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N- Fractional Calculus of A Power Function and

Generalized Hypergeometric Functions

Katsuyuki Nishimoto Descartes Press

Abstract
In this article, some theorems derived from the N- fractional calculus of a power
function
(z—¢)" P (n€Z,, z=0)
are reported. For example, we have the following ;
Theorem 1. (iii)

(+<]

z((z_ C)- (n+1) )a ((Z _C)-(n+l)) =e—-i:r(a+ﬁ)(z_c)—a -B-2

n=0 #
x T+ @)1+ B) Fl+a l+f;1;z-07)
where o,B&Z",

<1 and F is generalized Hypergeometric

Z—cC
function.
Theorem 2. (i)
- - (D) = (re1) iy ~a) y-a
;[((z—c) )a/((z—c) L)y]=e Tz -0)
XM'ZF;(I-}-CC, 1;1+y ;1)
L(l+y)

where o,y €Z7, z=c and y~a 1> 0.
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BATERRR DEEA AR & Lowner 88

SEE —8 (GRAEK - 155H)

D *EEFEEOKMHIR, A %2 D LEFTFWTERLEE £0) =
fl0)-1=0%%7-TEH2HE, ScA%D LEELXERLGLT S,

HEMROBREALRM 2RI T 2EEO 1 2L LT, ROKERVHS
NnTn3;

Theorem 1 (A [6]). 0 <k <1, F 3, fe AWXNLT FiZ) T
@D/ f@Q 1 +2f" @D/ f @), f @) PITNrOBEEERT LTS, Z0

LEzeDITXL
1+ K2

1 -k?
DD L2 61E, f(2) 13 C Lo -BEAERICERTETH 3.

2k
<
1-k2

'F @ -

AIBETIZ, Lowner # {f(z,0)) BEL p(z,0) = (8f/00)/(zdf[3z) i<
L TRD Theorem 2 Z V>3 Z & T, Theorem 1 DHIZEN LRI H%Y 5
Z3,

Theorem 2 (Becker|[1], see also [3]). p(z, ) KX L, 2k 0<k<1DF
ELLETDzeD, te[0,0) ITHL

1+
1-k2

BERYIUDETE, ZDLE f(z,0) 13 C Lo k- BEAERICIBEIR T
H5.

2k
< ——
1-k2

lp(z, ) -

Theorem 1 Z &\ 7 [6] DFETRIBEOEMGNLTBECIlEbH» 5k
v, L2 L Theorem2 Z V>, 5L 7 Lowner SHOMRE » 2 Z L Tk
ROBGBHLBEZBEEZTTILNTERILE2BNT S, $HIDHET
12, BRINEROBENLZEL SHECRAKOBREAEREZE5Z2 5
X% Lowner HE R T2 L b TE 3,

BRENLBRF i3, Fw)=wf W)/ f(w) DL Fid

R [ fw) wl <1
Fw) = w )]
lef(m) w21



T, Fw)=1+wf'w)/f(w) DL i
fw) W <1

F(w) = w w 1
f(m)ﬂvf (m)(l—m) lwl > 1

T, Fw)=f'(w) Dk Zi3

R fw) Wl <1
Hw:.di%w@-i)wur
Iw| Il

T, TNENEZOND, (DR 2]IKE B, F Fw) = f'(w) D&
HEE L 7-81C X > THER-Warschawski O EB ([4],[7]) DAL 2 5
N3, SISITFW) =1+wf"W/f'(w) DBAITHEL-#EED, L
TROEEVHIND;

Corollary 3. f % D EEZE I /MBI CIERLEH f(0) = f/(0)-1=0
T b0LT3, IOLEEEOER ac[0,1] 1L, S
(1-a)f@)+azf'(z)

BHETH 3,

W

=P
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Some subordination criteria
concerning Salagean operator

Kazuo Kuroki and Shigeyoshi Owa

Let A denote the class of functions f(z) of the form:
f(z2)=2z+ i anpz"
n=2
which are analytic in the open unit disk U={z2:2 € C and |z]| <1}
By the familiar principle of differential subordination between analytic functions f(z)
and g(z) in U, we say that f(z) is subordinate to g(z) in U if there exists an analytic

function w(z) satisfying w(0) = 0, [w(z)] <1 (z € U) and f(z) = g(w(2)) (z € U).
We denote this subordination by f(z) < g(z). In particular, if g(z) is univalent in U, then

f(z)<g9(z) (2€U) <= [f(0)=g(0) and f(U)C g(U).

We define the following differential operator due to Siligean.
For a function f(z) and j =1,2,3,---,

D°f(2) = f(2), D'f(z) = Df(z) = 2f'(z), D’f(2) =D(D’"'f(2)).
Also, we consider the following integral operator
o) = [ Tac, poise) = 0 (0760502)
0

for  =1,2,3,---. Then, we know that

Djf(z)=z+2njanz" (=0, £1, £2, ---).

n=2

14+ Az
-1 < <
T+ B (-1£B<AL1),we

As the generalization of Janowski function : p(z) =

consider the following function.
1+ Az

p(Z) - 1+ BZ
for some complex parameters A and B which satisfy one of following conditions

{ () |A| 1, |Bl <1, A# B, and Re(l - AB) 2 |A— B|

(1) |A|£1, |B|=1, A# B, and 1 - AB > 0.



In this present talk, by applying Salagean operator for f(z) € A, we consider the
following subordination criteria for the generalized Janowski function.

J
Theorem 1  Let the function f(z) € A be so chosen that Difz) #0 (ze€U).
z
Also, let o (a # 0), B (-1 £ 8 £ 1), and some complex parameters A and B which

satisfy one of following conditions

(1) |B] <1, A# B, and Re(l — AB) 2 |A — B be so that
- 1 Re(1-AB)-|A-B -
pll-o) O+P{Re(l-AB) ~|A-B}  1-5 146 50
a 1—|BJ? 1+]4]  1+|B|
(i) |Bl =1, |A]£1, A# B, and 1— AB > 0 be so that

BlL-0) , (L+A)(L-1AF)  (-p)0-|4)
3 20-4B) 20+ [4)

0.

v

If 5
(B oo (B S ) <

o= () oo - ),
then

Drf(z) 14 Az
Dif(z) “1¥B-

(z € U).

Theorem 2 Let a (a #0), 8 (-1 £ 8 £ 1), and some complex parameters A and B
which satisfy one of following conditions

(i) |B| <1, A# B, and Re(l — AB) 2 |A — B| be so that
_ﬁ_+ 1-p 1+8
a 1+|A]  1+|B|
(43) |B|=1, |A|£1, A# B, and 1— AB > 0 be so that
g, 0-90-14) 5,

o 21+14)) =

1>0,

If f(z) € A satisfies

(RLY (1-ralfl) « (1) a5

then .
Dif(z) 1+ Az

z 1+ Bz

(z € U).
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On p-valently uniformly starlike functions

Junichi Nishiwaki (Kinki University)
Shigeyoshi Owa (Kinki University)

Let A, denote the class of functions f(z) of the form

f@)=2"+ Y ez  (peN={1,2,3,--})

n=p+1

which are analytic in the open unit disk U = {z € C: |z| < 1}. A function f(z) € A, is said
to be in the class SD,(a, B) if it satisfies
2f'(2)

)
() > o7
for some o (o 2 0) and B (0 £ B < p). If p =1 for f(z) € A,, then f(z) € §Di(qa,f) is

equivalent to
SCINEL |
Re ( >al—= -1+ zeU
7 )7 17 et
for some a (@ 2 0) and # (0 £ B < 1). This class was introduced by S. Shams, S. R.
Kulkarni and J. M. Jahangiri (Internat. J. Math. Math. Sci. 55(2004), 2959 - 2961). Also
this class was denoted by SD;(a, ).

—p‘-}-ﬂ (z€U)

Remark 1. For f(z) € SD,(a, B), we write that w(z) = zf'(2)/f(2) = u + iv.
If @ > 1, then w lies in the domain which is the part of the complex plane which contains
w = p and is bounded by the elliptic domain such that

u_azf:ﬁ 2 v2
W
a? -1 a? —1

If @ = 1, then w lies in the domain which is the part of the complex plane which contains
w = p and is bounded by the parabolic domain such that

v p+p
u> +
2p—-8) 2
If 0 < @ < 1, then w lies in the domain which is the part of the complex plane which contains
w = p and is bounded by the hyperbolic domain such that




)

(++5
("f"_ )
Lemma 1. If f(z) € A, satisfies

>1

Z{(l —-B)+(1+a)(n—1)}Haa S1-0

n=2

for some o (o 2 0) and § (0 £ B < 1), then f(2) € 8Dy (e, B).
Lemma 2. If f(z) € A, satisfies

Y A@=B)+ (1 +a)(n-p)Haa Sp- 5

n=p+1
for some a (o 2 0) and B (0 £ B < p), then f(z) € SD,(a, B).

We introduce the subclass SD}(«, §) of A; consisting of functions f(z) which satisfy the
coefficient inequality of Lemma 1 and the subclass SD* (@, B) of A, consisting of functions
f(z) which satisfy the coefficient inequality of Lemma 3.

Let fj(z) € A, be given by f;(z) = 2# + D mepi1 @n,j2" for each j =1,2,3,... m. For
fi(z) € A,, we define

Hym(2) = 2P + Z (ﬁ af.’;]-) 2" (pj > 0),

n=p+1l \j=1
which is the generalization of convolution.
Applying Hélder-type inequality, we derive
Theorem 1. If fj(z) € SDi(a, ;) for each j = 1,2,3,-- ;m, then H .(z) € S8Di(a, %)
with
(1+a) [1(1 - By
ﬂt — 1 _ Jj=1
[ = 5) + (1 +e)}es - H (1-B;)7
J:

IIV

=1

1- ﬂ’ m

where Ep, 21+ —= T (B; = min{f;}),p; g — and Z
J—-]. ] :

Theorem 2. If fj(z) € SD}(a, B;) for each j = 1,2,3,--- ym, then H, n(2) € SD;(a,*)
with

(1+a) ﬁ (p— B;)P

B*=p-—+ —
fHe- )+ a+an - g@—ﬂj)vf
where 32,2 14 5221 (6 —ming gy 2 L ama L3 1



5

Coeflicient inequalities for certain classes
related to Salagean operator and applications

Toshio Hayami (Kinki University)
Shigeyoshi Owa (Kinki University)

Let A denote the class of functions f(z) of the form
f(@)=2+) ane"
n=2

which are analytic in the open unit disk U= {z € C: |z| < 1}.

We define the following differential operater due to Siligean.
For a function f(z) € A,

D°f(z) = f(z), D'f(z) = Df(2) = zf'(2), D'f(z) = D(Dj_lf(z)).
Also, we meditate the following integral operator
0= [ Lac, pois) = 0 (000502)

for j =1,2,3,---. Then, for f(z) € A, we know that
Dif(z)=z+) nla.s" (j=0, £1, £2, ---).
n=2

Using the above operator D’ f(z), we consider the subclass S7*(a) of A as follows:

S}"(a):{f(z)EA : Re ([;T;((;))) >a (z€U; m#j, 0§a<1)}.

Let f(z) and g(2) be analytic in U. Then, we say that f(z) is subordinate to g(z) in U, written
f(2) < g(z), if there exists an analytic function w(z) in U, such that w(0) = 0, |w(2)] < 1 (z € U)
and f(z) = g(w(z)).

If 9(2) is univalent in U, then it is known that

f(z)<g(z) = f(0)=9(0) and f(U)C g(U).

In this present talk, we derive coefficient conditions for functions f(z) to be in the class S*(c)
and satisfying certain differential subordinations.



Theorem 1 If f(z) € A satisfies any one of the following inequalities

> [ {ze-araecn= (12, )a) (,5)

n=2 =1 k=1

i{i(k"‘—f — o= B (~1)"* ( " ) ak} ( e )

=1 k=1

Dl (1)
{Z: (k77 —a—p kj(_l)l—k(ljk)ak}(nil)

for some a <1), y€R and § €R, then f(2) € S7*(a).

-+

]éZﬁ 0<p<1-a)

n=2

2

:I§2(1—a) B>1-a)

Theorem 2 If f(z) € A satisfies the following condition

Slgfe ()

n=2
e {ssa- e %) (a2) s1-m
=1 k=

for some A, B€C (|B]£1, A#B),vy€ R and 6§ € R, then Z){;g) < ii‘gz
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H—I > DOEHOYLE
KHE H%E UMERERAE)

a>0IHLT, ZMB, I
sup( ~ |2*)°|f(2)] < +o0
ZWGl Y D L ORISR L 5. Toy RZEM B I
I £ lle=1£(0)] +sup(1 — |z")| f'(2)] < oo

ZiiTed D LD 2L §5. dA(2) 13 D LOERLE N/ EEHA
EL95 ZOLE, o> -1IIHUT, HEMEVITVERM D X

L 0= eI e+ 1)dA) < +oo

EiG1= D EORBEREERL T a=0D8E D' = [2 IV ITI Y
TEHTHS.

—fRIC X & )NFwNERJE L, T % linear operator from X into X
ETB FOLE, T3 X375 51E, bounded below on X EFEEH
% HBEDEBC >0MFELT, |TfI>C | f|lforall feX
g

D O g I LT, —RILENIELERE J, 1

KNG = [ FOg(©d

LEBEND. COWMETIE, TO—RLENIBEHEAEK J, H\D D
£ T bounded below iZ7x 2 DM T 2EE% L, LUTOBENESNT-:

Theorem 1. Leta > o0. Suppose that g € B. Then the following

are equivalent:
(1) Jg is bounded below on L? ((1 — |2[2)* dA(z))
1.e.  there is a constant k > 0 such that

{[ 1 @PA - 1s=a@)} 2 K [ 1fGIPQ - 1 da)

forall f e L? ((1 — |z dA(z)).
(2)  There exists € > 0 such that {z € D,(1—|2)|d'(2)| > 6} is
a sampling set for B*.
(3)  inf sup(1 - Jpu(2)[*)*(1 = [2*)lg'(2)| > 0.
well zeD

11



LOEEZHEALTROERZET-
Theorem 2. Let a > 0. Let B(z) be a Blaschke product (a H®
function) of the form B(z) =[] < 42 ) and let {z,} be its zeros,

. 1-7Zz
-J=1 7
counted with their multiplicities. Then the following are equivalent:
(1) B(z) is a finite product of interpolating Blaschke products,

~ 2ya
(2) jnf {sup(1 = lpu(2) P)IB() ) > 0,
; 2\a 2 /
(8) jnf {sup(1 = lpu(2)[*)(1 = 21| B' () } > 0,
(4) Mp is bounded below on L? ((1 - |z|2)2°‘dA(z)),
(5) Mp is bounded below on L2,
(6) Jp is bounded below on L? ((1 - |z|2)2°‘dA(z)),
(7) There exists a positive constant € > 0 such that {z € D,(1-|2])|B'(2)| > e}

is a sampling set for B*.
In particular, if i;]f P(zn, 2m) > 0,
nFEm

inf {sup(1 = lpu(2))B()I} ~ inf {sup(i — lpu(2)")*(1 - [2*)| B'(2)]}

weD ',

~ inf [T plz5,2) = inf(1 = [2a[2) | B'(zn)]
i#n
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A conjugate system and tangential derivative norms
on parabolic Bergman spaces

ZN FEN(ERK-T)
BR B (KRMK-8)
A (R K - HE)

H%un+1RaE2—27 )y REMR" (n> 1) D E¥ZEMET . Thbb,
H=R"x R, ={(z,t) € R**;z € R*,¢t > 0}.

