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Abstract. Let G be a locally compact group and let 1 < p < co. Recently, Chen et al.
characterized hypercyclic, supercyclic and chaotic weighted translations on locally compact
groups and their homogeneous spaces. There has been an increasing interest in studying
the disjoint hypercyclicity acting on different spaces of holomorphic functions. In this note,
we will study disjoint hypercyclic and disjoint supercyclic powers of weighted translation
operators on the Lebesgue space L (G) in terms of the weights. And sufficient and necessary
conditions for disjoint hypercyclic and disjoint supercyclic powers of weighted translations
generated by aperiodic elements on groups will be given.
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1. INTRODUCTION

Let T be a continuous linear self-map on a separable infinite dimensional Banach
space X and T"™ denote the n-th iterate of T. If there exists a vector x € X such
that the orbit ord(T,z) = {T™z : n = 0,1,---} is dense in X, then T is called
hypercyclic. Such a vector x is said to be hypercyclic for T. Besides, for every pair
U,V of nonempty open subsets of X, if there is a non-negative integer m, such that
T™(U) NV # 0, then we call T topologically transitive. It is well known that an
operator T is hypercyclic if and only if it is topologically transitive. A stronger
condition is the following: the operator T on X is called topologically mixing if for
every pair of non-empty open subsets U and V of X there is m € N such that T"(U)
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meets V for each n > m. Hypercyclicity (respectively, supercyclic) has been studied
by many authors; we refer to [2, 10, 18] for surveys.

Hypercyclic (respectively, supercyclic) operators T1,--- , T, N > 2, acting on the
same space X are said to be disjoint or d-hypercyclic (respectively, d-supercyclic)
provided there is some 2 € X for which the vector (z,---,z) € XV is hypecyclic
(respectively, supercyclic) for the direct sum operator &Y ;T; acting on the product
space X", endowed with the product topology. Besides, we say that operators
Ty, - ,Tn in B(X) are d-topologically transitive provided for any non-empty open
subsets Vp, - -+ , Vv of X there exists m € N such that

VoI (V) () Tn" (V) # 0.

If Ty, - - - , T satisfy the stronger condition that

Vo[ )T ™) () [( T (Vi) # 0

for some m onwards, then T7,--- ,Txy are said to be d-mixing. There has been an
increasing interest in studying the disjoint hypercyclicity acting on different spaces
of holomorphic functions. For example, disjoint hypercyclicity was studied in [1, 3,
4, 16, 17]. Besides, disjoint hypercyclic and supercyclic powers of weighted backward
shifts were also characterized in [5, 6, 15].

Recently, hypercyclic, supercyclic and chaotic weighted translations on locally
compact groups and their homogeneous spaces were characterized in [8, 9, 7]. And
Liang et al. characterized d-hypercyclicity and d-supercyclicity of finite tuples of
weighted translations generated by aperiodic elements in [12, 14]. Inspired by their
work, we characterize disjoint hypercyclic powers of weighted translations on groups
in this paper by developing further the results in [9, 7].

Throughout, let G be a locally compact group with identity e and a right-invariant
Haar measure A. Since a complex Banach space admits a hypercyclic operator if
and only if it is separable and infinite-dimensional, the question of hypercyclicity is
meaningful for the complex Lebesgue space LP (G), with respect to A, only when G
is second countable and 1 < p < co. A bounded measurable function w : G — (0, 00)
is called a weight on G. Let a € G and let d, be the unit point mass at a. A weighted
translation on G is a weighted convolution operator Ty, ,, : L? (G) — LP (G) defined
by

Tow (f) =wTa (f) (f€LP(G)),
where w is a weight on G and T, (f) = f * §, € LP (G) is the convolution:

(f *82) (2) = /G f ey ) dba (v) = f (za™)) (z€G).



