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Abstract We prove the following property: ifX in G1(M) has no singularity and
x € X(X), thenorbit(x) N perX) # @. In addition, if we assumper; (X) N per;(X) =¥
fori # j, thenpenX) = ;’;01 per(X) is a hyperbolic set. Moreover, we shall give a
proof of theQ-stability conjecture for flows.

1. Introduction

Let M be anm-dimensional compact smooth manifold without boundary and lgiv/) be
the set ofC! vector fields onVf with the C* topology. We denote by, r € R, theC? flow

on M generated byX € X1(M). We denote byer X) the closure of the set of periodic
orbits of X and byper; (X) the closure of the set of hyperbolic periodic orbits with index
j (index is the dimension of the stable subspace). We denafe(ixy the non-wandering
set of X € XL(M). AsetA C M is said to be a hyperbolic set &f € X1(M), ifitis
compact,X;-invariant (i.e.X;(A) = A for all # € R) and there is a continuous splitting
TMIA = E°® ES @ E* (E%x) = R- X (x), x € A) invariant unde, X, such that there
existk > 0,0 < A < 1, satisfying

I(DxX)IEx < KA" and [[(DxX-p)|EY| < KA

forallt > 0,x € A.

When 2 (X) is hyperbolic and the periodic points are dens&i(X), we say thatX
satisfies Axiom A. LeiG1(M) denote the set ok € X1(M) which has a neighborhood
U such that ifY € U then all the periodic orbits and singularities bfare hyperbolic.
For X € XY(M), let B.(X,x) = {y € M : d(X,(x),y) < ¢ for somer € R}.
Define 2 (X) as the set of points € M such that for every neighborhodd of X
and everys > O, there existtY € U, y € perY), To > 0 andr,t1 € R with
fo < t1 such thatfzy,(y) = y, X = Y onM — B:(X, x), d(¥;(y), X;(x)) < ¢ for all
O<t<To,{X;(x):t0<t <t} C{Y(y):t>0}and(t1 — 19)/To > 1 — ¢. Note that
¥ (X) is X;-invariant.
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We shall prove Theorem A in 82, Theorem B in 83, and in 84, using the argument
in Theorem A, we shall prove th@-stability conjecture for flows. In 1997, Hayashi [
announced a proof of this conjecture: however, it seems that his proof has flaws. The proof
of Lemma VIl.4 in B] is not clear.

THEOREMA. If X is in G1(M) and has no singularities, then for any € X(X),
orbit(x) N perX) # @.

THEOREMB. Let X be inGY(M) and have no singularities. Iber; (X) N per;(X) = @
(forall0 <i < j < n — 1), thenperX) is hyperbolic.

THEOREMC. (Q2-stability conjecture for flowslf X is Q-stable, therX satisfies Axiom A.

2. Proof of Theorem A

For the proof of Theorem A, we need some properties %) andG1(M). Letif be a
neighborhood o in G1(M) such that for any in U, Y has no singularities. Le¥* be
the normal bundle t& over M. For eacht € M, the fiberN, is a subspace df, M with
codimension 1 that is perpendicularX@x). For anyu € Ny, let P,X (u) be the orthogonal
projection of D, X; (1) onto Ny, (r). Then

PX:N* - N*
is aCY flow which is linear on fibers. The next theorem is useful in this section.

THEOREM2.1. (Liao B, Theorem 2.1])Let X be in GY(M). Then there exist a'!

neighborhood / of X in Uy and two numbers. = AU) > OandT = T(U) > 0

such that for any e &/ and any periodic poinp of ¥, the following two estimates hold:

@ IPYIES(p)I - IPYIE (Y (p)]| < e? foranyt > T;

(b) if r is the period ofp, m is any positive integer,and D=1 < t1 < - -+ <t = mt
is any partition of the time intervdD, mt] withz; 11 —t; > T, then

1 k—1
e _XC;'OGIIPL,,IES(Y:,- (POl < =2,
1=
1 k—1
Y
E -Xc:]Iog”P—(ti+1—li)|Eu(Yfi+1(p))|| < —A.
1=

Now suppose that is in X (X) andorbit(x)NpenX) = @. Sincex belongs tax (X), we
may find a sequendg’”} of vector fields, a sequené®, } of periodic orbits, a sequence
{an} (a, € P,) of points, a sequendd},} such thatl,, — oo (asn — o0), and a sequence
{en} With &, — 0 (asn — o) satisfying the following:

(i) lim,—» Y" = X andP, is a periodic orbit off " with period7,;
@iy Mmoo an = x;
(i) d(X;(x), Y/ (an)) <&, (forall0 <7 <T,).