0<a<1iHRL, L@ =0+ (-A,)* &5, 22T, 0 =0/0t, A 1Tz iZB
TEI7T53T7THD £, H EOEGRE$E w LA TH S L3, B
DERTLOu=0&R2LE%20).

1 <p<oo,A>—LIZRL, 45! Bergman ] b2 (\) #IRDO L HICEET 5.

1/p
() = {w H £ LB, [|ul| oy = (/ ]u(z,t)]pt’\dV(m,t)> < 00}

IIT,dVIEH EONVA—TRETHS. B, a=1/20LF, B ,(\) HEH
it & #F0 Bergman ZEf & 25 Z L 23bn B,

K EEHETH DL E, tIZET B fractional order DS ERAEL DF =
(=0) & T2 FELVWERIHETRNT D). Fiuebb(\) &L, k> —(& +
A+ 1)1—1, 72 61, DFu il well-defined THHZ L #EBE L THBL.

AR TiX, A Bergman B D oMY RBEEREERL, TOFHE
HRO—BEMEZR L. £z, 200 %AV THHE Bergman B D tangential
derivative norm O FHii % 5 % 7-.

80 Bergman ZERIC BT, HEFMBEABUIN T IR DFEITMOENT
W3 ([3)). £, a- R LRI (4] THE I N TV 523, #8750 Bergman 22
DB LT D & R BOREN R SN, £ TH LT, fractional order
DS ERANDZEILE T, KV BYIRERLH X, TN O DHEIZ OV THE
L7z ABETIE, ThoDREREEERB.

EE (oA RER)
u€ BN IRLT, HEDRY MVEBRY = (v, ,un)(Fv; B H ED
EHERIE) S u D oYL EBETH 2 &1, ROFHERHI-TLEE2N).

Vou= —DtV7 vaj = a]V (1 <J;< TL),
11

D u=V,-V

ZIT,8;=0/02;,V,= (0, ,0n), £7= V, - VLV @ divergence &Y.
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FE

a=120%58%F25. LTRLrita=1/20L %, b ,(\) i EH
fTZF8F0 Bergman ZEM & 72 5. il n = 1 DFE, LOFEEIT 2 THEKIC BT
Ha—i— V—= U ORRRTHAS.

Uy = Vg, — Up = VUg.

Fo,n > 1 OFAE, AMBKICET I RibEn-a—-2— - J—< OE
HUZHIG LTS,

Oju=0w;,  Ow;=0m (1<75,k<n),

atu+ Z 6]"()]' =0.

j=1

KD 2 EERIT, TNEN a-BYRERBEOGFESERVOC—EM L, MR
Bergman BI$® tangential derivative norm D5 EZ 52 TV 5.

L 0<a<1,1<p<oo,A>—-1Lucb)eETs api
n=p(zg—1)+A> -1 ZRMETR20IE, u® - HHRILEBEKY = (v, ,v,)
DBHE—FELT, TOv; B H £ L™ H@Fr»o, V| € LP(n). ZZT, V| =
{02+ + V22 I il E O RVH B EDER C = C(n,a,p, \) BEE
LT,

CHlulloy < MV o < Cliullzag-

FH2. 0<a<,1<p<oo,A>-Lueb (AN :TD EFEDmMmecNyIZ
LT ulilEbRNHDEDERC = C(n,a,p, A\, m) BFELT,

CMulliopy < Y 183070l 2oy < Clluflzogy.
rl=m
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3

Toeplitz operators of Schatten class on the parabolic Bergman space

HEEH RiTA - H
WA BWA - BT
LEHEE BEX - &E

We consider the a-parabolic operator

d
L@ = AL)®
7 T (=0a)
on the upper half space R}, where A, := 82 +-"-+02_denotes the Laplacian on
the z-space R” and 0 < a < 1. Here we denote by X = (z,t) and Y = (y, s) points
in R™! = R™ x (0,00). The Hilbert space (b2, (-,-)) is defined by

b2 = {u E.L2(RT1, V)NC(RM); L®u =0 in the sense of distributions},

where V denotes the (n 4 1)-dimensional Lebesgue measure on RT+.

Since for X € R the point evaluation u — u(X) : b2 — R is bounded (see
[1]), the orthogonal prOJectxon from L3(V) := L*(R%™,V) to b2 is represented as
an integral operator by a kernel R,, which is called the oz-pa.rabohc Bergman kernel.
By using the kernel R,, we define the Toeplitz operators by

)= / Ro(X,Y) u(Y') dis(Y)

with symbol y, which are positive Radon measures on RTI. In the study of Toeplitz
operators, the averaging function

ﬁ(a)(y) = u( Q(a) /V Q(a) )
plays an important role, where Q(")(Y) is an a-parabolic Carleson box, defined by
QYY) = {(z1,- -+ , Ty t); § St <28, |75 —y;] <2716M* 5 =1,--- ,n}.

In (2], we give a necessary and sufficient condition that the Toeplitz operator is
compact on bi. Compact operators admit only point spectra, i.e., eigenvalues. The
Schatten calsses are defined in order to classify compact operators according as the
distribution of eigenvalues.

DEFINITION 1. Let 0 < ¢ < co. A compact operator T" on a Hilbert space H is
said to be of Schatten o-class if the sequence of all singular values (A;); of T belongs
to the sequence space 1°, where the singular values A; of T' mean the eigenvalue
of |T| := vT*T. We denote by S?(H) the totality of compact operators on H of
Schatten o-class.
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In this talk, we characterize the Toeplitz operator of Schatten class in the case
of o > 1.

Theorem 1. Let 1 < 0 < 0 and 1 > 0 a Radon measure on R’“’1 satisfying
the growth condition

/ (1+ ¢+ [2) du(z, 1) < 00 1)

for some 6 € R. Then the Toeplitz operator T, on b2 is in the Schatten o-class
S7(b2) if and only if 5® € L(VY), where

dVi(X) = =GNV (X).

Here we a little generalize the above theorem to Schatten class operators of the
Orlicz type. Let ¢ be a Young function, i.e., 1 : [0,00) — [0, 00) is a convex and
strictly increasing function with %(0) = 0 and lim,_,., 9(s) = oo.

DEFINITION 2. A compact operator T on a Hilbert space H is said to be of
Schatten 1-class if the sequence of all singular values ();); of T belongs to the
sequence space ¥ of Orlicz type, and then we write T € S¥(H), where (A); el¥

means
> P(N/T) < 0

J

with some constant 7 > 0. We put

IThswog = int{r > 0; Y 9(y/7) <1

Theorem 2. Let 1 > 0 be a Radon measure on R} satisfying (1).- Then T, €
SY(b2) if and only if /,L("‘ € L¥(VY), where L¥(V') is the Orlicz space. Moreover
norms || Tullsewz) and |4 ]| Lu 1y are equivalent to each other, where

IfllLe(vyy := inf{r > 0;/1,0(‘{—') dv, < 1}
for f-€ L¥(VY).
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V) U —NOERE R TO
9 minimally thin 722 & O & BRI 72 B84

BEAEF (TERFEBFEHER
T HEE (FARFEREE )

R"(n>2)%nkic2—2 Y vy FEM, U % RPANOBERE TS, UDEEOER
% 0U, < VFUERE AU) ThbbL, Q € AU) TO~LF U BE K(P;Q,U)
(PeU)Thbbd, UDEIES EN UKBELTHAQ e A(U) T minimally thin T
HD) &, X
R% .ou)(P) # K(P;Q,U)

LISBRPEURHDZELT D, TIT RE o,)(P)1E EWBT S K(P;Q,U) D
balayage] TH D, UL TR Q € A(U) T minimally thin 2E &1L U LOEFEM
B D Q DEF TORIES L LT, TOERAMBEKOEREHICEBERELTVS,
minimal thinness D ELDEEIT [EMR) 2O T, T [EEN) RBHEMTORDIZ,
KOFEER ADBFERENTWB,

R"ADRIEP=(X,y),X =(21,%2,...,Ta1) IZE>T, RPADEEL AP LD
BfZ [PlICL > THob¥, FZM {(X,y) € Ry >0} i T,. 9L P, ¥E rOR"
NOEIZ B(P,r)itk-Thbbah3,

I A (Essén, Jackson and Rippon [1]). h:[0,00) — [0,00) ix h(0) = 0,
1
/ h(z)z'™™dz < oo
0

ERTCOERREMEE L 5, ZDE &, T,Ii1ZB L T oo T minimally thin 728413,
o
Tk =, Yk Tk
0<—< k=12,3,.), = )*h(—) <
yk~\/ﬁ ( ) ’g(lPh') (yk) 00
i Te T ERDF B, = B(Pk,’l"k), P, = (Xk:yk:) e T, (k = 1,2,3,...) Lo THEX
na,

TNEVEBRBPEZD L, ZOFKRITIEKDO— A TO minimal thinness IZBH{& LT 3
B, EEORETIX, A2 LOEBOADSR, BEMIZIE, =— 2 DERE S TO minimal
thinness RESIZE L THLRMEREBMBEITHZ L 2BE L,

SEIOBETIE, REZLOEROLE, BEMITIE., YV UV F—DERFELETO
minimal thinness ZESIZB L THL BEBAICELUORDEBNHRIT A L2 HET S,

D iZR"Yn >2) NOBLNREREZ L OARERE L, ROWHYES TIT/0L

T, &8
{P=(X,y)eR" X €D, ye I}
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ZTa(D; I) THHDY, FZ, I=ROLFIZINEMBEIIT,(D) THHbL, Zhy
) F— (n=20HEITHRER) | LEL, oL

A(T'p(D)) = 0Tn(D) U {400, —00}.

. hid EEA LR URHEEHEETIEKE TS, b L, B C Ta(D;[0,00)) 5 T (D)
(2B L T +oo T minimally thin 22 61, FARIT/NERKe>0lcstLTYH,

re _ S (d(By)"
d(;k) < 5 (k= 1,2,3,...), ;(d(Pk)) h’(

Tk

(*) 0< AP

) < o0
WYL Py € To(D), ¥ re DROFTRZ {B(Py, i)} (k=1,2,3,..) (o &> CHiE
ENb, TIZT, d(P) P26 Ol (D) £ TOHERE

TOEBEICRWT, h(r) =rm ¢BIEITE-T, KOBERBOLNDZ L 2ES
L7z,

FE B (Miyamoto and Yanagishita [2]), T',(D;[0,00)) DEBSESR E #3 T, (D) (2B
L T +o0o T minimally thin 72 5%, E i
Z " < oo
k=1
EWI-THL Py € To(D), ¥ 1y ODROFREFT] {B(Py,re)} (k= 1,2,3,..) IC &> THBE
Shd,

ZDOEEDFERIL. Essén, Jackson and Rippon [1] DF#: & 13 £72 0 . Besicovitch @
WHEEBELFRTDHETREND, 2, (x) 2B H72DIC, KkOEH

(6 — Ddiam(W;) < dist(W;, 00, (D)) < 26diam(W;),

E7=9 16 (6 > 1) \ZB8¥ % Tn(D) @ Whitney cubes D% {W;}) B3, I T,
- dist(W;, 005 (D)) i3 W; & 00,(D) L DEREZ . diam(W;) iz W; DER % T,

I, Essén, Jackson and Rippon [1] & Rk HEEIC L > T, 2 DOFEED sharpness
IZOWTHEE L7V,
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10 HERNESEF-OEORORT

hH =8 (BIX- REHR)
Bl 2B (KRIX)
ZH #K (KRIX)

Riemann @ R EOHEEEFfBEE HP(R) i38A RS » &2 2522/
HP,(R) L% ERMBEMN S22 28552/ HP,(R) \Z & Y Parreau 53 L PRI D
=Ry

(1) HP(R) = HP,(R) ® HP,(R)

RO ([5]). BEBY Green B4 FETRETREMT O H5T (BIHF
W) @ R DK Og & HP(R) = R (EEK) L7225 R DK Opp (ZMA T
HP,(R) = {0} £ 722 R ¢ Og D% O, LFTT. O, 12T 2 EBEHFED—IZ

(2) Orp\ 0O <O, (RDAE)

BdH 5. LEREDDIEERT BEBIZ Sario WEWIE Toki @A H Y (cf. e.g. [1],
6]) £ DHERRITREEE LV, RICBRE 0 € ROBUVHIZK S HP(R) D&
HyomE

(3) dim R := card (ex{u € HP(R)" : u(0) = 1})

 ROFFKRITEES BB R— dim RIS O, D1 dim O, 122V TIE Ry =
card N (N: B&KLH) £ LTNC im0, C [1,R] = NU {Ro} B HHT
7z (cf. [2], (3], [6]) BZRT=L TRy € dim Oy DENIRBATH 7. KEEDO BT

(4) dim(?, = [I,ND]

EFRELTEL—EBE2BETIECHS.

