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ERRATA FOR NUMBER 1

The first three of these errata have been corrected in the second printing.
Pages 47,140,142: The correct Background Reference is:

[Cal] R. W. Carter, Simple Groups of Lie Type, Wiley and Sons, Lon-
don, 1972.
Page 142: The correct Expository Reference is:

[Ca2] R. W. Carter, Finite Groups of Lie Type: Conjugacy Classes and
Complex Characters, Wiley—Interscience, London, 1985.
Pages 100, 102: In Definitions 12.1 and 13.1, the group G(8) should be
removed from the set C3 and placed in Ts.
Page 12, Lines -10 to -9: —ef significance-only-as—part—of-the proof
significant only as part of the proof of
Page 20, Line -9: At the end of Section 5, add the following paragraph:
The p-layer L, (X) can alternatively be defined by L, (X) = OF (E(X
mod O, (X))). Here and elsewhere, if A is a function from groups to groups
such that A(G) < G for every group G, and if N <« G, we write A(G mod N)
to signify the full preimage in G of A(G/N).
Page 33, Line -12: —z—(t=2) x_(—t})
Page 152, Line 14: Add an entry to the glossary: 23 K,

ERRATA FOR NUMBER 2
Page 14, Line 4: —Set X =K/Z(E{(X})~ Set Y = KZ(E(X)) and

Y =Y/Z(E(X)), so that Y:}

Page 15, Line 20: ~{B(Cx(F)) DB <p) (E(Cx(F)[D: F| <)
Page 15 Line 22: < &L
<E (Cx(F ‘ |B: F| < max{p",p} and F € W>

Page 18, Line 20: —#={p}erw#=2- 7' ={plorn' =2
Page 24, Line -10: —first- second
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Page 115, Line 6: —J=SL;{(r™);rodd- J = SL,(r™), n and r odd
Page 117, Line -3: —A<ECpr{uy Ry <Cps(u)

Page 117, Line -2: 1+ R <A<PAPIAY— 1#£#R <PNPINY
Page 122, Line 19: In Definition 21.1 —p~subgroups A-invariant
p’-subgroups

Page 172, Line -17: In Lemma 29.5, a hypothesis needs to be added.
The following is adequate, following the first sentence: Assume that there

is a mapping ¢ : E — D such that ¢(i) > i for all ¢ € E, and whenever
i,j € E with i < j, then ¢(i) < ¢(j).

ERRATA FOR NUMBER 3
Page 18, Line 3: —hg{tf=natna{t=  ha(t) = na(1)"tna(t)
Page 18, Line -3: —hgyteapts  hrya)(t)
Page 36, Line -11: —g{e-K)> ¢(K,0)
Page 37, Line 6: 4297@@%_} 2(?2(3‘”r 2)

Page 43, Line 1: —aomrr—for<i<m— —agmio—iforl <i<m+1
Page 55, Line -11: In the statement of Lemma 2.5.7:

Cram =10 Cauwy @) (K 0) = (o)
Page 57, Line 18: At the end of Definition 2.5.10, add:

(a) (f) Auto(K) = image of C ) (0) in Aut(K).

Page 58, Line -10: MK =Ap{q); Pomrria If K= Ay(q) (m > 1),
Dom+1(q)

Page 65, Line -2: —JCch JCﬁ J;éﬁ

Page 69, Line -1: —every e by —e—g—p  every t"eq, by (—t)"e_q—p
Page 70, Line 14: —@g5q;(t) = 1+t{e;=5+¢€5=i) Tazta;(t) =
L+ t(e—j+ (—1)Me; )

Page 70, Line 15: —z—g{tf=za(t}  z_o(t) = 2o(t)7

Page 70, Line 19: —Wemayidentify- Except for the case D (2), we
may identify

Page 70, Line 26: —egby—e=5—a € by —€_q b

Page 70, Line -11: At the end of this paragraph, add:

In the exceptional case D (2), the group O} (2) is an extension of Es» by
Dg, and the index of its commutator subgroup is 4. We define Q (2) to be

the kernel of the Dickson invariant in this case. Then Q (2) is the direct
product of two root A;(2)-subgroups.

Page 173, Lines 20-21: For G = C3(q), the entries in rows ¢,, and ¢/,
and in column Cg-(L*) of Table 4.5.1 should be {¢ — 1}2 and {q + 1}2,
respectively.

