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Abstract. For n > 2 and a real Banach space E, L("E : E) denotes the space
of all continuous n-linear mappings from E to itself. Let

II(E) = { [z, (x1,...,zn)] 2 (z5) = |2 = ||| =1 for j =1,...,n }
For T € L("E : E), we define
Nrad(T) = { [2*, (1, ..., 2n)] € I(E) : |&*(T(a1,. .., an))| = v(T) }
where v(T') denotes the numerical radius of T. T is called numerical radius
peak mapping if there is [z*, (z1,...,zn)] € II(E) that satisfies Nrad(T) =
{ + [2*, (21, ..., 2n)] }

In this paper we classify Nrad(T) for every T € L£(212, : 12,) in connection with
the set of the norm attaining points of 7. We also characterize all numerical
radius peak mappings in £(™I% : %) for n,m > 2, where I = R™ with the
supremum norm.

1. Introduction

In 1961 Bishop and Phelps [2] initiated and showed that the set of norm attaining
functionals on a Banach space is dense in the dual space. Shortly after, attention
was paid to possible extensions of this result to more general settings, especially
bounded linear operators between Banach spaces. The problem of denseness of
norm attaining functions has moved to other types of mappings like multilinear
forms or polynomials. The first result about norm attaining multilinear forms ap-
peared in a joint work of Aron, Finet and Werner [1], where they showed that
the Radon-Nikodym property is sufficient for the denseness of norm attaining mul-
tilinear forms. Choi and Kim [3] showed that the Radon-Nikodym property is
also sufficient for the denseness of norm attaining polynomials and investigated the
denseness of numerical radius attaining multilinear mappings and polynomials on a
Banach space. Jiménez-Sevilla and Pay4 [4] studied the denseness of norm attaining
multilinear forms and polynomials on preduals of Lorentz sequence spaces.

Let n € N and n > 2. We write Sg for the unit sphere of a Banach space E. We
denote by L("E : E) the Banach space of all continuous n-linear mappings from E
into itself endowed with the norm ||T'[| = sup(,, ... »yespx--xsp 1T (@1, 20|
Ls("E : E) denotes the closed subspace of all continuous symmetric n-linear map-
pings on E. We let

TI(E) :{ 2", (21, ..., 20)] s 2% (x5) = |l2*]| = oy =1 for j=1,...,n }
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An element [z*, (z1,...,2,)] € I(E) is called a numerical radius point of T €
LME : E)if |2*(T(x1,...,2,))| = v(T), where the numerical radius of T is defined
by

o(T) = sup ‘y* (T(yl,...,yn))‘.
[y* (Y1, yn) ] ETI(E)
For T € L("E : F), we define
Nrad(T) = { [, (21, .., 20)] € T(E) : |2*(T(z1, ..., 20))| = v(T) }
Nrad(T) is called the set of numerical radius points of T. Notice that [x*, (z1,...,2,)] €
Nrad(7T) if and only if [—z*, (—z1,..., —2zy)] € Nrad(T).

T is called numerical radius peak mapping if there is [z*, (z1,...,2z,)] € II(E)
such that Nrad(T') = { + [z, (21, ..., 2p)] }

An element (x1,...,2,) € E™ is called a norming point of L € L("E) if ||z1|| =

...=|lzp]| =1 and |L(z1,...,z,)| = ||L||. We then define
Norm(L) = { (@1,...,2n) € Sp % ... x Sp : |L(z1,...,22)| = | L| }

Norm(L) is called the norming set of L.

A mapping P : E — R is a continuous n-homogeneous polynomial if there ex-
ists a continuous n-linear form L on the product E X --- x E such that P(x) =
L(z,...,z) for every x € E. We denote by P("E) the Banach space of all contin-
uous n-homogeneous polynomials from E into R endowed with the norm ||P| =
Sup|g=1 [P(z)|. An element [z*,z] € 7(E) is called a numerical radius point of
PeP(™E: E)if |z*(P(z))| = v(P), where the numerical radius of P is defined by

oP)= s |y (Py)].

ly*,yl€l(E)

We define
Nrad(P) = { [z*,2] € II(E) : |2 (P(z))| = v(P) }

Nrad(P) is called the set of numerical radius points of P. Notice that [z*,z] €
Nrad(P) if and only if [—z*, —z] € Nrad(P).

An element z € F is called a norming point of P € P("E) if ||| = 1 and
|P(z)| = || P||. For P € P("E), we define

Norm(P) = { z € Sp: |P()| = ||P| }

Norm(P) is called the norming set of P.