FEFRHY & FE5 Riemann & P & 1K & BE5 Riemann @@ Ty, D F (T )nen KT, D
REESI o, CPNT, DF (0p)ney UBL 0nNom =0 (n#m) LIRET D) I
& D LUT OFRICHE R S 3172 Riemann B R := (P, (Ty)nen, (0n)nen) ZHEARTE & FES
Z eI LV

(5) Ri=.-- (((P\ U aﬂ)MaI(Tl \01)) L>_<J02(T2\02)> .

neN

(VadneNZ Vo NV =0 (n# m) &725 PO, FLOEEMIR YV, DFITC, €
0n C(1/2)Va (n e N) 22 HbD%R2. BBHE 0 € P\ UpenV, ZEET HHF
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HP (P\ Upen(1/2)V,) T 12B83 3 {0} U8V, ® Harnack %% M, &3 LIROEH:

Supp\v, G(-¢n; P)

nf,. G P)

(6) > (4M, +1)

neN

BEXD ABL G, (o P) 1 P L OB, D Green Bk L 5. ~ OBROERNE
shD ([4)):

TH: Wt PcO,MOHKRT, € O, (n € NDEE, I (0,)nen % (6)
- RECLEDLLIE(5) TEHL-EHREA R O, L5,
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11

Periodicity of elliptic modular transformations on
asymptotic Teichmiiller spaces

Ege Fujikawa (Chiba University)

The Teichmiiller space T'(R) of a Riemann surface R is the set of all
Teichmiiller equivalence classes of quasiconformal homeomorphisms of R
which is endowed with a complex Banach manifold structure. A quasicon-
formal mapping class is the homotopy equivalence class [g] of quasiconfor-
mal automorphisms ¢ of a Riemann surface, and the quasiconformal map-
ping class group MCG(R) of R is the group of all quasiconformal mapping
classes of R. Every element [g] € MCG(R) induces a biholomorphic au-
tomorphism [g]. of T(R) by [f] — [f o g~!], which is also isometric with
respect to the Teichmiiller distance. Let Aut(T'(R)) be the group of all
biholomorphic automorphisms of T(R). Then we have a homomorphism
tr : MCG(R) — Aut(T(R)) given by [g] — [g]+«, and we define the Teich-
miiller modular group of R by Mod(R) = 17(MCG(R)). It is known that the
homomorphism ¢ is bijective for all Riemann surfaces R of non-exceptional
type, namely, Mod(R) = Aut(T(R)).

Definition. We say that a non-trivial Teichmiiller modular transformation
of Mod(R) is elliptic if it has a fixed point in T'(R).

Every elliptic element v € Mod(R) is realized as a conformal automor-
phism of the Riemann surface corresponding to the fixed point of . We
investigate a relationship between elliptic elements and periodic elements of
Mod(R).

In the case where R is analytically finite, v € Mod(R) is elliptic if and
only if it is periodic. Indeed, every conformal automorphism of an ana-
lytically finite Riemann surface is of finite order. This means that, every
elliptic element is periodic. Conversely, a solution of Nielsen realization
problem implies that a non-trivial periodic element is elliptic.

In the case where R is analytically infinite, an elliptic element of Mod(R)
can be of infinite order. However, an elliptic element of Mod(R) induced by
a conformal automorphism fixing a simple closed geodesic is periodic. This
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follows from the fact that the group of conformal automorphisms of R acts
properly discontinuously on R. On the other hand, every periodic element
is elliptic. In fact, if the orbit {y*(p)}ncz of any point p € T(R) is bounded
in T'(R), then it is elliptic.

In this talk, we consider a corresponding result to the asymptotic Teich-
miiller space. The asymptotic Teichmiiller space AT(R) is the set of all
asymptotic equivalence classes of quasiconformal homeomorphisms of R and
this equivalence is defined similarly to Teichmiillet equivalence by using
asymptotically conformal homeomorphisms instead of conformal ones. Here
we say that a quasiconformal homeomorphism f on R is asymptotically
conformal if, for every ¢ > 0, there exists a compact subset V of R such
that the maximal dilatation K(f|g—v) of the restriction of f to R — V is
less than 1 +e.

Every element [g] € MCG(R) induces a biholomorphic automorphism
[g]x+ of AT(R) by [[f]] = [[f o g71]], which is also isometric with respect
to the asymptotic Teichmiiller distance. Let Aut(AT(R)) be the group
of all biholomorphic automorphisms of AT'(R). Then we have a homo-
morphism ¢47 : MCG(R) — Aut(AT(R)) given by [g] — [g]«s, and we
define the asymptotic Teichmiiller modular group of R by Modar(R) =
taTr(MCG(R)). It is different from the case of the representation ¢ that the
homomorphism ¢4 is not injective, namely, Kerctqr # {[id]} unless R is
either the unit disc or the once-punctured disc.

Definition. We say that a non-trivial asymptotic Teichmiiller modular
transformation of Modar(R) is elliptic if it has a fixed point in AT(R).

Every elliptic element 4 € Mod 47 (R) is realized as an asymptotically
conformal automorphism of the Riemann surface corresponding to the fixed
point of 4.

Theorem. Let R be a Riemann surface satisfying the bounded geometry
condition, {gl«x € Modgr(R) an elliptic element, and £ > 0 a constant.
Suppose that, in any topologically infinite neighborhood of each topological
end of R, there ezists a simple closed geodesic ¢ with ¢(c) < £ such that g(c)
is freely homotopic to c. Then [g.. is periodic.

On the other hand, we do not know whether a periodic element of
Mod a7 (R) is elliptic or not.
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Holomorphic maps between compact

Riemann surfaces and Lefschetz trace
formula

Masaharu Tanabe (Tokyo Institute of Technology)

We consider two distinct holomorphic maps f; : X — Y of
degree d; (i = 1, 2) between compact Riemann surfaces of genera
g and v > 1, respectively. Y. Fuertes and G. Gonzélez-Diez (see
[1]) gave a sharp bound for the number of coincidences of two
holomorphic maps. Their results generarize well known fact
about the number of fixed points of automorphisms. Their key
tool was Lefschetz trace formula.

The Lefschetz number of two maps f; : X — Y (1 = 1,2) is
defined to be

L(fi, f2) = /X(fl X f2)"na,

where 75 is the Poincaré dual of the diagonal submanifold A C
X x X. In our sutuation, Lefschetz trace formula is written as

L(fl, fg) = d; — trace fl* o f2*|H1(X) + ds.

They use matrix representations of f} o fa, and gave the bound.

On the other hand, it is known that the trace f] o fs. gives an
inner-product on the space of homomorphisms between the Ja-
cobians J(X) and J(Y). Using Lefschetz trace formula and the
fact that trace f{ o fo, is an inner-product, we give some theo-
rems concerning the number of coincidences of two holomorphic
maps.
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Modulus of continuity tZB§9 % Hardy-Littlewood
ROEHE ZDIBHIZOWT

RILRKRFRE - BILAPRR &R BN

1 A Hardy-Littlewood theorem

Let f be a continuous function on the unit circle. The modulus of continuity of f is
the function . '
w(t)= sup |f(e*)~ f(e®)).

[01—-62|<t

In 1932, Hardy and Littlewood [2] shows the following theorem called a Hardy-
Littlewood theorem(cf. [1] p. 74).

Thﬁ)rem 1.1 Let f be a holomorphic function on the unit disk A and continuous
on A =A UOJA. Suppose that there exists o € (0,1] such that

(€)= f(e)] = O(161 — 6:]*).
Then
|f'(2) = O((1 = |2))*7)
holds as |z| — 1.

In this talk, we shall show the following theorem of Hardy-Littlewood type for holo-
morphic functions whose modulus of continuity is |log|6||~2.

Theorem 1.2 Let f be a holomorphic function on the unit disk A and continuous
on A =A UJA. Suppose that there exists o > 0 such that

|£(e™) = £(e*)] = O(llog |61 — 62]|™), (1)
if |01 — 0] < & for some § € (0,1). Then,
|£'(2)] = O((1 — |) | 1og(1 ~ |2])| ™) (2)

holds as |z| — 1.
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2 Conformal mappings and Kleinian groups

Let G be a finitely generated non-elementary Kleinian group. The group G is said
to have bounded geometry if there exists a constant € > 0 such that the injectivity
radius with respect to the hyperbolic metric at any point in H3/G is greater than .
We also assume that G has a simply connected invariant component D and denote
by ¢ a Riemann mapping from the unit disk A onto D as before. From a theorem
in [4] and Theorem 1.1, we immediately obtain a theorem which is shown in [7] by a
different method;

Theorem 2.3 Let G, D and ¢ be the same ones as above. Then,
|'(2)] = O ((1 = |2]) ™" log(1 — |2])|™®) 3)

holds as |z| — 1.

BRI, X510V 20 DERICERT 3,
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—_ Sp=i—y
5 RlEEE
NHERN—FADEE T v I AZ-EICDOWT

K AR (BEBRFERERS TUBERREITER)

ABETIIV T4 VHOEHZERICOLWTEET S, BIIRHEF—5 20K
7w 7 AEMOBCEMORTEE L FARS, X5l 0EMoBRVEANE
Tk &) Bromberg DFERZHIF T 3.

1 —BDUV A VDT
1.1 7514 VE

Y —< vEE C D HSWNEAERIE—ROBESE (X 2ED 27 AER)
f(z)=(az+b)/(cz+d) DFEZR LTEDH, ZOEEMHETHIZY —FPSL(2,C) =
SL(2,C)/{+I} tA—HE N3 ALY RAERIEREAOKEDARE LTES
N30T, ZOFAIRBRIC EEZEMA? = {(z,9,t) eR*: t >0} CR*DAIE%
ROBMEBHRICHARI NS, S 512 HE ICHERE ds? = (do? + dy® + dt?) /2 2 A
TIRTCMHHER E AR L L %, ETHRRINAZERII B OFHEERTH 5.
DI DS PSL(2,C) i Isom™ (H?) & bE—HRIN 3,

Y —E£ PSL(2,C) DMEBIRORER U S VREL WS, BT T2 74 VEHIERE
RO OBRUBOTESERVLD LRET 5. 7 54 VBT I3 H® ICEHEA
CAERAL, BEM BT RN SEHEEE RS, —ACcH OBEEERCIE, [PH
MBI /ER § 2 TEGEHEIK QD) &, 2 DHES T DIERSA A 2 M7 fRIR
EH5AD) ILTEII NS, (BRIAD Ahlfors FHOBR L W HREMR S 74 VBT I
HLTAD) BCI—HTILAR—THEOTHS.) 754 VBT, Q) =0
72 51X Mostow DitE 2 R > DT, BRE/MAEE T 2UHELS, UTTIEb -1
5O £0DHEEEZD. ZOBEQD)/T IR —<vHOEEE LD, X5
IZ, Ahlfors DFREEE L D Q0)/TIxE 4 BRMEOEER D 2 /Kb, £HER
TFIEERETH B,

1.2 754 VEOEFREH

7 74 VEHORERERIZ, ZOoOAMIIBEALTHERE LTI HEHBIATYL
5H, ZOWHRICBT2HEREIEHETREDD ORI ENS L, I I TIREE
NERICBITZ22 Vv TAT0—8EEGLL 2 ) 7EED LI I, EREHOERD
BRFLT 74 VHOBRESOKRTF I L o OBEREMME SR N E D13
) LRI NS,

2V, 774 VHORKIVEMEZER TS, 774 VETORBEEERD) %2, £
Bl p: T — PSL(2,C) T parabolic % parabolic (25§ % D DM [p] D&M & L
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TEBL, ZOFEMICKENRMHOBMIHAZ ANS, Z0L X T OTHZEIX
R(I) DEFEELE LT

D(T) := {[p] € R(T") : p is discrete, faithful}

TEEINDG, IDOLEDD)WERI) DEEA LRI EBHSNTVS,

D(T) DHAES DI) 13— MIHERE LIRS 2was, D) D [id] % & Lk
i3 T DREAERERE —HT 5. I5QI)/T=5U---US, L&EFiZ
COEHEEMIEY AL 227 —ZHOBERE T(S)) x - x T(S,) #LBHEICH
D, RIZE S (1< 5 <k) DERBE 7, (S;) T ICHEHITE®DIAE N 3 (boundary
incompressible) &, I DHBEHRIZFAMICA 5. boundary-incomplessible T &
LHMRIBIHEET7 v 7 AFET, £ TROHEBDY 3y ¥ —FTHB. —HT,
[0] € D(T) 23 [id] & 13 Fie 2 ERER A ENBHE, HY/p(D) IR H3/T LA E F
E—FEETH2BRMETII R WERE LR >Tw 3,

RIZ D) DERECEDEEEICE S &, MEICR>TDI) I D) Dic
PABICHEET 2 TH S H L\ 9 Bers-Sullivan-Thurston DT TR E B I Rk
At Tibb D) =DI) BEH LD, TDI LI, eniding lamination T
B (I 7AVYHTIEHYT Oy FOEN LB %EE L 7 ending lamination &
o L BEBROGABELBETNIE—BNICEE2TH A LVLIHITFHE) @
FERE BBIRT 2. BB L, ARERY 74 VT OBSREAE H3 /T 125
5287 FEREDONEIZAMETH 29 £\ ) Marden FEBEHRL:, 0
Z &3 Ablfors FREDBRZE L, T IBED IS K FROBHRICET 3
FRITDFICREDOTRZRNED (B2 [Ca) BRI NV,

1.3 ZEFZEEOEA (bumping) & B C#EM (self-bumping)

EC, —MRIDI) iR DD OEBERS R R, 2o EERS I HYT 0
AR A ERP S EE2EEL LW L MET 20 TH 7. D) DEL 2 EER
TDEMT ZHR 2O TR L7 D3 Anderson-Canary [AC] TH 3. Z D,
Anderson-Canary-McCullough t3 (boundary incomolessible 7 354r12) D(T) d &
D2 DDPESIHEMT 2 0% FEH-MA T 2. Zhuc i 1 DOES IcEm
FBESEE A HRE 2D T, D) HEREOEERS % o541 D) Bk
b MRE DR % R0,

RIZ D(T) DERERS D H 5 E & & OEERIC ST~ 3. McMullen [Mc] 12 T
DSEET v 7 ABEDBEIC Anderson-Canary D FHEZ A LT D(T) »3H CHEfi+
BIELERTRLE ThbL, HEARADH [0 € 9D() D+5/NE REED RS
VIENLTDMNV IZIEEREIC RS, 22T, 794 VEI BB T v I ABETH
% ¥, HRES A(T) 2% Jordan BHER T, ZDHEL QT) = C\ AT ODES %
ANBZBTEREAVEER VY, ZOLE, (HUQD)/LidH2HES &
PR [0,1) 0EREAMATHS. oI DI) IBEETHD, Y —=VifE Q)T
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DIALEI2T7—EHT(S)xT(S) LA—BREN3, ZOLEDI)IRT LA
REE7y VBRI VRBOTRI VI RAEMEN),

Z D%, Bromberg-Holt 1¥, B%kE H}/T 85 2EOMRDHEOIAALZ KD
E G IEEIC RN KR T2 A4 VEED IS LT, D) DEERERL
WEHCEMTAZ L2 R L, 774 VHOEM - BCEMOIDFELVWI LI
Camnary OfEd [Ca] ZEH I N/,

2 NHE—TRE

BLEX b D(T) p5¥ERS, BERECTH2E7 v 7 ABT DBAEEET 2O0ER
MThHs. UTTIRE7? vy 7 ABOFTORO Y IR, 1HRRHEL—-TR
DEABHLABLBEZEETS, ZPOEEIT RO 7 v 7 AR L TR
DILOBEEDLL LD, WHELEEBZZ LI LRd o7,

SEIARGEL—FALTE, #4325 —2[T(S)d, SELAMRY —
eVEX ERAMERS S - X O (f,X) DFREPE—RABEHOEEGTH >,
m(S) DERT o, 8% 1 PEETZEE, T =TS) 3 E¥EFHH = {z € C:
Imz > 0} LHRICA—RENL, ZOLET(S)DF—RA v avs M
TO)RHDCBTAEHATH ICHMIEL, =2 VR IT(S) = PL(S)
R =RuU{oo} iz, §DHEMEAMMDES S(S) WHEEES Q= QU {co} ITHHE
T3, iz, FEFE—H[o, [0, [0 #00,0,1 € QITHHIET 5.