Page 173, Line 22: For G = C),(q), m even, the entry in row t;n/Q and
column Outco (L*) of Table 4.5.1 should be 1.
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Page 176, Line 4: —the-extension-of Outdiag(f )by Fxr— Outdiag(K)T
Page 176, Line 5: Insert before “The image”: Here I' = 'y if K is
untwisted, while if K = 2£(q), then K is the exponent 2 subgroup of ®.//

Page 176, Line 10,23,25,27: —Tx T
Page 181, Line -5: For G = E7(q), the entry in row ¢}, and column C¢(L)
of Table 4.5.2 should be (4,¢ + 1)

Page 211, Line 11: In Table 4.7.3B, the entry in row ¢, (with ¢ = —1)
and column Outc(L) should be 1

Page 237, Line -3: —P=Pr(PAK) Py=Pr(PhNK)
Page 237, Line -2: —P- P

Page 237, Line -1: = : b= Z n;
pmoli i=p°mg, c>0
Page 261, Line -11: —Fi~  Fligg

Page 275, Line 5 of “SMALL REPRESENTATIONS”: —Fg:— Fj
Page 279, Line -7: —L3(25)- L2(25)#2

Page 288, Line -11: —M#  |Oo(M)#|

Page 290, Line 1: —FE(C(24)) E(C(2B))

Page 297, Line -18: —K=Cor- K =Cog

Page 299, Line 16: —Joewer-boundforP-xQgis30- lower bound for a

faithful complex representation of P x (g in which the involution of Z(Qsg)
acts as —1I is 30

Page 302, Line 12:
Page 302, Line 16:
Page 302, Line 19:
Page 304, Line -13:

I-module

Page 304, Line -8:

—E(Cr(z))- E(Ck(za))
—beeunase-  because

—Hls  |Hls
—1-is-a-homogeneotsT-modile— 1/ is a homogeneous

—=€Qy Z(J) <Q

Page 308, Line -17: —B/Z{B}y~22E5(2) B/Z(B) = %Fg(2)

Page 309, Line -6:

Page 309, Line -1
K=J

Page 314, Line 13:
Page 316, Line -2:
Page 316, Line -2:

Page 317, Line 11

Page 317, Line 16:
Page 319, Line 12:
Page 319, Line 13:
Page 319, Line 14:

—HKX- K e€X and K is simple

: —er K =J or K& 2G2(3%), n odd, n > 1, or
—dim(Wr)  dim(WW;)
VetV Foa+Ffp
—Voe  Fua
: ﬁg(mmyfﬁ C2x2)D4(2) (z1)
—1Sps(2)f [Spe(2)]2

—Q)-is-abelian- Q is abelian
Q- Q (twice)
—Q-is—abelian Q is abelian
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Page 319, Line 15: —Q- Q (four times)
Page 329, Line -12: —{r2% 42+ 1}/3-  (r?** +er®+1)/d

Page 332, Line -3: Theorem 6.5.5a misstates the structure of Borel
subgroups of 2G5(32), n > 1. The assertion should be:

(a) Borel subgroups of K, of order ¢3(q — 1). If B = UH is such a Borel
subgroup, with |U| = ¢ and |H| = ¢—1, and if ¢ is the involution of H, then
|Cy(t)| = ¢, and the groups O%(B), Z(U)H and B/Z3(U) are all Frobenius
groups.

Page 333, Line -9: —Zox1Io{¢? 75 x La(q)

Page 338, Line 1: Replace this line by: We proceed in a sequence of
lemmas.

Page 338, Line 10: Replace this line by: We set Y = K1 X, so that
X < Op(Y), and next prove:

Page 345, Line 11: —Fpg o1&y I, (K)

Page 345, Line 12: —Tpgw—1(U)<Tgy=1(K) g, 1 (U) <
F/E *—1(K)
25

Page 345, Line 13: —Fp =) g, (K)

Page 354, Line 14: In the proof of Theorem 7.3.3, we omitted here a
reduction to the case that my,(E) = 2. This reduction is needed to justify
the assertion in line 15 that I' = 'y 1 (K). Thus, the following paragraph
should be inserted before “We set”: We first reduce the proof to the case

