Filomat 32:15 (2018), 5289-5295
https://doi.org/10.2298/FIL1815289C

Published by Faculty of Sciences and Mathematics,
University of Nis, Serbia
Available at: http://www.pmf.ni.ac.rs/filomat

Generalized Drazin Inverses in a Ring

Huanyin Chen?, Marjan Sheibani®

?Department of Mathematics, Hangzhou Normal University, Hangzhou, China
YWomen's University of Semnan (Farzanegan), Semnan, Iran

Abstract. An element a in a ring R has generalized Drazin inverse if and only if there exists b € comm?(a)
such that b = b%a,a — a’b € R7!. We prove that a € R has generalized Drazin inverse if and only if there
exists p* = p € comm?(a) such thata + p € U(R) and ap € R™!. An element a in a ring R has pseudo Drazin
inverse if and only if there exists b € comm?(a) such that b = b%a,a* — a**'b € J(R) for some k € N. We also
characterize pseudo inverses by means of tripotents in a ring. Moreover, we prove that a € R has pseudo
Drazin inverse if and only if there exists b € comm?(a) and m, k € IN such that b" = b"+'a,a* — a**1b € J(R).

1. Introduction

Let R be an associative ring with an identity. The commutant of 2 € R is defined by comm(a) = {x €
R|xa = ax}. The double commutant of a € R is defined by comm?*(a) = {x € R| xy = yx for all y € comm?(a)}.
We use U(R) to denote the set of all units in R. Set R = {a € R | 1 + ax € U(R) for every x € comm(a)}. We

say a € R is quasinilpotent if a € Rl The generalized Drazin inverse of 2 € R is the unique element b € R
which satisfies .
b € comm*(a),b = b*a,a — a®b € RT",

The set of all generalized Drazin invertible elements of R will be denoted by R/°. Generalized Drazin
inverse is extensively studied in matrix theory and Banach algebra (see [2, 3, 6, 7, 9] and [10]).

An element a in a ring R is quasipolar if there exists e? = ¢ € comm?(a) such thata+e € U(R) and ae € R7".
As is well known, an element a € R has generalized Drazin inverse if and only if it is quasipolar (see [7,
Theorem 4.2]). In Section 2, we shall characterize generalized Drazin inverse by means of tripotents p, i.e.,
p? = p. We prove thata € R has generalized Drazin inverse if and only if there exists p> = p € comm?(a) such
thata + p € U(R) and ap € RT".,

Following [8], an element a in a ring R has pseudo Drazin inverse if and only if there exists b € R such
that

b € comm*(a),b = b*a,d" — a*'b € J(R)

for some k € IN. We may replace the double commutator by the commutator in the preceding definition
for a Banach algebra (see [8, Remark 5.1]). If 2 € R has pseudo Drazin inverse, then it has a generalized
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Drazin inverse, but the converse is not true (see [8, Example 3.5]). Recently, many properties of pseudo
inverses of matrices over a ring are explored (see [4, 8] and [11]). We also characterize pseudo inverses
by means of tripotents in a ring. In Section 3, we prove that a € R has pseudo Drazin inverse if and only
if there exists p> = p € comm?(a) such that a + p € U(R) and a‘p € R™! for some k € IN. Moreover, we
prove that a € R has pseudo Drrazin inverse if and only if there exists b € comm?(a) and m, k € N such that
b — bm+1a, a — gk p e ](R)

Throughout the paper, all rings are associative with an identity and all Banach algebras of bounded
linear operators are complex. We use J(R) and N(R) to denote the Jacobson radical of R and the set of all
nilpotent elements in R, respectively. R® and RPP denote the sets of all elements having generalized Drazin
inverses and pesudo Drazin inverses in R, respectively. IN stands for the set of all natural numbers.

