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Abstract. Let G be a locally compact group and let 1 < p < oo. 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 various spaces of holomorphic functions. In this note,
we will study disjoint hypercyclic and disjoint supercyclic powers of weighted translation
operators on the Lebesgue space LP(G) in terms of the weights. 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 let T denote the nth iterate of T. If there exists a vector x € X
such that the orbit orb(T,z) = {T™z: n =0,1,...} is dense in X, then T is called
hypercyclic. Such a vector z is said to be hypercyclic for T. Besides, for every pair
U,V of nonempty open subsets of X, if there is a nonnegative 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 nonempty open subsets U and V of X there is m € N such that 7"(U)
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meets V for each n > m. Hypercyclicity and supercyclicity have been studied by
many authors; we refer to [1], [10], [18] for surveys.

Hypercyclic (respectively, supercyclic) operators Th,..., Ty, N > 2, acting on the
same space X are said to be disjoint or d-hypercyclic (respectively, d-supercyclic)
provided there is some # € X for which the vector (x,...,2) € X is hypercyclic
(respectively, supercyclic) for the direct sum operator éva T; acting on the product

=1
space X, endowed with the product topology. Besides, we say that operators

Ty,...,Tny in B(X) are d-topologically transitive provided for any nonempty open
subsets Vjp, ..., Vy of X there exists m € N such that

Vo N Tfm(Vl) n...N T&m(VN) # .
If T1,...,Tn satisfy the stronger condition that
VoNTy (Vi) N...nTR™ (V) # 0

for some m onwards, then T7,...,TxN 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 [2],
(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 ,,: LP(G) — LP(G) defined
by

Toulf) == wTa(f), feLP(G),

where w is a weight on G and T, (f) = f *d, € LP(G) is the convolution:
(F+6(@) = [ Flay™) a8 = flaa™). G
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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 nontorsion elements.
However, nontorsion elements in nondiscrete 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 element « 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<oocand1 <r <re <...<ry, where N > 2, r; € N,
i=1,...,N. Foreach 1 <l < N, let w;: G — (O,oo) be a weight on G and T, ,,
a weighted translation on LP(G). The following conditions are equivalent:

(i) Tgv,,,---,T,%,, are densely d-hypercyclic.
(if) For 1 < I < N and each compact subset K C G with \(K) > 0, there is
a sequence of Borel sets (Ey) in K such that \(K) = klg& A E%) and for the

sequences

™n

rimn—1
Vi = le x0> 1 and Q= ( H wy * 0° )
s=1

there exists an increasing subsequence (ny) C N satisfying

(2'1) khm ||<pl,nk|Ek||O<> = lim H(Zl,nklEkHOO =0,
—00 k—o0

and, if 1 <s<Il<N,
s t—
ke

rin
lk ’wl*5(t1 Ey

(2.2) lim

k—o0

=0.

TN t— rbnk
[TLY wi 6, -
k—>oo

'f'/n/
0 ws*éfl B || oo
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Proof. (i) = (i). By Proposition 2.3 in [6], we show that T} N

a,wy? o ta,wn

are d-topologically transitive. Let Vp,...,Vx be nonempty 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 f, g1,...,98 € C.(G) with f € Vp, g1 € V1,...,9n € 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 and a compact subset K of G, let
(E)) and (ng) be as in (2.1) and (2.2).

Due to the aperiodicity of a, there exists M € N such that K N Ka*™ = () for all
n> M.

For 1 < I < N, we define a self-map S, ., on the subspace L2(G) consisting of
functions in LP(G) with compact support by

Sy (h) = wil 6,1, heLP(G)

so that
Tk STivk(h) = h, he LE(G).

a,w a,w

We claim that (2.1) and (2.2) imply the following four equalities:

Jim 175 (fxE) llp = 05
Jim 155wk (gixE) | = 05
(T35 Sast (9sx ey = 0;
[T Saty (9ixe) [|p = 0.

