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SHEE (H2, p) LO=fTE AL, &2 (&t 3 AOERK) TOH DKL OEK
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1%, ZOBETA ORAMERD 1 OTH 2, 2 2 TR EAFOEADETIZ RV p € H2
KN LTEEATA VI LERSAT L MZh 2 HAHBEE 2 2. AR TERS
ns:

Dy(Ta) i=(Hy(f), 772Ul Hy(f):={qeH|p(q.p) < pla, f()}.
fela
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Dy(Ta) =4 "R .

(V(Hp(Ri o Rj) NHy(Rj0 Ry)), %EL,pDA; LichsL &,

j=1,2,3
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®
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FREDRRDFEHIZIE, W =AM T 2 F = NOEEPHFLN R EEE R F. &
7o, ERLOREROILR Y LT, %020 OTEAAWEhFmH O R E oH? Ficd 355,
D% D HEMETEA (ideal vertex) 2% 2 5E1CS D,y (Ta) DFAMRDETIREZ N E Z &%,
“ABEOERICIC Y 72 2 BURBRICN T 28R (1, 2] THEIh TV

AROFERIE, WHth=ATEOTHRDEZ X 51— T 25D TH 5.

FFED D, (Ta) OFRRIE, HREDOE OB E T NMITBT 2 ZDIMINCDH 555
&, TROBEMAMATEA (ultraideal vertex) 2SN =ATEICH 2 HEITDH LD LD,

C OEHOFEINC, EE OTES, HATES, @HATEENEE T 2 =AFICHEHT
XD EXDIHIRE N2 F 2 NDEHEHWS., ZOFRIILLTOHED TH 3.
aed ([3])
N NS 2HEAZBZ2ERE [ T2 % 3KDER I, Iy, I3 D5 A DHNELD
—HTRbDBZ e, UFOERXDKD IO L L IXFMETH 5:

(I, Az) r(l2, As) (I3, A1)

=1.
r(l, As) r(l2, A1) (I3, As)
o THA Ao N Az PEEDTESERS, r(ly, Ag) 1F Ay ZETLEME [ EOKT

A% EBE sin TELRZDDTH 3,

o THR Ao N A PEMTHSR S, ZORZHLE 5 horocycle Z{EEIC 1 DHL
D, 11, Ag) W30 Ay ZETERY |, L THRENBHS OWETH 2

o THA Ao N Az PWEIMESZ S, r(ly, As) 13 As 2 ETEME I; DD
PEAfEE AN E5LBEEL sinh TEL/2dDTH 5.
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Newton-Mandelbrot set

Shunji HORIGUCHI

The Wasan(Japanese mathematics in the Edo period(1603-1868:national isolation)) of 1673 leads
to the extension of Mandelbrot set, i.e., the Newton-Mandelbrot set(Def. 1(2)). We use the Newton-
Mandelbrot set to show that the complex plane continuously transforms the Mandelbrot set and the
Multibrot set(Thm. 4). This shows the originality of Japanese traditional mathematics (Wasan).

Definition 1. (1) Let C be the complex plane and #(>=2) a natural number.
M, ={ceClzy=0, zxy =z} +c, klgrolol Zkl<o } (1)

Here, M- is called the Mandelbrot set(1979), and M,(n>=3) the Multibrot set.
(2) Let p(>=2) be a natural number and m a real number.

(m—=1)z{ -

c ..
NMP(m):Z{CEC|ZOZOaZk+I= mz,ffl—l ,I}ILTC}O|ZIC|<OO} 2)

It is called the Newton-Mandelbrot set. In particular, NM>(0) is the Mandelbrot set M> and
NM,(0)(p>=3) is the Multibrot set M,,.

NM,(m) can be considered as a picture. This is obtained from the formula (2) when m is determined.
We can obtain NM,,(m) using a computer.

Theorem 2(Douady and Hubbard[2]). The Mandelbrot set and the Multibrot set are connected
and closed sets.

Theorem 3(Mitsuhiro Shishikura[3]). The Boundary of the Mandelbrot Set has Hausdorff
dimension 2.

Theorem 4([1]). The complex plane C can be continuously transformed to Mandelbrot set M or
Multibrot set M(p>=3).

Proof.  If we apply f(z)=z"—z+c(p>=2) to Newton’s method, then the following is obtained.

zi—zx+c  (p—-Dzf—c

Zk =Zk — = =
(zf —zi+c)  pzP'-1

In this case, let zo = 0 and z; = ¢. This is the formula of NM,,,,, and it is the following set.
NM,(py={c(e O) such that z; converges to the root of {z)=0 or
z performs various actions within C (except z=(1/p)"? ).}
Therefore, NM,(p) is the connected set, and C is represented as follows.
C=NMyp) L (1p)! e

Here, if we continuously move from p to 0, then (1/p)"%" =0 and pz¢#'—1=—1. Hence, Ctransforms

to (NM,(0y=)M, continuously. []
zi—ze+e  (3-Dz—c

(z2—zi+¢)  3z2-1

This is the formula of NM5(3). From 3z72-1=0, z=+(1/3)"? is obtained. Then C'is represented as
follows.

Example 5. Iffiz)=Z—zt+cthen ziu =2z —

C=NMx3)U {=(1/3)"2}



Here, if we continuously move from 3 to 0, then 3z>—1=—1,|zx/=}+(1/3)"’|=c0, and C transfers to
(NM;3(0)=)Ms5 continuously.

Example 6. 'We show NM(m) approaching M. The recurrence formula of NMa(m) is this.

(m-1zi-c
Zppl =
mzy — 1

If m continuously approaches 0, then this approaches zi1=zi*+c. We will show the following

examples. () NMx(—1)  (2) NMx(0.1) (3) NM~(0.5) (4) NML(1)
Next, we will discuss the Fatou set, the Julia set, and Newton’s map. Newton’s map for
Jo(z)=z'—z+c 1s this. Here, add the parameter m to the notation f,(z) to write it as fpu(z).

zl -z +c¢ _ (p(m)—1)z" —c
(zF —z+c) p(m)z"™" -1

Nfpmoyp(2) =2 =

Let F(Nfpmu(2)), J(Nfo.m(2)) be the Fatou set, the Julia set for Nf,,x(z) in the Riemann sphere,
respectively. Let c,=z=(1/p)"%""V. Then C'is represented as follows.

C=EWNpn2) N O INpl2)) N O), € JNfpl2)) N C
where oo ¢ (F(Nfy(z,m)) N OO (J(Nf(z,m)) N O).

Now, we obtain the following.
Proposition 7.  I[fm —0, then C=(F(Nfyu(2)) N OO JN(fpm(2)) N O), continuously transformed
to C=F(Nho(2)N OO JNEho(2) N O), co—og C where Nfyo(z)=="+c.
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Analytic continuation of local zeta functions to a slit
complex plane

WA St (Julike)

KB R (SN

MR O¥ (IR A
1 EA

AFHEEHTIE, RO TERSND WL —ZBEBICOVWTEZ S !

Zolsif) = | @lel@)de (s €C) (1)
ZIT, f, 0 BERDREE U L TERS NI EBIEEREKT ¢ 0B U ITE&EN D

bOE T 5. LOBEMIETE Re(s) > —co(f) TIAR—RRICR T 2728, 2 ZTOIEH]
B ARTIENTES. ZIT,

co(f) :=sup{c > 0: FEDELHEV BFELT, |f|¢ e LY(V)}

% f @D log canonical threshold % extendibility exponent 72 ¥ ¥ FEENZ FAEETH 5.
ZL DBEIL, Zy(s; ) BT DRV ER S NS Z e TE D, ZDfiE
RO T3 [ ORF R AR IEEICHR S 8B 22T 5.

| DRI D ¢ 3 C /TH 25EX, [N OFRE SHHER O & 5oty
WZED Zy(s; f) BETFHICEHMBER I NS, T HIT, Zy(s; f) DRTOMIIEDE
fill EICFETEL, ¢(0) > 0,¢0(z) > 0 EWSREDD £ T s = —¢o(f) IXMEFRFOZ 23D
% ([2]).

[ OIREZR C° HITETHHD T, Zy(s; f) DIRNEFORRFEERLTALD. £5m
X [1]12BWT, BB DGE & R DT AL T 5 72D DSEMFITDOWT,
FRMEFLNTWS. — /T f HFEATEH (Taylor BN RIEZFOHE, Zs(s; f)
s = —co(f) TMTRBRWRRERZFOFIAHM SN TWS ([2]). LZedoT, f25C0°
T D 2HETE A O HRUE —RICHAIE T, Z,(s; f) DRRAIZOW
TRVWERLZORLRNI EBZWN. ZTRETICHILN TV A RRANETHDFH £IZ
HNTWBZ e HRD &5 REENBARCHEREINS.