Kim in [6] classified Norm(P) for every P € P(%1%), where I, = R" with the
supremum norm. Kim in [5] also classified Norm(T) for every T' € L£(%12,).

T e L(™E) or L("E : E) and Norm(T) # 0, T is called a norm attaining
and if T € L("FE : E) and Nrad(T) # 0, T is called a numerical radius attaining.
Similarly, if P € P("E) or P("E : E) and Norm(P) # (), P is called a norm
attaining and if P € P("E) or P("E : E) and Nrad(P) # 0, P is called a numerical
radius attaining. (See [3])

For more details about the theory of multilinear mappings and polynomials on
a Banach space, we refer to [7].
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In this paper we classify Nrad(T) for every T € L£(%1%, : [2)) in connection with
Norm(T'). We also characterize all numerical radius peak multilinear mappings in
LM% 1) for n,m > 2.

2. Results

Throughout the paper we let E be a Banach space and n,m € N,n,m > 2. We
denote {72 = R™ with the supremum norm.
For k=1,...,m, we let

1 1 1 1
Wi.m (k) = {((wg ),...,w,(cjl,l,w,(cﬁl,...,w,(cjl,...,wg)),...,
(wgn)“..,w,(c"_)l, l,w,(;j_)l, . ,wﬁ,?))

:w§i):ilforlgign,lgjyékgm}.

Note that for 1 < k < m, Wy, (k) has 2(m=1n_elements in Sim X -+ X Spm . Let S
be a non-empty subset of a real Banach space E. Let

k k
conv(S) = {thaj :0<t; <1, tj=1a;€ SforkcNandl Sjgk’}.
j=1 j=1
We call conv(S) the convex hull of S. Recall that the Krein-Milman Theorem says
that every non-empty compact convex subset of a Hausdorff locally convex space
is the closed convex hull of its set of extreme points. Hence, the unit ball of I is

the closed convex hull of the set of its extreme points.

Theorem 2.1. Let n,m > 2 and T € L("IT). Then, ||T|| = supy e, . [T (W)
for1 <k <m.

Proof. Write
ext B[g = {G/l, ey a/27n},

where [ej(a;)| = 1 for all 1 < j < m and 1 <1 < 2™. By the Krein-Milman
Theorem we have

Bim = conv({al, cel, a2m}>.

Let (xgj),...,x%)) € Bim (1 <j <n). There exists tgj),...,téj;,z € R such that

D)+ ) < Tand 2, 29) = tPay 4+t agm (1< 5 < n).
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It follows that
1 n n
’T((w& ),...,x£,§>)7...,(x§ ),...,xgn)))‘

:’T(t?)al bt tWagm, . a4 té’,‘,?azm)‘

1 n
< > N T ag,)]
1<jr<2m 1<k<n
1 n 3 * . *
= > ) |7 (sign(ei(an ), sign(ei(as,))ay, ) |

1<jrp<2m,1<k<n

<( 3 ) (X 1) s W)

1<j1<2m 1<jn<2m €W, m (k

< sup |T(W)|,
WeWn, m (k)

which completes the proof. ([l

We can now present explicit formulae for the numerical radius v(T) for every
Te (™™ 1m).

Theorem 2.2. Let T € L™ : 1) with T = (T4,...,Ty,) for some Ty, € L(™T)
(k=1,...,m). Then

(1) (T) = ||T|| = max{HTkH 1<k< m}.
(2) v(T) = max{Iy, Jr : 1 <k <m} =max{l;: 1 <k <m}, where

I, = sup{ eZ(T((mgl),...,x,gljl,17x,il),...,a:f,i)),...,
(zgn)""7I§€TL_)1717'1:](€n)7"'71‘52))))

Ji, = sup { Z ‘ellel ((61 sign(z1), ..., €x—1sign(zg—1), 1, €x41 sign(zx+1),

e <1< <1 <A R<m),

1<l#£k<m
J€m sign(zm)), .. ., (€1 sign(z1), ..., ex—1 sign(zk—1), 1, €xr1 sign(zx4+1),
L E€m sign(zm))) + 21T ((61 sign(z1), ..., €x—1sign(zg—_1), 1, €x41 sign(zx+1),
J€m sign(zm)), .. ., (€1 sign(z1), ..., ex—1 sign(zk—1), 1, €xt1 sign(zx41),
,emsign(zm)))‘ S|+ laml = 1,2 20,6 = 21,1 <T# k< m}.
Proof. Notice that v(T') = max{Ix, J; : 1 <k < m}. By Theorem 2.1,

