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The Chevalley-Dickson simple group G,(4) of Lie type G, over the Galois field GF(4) and of order
251596800 = 2!2.3%.52.7.13 has a class of maximal subgroups of the form 24*¢ : (A x 3), where 2**¢ is a special 2-group with
center Z (2**%) = 24 Since 2* is normal in 247 : (A, x 3), the group 2**¢ : (A5 x 3) can be constructed as a nonsplit extension
group of the form G =2% (2°: (As x 3)). Two inertia factor groups, H, = 2° : (As x 3) and H, = 2° : (6 x 2), are obtained if
G acts on 2% In this paper, the author presents a method to compute all projective character tables of H,. These tables
become very useful if one wants to construct the ordinary character table of G by means of Fischer-Clifford theory. The
method presented here is very effective to compute the irreducible projective character tables of a finite soluble group of

manageable size.

1. Introduction

The Chevalley-Dickson simple group G, (4) of Lie type G,
over the Galois field GF(4) and of order 251596800 =
2'2.3352.7.13 has exactly eight conjugacy classes of
maximal subgroups [1]. One of these classes of maximal
subgroups of index 1365 in G, (4) is a 2-local subgroup of
the form 246 : (A, x 3), where 2**° is a special 2-group
with center Z(24+6) 2% Also, it can be mentioned that
246 : (A5 x 3) is a parabolic subgroup of G, (4).

The group 2%%%: (A;x3) is the normalizer
N, 4)((ZA)‘*) [1] of an elementary abelian 2-group (2A) of
order 16 in G, (4), where the generators of (2A)* are 4
commuting involutions found in the class of involutions 2A
of G, (4). Hence, we can construct 2**¢: (A, x 3) as an
extension group of N =2* by G=2°: (A; x3). Using
a permutation representation of degree 416 of 2**° : (A5 x
3) found in [2], we can easily verify with the help of the
computer algebra system GAP [3] that 24%¢ : (A x 3) exists
as a nonsplit extension group G = 2% (2 : (A5 x 3)). In fact,
from the character table of 24*¢ : (A, x 3) uploaded in the
GAP library, we can deduce that 26 is also normal in

246 : (A, x 3). Therefore, with the aid of GAP, it can
be easily shown that the group 2%*°: (A5 x3) is also
isomorphic to a nonsplit extension of the form 2° (2% :
(A5 x3)).

Since N (4 ((2A) ) = G, the action of G = 2° : (A5 x 3)
on N =2* sphts N into two orbits of lengths 1 and 15. By
Brauer’s theorem in [4], G also acts on Irr(N) with two
orbits of lengths 1 and 15 and the corresponding inertia
factor subgroups are of the forms H,=G and
H, =2%: (6x2). If one wants to construct the ordinary
character table of G by the technique of Fischer-Clifford
matrices [5], the irreducible ordinary characters Irr (H,) of
H, and either the ordinary irreducible characters Irr (H,) or
a set of irreducible projective characters IrrProj (H,, a™") of
H, with associated nontrivial factor set a™! are needed.
Readers are referred to [6] on a survey of Fischer-Clifford
theory.

From the uploaded character table in the GAP library,
we found that G has 42 conjugacy classes. Hence, by
Fischer-Clifford theory, |Irr(G)|= |Irr(G)| + |IrrProj(H,,
a )| =42. Therefore, |IrrProj(H,,a™')| =16, where |Irr
(G)l =26. Since |Irr(H,)| =30, certainly a set of
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irreducible projective characters with nontrivial factor set
a’! of H, is required in the construction of Irr(G) via
Fischer-Clifford theory.

Using computations in GAP, the Schur multiplier M
(H,) = 2* of H, is identified as a group isomorphic to the
elementary abelian 2-group 2*. Therefore, the group H, can
have up to 15 sets of distinct irreducible projective characters
IrrProj (H,, a;'), i = 2,3,4,...,16, such that a® ~ 1. In this
paper, the author presents a method (based on the work
done in [7, 8]) to compute all the distinct irreducible pro-
jective character tables of H,. The author will also show how
to choose the appropriate set IrrProj(H,, a™!) for H, if one
wants to construct the set Irr(G) using the technique of
Fischer-Clifford matrices.