BSZE 1 Z,(s; f) ASHEIR C \ (—o0, —co(f)] ICIERINCARATHESE X LB 72 DEefE 2 KD X
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2 FHER

AHEHTEATAOMEICE L Tn=1D85EE2E 2 5. [ PEATHHTRZRWES, f
D3 C® WTHIUE Zy(s; f) DR FHEANE RGN BE 0T RiclziEo Z o
BHTREINS. [ HRRERATHETH 255080 T, —IC [ AFRFICBVWTH 5D
EREE 2 ROGE, M 1 OO OIS 2 Z e RE 5.

T2 5>02F5. ¢l%(—06,0) BEFETHD, f HROEHEMLT LT 5.
(i) f(z) & (=8,0)\ {0} £ O #ho f'(z) #0. (i) limysuo f(2)/f'(x) DTFHET 5.
ZDEE, Zy(si f) 12 C\ (—00, —co(f)] WWIFRNCAATHEG SN 5.

EH 2 12BVTE f I CCRTH2HEIZRL, 2RDIEVWT 7 ZDBEIIH LT
Zs(s; f) DIERIZR TS S5 . T ORI, Z4(s; f) DRERFD C\ (—o00, —co(f)]
WHEELRVWI EDAZRTDHDT, s = —co(f) BT 2FERDHEES (—o0, —co(f)]
TOREFDOAEIZOWTIEID 252V, ZOEHDOIEINIEBZEL U L D RD & 5 7z5#
PEREEL D Mellin ZH#AD M AT REMEICIRAE S N B

EE 3 aeRtﬁa.¢%(0mytmL%%ﬁf:yﬂ7btA%%o%®t?
5. ZOYE, lim, . 0t(x)/z* BEIETIUL, Mellin 2282 M[y)(s) = [;° 2* 1 (x)de 1&
C\ (—o0, —a] WCIERNZfEfrmi s 5.

TR 31X T o DEMATEIBDIGE ZHEH L, Weierstrass Oy MUEH % AW T—&D
HBR DG AR T 5. EH 2 D% (i) 1IZE AL O HHFE T BB EH 3 D5
R T T-DDEMTHY, fICHTRELZMLL LTABNCEER D TH S,

St (i) OFHMICOVWTE X B, &M (i) FFETHEHETRWESIEEICHILL, F
HTHHATHD2BOMMEEROGEEBLT 2. —77, [3] ITBWTEM (i) &k
TG (i) T R VEBPER I A TWEH, ZDBBUCE S 2 AT — X B
M 1 D &5 R 2RO E 53D o TWIRW. £z, Zy(s; f) BEEDINC
FRR S FFD X 5 RERREK f OFEDH LN TOVRWY. Leh> T, &4 (i) 2z
TR CEAEREEL f T Zy(s; f) DFEBPANRRLA 2RO D DMK T 2 Z e SR OFE
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Everywhere divergence of tangential parabolic limits
of Gauss-Weierstrass integrals

Hiroaki Aikawa (Chubu University)*

We investigate the initial limits of Gauss-Weierstrass integrals over the upper half
space R = {(x,1) : x € R",t > 0} withn > 1. By

1 x —yI?
Wit = o [ e (=B )r00ay

we denote the Gauss-Weierstrass integral of a locally integrable function f on R".

The classical Fatou theorem says that the Poisson integral of a function f on R" has
nontangential limit f(&) at almost every boundary point £ € R". See [3] for the initial
paper. Watson [6, Theorem 4.1] proved the following parabolic Fatou theorem.

Theorem A. Suppose that the Gauss-Weierstrass integral W f(x, t) of a function f on R"
exists. Then W f(x,t) has a parabolic limit f(&) at almost every boundary point § € R",
ie.,

ltir{)l Wf(x,t)= f(&) foreverym > 0. (1)

|x—&|<mt'/?

The sharpness of nontangential limits of the Poisson integral is known as the Lit-
tlewood theorem. See [4] for the initial reference. Watson [6, Theorem 4.3] gave the
following sharpness of the parabolic approach in Theorem A.

Theorem B. Let n = 1. Let h(t) be a positive function of t > 0 such that lim,_, h(t) = 0
and lim,_ h(t)/t'/? = co. For each £ € R let L denote the graph {(x, t) : x — & = h(t)}.
Then, there exists a bounded function f on R such that

ltirrol W f(x,t) diverges for almost every £ € R.
(X,t)EL;

We strengthen Theorem B by constructing a bounded function f for which the tan-
gential parabolic limit of the Gauss-Weierstrass integral W f diverges everywhere, rather
than almost everywhere. We also treat various approaches more general than translated
graphs.

Definition 1. Let ¥ be a continuum (connected compact set) in the closure of R**'. We
say that y is tangentially parabolic at (£, 0) if the following two conditions hold:

(i) ynoRY™ ={(,0)}.

(ii) For each m > 0 there is § > 0 such that

{(x,t)ey : 0<t <8 Cix,0b) : |x =& > mt'/?. (2)

*e-mail: aikawa@fsc.chubu.ac. jp
This work was supported by JSPS KAKENHI Grant Number 21K03281.
2020 Mathematics Subject Classification: 31B35, 35K05, 42B25.
Keywords: Gauss-Weierstrass integral, parabolic Fatou theorem, tangential parabolic limits.



If the precise ¢ is irrelevant, we simply say that y is tangentially parabolic. We should,
however, note that y N dR”*" is a single point. Observe that (ii) implies that y lies even-
tually outside a parabolic approach region {(x,t) : |x — &| < mt'/?} for any m > 0. By
d,((x,1),(,s)) we denote the parabolic distance |x — y| + |t — s|*/? between (x, ) and
v, 5).

Definition 2. Let y and y’ be continua in the closure of R*'. We say that y’ is at least
as tangential as y if there exists a continuous mapping T on y with the properties:

@ Ty=v"
(ii) T preserves the t-coordinate, i.e., T is written as T(x, t) = (T,x, t).

(iii) T is non-contracting, i.e., there is a positive constant ¢, such that
d,(T(x,1),T(y,s) > crdp(x,1),(y,5)) for(x,1),(y,s) €y. (3)

We say that y and y’ have equivalent tangency if y’ is at least as tangential as y, and vice
versa.

Obviously, y and its translation y + & = {(x + £,t) : (x,t) € y} have equivalent
tangency. Moreover, y and its rotation around the ¢-axis have equivalent tangency. The
main result of this note is the following.

Theorem 3. Let y be a tangentially parabolic continuum in the closure of R, Then there
exists a bounded function f on R" such that

ltinol W f(x,t) diverges

(x.ney’
for every continuum y’ at least as tangential as y.

Corollary 4. Let y be a tangentially parabolic curve in the closure of R, Then, there
exists a bounded function f on R" such that

1{1_1’)101 W f(x,t) diverges for every £ € R".
(x,t)ey+¢
The construction of f in Theorem 3 are given in the same spirit as in [1] and [2].
Nagel-Stein [5] improved the Fatou theorem so that the approach region can include a
non-nontangential sequence. Watson [6, Theorem 4.5] proved a parabolic counterpart
of Nagel-Stein’s non-nontangential boundary limit theorem. We compare the tangential
parabolic approach and the non-nontangetial parabolic approach of Nagel-Stein type.
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2 v FBARIZEIE T 5 Loewner chain \ DDA AV E

e —Hl (AR R BRI R FER
Sebastian Schleiflinger (University of Wiirzburg)

1. BSOS %, IEBUEZHE F(0) =0, £/(0) = 1 27D = {2 € C: || < 1} LOIFRIBIERES A
BT BB L T3, %5 X — 2 EERIREL(f,)im0 D

f:(0) =0, e 'fL eS8, (D) C fi(D) (s<t)

P32 &, Ik EHR{LX N7z radial Loewner chain ¥ W5, D%, HilZ Loewner chain & FER.
Loewner chain ¥, I A Y TXRTDt > 01 LT Loewner DIRIM D HER

Ot () = =fi(lt. 2
Zi7zs. TZTp(t, )&, IFEAETRTOHIN L TD 2 LA FHADIEAIEHRTH D, p(t,0) =1
il g, FB2eDITNLUTE— p(t,2) IFAIHITH 5. D X 57288 p ¥ Herglotz function &
Eh 3. IR D Herglotz function t&—7EMIZ Loewner chain € 5.

