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LIE PRODUCT AND FIXED POINTS PRESERVERS

A. TAGHAVI - R. NEMATI

Let B(X) be the algebra of all bounded linear operators on a complex
Banach space X. In this paper, it is determined the form of surjective maps
¢ : B(X) — B(X) that satisfy F (¢(A)¢(B) —¢(B)¢(A)) = F (AB— BA)
for every A,B € B(X), where F(A) denotes the set of all fixed points of
an operator A € B(X).

1. Introduction

Preserving problems on operator algebras have attracted attention of many au-
thors in the last decades. These problems concern the question of characterizing
the form of all maps on operator algebras that leave invariant a certain property,
and many results exposing the algebraic structure of such maps are obtained.
Recently, some preserver problems concern certain properties of different types
of products of operators (cf. [1, 2, 4-13]).

Let B(X) denote the algebra of all bounded linear operators on a complex
Banach space X. Let A € B(X). Recall that a vector x € X is a fixed point of
A, whenever we have Ax = x. It is clear that the set of all fixed points of A is a
subspace of X. Denote by F(A) and dim F(A) the set of all fixed points of A
and the dimension of F(A), respectively.

Given a vector x € X and a linear functional f € X*. The rank at most one
operator, x ® f is defined by (x® f)z = f(z)x for all z € X. Note that
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x® f is nilpotent if and only if f(x) =0,
and
x® f is idempotent if and only if f(x) = 1.

Denote by Py (X) the set of all rank one idempotent operators.

Recall the lattice, Lat(A), is the set of all invariant subspaces of A and so
F(A) € Lat(A) for every A € B(X) (see [3]). Recall also that the set of fixed
points of the operator x® f is given by:

Fx f) = {span{x} %fx@f %s iderflpotent,

{0} if x® f is not idempotent.
Authors in [11] characterized the forms of surjective maps on B(X) which
preserve the dimension of fixed points of products of operators. More pre-
cisely, it was shown that if ¢ : B(X) — B(X) is a surjective map which satis-
fies dim F(AB) = dim F(¢(A)¢(B)), for every A,B € B(X), then there exists
an invertible operator S € B(X) such that ¢(A) = SAS~! for all A € B(X) or
¢(A) = —SAS~! for all A € B(X). Authors in [13], considered the maps ¢ :
B(X) — B(X) and ¢ : M,,B(X) — B(X) satisfying F(A+B) = F(¢(A) + ¢(B))
and dimF (A + B) = dimF (¢(A) + ¢(B)), respectively. Moreover, authors in
[12], considered the forms of surjective maps on B(X ) which preserve the fixed
points of triple Jordan products of operators, i.e., F(ABA) = F (¢ (A)¢(B)9(A)),
forall A,B € B(X).

Authors in [4] characterized the forms of surjective maps on B(X) which
preserve the Jordan product. More precisely, it was shown that if ¢ : B(X) —
B(X) is a surjective map which satisfies

F(¢(T)9(A)+(A)9(T)) = F(TA+AT)

for all A,T € B(X), then there exists a nonzero scalar a € C with o> = 1 such
that ¢(7) = aT forall T € B(X).

In [7] author showed that if ¢ : B(X) — B(X) is a surjective additive map
which satisfies

F(AB+BA) CF(¢(A)9(B)+9(B)¢(A)),

for every A,B € B(X), then ¢(A) = A, for every A € B(X) or ¢(A) = —A, for
every A € B(X).

The Lie product of A,B € B(X) is defined as [A, B] = AB — BA. The aim of
this paper is to continue these works by studying maps on B(X) which preserve
the fixed points of Lie products of operators. The complete form of our main
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result is as following:
Main theorem. Let X be a complex Banach space with dimX > 4. Let ¢ :
B(X) — B(X) be a surjective map. Then ¢ satisfies

F(¢(A)9(B)—9(B)9(A)) = F (AB—BA),

for all A, B € B(X) if and only if there exist a nonzero scalar y € C with y> = 1
and a scalar function 7 : B(X) — C such that ¢ (A) = YA+ 1(A)I for all A € B(X).

2. Preliminaries and Notations

In this text, we denote by Fi(X) and N;(X) the set of all rank at most one
operators and the set of all rank one nilpotent operators on X, respectively on
X. For every operator T € B(X), let N(T) be the kernel of 7, and R(T) be its
range.

Lemma 2.1. Let A € B(X). The following statements are equivalent:
(i) A € CI,
(ii) F (AT — TA) = {0}, forall T € P,(X).

Proof. Since (i) = (ii) is obvious, we need only to prove the implication (ii) =
(i). To prove this claim, we show that for every x € X, x and Ax are linearly de-
pendent. Suppose it is not, so there exists x € X such that x and Ax are linearly
independent. We distinguish two cases:

Case 1. Let x,Ax and A’x are linearly independent, it follows that there
exists f € X* such that

fx)=1, f(Ax)=0, f(A%)=-2.