We prove the first of the four equalities here; the other ones follow similarly. Since

klim lotnnlElloo = 0, given any € > 0, there exists a positive integer m € N such
—00

that ny > M and ¢}, < e/||f|[5 on Ej if k > m. Hence

1Tatwr (Fxz) I

:/E . lwi(z)wi(xa™) .. w(@wa™ TTETDYP|f(za” )P AN (2)
:/E |wl(a:annk)wl(xamnk—1).”wl(xa)|p|f(x)|pd/\(x)
= [ 1 @I@F @) << fork>m

Ey

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

vp = fXE, + Z Saiw: (9ixE,) € LP(G).

Then
lor = FIIE < IFISACK N\ Ey) + Z 1S (gixm )15
i=1
and
P
1Ty vk — gilly < I Tavay (Fxedlly + ZTJ’ZSZ“SS wi (9iXE) = g1
P
N
<NTaE (Fxeo)llh + gl BAE \ Er) + > |1 Toter Seit (gixm,) 15-
i#l
Hence lim v = f and lim 77" *vx = gi, which implies
k—o0 k— o0
Von T, ™ (Vi) n...nT, X" (V) #0  for some k.
(i) = (ii). Let T3, , ..., T, %, be densely d-hypercyclic. Let K C G be a compact

set with A(K) > 0. Let € > 0. By the aperiodicity of a, there exists M € N such
that K N Ka®™ = () for all n > M. Let xx € LP(G) be the characteristic function
of K. Choose 0 < § < ¢/(1 4+ ¢). By assumption, there exists a d-hypercyclic vector
f € LP(G) and some m > M such that for 1 <1 < N,

(2:3) If = xxllp <62 and |73 f = xxllp < 0%
Let As ={x € K: |f(z) — 1| > ¢}. Then we have
(2.4) @) > 16 (ze K\ 4y
and A(As) < P, since

5 > I = xxllp = [ 170) = xuc@)P dr(z)

G
> [ 1@ - @ > [ 15@) - 1P dA@) > 7).
K As

Similarly, if Bs = {z € G\ K: |f(x)| > d}, then we have
(2.5) |f(z)] <d forze (G\K)\B;s
and A\(Bs) < oP.
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Let Cims ={z € K: |grm(x) L f(xa="™) — 1] > 6}. Then we have
(2.6) Grom (@) f(wa™"™)|>1 =6 (2 € K\ Cpim,s)
and A(Cpm,s) < 0P. In fact,
> TS =l = [ 172 (@) = xx @) a@)
> [ e @a). o) o) 1P dA ()
Gy m,§
— [ im0 a1 @)
Clom,s
> 5;0/\(01,7,“5).
Let Dy s ={x € K: |pim(z)f(x)| = J}. Then we have
(2.7) erm(2)|f(x)] <6 (z € K\ Dim,s)
and A(Dy m,5) < 6P. In fact, since K N Ka™™ = (), we deduce
6% > / lwi(z)wy (za™Y) .. w(za”™ ") f(2aT™) — xk ()P dA(z)
G
= / lwy (za™ ™ )wy (za™™ ) .. wy(za) f(z) — xx (za™™)|P d\(x)
G
> [ e e ) @) @)
Dl,7n,5
~ [ Jam@@raw
Dy m,s
= 5p)‘(Dl,m,5)'
Let By ms ={z € G\ K: |@r.m(z) 1 f(za="™)| > §}. Then we have
(2.8) |Gt (@) f(wa™ ™) < § forz € (G\K)\ Flm.s

and A(F} ,5) < 0P, since
5 > / s (2)wn (a2 . .. wi(za= =D fza=T ™) P dA(z)
G\K
> / lwi(z)wy (za™Y) .. w(za”™ "D f (a0 P A (z)
Fiim,s

— / (B (@) f (x| dA(2)
Fiom,s
= 0PNEFy m.s)-
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Now, (2.5), (2.6) and the fact that K N Ka~ "™ = ) imply that

Brm(@) < 'f(“i“_é' I 1f5 <e forz € K\ (CrmsUBsa™™);

(2.4) and (2.7) imply that

) )
m e f K D .
orm(x) < 7] < T <e forze K\ (DmsUAs)

By (2.6) and (2.8), for z € K \ (Cpm.s Ual™ ") F, . 5) we have

wy(z) ... w(wa~rm=1) o w(@) . w(wa” )| f(mam )|
we(xal=mm) . wg(zarsmrim)  wg(zalTm) L wg (zamsmrim)| f (zamTim))|
Prm ()| f (wa™"™)
— gsym(xa(“*”)m)fl|f($a(”7”)ma7”m)|
1-6 1