my(E) = 2. Indeed, if the theorem holds in that case, then to complete the
proof we must argue that if a noncyclic elementary abelian p-group F acts
faithfully on K in such a way that one of the conclusions of 7.3.3 is satisfied
by each F' € &(FE), then E itself satisfies that same conclusion. This is
accomplished by a few observations in the various cases. In case 7.3.3c,
Out(K) has order 3 by 2.5.12, so ma(Aut(K)) = ma(K) = 3 and the desired
conclusion is obvious. In cases 7.3.3ehijkl, as well as the case K = 2A45(2) of
7.3.3a, it is immediate from 4.10.3 and 2.5.12 that m,(Aut(K)) = 2, with
Out(K) a p'-group in case (e) and my,(K) = 1 in cases (h) and (i). Thus
the desired conclusions hold in these cases as well. In the remaining cases,
it suffices to assume that m,(E) = 3 and derive a contradiction. In cases
7.3.3df, Out(K) is a p’-group by 2.5.12, and 4.10.3ae implies that m,(K) = 3
and that every element of K of order p lies in a conjugate of E. But in these
cases of 7.3.3 it is stipulated that certain conjugacy classes of K of order p
do not meet F, contradiction. In cases 7.3.3bg, we consider the character of
E on the natural K-module, which (since p # r) lifts to a complex character
X. The conditions of cases (b) and (g) force x(z) = —1 for each z € E7.
As (x, 1g) is an integer, x(1) = —1 mod p®. However, x(1) = 5 or 8, with
p = 2 or 3, respectively, a contradiction. Finally, the only remaining case is
that 7.3.3a holds and E acts on K = L (q) like a subgroup E* < GLj;(q),
and the preimage F* in E* of any F' € &(F) satisfies (F*) = Q;(Z(K)).
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But then (E*) = 01(Z(K)), and so Cg+(x) is a maximal subgroup of E*
for all x € E* — Z(E*). Choosing such an element x and using m,(E) = 3,
we find y € E* such that (x,y) is abelian and has a noncyclic image in F,
a final contradiction accomplishing our reduction.

Page 354, Line 22: —p/-subgoup- p’-subgroup

Page 357, Line -8: —itsLiecomponents— its Lie components. (See
also Definitions 4.2.2 and 4.9.3, and Proposition 4.9.4.)

Page 358, Line -2: %@é% 2F4(2%)’
Page 364, Line -15: —Then-  Then if we define I”"Ef *71([%) to be the

subgroup of K generated by all r-elements centralizing some subgroup of E
of index 2, we have

Page 365, Line -16: ﬁ;?’—)&ﬁdﬁtg“—) ty and ty
Page 381, Line -4: —¥;5;-
Page 381, Line -3: —¥; 580 ;; UQ

Page 382, Line 3: —FPp—(K) I'p, . (K)

Page 382, Line 5: —Ay;~ Ag,;

Page 382, Line 8: —then¥;=®;;+- then

Page 382, Line 9: —4=1{®u{="{¥51=1Q51+1| 4 = |0y =
15| + 0]

Page 382, Line 15: —O0XAqg;) 0*(As,,)

Page 383, Line -7:  Add the conclusion (a’) (p, K) = (3,L2(8)) or
(5.%B2(27));

Page 384, Line 1: —provedin{GE1,24—1}- proved in [GL1,24-1, 24-4|
(the latter reference to be applied to X x Z, if m,(K) = 1)

Page 384, Line 21: —eight- nine

Page 384, Line 24: Add the conclusion (a’) I'g (K) = I'py(K) is a
Frobenius group of order p*(p — 1) with Q & Z;

Page 384, Line -13: Add the sentence: If 7.6.1a’ holds, then QQ = Z
and for every g € P — @ of order p, Ck(g) = L2(2) or 232(2%) is p-closed,
so I'p1(K) < Ng(21(Q)), which is a Frobenius group as claimed (see 6.5.1,
6.5.4).

Page 385, Line 1: —SLy(5) =244}~ SLy(5) = 24:(4), (2)?By(22),

Page 385, Line 19: Add the condition: p divides |K]|

Page 387, Line 15: —But- Since p divides |K|, it also divides |Ck (z)],
which embeds in Inndiag(L;) by 4.9.1b. Hence p divides |L1|. But

Page 396, Line -11: —K-locallyk-balanced- K is locally k-balanced

Page 399, Line -15: —irreducibly-on- irreducibly on Q;(P)

Page 402, Line -4: —Theorem78-1- Proposition 7.8.1



ERRATA FOR NUMBER 4

ERRATA FOR NUMBER 5

Page 3, Line -14: In the definition of X(7*, second line
—tAgte=Torqgodd} {Aj(g)e=1orq¢{2,4}}.
Page 11, Line 7: —ifand-enlyif- provided that

The converse is true under the extra assumption x € Z(Q).
Page 11, Line 15: —Theconverse-is-trivial

Page 22, Line 17: —L5(Cr(z))- Ly, (CL(2))

ERRATA FOR NUMBER 6
Page 464, Line 16: —&(P) &(2)

ERRATA FOR NUMBER 7

Page 20, Lines 17 to 19: Replace Lemma 1.5 with the following weaker
lemma, proved in Lemma 2.8 of Chapter 2 of Volume 6.