We defind as the integer such that for an infinitely many numbet,dhe index ofP,

(written by Ind P,)) is .
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CLAaM. [ #0.

Proof. If I = 0 on the contrary, we may assume that
index of P, =0 for all n.

Since eachP, is compact, a subsequence®f, also denoted by,, converges to some
X;-invariant closed subsét in orbit(x) by (iii) with respect to Hausdorff metric. As irg],
we take an individual measuge, corresponding to a point,, and we may assume that the
sequence, converges with weak-star topology to a probability meagumn M. Each
wn is invariant undet;”, andu is a measure supported @h Let {¢,(a)} be a sequence
of real-valued continuous functions a# such that

lim ¢,(a) = ¢(a) uniformly onM.
n—0o0
Then we have
lim / §0n(a)dﬂn=/ p(a)du. 1)
n—0o0 M M

Because

‘/ §0n(a)dﬂn_/ (ﬂ(a)dﬂ‘
M M

/‘pn(a)dﬂn_/ p(a)diiy
M M

andg, (a) — ¢(a) implies

‘/ wn(a)dun—/ p(a)diiy,
M M

while u, — n implies

=<

+‘/ w(a)dun—/ so(a)du‘
M M

s/ lon(@) — p(@)] djn — O,
M

‘/ w(a)dun—/ so(a)du‘ — 0.
M M

Moreover, since each, is Y;'-invariant,u is X;-invariant. In fact, by (1) above, for any
t e R,

/w(Xr(a))du= lim / on(Xi(a)) dpy — lim / on (Y (@) dptn
M n—>oo Jay n—>00 J s
im [ @) du,
n—0o0 M
= lim </ wn(Xz(a))dun—/ wn(Y,”(a))dun)
n—>oo M M

+ lim / (pn(Y[n(a))dﬂn
n—oo [y,

= lim / (pn(an(a))danZ lim / (Pn(a)dl/«nzf p(a)du.
n—oo 1y n—oo [y M
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Remark.
lim (/ on(Xi(a)) duy —/ <pn(Y,”(a))dun> =0.
n—0o0 M M

In fact, since lim_. Y" = X, d(X,(a), Y}'(a)) is very small for sufficiently large (for
anya € M and a fixed). On the other hand, gs, is uniformly continuous o/,

lgn (X1 (@) — @u(Y{'(@))| < &
foranya € M and sufficiently large.

As u, is an individual measure corresponding:to

1
/ ¢n(@)dpy = lim —/ o (Y (an)) ds. 2
M —oot Jo

Now, let
" 1 yn
&l r(a) = T logl| P24 (@)l
1 X
& 7(a) = T logl| P27 (a)]|.

Then lim,—, o £" ;. (a) = &_7(a) uniformly on M for the numbell” = T(U) > 0. From
Theorem 2.1(b), for sufficiently large
T

Sn 1 n
- { > & (@) + Z10gl Py, 1y (Y], (an»n} < -,
nlr=1

wherem,, is the greatest integer with, — m, T > T. Since
1 n
- logl| PY 7, _, 7y (Y7 (@) > O asn — oo
n

for sufficiently largen, we have

my

SOE (V@) < —=, ane P
m”Tkzl —TA kT 2’ " "

Thus

1 pny A
(Zsz(Y;’T(an») <% p=l2..

Pin \ =1
Therefore

1
pm, T

pmpT
/0 g2 (Y (an)) ds

1 pm,—1

(k+1)T
= g2 (Y (an)) ds
pm, T kz=0 /kT s

1 T 1 Pl A
= — gﬁ x; (Y,"(a Mds <——=, p=12....
— IR .
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Thus, from (2),
A
g r(a)dpy < —3
Py

Thus, from (1) we have
. A
& r(@)dp = lim g (@)dp, < —5 < 0.
F n—oo Jp 2

Now we need a lemma from Lia@][to proceed.

LEMMA 2.2. (Liao B, Lemma 3.2])Let F be a closed subset 8f, invariant underX;,.
Assume that for a certait € (0, c0), there is a probability measurg on F, invariant
underX; such that

/Féf(a)du <0 or /st(a)du <0. (*)

Then,F contains a periodic orbit oK attracting or repelling corresponding to the first or
the second inequality of«).