1Tl = sup T (Wi, ..., Wh)|
Wi €W m (k),1<j<n
< sup [Th(X1, ..., Xp)| = I < || Tk

lef (X1, X0)]€TI(Z)

for every 1 < k < m. Hence, I} = |Ty|| for k =1,...,m. It follows that
o) > max{ly:1<k<m)= max{HTkH 1<k< m} > T = v(P),

which concludes the proof. O
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Kim in [5] classified Norm(L) for every L € L(?I%). We classify Nrad(T) for
every T € L(?I%, :12)) in connection with Norm(T).

Theorem 2.3. Let T € L(%12, : 12) with T = (Ty,Ty) for some Ty, € L(?1%,)
(k =1,2). The the following assertions hold:

Case 1. If |T1]| > ||T3]|, then
Nrad(T) = { +[ef,(X,Y)] € TI(12) : (X,Y) € Norm(T}) }
Case 2. |T1]| = | T3]
Subcase 1. If ((1,1), (1,1)), ((1,~1), (1, —1)) & Norm(T}) N Norm(T3), then
Nrad(T) = { +[e}, (X,Y)] € TI(1Z,) : (X,Y) € Norm(T3) }
U { + (e, (X,Y)] € TI(12) : (X,Y) € Norm(Ty) }

Subcase 2. ((1,1),(1,1)) ¢ Norm(71)NNorm(7») and ((1,—1),(1,—1)) € Norm(71)N
Norm(T5). Let

F= { €5, (X,Y)] e (%) : (X,Y) € Norm(T}) }
U

If 1y ((1,-1),(1,-1)) - Tx((1,-1),(1,-1)) > 0, then Nrad(T) = F.

{ £ (X, V)] €012 : (X,Y) € Norm(T3) }
TS
Ile((]-’ 1)a (1 _1)) T (( )7( 3 )) < Oa then

Nrad(T + [zt 4+ (2 — 1)l (1, —1), (1, —1))] : 0 < 2 < 1 }

Subcase 3. ((1,-1),(1,-1)) ¢ Norm(73)NNorm(75) and ((1,1),(1,1)) € Norm(71)N
Norm(T5).

If11((1,1),(1,1)) - To((1,1),(1,1)) < 0, then Nrad(T') = F.
IfTa((1,1), (1,1)) - T2((1,1), (1,1)) = 0, then

2es, (1,1),(1,1)] :0< z < 1 }
(1,-1)),((1,1),(1,1)) € Norm(77) N Norm(7%).
To((1,-1), (1,-1)) > 0 and T1((1, 1), (1,1))-To((1, 1), (1,1)) <

Nrad(T) = F U { + [ze] + (1 —
Subcase 4. ((1,-1
(1

)s
Ile((la_]-) a_]-))
0, then Nrad(T) = F.

Ile((la 71) (1 1))T2((1’ 71)3 (1’ 71)) >0 and Tl((la 1)7 (1a 1))T2((17 1); (17 1)) >
0, then

Nrad(T) = F U { + [zet + (1 - 2)eb, (1,1), (L 1)]: 0 < 2 < 1 }

Ile((la _1)7 (L _1))'T2((1’ _1)a (1’ _1)) < 0and Tl((la 1)7 (17 1))T2((17 1); (17 1)) <
0, then

Nrad(T) = F U { £ [zet + (2 — Ded, ((1,-1), (1, —1))] : 0 < z < 1 }
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If7((1,-1),(1,-1))-To((1,-1),(1,-1)) < 0 and T1((1, 1), (1,1))-T2((1,1),(1,1)) >
0, then

Nrad(T) = FU{ % [2¢} + (= = Des, (1, -1), (1, = 1),
£ [zet 4+ (1—2)ed, (1,1),(1,1)]: 0< 2 < 1 }
Case 3. If ||Tz]| > || T1||, then
Nrad(T) = { + (el (X,Y)] € I(I2) : (X,Y) € Norm(Ts) }
Proof. Case 1. Suppose that ||T]] > || T2||. We claim the following.
Claim. Nrad(T) = { + (e, (X,Y)] € II(12.) : (X,Y) € Norm(T}) }