>—§—>g fl<s<l<

Similarly, for z € K \ (Cs,m.s U a(“_”)mFlm,g) we have

ws(x) ... ws (xalfrsm)

if1<s<I<N.
wy(zal=rsm) . w(zammTTs™) h b

>

1
€

Let _
Bns = Bsa™™ U...UBgsa™™

Cm,é = Cl,m,é Uu...u CN,m,év
D5 = Dlym’g U...u DN’m’(;,

Fns = U a(n_rs)mFs,m,év
1<s<IKN

ém 5= U a(T57rl)mF‘l,m,6-
1<s<IKN
Now, let Hm’(s = A;U Em’(; U ém’(; U ﬁm’g U ﬁm’(g U ém’g, Em’(g =K \ H(m75). Then
AMHp ) < (14 N)267 < (1 + N)2%eP and

(2.9) lormlEnslle <& IG1m mﬂm<&
W * (5ttnm nmw " 515
210 Htrlm sl o Hrmll <e¢
! wy % 88 1 Em.s - ° W * 0L 1 Em.s

For k =1,2,..., taking ¢ = 1/k in the above arguments and denoting m by ny,
Ens by Ej, we get a sequence {nj} of positive integers and a sequence {Ej} of
subsets in K such that A(K) = klim A(Ex) and (2.1) and (2.2) hold. O

—00
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By Theorem 2.7 in [6], condition (ii) of Theorem 2.1 also implies that the operators
Ti,...,Tn satisfy the d-hypercyclicity criterion. Indeed, for each r € N, if one
considers nonempty open sets

VojsVigy oo Vg, J=1,...,7

in LP(G) and picks foj, 91,4,---.9n,; € Cc(G) with conditions fo; € W,
915 € Vij, ..., gn,j € Vi ;, then the same arguments as in the proof of (ii) = (i) in
Theorem 2.1 can be applied to these functions to obtain r sequences (v1 %), .., (Urk)
in LP(G) satistying

lim v, = fo; and lim Tg‘&"vj_k =q; for I<IKN,1<j5<r,
k—o0 k— ’
yielding
Vo, NTy ™ (Vi) N .NTy ;N (Vi ;) # 0 for some k.

a,wi a, wWN

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 1l < p<oocand 1 <rp <rg <...<ry,where N > 2 r; € N,
1=1,...,N. Foreach1 <l <N, let w;: G — (O,oo) be a weight on G and T, .,
a weighted translation on LP(G). The following conditions are equivalent:

(i) T34, --->Ta%,, are densely d-hypercyclic.
(i) Ty%,,,---,Ty%,, satisfy the d-hypercyclicity criterion.

Using arguments similar to those in the proof of Theorem 2.1, we can also charac-
terize d-topological mixing powers of weighted translations for nondiscrete groups.

Corollary 2.3. Let G be a locally compact group, and let a be an aperiodic
element in G. Let 1l < p<oocand 1 <rp <rg <...<ry,where N >2 r; € N,
i=1,...,N. Foreach 1 <l < N, let w;: G — (O,oo) be a weight on G and T, ,,
a weighted translation on LP(G). The following conditions are equivalent:

(i) Ty, -, T,%,, are d-mixing.
(ii) For 1 < I < N and each compact subset K C G with A(K) > 0, there is
a sequence of Borel sets (Fy) in K such that \(K) = kli_}ngo A(Ex) and the

sequences

rik rk—1
Pl k = le *(52_1 and S’El,k = < H wy x0° ) 5

s=1
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satisfy
(2.11) lim [[or, k|5, lloo = lim (|G k|Ey loe = 0,
k— oo k—oo

and, if 1 <s<Il<N,

t—rik
(2 12) hm HM

k
HTI w*(st rsk
T]kl

rbk 1

wy * 63 Ey k‘—>OO Wy * (53 0o

If G is discrete, then F,, = 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
inG. Letl<p<oocandl <1 <re<...<ry,whereN =22 r,eN,i=1,... N.
For each 1 <1 < N, let w;: G — (0,00) be a weight on G and T, ,, a weighted
translation on I?(G). The following conditions are equivalent:

i) Try,. ..., TrN  are densely d-hypercyclic.

a,wy’ a, WN

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

n

rin—1
Oip = H wyx0,-1 and @y = < H wy * 65)
s=1

there exists an increasing subsequence (ny) C N satisfying
(2.13) i {lgr |k [loo = T [[@1n |5 lloo = 0,
k—o0 k—o00

and, if 1 <s<I[ <N,

lim =0.