An element a in a group G is called a torsion element if it is of finite order. In a
locally compact group G, an element a € G is called periodic [11] (or compact [13,
9.9]) if the closed subgroup G(a) generated by a is compact. We call an element in
G aperiodic if it is not periodic. For discrete groups, periodic elements and torsion
elements are identical; in other words, aperiodic elements are non-torsion elements.
However, non-torsion elements in non-discrete groups need not be aperiodic. It has
been shown in [9, Lemma 1.1] that a weighted translation operator is not hypercyclic
if it is generated by a torsion element. Our goal in this paper is to characterize
disjoint hypercyclic powers of weighted translations generated by aperiodic elements
on groups.

2. DISJOINT HYPERCYCLIC POWERS OF WEIGHTED TRANSLATIONS

It has been shown in [9, Lemma 2.1] that an elements a in a locally compact group
G is aperiodic if and only if, for any compact subset K C G, there exists m € N such
that K N Ka™ = ) (equivalently, K N Ka™" = @) for n > m. In this section, we will
make use of the equivalence of dense d-hypercyclicity and d-topological transitivity
[6] to obtain the main result. We are now ready to give sufficient and necessary condi-
tions for disjoint hypercyclic powers of weighted translations generated by aperiodic
elements on groups.

Theorem 2.1. Let G be a locally compact group, and let a be an aperiodic
element in G. Let 1 <p<ooand1<ry <rg<---<ry,where N>2 r; e N, i=
1,---,N. Foreach1 <l<N,let w; : G — (0,00) be a weight on G and T, ,, be a
weighted translation on LP (G) . The following conditions are equivalent:

(i) Tgty, s+, Toh,, are densely d-hypercyclic.

(ii) For 1 <1 < N and each compact subset K C G with A (K) > 0, there is a
sequence of Borel sets (Fy) in K such that A (K) = klim A (Ey) and for the sequences
—00

™n rn—1 -1
Vi = H wy*x0:_1 and @y = H wy * 9,
s=0

s=1
there exists an increasing subsequence (ny) C N satisfying
(2'1) klggo H‘plﬂlk|Ek Hoo = klggo H@lynk|Ek Hoo =0,

and, if 1 <s<Il<N,

rsng . ring .
[T wexd, 7" [T w06, -7"
. t=1 . t=1
2.2 lim ||————— = lim =0
( ) k— 00 ring—1 |Ek ke 00 reng—1 ‘Ek
[T w = [T ws=dt

t=0 00 t=0 o



Proof. (ii) = (i). By Proposition 2.3 in [6], we show that 77, ,--- 1% are d-
topologically transitive. Let Vj, -+, Vi be non-empty open subsets of L? (G) . Since
the space C,(G) of continuous functions on G with compact support is dense in
L? (G), we can pick f, g1, -+ ,gn € C.(G) with f € Vi, g1 € Vi,-+- ,gn € V. Let
K be the union of the compact supports of f, g1, -+ ,gn and let xx € LP (G) be
the characteristic function of K. For 1 <[ < N and a compact subset K of G, let
(E)) and (ng) as in (2.1) and (2.2).
By the aperiodicity of a, there exists M € N such that K N Ka*" = ) for all
n> M.
For 1 <1 < N, we define a self-map S, ., on the subspace L? (G) consisting of
functions in L? (G) with compact support by
h
Saw, (h) = o 0.1 (h € LP(Q))
1
so that
oSy (h) = h (he L2 (G)).
We claim that (2.1) and (2.2) imply the following four equalities:
lim (7558 (Fxe)l], = 0;

k—o0

tim (S22 (g, = 0

k—o0

lim ||T7t 0% Syenk (QSXEk)Hp =0

k—oc0

lim || Ty Spiee (ngEk)Hp =0.

k— o0 s W

We prove the first of the four equalities here; the remaining ones follow similarly.
Since klim lo1,ni B |l = 0, given any e > 0, there exists a positive integer m € N
—00

such that ny > M and gofnk < W on Ey if K > m. Hence
b < P

|75t (Pxsdl)

x/Ek a"l"k

_ /E ey (za"™ Y wy (a1 -y (za)[” | f ()P dA (2)

Js

w; ($) w; (:ZZCLil) oy (xaf(rznkfl)) ‘p |f (zafrmk)‘P d)\ (13)

‘P{nk (x)) |f (@)|" dX (z) < &, for k > m.