2. Polar-like Characterizations

As is well known, generalized Drazin inverses in a ring can be characterized by quasipolar property.
The aim of this section is to characterize such generalized inverses in terms of tripotents in a ring. We begin
with

Lemma 2.1. Let R be a ring, and let a € R, p® = p € comm?(a). Ifap € R™!, then ap? € R,

Proof. Letx € comm(ap®). Then (pxp)a = px(ap*)p = p(ap®)xp = a(pxp), and so pxp € comm(a). Asp € comm?(a),
we have pxp? = p*xp. Since (ap)(p*xp) = a(pxp) = (pxp)a = (pxp®)(ap), we see that pxp* € comm(ap). By
hypothesis, ap € R, and so 1 — (ap)(pxp?) € U(R). In light of Jacobson’s Lemma, 1 — p?(ap?)x € U(R). That
is, 1 — (ap*)x € U(R). Therefore ap? € RT"!, as asserted. [

Theorem 2.2. Let R be a ring, and let a € R. Then the following are equivalent:

(1) a € R9P,
(2) There exists p> = p € comm?(a) such that a + p € U(R) and ap € R

Proof. (1) = (2) Obviously, we have a¢ € comm?(a),a’ = a%aa”,a — a?a® € R Setp = 1 —aa’. As in the proof
of [6, Lemma 2.4], one easily checks that p = p* € comm?*(a) and a + p € U(R) and ap € R7", and so p = p?, as
desired.

(2) = (1) By hypothesis, there exists p> = p € comm?(a) such that a + p € U(R) and ap € R, Set
b=(1-p*@+p)t. Thenb € comm?(a) and

Pa-b = —(1-p>a+p)?p
= (P -pa+p?
= O;
hence, b%a = b. Further,

a—a’b = a-a*(1-p»a+p)*
a(@+p)~(@+p)—al -p?)
a(a + p)~@ap* + p)

a(a +p)~(a + p)p?

= ap’

In light of Lemma 2.1, a — ab € R7"!. Therefore a € R has generalized Drazin inverse. [

Corollary 2.3. Let R be aring, let a € R and let x € comm(a) N U(R). Then the following are equivalent:

(1) aeRP, |
(2) There exists p = p* € comm?(a) such that a + xp € U(R) and ap € RT'™.,
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Proof. (1) = (2) This is obvious by [7, Proposition 4.7].
(2) = (1) Since ap € R™, we see that 1 +ap € U(R). It is easy to check that

a+p = (@+pp*+@+xp)1-p?)
(1 +ap)p + (a +xp)(1 - pA).

Hence,
@+p) =1 +ap)p+@+xp) (1 -pP).
This completes the proof. [
As an immediate consequence of Corollary 2.3, we prove that a € R° if and only if there exists
p = p® € comm?(a) such thata + p or a — p is invertible and ap € R,

We now turn to consider generalized Drazin inverses in a Banach algebra of bounded linear operators.
The following lemma is crucial.

Lemma 2.4. Let A be a Banach algebra, a,b € A and ab = ba.

(1) Ifa,b e A™, thena+b e A™.
(2) Ifaorbe A™! then ab € AT

Proof. In a Banach algebra A, the preceding definition of quasinilpotent coincides with the usual definition
of lim ||a”||5 =0, which is equivalent to A - 14 —a € U(A) for all complex A # 0 (see [6]). Then we complete
the proof by [5, Theorem 7.4.3]. O

Theorem 2.5. Let A be a Banach algebra, and let a € A. Then the following are equivalent:

(1) a € AP,
(2) There exists ¢ = e € comm?(a) such that a + e € U(A) and lim ||(ae)"||" = 0.
n—00

(3) There exist idempotents e, f € comm?(a) such that

a—e+ f € U(A), lim ||(@)"||" = lim ||af)"]|" = 0.

Proof. (1) & (2) This is obvious by Theorem 2.2 and [5, Page 251].

(1) = (3) By hypothesis, there exists an idempotents f € comm?(a) such thata + f € U(A) and af € A
Choose e = 0, thus proving (2).

(3) = (1) Let a € R and suppose that there exist idempotents e, f € comm?(a) such that

a—e+ f € UR), lim [[(ae)"||* = lim [[(af)"||" = 0.

Set g = e — f. Since e € comm?*(a), we see that ea = ae. As f € comm?*(a), we get ef = fe. It follows from
ae,af € A™! thata(e — f) = ae —af € A™! by Lemma 2.4. One easily checks that (¢ — f)° = e — f. Therefore
we complete by Theorem 2.2. O

Corollary 2.6. Let A be a Banach algebra, and let a € A. Then the following are equivalent:

(1) a € AP,
(2) There exist two orthogonal idempotents e € comm(a), f € comm?(a) such that

a—e+ f € U(A), lim ||(ae)"||* = lim ||@@f)"||" = 0.
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Proof. (1) = (2) Leta € A. By Theorem 2.5 it follows that there exist idempotents g, € comm?(a) such that
a—g+he U(A),ag,ah € A7 Clearly, gh = hg. Lete = g(1-h) and f = h(1-g). Thene, f € A are orthogonal
idempotents. Obviously,a —e + f = a — g + h € U(A). By using Lemma 2.4, ae = (ag)(1 — h) € AT In view
of [5, Page 251], we see that lim ll(ae)"|| = 0. Likewise, lim ||(a £)"||7 = 0, as desired.