KH k—o0

TsNk t—ring
HHt 1V ws k0,7

Hrlnk wy * 5t rbnk
mnk 1

(2.14) lim L T H
0w x 08 K|

k— o0

wl*éé

Example. Let G = Z, a = —1. For each 1 < I < N, we consider the weighted
translation 7} on [?(Z) defined by T} = T—_1 4,5 ,, where (w;) is a sequence of
positive weights. Then 7; is a bilateral weighted shift on [?(Z), that is, Tie; =
wy jej—1 with wy; = w;(j) for each . Here (e;)jez is the canonical basis of 1%(Z)
Let 1 <71 <reg<...<rn,wherer; € NJ i =1,...,N. Next, by Corollary 2.4,
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the operators T7",..., T\~ are densely d-hypercyclic if and only if given € > 0 and
g € N, there exists m € N such that for |j| < ¢ we have

Jtrim ) 1
H wl(l)} > )
i=j+1 €
(2.15) _ <ien
J
II wl(i)‘ <e,
i=j—rym+1
and
j+’l“lm . 1 jtrim .
[T w(@) > z ws ()],
=i+l i=j+(ri—rs)m+1
(2.16) e e 1<s<I<N,
wz(@')\ <e|l TI ws(d)],
i=j—(ri—rs)m+1 i=j+1

which are the same as in [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 in [7] characterized
supercyclic weighted translation operators on the Lebesgue space LP(G) in terms of
the weight. Inspired by his 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<ooand 1 <r <ro <...<ry,where N > 2, r; €N,
i=1,...,N. Foreach1 <1< N, let w;: G — (0,00) be a weight on G and T, .,
a weighted translation on LP(G). The following conditions are equivalent:

(i) T34, --->Ta%,, are densely d-supercyclic.
(if) For 1 < | < N and each compact subset K C G with \(K) > 0, there is
a sequence of Borel sets (Ey) in K and there exist sequences (a;.,)n, C C\ {0}

such that \(K) = klim A(Ey) and for the sequences
— 00

rn

rin—1 —1
Vi = || H wy*0,-1 and Qg = (|ozl7n| H wy * 52)
s=1

s=0

there exists an increasing subsequence (ny) C N satisfying

(3'1) khm ||<pl,nk|Ek||O<> = lim H(Zl,nklEkHOO =0,
—00 k—o0
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and, if 1 <s<Il<N,

(3 2 - H: Vik wg * 52:71"mk . H'I"lnk wy * 615 TNk _
kool TV Py # 0 1B kool T w8t 1Bkl
Proof. (i) = (ii). Let T,%, ,...,T;%,, be densely d-supercyclic. Let K C G

be a compact set with A(K) > 0. Let € > 0. Due to aperiodicity of a, there exists
M € N such that KNKa™ = () for all n > M. Let xx € LP(G) be the characteristic
function of K. Choose 0 < ¢ < /(1 + €). By assumption, there exists a d-supercyclic
vector f € LP(G) and some m > M and o € C \ {0} such that for 1 <1 < N,

(33) If = xxllp <% and [laTgio f = xxllp < 0%

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 777, ,...,T;%,, are densely d-supercyclic provided for every nonempty
open subsets Vj,...,Vn of LP(G), there exist m € N and A, € C\ {0} such that
0 Vo AR T (Vi) 1. 0 A ™ (Vi)

Let Vp,...,Vy be nonempty 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
fig1,--.,9n € Co(GQ) with f € Vp, 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 <1 < N, let By, C K and let there exist an increasing subsequence
(nx) C N satisfying conditions (3.1) and (3.2).

By aperiodicity of a, there exists M € N such that K N Ka*” = ) for all n > M.
Similarly to the proof of Theorem (2.1), for 1 <1 < N we define self-maps S, ., on

the subspace LE(G) of functions in LP(G) with compact support by
h
Saw,(h) = — %0,-1, h e LE(G)
wy
such that
Totuy Satuy (h) = h, h € LY(G).

