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Anosov flow @ L —RX

RAXHE B8 (Toshiaki Adachi)

Anosov flow I COBRHEERLEDO M, Anosov‘flow & baée
space ODEAB LT COBELRBARBDIZI0D, TD/)— P Tk flow D
FAHEWCEE U T, Eww [A3] [AS1] [AS2] O#REFEDTHE.

§1 Anosov flow & I
CZOYVYRYDADODHBEESH. Anosov flow DEED SO & Do
EFE flow ¢ X > X B Anosov RITH B LW X OBNVEF L
TX BUTORKE (7) (4) R#LY dé - invariant R3D20DN
Y FL® Whitney f |
TX = ' E% B
TRXhBZZERVS, ’
% (7) EY ¢ -orbit WET S line bundle
(4) IEQEE C,A BFEELT

Ide, (WS Cexp(—At)lvlil v e E

|Id¢_t(v)llé Cexp(— A t)livl v ¢ E

B O ITRTO t>0 Z2VTHKY LD,

BEHEHRLE (BXXT) MRLTY S
CEHERODES KRS, BBELRT L
Anowov flow Ol UT kD 2>
BEEFOh B,

fl1 M UIAKMEZZEHRELL. 2O
unit tangent bundie UM LE® geodesic N

-1-
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flow BEZX 3 & Zh X Anosov BITH %,
# 2 Anosov diffeomorphism ¢ ; Y = Y (2. toral

automorphism Tn = Rn/Zn—-> Tn)iﬂé‘suspension X = Y/~
(Pp(y),0) ~ (y,n) %, ZOLOBAR flow (ZTh %
suspension flow & W5 )

o, (y,s)=(y,s+t)

X Anosov BRI T H %,

U U, Hl1 -2AD (ULPHREBEBTERYV) Anosov flovw OF
EBHMOhTEY [PS]. BHUBLWHIRNETHSEEbh B,

728 gradient flow E@tﬁﬁth'cﬁxmm A flow LS EER
5%, CO/— POV ODOEHIE Axiom A flow WX U TLHWMILY
SO0, AHOBEPSHOPUMNIOTIRY 5,

ROMANETHRLE WSO2DOHFROFELHELTBZ 5, Zhld
# X% compact ${RKET 3 | |

flow ¢ ¢ X > X M (toplogically) transitive T& % & .

HEOBES U,V txU®3 bty y BEEUT »(U) nV #9

THBHI &RV,
wW du & flow z/)t :X =-» X T invariant %2 measure &9 3,

(ZD &> 7% measure BV OBFEET A HUTRRVE. CZCRAGHE
CErRBREEERLIREET %, ) z/),c B du-(strong)-mixing TH B2 &
. EEO du-L2E% f,g wHU.

[ xw™ san > [ytdu [yean Gow)
EFBRTIEELS,

2RI flow CHBULREERE. toplogical entropy 2 E &Y 3.
time 1 diffeomorphism %2 # (= wl Ye& I,

X @ oper cover U (Zﬁl{’(‘
H(W) = log inf {#_ w2 Tu’ i u OFER subcover}

EED U KBTS entropy %

-0
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1 pel -

h(,ud = lim = HCY, »7'w
CEET B, HU2DOD cover U, U XU

UV U = {UqV lUeu,Ve U}
BRI, flow zbt @ topological entropy &

h = h(zpt )= sup {h(z/)t , U ’Ut}‘
203, ZOBUY flow DRUIVERVERTDHOTH 3. B
Anosov B! geodesic flow ¢t UM -> UM OB E entropy &
universal covering FOGEBEAE

lip,, log Vol B';(o)

R—HT332EBMoh TS, volume UEHEF A, nRT2H

M PHEEH -d S Riems -0 RERTE

(n-1)b £ h £ (n—-1)a
ERY. B(-DEhEWMEDOIREE h =1 Tdh 5.

§2 L -BM

Anosov flow OEIBMB UL OMSZOH. ZOHETRUOERV S
WO Margulis[Mr],1969FE O & TdH 5 2o compact(—1)FEghEZ
MEtOoRE x lz{'Fd)Fﬂiﬂ'Jﬂ!’.%iCDﬁ n(x) &

n(x)~ (n-—1 )-lx-lexp((n -1)x)
EVSWEEEHERT,. HOKLWEREXDO > THHENEBRI LT, 19764
72> T Hejhat[H] ¥ Selberg @ Zeta BI¥

2 = T 001 -exnC-Gs408 (7))

T @M O prime ZHAMEELULES. RAHAUCEALRE Ak,
Selberg trace formula 2k 9. Z® Zeta BI¥ L Laplace-Bertlami
FRECEERERRB>TVEZEBDDY.

