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THE STABILITY OF THE FREDHOLM
INDEX IN A SEMI-PRIME RING

JIiN CHuN KiM*, YONG BiN CHOI*™ AND YOUNG MIN HAN**

In [1], Barnes introduced the generalized Fredholm theory in the con-
text of a semi-prime ring: he gave a characterization of the Fredholm
elements of a semi-prime ring, defined a generalized index on the semi-
group of Fredholm elements and then proved the index product theorem
for a semi-prime ring and the continuity of the index for a semi-prime
Banach algebra. In this note we prove the stability of the index for a
semi-prime ring.

Throughout this note, suppose A is a semi-prime ring (a ring which
contains no nilpotent ideals) with unity 1 # 0. If A has minimal ideals,
the smallest ideal containing all of them is called the socle of A and is
denoted by S4. If A is a semi-prime ring then S always exists ([2,
Proposition IV.31.10}).

For example, if A = B(X) is the set of all bounded linear operators
on a Banach space X, then A is a semi-prime ring with unity since
every ideal contains finite rank operators and S, is the set of finite rank
operators.

We recall ([1], [3]) that if A is a semi-prime ring with unity 1, then an
element a € A is called Fredholm if there are b; and b, in A for which

1-— bla S SA
and
1-— ab2 € SA.
Evidently, if a,b € A, then
(0.1) a Fredholm, b€ S4 = a+ b Fredholm.
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We also recall ([4], [5]) that a € A is called regular if there is @' in A for
which

(0.2) a = ad'a.

We write
A° = {a € A|ais regular}.

If (0.2) holds we call a' a generalized inverse for a. If A = B(X) and
a € A, then ([5, Theorem 6.4.4])

(0.3) a Fredholm = a regular.

However, if A is any semi-prime ring we cannot guarantee (0.3). Thus, to
carry over much of the “spatial”Fredholm theory we need the condition
(0.3). For this, we make the “regularity condition ”

(0.4) Sa C A°.

It is clear that the regularity condition (0.4) is valid whenever A = B(X).
We assume throughout that S4 C A°.
For brevity, we write

L,:b+— ab fromAto A

and
R,:b— ba fromAtoA

for the left and right multiplications associated with a.
Qur first observation is elementary:

LEMMA 1. If A is a semi-prime ring with unity 1 and a € A, then a
is Fredholm if and only if

(1.1) a€ A° and L;'(0)C S4 and R;(0) C Sa.

Proof. If @ = ad'a € A satisfies (1.1), then

(1.2) 1-d'ac L7 (0)C Sa
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and
(1.3) 1—ad € R;*(0) C Sy,

which says that a is Fredholm. Conversely, suppose a is Fredholm and
thus there is b in A for which

1—-baec S,,

so that
a—aba €Sy CA°,

which, by [4, Theorem 1.4, gives a € A°. Assume 1 —ba = z € Sy4.
Then we have

cELa“l(o)=>ac=0=>bac=0=>(1—g;)c:():>c:xcexA’

which says that L;1(0) C S4 because zA is a right ideal in S4. The
argument for R;1(0) C S, is similar.

We now consider the concept of the order for an ideal, a notion which
plays the role of dimension in the ring theory.

A right (left) ideal J of A is of finite order if J is the sum of a finite
number of minimal right (left) ideals of A. We recall ([1], [3]) that a
right (left) ideal J is said to have order n if J can be written as the
sum of n minimal right (left) ideals but of no fewer. For convenience,
we define the order of zero ideal to be zero and write 6(.J) for the order
of an ideal J.

If @ € A is Fredholm, then, by Lemma 1, both L;1(0) and R;1(0)
have finite order since each ideal in 54 is the sum of a finite number of
minimal-ideals. We therefore define the indez of a, index (a), as follows

(111, 13D :
(1.4) index (a) = 6(L;*(0)) — 8(R;*(0)).
For example, if A = B(X) and a € A is Fredholm then

8(L;*(0)) = dima~'(0)
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and

6(R7(0)) = dim X/a(X);

therefore in the case the index given by (1.4) reduces to the usual index.
Barnes showed ([1, Theorem 3.2]) that if a and b are Fredholm elements
in A, then so is ab and index(ab) = index(a)+index(b) (the index product
theorem) and also ([1, Theorem 4.1]) that if A is a semi-prime Banach
algebra, then the index is a continuous function on the open semi-group
of Fredholm elements.

We now show that the index is stable under the “socle”perturbation.

We begin with:

DEFINITION 2. We shall call a € A a Weyl element if

a is Fredholm and index (a) = 0.