Applying this lemma to our situation we obtain a repelling periodic orbitFinC
orbit(x). But this contradicts the assumptiore X (X). Becauser is a recurrent point of
X, orbit(x) could not contain a repelling periodic orbit. |

Now we may assume that I68,) = [ # 0 andY” is in{ (in Theorem 2.1) for alk.
We have

IPY" (an) | ES(an)ll - | PY; (Y (@) E" (Y] (an))| < e 2 (¢t > T).

For anyr € R, the subspaceB*(Y;*(a,)) and E*(Y;*(a,)) converge to subspaces of
Nx, () wWhich we define a$r* (X, (x)) and G*(X,(x)) respectively. Now we attach for
everyy € orbit(x) two subspace&°(y) andG*(y) with the following properties:

dimGj +dimGy = dimM — 1; 3)
(PX()G] = G%,(y). o =s,uforanyr e R; @)
IPXIGY I - 1PXIGY, (I e, t=T; (5)
G*(y) ® G"(y) = N, foranyy e orbit(x). (6)

By Proposition 1.3 of Ma& [13], we can extend this splitting torbit(x) and from
properties (3)—(6) it follows that the subspad@®(y) and G*(y) depend continuously
ony € orbit(x). Now we obtain a dominated splittinG* & G* over orbit(x) and this
dominated splitting is uniquely determined by the sequence of periodic @thits

In fact, if subspace&” (Y,"(a,)) and E™(Y/'(a,)) converge to subspaces® (X, (x))
andG™ (X, (x)) of Ny, (), respectively, which are different froG* (X;(x)), G*(X;(x)),
then, using the same argument as above, we may obtain a dominated s@littipgs "
overorbit(x). Then we have the following lemma.

LEMMA 2.3. (Wen L9, Lemma 3.7]LetA @ B andA’ & B’ be two dominated splittings
atx withdimA =i anddimA’ =/’. Ifi <i’,thenA c A’andB D> B’. In particular, if
i =i, thenA = A’andB = B'.
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Using this lemma, we obtaiG*(y) = G”(y) andG*(y) = G™(y) respectively for
anyy € orbit(x). Thus, the dominated splittinG* & G* overorbit(x) obtained by the
sequence of periodic orbif, is uniquely determined.

Let pet (X) be a set of hyperbolic periodic points of index

LEMMA 2.4. If G* is contracting, therorbit(x) N Uf=o per(X) # .

Proof. We may assum&” is C* close toX andd (Y (a,), X;(x)) < e, forall0 <t < T,.

As in [10, p. 523], we obtain a vector field” close toY” such that the following condition

also holds.

(¥x) N* restricted to ther”-orbit P, of a, (which is periodic with the period;, close to
T,) has aP!" -invariant splittingG* @ G such that

1P, (V@) G (V@) = P2, (Xinj ()| G* (Xnj (),
1Py (¥t i1y @G (Vi gy (@Dl = | Pk (Xim(j -1 GG (Xmj—1y ()
foralll < j <[T,/m] -1,
1P iyt (V7 (@) |G (V] (@)l
= 1PX 7, ity ey X1, GDIG (X, ),
and

Y_vn - —- —
1P, iy 1t Yot )= (@G Y iy (@) |
= || P%i—m[T,,/m]-‘,—m (Xm[Tn/m]fm (x))|GS(Xm[Tn/m]fm I,

wherem is the smallest integer such that> T.
Since the index of?, associated t&" is I, that of P, associated td&” is alsol. In
particular, dimG* = /.
As we assume thaG* is contracting we may conclude th&® = E° (E° is the
hyperbolic splitting ofY” on P,). ThereforeG* = E* and for sufficiently large:,

ky—1 k=1 _ o
[T 125, X GG Xy = [ 1P (T (@) GH (V2 (an))
j=0 j=0

< e WAk (g = [T, /m]).

We shall use the following definitions. We say that a pair of pointsX,,;(x)),! > 0,
is ay-string if

1
[T1P5. 16" Xmjonl < 7!
j=1

and we say that it is a uniformly-string if (X,x(x), X,;(x)) is a y-string for all
0 < k < L. Note that(x, Xk, (x)) is they (= e~*/2™)-string for sufficiently large:.
Now we need the following lemma.