Set x® f. So if T =x® f then (AT —TA) (x+Ax) = x+ Ax, hence we get
x+Ax € F(AT —TA). This is a contradiction.

Case 2. If not, then there exist a # 0 and b € C such that Ax = aA%x + bx.
Let f € X* such that f(x) = 1 and f(Ax) = 1 —n, where 1 is a complex scalar
satisfying n%a+ 1 (1 —2a) +b— 1 = 0. Consider an operator T € B(X) such
that 7 = x® f. Hence we have (AT —TA) (nx+Ax) = nx+ Ax which is a
contradiction. So for every x € X, x and Ax are linearly dependent and hence
according to the statement of [8, Lemma 2.4] should be included there exists a
scalar A € C such that A = A 1. O
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Lemma 2.2. Let A and B be two operators. The following statements are equiv-
alent:

(i) There exists a scalar A € C such that A = B+ Al,

(ii) F(AT —TA) = F(BT —TB) forall T € P|(X).

Proof. (i) = (ii) is obvious.

(ii) = (i). If F(AT — TA) = F(BT — TB) = {0} for all T € P;(X), then
from Lemma 2.1 we have A,B € CI. It is easily shown that A = B+ A1, for
some scalar A € C.

Assume that F(AT — TA) # {0} for some 7 € P;(X). It follows from
Lemma 2.1, that there exists x € X such that x and Ax are linearly independent.
Suppose x,Ax and Bx are linearly independent. Similar to proof of Lemma 2.1,
we obtain Nx+ Ax € F(AT —TA), where n € C. On the other hand F (BT —
TB) C span{x,Bx} which follows nx+ Ax € span{x,Bx}. This is a contradic-
tion.

Now, x,Ax and Bx are linearly dependent for all x € X. Lemma 2.4 in [9] tell us
that there exist 3,4 € C such that A = BB+ Al. By hypothesis, F (BT —TB) =
F((BB+AIT —T(BB+ AI)). Hence F(BT — TB) = F(B(BT — TB). Since
F(BT —TB) # {0}, we conclude 8 = 1. O

Lemma 2.3. For a nonzero operator A € B(X), the following statements are
equivalent:
(i) A € Fi(X)+CI (ii) dim F(AT —TA) <1, for all T € B(X)

Proof. For (i) = (ii), let T € B(X) be an arbitrary operator, and consider a
operator A =x® f+ Al where x € X, f € X* and A € C. Note that for every
y € X we have (AT —TA)y = f(Ty)x— f(y)Tx.

If A=x® f is non nilpotent we have x ¢ F (AT —TA). If it’s nilpotent
then one of two vectors x or Tx is not in F (AT — TA). Hence, we obtain that
dim F (AT —TA) < 1.

Conversely, if A = AI where A is a nonzero scalar, then the sentence is
complete. Suppose that there exists a vector x € X such that x, Ax and A%x are
linearly independent. Let 7 € B(X) such that

Tx=0, TAx=-—x andT (Azx) = —2Ax.
Then

(AT -TA)x=x
(AT — TA) Ax = Ax

which implies that span{x,Ax} C F (AT —TA) is a contradiction.
Therefore x,Ax and A%x are linearly dependent for all x € X, then from Lemma
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2.4 in [9] we have

A2 =AA+al, for some scalars A,a € C. )

Case 1. Let A be a non-scalar operator such that A is injective. We have a #
0. Indeed, if @ = 0 then A(A — AI)x = 0 for every x € X. From dimN(A) =
0 follows A = Al which is a contradiction. Thus A is invertible and so it is
surjective. Since A is a non-scalar operator there exist linearly independent
vectors x; € X,i= 1,2 such that Ax; = x,. From dim X > 4 and invertibility of A
there exist x; € X,i = 3,4 such that x; € X,i = 1,2,3,4 are linearly independent
vectors and Ax3 = x4. We choose T € B(X) to be an operator satisfying

Tx;=0,i=1,3 and Txj=—-x;_1,j=2,4.
It is easy to show (AT — TA)x; = x;,i = 1,3. This is a contradiction.

Case 2 If A is not injective then we obtain @ = 0. Hence (A—A1)A =0. It
follows that R(A — A1) C N(A).

Suppose that dimR(A — AI) > 2. There exist x;,y; € X,i = 1,2 such that
(A—AI)x; =y;and y;,y, € N(A) are linearly independent vectors. Hence Ax; #
Ax;. Since y;,y» € N(A) we can obtain {x;,y;,y>} and {x2,y1,y>} are linearly
independent vectors.