7) 2@ C L holomorphic RIKIEE h

-3-
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4) s = 1 C1HD zero AEHFO2MW., TOfilL Re s 2
1 T non-zero. ¥ 21D zero M Laplace FAEOEHEH» > M3,
COHE»S. EEEEER UMW VWiener-lkehara @ tauberian
theorem 2> LD TdH 3. ,
HEROBLBTD. UdiH o Zeta BB BEXS>h TW 3, 19654
Artin-Mazur[AM] i diffeomorphism ¢ : Y - Y &xU

: S o0 1 ) n

Z (W) = exp{ Z — $Fix(¢p )}

3 n=1 n , : ;
EWVS Zeta B EED . EDHR Bowen-Lanford[BLI& Manning[Mal
w2k VAxiom A diffeomorphism (4 Anosov diffeomorphism) %2 & E.

Z O Zeta BI¥IL rational THAZ EBRENW R TDOD2O0D Zeta
BI®» SMML T SmalelSn] & flow 3 1 X > X LHU

“ Z, =T T {1 -exp(-(sHO2 (N}
Y WAL TO prime closed orbit Y. 2(?)X ¢ OFAMERT.
EWVD zata BABEERUEY., ChUERBOXYy—Y Y7 EH#TTH
RRBEFRART. (Selberg zata BFIBOBEAW (- 1) EHRELIZ
HORDRBOAr—Y I EHREIHKRR Y, ) T flow © zata
BAEEUT '

Z’/’t (s)= Z‘/’t (st1)/ Z'I’t (s) = I};I 1/ {1 —exp(-s2(¥?N}
BERINS IO - R, _ .

ETRAOAKGBLHAB L VI Y TR, BAOHE (£
UTHhEDOY —, REIE—) 2ZBRVONVEANETH 5. 2T
Dirichlet % L—-BIB2ERUALAOEEHER flow ® L —-BHEEUT

DEIWRED B,
iﬁv EABEOunitaryR 5 p';nl(X)—-rU(N)tZi’ib

L (s;p)=1T 1 /det {1 —p(<?>)exp(-s2(¥N}
b, ¥ 4 |
HU <?> ¢ BEDH S nl(X) K@ conjugacuy class % %3,

=l
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558 p =1, trivial character OB W Zeta YL RS,
¥ % Anosov diffeomorphism ¢ WX U T suspension flow ¢t B2ED

5k

Z¢ (exp(-s))= é‘¢ (s)

t.
ERSDTVLVBRIERZFEBU& S .

Anosov flow W2V Tk, Laplace F HHEOBBEREBE UBEBRMBRL (
AOIREBEDLNSB), TCTHEREBCHBE~ND Ruelle operator 2FANRZB &,

L-BE8SoMifgRo0VT&ROZEED® B,

A1 ([A2],[A4],CAS1],[PP1]) mixing % Anosov flow ¢t ;

X » X 20T

(1) L, (s;p) W Re S > h T non-zero holomorphic.

b

(2) Ls (s;p) W Re S > h—¢& \ non-zero
i C : : :

meromorphic WHEIh B, T Te XX Mo RIKFURVERTH 3,
(3) N = dim(p) 2 2 s qu (s;p)it Res 2 h
o t A
D& BEET holomorphice _
4a) Z¢ (s) I s = h T14iD pole 2RO &KX
t . ‘
Res 2 h DEHFT holomorphice

(5) N = 1 (character) OE4& L¢ (s; ) B
f t

s = h+/-1u T pole 2FOLDOLE+HRHU.
p(<¥>) = exp(V-1u2 ()
B ITARTOBFH#E ? B2V THYVIID2ZIETH B, COBE

L¢t(s;p) = Zd’t (s-7-1u)

72V, pole BINTI1HUTH %,
COZEDORI Imp BHRBRSGWE. Res 2 h OEFET

holomorphic T & %,
\ _5-
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Selberg zeta BI¥( % Riemann zeta BB W S5 HEE XN 2#HL L.
2%@E C TOBFHR-o-ROEY, —ROBERE. ThiZdEPH
BTERY ([Pl s T EARZRHOTT. 2¥\m C A
meromorphic WHIR X h B M. T zata B M strip Res > h -
€ N s = h RK¥ holomorphic WHETHh B DOH». BIFOMEAR
D2VTE. BHBUVALWHEBHTOLRVOT [Pod] KESZEWZU. &
EFERDO2VTHIHNTBI S, f ,

X L@ Holder EHE B f.g WU T correlation function
pfw& '

x . .
phg=JX o f-g du - [xfd“'jxgd”
BU de i@ ¢t -invariant measure, &E®H B, ZOBHEEL d)t D

mixing rate 2XIT OB Palay-WienerO EBWIZ & V.