It 1s well known ([5, Theorem 6.5.2]) that if T' € B(X), then
(21) T =S5+ P with invertible S and finite rank P = T Weyl.

We have an analogue of (2.1) for a semi-prime ring;

THEOREM 3. If A is a semi-prime ring with unity 1 and a € A, then
(3.1) a€ A7 4+ 84 =2 a Weyl,

where A~ denotes the set of all invertible elements of A.

Proof. Suppose a € A~ + S4 and thus we can write
a=bl+s) withbe A" ands € S,4.
By (0.1), 1 + s is Fredholm, and hence the index product theorem gives
index (a) = index (b) + index (1 + s) = index (1 + s).

Thus it is sufficient to show that 1+ s is Weyl. We now claim that both
Ly4s and Rj4, are of finite ascent. For if not, then there is an orthogonal
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sequence of minimal independent idempodents (z,) in S4 for which, for
each n € N,

5 € (L145)7"71(0) and zn ¢ (L145)7"(0).

Thus (L145)""}(z,) = 0, and hence (1+5)"*(z,) = 0, so that z,, € sA.
This contradicts the fact that sA is of finite order. Therefore L;,, is of
finite ascent. A similar argument gives Ry, is of finite ascent. If L,
is of finite ascent p and R4, is of finite ascent g, then the index product
theorem gives

(3.2) n index (1 + s) = index ((1 +5)")
= 0(L3Y y-(0)) = 8(RTL - (0))
= 6((L1+5)""(0)) — 8((R145)""(0))
= 8((L1+5)77(0)) — 6((R1+4)"9(0)),
where n > max(p,q). Since (3.2) is independent of n > max(p,¢q) it

follows that index(1 + s) = 0, which says that 1 4+ s is Weyl. This
completes the proof.

We are ready for the stability of the index:

THEOREM 4. If A is a semi-prime ring with unity 1, then

(4.1) a Fredholm, b € S4 = index (a + b) = index (a).

Proof. Suppose a € A is Fredholm with generalized inverse o' € A. It
thus follows from (1.2) and (1.3) that

l1-da€S4 and 1-—ad €Sy,

which says that a' is also Fredholm. Thus the index product theorem
gives
index (a) = index (a) + index (a') + index (a),

and hence
index (a') = —index (a).
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We now observe that if b € S4, then Theorem 3 gives
a'(a+b)=(1+d'b)—(1—da)is Weyl

because a'b — (1 — a'a) € S4. Thus index (a'(a + b)) = 0, so that
index (a + b) = —index(a') = index (a).

We conclude with:

COROLLARY 5. Let A be a semi-prime ring with unity 1. If a € A is
Fredholm with generalized inverse ¢’ € A and b € A, then

(5.1) 1+ a'b Fredholm == index(a+b) = index (a) + index (1 + a'd).

Proof. If 1+ a'b is Fredholm, then, by (0.1),
d'(a+b)=1+a'b—(1~-da) is Fredholm.
Thus Theorem 4 gives
index (a’(a + b)) = index (1 + a'b — (1 — a'a)) = index (1 + a'b),
so that

index (a + b) = index (1 + a'b) — index (a') = index (a) + index (1 + a'd).

The proof of the continuity of the index ([1, Theorem 4.1]) is a
rather long technical argument in manipulating idempotents and ideals.
However our corollary 5 gives a simple proof with the assumption that
Sa C A°. Because, if A is a semi-prime Banach algebra and if b € A has
sufficiently small norm, then 1 + a'b is invertible, so that (5.1) says that

index (a + b) = index (a),

which says that the index is continuous function in the open semigroup
of Fredholm elements of A.



N =

The stability of the Fredholm index in a semi-prime ring 585

References

. B. A. Barnes, The Fredholm elements of a ring, Can. J. Math. 21 (1969), 84-95.

. F. F. Bonsall and J. Duncan, Compleie normed algebras, Springer-Verlag, New
York, 1973.

. S. R. Caradus, W. E. Pfaffenberger and B. Yood, Calkin algebras and algebras
of operators on Banach spaces, Dekker, New York, 1974.

. R. E. Harte, ¥redholm, Weyl and Browder Theory, Proc. Roy. Irish Acad. Sect.
A 85 {1985), 151-176.

, Invertibility and singularity for bounded linear operators, Dekker, New

York, 1988.

*Department of Mathematics
Semyung University
Jechon 21-1, Korea

**Department of Mathematics
Sung Kyun Kwan University
Suwon 440-746, Korea