Loewner (2 & 2 TCRDAFZE [Low23[ 1lZ AV v FERIZBET2bDTH o7, TITCRBIZAUY
FEid, B35z € Cl oo LEERY s LA VHIRTH 2. f(D)HRV v FORMEETHZ L5 7%
€SNy FEREIESR. Loewnerld, RV v FNE& f € SI137272—DD Loewner chain {f;} IZH®
ADBZ TR LIz, £ E, {fLHFLIALTCHRTH S, 512, @Ik : [0,00) — ID
DFEL T

T = (1)
DR LD, AFHETIX, D Loewner DEZHFERE LT, RV v FEHICHT 20 O00d)
ABREZERT 5.

2. feSITHLT fy = f &7 % Loewner chain BfEET 5 £ X, f13 Loewner chain [Z3B®HASH B &
WL RIFHDALBEICE L TR d BEANZHEETH 5.

FI 1 ([Pom75)). (EED f € SI&H % Loewner chainlZH®AL Z B TE 5.

2-1. Loewner chain (f;) I LT, &2z € DIZOWTEMt — fi(2) BITXTDt > 0 TMOATRET D
Y&, (f) IMPEETHZ VI ZLICT S, ZITROEI REBEEEZ 3.

Sq:={f €S8 : fI3MIvIHE’R Loewner chain IZHDAD 5 }

AR D Loewner DFERIZE D, TRXTORV v FERIZS, IR T 5. %7z f(D) 23FH Jordan #HifIZ
o THENZHERTH 255D S ITET 5.

RiZ, fESHDE_ODHVWIIKRDLLREWVWRAY v FDFEEGANETLTE. Zorx, HiXMH
0,71 T—2HDRY v bO—FEHEL, ROXM (T1,T:] TZ2OHDRY v bO—HEHT, W5
EZ#E DR Z 8T, f% Loewner chain (IZHDIAL Z LA TE L. ZOHAE, (fi)ldt =T, THWIA
BETWX WV, 7272, Z2o0R Y v FERKICHEHL TWL X33 UE, S5 F % Loewner chain %
FTRTORLNTHAAREICIN S Z e TE 5. XD —&iZ, f(D)BEREDEHWVIZZDOLZRVAY v b
DHEETH2 X572 DL TBHFERD Z £ H7F Z % ([Boh16, Theorem 2.31]).

TITTS; =SHRDILDOH, W) BAREERMAET 5. L, ThEBTH 5.



T 2 ([HS24)). f €S\ S5 fOTHET 5.

2-2.
Sy :i={f €S8 : fld772—DD Loewner chain I[ZDADH 3 }

LEDD. TRTDRY v VERIIS, WCETS. ZOZehrb5BERERNZX, feS, THDEDIZIEM
BAC\ f(D)IE TN bDTHEIRERDZLBZS. LENST, 20X BEHIIOVTIE

C\ /(D) = 9f(D)

DD LD, SIS LAV, LA L ZAURIEL K 20 (Gehring 1T & 2 g, THZH) .

RiZf €S, THEEDDREBELZBHDNONTHS.

EIE
(i)
(i)

ii)

(iii

3 ([HS24]). f€S, £T5. DL % f(D)IIROWE %7 T.
f(D)FIFERTH 2.

Of (D) FHAETH 5.

b L C,Cy COf(D) AR - AR - PARATHZ7251F

ClgCQ ifcbi CQQCl

i AV RYAON

(iii) & [—ENRE DAL Z DD, BEBOMES - HRP—XTHNT, KarhokwEz
LTOWARITIUIRSRY) LI HZEKRLTWVS.

2-3. ®#&iZ, Loewner M HREXOFIRIRFIZOVWTE R .

Sli={feS: fIdihn s TT3 (1) ITHEDAD S )
SZ={feS: fIRAHE kT3 (1) ITHEDAD S )

INMBHD7 7 RELTIE, LESLE L bEHL TOWL O DMFHERLH 2. FEDFFEIE, S!
BLUS2ICHT 2 BEAIOE RSB X CRREEICOWTRAN T 5.

BE 3
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Boundary characterizations of little Bloch and VMOA
functions on the half-plane

i 7aZ  (FARER)
g 3 (FREERY)

Pommerenke! gave fundamental characterizations of the boundary geometry of con-
formal mappings in terms of the vanishing behavior of the pre-Schwarzian derivative.
If I is a conformal mapping of the unit disk D onto a bounded Jordan domain, then
the boundary curve OF (D) is asymptotically conformal if and only if log F” belongs to
the little Bloch space By(D). He also proved the rectifiable analogue: the boundary
curve is asymptotically smooth if and only if log F’ belongs to VMOA(D), the space
of analytic functions of vanishing mean oscillation.

The purpose of this work is to extend these results to conformal mappings of the
upper half-plane onto unbounded quasidisks. Let H = {z € C : Imz > 0} and let
G : H — Q be a conformal mapping onto an unbounded quasidisk 2 C C such that
G(00) = 0o. We denote by g : R — I" = 02 the boundary extension of G. Since €2 is
a quasidisk, the map G extends to a quasiconformal self-homeomorphism of the plane,
and hence ¢ is a quasisymmetric embedding of R onto the quasicircle T'.

For a conformal mapping G on H, the derivative of logarithm log G’ is a Bloch
function: sup,cy(Im z) |(log G') ()| < co. We say that a Bloch function log G belongs
to the little Bloch space By(H) if limpy, .—0(Im 2) [(log G')'(2)| = 0 uniformly in Re z €
R. We also consider VMOA (H), which may be characterized by the condition that the
boundary values of the function belong to VMO(R), or equivalently by the vanishing
Carleson measure condition for (Im z)|(log G')'(2)|?dzdy.

A difficulty in the half-plane case is the non-compactness of the boundary R. In
the disk case, smallness on the parameter circle and smallness on the boundary curve
are uniformly comparable. In the present setting, however, intervals may escape to
infinity, and the boundary map g need not be uniformly continuous. Thus the usual
definition of asymptotic conformality is not sufficient for a global theorem on H. To
overcome this difficulty, we use relative versions of asymptotic conformality and asymp-
totic smoothness with respect to the boundary parametrization g.

We say that I is asymptotically conformal relative to g : R — I if

lg(x1) — g(x)| + |g(z) — g(x2)]
<:v1r£a(?§xz |g(a:1) _ Q(Iz)’ ) — 1 (t — O)

We also use the infinitesimal form of quasisymmetry. A quasisymmetric embedding
g : R — C is called asymptotically symmetric if, for every € > 0 and every ¢ > 0, there
exists § > 0 such that

l9(x) — g(a)l

e=al < (1+e)t
[z —b] ~ |g(x) —g(b)| —
whenever x,a,b € R lie in an interval of length §.
Our first result is the following half-plane analogue of Pommerenke’s little Bloch
characterization.

sup
O0<zo—x1<t

Theorem 1. Let G : H — Q be a conformal mapping with G(co) = oo, and let g :
R — T' = 09 be its boundary extension. Then the following conditions are equivalent:

1On univalent functions, Bloch functions and VMOA, Math. Ann. 236 (1978), 199-208.
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1. log G' € By(H);
2. T is an asymptotically conformal quasicircle relative to g : R — T';
3. g: R — C is an asymptotically symmetric embedding with image T'.

This theorem shows that three different notions are identical in the upper half-plane
setting: the analytic vanishing of the pre-Schwarzian derivative, the relative asymp-
totic flatness of the boundary curve, and the asymptotic symmetry of the boundary
parametrization. The relative formulation is essential in the non-compact case. With-
out it, one has to impose additional uniform continuity assumptions on g or on ¢! in
order to pass between small parameter intervals on R and small arcs on I'.

We next consider the VMOA version. Recall that a locally rectifiable Jordan curve
I' is chord-arc if £(ab) < Cla — b| for all distinct points a,b € I', where ¢(ab) denotes
the length of the subarc between a and b. It is asymptotically smooth if the chord-arc
constant tends to 1 at small scales. For the half-plane theorem we again use a relative
version: I is asymptotically smooth relative to g : R — T" if

sup Uglz)g(z2)) (t — 0).

0<zy—m<t [9(21) = g(@2)]
For the boundary parametrization ¢ : R — I', this means that the curve becomes
chord-arc with constant tending to 1 uniformly over all sufficiently small intervals of
the parameter line.
We also say that an embedding g : R — C with the image I'" being a chord-arc
curve is asymptotically smooth if, for every £ > 0 and every t > 0, there exists § > 0
such that

o Ho(x)o(@)
b = T —gy =0T

whenever z,a,b € R lie in an interval of length §.
The second result is the VMOA analogue of Theorem 1.