(2) = (1) Leta € A. Then there exist orthogonal idempotents e € comm(a), f € comm?(a) such that
u:=a—e+ f € U(A), lim ||ae)"]|" = lim ||@af)"||" = 0.

Let g = f —e. Then g = ¢° € comm(a). In view of Lemma 2.4, we see that ag € A", and so a*g* € AT,
Moreover, v := a* + g> = u? — 2ag = u*(1 — 2u~2ag) € U(A). It follows from ga = ag that (1 — g*)a* = v(1 — ¢%).
Hence 1 — ¢* = ba® = a®b where b = v1(1 — ¢%). Let h = g% and x € comm(a). Then

xh — hxh = (1 — h)xh = (1 — h)"xh = b"a*"xh = b"x(ah)"
for all n € IN. Hence : : )
llxch — hachll# < |1bllllxl| 7]/ (a*h)" ||
Since a2h € A™! we see that 1
lim |(a*h)"||" =0,

and so :
lim ||xh — hxh||» = 0.

Therefore ||xh — hxh|| = 0 giving xh = hxh and similarly hxh = hx. Hence xh = hx, and so h € comm?(a). Then
f+e=(f—e?=g*€comm?@a). If ya = ay, then yf = fy and (f +e)y = y(f +e). It follows that ye = ey;
hence, e € comm?(a). Therefore we complete the proof by Theorem 2.5. [J

3. p-Drazin Inverse

The goal of this section is to characterize p-Drazin inverse in a ring by means of tripotents and we
thereby obtain new characterizations of such generalized inverse. We now derive

Theorem 3.1. Let R be a ring, and let a € R. Then the following are equivalent:

(1) a € RPP.
(2) There exists p* = p € comm?(a) such that a + p € U(R) and a*p € J(R) for some k € IN.

Proof. (1) = (2) follows by [8, Theorem 3.2].

(2) = (1) By hypothesis, there exists p> = p € comm?(a) such that a + p € U(R) and akp € J(R) for some
k€ IN. Setb = (1 —p?)(a+p)!. Asin the proof of Theorem 2.2, we see that b € comm?(a),b*a = b and
a — a*b = ap®. Moreover, we check that

a*—ad*b = a1 -ab)
= d(1 - ab)
= (a—a?h)r
= (@ppe®).

Therefore a € R has pseudo Drazin inverse. [J

A ring R is a pseudopolar ring if every element in R is pseudopolar (see [8]). We now record the
following.

Corollary 3.2. A ring R is a pseudopolar ring if and only if for any a € R there exists p = p®> € comm?(a) such that
a+p € UR)and a'p € J(R) for some k € IN.
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Proof. This is obvious by Theorem 3.1. [

Recall that a ring R is polar (or strongly n-regular) if every element in R has Drazin inverse, i.e., for any
a € R, there exists b € comm?(a) such that b = b?a and a — a*b € N(R). For instances, every finite ring and
every algebraic algebra over a field are polar.

Corollary 3.3. Let R be a ring. Then the following are equivalent:

(1) Ris polar.
(2) Forany a € R there exists ¢ = e € comm?(a) such that a + e € U(R) and ae € N(R).

Proof. (1) = (2) This is clear, by [8, Theorem 2.1].

(2) = (1) In view of Theorem 3.1, R is pseudopolar. Let a € R7". Then there exists ¢> = ¢ € comm?(a)
such that u := a + ¢ € U(R) and ae € N(R). Hence, e = u —a = u(1 — u~'a) € U(R). This implies that ¢* = 1.
It follows from ae € N(R) that ae> € N(R), and so a € N(R). Thus R ¢ N(R) € R ie., R = N(R).
Therefore R is polar, by [8, Theorem 2.1]. O

Theorem 3.4. Let A be a Banach algebra, and let a € A. Then the following are equivalent:

(1) a € APP.
(2) There exist idempotents e, f € comm?(a) such that

a-e+ feU(A),dedf e JA)
for some k € IN.