IITRSEEETS. BREMRS) LIXFNOERB p: 1,(S) = (o, B) —
PSL(2,C) T p([o, B]) 2 parabolic & %2 % b DD LFHELEDOZEEE L, 20HT
L2z

D(S) := {[p] € R(S) : p is faithful and discrete}

EEET D, Kp) € D(S) KBS KA H3/p(T) @ end invariant DX (z,y) € HxH
PAGE R BE/RE N, OH x OH OXNARS A DEIZERS§, D(S) IR L %
bDIXH x HNORBEERTHZ., ROFBIIRHE L — 7 ADHED ending
lamination PREDBERZ EA TV 5,

Theorem 2.1 (Minsky [Mi]). E&
£:D(S)— (HxH)\A
FREHRTHHEERE BERTH S,

BTFTiQ =61 &L, T4 bb end invariant (z,y) € Hx H\ A %52
SR Q(z,y) € D(S) LET. Z2T, HETARESAZEVIBERSBEES
BEFETIREVIETHS, Thbb, D(S) DUIGEF (o] — [pe] T E(lpn]) 2¢
HxT)\ABWTIE LAY (HxHOHRTAQSINET 2) b OWBEET
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5. COZERDS)VHEEMT 2 LW IRROBVIEATLHS. 22T, k
BOFIIRD & HICBEIICEZ NS, H=T(S) DMz, y & BHMHAME cc O
ZEIE L, c12BY % Dehen twist 1 2 VT (77, 72y) € (Hx H)\ A £ &
FIeHEZBE, ThUd (c,c) e AIBRT 208, —HTQ(r"z, 2my) & D(S) D
TWRT2DTH 5.

D Q(rx, 7Py) DIRERK & N %, X b &MAICEHAT %, SIRIE Q(z,y) =
Sx(0,1) o hikcx {1/2} ZH D B/ £E1013, BEEROERBE T, v 218>
T E L THRIEDHERAAD, 20EMEE Q(z,y) LEL. DL Ecx {1/2)
DL 1L rank-2 cusp DEFFICHIET 5. £/, #EER o : S — Q(z,y) %, &
Dex {1/2L I 1 BB EME, 5% (0,1) DFTREFERS - S x {0} ichE b
By 7R XHED2 (1K), Z0LEpick-oTHEI N KR
@« 1 m(S) — PSL(2,C) i 8D(S) DITICRIET 2. Do : S — Q(z,y) i Q(z, y)
O rank-2 cusp I8 1J % (1,n)-Dehn filling 25K T 2 Z L TREND D(S) DA
BIH Q(rz, 7%y) TH D, ZDRIN [p.] € 0D(S) I REINHT 2. p D& =
CEZEZ N, EEOER p I LT QP e, r@tny) NI CH 2 = &
DB,

y S x{1}

cx {1/2}

< , & Q) S x (0,1

z « S x {0}

1 p: S — Qz,y) DERE

W, (T, Yn) DA DEITIR T % & FUT Q(20, yn) DR T 2 DIE, REHIIC
Anderson-Canary DBHIEIC L 2b DL WwE W) T EEZRLEDDBFADEER
THD [It). TOZEZRDETHHAT 3.

3 IR - HERH

ZIZTH, RO (zn,y) € HxH)\ADHE ADEICUWEET 2 L %, 575
Q(zn,yn) € D(S) DIR - EB AL 2. ZOBEOWNEINIZ XV F v 2
RIPRA ERIEN G, T, ROFEMERIL, L) —BRoOETUFIDLHSNT
Wz,

Theorem 3.1 (Ohshika [Ohl]). % z € R\ QXX LT (zn,9,) — (z,2) € A &
T35, ZDEEQ(zn,yn) IFEKT S,
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RIZ, $Bce QIENLT (zn,un) — (c,0) EADBEREZ LS. TDEED,
Bz, eH=T(S)DcecQDIK%E, RD2EHIHET B LBKENT
H5, Thbb, V-2 VHz, BT AMBcOVMBRIZ 1, (o) LRTLE,
L.(c) > 0DBFEL L (c)>Ie>0DBHETH S, BiEIZcTET 2 HDOERED
horoball IZ z, WERELBRVWTEEF NI L LFAMETHY, BHEXTETIH
DH 5 horoball IZEA Rz, bEEFNHWI L LRAETH 3,

Theorem 3.2 ([It]). 5 ce QITNL T (zn,vx) = () EAETE. ZDLE,
L, (c) = 0 F 73 Ly, (c) = 072 51X Q(zn, yn) BFEBT 5.

2T, (zn,yn) — (c,¢) € A DRIT Q(zn, yn) VUK T 2 DIE, 1, (c), L. ()
BRIZHIEHTTOIMZONELEETHS, ROEEIL, ZDHEIEQ(zn,Yn)
DR T 201, IRz, »c,yp > cDREVBH IR p AV Tp:p+1 &k
BEE, POFOLEWIBLIELEEEKRT S,

Theorem 3.3 ([It]). 2 c€ QML T (T, yn) = () €A EL, HBe>0
DEELT, EEDOnIINLTL, (), L, (c) > eSO ET 2, LB 6Esy
IR Z LT, HEEEINK,, I, WFELT o, vhy, lH\ {c} D TIER
THLRETES. (22 TridcicBAT 2 Dehn twist TH2.) TDEE Q(zp, yn)
DBINFINTH 2 BB+ DG IZH 2B B p BFEL T

(p+1)kn—ply = const. (n>>0)
PHEDIDTETH S,

T, LoEBICEBWT, RY¥BEEDOHI p p+1 LD EEHLGEE
WHALV, WEr,ye H LHEBT2EEI L, 1, —» o (n — co) ZEHEFICH
b, [a] = co € QIZET % Dehn twist 7 % V> TWHF (z,, yn) := (75, Thy) —
(00,00) 2EZ 5. (FHD k,, 1, L XFFSEYL S, ¥/, Anderson-Canary DHl
ThlRk,=n,lL,=2nTH5.) TITDS) DRI Q(zn,yn) = Q(r*rz, Thy) HIY
RIBZERELLD. COLE, HIBEEpVPFEEL Tmy, =1, —k, D pfEDTk,
& (BEZRVT) FLLIEzRLL,

VE [pn] = Q(r*z, Ty), [0a] = Q(z, T™y) LB T IT ] = Qlz, T™y)
ERBHINC Q(z, 00), BMTHIIC Q(z,y) WHTR L, na(a), ne(a)™ 1% Q(z, y) D rank-
2 cusp DEMRIG 6,6 IR T 2. Z ZTRED S [py] = Q(r*nz, 7hy) IR L,
Pa(@) =na(@), pu(B) = na(@) > (B) DBARIZH 2 Z &5, nu(a) IFINKT 5.
DI EDS k, i m, DERELEREROTELLI Ldtbh) b,

28, TOEDORSE b—7 AHDICK - FEHDKERD% { iF Ohshika [Oh2] i
O —ROBMEHOHEICHERIN TS,
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4 NFPRA-NAFYh -ZA514R

DT THRATOEMORT 2L DFEL (RS20, D(S) DD Oz T ¥l
T35, yc HIZHLT, DS)DEEIRTTDRA I A R

By ={Q(z,y) :z € H, (z,y) ¢ A}

XD, yeHOEEB BRFRX - ASAREMFThH LAM, yeQcoH
DEEBRBIAFY S - AZAREPENH\ {y} LAMETH 2. R, 12
MEERZIATARB, = {Q(z,y) :y€H, (z,9) A} bEZ 3,

D(S) KK EB VT [a] = co € Q 2% parabolic & % 2 BEHDEA B, U B 1RO X
I CDEDAHL (R AFy MEODIAR) 2F>, WEpue ClalT P
m1(S) = (a, 8) — PSL(2,C) %

pu<a)=<; f) pp(mﬂ(j‘ é)

EEDD, ZDEE, p[p,| CEBINDIERB: C — R(S) IFEAZHEDA
AR B, ZIT

M:={peH:[p]eD(S)}

EBCEPM) =B THH, MOBEELEE M* L T2 L M) =B, Lk
5. UTTRMDIEDBIAFY b - ASARALFY, M B o o H\ {co}
DHIGTINSZRA—MRT 2. B pv e Mo z,y € H\ {oo} DMIED Y & T
Qlz,y) Z Qu,v) LEVRD TS, XT, PA¥X Y- AIFIA4AAMIE, 2oy
Ea—%-7574v 7R (R2k) »6bRTENB LI, BRII75 750
Thb. 5 Miyayachi iCE D M D QIINIET 2EREII D R Fick>Tw
% Z &%, Goodman il & D M OEFRIZEBICHEHEB LTV S (MESICIZEREY)
TthlEbmonTnd

CZITRAF Y F  ATARABLUBL, DG RA—=F B MUM 2RV L,
WHRF (20, yn) — (00,00) € ANIET 2%V F v 7 IR Q(n, yo) DHEIR %
BHRIICEHERT Z LK, W EUIERS (2,,9,) — (00, 00) 23 Theorem 3.3
DIREZHITEE (THOBIRDEEDLD p : p+ 1 DEE) Q(zn,ya) D
WRIZH 2 p,v € MERVT[p)], A = (p+ Lp pﬁ EET B, FEE [p)] 13,
end-invariant (u,v) ZFOSRRE Q(u,v) = S x (0,1) \ [a] x {1/2} ~ p [H% =
FTEEGLSFEINIDTHE. 22T, L,{T“Cﬂ?l«)é?‘*&)k B ploxrl
TMUM DBTEE%

M(p) = {(p+ 1)u—pv: p,v € M}

TEHRTS. p>20DEEMP)CMTHBILIZEET 3.
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K2 (k) =A%y b 2942 MO—E. () GHBE) b2V —~<vHze T(S)
DIER 2 K5 0 22 By(z) D—IB. FVEBAs hol i X 2 D(S) DBIEFR LKL,
BIZPOLONIRMBIZRT R - A4 ZCRIET 3, EHE50RBINTERICK S,

5 HREEEORR

J—<viliz € T(S) LOBFFRLIER 2 X5 D%/ By(z) X Cid (a7
WOENLT) z LOFEBEDORBMEE—HEINE, JI Tz LOREMEL 3,
Fr— b BCADEHEHTH Y, 205 DEH AbEERD PSL(2,C) DHIR
LBbDTHS, ThsEHNDET(S) LORY FARP(S) = ,cres B2(2)
XS EOFEBED Y A LI 27— ARESE. I5IT, P(S) DETTICTED
rn ) S —REENIGE ¢ 5ER

hol : P(S) — R(S)

ERFTRMETH 5 2 £ A Hejhal Ik > THIG N TV S, 65T D(S) DHCERD
BT P(S) kb LIFTBET2 2 LA TH S, FEEE McMullen 25 D(S) D
AoEMZRLZ0b 20K, EFE AW TWw 3, (£ D% Bromberg-Holt 12 & ),
—MRDT T4 VEICEATARE R HEEET AR LIEAPR SN Tw 3,) Bk
J I—RROREMEIL, BHERIBEFOEERY VY —F, Z)TholtExL
X¥VFy I MR LIZT B E, B hol ik 2 D(S) DR Q(S) := hol ™ (D(S))
DLXYVF v 7 BRSBTS BHEIHROEEN x Q & 14 1 A
i2$H 5 (Goldman). & ZTAY V¥ — FiiS Q Z MMt cec Qich> Ty
6] 2-graft U 7@HER D % Qpe L HC L&, cx {1/2} TOpRIBEDEE/RHLS
Bohns D(S) DHOEMIZ, HESEZMICEVLTIE

égﬂpg—pc = Bc(p)

LEEEIND, JITBp) BYAF Y F - ATA R B, D M(p) C MIZHIG
TEHAEATH D,

X, B hol : P(S) — R(S) D1 2D 7 7 4 A= By(z) ~DHIRIZEETH
5. B By(z) DAY ¥ ¥ — PR SHMEDES Qy N Ba(z) BT A - 254 R
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B DRIMIZEINDZDT, QoM By(z) C By(z) % T(S) DT AHDIAK L \»
9. By(z) 2B 2 hol TDD(S) DFIER LIZXR7 ZEDAALDS I b ERED
RS 2RO, 2ORFIER2OAHCKIOEAZREE. k) idray
Ea—8 THivE 5 2 LDMES X 9 1272 57D Komiri-Sugawa [KS] 12 & 3.

6 HCH#A (self-bumping)
FTEEDEEL TS,

Definition 6.1. [p] € OD(S) IZB VT D(S) VEEMT 2 (resp. BIDEHRE T4
W) &id, [o) D BEHEU BFELT, [p]| DEEDEHEV C UL TVnD(S)
DIEAE T (resp. VND(S) ISEE TR V) EXR 0,

D(S) = D(S) DT, %A TD(S) VRINER TR VA2 SIE, ZDETDS)
GHOEML TS 2 EICERT 5. (EBICBPIEE TRV I L IERETTR2.)
NHEP—F72ADBFE, DS)DEACEMIIIXVF v 7 RINHFNIC L >TORE]
EFRIINZOT, HEEMMIEI 2BMRIR2CERTES. wE, DS)HH
S 2 5 [p] € OD(S) DEA L PwPD(S) LB Z Lt T 3 &,

oPmPD(S) = | |(Bu(1) L B (1))
CGQ

WHEDILD, TITB() EERAFXy b+ 254 2B, D M(1) C MICHET
L5HIEETHS.

7 BRADPBERETHRWI & (Bromberg DiER)

ZITIR TD(S) IBEFIC B O CRAER TRy &\ ) Bromberg [Br] Df5E
EWFT S, ECRAE DI, [p) € 0D(S) KB TRANERE TR 5IZZ Dk
THEEML TV 3DT, [p)] € By (A € M) DEHETD D(S) DEF2BIETH
T TH%, ZDEE Bromberg SR L7 T EiE, D(S) D [p,] TOEEE, H
BHH S, C C L COEM S, x CD (00,0) TONMEERAMICKS, L) LT
HB., TITSHIEFTAZTY I« AF74 A M M* DK - K/ EFETBENCE 2
BERADYTRONIERT, N e M DEICL > T co € C i ERE D LK
AHERBML T RIICHZ (M3BHR) . #>T, ZDLEF [p|IcBWVT D(S)
GRERTR% 5, UTT, 32 LEHNICRTA LS.