A proof is given of a result, which states that the
number of irreducible projective characters |[IrrProj
(G,a™")| of a finite group G associated with some factor set
a”! is always less or equal to the number of the ordinary
irreducible characters |Irr (G)| of G. Based on the above-
mentioned proof, GAP codes are developed to find the
number |IrrProj(H,,a;')| of irreducible projective char-
acters of H, associated with each factor set ;' in a co-
homology class [&;] of M(H,). Interested readers are
referred to [9-13] for definitions on concepts in ordinary
and projective character theory. Computations are carried
out with the aid of the computer algebra systems MAGMA
[14] and GAP [3], and the notation of ATLAS [1] is mostly
used.

2. Preliminary Results on Projective Characters

In this section, a brief overview of relevant projective
character theory pertaining to our study is given. G will
always denote a finite group. Also, a proof of a proposition is
given which states that the number of irreducible projective
characters of a finite group G associated with some factor set
« is always less or equal to the number of the ordinary
irreducible characters of G.

Definition 1. A function a: G x G — C” is called a factor
set of G if a(xy,z)a(x,y)=a(x,yz)a(y,z) for all
x, ¥,z €G.

The set of all equivalence classes of factor sets of G forms
a finite abelian group, called the Schur multiplier, and is
denoted by M (G).

Definition 2. A projective representation of a group G of
degree n over the complex numbers is a map
P:G — GL(n,C), such that

(i) P(1) =1,
(ii) Given x, y € G, there exists a(x, y) € C* such that
P(x)P(y) = a(x, y)P(xy)

The map « is called the factor set associated with P.

Let P be a projective representation of G with factor set
a. Define x(g) = Trace(P(g)) for all g € G. Then, « is
called a projective character of G. We say that « is irre-
ducible if P is, and « has a factor set «, where « is the factor
set of P.

Let IrrProj (G, ) denote the set of irreducible projective
characters of G associated with the factor set a. An element
x € G is said to be a-regular if a(x,g) = a(g,x) for all
g € Cs(x). It is well known that g € G is a-regular if and
only if x(g) #0 for some « € IrrProj (G, «) or equivalently
that g is a-irregular if and only if x(g) =0 for all
«x € IrrProj (G, ). The number of irreducible projective
characters with factor set & equals the number of a-regular
classes of a group G. Projective characters also satisfy the
usual orthogonality relations and have analogues to ordinary
characters.

As we will see later in Section 4, Definition 3 and Remark
1 will play an important role in the computation of the
irreducible projective characters of H,.

Definition 3. A group R is a representation group for G if
there exists a homomorphism 7 from R onto G such that (i)
A =ker(m) = M(G) and (ii) A<Z(R)nR'.

Remark 1. A covering group C for G will normally be
a quotient of R by a subgroup B of A. If A/B has order n, we
sometimes refer to the covering group as a n-fold cover of G.
Projective representations of G are found in the represen-
tation group R for all the equivalence classes of factor sets in
M (G). However, in an n-fold cover C of G, only the n
equivalence classes which C covers will be represented [7].

The following proposition (see [15, 16]) is useful to
determine the number of irreducible projective characters of
a group G associated with a certain factor set a. It tells us also
under which condition [IrrProj (G, a)| is strictly less than
|Irr (G)|. In Section 4, GAP codes (based on Proposition 1)
will be used to compute the number |IrrProj (G, «;')| of all
irreducible projective characters of H, found in a set
IrrProj (G, a; ).

Proposition 1. Let R = M (G). G be a representation group
of a finite group G, where M (G) denotes the Schur multiplier
of G. Then, the number of irreducible characters Irr (R) of R
which lie over a linear character 0 € Irr (M (G)) is less or
equal to |Irr (G)|.