A similar calculation to that used in Theorem 2.1 will show

lim Hal,nkTglef (fxe)llp =0;
k—o0

lim H
k—o0

sun(oxs,)| =0
al sk P

Jim T30k Sast (9sxm) lp = 0
Jim (T30 S (gixe,)llp = 0

a,ws Y a,w;

849



Hence, we have

A ([T (xe)lpll ety (9xe)llp = 0,
and
klggo Z Tyl Satwt (9iXEy) — GiXE, || = 0.
P
By passing to a subsequence if necessary, we may assume that for 1 <1 < N
TNk TNk 1
(3.9) Tz Fxm) IalS2 (el < g
and
N
(3.5) > TSt (gixe,) — giXe|| < %
i=1 P
Now, let
Vg = fXEk Sggf ngEk € LP(G)’

where o, =2k

Z Shiwk(9ixEy)

i=1

l[ox = fllp <

and

Trink

a,w; ||Oén

[l ovn,, vg = gillp <
+
< ||an

+

1 1
< o+ oA\ B 4 =

Hence, lim v, = f and lim «,,
k—o0 k—o0

Vo Ny, T, ™ (Vi) N
Therefore, 7%, ..., 137, are dens

850

’ p

1F1loeACK \ Br)M? +

TNk —
Ta Jw; Vi =

Nk

. Then for 1 <1 < N,

1

2k’

TT’lnk

a,w;
N

D

i=1
TT‘lnk

k= a,w;
N

D

i=1

(fxz)llp

k

Toly Satwr (9iXE) — 91

p

(Fxe)llp + gl oA (K \ Ex)'/?

Ttk Saink (9ixEy) — 9iXE,

p

2k’
g1, which imply

—1 TNNE
N, To

(V) # 0 for some k.

ely d-supercyclic.
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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 (Ey) in K such that A(K) = klim A Ey)

—00

and for the sequences

Tn rin—1
Oip = H wyx0:_1 and @y = < H wy % 0° )
s=1

there exists an increasing subsequence (ny) C N satisfying
(3'6) lim H‘Plﬁbk @lmk'Ek ||oo =0
k—o0

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
inG.Let l<p<oocandl <ry <ry <...<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, ,, a weighted
translation on IP(G). The following conditions are equivalent:

(i) Trv, ..., Trn  are densely d-supercyclic.

a,wy? a, WN

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

mn rin—1
Oip = H wy 0,1 and @y = < H wy * 65)

s=1

there exists an increasing subsequence (ny) C N satisfying
(3.7) i (lgrn, @tnylx[loo =0
k—o0

and, if 1 <s<Il<N,

(3.8) lim =0.

k—o0

TsNk t—ring
HHt 1 ws k0, Y

Hrlnkw *615 rbnk
1
”m‘ w x 0L, 1K k—>oo

1
rnk ws*éé KHoo

Example. Let G = 7, a = —1. For each 1 <! < N we consider weighted trans-
lation 7} on 1%(Z), defined by T; = T—1 4+ _,, where (w;) is a positive weight. Then
T; is a bilateral weighted shift on [?(Z), that is, Tie; = w; jej—1 with w;; = w;(j)
for each I. Here (e;)jez is the canonical basis of 1?(Z). Let 1 <7 <rs <...<rp,
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where r; € N, i = 1,..., N. Next, by Corollary 3.3, the operators T}*,..., T\ are
densely d-supercyclic if and only if given ¢ > 0 and ¢ € N, there exists m € N so

that for |j] < ¢, |[k] < ¢gand 1 < s, < N we have
J k+rsm
(3.9) H w(?)| < e H ws(i)|, 1<1,s< N,
i=j—rym—+1 i=k+1
and
Jjtrim ) 1 j+rim .
[T wi()] > = w,(@)],
=741 i=j+(r;—rs)m-+1
(3.10) = e m 1<s<I<N,
Jtrsm Jjtrsm
wn(@)| <& TI w(@)]
i=j—(ri—rs)m+1 i=j+1

which are the same as in [15], Theorem 4.2.1.
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