Notice that [e}, (X,Y)] € Nrad(T) for every (X,Y) € Norm(71). Indeed, by
Theorem 2.2,
e1(T(X,Y)| = [T (X, V)| = |Tafl = T = o(T).
Hence we have
{ +[el, (X,Y)] € (%) : (X,Y) € Norm(T}) } C Nrad(T).
Let [2*, (X,Y)] € Nrad(T'). Write z* = z1e] + 2265 for some (21,22) € Sjz. We will

show that z* = +e} and (X,Y) € Norm(7}). We claim that zo = 0. Assume that
z9 # 0. By Theorem 2.2, it follows that

IT0]] = T = o(T) = |z (T(X, V)| < |z1] [To(X, V)] + [22] [To(X, V)]
< |z [IT0]] + [zal [IT2ll < lzaf (170l + |z2] (I T3]} = T3,

which is a contradiction. Hence, z* = dej. Without loss of generality we may
assume that z* = e}. Notice that (X,Y) € Norm(7}). Indeed, by Theorem 2.2,

173l = 1T = o(T) = [ex(T(X, Y)| = [T1(X, Y)].
Therefore [2*, (X,Y)] = [e], (X,Y)] for some (X,Y) € Norm(T}). As a result

Nrad(T) C { +[ef,(X,Y)] € TI(12) : (X,Y) € Norm(T}) }

Case 2. Suppose that ||T1]| = ||T3]|-

Subcase 1. Assuming ((1,1), (1,1)),((1,-1),(1,-1)) ¢ Norm(71) NNorm(7T3), we
claim the following.

Claim. Nrad(7T') = F.

By a similar argument in the proof of Case 1, F C Nrad(T). Let [2*,(X,Y)] €
Nrad(T). Write z* = z1e} 4 2z2€5 for some (z1, 22) € Spz. We will show that 2122 = 0.
Assume that z129 # 0. By Theorem 2.2, it follows that

71 = o(T) = ["(T(X,Y))| = |a1] [T2(X,Y)| + |22] [T2(X,Y)]
< laa| 170l + 22| 1 T2l < [eaf T3] + |22| 1Tl = (T3],



NUMERICAL RADIUS POINTS OF L(™IL :1%) 7

which shows that ||Tj|| = |73(X,Y)| (j = 1,2). Hence, (X,Y) € Norm(737) N
Norm(73). Write X = (uy,v1) and Y = (ug,vq) for some (ug,v2) € Sp2 . Since
[z, (X, V)] € (%), for j = 1,2,
1= z1uj + 2005 < |21 fuy] + [22] o] < fz1] + [22] = 1,
which implies that |u;| = |v;| = 1 for j = 1,2. Without loss of generality, we
may assume that u; = v = 1. Since ((1,1),(1,1)), ((1,-1),(1,—1)) ¢ Norm(71) N
Norm(T5), we have either (X = (1,1),Y = (1,-1)) or (X = (1,-1),Y = (1,1)).
If X=(1,1),Y =(1,-1), then

1=2"(X)=2"(Y) =21 — 20 = 21 + 29,
so we have zo = 0. This is a contradiction. If X = (1,—1),Y = (1,1), then

1=2"(X)=2"(Y) =21+ 220 = 21 — 29,
and so zo = 0. This is also a contradiction. Therefore, z120 = 0. If z; = 0, then
z* = te} and (X,Y) € Norm(T%). If z* = e}, then [z*, (X,Y)] = [e3,(X,Y)] €
F.If 2* = —eb, then [2*,(X,Y)] = —[e}, (—X,-Y)] € F because (—X,-Y) €
Norm(7%). Hence, Nrad(T') C F. We have shown the claim.
Subcase 2. Assume that ((1,1),(1,1)) ¢ Norm(77)NNorm(7z) and ((1, —1),(1,—1)) €
Norm(77) N Norm(75). We claim the following.

Claim. If 71((1,-1),(1,-1)) - To((1,-1),(1,—1)) > 0, then Nrad(T') = F.
By a similar argument in the proof of Case 1,
FU { +[zet + (2 — 1)ed, (1, -1), (1, —1))] 10 < z < 1 } C Nrad(T).