The first equality follows by the arbitrariness of e.
For each k € N, let

Uk—fXEk+ZS ngEk)eLp(G)'

=
Then
ok — 112 < 1 FI% X (K \Ey) +ZHS¢3 (x|
and -
»
[ Tatton — gl < |Tatir (Fxe)| ZTJ’{J{“ST e (giXE) — g1
»

<z (fxm) ||§+||gl||’;oA<K\Ek>+Z||T;”ﬁfsgzz¢ (gxe)||”
il

Hence kli_)ngc v = f and kli_)m Tptokvg = gi, which imply

Von T, ™ (Vi) NI 7N (V) # (), for some k.

a,wi a,wN

(i) = (ii). Let T Tr~  be densely d-hypercyclic. Let K C G be a compact

a,wir v ta,wn

set with A (K) > 0. Let € > 0. By the aperiodicity of a, there exists M € N such that
KN Ka*™ = for all n > M. Let xx € L? (G) be the characteristic function of K.
Choose 0 < § < 5. By assumption, there exists a d-hypercyclic vector f € L? (@)
and some m > M such that for 1 <[ < N,

(2.3) 1f = xxll, < 6% and ||T£l{£f—xl<“p < 62
Let As = {x € K :|f () — 1| > §}. Then we have
(2.4) F@>1-5 (@eK\ A

and A (Ag) < &7, since
# =l = [ 1F @) = @F A @)

J @ -1rare

/A,; |f () — 117 dX (x) > 6P (As) .

Y

Y



Similarly, let Bs = {x € G\ K : |f (z)| > 6}, then we have
(2.5) f (2)] <6 for @ € (G\ K)\Bs

and A (Bj) < dP.
Let Cims ={z € K : ’@Lm (x)f1 f(xa="™) — 1| > 6}. Then we have

(2.6) Grm (@) |f (za™™) [ >1-6  (z € K\ Cpymye)
and A (Cym,s) < 67. In fact,

5%

\Y

727 el = [ 1T @) = e ()] dA @)

J..

~ —1 —rm p
= / Llm (33) f (xa ¢ ) — 1’ dA (I)
Cl,m,,é
PN (Cl,m,é) .

vV

wy (z)wy (za™) - wy (wa*(”mfl)) f(za™"™) — 1‘17 dX (x)

Y

Let Dy s ={z € K : |p;m (x) f (z)] > 6}. Then we have
(2.7) Pim (@) [f (2)| <6 (z€ K\ Dimys)
and A (D m,s) < 0P. In fact, since K N Ka™™ = (), we deduce

2p p
) dX (x)

\%

e a1y (a0 f () i (0

/G |wi (@a™™) wy (a™™ 1) - wy (za) f () — Xk (ma”m)|pd)\ (2)

Y

/ |wi (wa™™) w; (za"™ 1) - wy (za) f (m)|p dX (z)
Dim,s

/D (om (@) f (@) dA ()
5”)\’(’Dz,m,5) :

v

Let Fims ={z € G\K : ‘cﬁl,m (z)”" f (za~"™)| > 6}. Then we have

(2.8) Bim ()" f (m*”m)] <6 forz € (G\K)\Fpm.s



and A (Fj ;) < 0P, since
p
PR / ’wl () wy (xa_l) ceewy (ma_(”m_l)) f (xa_”m)‘ dX (x)
G\K

/F'z,m,5

/F Plm (J?)_l f (xa_”m) ‘p dX (z)
> 6;0)\ (Fl,m,é) .

