIY (variation of Hodge structure) @ b & TE (EMEIZIX
filtration) SEDHETHPZEN L. COBKRTHAARE TRV, & I APEDLOSFIIMAHEAR
BETHHIEDPTND, ZZT, mirror HHEREREFE CEL QL LTEAETLE, £
B BNETRERPHER SN AP, CAPFETFIRET Y —I1l% 5%y, Calabi-Yau i
HMEOHE (2) FLGEHEOVY I CREFARE L 2D, EEBEEOERIGEBHEOLENER
EPBLTYICROEREL LTRENS, (1) EBEAFICL o TRICEREZ-TEY, v
CROERSLELONBEOEFER L EHTHEEIONL, 1991 i Candelas et al i3, 4
RICEHZZEEOH D 5 KA TEH 2 b s Calabi-Yau BREIZOWTY o VEROETEERR (Gauss-
Mainin &) (ZEOVWCEF IR EU TV —REEGHIHERTL Z LRI L, 22 TiTbh
7-#Eamid. Gauss-Mainin ROFIHEELR BT L L LRI NS,

Gauss-Mainin & D IE, —RICEHETH Vo TEF I FEI YV -ROREIZKER
HLRMETHL, L L., BatyreviZ &% mirror ﬂﬁ“f’:ﬁ@%ﬂ&"’bﬁ" IR IC B OV
W#1T% 9 &, Gauss-Mainin RIZHAEHERIICEE & NS Gel’fand-Zelevinski-Kapranov
(GKZ) BEAMa iR OBITICEZ RS l: BHR, OGS HESRROBOMNT &8
LTCEFIRETY—RPPESNDL ZEITRENS, Tz, T2 ICHNS GKZ FRERRIL,
—fZICHH R TH Y, ZOEDP D DEREN,



Asymptotic Properties of Generalized Feynman-Kac Functionals

Masayoshi TAKEDA*

Let (1D, H1(R?)) be the classical Dirichlet form on R? and denote by M = (£, X;, P;) the Brownian
motion on R%. Let V be a continuous function on' B¢ such that limz| oo V(z) = c0. M. Kac proved
that

1 * . 1 2
lim ~logE, [exp |~ | V(X,)ds) )=~ inf =D(u,u)+ | V(z)u*(z)dz ) foral z € X. (1)
t—o0 1 o wenlrd) \ 2 X '
flulla=1
Nawadays, the above formula is a corollary of Donsker-Varadhan’s large deviation theory.

On the other hand, many authors have been extensively investigated generalized Schrodinger operators
or generalized Feynman-Kac functioals. A positive Radon p is said to be in Kato class Si if

limsup/ ) o >3
al0 zcRe J|z—yl<a [:I) - yl

lim sup / (loglz —y[ Hu(dy) =0, d=2
l0gcRe Jig—yl<a

sup / w(dy) < oo, d=1.
zeRe J]z—y|<1
A positive Radon measure v is said to be locally in Sk (in notation u € Sk joc) if xv - 4 € Sk for any
relatively compact open set U. For a signed Radon measure 4 = p* — p~ € Sk 1oc — Sk, the generalzed
Schrédinger operator is defined as the self-adjoint operator corresponding to the closed symmetric bilinear
form (E#, F*):

£(u,v) = 3D(w,v) + / Fdy

X

F* = {u€ HY(R%) : 7w e L*(R% ")},

and the generalized Feynman-Kac functional is defined by exp(~A}’). Here A* is the continuous additive

functional of the Brownian motion corresponding to the measure yi. As an extension of the formula (1),
we proved that for p = p+ — u~ € Sk o — Sk

lim lIogEm (ekp(—-Aé‘)) = — inf &¥(u,u) forall z € X. (2)
t—oo t ”uﬁfﬂl
ujjg=—

We emphasis that the formula above is not derived from Donsker-Varadhan theory immediately because
the additive functional A* is not a function of the occupation distribution Li(w),

1 t
L)) = 5 [ xalXe(w))ds, A€ BRY.

*Department of Mathematical Science, Faculty of Engineering Science, Osaka University



Hence, we extend Donsker-Varadhan's theorem as follows: let My (R?) be the set of probability measures
on R? with the weak topology and define the function Ig« on M;(R?) by

IE“(V):{ S”(\/T’\/f) ifl/::fdm, \/76]‘7‘"

00 otherwise.

We then obtain
Theorem 0.1 (i) Let i € Sk,joc — Sk. Then, if G is any open set of M;i(R%)
NP — A, . d
htrgggf—t-logE‘w(e ¢ [ €G) 2 —l}gglgp(ll) for allx € R*.
(ii) Let u € S — Sk Then, if K is any compact set of M;(R%)
limsup 1 log Ey(e™*¢; Ly € K) < — inf Igu(v) for allz € R
t—oo 1 veK

If = 0, Theorem 1.1 is nothing but Donsker-Varadhan’s theorem for the Brownian motion.
The formula (2) enables us to evaluate asymptotics of generalized Feynman-Kac functionals.

Example 1 Let d = 1 and p = ab,. Here 8§, denotes the Dirac measure at a point a. Then, p belongs
to the Kato class Sk and the corresponding additive functional is a(a), where £(a) is the local time at
a. Thus, by using above theorem, we obtain

1 - . ~
t1_1}1;1o n log B, (e ae‘(“)) == }1}3&1) (8 (u, u) + au(a)z)
llulla=1

The right hand side is equal to "‘72 ifo<OQand 0ifa > 0.

Example 2 Let d=1 and 1 = 6_, + 6,(a > 0). Then,

.1 . ~ ~
tllf& F log E, (eec(—a)+£z(a)) J— “Efl}}fﬂi) (5(% u) — u(_a)z _‘u(a)z) (3)
flula=1
= Ma),

where A\(a) is a unique root of the equation:

VoX = 1+e—-2a\/2—/\.

Example 3 Letd=1and p=a o __ 6pu(a > 0). Then, u € Sk because

N==— 00

2
sup/ dp(y) L @ ([—] + 1> < c0.
z€X J]jz—y|<1 a

Thus, we obtain

1 - _ . o~ p
t]._l}”& ;logEm (exp (——a _Z Zt(na))> = —-u‘e %rllfnl) (S(U, u) + an_z u(na) ) 4)
e fulla=1 =

- )\(C\!, 0,),



where A(a, a) is a unique root of the equation:

cot(—‘/—‘?‘i):@ fora>0
- coth (@2) =22 a<0

e

Example 4 Let d = 3 and p = §(|z| = R), the surface measure of the sphere. Then, it is known in [6]
that p € Sk. If we denote by £g(%) the continuous additive functional corresponding to u, we get

.1 tr(®)Y — : PIPRY
tl_lg)lo %-logEx (e ) = -—ulf %?‘fﬁi) E(u,u) — . u(z)dp | .
Ujja=

The right hand side is equal to 0 if R < 1 and to A if R > 1, where Ao is a unique root of the equation:

2\/2_/\@/2—/\12

/AR VR
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