Lemma. If T is a 2-group and mq(T) > 5, then T is connected and
possesses a normal subgroup isomorphic to Fys.

Note that Lemma 1.5, as printed in Volume 7, is the full strength of
MacWilliams’ theorem, which we do not prove, and which is not one of
our assumed Background Results. As we therefore cannot quote the full
strength, we avoid its use by providing the corrigenda below for pages
91ff. and 338.

Page 91, Line 11: All of Section 8 after the proof of Lemma 8.7 should
be deleted and replaced by the following. In the replacement, references are
made to certain portions of the old material, using the original numbering.

LEMMA 8.14 (Alperin). Let T be a 2-group. Let A be a normal abelian
subgroup of T' mazimal such that A = Q(A). Then A = Qa(Cr(A)).

To prove Alperin’s lemma, we introduce the following terminology. If
T is a p-group, say that T is of class 27 if and only if ®(T) < Z(T).
Obviously, class 27 implies class 2.

LEMMA 8.15. If T is a 2-group of class 2=, then Qo(T) has exponent
dividing 4.
PROOF. Let z,y € T with z* = y* = 1. Then 22,42, [z,y] € Z(T), so

4, 4

(I‘y)4 = ($2y2[$ay])2 =Ty [l‘ay]Z = [932,@/] =1

0

LEMMA 8.16. Let T be a 2-group. Let Q) be a normal subgroup of T
containing an abelian subgroup E = Qo(E) < T. If there is an abelian
subgroup Y = Qo(Y) < Q such that |Y : E| = 2, then there is such a
subgroup which is normal in T .
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PROOF. The proof is by induction on |T| + |Q[. Let Q; = (YT) < T.
Then ¥ < Q1 < Q and if @1 < @, we are done by induction. So assume
that Q = <YT>. We may assume that Y # T, so ) < T. By induction
there is U = Q3(U) < Q with U abelian and |U : E| = 2. Hence U < V,
where V/E = Q1(Z(Cq(E)/E)). In particular Qo(V) > U > E. Notice
that V <« T and V is of class 27. Hence U = Q9(U) < Q9(V) <« T. Choose
any X < T such that £ < X < Qy(V). By the preceding lemma, Q2(V') and
X have exponent dividing 4. The proof is complete. ([

Lemma 8.14 follows immediately from Lemma 8.16, with Q = T'.

LEMMA 8.17. Let T be a 2-group. Then T is connected under either of
the following conditions:

(a) ma(T) > 5; or

(b) T > E = Q1Q2Q3 with [Q;,Q5] =1 for all i # j and Q; = Qg for
ali=1,2,3.

ProoF. By [ITIy; 1.5], (a) is sufficient, so assume that my(7) < 4 and
E exists as in (b). Since T is not of maximal class, there exists U <« T with
U= FEy and U # Cr(U). Let U < A < T with A maximal with respect
to the properties that A is a normal abelian subgroup of 7" and A = Qy(A).
By Alperin’s Lemma 8.14, A = Q3(Cr(A)). In particular, Cg(A) = EN A.
If ma(A) > 2, then T is connected. Hence we may assume that mo(A) = 2,
whence U = ;(A).

If |A| = 8, then a Sylow 2-subgroup of Aut(A) has order at most 8.
Then |E : ENA| < 8 and |EN A] < 8, whence |E| < 25, contrary to
assumption. So, we may assume that |A| = 16, whence A = Z4 x Zj.
Let S € Syla(Aut(A)) and Sy = Cs(U) = Cg(A/U) <« S. Then Sy =
Hom(A/U,U) = E9s and S/Sy = Zs. In particular, S contains no copy of
Qs. Hence, ®(E) < Cg(A) = EN A and Autg(A) is therefore elementary
abelian.

Suppose first that E is extraspecial with |E| = 27. Then Z(E) < A. If
EN A contains a cyclic subgroup B of order 4, then since B<E, |[Autg(A)| <
8. and so A < FE, which is absurd. Therefore FNA<U andso ENA=U
and Autp(A) = 2°. But S is not elementary abelian, a contradiction.