Let [z*, (X,Y)] € Nrad(T"). Write z* = z1e] + z2€3 for some (z1, 22) € Sj2. Suppose
that z129 = 0. If z; = 0, then z* = +e} and (X,Y) € Norm(73). If z* = e}, then
2%, (X,Y)] = [e5, (X,Y)] € F. If z* = —e3, then [2*,(X,Y)] = —[e5, (—X,-Y)] €
F because (—X,—Y) € Norm(T3). Suppose that z122 # 0. Since 1 = 2*(X) =
2*(Y), z* = £(z0e1 + (20 — 1)ez) for some 0 < 2z < 1. By the same argument
as in the proof of Subcase 1 and our hypothesis, we have either (X = (1,1),Y =
(1,-1)), (X =(1,-1),Y =(1,1)), or (X =(1,-1),Y = (1,—1)). Using the same
argument as in the proof of Subcase 1 we know that X = (1,—1) and Y = (1, —1).
We will show that 77 ((1,—1),(1,-1)) - T2((1,—1), (1, —1)) < 0. Assume that
Tl((L _1)5 (17 _1)) ! TQ((L _1)a (15 _1)) > 0.
By Theorem 2.2, it follows that
IT1]] = o(T) = [2"(T((1, =1), (1, =1)))]
2 Ta((1, 1), (1, ~1)) + (z0 ~ DT((1, ~1), (1, =)
<lzol ITall + [z0 = U T2l < |20l ITall + 20 = 1 T2l = T,
which is impossible. Therefore we have T1((1, —1), (1,—-1))-T2((1,—1),(1,-1)) < 0.
Notice that

[Z*v (X, Y)] = :E[Z(]@T + (20 — 1)e3, ((1,—1), (1, _1))]
CFuU { £ [zet 4+ (2 — Ded, ((1,—1), (1, —1))] : 0 < z < 1 }
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Therefore, we have shown that if 77((1,—1), (1,-1)) - T2((1, -1), (1, —1)) > 0, then
Nrad(T) = F and that if T3 ((1, —1), (1, 1)) - To((1, —1), (1, 1)) < 0, then

Nrad(T) = F U { +[zet + (2 — 1)eb, (1, 1), (1, -1))] : 0 < 2 < 1 }
Subcase 3. Assume that ((1,—1),(1,—1)) ¢ Norm(71)"Norm(7>) and ((1,1),(1,1)) €
Norm(71) N Norm(73).

By analogous arguments as in the proof of Subcase 2, we conclude that if
T1((1,1),(1,1))-T5((1,1),(1,1)) < 0, then Nrad(T') = F and that if T4 ((1,1), (1, 1))-
TQ((L 1)5 (17 1)) >0, then

Nrad(T) = F U { +[zet + (1 - 2)ed, (1,1), (1,1)]: 0 < 2 < 1 }
Subcase 4. Assume that ((1,-1),(1,-1)),((1,1),(1,1)) € Norm(7}) N Norm(7%).
The proof is analogously similar to earlier subcases which we will skip here.

Case 3. Suppose that || Tz|| > ||T1]|. We claim the following.

Claim. Nrad(T) = { +[e5, (X,Y)] € II(12.) : (X,Y) € Norm(T3) }

Notice that [e3, (X,Y)] € Nrad(T) for every (X,Y) € Norm(7:). Indeed, by
Theorem 2.2,

X (T(X, V)| = [T (X, V)| = [|Th]| = | T = v(T).
Therefore we have
{ +[ef, (X,Y)] € (%) : (X,Y) € Norm(T3) } C Nrad(T).
Let [z*, (X,Y)] € Nrad(T). Write 2* = z1e] + 22€5 for some (21, 22) € Sjz. We will

show that z* = £e} and (X,Y) € Norm(7%). We claim that z; = 0. Assume that
z1 # 0. By Theorem 2.2, it follows that

ITal] = T = o(T) = |2 (T(X, Y))| < |z1] [Th(X, Y)[ + [22] [To(X, V)]
< [z [0l + [z2] [IT2ll < lza] [IT2]l + |22] [IT2]] = T2,

which is a contradiction. Hence, z* = 4e35. Without loss of generality we may
assume that z* = e. Notice that (X,Y) € Norm(75). Indeed, by Theorem 2.2,

T2 = [IT]| = v(T) = le3(T(X, V)| = |T2(X, V).
Hence, [z*,(X,Y)] = [e3, (X,Y)] for some (X,Y) € Norm(7%). Hence,
Nrad(T) C { + (e, (X,Y)] € (12) : (X,Y) € Norm(Ty) }
which the claim follows and the proof is completed. O
For k=1,...,m, we define

Vom(k) = {((vgl)7 e ,v,(Cl_)17 1,7),(61_21, . ,vfﬁ))7 el
(vgn), ... ,v,(;i)l, l,v,(gﬁ_)l, e v("))>

:—1gu§“g1for1gign,1§j7ék§m}.