Proof. (1) = (2) This is obvious, by [8, Theorem 3.2].
(2) = (1) Leta € A. Then there exist idempotents e, f € comm?(a) such that

a—e+ f e U(A),de, " f € J(A)

for some k € IN. Set g = f —e. Since e € comm?(a), we see that ea = ae. It follows from f € comm?(a) that
ef = fe. Moreover, at(f —e) = akf —a*e € J(A). One easily checks that (f —e)® = f —e. Therefore we complete
by Theorem 3.1. [

As in the proof of Corollary 2.6, by using Corollary 3.4, we derive
Corollary 3.5. Let A be a Banach algebra, and let a € A. Then the following are equivalent:

(1) a € APP,
(2) There exist two orthogonal idempotents e € comm(a), f € comm?(a) such that

a—e+ f e U(A),dea f € J(A)
for some k € IN.
We are now ready to prove:
Theorem 3.6. Let R be a ring, and let a € R. Then the following are equivalent:

(1) a € RPP.
(2) There exists b € comm?(a) and m, k € IN such that

p" = bm+1a, ak _ ak+1b e ](R)
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Proof. = This is obvious by choosing m = 1.
&= Leta € A. Then there exists b € comm?(a) and m, k € N such that
V" =b""a,a" —d*'b € J(R).

Then

(ba — b*a®)" (b — b2a)"a™

(b - b2a)" (b — b2a)a™

(1 = bay" 0" (b — BPa)a™
(1 _ ba)m—l(bm _ bm+1ll)€lm
0.

Set p = ba. Then p™(1 — p)" = 0. It is easy to verify that
L= (p+1-p)>
ml2 ) .2am (9 ) )
= Y ( m )p2m—1(1 —-p) + y ( :ﬂ )pZm—z(l -p).

=0\ ! i=m+1
Take e = Z( 2:.11 )pzm‘i(l —pYand f =1—-c. Thene+ f = 1and ef = fe = 0. Thus e € comm?(p)
i=0
and e —¢? = ef = 0. Asp € comm?(a), we have ¢* = e € comm*(a), and so f> = f € comm?(a). Since
a*(1 - p) = a* — @**1b € J(R), we have

2m
er=( 3 (3 e -prya e

i=m+1

Clearly, (a+1—ab)(b+1—ab) = 1+(1—a)(b—ab?)+ (a—a*b). We easily check that (b—ab?)" = (1-ba)" (b (b-
b%a)) = 0; hence, 1 + (1 — a)(b — ab®) € U(R). Since a* — a**1b € J(R), we have a*"'(a — a?b) € J(R), and then

(@ = )P = 651 = @b)(1 - ab) (@ — a2b)*1 € J(R). Letx = 1+ (1= a)(b - ab?). Then (x"1(a—a2b))" =
2k+1
x~ D (g — a?b)?*+*1 € J(R). It follows that 1 + (x‘l(a - azb)) € U(R), so 1+ x7'(a — a®b) € U(R). Therefore
1+ (1 —a)b-ab®) + (a - a’b) = x(1 + x7(a - ab)) € U(R);
hence, (a + 1 —ab)(b + 1 — ab) € U(R). This implies thata + 1 — p € U(R). On the other hand,

m

p-L ( 2;-” )pz’“"'(l -py
=0
‘7211: ( 2;” )PZm—i(l _ p)z

2m-2
i=0 i=1

p—e

oo
N
I
- X
—~
\-/.\) ‘“
I
<
N
e
I

for some z € comm?(p). Since (p—p?)™ = 0, we have (p—e)*"*! = 0. Therefore (a+1—p)>"*1 +(p—e)?"*! € U(R),
andsoa+ f=(@+1-p)+ (p—e) € UR). Accordingly, a has pseudo Drazin inverse. [

Corollary 3.7. Let R be a ring, and let a € R. Then the following are equivalent:

(1) a € RPP,
(2) There exists b € comm?*(a) and k € N such that

b* = v, df — a1 € J(R).

Proof. This is obvious by Theorem 3.6. [

As an immediate consequence of Corollary 3.7, we have

Corollary 3.8. A ring R is a pseudopolar ring if and only if for any a € R there exists b € comm®(a) and k € N such
that
b* = v, dk — a1 € J(R).
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