AEM,peNU{OFIZHLT

Sxp) = {fweH: A—pwe Mand A — (p+ 1w € M*},
Sy = l_l Sx(p)
peNU{0}
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LED
A:={\w)eCxC:AeMweS,U{oo}}
EBL, TITER
&: A—D(S)

Z\w)e AL Twe S\(p) ThNEp:=A—-pwe M, vi=r-(p+lwe
M EBOT O\ w) =Q(u,V) EED, w=00R5IF (N 00) = QN 00) = [p,]
LSED D, ZDE E Bromberg 3@ : A —D (S) 85 (), 00) DH BEFEDS [p,) D
HBHEBENDRAMEBRICH D Z LER LKL, T S\(p) BEEE TR (IEER
THEIEVIFRBIINEM P LBEP L TOEDLLLEVDTROEREZRS.

Theorem 7.1 (Bromberg [Br]). $% p € NIZxfL T
1 1
S, =—(A N —-(A
B = S0 M N0 )
DIBEL T CIREB THIUL, [p,] € OD(S) BT D(S) IIBATER TIE 2\,

IITp=0DLES0)=A+MTHhH, IOUHPRY VT —FRITICNIGT
5. %7, S\(p)#0 ERBDEFDEENAe M(p) THB I LITHEET B,

B3 () MiZimM* 0P T8 BhabE i S (1) BEEE&TR CIREREOR
BERT. (B) 3z e T(S)DIER 2 XMy DZEM By(z) D—HB. BWVEIH hol I &
2D(S)DFIERLICNIGL, HICHLOBOLARNBRT R « 274 ZICHIGT 5. SH
DEIXYVF Y I REBROBRUERNISE T T E00G0 5, ZOKIEDumas i L 5,
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14

Siegel disks with bounded type rotation number

AL (BRAKFREETEED

1 Preliminaries

Letf:C — € be a non-constant rational function. The Fatou set F(f) of f is
defined as

F(f)= {z € C : the family {f"}<, is normal in some open neighborhood of z} .

n=1

The Julia set J(f) of f is the complement J(f) = C \ F(f). The Fatou set F(f) is
open and the Julia set J(f) is closed.

Siegel disks

Let f : € — € be a rational function of degree greater than one and let the origin
be a fixed point of f. The power series expansion of f near the origin is that

f@)=Az+a?+---.

We call the complex number A the multiplier at the origin. We assume that A = >"@
and « is an irrational number.

The rational function f is linearizable near the origin if there exists a conformal
map ¢ near the origin with ¢(0) = 0 such that ¢ o f 0 ¢™!(z) = R,(2) = €™z. The
rational function f is linearizable near the origin if and only if the origin belongs
to the Fatou set. The Fatou component A containing the origin is called the Siegel
disk centered at the origin. The Siegel disk A is the largest domain on which f is
conformally conjugate to the rotation R,,.

We consider the continued fraction expansion

1
a=ay+

a, +
1
a + —

of the irrational number ¢, where g, is an integer and a, is a positive integer uniquely
determined by « for all n > 0. The irrational number a is of bounded type if the
sequence {a,} ., is bounded. If the irrational number « is of bounded type, then f
is linearizable near the origin.

37



2 Results

For complex numbers A and p with Ay # 1 and a positive integer m, we consider
two rational functions

"+ A
uz™ + 1

The two rational functions E, , » and F,, » are semiconjugate via S,(z) = 2",

z+/l)m

Eiom@=
Am(2) Z( puz+1

) and F,i,#,m(z)=z(

namely
F/l,u,m o Sm = Sm ° E,l,p,m-

Theorem 1. Let m be a positive integer and let u € C. If an irrational number
@ € [0,1] is of bounded type and e*™u + 1, then the boundary of the Siegel disk
of Ea . m centered at the origin is a quasicircle containing its critical point, where
A = e¥rie,

Theorem 2. Let m be a positive integer and let p € C. If an irrational number
@ € [0, 1] is of bounded type and €™ u™ # 1, then the boundary of the Siegel disk
of Fa,,m centered at the origin is a quasicircle containing its critical point, where
A satisfies that A™ = e*™

Moreover we obtain the following two corollaries.

Corollary 1. Let m be a positive integer. If a and 8 in [0, 1] are irrational of
bounded type and e”"**P) ¢ 1, then the boundary of the Siegel disk of E,, m cen-
tered at the origin and that of the Siegel disk of E; ,, . centered at the point at infinity
2ria 27if

are quasicircles containing its critical point, where A = ¢ and u = e

Corollary 2. Let m be a positive integer. If @ and B in [0, 1] are irrational of
bounded type and e # 1, then the boundary of the Siegel disk of F . m cen-
tered at the origin and that of the Siegel disk of F; ,, . centered at the point at infinity
are quasicircles containing its critical point, where A and u satisfy that ™ = ¥

and y™ = ¥,
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1 5 On the topology of Julia components of transcendental entire

functions with multiply-connected wandering domains
At SR (RBRFRER AM - REFHEER

Let f be a transcendental entire function and f™ denote the n-th iterate of f. Recall that
the Fatou set F(f) and the Julia set J(f) of f are defined as follows:

F(f) {ze C|{f"}2, is a normal family in a neighborhood of z},
J(f) = C\F(f).

The following is a fundamental result on the connectivity of J(f):

Proposition 1 If every Fatou component is bounded and simply connected, then J(f) C
C is connected.

So it follows that if J(f) C C is disconnected, then either
(a) f has an unbounded Fatou component or
(b) f has a multiply-connected Fatou component.

For the case (a), the following holds. Note that an unbounded Fatou component U is
always simply connected (see [Bal]) and so we can consider a Riemann map ¢ : D — U
of U.

Theorem 2 ([K, p.192, Main Theorem]) Suppose there exists an unbounded invariant

Fatou component U and let us consider the following conditions:

(A) oo € 0U is accessible in U.

(B) There exist a finite point ¢ € 8U with ¢ ¢ P(f), mp € N and a continuous curve

C(t) c U (0 <t < 1) with C(1) = ¢ which satisfies f™(C) D C, where P(f) =
Unoo f™(sing(f~1)) is the post-singular set of f.

(1) If U is either an attractive basin with (A) and (B), or a parabolic basin with (A) and

(B), or a Siegel disk with (A), then the set

Ou = {€¥ | p(e) = li/r‘r} p(re’) = 0o} C OD

is dense in OD. In particular, J(f) C C is disconnected.
(2) If U is a Baker domain with (B) and f|U is not univalent, then O, is dense in oD

or at least its closure O, contains a certain perfect set in dD. In particular, J( flcCis
disconnected.

Next result is a generalization of the above result:

Theorem 3 [BD, p.439, Theorem 1.1, 1.2, Corollary 1.3] Theorem 2 holds without
the assumption (B).

On the other hand, J(f) C C can be connected nevertheless f has an unbounded Fatou
component. For example,

flz)=2—-1log2+ 2z —¢*
has a Baker domain but J(f) is connected ([K, p.194, Theorem 4]).

For the case (b), it is known that if f has a multiply-connected Fatou component U, then
U is a wandering domain and bounded (see, (Ba2, Theorem 3.1]) and therefore J(f) c C
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is always disconnected. Furthermore J(f) U {0} C C is also disconnected and actually
this is the only case where J(f) U {oco} C C can be disconnected as follows:

Proposition 4 ([K, p.191, Theorem 1]) J(f) U {oo} C C is disconnected if and only
if f has a multiply-connected wandering domain.

In what follows, we will concentrate on the case (b), that is, the case where f has a multiply-
connected wandering domain U and investigate some properties of connected components
of the Julia set, which we call Julia components. We note the following fact (see, [Ba2,
p.565, Theorem 3.1)):

Proposition 5 If U is a multiply-connected wandering domain, then U - oo.

Definition 6 (1) We call a connected component of J(f) a Julia component.
(2) z € J(f) is called a buried point if z satisfies z ¢ AU for any Fatou component U.
(3) We call the set
Jo(f) == {z € J(f) | z is a buried point}
the residual Julia set of f.
(4) A Julia component C is called a buried component if C C Jy(f).

More information on residual Julia sets, see [DF].
The result is as follows:

Theorem Let f be a transcendental entire function which has a multiply-connected
wandering domain. Then
(1) For every repelling periodic point p, let C(p) be the Julia component containing p.
Then C(p) satisfies either one of the following:
(A) There exists a polynomial g such that C(p) is homeomorphic to the Julia set J (9).
p is a buried point unless p is on the boundary of an immediate attractive basin or a
parabolic basin.
(B) C(p) = {p} and this is a buried singleton component of J(f).
(2) If C is a wandering Julia component with bounded orbit, then C is a singleton com-
ponent.
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Component-wise accumulation sets of critical sets
for Axiom A polynomial skew products

PiREEE HRIERE

C? ® polynomial skew product f(z,w) = (p(2),q(z,w)) X L. J, Z p D
Julia A, ¢.(w) = ¢(2,w), C, = {w € C;g(w) =0} £BE., J, LOfERE
&% Cj, =Uses {2} xC, &8 ¢ DeMarco-Hruska [DH] i& C;, DERFE
G LT, BEDEHERESTH D

A(Cy,) = NnsoUnsn f*(Cy,)

22 C. point-wise accurnulation set A,(Cj,) & component-wise accumu-

lation set A..(Cj,) ZRDLIICEH L=,

Ap(C,) = Uzes, A(z),  Aw(Cl,) = Ucec(c,,)A(C).
ZZTC(Cy,) & Ch, DHEFBRNERDELGZERT . ROGTLSZAHN S,

K = K(f)={(z,w) € C* {f*(z,w)}r>o is bounded}
K, = Kn{{z} xC)

J, = 90K,in{z} xC

A : union of saddle basic sets contained in J, x C

A, = An({{z} xC)

FEHEELD AN(Cy) C A(Cy,) C A(Cy,) DER Y LD DeMarco-Hruska &
An(Cy,) & A(Cy,) DEBDTZE X =0

##78 1. (DeMarco-Hruska [DH]) f D% Aziom A 725\

A= Au(C1) C Au(Cy,) C A(Cy) = WH(A) N (J, x C).

41



fl#8 1. (DeMarco-Hruska [DH]) J, D##ETCH Cantor EETH R\ Aziom
A polynomial skew product TIROMEZW-THDIIEETZH?

(1) An(Cs,) = Ac(Cy,) # A(C)
(2) Ap(Cy,) # Ac(Cs,) = A(Cy,)
(3) An(Cy,) # Ac(Cy,) # A(Cy,)
ZIZT(2) ZMlETHIIEELRNI L BRT,
EE 1. f X Aziom A T J, I TE#EFEL T2, 0L &
Aee(Cy,) = A(Cy,) <= An(Cy,) = Ac(Cy,) = A(Cy,).

Jp 1% Cantor BARSEEERDPS Ax(Cy,) = A(Cy,) BPRESDT, EHIE
B,

EF 1 OEFBHIZ X, DeMarco-Hruska D5 2 /=, Apn(Cy,) = A(Cy,) DFFH
T Z2HW%.

#%8 2. (DeMarco-Hruska [DH]) f i& Aziom A &9 %,

An(Cy) = Au(Cy) &> FTRTD CeC(Cy) KRLTCCK X CNEK =0
D3k b LD
Apt(CJp) = A(CJP) — gf% z— A, X Jp LE% .
WA=l A(Cy,) = A(Cy,) DRFBEUTITESZ L. LW RIEDIRELT

WD, FH 1 EThAOBEES 2TV 3, (J, DB 51T AL (C),) =
A(Cy,) DSERD Do )

S5 R

[DH] L. DeMarco & S. Hruska: Axiom A polynomial skew products of C? and
their postcritical sets. To appear in Erg. Th. & Dyn. Sys.
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FRBIELGSEXLERERO S 21 TREDHTHHKE
EHEF RBAFERER AR - REFHER)

2RTHEERTERASThEE~DZEALERERINEZ oL E, H#F A
BRELT, FOEBRORBEEREER S, 2RTERHEROEEE W) TKRT
LE.ZEAFERTE fw XZERX p@ & qiz,w) ZRVLVTRTERSLS:

fz,w=p@),qzw)

ZEAFLERERONFERE, 1 ERZEXONRRO—MILLER DI EMNTES,
9. ZEAFLERSHROE—RS p(2) FERZMLEONRREED D, RIZ, %
BRI EREREIEEROKEZROOT,. FEERLONEREEZDHILENTE
b5, TRNERDOAERIZEVT, P T7EEBLEFEENDILOEERTHENT
E5, 2T .2EA p@) HEHIEEFREDDCAUTEEEED AU TERSE.
FEERLEICEODONG DAY TEREZEEV AV TEREEESR, £LT, 2EA
FEEEBROTLTEEE. B2 TFEEOLIZE>TWVWHEED LY TES
DHNESOHABLED S,

FEETI. FBLLGSELFEREBRO 1Y FEENL OAHEICET 588
REHRET H, ST, ZEAFERESHR fEw=0@.a@w) IZFLT. aiw
DEZEZE w ICHTLIEREINEBRTHLIEE, TOFEREFRIETHDIELS,
ML LT, 2RTERYEZEMH S ZThEE~NSEXECRBERT, a2l
TEESERDL, TOE—HONE—BEECLMELOBEVEDEERS. DS54
L. REZDDETHREOEREAETHLILTT ., Fo ZO&S5 4N
ELEERELGIN, ThDVERBLLLIVETSEHEERX S, BIC. P2y
FTHRENERBEOMIMEZ L DEEF, TOZEAFERGRIZEXERER LS
HEERDBIELNDM oz, EBIC, ROBBEEEZ D BH52O0ZEAYEHE
BEGIARLIAUTREELDLEE, ThLDARER. HHIVETALDERIL
FEMICRL,? COMRME. 22)7REORMEOBELEEH->TW S,
Brld, EREGZEXFERSTHRICHLT. HIEHEDHDILIZLY, 2D
ODPNEBRV-EENERELEEZ DI LICEYMILE, HHIFHELVIDIE. EZE
BMLEDHERESZDH. BROFE—HS p(2) ORPBEEERLDNERESZ D,
BROFZES alz,w) OFEZEE w [CETIREAZLL. EW330THS,
ChoDHERIE. 1ERZEROD 2 7EAOXMEICET IHEROERTILE
5, sAICIE, 2EXFEREENEOIBEERLOT Y —VER. Ry Fr—
BB EFEN DD TALD,
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BUEMERZEIC T 5 EFZETO Hardy B ZE[4]
[C$1F % Carleson measure A&

il BA (BEBRELITCEEB VR

(n+1)KjL1—2 Yy FZEM (n> 2) I2HB1T 5 E¥2EMH
R = {(z,t) e R™' | z € R™,¢ > 0}
BV, o-RMEBHERAR LT,
L@ =8, +(-4,)* (0<a<l)

TEHEIN, BEK U o B RBIK IR DB T L@y = 0 4SR5 &
2THD (NSS)) . L DHEAMI,

(2m)™" / e ez e (z € R™, ¢ > 0)

W (z,t) :=
0 (¢ € Rt < 0)

TEHIND. ZOEFBWO 3o =1/2,10DEEZNETN Poisson #%, Gauss-

Weierstrass BIC—89 2. &7z, EFZEM R ICBW T o- BB SR

a=1/2,1 0L EENTRATBER2E, BAEBRIXOBEEIT—KT 5.
FZefIz BT Hardy ZERICKRERFZZEA L /=281 hﬂ(Riﬂ) %,

RE(RYT) = {u: Y E o- B ZIBEK | [|ullyp gty < 00}

LERTDZDIIERTHS. /LA

1

s;1>10p (/R" {u(z,t)lpdm> ’ (1<p<oo)

sup |u(z,t)] (p=0o0)
t>0,zeR™

e/l pg gyt =

EEDHDHIEIIT D, SEIORETIE, ZTOZEMICHBIT S Carleson measure F5
NZEETD.