Proof. The number of irreducible characters Irr(R) of R
which lies over a linear character 8 € IrrM (G) is given by
Yyetrr® < Xlam 0>/x(1). It is known that the quantity
ZXGIH(R)X(x)/X(l) >0 for each x € M (G), and it is nonzero
if x is a commutator in R. For any 0 € Irr (M (G)), we have

X(x)@ ) < )LX)
xeM (G) XEIYZI(R) X (1) - xGJ\;(G) XGIIZY(R) X ( 1) (1)
= IM G| g rm o))

where [[g]g/a(g)| is the number of conjugacy classes of
R/M(G) = G. The last equality follows because the
irreducible characters of R with M (G) in their kernels are
precisely those which contain the trivial character on the
restriction to M (G). Hence, (1/[M(G)))Y verr6)2

elrr R)X
DB = e VMG S eoamiot (DB

x)/
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TaBLE 1: Action of G on N and Irr (N).

Action of G on N Action of G on Irr(N)

Number and size of orbits Q; | |(())2 1||:115 ||OOZ 1||::115
Structure of stabilizers P; and H; 1;222266:: ((125:23;) I_II_}::z;:: ((I‘és;;))
Size of stabilizers P; and H; |1|311)|2 |::1;2§0 |I|_II_11|2 |::1;2§0
Number of conjugacy classes [g] of P; and H; Hg};l z ig Hg}z: z gg

x (D)= zXeIrr(R) <xlmy 0>/x(1)<| [g]R/M(G)|: [Irr (G)].

Furthermore, if there is a nonidentity element
x € M (G)~ker(0) which is a commutator in R, then the
inequality becomes strict. O

3. Action of 26 : (A; x 3) on 2* and Irr (2%)

As explained in the introductory section, the split extension
246 : (A5 x 3) can be constructed as a nonsplit extension
group G = 2%(2° : (A; x 3)) of an elementary abelian group
N =2%by G = 2% : (A5 x 3). Since G is the normalizer of N
in G, (4), the action of G on N gives rise to two orbits of
lengths 1 and 15. It follows that the action of G on N will also
result in two orbits of lengths 1 and 15 with corresponding
point stabilizers P, =G and P, =2°: (6 x2). Then, by
Brauer’s theorem [4], G also has two orbits of lengths 1 and
15 on Irr (N) with corresponding inertia factor subgroups
H, =Gand H, = 2°: (6 x 2). See Table 1 for a summary of
the action (which is self-dual) of 2 : (A5 x 3) on 2* and
Irr (2%), respectively.

4. Projective Character Tables of Inertia
Factor H,

In this section, all the sets IrrProj(H,,a;') of irreducible
projective characters of H, with associated factor sets o will be
computed. Appropriate GAP codes will be used to assist in the
computational aspects of determining the sets IrrProj (H,, a; *).
Readers are referred to [7, 8] for a background on the com-
putational techniques being used in this section.

Since the Schur multiplier of M (H,) = 2* is isomorphic to
the elementary abelian group 2* of order 16, we obtain that
M (H,) contains 15 cohomology classes [«;] of order 2 and the
trivial class [1]. Hence, there exist 15 sets of projective char-
acters IrrProj(H,, a;') lying above the nontrivial factor sets
o' € [a;],i=2,3,4,...,16, such that a? ~ 1. Note that the
order |H,| = 28.3 of H, is the product of powers of two primes,
and hence, by the Burnside’s p?q” theorem [17], the group H,
is solvable. Since H, is of relative small order and it is solvable,
the following GAP codes [18] (based on Proposition 1) give the
number of irreducible projective characters of H, contained in
each set IrrProj (H,, o;'):

gap > h:=H,
gap > f:=EpimorphismSchurCover(h)

gap > f:=InverseGeneralMapping(Isomorphism
PcGroup(Source(f))) * f

gap > z:=Kernel(f)
gap > x:=Source(f)
gap > List(Irr(z), lambda — > Number(Irr(x), chi— > not

IsZero(ScalarProduct(RestrictedClassFunction(chi,z),
lambda))))

[30,18,26,14,16,4,16,4, 16,4, 16,4, 16,4, 16,4]