Theorem 2. Let G : H — € be as above, and let g : R — ' = 082 be its boundary
extension. Then the following conditions are equivalent:

1. log G € VMOA(H);
2. T' 1s an asymptotically smooth chord-arc curve relative to g : R — I';
3. g: R — C is an asymptotically smooth embedding with image T'.

The implication from VMOA(H) to asymptotic smoothness uses the boundary val-
ues of logG’. If u denotes the boundary value of log G’, then u € VMO(R). The
John—Nirenberg inequality gives exponential integrability with constants improving on
small intervals. Since the boundary derivative satisfies ¢’ = e* almost everywhere, this
yields sharp estimates for the length of g([a, b]) relative to the chord |g(a) — g(b)| when
la — b| is small.

Conversely, relative asymptotic smoothness implies the VMOA condition by lo-
calizing the problem on small intervals of R and reducing it to the disk case. The
relative formulation guarantees that the vanishing estimates are uniform even for in-
tervals escaping to infinity. In this way Theorem 2 gives the half-plane analogue of
Pommerenke’s characterization of asymptotically smooth boundary curves by VMOA.

Together, these two theorems show that the disk results remain valid for the half-
plane once the correct relative geometric notions are used. We note that the relative
formulation of curves is equivalent to the original one for the disk, so our results can
be regarded as the generalization of Pommerenke’s.
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SVllE:

RS ME AR R OO R R \SBREFTREN: & Wnr s
BNCEE T 3 RT > > v VBT

FH BEARES (K&K

B =
AFHEIE, BERMOBHIEE 72 3IUEZ b OB EAE AR OO R
MOBRERREM  BNOEENCE T 25D TH 5. N Ee n—-3 XLl Foa
Yo7 b C® WRERA LD 2R R A ORRERAREMICE T 2 TR 2/ L,
Ahlfors IERIZMF ¥ —kk Minkowski $:fF & 723 n—2 Xt T OFRFEEEE D
FRZEFTREME: & AT 2 IR O 777E (o Z8E)) 2B 3 2R 2 55 5.

1 BEMROEENER

1851 4£ D Riemann D=7 5 3 O T A1 B &= 1E R BE R D AL A 2 L D BR A Al HEE
23 U oA TUURE, RiRADDE RFRADRERTRENE S X CHNEZEH)) 34 72782
BOWTHLDOEWIHIFENRDO—D e S TW5. A#H T, FHIBFHEMEER

~Au(x) = V()| ux) P ulx) (1.1)

EZD. 72120, AMIXR" LoD Laplace fERZR, VIXEY L& 2m2 3B, p
BIEEBTH 2. HER (LD X, BONENEEZFH T % Lane-Emden 125, FRT#
¥D b OETFEEICE D %5 Thomas-Fermi HHEX, IEFE Schrodinger 2R D ETER
fiR, ACERIEREMH R LR T 2 RKISIEET RO E IR, p=22 0L S3RMY
DA T 2B A H 7 - ARRXOFRRIRGEE TS H 5. A#BHEHTIE, R"NOIE
DRTL% b OB DRERTREIEICEI LD H 57280, ZERIXTTIE n=3 L5 5.

1.1 RS ORETEN CMISERSETOES)
x> X R\ {0} THAMTH D, BXRFAMBEK L Jidh 3. R® OHNBERE B TE 7.

EIE A (Bocher[6]) B\{0} LOIEMEFAFMBIE b LT, B LOFANIBIR hy & ER

c=0 WIFELT
h(x) = colx|> "+ ho(x) (xeB\{0}) (1.2)

YRIND. FHZ, XD DAL,
(1) WEDTEE - }Cii%lxln'zh(x):co’éféé.
(2) BRETTHEM: - lim X" 2h(x) =0 2 51F, F 0 h OREFRERERATH 3.

“e-mail: hiratake@hiroshima-u.ac. jp
ANHfFZE1E, JSPS B2 JP23K03149 D% 21372 DT,
2020 Mathematics Subject Classification: 35J91, 31B05, 31B10, 31B25, 35A01, 35A21, 35B40, 35B60.
oo R RRNOREFELE, WHERE, FRBHEMRER, SR, BRI, S, Ahlfors EHI%
f:, —Hk Minkowski £&ff
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FERRIPIEZ 07N (LD X LT (1.2) D& 5 RO EKNFRZG2 Z L i3HL
WA, NZRFRFDO DI T 2B EEZH L. ZITIE, V=+1 & LERER

—Au(x) = u(x)?, u(x) >0, (1.3)
Au(x) = u(x)P, u(x) >0 (1.4)

DZNZIUCHET 2T RN T 5. AL T C? BB LA
EHE B (Lions [26]) 1<p<.t5 &3 5. B0} LD (1.3) DfF uix L TRAED AZD.

(1) WPRDTETE : }Ciir(l)lxln_zu(x) € [0,+00) DIMFIET 5.
(2) FREATHEN - Jlci_’r%lxln_zu(x) =051, HO0lXuDRERERFFRSTHD (D
D, ueC*®) 2o BT 1.3) 2z X 5 IHEARETH 3).

KT ¥ v VERINTGTRIC & 2 IEER RBOFEAENZ 35] 22, p> -5 Dt 2

_(2lp(n=2) = n} |7
P '_( (p—1? )
EFIUL, ux) = cpalxl 7T DSRIN(0} T (1.3) BT 2 LIS T 5.

E C (Gidas & Spruck [19]) L <p<ZZ2 v 33, B\{0} LD (1.3) D u LT
RDNT DALY LD,

(1) BRETTHEM ¢ F 013 u ORREVRELRNRATH 5.

() BROHETE  lim |xI7Tu(x) = cpn THE.

W0 ISR R R 2 b DEIRE O IEEBON RO AEICBI LTk 17] 23K,

EHE D (Aviles[3, 4]) p=-1% 3%, B\{0} LD (1.3) Dff u iTH L TRDWFTIHD
I RYASN

(1) BREFTREM @ M 01F u DREFRELRRIEMNTH 3.
- n=2 Covne
(@) BIROFE - lim|x]" ?(log ) 2 u(x):(”—ﬁz)n ‘TH3B.

EI E (Dancer&Du& Guo[11]) p=22 52, B\{0} Lo (1.3) DfF u 2’

__2

ulx)<clx| ! (xeB\{0}) (1.5)

iz 518, ROWTHLHMBED LD,
(1) BREAREM : S0 u DRERERRESTH 3.
() BROHE : §eSITHLTHIC lim PPTurd) =@ TH3. =EL, oldh
f 3K S O Laplace-Beltrami /FH 3R As (2BI3 2 /M A2

Asw—chlw+wP=0 inS (1.6)
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DIEERTH 5.

p > B2 D IEEEOFFMRICIRAUE, S&fF (1.5) 3ARETH 3 (271 2BH). nz4h>
1 <p<pnr(n-1) (Joseph-Lundgren #5850 Dt &, (1.6) BIFEHREMEE DB, Z
N HWT (1.3) OIEBRNFI R 2 T X 5720 ((12] 2B, MRIZ EITIKS.

Laplacian 23275 OHE D UBREIRR 5.

EHE F (Veéron[33], Vazquez& Véron [32]) 1<p<;5 v $%. B\{0} LD (1.4 D
i u 1T L TROWT DK D LD,

(D) BREAEMY : S0 u OREFRERFERTDH 3.

(2) B\HRME: lim |x1" % u(x) € (0, +o0) DFET 5.

(3) BRFRME T lim 27T u(n) = (22225 T3,

FEL p OHEIFICEWT, n-2<5 TH2 I LITHET 2.

I G (Brézis& Véron[9]) p=-"%5 72513, B\{0} ED (1.4) DT RTDM u XL
T, ROBPREATRELRRREFATH 2.

1.2 EESDORERTEEY

QcR" ZHEREHE T3, u:Q— (oo, +o0] BEBAFMTH 2 1%, uz+oco, QTFF
e, Q CERECEFEMEOAER (v OEREAFE X D Fic B 2 u DIEDHHREFWV) %
fi7egdeEr0nd., —uPQTERHNTHI X, ulZQTHRAMTHS 205, EcR”
PBESTHB 2L, ELTu=400 %% R" FOBFNBER u BFEET I E2 VWS,
M & D Hausdorff XITIdE A n—2 TH 2. a7 MBEELEFIRMBEECH LT
PRZEFIRETH % Z ¥ 1d Bouligand (1926) 12 & DRI N7z, K D —fRICRHIAL D 3D,

T H (Brelot[8]) EcQ 2HMWIMRIESY L, u% Q\E LOBRNMEKYL T 5.
UM EDEL TFICERTH %513, uldQ FoOBRRMKCIECE 3.