LEMMA 2.5. (Maié [12, Lemma ll.3])For all 0 < yo < y1 < 1, there existN (yo, y1) >
0andO < c(yo, y1) < 1such thatif(x, X, (x)) is ayo-string andk, > N (yo, y1), then
there exisD < n1 < --- < ng < k,, 0 > 1lsuchthab > k, - c(yo, y1) and (x, X, (x))
is a uniformlyys-string forall1 < i < 6.
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From the above lemma, we may assume that for some)0 < y; < 1, for any large
n, there exist O< ny; < --- < ng < k, such that(x, X,,,, (x)) is a uniformlyy;-string.
Note that, sinc&, — oo (n - o0), # — oo and by the compactness ofbit(x), the
sequencgX,,,, (x)} accumulates to some pointin orbit(x). Thus we obtain a pair of
poINts{Xynn, (x), Xmng (x)}, & < B, in orbit(x) which are arbitrarily close to each other.
Here we need another lemma.

LEMMA 2.6. (Maié [12, Lemma I1.2])Given0 < 7 < lando > O, there exists
e = e(y,o) > 0such that if(x;, g" (x;)), i = 1,2,...,k, are uniformlyy-strings
satisfyingd (g"i (x;), xi+1) < eforall 1 < i < k —1andd(g"(xx),x1) < &, then
there exists a periodic point of ¢ with period N = ny + n2 + --- + n; such that
d(g"(x),g"(x1) < o forall 0 < n < n1 andd(gVit"(x), g"(xiy+1)) < o, for all

0 <n < njy1, whereN; =n1+---+n;.

Applying this lemma to the paifXu, (x), Xmn, (x)} we find a periodic poinp of
X near the arun, (x), Xmn, (x)). Since dimG* is constant oveorbit(x), there exists
an admissible neighborhodd [12, p. 173]. We may assume that this periodic orBit
of p for X is in U. SinceG* is contracting, the fact that periodic orlit is near the
ara Xmn, (x), Xmny(x)) @and P is in U implies that the index o < [/, completing the
proof of Lemma 2.4. |

Now suppose that* is not contracting. Then, we can firyde orbit(x) and a sequence
Jjn — oo such that

. 1
lim —logl|P,; (DIG* ()] =0, ()
n—>oo .]11

wherem is the same as above. Without loss of generality we may suppose that the sequence
{j.} is such that there exists &, -invariant probability measure on orbit(x) such that

1 in=l
/ = lim =3 ¢Xni(»)
n i=0

orbit(x)

for every continuousp : orbit(x) — R. Applying this equality to¢ defined by
¢(a) = Iog||Pn’f (a)|G* (a)|| we obtain

. 1 jn*l
/ ¢pdu = lim =3 " logll Py (Xmi ONIG* Xpmi ()
orbit(x) =00 Jn 150

. 1
> lim = log|| P,; (NIG*(y)] = 0. @)
n—oo ]n

On the other hand, by Birkhoff’s theorem,
1

1=
/ ¢pdp = / > 10gl PY (Xmi (@)|G* (Xpi (@) dpe. (8)
i=0

lim —
orbit(x) orbit(x) "o n

LEMMA 2.7. (Ergodic closing lemma, Hayashij Lemma VI1.6])

w(Z(X) USingX)) =1
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for every Xi-invariant probability measurg:. on the borel sets oM, where Sing(X)
denotes the set of singularities %f

By Lemma 2.7prbit(x) N £ (X) is anX1-invariant total probability subset afrbit(x).
Hence, if we define ai1-invariant probability measuneonorbit(x) (see [LO, p. 522]) by

m—1

1
V= ;(X,-)*(u),

whereu is anX,,-invariant probability measure @rbit(x), we obtain

m—1
0 = v(orbit(x) — orbit(x) N X (X)) = — Z w(X;(orbit(x) — orbit(x) N X(X)))
m i=0
1 m—1
= — w(orbit(x) — orbit(x) N X (X)) = w(orbit(x) — orbit(x) N X (X)).
m i=0
This together with (7) and (8) implies
1 Vl*l
0< / _ lim = "10g|l ¥ (Xi (@)|G* (Xmi (@)) | dja(a).
orbit()NZ(X) T 1 iy

Hence there exists € ~(X) N orbit(x) such that
1 n—1
lim_ = " 10gll Pyl (Xmi (20)|G* (Xmi ()] = O. (9)
n—-oon [:0