Therefore |®(E)| > 2, whence U < Z(E) and so Autg(A) < Sp. Hence,
|E: ANE| <2* and so |[EN A| > 2% Thus A < E and Autg(A) = Sp.
We may assume without loss that ®(Q2) # ®(Q1) # ®(Q3). Suppose that
E =01 xQ2Q3. Let a € A—U. Since [a, E] = [a, Autg(A)] = U, it follows
that a projects onto an element of @)1 of order 4. Then A/Z(Q2) projects
isomorphically onto @)1, contrary to the fact that A is abelian. Therefore,
E = Q1Q2Q3 with Z(FE) a four-group and every element of £ (Z(FE)) has
the form (z;) = Z(Q;) for a unique i = 1,2,3. Any element of £ — U has
the form x = zix9x3 with z; € ;. The set of indices for which x; & (%)
is uniquely determined and called the support of x. Elements with support
of cardinality 3 are involutions. Therefore A must be generated by two
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elements z,y with support of the same cardinality (1 or 2). But if this
cardinality is 1, A is obviously not self-centralizing. So the cardinality is
2, say overlapping in {1}. Then, since [z,y] = 1, we may assume that
x1 =y € Cg(A) — A, a final contradiction. O

LEMMA 8.18. The following conditions hold:

(a) Ro is the commuting product of r — s quaternion groups;

(b) If r —s > 2, then R is neither cyclic nor of mazimal class; and

(c) If r —s > 3 or ma(R) > 5, then R and all of its overgroups are
connected.

PROOF. As Ry € Syly(My), R; := Ro N M; € Syl,(M;) is a quaternion
group for all ¢ = 1,...7. Then (a) and (b) are obvious, and (c) follows
directly from Lemma 8.17. (]

LEMMA 8.19 (cf. Lemma 8.9). Suppose that there is a four-group D < R
such that the pumpup of I in Cg(d) is trivial for all d € D¥. Then some
2-overgroup of R is not connected and the following conditions hold:

(a) r—s<2ands>2;

(b) I 2 LE(h) or SLa(h) for any h > 3; and

(c) Suppose b ¢ IC(t,I). Then s = 2, 1/Ox(I) = HSping(q) or

SpinE(q) for somen € {6,7,8}, and My Ms/Oq (M1 Ms) = SLa(q1)*
SLo(q2). Moreover Z < R, Z*(M1 M) < Z*(I) and either

mg(Z) = 3 with M3M4 = Mg X M4,

or
M = (M1 * MQ) X (Mg * M4)

PRrROOF. The first three paragraphs of Lemma 8.9 show that some 2-
overgroup of R is not connected, whence by Lemma 8.18, mo(R) < 4 and
r—s<2 Asr >4, (a) holds. If ] = LE(h) or SLy(h), then s = 1, contrary
to (a), proving (b). Finally, suppose that b ¢ IC(t,I). As s > 2, the first
sentence of (c) holds by [IT111;13.9]. Then Z < R. If my(Z) = 3 and M3 M,
has a center of order 2, then mo(M) > mao(MsM,) + 2 = 5, contrary to
the fact that some 2-overgroup of R is not connected. Hence, the second
statement of (c) holds by (8F2). O

LEMMA 8.20 (identical to Lemma 8.10). The following conditions hold:
(a) 1/Oo(I) & 8;

(b) b normalizes I; and
(c) For any involution u € Cr(b), (u,I,) is a trivial or vertical pumpup

of (t,1).
PROOF. The proof is identical to that of Lemma 8.10. O
Now we sharpen our choice of the configuration (b,t,J1,...,J,) satisfy-

ing (8F'). We assume, as we may, that we have chosen our configuration so
that in addition,



(1) |I/O«(1I)] is as large as possible;
(8M)  (2) Subject to (1), |C(t, I)]2 is as large as possible; and
(3) Subject to (1) and (2), t € ZN I, if possible.

Note that (8M3) is realized if and only if |Z*(I)]| is even.

LEMMA 8.21 (cf. Lemma 8.11a). The following conditions hold:
(a) Let z € Io(Z N R). Then I, is a trivial pumpup of I;

(b) s >2; and

() 1/0x(I) € 3§,

PRrROOF. The proof of (a) is identical to that of Lemma 8.11a. Now
suppose that s = 1. Then Z < JyR. Hence, if either mo(Z) > 3 or
ZNJi1 <R, then ma(ZNR) > 2. Then by (a) and Lemma 8.19a, r — s < 2
and so r < 3, a contradiction. Thus we may assume that mo(Z) = 2 and
ZNJi £ R Then J = J; x Jo---J, with ZN Jy---J, = 1. But then
J cannot contain Hy as in (8F2), a final contradiction, proving (b). Since
I/04(I) € G5 U GY by Lemma 8.20a, (c) follows immediately from (b).

O

LEMMA 8.22 (cf. Lemma 8.11b). Fither b € IC(t,I), ort € ZN1I and
Z <R.

PROOF. Suppose that b & IC(t,I). Then by Lemma 8.19¢, Z*(M;Ms) <
Z*(I) and Z < R. By our choice in (8M), t € ZN 1. O

We then modify the proof of Lemma 8.12.