MxeR" PO BERER EcCR” S TOREHMY dx,E) TRT. r>0I1IHLT
E(r)={xeR":dx,E)<r} (1.7)

L, D nXXJit Lebesgue PfE% |E(r)| TET. E D m Rjtt Minkowski B=E1X

|E(r)]

rn—m

A" (E) :=limsup

r—0+

TREFRINS. —iZ, m Xt Hausdorff AHIE ¥ DEERIZ #™(E) < c™(E) TH 5.
PEoT, M"2E)<+007251E, EFMELETH 3.

FIH | (Bochner[7], Harvey & Polking [21]) me[0,n-2] ¥ L, EcQ 3HEMNIIE
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DD MME)<+oo THB LT 5. Q\E LM h 2

lim dx,E)"?  ™Mhx)=0 (yeEICELT—kI) (1.8)
O\E3x—y

Ziti7z 372561, hi3d Q LoFMBERICHRTE 5.

n—-2-—

n=42>omefl,---,n-3t D& X, h(xl,---,xn_m,---,xn):(xf +xn m) RS
R\ {x;1==Xy_m=0} CHMTH 205, WREZEHE (18 DA —X—I1IHRETH 5.

I J (Gardiner[18], Riihentaus[30]) me[0,n-2] &L, EcQIIHIHIEALD
MME)<+00o TH 2 LT 5. Q\E LOFHFMBIEK u i3 LT, ut = max{u,0} 2RI
fF (1.8) 272372 51F, uld Q LOLBFMBIBIHERTZ 3.

AE m=n-202%, ut ITNITZEF AT uNEDEL CRICERTHEZ R
BERL, EEHHICEENS. HEOBANICOVWTIEE LRI TWARL,

TE K n=422me{l,....n-3t2 L, EcQ% mRXjLar 7 b C®MZHkikL 3
%. Q\E LD (1.4) D u T3 U TR D LD,
(1) (Véron[34], Grillot [20]) p= -5 72 51F, wid Q RIKT (1.4) D C* fRfRIT7
% XS IHRRTE 5.
(2) (Finn& McOwen [15], Finn[16]) 1<p <52 v 55, ud E DJHRTHE
DEREL O BIF, /jz@ma“rhybvb){{a@ yeE@J}‘Lf;ﬁbjo.

0 im de E)PTu(x) = (2= m(pp(ﬁzz 5T T B,

(i) Q\Eax—y D%, dx,E)" > "u(x)=0(1) TH 5.

EHIT, m=n-20L &b, (i) & qpraty = 00) D RZ TR DD,

EEE (1) D Sobolev B&E % HW/=—&biZ [5] 2SR, HER (1.3) 120 LT REKDLE
RRIDPESNTD, MBOTERIFEEKL XL THD, RSO L & v FRRICR RN
DEREZIN DI TIERV. EE, AEXA3) L TUToZ eBHsnTwb

FIH L (Reébai[29], Fakhi[14]) n=4»Dme{l,...,n-3} 2L, EcQ% mXima
YRY b COEREE TS, p> B B, R L.

(1) ECRRAZ S5, MEKOEKT Q2K T (1.3) &t/ 3 ue CHQ\E)NL) (Q)
DFIES 5. $abb, Q ETu>0THDY

fQu(x)(—A(,b(x))dx:j;)u(x)p([)(x)dx (P € CZ(Q).

2) p<Z2=m 72 203, FROR u IR LT, EMc>1DPFELTEDEL T

n-2-m

__2 __2

c ld(x, E) 71 < u(x) <cd(x,E) 1.
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p>IEl DrE, REM d(x, B 7T RIEEFAIBI DR R d(x, B~ 2™ X 53
WIZEITHERET 5.

EE M(Adams[1]) p=-l5 &35, QLD (1.3) OEEEAE ue L () 120 LT, %
EAE S Ec Q AF(E L T ue C3(Q\E) 2»2 E ® Hausdorff XITIdH 4 % TH5.

CDEEPOSRXBOND . p>1HhrOmsn-20Dr =
n-m p(n-2)—-n
P —— = > —
n-2-m p-1
XD, phEWGE, KREESEDXIT mIERELRDS. o T, WEMATI, @

BL~ANULTH QRIRT (1.3) 2T X0 WCHEEZIETAZLIETER L. ZOHEDE

BEEESOBRETTREMEICE U C#EEE 2 /N (2014) 1I2 X AR D A DXRETTHMNT 3.
2 EHER

il xeR?, 2 r>0D R NOBIERE B(x,r) TERT. XF c T HROIEEREERT
(BIGOE, HIZRL20d LRV, e XEIT2XEND 2LEFRITEMNLT
€1,Co... METET. 2 OB f,g 1T LT, Z8 x TR ER c> 1 HTEE
LTclgx)sfx)<cgx) KDDL &, f=gTEL, cZHBETEHL VS,

21 HESESIINTBIHRHGCH
2.1 HICBWT, ECR®, mel0,n) £ $ 5. #™ T m Xt Hausdorff SARIE % K 5.

EE 2.1 (1) EA mR5T Ahlfors ERIRGZ T 21, E8 >0, o > 1 DFE
LT
;LM< AMENBx, ) < car™ (xeE, re0,r)
MDD ZZ2 NS,
(2) E %Y m Ryt—#k Minkowski Sz iiii7- 3 21, EE >0, ;> 12FELT

IE(r)NnB(x,R)| <c;r"™™R™ (x€E, r,Re(0,r1))
MDD EZR WS, =L, EMZ(1.7) THE2Z6h28EETH 3.

) 2.2 (1) mefl,...,n-1} £ 35%. EcR"7 Lipschitz 2k TH 2 L 1%, T, >0
DFEE L TIERE D x € E 28 L CHM Lipschitz B v : B(x, 1) — w(B(x,12)) € R"
DHEELTYENBKX, ) =RI'NyB(X,r) THZ2LEEZWS. LEL, Rl =
{(x1,...,Xp) ER" : Xppy1 =+ =%, =0} THB. m XIC Lipschitz ZEIRIE, m XIT
Ahlfors IERISEE & m RIT—Hkk Minkowski & % {7z 5.

) R" LOKi/NER ce (0,1) DMEUEEDOM W := {y,...,wn FHARESH T &
L, m=22 v 32 orsx, YickoTARSNSHCHBESE, mAXT

—logc
Ahlfors IEBISeE ¥ m ot —HE Minkowski £t % 1#i7-3 ([23, Section 7] ZZH4).
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m JOrH ARG E ORREAREN, E2RRAEE L T2 LEROFE, EXBT 2
BN ZIEEIR DFEFIX, ROBE S LITH#@mS 5.

B 2.3 mel0,n-21 £ T5. HREEE ECR 7 0< A#™E) < +oo %75 7% 513
pE(x) = fE Ix—yP " dA#™(y) (xeR")

W R? EOIEEEFMEKTHD, R'NE THNTHS. 51T, E D m KT Ahlfors Ik
RIS 27372 013

d(x,E)"""=2=m) (1< pn-2)

pE(x) = 2 e (xe EQ)\E) 2.1
og A ) m=n
DAL D 37D,
E 2B 2 IFEMROEREB & CRFESREREMOFEHICB W TROMMEE AW 5.

#ieE 2.4 ([13]) E A m XjT Ahlfors IERISEHE 27 372 613, 8 c>0 DFEL T,
EE®D yeE, re(0,rn/10) <X LT, d(y,,E)=cr %23 y, € B(y,r) BFEHET 3.

EE 25 yeE 0=211IHLT, MyXBir3 EICIERRES
dy(y) ={x € Q\E:|x—y|<0d(x,E)}

T&T. E D m XL Ahlfors IERIGFZ 72372 51, @24 XD, 0= 1 DFELT
TED yeE 020 IR LTAy()#o D yedy(y) TH5. Q\E OB ud yeE

f#ﬁ@mz%%otm,E%@@ﬂhmﬂbfdgm ux)=0 3 ER NS,
0Y)3Xx—Yy

2.2 TEEOEER
DTFIBWT, QcR” (n=3) ZAREE, EcQ ZHUNEARES, f:OxR—-R %
Borel FJHIBE% L 3 5. Q OBENES D B\ THEKX

—-Au(x) = f(x,u(x)) (2.2)

2EZ%. FREBBR ub DICBIF2 22) OBTH2Z L3, u, fG,uel, (D) THD

fDu(x)(—AdJ(x))dx:fo(x,u(x))tl)(x)dx (p e CX (D))
iz E R0, ROEHICBVWTHRONFENHIRI NN LITERT 5.