Y

wy (z) wy (wa™") - wy (:ca*(”mfl)> f(za™"™) ‘p dX (x)

Now, (2.5), (2.6) and the fact K N Ka™™"™ = () imply that

—rym 5
Prm (1) < |f(£ia_6 )| < 5 <¢ for # € K\ (CpmsU Bsa™™);

(2.4) and (2.7) imply that

5 1
m _—— < — f K\ (DymsU As).
w1, (x)<\f(x)|<1—6<5 or € K\ (DimsUAs)

By (2.6) and (2.8), for z € K \ (Cl,m,(; U g(m—ra)m S’myg) , we have

wy (x) - wy (wa=(m=) wy (x) -+ wy (za= DY | f (zamm)|

W, (xal—mm) Cee W (marsm—nm) W, (xal—nm) TR (manm—rlm) ‘f (l‘(l_rlm)l

Brm ()" |f (wa=m™)
@s,m (J;a,(T's—rl)m)_l ‘f (ma(T.S_”)ma_T.S?n)’
1-6 1

> —— >, if 1<s<I<N.
0 €

Similarly, for z € K \ (C’&m,g U a(“*”)mFlm,(;) , we have

wg (z) -+ ws (zal~™)

>
wy (mal—rsm) ceewy (marlm—rsm)

, if 1<s<I<N.

1
€

Let

Bys = Bsa™™ U---U Bsa™™,

Cm,& = Cl,m,é U---u CN,m,67
Dm.é = Dl,m,& u---u DN,m,57
F,

m.6 — ) a(rl_rs)mFs,m,(S;
1<s<I<N
Gm.s = U a(r57”)mF’l,m,6-

1<s<ISN



Now, let H,, s = As U Bmﬁ U C’m,(; U Dm,g U Fm_(; U émi(g, Ens= K\H(m, 5) Then
A (Hps) < (14 N)20P < (1+ N)?e? and

(2:9) otz slloe <& NGrmlen, sl <=

rsm . rm .
[T ws =6, [T wexo, 7™
t=1 =1
(2.10) e |E'm,,(§ <e , ool ‘Ern,,é <eE.
T wi*d [T ws=dt
t=0 o =0 o
Fork=1,2,---, take e = % in the above arguments and denote m by ny, E,, s by

Ey, then we get a sequence {ny} of positive integers and a sequence {E}} of subsets
in K such that A (K) = klim A (E)) and (2.1) and (2.2) hold. O
—00

By Theorem 2.7 in [6], condition (ii) of Theorem 2.1 also implies that the opera-
tors 11, - , T satisfy the d-Hypercyclicity Criterion. Indeed, for each r € N, one
considers non-empty open sets

V07j7V17j"" 7VN,j (j=1,--- 77")

in L? (G) and pick fo j, 91,5, " ,9n,; € Ce (G) with fo; € Vo i, 915 € Vi, 9N ; €
Vn,j, then the same arguments in the proof of (ii) = (i) in Theorem 2.1 can be
applied to these functions to obtain r sequences (v1 ), - - , (vr k) in LP (G) satisfying
kli}n;ovj’k = fo,; and leIEOT;fZULZ’“vj’k =g jfor1<I<N, 1<j5<r,
yielding
Vo Nt (Vig) e 0T o™ (Vivy) # 0 for some k.

Hence we can draw the following result.

Corollary 2.2. Let G be a locally compact group, and let a be an aperiodic
element in G. Let l <p<oocandl1<ry <rg<---<ry,where N>2 r;,eN, i=
1,---,N. Foreach1 <I <N, let w; : G — (0,00) be a weight on G and T, ., be a
weighted translation on LP (G) . The following conditions are equivalent:

(i) Tgty, s+, Toh,, are densely d-hypercyclic.
(i) Tpty s ToX, satisty the d-Hypercyclicity Criterion.