F£9'5 > MRFEEE AV T,-Carleson measure ZE#H T 5. R} _LOIE Borel
I o AS L@ (ZB8 T 5 T,-Carleson measure (1 > 0) TH D&, C > 00 HFE
LT

p(T@(z,t)) < Ctlaa+ir

ML HEETHHEERTSD. IIT,

T (z,t) := {(y,s) € RT | ly — z[** + s < t}, (x,t) € R7H!
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THD. COFIIEEL - T,-Carleson measure 1234 L T T;-Carleson K £ [y

%,
Tz, 1))

k() (1] == sup P& +DT

(zt)eRTH
LEFET 5. T,-Carleson measure iZ [NSY] TEZHEE N TS Carleson box %
W7z r-Carleson measure CEHEBBIHENRH D, L/(Z+1) <rDEE, uNT,-

2a

Carleson measure TH % Z & & pu A 7-Carleson measure TH 5 Z FVIRETH
5. BB, /(L4127 DEZRBTNFNIRLDLEEERD.

2a

feP(R™)(1 <p<oo) ML Tu(z,t) %,
u(w, )= (W f)at) = [ - )Wy, 0)dy
]Rﬂ.

EBL. D u(z,t) X - BB TH 5.

FEE

O0<a<l,2<p<oo,felP(R)DEE, %R} ET,-Carleson measure
ETBE, C>O0MEELT

lellprqgrtt gy < CO ) ]y gy

1<p<ooDEEueh(RI) Eu=Wo «f bl f e [P(RY) BEFHE

THZEEERETHS. £oT, TEBIIC > 0MBHFEELT

1
||u”Lv(1R';“,d#) < C(ﬂ(a) [H])”Hf”LP(R")

EHERED.
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46



19

Li-FBBICBT % 2B &
Schottky covering @ FIRF—E{LIZ DWW T

HIFEAT  (MIEE - 5086

1. R Z2VHE C, EHEL 7%, EREDES 2% BUEAKR Co,Cy,...,C, T
BENnsplanar 2V —<2VHELL, R0 L{RETS. ZOLE, ROF/O %
w-FHE EDOFAR, R C 2FEAPLOMAAIKEL, R 2BHHERIET 28
FOEARBH, T74bb, circular slit mapping f; & radial slit mapping fo 2%
T3 22T, f0)=1(i=1,0) LIERLT 2 LEEI—BNIIREZDT,
Fi(Co) DEE 1 HEE B,

S R(t) DS EHEBEH t e B={|t| <p} LHELBOLIEHLLLTS:
R:te B> R@E). 7EL Rt 30 L{RETS. £t BINLTEARD
slit mapping fi(t,2) (i = 1,0) & Z, Co(t) DERDEE%R ri(t) LEL. EEK
n(t, 2) = log|fi(t, 2)| 1 (R(t),0,Co(t)) BT 2 Li-EEFEFITN S ([2]).
DEE, ri(t) BT BRD IBESLRADHILT B ¢

HRE 1. ERoRIEOD & T,
—_//R(t)

9%logri(t) 1 api(t, 2) |
——at—a—t—— T /R(t) kZ(t’Z) 0z
KEL, ka(t2) = (G515 —2me {Z2%%2 ) + 1% 22) /|2 on om. <
ZT, ¢ i30R @ﬁ%ﬁﬁ&ﬂ%
R D32 RICEEMR IR 7 6 1%, ko(t,2) >0on R &£V, RZ2HF 5.
TEIE 1. R 32 RIGHERFEIR % 513, logry(t) 13 B LOEFATES<TH 3.
IR logro(t) ICoWTE, —RICIIEBRAMICOETMI L 250,
2. R:teB—oRt)WE1LERALEL, HteBICHLTR(E) 0,1 LRET
5. ZDEE, FZRA),teBRNLT,z=12w=c0"EL,z=0%2w=0

~E7 circular slit mapping w = F(t,z) ’FfEL, F'(t,0) =1 L EHRMLT S L

EHREI-BHICRE S, Lo T, 2=1 TORER,

1(t)
-1

E-BRICREIN S, FEK Pl(t, z) =log |Fi(t, 2)| % (R(t),0,1) BT 3 L;-
FEBEER, 0L E log|A ()] KET 2RO 2BEFAADEILT S ¢

p1 t Z
8tdz

dzdy.

w=F(t z)= + Ao(t) + A1 () (z — 1) +
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#RE 2. ERoRFEo b & T,
8210g IA-I(t)! _ ——il-'/ kg(t,z) '8P1 t Z 1
BR(t)

IR 2. R D32 RoHEMRER % 513 log |A_1(t)1 & B EoOEFAMEKTH 5.
3. S:teB - Skt)2avAy i) —2VE St) DBe»AHEHEE L
2ODEHIYIi Gt € B— () € S@t) (k=0,1) 2b2:F3. £S5() O
Schottky covering # R(t) L T2 LEE Rt € B — R(t) B2 o5 3. DL
Z, & R(t) & planar YV — < VETH B2 5, F(t,6(t)) = 0, F(t,(1(8) = oo,
F(t,{(t)) =1 L IERILE 7z circular slit mapping F(¢,z) (IEREICIX, R DN
B2 5 L 7B R ER OB RT R, D fiber R, (t) £ TE- 7 circular slit
mapping Fy,(t,z) DEREIE F(¢,2)) I &> T, w-BRE LD BEES D) K&
ENB. Flt,z) Dz=((t) B 2REHE%

L ) + M) - ) +

&L, EE2 D5 log |A 1) & B LOBRAMBEKTH 2. & 25T, BRER
D(t) LOBZELRIERIBIEI 1 REMIZIR 2 (Koebe DEM). ZD20DEER A
HET, Ft,2) 13t e BIZOWTERITHBZZL2REE. Thbt,

TEIE 3. _bald Schottky covering 2B 3 28 R 1, B x P! L) BAZEGE I 7
i —B&tEns.

ER. L[] & 3] TiEY — < M R(t) O Bergman BB K (¢) 1B 252
DMTHIN TV 5. [1] Tl R(t) 2% planar 2> parabolic 7z 5 1%, Z8 R 13 B x P
=B TEB I L 2T LT3, Schottky covering R(¢) 1 planar T# %58
parabolic TIZ7% VDT, [1] 25 EH 3 IZH N,

EE. EE3 I OFTERINBGEEDEZ 5T 388, FEICIZG L D50
gap D3H 5. KFEHETIX, BoAR 2 2 B¥H L 2N o2 WRL I L2 8ET 3.

E PN

(1] F.Maitani and H.Yamaguchi, Variation of Bergman metrics on Riemann
surfaces, Math. Ann. 330 (2004), 477-489.

O%Py(t,
1 2) dxdy

Ft z) =

(2] L.Ahlfors and L.Sario, Riemann surfaces, Princeton Mathematical Series,
No. 26 Princeton Univ. Press, Princeton, 1960.

(3] S.Hamano, Rigidity of Bergman length on Riemann surfaces under pseudo-
convezity, Complex Analysis and its Applications, Proceedings of the 15th
ICFIDCAA, OCAMI Studies Vol. 2 (2008), 191-194.

[4] H.Yamaguchi, Variations de surfaces de Riemann surfaces, C.R. Acad. Sc.
Paris, 286 (1978), 1121-1124.
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Lo-FRABICET 5 2B ER» K &
BIY—< UE® span OEEFICDNT

AFENT (WISE), X8XE (FHIHX), IWOEE (FEXEERR)

1. R%#¥HEC, LICWB LT, ARMEDIE LI 2B Co,C1,...,C,
THEEN planar 2V —< > EHE L, R0 ERETD. ZOLE, RDO
 w-EEEOFRERIZ, BR Cy #EAFLOMBIZEL, R 2 BHERICE
T2REOEABR, 37205, circular slit map f; & radial slit map fo 2%
FETD. 22T, fl(0)=1(i=1,0) LTEHT I LERE—BHAIHRED
DT, fi(Co) DHEE ri BIEED. B pi(2) = log|fil2)| 1% (R, Co, {0}) IZ
B35 L-EREK LTINS,

4 R(t) B HERBEH L€ B=(|t| < p} LIICELNEBIR t€ B —
R(t) (=7 L, R(t) 3 0 £35) & LT, % 2 KITHE R = Uea(t, R(2))
RS L RET . Tk BEKIIATHERICRENT, KETRLE :

“logr(t) (XHIC B ETEFAMTH D23, logre(t) 1T —RIZITERFT
LM TH AR

R, & te BIZXLTR(#) 50,1 LIRETD. ZD& X, & R(t),t€B
WX LT, z=1%w=00~EFL,z=0% w=0 ~%5E7 circular slit map
w = Fy(t,z) B radial slit map w = Fy(t, 2) BFFEL, FI/(t,0) =1 (1=
1L,0) LIEFRILTDLERII—ENTHY, z=1 TOER

AY (1)

w=Fjt, z) = Zj =+ AD@) + APty (z - 1) +

B—BWINZEED
T T, R P(t,2) = log |Fi(t, 2)| & (R(t),{0,1}) iZBIY D Li-E
BI%, Ai(t) = log |AD ()] % L-THEMERZ LI2T 5.
BEHERIIAEREICL > T, BO2REFCONT, A (t) IKBETIKRD 2

BEESAR (1) 2L, TN AVT, TR BEMREEE 2 51E, A (t) i
B FoEHFEMEHETHB] T ERLE
wtf
R(t)

A () 1 ap1 t, )
212U, ko(t, z) (XRTEE CERINT, BROD OLERANLAEL S IR
DHHEDOMBLERT OR LOBKTH 5.

82P1 t Z
O0tdz
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Bz lx, BODIREEMTONT, Ag(t) IKBBTHKRD 2BES AL BT,

o/

INEY, A(t) DBE LTI, TR bi?ﬁ&ﬂiﬁﬁiﬁiiﬁ i, Ao(t) 1
B LOLGHMBETH D) Z L0305, Ll( )-, Lo(t)-EFIZET 5 25D
EHARA (1), (2) DIRIRETH 223, Ao(t) BT DEHARDOH 4 DI
A1 (t) WCBBT DBEEFRDFERA & parallel 1I29T7< it Tiddedo 7=,

82P0 t Z
- 0t0z

62A0(t) o 1 BPO t Z)
@ er = "/ o, )~

2. H. Grunsky (1932) iX Ta(t) := Ao(t) — A1(t) > 0 TH Y, 2ra(t) 1F—
;d- %ﬁg{% w = Fl(t Z) + F[)(t Z) Iz & 5 R (t) @@ﬁﬁiﬁ@ﬁﬁA@J_
70y FOBMBETHD] ZEERL,at) % R(t) (E %, (R(t,{0,1})
span & FEATE. 1. TR7z Ly, Lo-E#IZES Té%%%ﬁ/\b’(ﬁ(@ﬁ%
2155

EHE KB R:te B R(t) OEDDHER R HMEMRESR S, R(t)
@ span a(t) & B ED a(t) >0 24 #fEEKTH 3.

BEEANEUFEIZ L T, ZOFEERIL R BNEN G, 185028 MRE
WOF R, TESBEITIIRSND, T72bb, “R(t) ® span a(t) 13 B
ETD a(t) >0 R5ERMEHETH D",

Boxid, FIZ % R(t) 13 planar ZIEL T B0 5, lat) = 012257
DDOBEFZEMT R(t) € Oap THD) (RJDOER, B : Nakai-Sario,
G.W.E. 164, Springer 1970).

B, 20 bbd TROKERL21ES

R EBR:teB-R(t) & ROPEDL ) REEMREHETS. b L
B ADOF##R v EDBR L IR LT, R(t) € Oup 72 51F, v TEE - fEE
D% &t Zxt LT, R(t) €04p THS.

il EEBIR:tcB—-R() ZREFMULbDETSD. ZDEE, loga(t)
EHFMBEKTH A O 2 ?
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Severi DERDET —N)VEARH EET —NILEFk
IRIII, —fiEV O E 24K

WIED SR (EILAS)

T VLKL O EOT )V BEEEE AR TE XL & OB
% Severi DEBRDUET — )V EFRIE L HET —~OVEIBUK L FEATZ. ZD
Bahrdb, BEAEEHBIINT 2By a v 2&RE, —RED—1LSH
&, —BTANF—ELIRELZER L.

FERALHHB (V—vrm) LT, Eh—EREE TN
F—EEHEIAE (REELLTH) Thd. Lo T, HFEE
KELLNLERBEZEALTHLRALTHS.

C ®EAREAEIR, S 2 2ORESESGL L, Effkn:C —C
EEXD. S =m05/0 LB DC) 2k 0 PRFEH LT 5.
Pic’(C), Pic’(C) & hEh C, C LOfAaz BB R ERIEREDR
BEORTEHE TS, HREAKBEOES D DI(C) = Pic®(C) 1Y I
o, EEHRFETRORZRIIBELNS.

(%) 0 — H'(C,S) — Pic®(C) -2 Pic®(C) — 0.
FH 1 EOELF (x) IHETD. LER-T
Pic®(C) = Pic®(C) @ H*(C, S)

L5,

EHE1  DOC) I Pic(C) hLEEMEZEA L LOE C O—Y
abERE J(C) EERETH. ThbD

J(C) == J(C)® H(C, S).

H°(C,S) 2 C* x (C*)t THH, Zaid Severi DEKRDET —~ULE
HRETHD.