FHE2[Po3] FTAXNTOD Holder EEEBHEIC DWW T correlation
function ¥ HBEBIW O N\ decay ¥ 3R>, &, (s)lif Res >

%

h—8 N h=s %KX non-zero holomorphic WHIEXHh 3,

(“-NDEBHELHEB O geodesic flov ODBFAREIOZXHBEBBIU
TVBZEBHMBONTV 3. —BOAMELHEE TR order T3
STLEEHEURI RV, ~ROBMELHEED geodesic flow OIF
BEOIRZPIEECHRENS 3, | |

§3 HBEOLH
EoZAMIBRALVTAHES. AM T BRW S %G h
invariant measure du %23 D mixing & Anosov flow ¢t X =
X 2Z2TC05330¢7 %, RUTHEL2ELOLABROFERITH > &
VRO pf_ime, orbit thgorem B/ s>h 5,
-6~
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SEFE3[PP1] RIHE 2(F?) B x ‘IZQ‘FGJ prime closed orbit @
Be n(x) ¥Hxd &, TOHELEHU '

bx lexp(n x>

n(x) ~ h
RUAMEZEA LOMNHBROBORICH T 2 HENEYHH
Bh3. RUMBELAMUTERLUTHES. EXH n (X)OHMR

HEEMBARE H %0, HE n,(X) > n (X)/H %

Proj, ¢RI ZEwF 5. MAM A ¢ n (X)/H WHUT. AN

()M x LATD prime closed orbit T Pro,iH(?) = A &% 3

LODOKE n(x,A) LHETE. TOHEEHU

E®4 ([AS1],[PP2])

n(x,A) ~ [nli H]-I#A h-1 X_l exp(h x)

EWVS XSW. Dirichlet OFEEHD type BWEdh 3, FOHHED

T x(—4) L¢t (s ; x o ProjH)

otk ul(X)/H @ character 2 2E 3. RKEROAHL2EH
TEOTH B, B H BAETOY -8 H (X,2) OHRIEEBSH

DHEERZEZLU ‘ ‘
n(x,4A) ~ [HI‘I H]-1 h-lx-lexp(h x)

¥ A REODBRVEMEEFHELRT., T, FRHEULB homology ¥

a0 THERBOEDISTHAI P FEMIIE

x(—a) L (s ; x ° Proj) (1)

OBBEANRERVDI TS 5H. * ®EF Ok, pole.

singularity OMF BB R Y. HBWHES. FCLUMATS
RWe FZT flow ORBEFARZZELRSE, ChET. BoTL3
DWW 3RITL ED geodesic flow DBES B I TH 3. geodesic flow

-7~
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3, :UM-»UMciq<w0==—th>am5ﬁ0ﬁu%ﬁﬁ
PRH-TBY. 2hB HI(UM,Z) = Hl(M,Z) E® involution

BRI IEDPS. BREOY —HIZERM prime closed orbit
BEEEATWLBEZE Wb P B[AS2]. Katsuda-Sunada WERLXIHFYVYELD
HEE. (1) OBBLRBRXE '

E M S5[KS3] Anosov B! geodesic flow W2V TH a ¢
HI(M,Z) REeTh53HNBBEORO#ELH I

'(“r)exp(h_x) , ' = rank

HﬁMJ)

n(x,a)%- Cx ;—

C UWHMAFEHEHR

ERUk. COEBROVTIUABRE D Katsuda KO ) — } RBEE
h iz b,
FHEOHHAT I E—HEZO2LTH., BLAER>TLRLONBE
ETH2, WS ODPOHEMEEMVLFTHBE

fae 6 [A2] transitve 72 Anosov flow q&t X - X YL

EREABREEMT 5.