Now, we choose T € B(X) to be an operator satisfying

Tx;i=0, and TAx;=—x;, i=1,2.

One can get (AT — TA)(x;) = x; for i = 1,2. Note that from linearity y; and y,
we obtain x; and x, are linearly independent vectors. This is a contradiction.
Therefore, we have dimR(A —AI) <l andso A € F;(X)+ClI.

O

3. Proof of Main Theorem

Clearly, we only need to prove the necessary implication.

Step 1. For every operator R € B(X), we have ¢(R) € F;(X)+ CI if and
only if R € F;(X) + CI.
If 9(R) € F1(X)+ClI, then for all T € B(X) we have

dimF (RT —TR) = dimF (¢ (R)¢(T) — ¢(T)9(R)) < 1.
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By Lemma 2.3 we have R € F(X) + CI.
Conversely, if dim F(RT — TR) < 1, then using Lemma 2.3 and surjectivity of
¢ we have

¢(R) € F(X)+CI.

Step 2. For every A € N;(X) there exist scalars A4, € C such that ¢(A) =
YaA + 4l

Let A=z®he N;(X). From Step 1, there existz € X, h € X* and A € C
such that ¢(z® h) = 7 QN + AL Firstly, we show that z and 7 are linearly
dependent. Assume that z and 7 are linearly independent. There exists x & N (h)
such that x and 7 are linearly independent. We can choose f € X*, such that
f(x) =0=f(z) and f(z)h(x) = 1. From step 1, there exist y € X, g € X* and
y € Csuch that ¢ (x® f) = y® g+ yI. We have

span{z} = F((z®h)(x® f) — (x® f)(z® h))
=F(pz@h)o(x®f)—9(x@f)9(z®h)
=F((z @h)(y®g) - (y®g)z ®h)).

Hence we have

g()h (y)z —h(2)g(z)y =1z (2)
Also,

span{x} = F((x® f)(z®h) — (2@ h)(x® f))
=F(¢(x2f)¢(z2h) —9(z@h)¢(x f))
—F(y®gz ®h —7 @hy®g),

which follows

K (x)g(z )y —g(x)h (v)z =x. 3)

By acting f on both direction equation (3) we obtain
h (x)g(z)f(y) =0. )

It follows A (x)g(z ) = 0 or f(y) = 0.

If ' (x)g(z ) =0, then from (3) we have x and 7’ are linearly dependent which
is a contradiction.

If f(y) = 0, then by acting f on both direction equation (2) we obtain f(z) =
0 which is a contradiction. Therefore, z and 7 are linearly dependent.
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Without loss of generality, we can write ¢ (z@h) =z h + Al

Now, we show & and A" are linearly dependent. If not, there exist x € X
such that h(x) # 0 and A (x) = 0. Hence, we can choose f € X* such that
f(x) =0 and f(z)h(x) = 1. As above there exist f € X* and y € C such that
P(x®@ f) =y f +yl. We have

span{z} = F((z®@h)(x® f) — (x® f)(z®h))
=F(pz@h)p(xx f)—o(x® f)p(z®h))
=F(z@h)yef)-af)zeh))
= {0}.

That is a contradiction. Therefore, there exist two scalar 74,44 € C such that
¢(A) = 1A+ AAI.

Step 3. There exist a nonzero scalar ¥ € C with ¥ =1 and a map A :
B(X) — C such that ¢(A) = YA+ A(A)I for every A € P|(X).
Let A=x®f € P(X)and N=z®h € Ni(X). By Step 1 and Step 2 there
existyeX,geX"andn € Csuchthat §(x® f) = y®g+ Ml and ¢ (z@h) =
YWz ®h+ AyI. Assume that x and y are linearly independent.
We continue to prove this Step in the following two cases.
Case 1. f, g are linearly independent.

Then we can choose z € Kerf \ Kerg and h € X* such that y,g(z)h(y) = 1
and h(z) = 0. We can conclude

{0} =F((z@h)(x®f) - (x® f)(z®h))
=F(0z@h)p(x®f)—¢(xRf)o(z@h))
=F(n(zeh)(hog)—(y®g)(z®h))
= span{z}.

That is a contradiction.

Case 2. f, g are linearly dependent. We can choose z ¢ Kerf and define h € X*
such that y4g(2)h(y) = —1, f(2)h(x) = 1 and h(z) = 0, where, A = z®h. Then

2EF((z@h)(x®f) — (x® f)(z®h)).

But
g F((z@h)(y®g) —(y®g)(z®h)).