Now we may take-A < —ig < 0 such that forg large enough

no—1

1 A
— E logll PX (Xomi (2))|G* (Xmi ()| > S (10)
no =5 2

By the hypothesisrbit(x) NpernX) = @, we have; ¢ per(X). By the same argument used
in the proof of Lemma 2.4, we may takearbitrarily close toX and a periodic orbiP of

Y with periodz (z is very large, because¢ per(X)) such thatr’ satisfies(xx). That is,
N* restricted to the’-orbit P has aP/ -invariant splittingG* @ G* such that forp € P,

1P T (PG T2 (DD = I1PX, (X2 NG Xm0 @),
IPY (Vi (PG Fonj (DD = I1PX (Xnj @)IG* (Xomj (D)

forall0 < j < [t/m]— 2,

1P et e PDIGH e (O = IPX p ot (X e @G (X @),

and

||P‘[Y—n’l[‘[/m]+n'l (Ym[r/m]—m (p))lés(ym[r/m]—m 2011
= Pgim[f/m]+m (Xm[r/m]—m (Z))|GS (Xm[r/m]—m @I
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Then we have

1PY (T (p)IG (T ()| (k = [t/m]— 1)

k—1 _ o _ _ o
< ( ||P_Ym(Ymkm,-(p)>|G”(Ymkm,-(p»n) X AP iy Ve (DG (Y (p)) |
i=0
k—1 _ o
= [ TP Tk —mi (PG ok —mi (P)) |
i=0

< 1PY Tty -mi (PG Tty —mi (D))
k—1 —-1
x ( [T1eY (Xm(k_l)_,m(z)>|G5<Xm<k_1)_m,~(z)>||>
i=0

X N PY iy T (PDIG" (Yo (p))]
< e Pk s R/ I PY L (Ve (pDIGH (Y (p))I.

Note that we used (10) to induce the last inequality above. i$f very large, thert can
also be large so that

o= 2mk . Go/2mk o ||p_Y(T_mk)(?,(p))IG”(YT(P))H <1l

Thus, G* C E" (where E® @ E* is the hyperbolic splitting of? for Y). Therefore,
dimE* > dimG* = (dimM — 1) — [. Thatis, dimE® < [. If dim E* = I, thenG* = E*,

G*® = E°. By Theorem 2.1(b) and (10) above, we have,

k=1 _
e” W2k S TTIRY Vi (PVE* (Fi (p) ]
i=0

k—1
= [T 12X Xumi D)IG* Xmi D)
i=0

> ¢~ Po/2mk (from (10).
This is a contradiction. Thus we obtain
Ind(P) < L.

Using the same argument as above, we again have a sequétjca sequencép,}
of periodic orbits, a sequende, } with a, € P,, a sequencé¢T,} such thatl,, — oo, a
sequence of ardairdz, X, (z))}, and a sequenag — 0 such that:

(i) lim,_ . Y" = X andP, is a periodic orbit oft,, with period7},;
i) im,—o0an =z;
(i) d(X:(z),Y(an)) <e,forall0<r<T,.

For all n, we can assume that I08,) = I’ with I’ < [. As before, we can obtain
the dominated splittingz* @ G* over orbit(z) (C orbit(x)) with dimG* = [/, and
if G* is contracting the situation is as same as Lemma 2.4. Otherwise, we can find
w € orbit(z) N ¥(X) such thatorbit(w) C orbit(z) c orbit(x) and has a dominated
splitting with dimG* <1’ < L.
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In the case whe’ is not contracting, by repeating this argument we eventually obtain
a sequencéy”} of vector fields, and a sequeng®,} of periodic orbits, such that
lim Y"=X, Ind(P,)=0 foralln,

n—oo

contradicting the claim. We have finished the proof of Theorem A.

3. Proof of Theorem B

If X is in GY(M), then the number of attracting or repelling periodic orbits is finite (by
Pliss [17]). Hence peip(X) andper,_,(X) are hyperbolic. It suffices to show thaer; (X)

is hyperbolic for each 6< j < n — 1. Using Theorem 2.1 and the argument of Hayashi
[5], we obtain the dominated splittinG* & G* overper;(X) such that