ZZTHEO geodes’ic flow % suspension flow 2F X 3 &. BH#l
EL QETRVEBAEIE~EN 5 3. —%. geodesic flow DI
&, ZHHAEIE—HRUES A1 2UDHEREB 2D > 2D Td 3 5.
— B BIEU <RV, genus 2L L OHIE LD bundle @ L ® Anosov
flow T22o0BHENHBHREIEY I ERZDBOBSH 3 (Kouichi
Yano KW & 3) . HE&. Plante-Thurston[PSIWC & hif. EREOHH
BERHHAREIEYIRREHlBBZEVS, COMBERIRAHONH
ELRAPAKRZELEDN B,

R, BEE Y base space LED IS RAHUTVEIHEERL &
3, M 12& UT orbital measure v EUTOLSRLEED B,

-8-
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v £y = 2 (ot

HBU. fIXEMY x AT ® prime closed orbit 22 E 3. 5. X
ODRIPEEGREDL BV hit TE3DERTDHDTH BB,

£ ([B2],[P]) MIBME W R OEK T —H 5 (equidistribution)
UTWw 3,
ﬁx(f> /v (1) - Sx f du

BHEEBEOEKEHEE f 2V THY LD,

COEBITY Bowen[B2] KXV NFROIUBOAD»OFOINEDOD
TH 5. Parry[P] BAHUER RN T 2 Zeta BH
£ (s,2) = 151’ 17 {1 —exp(-(s+2)2 (¥ N}
D z=0DEFETORTFEANTHGHIEHRSG A k.
TUFHBERZDBURIEDITHSID, BiCRAUEERHAVEZE

EWRUTHD orbital measure Y A %

vx’A(f)= > 5? £

HU. FIXEY x LLTD prime closed orbit € ProjH(?) = A %
HMETHLORERLES. EEDHZE. PUBVEANEL -BEEEXT

GHESBIA2] HED coset A,B CHEBEOEKEN f LowT
Ve alE) /v (1) > SX £ du

v

x,A(f> / Vx,g(f) - 1

EVSEISRDHEELUTHORRB Y —BAFBT B3I & BHD» B, geodesic
flow OBARBERLRAEQY —HOLNLTERLTD S &

w9 [A2] (1) BRAULDIBEE a < HI(UM,Z) g

h2F8BELEOEE UM L dense RBPLEES LK T,
-9-



(2) HEOHEER® a,B « HI(M,Z) onT

vx,a(’f) / Vx’a‘(l) »SX f dp

Vx,a(f) 4 Y%, B

C(f) - 1
BRBIKS3I2F UL HDUE. X ULOBARD (2) BOoO—HoHH
h»3EL9TH %5, |
BRVCHEHSEORM®D®1 %2 modulo & US4 (uniform
distribution) oW THENRE S, ¥ {?\n} B—HE2HUTWSE

e BEAERTOD a €(0,1) 2LV T
1 N '

X 8 — (Lebesgue measuere)
N n=l (aln)

BRONDZEREVDS, RELU 8* W X TO dirac measure %.

) =p-[pl W& p ODNEBLERT, EFHE3 & Weil O growth
condition &€& Y

M1 0[PoB] {exp(h 2(C?)) | 7 W& prime closed orbit }
H—%2H U TV 3,

§4. Symboli‘c dynamics & Ruelle operator

A CHEIOIHO7 A F 7 RN 3,

E¥HEM@MY ST (VL,E) B2V TEx &S, V BEREBEOHEADE
&THY. E c V X V UHERI>hil0o%ETHd 5. BREX
2 :E > R BEIo>TVBELLS. |
ChidaBDO &> flow @ discrete 2

EFNEEZ OIS, (%,n”% ) € [<>
V. X6+ eX V B (vi,le)eE
il TE path ‘E&%t%‘b\ B VVO = v DB S closed

-10-
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path EBRXAZ &RV LS. 2D closed path 2X % zeta ¥R
£,¢) = 1 {1 —exp(-s2 (3 N}]

CEHET B, HU. WL prime cycle (closed path O#) 22 EYL.
c = (v0 ZEEEAA yrxut 2(¢c) = !2(v0 vy DI SRR

Q(Vn-l’ A ) ¥ 93, COBEKEFANRSZIOWZKRD transition matrix

exp(—s 2Ci,Jj)) if (i,j) ¢ E
ACS), | ={
’ 0]

2H 3 &

otherewize

CQ(S) = exp { n‘=§1 ;11- Trace A(SS‘}

= 1/det {1 —A(s)}
&Y. pole ORUEY A(s) OEFE»>bH B, COBBF@ERZOL
TW Perron-Frobenius OEEH & ‘

(7)) s € R a3l A(s) WIEQOEHE 1 OSAKBEH@E A(s)
%2 D, ,

(1) R 3 s = A(s) ¢ R WHEHAED.