We characterize all numerical radius peak mappings in £(™I7 : %) for n,m > 2.
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Theorem 2.4. Let T € L(™MIZ : 1) with T = (Ty,...Ty) for some Ty, € L(™'2)
(k=1,...,m). Then T is a numerical radius peak mapping if and only if there is
1 < ko <m such that ||Ti, || > || Tkl for every 1 <k # ko < m and

Vi.m(ko) N Norm(Tk, )| = 1.
Proof. (=). Claim 1. There is 1 < ky < m such that ||T,| > ||T%| for every
Assume the contrary. Let 1 < ky # ko < m such that ||Ty,|| = ||T|| for i = 1,2.
By Theorem 2.1, there are (Xl(l), e ,Xff)) € Norm(T') N Wy m(k;) for i = 1,2.

Hence, :I:[e’,gi, (Xl(i)7 .. ,X,(Li))} e TI(I7) for ¢« = 1,2. By Theorem 2.2, it follows
that for 1 =1, 2,

= [T = o(T).

i, (T2, xO)| = [m (X x0)| = i
Hence, :t[ezi, (Xfi), . ,Xff))} € Nrad(T) for i = 1, 2. Notice that

{ezl, (X{”,...,X,(}))} + i[e;;z, x®, .. ,X,?))].

This is a contradiction because T' is a numerical radius peak mapping. We have
shown Claim 1.
Let Nrad(T) = { + [z*, (X1,... 7Xn)} } Write 2* = Zlgjgm zje; € Spp.

Claim 2. z; = 0 for every j # ko.

Assume that zp # 0 for some k # k. By Claim 1 and Theorem 2.2, it follows
that

o(T) = Z*(T(Xu---,Xn))’ = |zk| [Th (X1, .., Xo)| + Z 2] |T5(X1, .-, X))l
1<j#k<m
< x| Tl + Z Iz | 1 T30 < [zl 1T + Z lz;| I T = T = v(T),
1<j#k<m 1<j#k<m

which is a contradiction. Hence, Claim 2 holds and 2* = +ej . Without loss of
generality we may assume that z* = ej, .

Claim 3. V,, ,,, (ko) (Norm(T},) = {(X1,...,X,)}.
Notice that (X1,...,Xm) € Vim(ko) () Norm(Ty,). Indeed, by Theorem 2.2,

’Tko(Xla"'aX’n)

= [et (T(X1,.., Xa))| = w(T) = T = [T,

which shows that (Xi,...,X,,) € Norm(T%,). Obviously, (Xi,...,X,) € Vi.m(ko)
because [ezo, (Xq,.. .,X,L)} = {z*, (X1, ... ,Xn)] € II(I7). Suppose that (Xi, . ,X;L) €
Vi,m (ko) (1 Norm(Tk,). We will show that (Xi, ... ,XT/L) = (X1,...,X,). Assume
that (X;,...,X,) # (X1,...,X,). Notice that [ef ,(Xy,...,X,)] € (). by
Theorem 2.2, it follows that

‘e,’;O(T(Xl,...,Xn))’ - ‘Tko(Xl,...,Xn)

= [ Tho | = 1T = »(T),



10 S. G. KIM

which shows that
[eis (X1, X0 € Nrad(T) = { & [ef, (X3, Xa)| |-
Hence, (Xi, e ,X;l) = (X1,...,Xn). Therefore,
Vom (o) [\ Norm(T,) = {(X1, ..., Xn)}.
(«<). Suppose that Vy, m (ko) ((Norm(Tx,) = {(Y1,...,Yn)}
Claim 4. Nrad(T) = {  [¢f,, (V... V)| }.

By a similar argument as in the proof of Claim 3, {ezo, (Yq,... 7Yn)} € Nrad(T).

Let [z*,(Xl,...,Xn)} € Nrad(T) with 2* = >, 2j¢] € Sipr. By a similar
argument as in the proof of Claim 2, 2* = =+ej, . Without loss of generality we may
assume that 2* = ey . By a similar argument as in the proof of Claim 3,

(X1, , Xn) € Vo (ko) (| Norm(Tx,) = {(Y1,..., Va)}.

Hence, (X1, ...,Xn) = (Yi,...,Y,) and {z*,(Xl,...,Xn)} - [ezo,(yl,...,yn) .
Hence, Claim 4 holds. Therefore, T is a numerical radius peak mapping. (I
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