LEMMA 8.23 (cf. Lemma 8.12). If all pumpups of (t,I) are trivial, then
(t,I) is 2-terminal in G.

PROOF. By definition of 2-terminality [Ig, 6.26], it is enough to show
that for any z € Q;(Z(R))#, we have R € Syly(C(z,1,)). By Lemma 8.22,
either t € ZN1Iorbe IC(tI). Let R < R* € Syla(C(z,1;)). Then
R* centralizes R N Z*(1,). In the first case, t € Z*(I,), and so R* = R,
as desired. So we may assume that b € IC(¢,I). Then our choice of R
guarantees that b € RCs(R). But RCg(R) centralizes z € Q1(Z(R)) and
contains a Sylow 2-subgroup of M. Hence, z normalizes M, ..., M, and
then centralizes M /Oy (M) by [IIIy1, 6.3¢]. Thus we have z € Zo(C(¢t,1)) N
Ca(M/O9(M))NCq(b). Then by Lemma 8.6a, (b, 2, I, J1,...,J,) satisfies
(8F), and the desired conclusion follows by the maximal choice in (8M). O

Now choose, as we may by [Ig; 6.10], a 2-terminal long pumpup (t*, I*)
of (t,I). By Lemmas 8.4 and 8.3, ma(C(t*,I*)) = 1. By Lemma 8.21c,
I/04(I) € G, so by [III11;1.2], I*/Oo (I*) € GS. In particular, (t*,1*) €
J2(G). But (z,K) € J3(G). By the definition of this term and by the
pumpup-monotonicity of F [III7, 3.2], [III;1, 12.3e],

F(K) = F(I* /Op (1)) = F(1/ Oy (1),
Thus, by Lemma 8.2ac,
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(8N) F(I/Ox (1)) < (¢°, A) or (¢, BC), according as K/Z(K) = Li(q)
or PSpa(q).

The possible isomorphism types of I/Os (I) are further restricted by an
additional condition. Namely, b is restricted by Lemma 8.22, and M; <<

C5(b).
We can now apply [ITII;1, 12.7, 13.9] to obtain (cf. (8.7)):
(1) s =2; and
(80) (2) One of the following holds:

(a) Z < R, and I/Oy(I) = Sping (q) or O (¢2);
(b) 1/Z*(I) = PSpa(q1) or Ga(a1), 1 > g, or Ly (q).
Note that 1/O9/ (1) 2 Spiny(q), for otherwise, F(K) < F(I/Ox(I)).

LEMMA 8.24 (cf. Lemma 8.13). (t,I) has a nontrivial pumpup in G.

PROOF. As s = 2, we have r — s > 2, and so ma(C(t,I)) > 1. Hence,
(t,I) is not 2-terminal in G by Lemma 8.3, and so Lemma 8.23 yields this
lemma. (]

Now we let Z§(R) be the set of involutions u € R for which I, is a
vertical pumpup of I. We argue that

(8P) Zy(R) # 0.

Suppose the contrary. Using Lemmas 8.20 and 8.19 instead of 8.10 and
8.9, we conclude, as in the four lines following (8L), that R is not connected.
Hence, r — s = 2. Let u € Z3(R) with I, a nontrivial pumpup of I, as
guaranteed by Lemma 8.24, and chosen so that Ry := Cr(u) has maximal
order. Asu ¢ ZY(R), I, is a diagonal pumpup of /. Thus R; has a subgroup
R, of index at most 2 centralizing I,,/Oqo (1,).

Suppose there is a four-group E < Cg({u,b)). Since we are assum-
ing that (8P) fails, (e, I.) is a trivial pumpup of (¢,I) for all e € E* by
Lemma 8.20c. Then (u, ) is a trivial pumpup of (¢,1) by [II1;q, 17.2],
as in the second paragraph in the proof of Lemma 8.9, a contradiction.
Hence, ma(Cr({u,b))) = 1. As Cr(b) > Ry, we certainly have u ¢ Z(R).
Thus Z(R) < Ry with Z(R) N R, = 1, whence R; = Z(R) x R, with
|Z(R)| = 2. As Ry < R, we may choose a € Np(R;) — Ry with a® € R;.
Our maximal choice of w implies that a centralizes no involution w € Z(Ry,),
since otherwise Cr(w) > Ri(a), contrary to the choice of u. Since a leaves
®(R;) = ®(R,) invariant, we conclude that ®(R;) = 1 and so R; is ele-
mentary abelian. Also, a leaves R, N R invariant, whence |R,| = 2 and
|Cr(u)| = 4. But then R is dihedral or semidihedral by [Ig; 10.24], contrary
to Ry < R with r — s = 2, proving (8P).