() A(s) OEEE o & 1 ul = XA(Res) iR,
ZozEpow@ 1 O type OERVERY I 70 zeta B O WL
THHRYVYDe L-BBRODVTHRHAFT XD transition matrix 2%
AHhT RV,

R Anosov flow &V S 7 DBBEBHM 3 E®HIZ Bowen[B3] @
symbolic dynamics D2V THMN L. HRY 97 (V) ,E ) EOER

step path 2K OE &
o0
) B = Ls=(5) e I, Y 1 (5,5, )¢E)
% subshift of finite type é:L\L\' H %7 homeomorphism
‘G . 2:(\6 ’Eb ) -> zz(%jfl% ), 0’(5 % = %Hd
% shift operator &\ 5, subshift FOFEBH%E 2
Z(Vy B ) > R MWL T suspension 2(V, ,E ,2) BWO¥D&k>

KiEE %,

-11~
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EI(V' Eb 2 )
= {(£,s) | SeE(V E‘O) OSsS.Q(-S)}/'\'
Z @ suspension E®@ suspehsion flow (81 @j288K) 0(!2),C f&

THBZEODRXHBOVRTOHERDOTH 5. 2D symbolic 7 flow &
Anosov flow & BE U %DM Markov family TH 3., EHEMHWE
Markov family EWTHO XD REMBEOD flow KNT S5HLOES
V, TH 3. '

KW flow
BT IR
£7.

B, o= {(v,w) e V, X V | vV OB3HEN w NEhAD)

CUTERNmY 37 (V I% ) ZeB. COY I T flow OHLIA
PUDLEXZRVODT E(V E() ) 2E X % & Anosov flow OHEE» >
H #7 bounded-to-one map
By E(V EO) - \g v
0

(v ¢ V, @ X OBREEGEZBATLRIBTES, ULHPDHIDODER

0
It discrete RES L one-to-one TH 3. & & ¢ E(V E‘0 )y X
U T ;b(&) BROFYREE VEL i’F(D3§mit'b'C £
Zi(V0 ,Eb ) > R 2523 BBR

p ot E(Y By 2) - X
DEH/T

-12-



(7) p & bounded-to-one map TH VY. X D discrete RES L
one-to-one. ‘
(4) ¢ cp = p ° a(2),

BT OB EETEZIEOL»S, UL T @'Jt —closed orbit
EE G(Q)t—closed orbit FEWWEWE 1 ¥ 1 OXWEBD 3. p

OHB(7ICLVBABERECBRBIELTR® 3 & Anosov flow @
zeta BI¥W
4 (s) = ZO’(.Q) (s)

i . -1
X I ¢ (s) z (s)
J a(JQJ.)t q( ,a(ﬁk)t

EHRMBD suspension flow @ zeta EAEEBEHVWTEEINL S, 2B
h((bt) = h(a(ll)t) > h.(U(;QJ)t)’ h(o(!zk)t) THBI ¢
b p OHE(Y) POoMAOTHBEI B UDT Y ta(@) (s)
t
ROWTHE1ID type OEFEFREFEBETIRVWIERRRSE, O

suspension WRDESRX T I T (BRERBRVSERIT I T THEW)EHEY
FoTw 3,

+ .
v = 'y LB

{s=Cs > el v 1 (g .5, deR}

E = {(£,72)eVXVI og=¢§}

@& £ & homologuos 7 ,Q+2 V -V BfEoh. Zh%

o¥%e,2) = 2N 9): E > E ra3L
ZG(Q)t(S)= £ g (s

&3,

EREREESRERYT 5T D zeta B EFANZIOR V kO
Lipschitz EHE RBEEFEOHE S Banach W@ < Ruelle operator
£s(-f)(£) = gk exp(—'s 2(7))

-13-



PRIEHIT S, ChEERY S ITD transition matrix WHHSU.
Perron-Frobenius B @D F ik .. o - ‘
(7)) s € R ol £s MIEQOEHE 1 Gjﬁ”klﬂﬁiﬁ; A(s) %

o, ~ ,
(1) R 3 s - A(s) ¢ R WHEHAEL.
() £S @ spectral radius & A (Re s) LA TF.

(L) £S ® essential spectral radius & A (Re s) — € BT

2T e W Ims RIBEFEULURL,
BROYMNE, 1 BESH B,

2% XK
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