FIE 2.6 (H&Ono[22], H[25]) me[0,n-2] &L, E X m Xt Ahlfors IERIZA &
m Xot—k Minkowski s:fF %2 ifi7- 32 55, 7, B8 >0k

p>0, a<min{2,n-m-pn-2-m)}
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BEIEL T
If(x, D] < c2d(x, E)"*|t|P (x€Q, teR) (2.3)
RT3, 2O E, Q\EWZBIT3 (2.2) O C #fE u H3ERSEM
u(x)

im

O\Esx—y pp(x)
73720618, uld Q2T 2.2) 2T EGFRICHETE 2. 512, a<l b
X, ulx QEeHT (2.2 BT C FRICIEETE 3.

=0 (yeE) (2.4)

COEHDFHOE S 2 REATTHHT 2. HEILEE 1S 2 72D E&H a <2 BRET
H5. AL A4 DPERETHDZLIEIROEHEML LN,

EIE 2.7 (H&Ono[22], H[25]) dQiExCY#iTHhsr$%. meO,n-21¢L, E
% m Xt Ahlfors [IERISE ¥ m Kot—H Minkowski Seth Z2i7- B RHE S L 5. £
72, BRle>0k

0<p#1, a<n-m-pn-2-m), B<p+1

DFIEL T
|f(x, D] < c2d(x, E)"%d(x,00)P11]P (x€Q, teR)

Zlil-3 233, ZD¥r %, Dirichlet [

{—AuwﬂszJdm)(xEQ\EL 25

ux)=0 (x€0Q)
DIEfEf#E ue CLQ\E)nCQ\E) T

ux) = ppx)d(x,0Q) (xeQ\E)
Tz b DOBEET 5.

ZDEHEDIFHIX, Green BIEGETHM % W 7= — RN DR & Schauder O AH) 5
EHICHED L.

EIE 2.8 (H[24]) melo,n-2] &L, EX m Xt Ahlfors IEHIS&H 253 5.
uld Q\E L OIEEEFAMBIR BB Laplacian 73 ~Aue L (Q\E) TH2L$5.
BIZ, B >0, p>0, aeRVPFEL T, XROVWTI 2T LTS

AD) pe(0,555), a<n-m-pn-2-m DL X

—Au(x) <cod(x, E) " *u(x)? (x€Q\E). (2.6)

2-a

(A2) pzﬁ, a<2DEE, (2.6) & limsup d(x,E)PTu(x)<+oo(yeE,0=0g).
Ay (y)3x—y
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LI E ED A -ae. THRDIEEIRZ 0. KR

ZOrE, L

) u(x)
HLMye E:30 =0 s.t. limsu =+o0{|=0
({y E dg(y)axgy PE(X) })

Ths.
ZOEHOFEAX, W/NIMRER 1ICBS$ % Fatou-Naim-Doob O EH & [Green K7 >~

> X VO EN ZIHEMR DTFE L 2 OFEREOERE L OBtk B XU DHEERES
D u OIERFHM w(x) < cpp(x)) 1ITEDL.

AE 1<p<Zorx, O\E LD -Au=uP DFTNTOEMMK ue CHQ\E) XL

n

fuuhnmLBT%ﬁmbﬁo(uamﬁu%ﬁﬁlpz%%®%éu$%&f%5

mm@EM%#K%LT,p>1®t%n—zﬂn<%%f@5:tm&§?5.

3 TE2.6DIAAHICEVTRELIWMELRTICSL BEALEDER

D% Dc Q%3RO ERMES L L, D D Dirichlet-Laplacian I2B3 % Green
B % Gp TRT. #ERoMEIIXRTDH 3.

#RE 3.1 EH26 DREDD LT, D LOFMBE h HIFEL T
u(x):h(x)+fD\EGD(x,y)f(y,u(y))dy (x€ D\ E) 3.1)

LRINS.

—H, #i#E3.1 2RDIUE, KDXIICLTuel® (D) BRI, EH26 0815615,

loc

s m<n-2DHE, fOFKMEFQ23) LEARENF 2H+Q.1) BEXL ue L (Q\E) &)

|f, u(y)| < cd(y, )" % P"=2=m (ye D\ E) (3.2)

THDH, B ERTYIy il : EED A<n—m, xeQITHLT

d(x,E)** (1>2),
f<aﬂmynu%Er“dysc/ﬁx—yﬁ—ﬂu%Er*dys cdln BT (A>2), 44
Q Q 1 <2),
ERWERBECED, uel® (D) 2152 e TE 3.
e m=n-2DEHE, KTV v LiHli : EED a<2, p>0, xe DXL T
p
Ay, B log—2—) dy <, 3.4
fD|x Yty By (log 7 2 ) dy < (3.4)

DR DILODT, B.1) D ueLP (D) TH2 I LHEBINES.
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3.1 m<n-2DHFEDFMEE3.1 DIFADESR
e>0ZERICE 5. (3.2 XD |f(y,u(y)| < c3d(y, E)"*P=2=") (y e D\E) T®» 2% DT

v(x)=c3 fD . Gp(x,y)d(y, E)y " P=2=m gy (x e D)

cL
Ug(x) = ulx)+v(x)+epp(x) (x€ D\E) (3.5)

#EZ%. u\XD\E LOTNICERREFNBERTH 20, EHH XD D _EOEFRM
BN U ICHEER XN 5. Riesz DfREM LD, D _EOFHMBEIE he BDTFEEL T

Ug(x) = he(x) + fD Gp(x,y)due(y) (x€D) (3.6)
eRIND. 72770, pe 3 U 2T 5 D EDRieszflIfETHD, D\E LTI
dpe(y) ={f(y, u() + c3d(y, )~ P21 qy

ThHhb. BERDIFIU(END)—0(E—0) &R2PTHDH, XD LSIZLTAFHENT.
ze END Z{EREICE D, ¢peCP(B(2,2r) % xpen<¢P<1¥ |Apl<cr? ZHilT X5
W UE, m Rt —Hk Minkowski 4% FWT

_ c
Ue(B(z,1)) Sf (bdug:f (-AP)uedy < —zf lueldy
B(z,2r) B(z,2r) r= JB(z,2r)\E

- {c(sr’” +pma-p=2=m) (g + p(n—2-m) > 2)

cler™+r"2) (@+pn-2-m)<2)

MDD Z eBbhb. EHIZ, m RIL—H Minkowski & X D, &4 cr ™ {EDEK
B(zj,r) (272U, zj€e END) 22> TEND 2WHETE30DT

c(e+rn-a-m-pn=2=m) (g 4+ p(n—2-m)>2)
te(END) < Y 3.7)
cle+r"—=m) (@+pn-2-m)<2)
PES. r—02 L Tu(EnD)<e #18%. Zhhbd
lim| Gp(x, ) dus(y)=0 (x€D\E) (3.8)
e~0JEnD

DPHES DT, (3.5) ¢ 36)ICBVWTe—-02LT
ulx) +vx) =hx) +fD\EGD(x,y)f(y,u(y))dy+ v(x) (xe D\E)

7= D FOFEANBEE h BEET L2 bhr 5.

AR m=n-20r%, BN u(EnD)<scle+1) &b, 3.8) 2182 Z X TEAW.,
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3.2 m=n-20DHE0OHHE3.1 DIFADES

WA 3.2 u%z Q LoEFAMERKE L, 2D RieszllEE u, & 5. udEAEMH (2.4
72RO, uu(E)=0TH5.

AEFADER ALY AZTRD LD WWERTIUL, AN 24) b 24 XD EcL
TH DY, JFFT Riesz 7R & HHEIEIZ XD py @ Newton R7 ¥ ¥ L% T 55 LT
LcAZRTZEMNTES. 2L

EnB(y,
L= {yEE: liminf &:0}, A::{yEE:liminfuu(n—_(yr)):O}
O\Esx—y —log|x — | 0+ pn=2
TH 5. Vitali DHEEHEZ VT uy(A) <eff2(A) — 0 (e — 0+) DIRENS. O

BE 33 1050 LF 5. ¢:(0,70/3) — [0,400) ' lim —2 D =0 237 512, H
1—0+log(ro/ 1)

ARSE N 72 M BEE W : 1, +00) — (0, +00) T

W

(1)

lim 0, im ——————— = (3.9)
t—+oo t 1—0+ W(log(ro/t))
BRI THORFEET S, E512, FED c>01Z¥ LT lim __em 02725,

t—0+ W (clog(ry/1))

FEMEZHVTHE3LIERD LSICRENT. e>0Z2ERICL 3. AN 2.4
L33 LD, re>0BFELT

lu(x)| < e(WYopp)(x) (x€(E(re)ND)\E)

DR YILD. 22T, fr:=max{f,0}, f~:=max{-f,0} & L
Ue(x) = u(x)+_/;)\EGD(x,y)f_(y,Lt(y)) dy+eWopgp)(x) (xeD\E) (3.10)