Using similar arguments as in the proof of Theorem 2.1, we can also characterize
d-topological mixing powers of weighted translations for non-discrete groups.



Corollary 2.3. Let G be a locally compact group, and let a be an aperiodic
element in G. Let 1 <p<oocandl1<ry <ro<---<ry,where N>2 r, €N, =
1,---,N. Foreach 1 <[ <N, let w; : G — (0,00) be a weight on G and T, ., be a
weighted translation on LP (G) . The following conditions are equivalent:

(i) Tgty,s -5 Toh,, are d-mixing.

(ii) For 1 <1 < N and each compact subset K C G with A (K) > 0, there is a
sequence of Borel sets (Ey) in K such that A (K) = klim A (E)) and the sequences
—00

—1

rlk rlk—l
Ol = H wyx05-1 and @y = H wy * 0, ,
s=1

satisfy
(2.11) Jim lerklm o = Jm 21kl £l o = 0,

and, if 1 <s <l <N,

rsk " & ik . &
- t—Ts
[T ws*d, -7 [T wy*d,-%
. t=1 . t=1
(212)  lim B |5 = lm S sl =0
k—r o0 rik—1 k—oo || Tsk—1

I wi ot [T w, ot
t=0 o t=0 o

If G is discrete, then FE,, = K in the proof of Theorem 2.1. Hence we have
the following characterization of disjoint hypercyclic powers of weighted translation
operators on discrete groups.

Corollary 2.4. Let G be a discrete group, and let a be a torsion free element in
G. Let l1<p<owandl<r; <rg<---<ry,where N>2 r,eN, i=1,--- N.
For each 1 <1< N, let w; : G — (0,00) be a weight on G and T, ., be a weighted
translation on [P (G) . The following conditions are equivalent:

(i) Tgty, s+, Tah,, are densely d-hypercyclic.

(ii) For 1 <1 < N and each finite subset K C G, for the sequences

mn rn—1 -1
Oip = H wy*0:_1 and @y = H wy * 05
s=0

s=1

there exists an increasing subsequence (ny) C N satisfying

(2.13) A (ol = Hm (@, |kl =0,



and, if 1 <s <l <N,

TsNk TNk
[T ws * 5;?"" [T w; * §t Tt
. t=1 T t=1 -
(214) kl;rglo ?IK = kli}r[;o —rsnk—l ‘K = 0
! wy * 8F HO wg * 0F
t= ) t=
Example. Let G = Z, a = —1. For each 1 < [ < N, we consider the weighted

translation 7; on 1% (Z), defined by T} = T 1 u+5_,, where (w;) is a sequence of
positive weights. Then 7; is a bilateral weighted shift on 1% (Z), that is, Tie; =
wyjej—1 with wyj = wy (j) for each . Here (e;),;, is the canonical basis of 12(z).
Let 1 <ry <ryg <--- <ry,wherer; € N, 4 =1,--- N. Next, by Corollary 2.4,
the operators T7*,--- , T/ are densely d-hypercyclic if, and only if, given € > 0 and
g € N, there exists m € N so that for |j| < ¢, we have

Jj+rim 1
RN T z)‘ > =
(2.15) )H = Y 1<I<N
‘Hz =j—rim+1 wi (Z) <e
and
j+rim ‘ j+rim .
w; . W (1
(2.16) Himyinwn ()] > S gy mromer 0 G) 1<s<I<N

+
] A m+1wz()

<e

[15550 ws (0)
which are the same with [6, Theorem 4.7].

3. DISJOINT SUPERCYCLIC POWERS OF WEIGHTED TRANSLATIONS

It is well known that a complex Banach space admits a supercyclic operator if
it is one dimensional or infinite-dimensional and separable. Chen [7] characterized
supercyclic weighted translation operators on the Lebesgue space L? (G) in terms of
the weight. Inspired by the work, in this section, we will give sufficient and neces-
sary conditions for disjoint supercyclic powers of weighted translations generated by
aperiodic elements on groups.