N*|perj(X) =G ®G", dmG°' =
and satisfying for any € per;(X),
IPX)IG O - I1PX, (Xn )G (X )| < €™ 2,

wherem is the smallest positive integer with > T (T is given in Theorem 2.1). Now we
have only to prove that* is contracting, as in HayasHs]| Supposé&;* is not contracting,
then by the same argument as in Theorem A, we hageX (X) N per;(X), x & perX)
having property(sxx). Sincex € X(X), we can obtair?, C1-close toX having a periodic
point p with periodr such that, for sufficiently small > 0, d(Y;(p), X;(x)) < ¢ for all
0 <t < t, and we can creaté C1-close toY such that’ has propertysx). Thus, as in
the proof of Theorem A, the index of the periodic orBithroughp for Y is not greater
thanj. If Ind P = j, then as before we can conclude that this is a contradiction. Now
assume that Ind?) < j. As before, we may obtain a sequer(@¢®}, a sequencép,}
of periodic orbits, a sequendé&,} such that7,, — oo, a sequencéu,} of points, and a
sequence, such that, — 0 and satisfies:
(i) lim, Y" = X andP, is a periodic orbit off " with period7,;
@iy lim,—sa, = x;
(i) d(X;(x), Y/ (an)) <e,forall0<t < Ty;
(iv) Ind(P,) =1(0<1! < j)foralln.

If I = 0, thenthis is a contradiction as before. So, we assume $a&t Using the same
argument as in Theorem A, we can obtain the dominated spliiiigp G*' overorbit(x)
(C per;(X)) with dimG*" =1 < j. Now if G is contracting, then by Lemma 2.4, we
obtain

j-1 l
| per(x) nper;(X) > | per (X) N orbit(x) # #.
i=0 i=0

This contradicts the assumption of Theorem B.

On the other hand, i&* is not contracting, then we obtaine orbit(x) N X (X) with
property(xxx) andy is not a periodic point, because,)ifis a periodic point ofX, then
from Lemma 2.3 we hav&*’ ¢ E°® (whereE* is the hyperbolic splitting ofy of X),
contradicting ¢+x). As in the proof of Theorem A, we obtain a sequerjgé} and a
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sequencé¢P,} of periodic orbits with index smaller thdn < j). Repeating this argument,
we obtain a sequend&”} and a sequendd, } of periodic orbits with index 0. But this is
a contradiction. Therefore, we may assume thdtis contracting and thereforeer; (X)

is hyperbolic. This proves Theorem B.

4. Proof of theQ2-stability conjecture for flows
Using the argument in the proof of Theorem A, we shall provetkatability conjecture.
As X is Q-stable, there exists a neighborhd@dX) of X such that ifY is in U/ (X),
then there exists a homeomorphigm : Q(Y) — Q(X) which satisfiesX; (hy(y)) =
hy(Yy(y)) foranyy € Q(Y) ands,t’ € R. If Y is inU(X), thenY is in GX(M) from
[2] and, by Hayashi's connecting lemm&|,[Sing(Y) N perY) = @. With this property,
we may use the same argument as in Ito and ToyosHiu@&hpere the connecting lemma
is crucial again). We findd € ¢/(X) which is close toX and satisfies Axiom A. Hence,
perZ) is decomposed into a finite union of disjoint basic sets

Q(Z) =Sing(Z) UperZ) =SingZ) U ArU--- U Agz),

where eachA; (1 < i < s(Z)) is a basic set. Sinc¥ is Q-stable, there exists a
homeomorphism z such that

Q(X) = Sing(X) U perX)
=hz(Q(2)) = hz(SINIZ) UAf U---U AL,

whereAX = hz(A;) (1 <i < s(Z)). Note thatAX N Aj.( = ¢ fori # j. To complete

the proof, we show that eao‘nl.x (1 <i < s(2))is ahyperbolic set. From the argument

of Palis [L6], in eachAX (1 < i < s(2)), periodic orbits have the same index and are
dense. So, eachX has a dominated splitting. Suppose tlnagf is not hyperbolic and

has a dominated spllttmg/*|AX = G* & G* (dimG* = [). We note that all periodic
orbits mAX have index. From the argument by M&[12] (see b, pp. 131-132] for the
flows verS|on of this), we may assume ti@&t is not contracting, since otherwise we are
done. Then, using the same argument as in the proof of Theorem A, we obtain a point
xexX)N Af, x ¢ perX) such thabrbit(x) c Aj.( and

-1
orbit(x) N |_J per (X) # 0.
i=0

Therefore, there exists# j such that
A NAT £0.

Thisis a contradiction. Therefore, we conclude that e'azt‘,r(l <i < s(2))is hyperbolic,
completing the proof.
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