%25, Yoppld D CEHFAMTH 205, u. X D\E LOTICERBEFMBELTH
5. EMHIY, u 3D LOEFAMBEK U Ik Nb. U, & Yopp iZXf3 25 D L
O Riesz HIEZ ZNEN e & pwop, & TAUX, D\E LTI

due(y) = Ty u()dy +edpyop, (y)
THb. 61T, EREM 24+2.1) ERT ¥ v LEHl (3.4 BLTU 3B.9) &b

. Ue ()
lim
D\E3x—y —logd(y, EN D)

i3 DT, ME32ED u(END)=0T»H%. {it> 7T, Riesz DREHE LD

=0 (yeEnD)

ﬁg(X):hg(fo GD(x,y)f+(y,u(y))dy+8f Gp(x,y)dpwep(y) (xeD) (3.11)
D\E D\E

2723 D FOFEMBEE he PTHEET 2. 3.10) £ 1) IXBWTe—0+ LT

Lt(X)+f GD(x,y)f_(y,u(y))dy=h(x)+f Gpx, V[T, uy)dy (D\E)
D\E D\E

Zii7z 5 D _EOFMBEE h DIFED DD 5.
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Thompson’s groups and Teichmiiller modular groups of
generalized Cantor sets (Part I)

BB OB (RBRWLRY: BEAWTFeRT)*

1 Introduction

Thompson’s groups—@% F,T and V 32 &5 3 DDHE— & R. Thompson 12 & -
TEAZN, LUREFOMA 7B EBEDDDRH L Z e BALoNTWS. KRGFEHTII,
Thompson’s groups F, T 8 XUV B— b7z Cantor FH D Teichmiiller 22[EITE
3 % Teichmiiller modular groups O L TEREHSIN D Z e Z2WET 5. SHI
Teichmiiller ZEIANDIEHIZOWTH#E X %. Thompson’s group & Teichmiiller 22 D
W5%id E. de Faria, F. P. Gardiner and W. J. Harvey([2])) X5 dD23H 5. 51
Thompson’s group F Zi@#H @ Cantor 85 DML Teichmiiller 2%R4, M5 M 72
Teichmiiller modular B THIZE L TW3. Fix DIFZEIXE S DD D% EH D Teichmiiller
ZBRITHE X, X HIZJAW Thompson’s groups IZDOWTHIZE L7 b DTH 5. Part I D
{#HT%, Thonpson’s groups % Teichmiiller modular BHIZFEE$ 2 FHIEIZOWTHN S,

2 Main results

Thompson’s groups & 1% [0,1] K26 ZNHENDORXTHIZ 1 XA TN D
% D bijections ZTLE T AT, ZOHIRI S F, T,V D3 DODHNERINS.
Thompson‘s groups IZ& £ 5 EMIE, b 2571723 2 DD binary trees DT H
RILEN, ZDZ eh o Cantor FE & DRIHMESHER X, ANGHTE T~ 2 FEsF 7%
19, XHRAIRE D ATREIC 72 5.

¥ w = (g,), € Q:= (0, 1)N 2 the bounded rate divergence (BRD) &% 7z 3
X, limy oo g, =1 THDH, D

<M (n=12,...)

DBHLZEBM < 00 IZOWTHDILDEEZES. T, we QITHLT, wiZkD
0,1] ETERZI NS —fRILE N7z Cantor 5% E(w), ZOMEE C\ E(w) & X(w)
EEL IO E, X(w) D Teichmiiller 22 Teich(X (w)) @ Teichmiiller modular £
Mod(X (w)) DFEB7EE, Mod(X (w))°F, Mod(X (w))FO, Mod(X (w))POF CEFIZFHEIC
B 3) 25 Thompson’s groups F, T,V ~NOUERIIE © D3FLE L TR D ILD.

*e-mail: shiga.hiroshige.i35@kyoto-u.jp
AWFFIIRIAE (FREZRS:26K06849) OB 22T /1-bDTH %,
2020 Mathematics Subject Classification: 30F60, 20F65
#—7— F ! Thompson’s group, Teichmiiller modular group, quasiconformal mapping
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Theorem | w € QX BRD &% 3 55, 2ok %, ¥EHEAIEE/ O TROD exact
sequences Z 7z 3 H DDBFEET 5.

0 — Mod(X (w))o - Mod(X (w))°F & F — 0, (2.1)
0 — Mod(X (w))o = Mod(X (w))"° 2 T — 0, (2.2)

and
0 — Mod(X (w))o - Mod(X (w))P°" & v — 0, (2.3)

2 2T Mod(X(w))o = {[¢] € Mod(X(w)) | @lpw) = id.}, ¢ ZAEEETH .

bEC DERS 2R B CHERI R E AR © ORERIIISEARMIITHD, Lo XWULRD D
DEENRF—LD.

Proposition 2.1 w = (¢,)%%, 2’ infen g, > 0 Zifi7z81E, X(w) EOEFMAEHE C
PIRCHREMEGR L LTIRREIN 5.

Proposition 2.2 w = (¢,)%%, ¥ lim, 00 ¢, = 1 TH RT3, ZOLE, Gxohi
K>1iZRLtc, K O)%\&JM’??‘% d(K) € N BMEE L TRz 5

EED K-HEAER ¢ : X(w) —» X(w) 1& depth d > d(K) @ pants curve % pants
curve IZEF.

Cantor 8£& F(w) OREBUIEE Cantor £E L FIRROREEIEE AV, 4 Step kT 28 @
ML EXOHXMEZEFD Ey(w) 2ED, E(w) =NEy(w) TERINS. ZOWBIEDS
HIAIZ X (w) O pants DEHEF 5. ETF S pants curve &I1ZZ D pants 77D pants

WA Y AT Ny R BB S. £/, & Step k TAEU % 28 AD pants
curves % depth k& @ pants curve £\ 5.

SE X

[1] J. W. Cannon, W. J. Floyd and W. R. Parry, Introductory notes on Richard Thompson’s
groups, L’Eneignement Mathématique, t. 42 (1996), 215-256.

[2] B. de Faria, F. P. Gardiner and W. J. Harvey, Thompson’s Group as a Teichmiiller
Mapping Class Group, Conptemporary Math. 355, 165-185.

[3] H. Shiga, On the quasiconformal equivalence of Dynamical Cantor sets, J. d’Analyse
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Thompson’s groups and Teichmiiller modular groups of
generalized Cantor sets (Part II)

BE BN (RBRRILKRY: BAEZErn)*

1 Introduction

Part I T, BRD &2z 5 w 256G o0 3 —fR{L S L7z Cantor £E E(w) &
ZOfMES X(w) @ Teichmiiller Z2f Teich(X (w)) IfEHF % Teichmiiller modular #f
Mod(X (w)) DFf7r#E L LT Thompson’s groups i 2WTam U7z, Part [I TIEZH 6
DEED Teich(X (w)) NDIEHIZDOWTEZ 5.

2 Main results

¥73, Mod(X(w)) OEB7EET Thompson’s groups F,T and V 22 e © 12k -
TR L 72 2GR REZ RS 5.

J(z) =7z 2EZHEZ L T 5. Mod(X(w)) DEBTHE, Mod(X (w))r, Mod(X (w))r and
Mod(X (w))y ZHATFD X S5ITERT 5.

Mod(X (w))r = {[¢] € Mod(X (w))°" | J o ¢ is homotopic to ¢ o J},
Mod(X (w))7 = {[¢] € Mod(X (w))¥° | J o ¢ is homotopic to ¢ o J}

ey
Mod(X (w))v = {[¢] € Mod(X (w))F°F | J o ¢ is homotopic to ¢ o J}.
ZDEE, RO ILD.

Theorem | w € Q X BRD &ffxii/z32 3%, ZOrE, G=FTor VIIXtLT
0 13 Mod(X(w))e & G DRMELZ 5.

iz, THSDESHBED Teich(X (w)) ~OIER%E R 3.