— T NN FT—EEHEE LB 2 L0 LB RL0EE XS, =
NOED3ODEBEIT—MITITERD. ZTALIZEELEVL D0k
BIZOWTHEHETS.
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T —RNILEHREDOREEXDER
a8 (FLAL)

b ZAEE X =CYT id—banizl) —<rO5x2 Il L %
T—_ASRBEEING. [ — X 2HET—LEEE X EOED
EBRKRETD. LICHETIRERTFE . IxC'— C &£T5. C
LB f B

fz+7v) =9y, 2)f(z), VyeTl, VoeC®

PHETEE, ¢ IKRTIREELLE VD, TOEEE AF(Y) TERT.
AF() 13 HY(X, L) LR—HTE 3. HExbNiz o X3 LT AF(Y) IZ
BT f#EBNICEBRTIZ LT, BUSEROET —~ NV EHEEIC
MBI a/ER (2, 3) BB LEHETS.

a Ry NOBEOINLOEEITT BB THD. ENHIET—
Vo TEZbN5D, rank [ < 2n OBH/IZT7—YV B TEZ S
TEITERY. FIT, KT UH VBB CHERT .

IHHOBRIITTICRA I TWEY (1), SETERETERL
TWRWOT, SEESETWeEnT

2% 3K
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73 C ORBHEEHRD Levi form DR
WA 1A (BRERREEE)

1. D % C" O8mfEEE, M % D OBER, dp(2) 2 2€ C* 225
M ¥7T® Euclid lBB(E+5. B<AORTWA X HIZ, D MENT
HhHZEE —logdy B D TELELARMTHLZ L LITRMETH D.
FoOERM D C? BROEBHED & X, D BMED (WX Stein)
ThirZE e M D Levi OFBEEF-TZ L EIZRMBETHD. T2
Hbh M MBp=0IlIVEEINTNDELE, —logdy P p<0D
FETLELRAMTH D ODOLEHSEMFIE, M A

P "9,
B_zi(z)gj =0 = 02;0Z;

i=1 i,j=1

(2)¢:¢; > 0

(zeM,c€C) &) Levi DFHETHITZLETHD.

—77, Grauert (2 £V, D HPERLERE X OLEEO L&, D
7% Stein TH B ODLESEME, D » [9R) ZLESFAMELIC
ko T exhaust ENBHZ ETHD. £ 2T, Levi BE~DICH Z &)
Be LT, 3 X = C* OBAIL, —logdy MPRESELFMIID
L7200 M OF&MERODZEEBEZTZ. AE], —logy D ERE
FHEo Levi form & M OEZEBH p OF O BERLRER (X)) %
Ko, TOFRRERANVT, —logdy BREELAMITLDIODLE
GG EBDHIENTERLDT, TNERET D.

2. V&0 =(00)ecC" xR DiEkE r:V >R % C*HD
Bge L, VXxRCCMIZBWT, M Xy, =7(21,...,2n-1,Zn) I
FOEHESNTWAET S, F75, M X C* OFE&A po = (0%,0) %
GH, M D py COEEVE Ty (M) Xy, =0 TH2ETDH. 2D
EE M D py TOER Npy(M)tdz1 = =21 =2, =0Th
D,y e RIZHL py := (0,V/=1y) € Npo (M) 72 |y| < Fe IZxf L
dm(py) = dist(py,po) = ly| £725.
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VXRCCMIZBWT, gy, < (21, .., 2n—1,T,) TFR SN 55
Qs yn >r(a,. .z, 0n) TRENDHEEE QL &L,

(2) —0m(z), z€Q_UM
M Vom(z),  zeq,

LB 40D n— 1 KEFTH %
_ (=) _ [ P(=r) 8P(=r)\ .
= (aziazj ) (0%), Ha = (6zi8$n ' azjamn> (0°)
_ (=) e _(9%(=r) (-1 ,.
51 = <3zi82j ) (0%), 52 = (82:,-8:1:” . 8z]~8xn> (0°)

WWEVERL, yc Rz L

0%(=r) ]!
0z, 0z, (© )]
& B<. Hy, Hy I3 Hermite 1751T, Sy, Sy (6H1T5Th 5.

3. C”@Caﬁ@iﬁﬂﬁﬁfifwﬁ%ﬁéﬁ%6Lax@%
BHRO Levi form IZ854 % n — 1 % Hermite 1751

oy [ 0%,
L, ED 4 5DITH E OBRIZROEY THh S,
EE  py = (0,V-1y) € Npp (M), y| < e izt L,
—1
2"(p,) = AW) [ + 2y A(y)|

W) BRI Yo 22T

dw:[b+y

AW) = Hy) ~ 2 - 5)[B+29- A 5w)

Mo, H(y), S(y) 1%, ThFh H(y) = H — vy - c(y)Ha, S(y) =
S1 —y-c(y)S, TEESND Hermite 175, {tFITHITH 5.

K12, 2 DDITF] @*(py) & A(y) D rank 1FE L, 2D 05
—logdy PREBELRAMII R B2 DDUEFHEUERBLNS.
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KERAE R
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JoarnaL@C Meathematics of Kk )/ofo Universitsy 1< 383X,
}?’10) um‘ﬁl A Generalization of Matsushimaé._ mﬁeoM/hOQ:
__ﬂveorem %) lj]r\? % *‘/Slﬁ; 43

%T&k_ﬁ%ﬂzﬂ LB NT, 7f;%ft73fi4$_\:ﬂ)§) pY S Ry K AhYyz)
o, A8Y 78 BB < 3. ) 2 BTN 0 TEB| FAZX x et B
w38 1%76\* 3% 2552 47 J?i L H 173 Penvose o 747/ P

2o &35 BB AR WATUL 2405 2v15 X< Febd s

19798 KehS=dis HF =22 L0 BARR 0 Rz
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—_— = A S =l

LL ~ o Pl AL ﬂﬁﬁ % (beB ) w1 ro
'f“Kid)ZT L_b,_“}) ‘+€ Ptci]l ) x Hor(TL)
e, HYO(TL, L) ro @R wiziile, )«
IEEYE a0 T, O (HAT,, L2, Y"\w )/
x@/\m;f: t (Hor(T, LY~ {on/q:
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j@%ﬁ%{Hﬂ@b_fL_w)j_@TCLSizgg&@_z;%ﬂ_mﬁ
*%;77%5_3;@_’5_}%\_1/%\1,\ N 2 E 32 gz C Birkenhale - H
_Lgng,e‘(;_c')i_y_i_% BEBshtws (1999)

Yok b-22ToER B wFEs T T=T +T %
L3t o fF e ERaB egsrs, H”' (T, [ )

CP(T, dtT ®[.) o IrEPleR =455, 72

R BELIRNE e BERE o CORR IR0 s kT,

CPYic B3 F <13 EB < 58N o F el REB| 1< 32 ik
_&)Za_[:_xi_@ﬁﬁfr_lg w ‘1’75 2 RoFER%E '/igr <.

L3R, Mz ases ki@ Ba MESEG cay,

T B oo ERNER Gt eI, M b
_LELH;enmtgﬁ_@?fii_QL,/_ﬁj__ﬁiéb_b_\_%_@ Chern 153\ ® 12
0=0, =@, @ 20, rank@®,=dinFe , @] F >0

Edgedr. zard mee N ook, Y m.=> o, me N
L, K@K . ®1™ 5 CPF5078 to, o, ty 4vdh
_(jo: S oY Y M & CIPY <. %Z’: B ER e S

TR FGER s B inds L Ky oz Fi oo FRERFE
D&Y X)

EiR okt raed (M, F L) oFleiwa HE |92
_odt (2 VKR RS EAEL o Grassmonn FHGE
R 74N =G HIRK A e B




=3 d
Sl
F—=Uv 7 77/ SRELDOFERA TTIVEE
AR

W8 K
(HETA: IPMU)

1 B

Nadel 1333 [10] I28V>T, Fano %tk £ Kahler-Einstein st BDMEEHAFD—>
ELTHISNTWLAEAFER (WbWw3 TALRER) L +o&EOFTHTL 28K
A F7NVEBOBHRIC O WTRR . AF#EHED HMIZ, Nadel DEEERE% toric Fano %HkiE
ET2o00ARENCHRRLICEREZBNTHILIIH D, ZOFGEITZARIBAKE DI
RIS [5]) IcHED T3,

2 Kaihler-Einstein 5tEDFERMRE

Q% Kahler &% 2,37 | Kahler k6% (X,Q) £§5. Q 237 % Kahler
3 w 2% Kahler-Einstein T®H % & 13 Ric(w) = caw, c € R B DILDZ &L EEFEHET
%. 772 L Ric(w) ¥ w ICMIE$ % Kahler 5F& g @ Ricci TERA & T 5. Ricci R
X DO%— Chern i c;(X) 2RET 2D T, KE i BEEZ % & EITIIBAMIC ¢(X)
BERBELRBTRINIRS 2w, o(X) WEDBAICIE (B c= -1 LIEHTL
L) Q=—c(X) % Kihler & T 2. ZDOHFAICIE Aubin & Yau i & b Q 2%
T25E97% KEFIEWEICHFET 2 2 EMILICIEHEINE. o(X)=0 DL EiF, —
MIC Calabi-Yau %Ak{E & ¥EIEH, Yau IC X DEED Q 12X LT KE & (Ricci-flat
FE) BHICHFET S I LRI EDIT oi(X) > 0 DEFEIE Fano LK & W
W Q = ¢(X) % Kahler ET 3., 2D & 23BRT 5 L9 KE FFROHFLEN
DEEVBHIONTED, BT LD KEFABBEET I LRRO LI ENTL>TY
2. ko CHEREIE Fano Mk T KE S BEZFOSRGB2 RO T2 2 L@
BINs, TNRBED LBRBRHETH 3. BuA T, KE SFROFEMBEILE A
A7 —HFE% D Kihler sH &% Calabi DIy Kahler 518 (MR L THEHE Kihler &t
BEWR) OFEREDORN 256 L LTFREIN T 5.

3 DEFHLHHIEH

IO TIRBREETASN T3 KE S BOFED O DRBEBEERM - +55&MFICo0
THHAT S, FTRLERGED»SHAT S, (X, c1(X)) 2% — Chern F#% Kihler
£§ % n RJC Fano H4kfEE T3, Aut(X) % X OIFHIECRBEE T3, MBIF, X
DBKEFEZLDLEE Aut(X) BENTHRITNE RSV ERR L. ZOEHIC
D CPO1IRERF2HE 7a—7y 7t KE GHBZRL LI £
T h2s. b)) —OBSEOFEO—DOTHIEITEETHS. Z K31k X I
KE GtBOHFETH L E ROBITAERF h(X) > CHHEBT B LE2RLA.
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2L h(X) 1F X DIEHIRT bV § Lie RET 5.
F(v) = / vhowy, v € h(X). (1)
X

172U hy € CP(X) 1 Ric(wy) — wy = Y100, TEHBINZEHKET 2. F I3
A% %Uﬂ"tih EE g OHLY Al SR L B © b AN & hEFHE N7z, $7:
Aut(X) DEHTZAFERPHEBR L BHlb ZRKIcE DRI TW3. MEDER,
CARAKEOHEREIL E DI X ONHEICETIEETHS. O 25 X HIERA
R IERIR 7 VB2 R 723 hud KE SHEPFELET S L) FHEBRRE N8,
Tian IZ & h KBIDSRE 0z ([15)). Tian & KE GHEEZ RO & ¥ X 13 “KEH (K&
EHE) 2L S RTNERS RV I ERZERL, h(X) = {0} 22 K-BETEROEI %
U7, ZOHld Fano £HkfkD KE FHROFHEREDTY 7 — P RETH 2 &
EARLTV S, £ 2 THOL “SREOLENE" &) BERIIEEE Kahler 518
DHEEMBD R TIHEEICEELPETH D, B Kihler SIROEERGF ISR DE
EYELFAETH 5 &) FRBRTE N TV 5 (Yau-Tian-Donaldson F48).

RICTDFRFITOWTHEAT 3. +HFREOFICRNZD05EDH ) —D>DFE
TdH %, Nadel [9] DFEEA 77V (MIS = multiplier ideal sheaves) T& %. Nadel
i, 55 &7 3 Kihler R7 2 ¥ DI LT MIS 2 E&E L /2. (DL I
% B FAABAEOH L T Demailly-Kollér [1] 12 & h HEZR S Nlz) —fRIC Nadel DF
BA FT7IVBIERD & ) 7 Kahler 5 V2 v VoINS L THERI NG, S = {u €
Cr(X ) |w+L180u; > 0} # ¢,(X) I2J&T 3 Kahler £F ¥ > v OF & L, {EED
a€ (25, 1)KL

ntl

supu; =0, lim [ exp(—ou;)w” = co (2)
1—00 X

o BBRETHRGEES Uc X XL
/ exp(—u ) < O(1) (3)
U

Zitc§ & T 5. Nadel 13 ST L CHARALEE A 77 VB Ts C Ox(Ts #0, Ox)
PR LUEBA FTTNLVBEFAL. MISIZahEn Y —0lBRER

o JEB Hermitian EARHE L ITHL
HY (X, L®ZIs)=0 (g>0). (4)

AL, RBRMOSFCILCERAINTY S, V 2 MIS 235 ) BL3 555 2 ¥ — A
}Z?%, 2% b Oy = Ox/IS E93. Vsupp *rV DREETS. Vsupp FRD & 5 Ik
BOTOND, pe X D Vo WEENLZWI LW, pDHIBEH U C X £H 53
a€ (2,1) IR LT

n+1’

/ exp(—ay;)w™ < O(1)
U

27T EICRAETHS. COIEDSTh D LI, I it (v} DEBROKFEM#
KBL TV 5. Nadel i& MIS % continuity method DEDFEEICN T AEEL L &
A2l Zn%HHAT 572D, £713 continuity method IZDWTHHT 5. ¢(X) %
R#F T % Kahler PR w, = w + L2100y »3 KE A TH 3 &2 9 &% Kahler K7
VXY NVTEETTLERD 2 %@fﬁﬁ DR (% Monge-Ampere HER) (21 E
INs:

det(gij + <Pi3) = dgg(gij) eXP(hg - ). (5)



Z 2T (5) % continuity method ZFHW T ZE2FERX 5.
det(g;5 + (1pe)i3) = det(giz) exp(hy — tipr), t € [0,1] (6)

fRZeR T = {t € [0,1] | (6) is solvable at t} 45 0 Z&{r Z & i Calabi-Yau OERIC
K h@RIEXN, [0,1] O THTH 2 2 L IZEBEBEE, SRS NS, T BHTHS
7=IZI3, Yau I & % a priori FHliZ B LV, DEDTRTD L <t ITBWT
teT DD |lllco < C bty €T THD. M X M KEFEZR R E EITE
(6) % t=1 KA TROTVLIILTEE, HD by € (0,1] IKBWTHIL a priori
Sfik Y. 2D & =, Nadel 1d (6) DIEDFI {i,, —suppy} #5 MIS Z2FH T 5 2 &
R U, AHEHETIE, 20 MIS % KEMIS EMERZ L2 5. FRCHHIEE g 3
Awt(X) Da vy MEIEE G ICRHLTAETH B L E, §50 5 KEMIS i GE-F
Tk, =FL,GC 13 G DEFENLTH 2. WHEEIRVEREDSS, HEREE)
5B 5N MIS OMRMIER (EREMY ete...) ZHVT MIS DIEFEZRE S I &£
H3. ZDLIRERHEIT apriori A t =1 FTRYZL KE SR L2%. 20
F#T Nadel 13 KE $RGBEOFIZ R L. ZZETRELDD E, ZRFERIZ KE
HBODEEMA 252, MIS DFFERTIEEELE5X TS, Ths ZOo0BFR%H
N3 It KE FHBOBBETSFELRS LTCERBDH L EEZLND.