Finally, we choose u € ZY(R) with |Cr(u)| maximal. Then I/Oo (1) € G$
by Lemma 8.24b. Moreover, (u, I,,) has a 2-terminal long pumpup (v, I1) by
[Ig; 6.10] and then

F(I/Ox (1)) < F(Lu/Oz(1u)) < F(1/O0x () < F(K),
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since (z, K) € J5(G). As s =2 and F(I/O4 (1)) < (¢°, A), we have that one
of the following holds:
(1) I/Z*(I) = PSpa(q1) or Ga(q1) for some q1 > q, L4(q) or Uys(q);
(8Q)  or 1
(2) I/Ox(I) = Q5 (q2),
(

with t € Z(I) in the second case.

Now (u,I,) is a vertical pumpup of (¢,I) and F(1,,/Oo (1)) < F(K).
As t € Z(I), we cannot have (t,1) < (u,I,) with I/Oy(I) = Q;(q%) and
I,/Ox(I,) = Sping(q2). Hence (8Q1) holds. Then by [III;;, 12.6b], the
only possibilities for (I/Oy (1), I,,/O (1)) satisfy

Coaut(1, )0y (1)) I N 1y /TN Oy (1)) = Zs.

Hence if we set R, = Cr(u), then R, = (t) x R, where Ry = C(u, I,,) N R.
Furthermore, by [III;;, 12.6b], the pumpup of I, in Cg(v') is trivial for
all v’ € Zy(Ry), which implies that I,//Oy (L) = I,,/O(I,). By Lemma
8.18b, R is neither cyclic nor of maximal class, so it follows by [IIIy; 1.16]
and the maximal choice of u that v € Z(R). Thus R, = R and |R/R;| = 2.
Hence any involution in a quaternion subgroup of R lies in R;. Hence, in
particular, if z € Zo(R N Ms), then (z,I,) is a nontrivial pumpup of (¢, ).
However this contradicts Lemma 8.21, completing the proof of Proposition
8.1.

Taken together, Propositions 2.3, 2.6, 3.1, 4.1, 6.1, and 8.1 imply Theo-
rem 2.

Page 142, Lines 21 to 23: Delete the last two sentences of the proof of
Lemma 14.27. Replace with the following:

Let X = NAutg(E). Write Auty,(E) = (t,t'), where ¢t and ¢’ are trans-
positions in Aut (E) = X5, and reflections on E. Note that Cg((t,¢')) = D.
By [III;;, 22.6] (see below), with the role of R there played by N, there is
s € Ip(X), also a reflection on E, such that X; := (t,¢,s) is a faithful
extension of Z4 x Z4 by Y3, and t, ¢, and s are Xj-conjugate. As s is a
reflection on E, Dy := Cg(X1) = Cp(s) # 1;let d € Dfé. By all the cases of
Proposition 12.1 ruled out so far, the pumpup L4 of L in Cg(d) is either a
level pumpup of L & SL3(q?), or Lg = Al(q), ¢ = 4™, n = (=1)""!. Hence
by [III;;, 22.7] (see the erratum for page 339 below), Auty,, (E) contains no
copy of Xq. But Xy = (¢X1), with t € Aut(E), so X1 < Aut,(E). This
contradiction completes the proof of the lemma.

Page 338, Lines 8 to 21: Replace these lines with the following:

In particular, X; € Lie(r). Let L = O (Cx,(z)), a central product
of groups in Lie(r). We may assume that L = A;(r¥)* for some k, for
otherwise ma(L) > 1 and we are done. Using [I4; 4.5.1, 4.5.2], and our
assumption that mq(X7) > 3, we are reduced to the following cases for X7,
L, and the conjugacy class of = in the notation of [I4; 4.5.1]: (X, L,x) =

(ASi(Q)uvAl((f)vté)v (BQ(Q)U7B1(Q)7t1 or tll)’ (BQ(Q)U’Al(q2)’t/2)‘
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Page 339, Lines -15 to -1: Delete Lemma 22.5 and replace it with the
following two lemmas:

LEMMA 22.6. Let V = Es1 and X < Aut(V) =2 GL4(5). Suppose that
R = 02(X) is of symplectic type and w(R) > 2. Suppose that H < X with
H = Y5, Lett € H be a transposition which is a reflection in X, and let
t' € t" be such that Wy := (t,t') = X3. Then there exists a reflection s € X
such that (W, s) = DoWy with F*(DoWy) = Do = Zy x Z4 and s € tPoWo,

PROOF. Since w(R) > 2, R (or any extraspecial subgroup of R of width
2) is absolutely irreducible on V', so Cx (R) = Z(R) is cyclic of order dividing
4. Let Hy < H with (t,t') < Hy = 4 and let Hy = (¢tH0R) > (¢, /). Let
v=tt' € I3(H0).