Theorem Il w € Q ¥ BRD &£H%itiz3 3%, 2O %, Mod(X(w))r T
Mod(X (w))r @ Teichmiiller Z¢f Teich(X (w)) ~NODIEHZEMERERTH 5, —7,
Mod(X (w))y @ Teich(X (w)) ~OIEFIZEMEAET TR,

Theorem IT DR DEEHIZIX, XD Proposition % HW\ 2

*e-mail: shiga.hiroshige.i35@kyoto-u.jp
AWFFIIRIAE (FREZRS:26K06849) OB 22T /1-bDTH %,
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¥ —7—F ! Thompson’s group, Teichmiiller modular group
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Proposition 2.1 K > 112/ LT,
A(K) = {[¢] € Mod(X (w))r | K([¢]) < K}
LB TOLE, FAK) <00 Tha. £EL, K(p)) = infue K1),

Theorem I 225, Mod(X (w))p, Mod(X(w))r KT Mod(X (w))y &, ZHZH O IZ
& o T Thompson’s groups F, T,V L [FEITH 2. L7z2->T, ZDOEKT Thompson’s
groups F, T % Teichmiiller ZZf] Teich(X (w)) ICEMEAERIHEH L, V IZZ 5 TRV
A5, TIX, ZOX5BEEPEHT % Teichmiiller ZZRENIEAUIEHZ DL E VS D
EZ5H. BETHE, BRD S&FZ272T wiE, S ENIZ I EE R Teichmiller 22[53
HHBHEELZDONEWVWS 2 THD. ZHELT, — kX /z Cantor £EHITOWVWTD
FER (4] THWTRXRE1R 5.

Theorem Il BRD &%z 3 w T, X(w) PEFARE TRV S OPEREFES
%. L7h35 T, Thompson’s groups F,V I3ERRAE D 572 5 Teichmiiller 2% BEEA
EZE T 5.

Theorem I 1ZFERIC w 252 TREINS.
BEHER
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On curve graphs of hyperelliptic translation surfaces

PizE HEE (FREE)

1 Introduction

A translation surface is a pair (X, w) consisting of a compact Riemann surface X and

4
a nonzero holomorphic 1-form w on X. The local coordinates z = / w have transition

Po
maps of the form z — z + ¢, and hence induce a Euclidean geometry on (X,w).

Let X be a compact Riemann surface of genus g > 2. A hyperelliptic involution is
an automorphism 7 of order 2 having 2¢g + 2 fixed points. In this article, we consider
hyperelliptic translation surfaces belonging to H"™?(2g—2) or H™P(g—1,g—1), namely

translation surfaces admitting a hyperelliptic involution 7 satisfying 7w = —w. Let
hyp __ q/h h
HyP=HP(29 —2)UH P (g — 1,9 —1).

A regular closed geodesic on (X, w) is a simple closed geodesic avoiding the zeros
of w. For such a geodesic 7, the union of all regular closed geodesics homotopic to y
forms a maximal Euclidean cylinder, denoted by [7].

The curve graph C(S) of a closed surface S = S, is the graph whose vertices are
homotopy classes of simple closed curves and whose edges correspond to disjointness.
It is known that C(S) is connected [1], has infinite diameter and is Gromov hyperbolic
3], and has clique number 3g — 3 (pants curve).

Nguyen [4] introduced an analogue of the curve graph for translation surfaces.

Definition 1 Let (X,w) be a translation surface. The curve graph C(X,w) is the
graph whose vertices are maximal cylinders [] arising from regular closed geodesics.
Two vertices [y] and [§] are joined by an edge if i([7], [0]) = 0, where i(-,-) denotes the

geometric intersection number.

Unlike the classical curve graph, C(X,w) is not always connected. To remedy this

phenomenon, we introduce degenerate cylinders.

Definition 2 Let (X,w) € Hgyp and let 7 be its hyperelliptic involution. A degenerate

cylinder is a union [y] = s; U sy of two saddle connections such that

e cach s; is invariant under T,

* T422-8529 FHATHERIIIX KA 836 #ibi R £l BH i B E RS
e-mail: shinomiya.yoshihiko@shizuoka.ac.jp
% —7— F ! Translation surfaces, Curve graph
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e At each endpoint of s; and s, one of the angles between s; and ss is equal to 7.

For cylinders and degenerate cylinders, define i([v], [0]) as the number of transverse
intersection points counted with multiplicity.

~

Definition 3 The extended curve graph C(X,w) is the graph whose vertices are cylin-
ders and degenerate cylinders. Two vertices are connected by an edge if their intersec-

tion number is zero.
2 Main Results

Our first result concerns the geometry of the extended curve graph. Nguyen [4]
proved the genus two case. For higher genus, we use the quotient by the hyperelliptic

involution to prove the result.

Main Result 1. For any (X,w) € H¥P and any vertices [7],[0] € C(X,w),
d([7],[6]) < 3i([v],16]) + 6

holds. As a consequence, the extended curve graph is connected.

Corollary 1 For every (X,w) € H®", the graph C(X,w) is connected.
Combining this with Nguyen’s argument, we obtain the following.

Corollary 2 For every (X,w) € H»”, the graph C(X,w) has infinite diameter.

Finally, let Aff* (X, w) be the affine automorphism group of (X,w) and SL(X, w) the
Veech group of (X,w). Nguyen proved that, in genus two, the lattice property of the
Veech group is equivalent to the finiteness of the quotient graph C| (X, w)/AffH (X, w).
We generalize this criterion as follows. Here, a simple cylinder is a maximal cylinder

each of whose boundary components is a saddle connection.

Main Result 2. Let (X,w) € H}¥P. The following are equivalent:

1. SL(X,w) is a lattice in SL(2,R);
2. 5(X,w)/Aﬁ+(X,w) has finitely many vertices;

3. the quotient graph has finitely many vertices corresponding to simple cylinders.

BE ik

1] W. J. Harvey, Geometric structure of surface mapping class groups, 1978.
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10

Uniform perfectness of the limit sets of conformal tree
iterated function systems

KEF LE (BERRFE KFEBE N[ - BREEAWT5ERE)

A compact set C' C C is said to be uniformly perfect if there exists L such that
for any ring domain B separating C' (i.e. there exist non-empty C; and Cy such that
C1 U Cy = C and B separates C and Cy), module M (B) of B satisfies M(B) < L.
Uniformly perfect sets were introduced by A. F. Beardon and C. Pommerenke in 1978
in [1]. Uniform perfectness means that C' is not so sparse at any point.

Uniform perfectness of the limit sets of autonomous IF'Ss were shown by R. Stanke-
witz in [3]. In [2], it was shown that uniform perfectness of the limit set of a non-
autonomous IFS follows from the condition |¢'| > n > 0 for all ¢ and some other
conditions.

In this talk, we consider tree iterated function systems, which are generalizations
of non-autonomous IFSs. For such systems, we show that the limit sets are uniformly
perfect if the similar conditions to non-autonomous cases hold.

The definition of tree iterated function systems is as follows.

Definition 1. We say a partially ordered set (7', <) is a rooted tree if 7" has a minimum
element () named root and for any 7 € T, {7/ € T' | 7/ < 7} is isomorphic to a partially
ordered set ({0,...,n}, <) for some n > 0.

For 7 € T, the height |7| of 7 is the unique number n such that {r' € T | 7/ < 7}
is isomorphic to ({0,...,n}, <). We write I, ={w €T |w > 7,|w| = |7| + 1}. Let 0T
be the set of all simple paths with infinite length starting from ().

Definition 2. Let (X, d) be a compact connected metric space and let (7, <) be a
rooted tree with 1 < #1I, < oo for all 7. We say that {¢, : X — X} cp\qp is a Tree
Iterated Function System (for short, TIFS) if it satisfies the following condition:

e There exists s € (0,1) such that, for all 7 € T\ {0} and all z,y € X,
d(¢-(x), 6-(y)) < sd(z,y).

For a TIFS {¢; }-em oy and 7 € T, we write &, = ¢, 0---0¢,,, where (0, 7,...,7,)
is the unique simple path connecting () and 7. (If 7 = 0, we set &y = Idy.)

For each 7 € OT, {®,), (X)}2, are decreasing compact sets, therefore (", ®,, (X)
is a non-empty compact set. By the uniform contractivity,

diam(®,, (X)) < s"diam(X). (1)
Therefore, (,—; ®;,(X) is a one-point set. Hence, we can give the following definition.

Definition 3. Let S = {¢;},;cr\ 9y be a TIFS. The coding map 7s : 0T — X is
defined as the map satisfying the following.

) @71, (X) = {rs(7)}.

The limit set Js of S is defined by Js = 7ws(9T).
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With these preparations, we can state the main theorem.

Theorem. Let V' be an open set with X C V. C C. Let m > 0. We assume that a
TIFS S = {¢-}rer\(oy on X satisfies the following conditions.

1. #I, > 2 forall T €T.

2. (Conformality) Each ¢, can be extended to conformal diffeomorphism on V' into
V.

3. (Open Set Condition) Int(X) # 0 and for each T € T and a,b € I,

bq(Int(X)) N gp(Int (X)) = 0. (2)
4. For all T € T\{0},
min |6 ()] > m. 3)

Then, the limit set Js is uniformly perfect.
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