Theorem 3.1. Let G be a locally compact group, and let a be an aperiodic
element in G. Let l <p<oocand1<ry <rg<---<ry,where N>2 r;,eN, i=
,N. Foreach1 <l <N, let w;: G — (0,00) be a weight on G and T ., be a
weighted translation on L? (G). The following conditions are equivalent:
(i) Tr,. .-, Trn  are densely d-supercyclic.

a,wi? a,wN

10



(ii) For 1 <1 < N and each compact subset K C G with A (K) > 0, there is a
sequence of Borel sets (Ey) in K and there exist sequences (ay), € C\{0} such
that A (K) = klim A (E})) and for the sequences

—00

™n rin—1 -1
.—— S P e S
O = || H wyx 0,1 and Qryn = | |anl H wy * 0
s=0

s=1
there exists an increasing subsequence (ny) C N satisfying

and, if 1 <s<Il<N,

TsNk t TIng +
[T ws*d, " [T wp*d, -7
. f—1 T =1 _
(325 | T ) =B el =0
wy * 0t I ws=*dt
=0 0o t=0 oo
Proof. (i) = (ii). Let T3, ,---,T;%,, be densely d-supercyclic. Let K C G be a

compact set with A (K) > 0. Let ¢ > 0. By aperiodicity of a, there exists M € N
such that K N Ka*™ = ) for all n > M. Let xyx € LP (G) be the characteristic
function of K. Choose 0 < § < 5. By assumption, there exists a d-supercyclic
vector f € LP (G) and some m > M and « € C\{0} such that for 1 <1 < N,

(3.3) If=xxll, < 62 and |aTyim f — XKHp < &2

a,w;

The rest is similar to the proof of (i) = (ii) in Theorem 2.1, so we omit the details.

(ii) = (i). A simple Baire Category argument and Birkhoff Transitivity Theorem
show that T3, ,---,T7%,, are densely d-supercyclic provided for every non-empty
open subsets Vo, -+, Viy of L? (G), there exist m € N and A, € C \{0} such that
0# Von A T ™ (Vi) N NI IN™ (Viy).

Let Vp, -+, Vn be non-empty open subsets of LP (G). Since the space C. (G) of
continuous functions on G with compact support is dense in LP (G), we can pick
fy g1, .98 € Co.(G) with f € Vo, g1 € Vi,--- ,gn € Vn. Let K be the union
of the compact supports of f, g1, -+ ,gn and let xx € LP (G) be the characteristic
function of K. For 1 <[ < N, let E; C K and there exists an increasing subsequence
(nk) C N satistying conditions (3.1) and (3.2).

By aperiodicity of a, there exists M € N such that K N Ka®™ = () for all n > M.
Similar to the proof of Theorem (2.1), for 1 <1 < N, we define self-maps Sg 4, on

the subspace L2 (G) of functions in LP (G) with compact support by
h

Saw, (h) = o *J,-1 (he L (@)

11



so that

TyuESiuE () =h (h € L (G)).

a,w; a,w;

A similar calculation used in Theorem 2.1 will show

klinclo ||al,nkT;wlk (fXEk)Hp = 07

lim
k—o0

p

S o)

lim ’ TTie QT (gSXEk>Hp =0;

a,w a,w
k—o0 ¢ s

lim ||T750 o (ngEk)Hp =0.

a,w a,w
k—o0 s !