Suppose first that [R,v] = Qs. Therefore H' := [H, H] has a unique
nontrivial module on R/®(R), and it is the natural A5 permutation module,
which is projective. Hence [R, H'] = Qs*Dg and [R, H'] « RH'. Then [R, H']
has exactly 5 Ey2-subgroups, and they are permuted transitively by H’'. As
a result, one of them, say U, is normalized by O%(Hy) and hence centralized
by O2(Hp). Then Ey = UO2(Hy) < [X,X] < SL(V), a contradiction as
ma(SL(V)) = 3.

Therefore [R,v] has width 2. As v € Hy < HyR, [R,v] < H;. If O2(Hy)
were of symplectic type, then [O2(H1),v] would be extraspecial and equal
[R,v]O2(Hyp). But then R = Z(R)[R,v] would centralize O3(Hy), a contra-
diction. Therefore Oy(H;) is not of symplectic type. Hence by P. Hall’s
theorem, there is a noncyclic elementary abelian E char Os(H7), whence
E < Hy. Now Hy > Hy[R,v] so |Hy|a > 28. Since Hj is irreducible on V/, it
is indecomposable on V. Hence by [I11;7, 1.4] H; is monomial on V', and is
writable as Hy = F'Y, where X & Y4 permutes the four subspaces in a frame
J of V naturally, and F is diagonal with respect to . Since |Hi|y > 28, F
has exponent 4. If |Hy|o = 28, then Z(R) N F = Z,, and F/Q(F) = E,.
But this is impossible as the natural permutation module of ¥4 has a unique
minimal submodule and it is a trivial module. Therefore |H{|o > 28, whence
Z(R) = Zy and Z(R) < Hy. Then |R[F,v]/Q(R[F,v])| > 23 so |Hy|y = 2°
andF%Z4><Z4><Z4.

Finally, Fy := [F,v] = Z4 x Zy is Wy-invariant as (v) < Wy. Moreover,
FoWy /1 (Fy) = 3y is generated by the images of ¢, ¢/, and a further Fp-
conjugate s of t. Hence FyWy = (¢,t,s) and the proof is complete. O

LEMMA 22.7. Let L = L3(16™). Suppose that M € K5 N Chev(2) and
either M = L or LTs M. In the latter case assume that ms(M) = 3 and
either ¢(M) = q(L) or M = A}(4"), n = (—=1)"*L. Assume also that
F(M) < (161" A). Let P € €3(M). Then Auty(P) does not contain a
faithful extension of Z4 X Z4 by Xs.

PROOF. If ¢(M) = q(L), then since F(M) < (16" A), M has un-
twisted Lie rank at most 3 or M/Z(M) = L5(16™). Hence Autp/(P) is
a Weyl group of type Ay, Az, C3, or As. It is then clear that Auts(P)
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does not contain a copy of Zy x Zs. Finally, suppose that M = Al(4"),
n = (=1)""1. Again Auty,(P) = W(C3) so the lemma is proved. O

ERRATA FOR NUMBER 8

Page 541, Line 18: Add the sentence: (Here e = 1, and in the unitary
case, “diagonalizable” means with respect to an orthonormal basis.)

Page 541, Line
Page 541, Line
Page 541, Line

Page 312, Line
Page 344, Line

Page 357, Line -1:

19: —SLu{g) SL.(q)

20: —In(q) <X <PGLn(q) Li(q) <

25: —PGLy{q)y/Enlq PGLS(q)/LS(
ERRATA FOR NUMBER 9

-4: Add the condition ¢ ¢ {2, 8}.

S11: K =143y K =L{(3)

Add the sentence: In the final assertion, (b) or (c)

X < PGL;(q)
q)

holds or K is a quotient of QF(3), and the assertion is easily checked.

Page 358, Line
Page 375, Line
Page 436, Line
Page 444, Line
Page 457, Line
Page 505, Line
Page 508, Line
Page 512, Line

21: —andK- and K

-8: —wr=2- r=2

4: —invering- inverting

7: —resuult- result

8: —respeetiive- respective

-6: Add the condition ¢ ¢ {2, 8}.
-10:  —Ea(8); L5(8);-  La(8) or Ls(8).

22: —soX- sozx