4 Nadel QR

BN ARER E MIS OBRICOWTHIZE L 72Dl Nadel [10] TH o7z, Z O
TlX Nadel DIERZFHENT 5. (X, (X)) % — Chern % Kahler HE T % n Kt
Fano $kEfh & 2. FEHMBARZERNZ LB v e h(X) WKL T Z(v) Z2EHREEL
L ZH(V) % Z*(v) := {p € Z(v) | Re(div(v)(p)) > 0} TEET %. 1c7/IL div(v) I&
v OFB, OFED div(v) = Ly(vol)/vol £ T 3. 721, L, 13 v IZih> 7z Lie 57 &
L, vol ZEBEHRE TS, —MIC v OFBIIEBEERICEKET 225 Z2T(V) 13 Z(v)
DR ER 2D THEMILRIT L 5T well-defined TH2 Z L ZERLTEC.

FE 1 (Nadel, [10]) (X, (X)) % KE §HB% 772\ Fano A L T5. Vi, &
KE-MIS 5 BB WOPAXF—LDEETE. COLEZRAERBNOICRS, X
TD v LT Vapp € Z7(v) B L.

COEBOIGHAE L TIE CP o KE StEBOFELRT I L LGN TR
7o, L L, ¥ Kahler 3HB & FRBOLEROBRL S, COEEE RET LHD
ICHABEZ NS,

5 H—DHLE

FPEHR 1 OE—DIIBEORKREZRRS. X % n KIT toric Fano FREL T5. X 1T

Wn R b= A2 T (C) BHRNCERTS. T2 TOEN—TFA, tg 22D

LeBET2. J2TOEFHEEL L, Ng = Jtg EB{. L Ng KL v & £ DFE

BTBZEMRY PVBET S, Mg % Ng DI ZERE L, A C Mg % toric Fano %

Btk X 2E® % reflexive polytope £ T3. £ € Ng KL, A DEHESE D) %
D=%(¢) :={ye A (y,&) <0}

LEET D,
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EIE 2 (S, [5]) X % toric Fano %Rk L L, X & KE Gt&%2Flhwi T3 G %
X D Aut(X) DRV N7 VOB ET D, Vi & G-AEE g 2GR E T
5 GEAZ KEMIS D6 BE WO AX—LDEETSE. X7 bV e Ng oL,
Flvg) >0 £T 5 & py(Vaugp) & DSO(E) B3R ST,

COEBRDOGAEBRRBENC, ZO8HE IOV THHETS. X TD MIS & KE 58
B BHRDS I, BIEi TN & 912 KE fFBROEEZ R T -0 K E Vi
2 Fo SR B W OHRERZ AV CIERBEL MIS BFEL RV I L2 RTY
DTH->T. EH 2 OEKIE, TN OMERBREGETERS. xS T 20
IZ, Yau-Tian-Donaldson 748 (YTD F48) ic>Ww A Lt 3. BE KE itE%2 &8
IEHE Kahler FEOFEMEIE YTD FHE L TCERLE L Tw 3. BHEMITIE, EX
A1 7 — Wi ZFFD (csc) Kahler FEDHFEIY K-REW 2 & DS REOTEN 2 FRMET
HBIEBFRINTVE. ZITE) FREOLENE & 1%, REFEMT moduli Z2R]
2T 5 & FITH o B BAANALERG (Geometric Invariant Theory = GIT)
DERTOLEENETH 5. REPITHBNS & moduli ZEZHLT 3 & 1P/ (R
FOVZER) & B (RERUEE) TEIA ) LT3 LB O N BT —MRIC Hausdorff M08 M
BEDWHZR RV, 22T (F) KERERENZ DL T 2EDTEHZ Z Lick
b, "B, moduli 8 T 5. YTD FHIZ, cscK §HE % #> X 9 7 Kihler Zikfk
ESRRED moduli DEERDINIGT 2 Z L 2EKRL T 3. ZHUIMD AL SR
(R HRADR) L RBEEMNENR (GIT DEKTOREM) &L 3 MG
TH B, D) ERIGIE Hitchin/MESTHIES & BEEN, T TICR 7 FIVEROBEIZIIHE
LENTS. ZOSHEITIERD 3 XZEHR L Hermitian-Einstein (¥ 72 1% Hermitian
Yang-Mills) SR EMITNZHDTH 2. —F, X7 PNVHEOREMIT O W TIIRE
Al FETHIZIZRD L) ICEES TV, (B, h) — (X, w) ZIEH] Hermitian X
JENVREL, FC(E) Z2ZDERELETZ. FIINLTAR—T u(F) LN 2
B2 u(F) = [ya(F)Aw' ! rank(F) TEET 2. EBAR—TRETHD LI, T
NTOEWIE F LT p(F) < w(B) BEHIIDIL2EK®KT S, 2T Tan—
TEE = HE (HYM) tBOFE) DEHORNEZ REPICIRDIES. KD B &5
B (HE) #FE L%\ ERE LT HE SHRICHD > TEB LTV L 254 5. (HE
FRZEALL L TR L) RNBROAERICR > TERT %), L L HE GHED
FELROID, BRREPTATVZFERIT. ZONTVOREE» S 2A0—7
LEWEZRT L) R B2HERT 5 LTI NS, Hitchin/NMARIED AR AR
TH2 YTD FRICBOTORROBMAADMRD LD LS 5. KE 5RO
&121% continuity method IZ X B2, ZD N7V %2E 5L DH MIS TH 3 I & HH]
FEI N3, EFFIC continuity method IZ & 2813, KE SHEZEER&L L L TEOHH
O K- 2V X =B RNT 2 HANDEHBIC 2> T3,

R 3 L2 L, continuity method IZ & 25KIES D L Z 5 cscK GHERPIRIVGIR DS
B I N TV iV, escK §HE % ENDHR%E F 2 3 BE121 continuity method
&1 & Kahler-Ricci flow 72 EDRAEN 7 0 — %2 EZ 1) PEHARTH S LBbN 2.

T, "SREOR D —TRERICHIGT S5 b0 LI RBELHSE. Zhi

Ross-Thomas ([12]) IZ & > TRIAER S L. o BEHBERE (X, L) OO A ¥ —

LI LT PVEOETBICHEUUT 2 TR0 -T2 ERL, ThE AV TEHEE

DAN—TEEWZERL. Z LT, Z0Ui Tian D K-ZEM [15] (DB I Donaldson

[2] PMRBNICHERL72) ~DEFICE o TwE I ERRL, ZOMKRE, ko2

0 — 7 REMD cscK FIBDFHENDEEIL R >TWBE I L X2 E W,
IN6x25FE25E ROMEVSHRIIEZ OGNS,

FIRE Fano %HkfF (X, c;(X)) % anti-canonical EMRR K3' TRR I L7 Sikik L %
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27L&, X M KEHBRZEL2FUE KEMIS (£7:1%, ZHUCIG T 2802 ¥ —
LDBR)IF X DA —TREWRZHETH?

FHE2OGHAELT, b2 L by — ROV TEORWVIZEZ 5.

R4 XZECPO1ETa—Ty 7 TRONZMEIL T 5L, GE-FK KE-MIS OFE
DI AF— LDOBRANRFTH 2. DD ERRIAIL anticanonical polarization
IZB8 L Ross-Thomas D A 0 — 7HEWDERT (X, K5') DEEEZHT.

FR5 X ZCPPD 28 p,p ICBIZ70—7y 7 CRONZHEL T2 & GEA
Z KE-MIS DEDBEWIAF—LDEIR, py & pp BFES line DEEEER Ey 5, Ey
¥ SEUHCKAE (—1) O 3EADHBD tree THEZ EETIIbD 3D, EFH 2 &
EL5THIDERETDIEATTTHS. AT, X 1 Panov-Ross [11] IZ &
b anticanonical polarization ICEL AR —7RETH D Z LRk, Thid X »®
KE tB% 87w L 6% 2 5 &, Ross-Thomas DA 0 — 7 HEHDERED KE
HBROGEEZRTICHE, XA TREZVIEZERLTWVS.

SRR 6 FOADOIIZIC & D, continuity method & FIARIC Kahler-Ricci flow & MIS %35
MY 22 LA E NI (Phong-Sesum-Sturm, Rubinstein). toric Fano kD54,
Kihler-Ricci flow 2> 58 6% MIS @555, KE-MIS & b BARRICEIE T 5 2 L5
¥z EBRICCPP D 2m7u—7y 7OBE 8605 MIS ICHRT AR X — 4
DEIF Ey, #EUHADKER (—1) O IKXDHBRD tree TH S L3005 ([5, 14)).

6 FE_ODILE

W ORI, Nadel 75 KE S BOFER R T DTV MIS DF L% KE 3t EZ
BELAHBICEATA 2L Th B ZDOEED S KE 5HRIZ cscK FHEPIRAY Kahler
HBAORKELEY— AL LTEZSNS. —T Fano %Rk L DX Kihler 3T E &
LCHOEELAISNT VS, ZD—25% Kihler-Ricci soliton TH 3. X % n KT
Fano Z8A L L, K % Aut(X) DK7Y MBSEE, ¢(X) 2 K O Lie B, h,(X)
% K OEFED Lie BET S, h(X) & h(X) D reductive part ICFEL V. g & ¢ (X)
BT 5 K-A% Kahler 5t8 & L, FAIRY PV v € b (X) Z2H5. # (g9,v) »
Kahler-Ricci soliton (KRS) TH % & X

N

Ric(wg) — wy = Lo(wy) (7)

RWGHTEZERV) . v =0 DEEITE (7) 2L THERIZI KEFBRZOLDIZR
%. (7) % Kahler 7 ¥ v 0FBRE LTEC &, KEFROD & F LRAMKICRD
Monge-Apmere ARRICFEI NS,

det(g;; + pi3) = det(g;7) exp(hy — O g — v(p) — ¥).

2L 6,, € CR(X) %

V=T -
L(V)wg = 00, 4, /ee“-gwgz/w”
X X

2w

TEZBINIEKETS. DI &5, KEFEERRIZ KRS IZH continuity method
DEEATES. EE 1 % KRS KHRT 2D ZARTERZ ZOBAICHRL 2
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JHuEe 5. ZHUR Tian-Zhu [16] KX D RD L H ICERI N T, B2 onik
(g,v) IKRLT

mmyzﬁw@—&gwm;

LEDD. F, R OAREREARICHHRICRE L 20, BIC0=0 0L ZIBER O
ARERICHFL V. ROFE ([16]) 4 KRSHEL LD TH 2.

%8 7 (Tian-Zhu, [16]) F, 23 b,(X) ETHEL Im(v) € ¢(X) 2727 v € h,(X)
DT BE—DOFET B,

FFIZ X 23 toric Fano ZARADGZ S, @ 7 D v 1T LT F, & h(X) ETHKT 3
(Wang-Zhu, [17]). TOE ERD I ERZIAHPTE 5.

EE B8 (ZAK-S,[5]) 7 D v € h(X) IKXL T continuity method =&k b
Kahler-Ricci soliton DEFEFEZFHTERZ WS, KE FEO L X L RIS MIS 255
BIND. Vo CX % ELTHRONIMIS DEDZHMAAX—LDHEET B LAEE
DIEBIRY MG w € b (X) WL V, g & 27 (w) DSELH LD,

KESBDELEZLER DRI ZATERDHEBOENZMLEL LI ETHE. I
3 KRSV KESFBIDDHFEELLTVLIL2BRLTwS. ZOFRDGHE LT,
CPP D170 =7y P CHEONAHEIC KRS BEETLZ 27T 2 E kK3,
Z U/ (6], Wang-Zhu [17] ODFEROBIEIAZ 52 5. 270 —7 v Z7O#@EIC b
FEFRDFERVEEINE D, EH 8 THELATSITHS. (—MD toric Fano ZikiE
EICIEHEIC KRS DSEET % 2 L3RS Wang-Zhu [17] TREN TV 3)

ZOFRIE, X51H0 KE FHEDIRICHHEMTH 3. i [7] ZZARER DY
B L 72\ Fano ZARkIE LICh KE FHEOBIEERD L HITHRL 7. w, € ¢(X) %%
HWOBERT—RIL I N7 KE R (ABHETIE CKEFREEL) THB EIF, 1 —ehs
DEFEAR 7 PV

1 -0(1 —eho) 8
C hgy . __ § i3
grod, (1 = e): V-1 o g 931 Oz

MEATH 2 I E2ERT 5. ZARTERBMHEBRT 2354, GKE sHEILEAE D KE 3t
BICFLV. 20 KE FEOIRIZ KRS OHRIR L I3HD S A 7TH 208, MHliL [8) 12
BWT KRS & GKE itB%&®7: KE FHROAR & L TEH Hermitian i £ 2D
Einstein sH &% E# L 72. Nadel D MIS OFkld KRS & RKRDHFH:THEE Hermitian
#iE O Einstein Gt B X THETE L 2 L0803, DF D, FH Hermitian HiED
Einstein at & %3K® % Monge-Ampere T2 L TH continuity method 238 3
% Z LT E, Einstein st BEBTFELZWVEZICIZ KESBOEEZLAL L MIS #3%
BY5Ze0b0%. 612K 4] BEARTKER % FH Hermitian #5ED Einstein
HARADEEL L THRLL. CP O IR BLF 28 7u—7y 7 THON 2
DEA, (13] ok 0 RS N ARERIEET 5 2 Lasbh s, SOk kR |
DFEH Hermitian FENDILRE ORD Z L WEEHTE 5.

EE 9 (S, 13]) CP*P D 1 H7a—7y 7 THRONSHIEIC I GKE HEVNEFET 3.

CP* O 1m7a—7y 7TRoNSME ED GKE GFROFEIHH 8] itk hR
NTid, ER I EZDREHAE 52 Tw3,
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