Hence, we have
kli_{n ‘ Tngule (fXEk H Hsglw? ngEk)Hp =0,

and

lim =0.

k—o0

ZT;“ZZUL;C Sa! 17}15 (9iXEy) — GIXEy

p

By passing to a subsequence if necessary, we may assume that for 1 <1 < N,

T ™n 1
(34) HT‘alwl)c XEk H HSalwiC ngEk)Hp < Tkg
and
o 1
(3:5) Do TateSint (gixe) —oxm | < op
=1 P
Now, let
N
vk =[x+ — Y Siink (gixm,) € LP (G),
=1

where o, = 2k

Z Suink (9ixE,)

i=1

. Then for 1 <I < N,
P

1 1
low = fll, < 1flloe A ENER)? + 57

12



and

N
> T Sat (9ixe,) — o
i=1

HankTalekvk - ‘ngp < HO‘nkTaTlZullk (fXEk)Hp +

P

< loam Tatir (Fxed)|, + ol A (K\Ey)? ZTJ‘ZJ;‘S(TEQ“ (9ixE.) — 9iXE,

P

< g Hlall A K\

= g Y KT ok
Hence, lim vy = fand lim ay,, T3 kv, = g, which imply

k—o0 k—o00
Vonap Ty (Vi)n--nay ' T, o (Viv) # 0, for some k.

Therefore, T3, .-+, 1,7%,, are densely d-supercyclic. ]

Remark 3.2. By Corollary 2.5 in [7], it is easily shown that the condition (ii) in

Theorem 3.1 holds if and only if for 1 < < N and each compact subset K C G with

A(K) > 0, there is a sequence of Borel sets (E}) in K such that A (K) = klim A (Eyg)
— o0

and for the sequences

Tn rn—1 -1
n = le*(SZ,l and @ p = ( H wl*&")

s=1

there exists an increasing subsequence (ny) C N satisfying
(36) kll)ngo ||@l,nk'@l,nk |Ek Hoo =0

and (3.2) holds.
If G is discrete, by the proof of Theorem 3.1, we have the following characterization
of disjoint supercyclic powers of weighted translation operators on discrete groups.

Corollary 3.3. Let G be a discrete group, and let a be a torsion free element in
G. Let 1<p<owandl1<r; <ro<---<ry, where N>2 r, N, ¢=1,.--- N.
Foreach1 <[ <N, let w; : G — (0,00) be a weight on G and T, ,, be a weighted
translation on [P (G) . The following conditions are equivalent:

(i) Tghy, s+, Toh,, are densely d-supercyclic.

(ii) For 1 <1 < N and each finite subset K C G, for the sequences
™Tn rin—1 1
n = le 051 and @ = ( H wy *55>
s=1

13



there exists an increasing subsequence (ny) C N satisfying
(3.7) [Pl = 0

and, if 1 <s <l <N,

Tk t—rin ik t— 7‘ n
—Tring sk
t]:[l w %0, 75H1 wy * 0,
(3.8) lim %h{ = lim %‘K =0
k—o0 TNk k—o0 TsTk
T w =t T ws=d;
=0 oo t=0

Example. Let G =7, a = —1. For each 1 <1 < N, we consider weighted translation
T, on 12 (Z), defined by T} = T—1 4,45_,, Where (w;) is a positive weight. Then T}
is a bilateral weighted shift on [? (Z), that is, Tje; = w; je;j—1 with w; ; = w; (§) for

cach [. Here (e;),c, is the canonical basis of 2(Z). Let 1 <7y <19 < -++ < TN,
where r; € N, i =1,--- , N. Next, by Corollary 3.3, the operators 17", --- ,T\N are

densely d-supercyclic if, and only if, given € > 0 and ¢ € N, there exists m € N so
that for |j| < ¢, |k| < ¢gand 1 <s,l < N we have

J k+rsm
(3.9) H wy ()] < e H ws (1) (1<1,s<N),
i=j—rm-+1 i=k-+1
and
j+rim ‘ J+rim -
wy ws (1
(3.10) iy wr O] > 2 Hicyiirmrpmer s (0 1<s<I<N

Jtrsm

j+7s .
i=j—(ri— T&)m+1wl<)‘<5 ] Tm’ws(l)

i=j+1

which are the same with [15, Theorem 4.2.1].
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