That is a contradiction. Therefore, without of we can write ¢ (x® f) = xR g+
Al
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Now, suppose that g and f are linearly independent. There exists z € X such
that h(z) = 0 = g(z) and f(z)h(x) = 1. Hence, we can write

span{z} = F((z@h)(x® f) — (x® f)(z®@h))
=F(¢z0h)o(x f) —o(x f)9(z@h))
=F(zoh)(x®g) - (x@g)(z&h))
= {0}.
That is a contradiction. Therefore, ¢(A) = 1A + Al

LetA € Pi(X), in fact A is a non-scalar operator and A # 0. By Lemma 2.1 there
exists B € P;(X) such that F(AB — BA) # {0}. We can conclude

F(AB—BA) = F(9(A)9(B) — ¢ (B)9(4))
— F(75(AB— BA)).

It follows Y4y = 1.
For A € P;(X) we have

{0} = F(AI - 1A)

(9(A)o (1) —o(1)9(A))
(14 (A (1) — 9 (1)A))
((A(ra)9 () = (a9 (1))A))-

which follows y4¢ (1) = BI. Because this equality holds for every A € P, (X),
we have ¥4 = cte and so we obtain ¢ (A) = YA + Aal with y*> = 1.

F
F
F

Step 4. ¢ takes the desired form.
From Step 3 we have

F(AT —TA) =F(¢(A)¢(T)—¢(T)9(A))
=F(y9(A)T —yT9(A)),
for every T € P;(X) and A € B(X). This identity together with Lemma 2.2
proved that there exists a map 7 : B(X) — C such that ¢ (A) = YA+ t(A)I for all

A € B(X) with > = 1.
This completes the proof.

Acknowledgements

The authors are thankful to anonymous referees for their valuable comments in
rewriting this paper in the present form .



[1]

[10]

[11]

[12]

[13]

LIE PRODUCT AND FIXED POINTS PRESERVERS 243

REFERENCES

Y. Bouramdane, M. Ech-cherif El Kettani, A. Elhiri, and A. lahssaini, Maps pre-
serving fixed points of generalized product of operators, Proyeccionnes (Antofa-
gasta), (2020), vol. 39, no 5, pp. 1157-1165.

M. Dobovisek, B. Kuzma, G. Le “snjak, C.K. Li and T. Petek, Mappings that pre-
serve pairs of operators with zero ~ triple Jordan Product I5TEX, Linear Algebra
Appl., 426 (2007), 255-279.

G. Dolinar, S. Du, J. Hou, and P. Legi “sa, General preservers of invariant sub-
space lattices, Linear algebra and its applications, (2008), vol. 429, no 1, pp.
100-109.

M. Elhodaibi and S. Elouazzani, Jordan product and fixed points preservers,
Proyecciones (Antofagasta), (2023), vol.42 no.1.

M. Elhodaibi and A. Jaatit, On maps preserving operators of local spectral radius
zero, Linear Algebra and its Applications, (2017), vol. 512, pp. 191-201.

A. Guterman, C.-K. Li, and P. Semrl, Some general techniques on linear preserver
problems, Linear Algebra and its Applications, (2000), vol. 315, no 1-3, pp. 61-
81.

R. Hosseinzadeh, Additive maps preserving the fixed points of Jordan products of
operators, Wavelets and Linear Algebra 9(1) (2022) 31- 36.

A. A. Jafarian and A. R. Sourour, Linear maps that preserve the com- mutant,
double commutant or the lattice of invariant subspaces, Linear and multilinear
algebra, (1994), vol. 38, no. 1-2, pp. 117-129.

C. K. Li, P. Semrl and N. S. Sze, Maps preserving the nilpotency of products of
operators, Linear algebra and its applications, 2007, vol. 424, no 1, pp. 222-239.

C. K. Li, and N. K. Tsing, Linear preserver problems: A brief introduction and
some special techniques, Linear algebra and its applications, (1992), vol. 162, pp.
217-235.

A. Taghavi and R. Hosseinzadeh, Maps preserving the dimension of fixed points
of products of operators, Linear and multilinear algebra, (2014), vol. 62, no. 10,
pp- 1285-1292.

A. Taghavi, R. Hosseinzadeh, and V. Darvish, Maps preserving the fixed points of
triple Jordan products of operators, Indagationes mathematicae, (2016), vol. 27,
no. 3, pp. 850-854.

A. Taghavi, R. Hosseinzadeh and H. Rohi, Maps preserving the fixed points of
sum of operators, Oper. Matrices, 9 (2015), 563-569.



244

A. TAGHAVI - R. NEMATI

REFERENCES

A. TAGHAVI

Department of Mathematics
Faculty of Mathematical Sciences
University of Mazandaran

e-mail: taghaviQumz.ac.ir

R. NEMATI

Department of Mathematics
Faculty of Mathematical Sciences
University of Mazandaran

e-mail: r.nemati@umz.ac.ir