From the output of the above GAP codes, the number of
irreducible projective characters |IrrProj(H,,a;')| of H,
contained in each set IrrProj (H,, a; ') is 30, 26, 18, 16, 16, 16,
16, 16, 16, 14, 4, 4, 4, 4, 4, and 4, respectively. The set
containing the 30 projective characters is associated with the
trivial factor set a;! = 1 of M (G), and hence, they are the
ordinary irreducible characters Irr (H,) of H,. Note in the
above GAP codes that “Source (f)” is the full representation
group R = M (G).H, of H, whereas “Kernel ( f)” denotes the
Schur multiplier M (G).

From Remark 1, the irreducible projective characters of
H, with a given factor set ;' can be computed without
using the full representation group R = M (H,).H, of H,.
Since all the nontrivial factor sets o' of IrrProj (H,, a; ') are
of order two, the aim is to find 15 double covers C; of H,
which contain the desired 15 sets IrrProj (H,, ;') of pro-
jective characters of H,. The nontrivial maximal subgroups
M; of M(H,) are computed within GAP, and we found
there are exactly 15 of them of order 8 and shape 23. The 15
factor groups C; = R/M;, i =2,3,4,...,16, are the double
covers 2; - H, which contain the 15 sets IrrProj(H,, ;') of
desired irreducible projective characters of H, with factor
sets ;' such that o ~ 1. The following GAP code was used
to “restrict” R to H, to obtain the sets IrrProj(H,,a;'),
i=2,3,4,...,16:

gap > t:= CharacterTable(“H,”)

gap > 2t := CharacterTable(“C;”)

gap > F:= GetFusionMap(2t, ¢)

gap > map := ProjectionMap(F)

gap > projchars := List(2f, x — > {xmap})

From the sets IrrProj(H,, «;') which contain 16 irre-

ducible projective characters each, we obtain exactly 3
distinct irreducible projective character tables. Also, the sets

IrrProj (H,, «;') which contain 4 irreducible projective
characters each, give rise to 3 distinct sets of irreducible
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TABLE 2: Projective character table of H, with factor set «;

1

4d  6c¢ 6d 2n 20 4e 4f 6e 6f
12 12 192 32 32

32

32 3b 2j 2k 4a 4b 6a 6b 21 2m  4c
12 192 64 32 12 12 192

2i

2f 2g 2h

2a 2b 2¢ 2d 2e
768 256 256 256 256 256 64 64 64 64

la

(M,

12

12

64

32

12

ICh, (M

X1

-D
-/E

-D

-B 0

-B

-D

0 -D

-B

-B

X2

/A

X3

—-/E

/A

A

—-/E

/A

X4

/E

-B
-B

-B
-B

/A

-B
-B
-B

A /A -B
-B
-B

0
0

Xs
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/A A

0

Xeo

-D -4

-D

0

X7

-D
—-/E

-D

0

-B
B

-B

-1
/A
-A
-/A
-A

Xs

B

B
-B
-B

-A
—/A
-A
-/A

0
0

/E

-E

-B
-B

A /A -B
/1A A -B

0
0

Xo

—/E

0

0

X10

-B
-B

-/E -4 0

E

X1

0

/A

X12

12
12
12

12
Note. A= (-1-+/31)/2; B=-2i; C

X13

X14

Xis5

Xi6

E(12)".

—6i; D=1; E
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TaBLE 3: Projective character table of H, with factor set «;

1

6f

3b 25 2k 4a 4b 6a 6b 21 2m 4c 4d 6¢ 6d 2n 20 4e 4f
32 12 12 192 64 32 12 12 32 32

12

3a

2f 2g 2h

2a 2b  2c¢ 2d 2
768 256 256 256 256 256 64 64 64 64

la

(M,

12

12

192 64

32

32

192 64

12

ICh, (M)

X1
X2
X3
X4

—/A

-A
—/A

-2
-2

-1A =2
-2

-A
—/A

Xs

-A
/A

0

0

/A
-A
—/A

-A
—/A

0

/A

Xeo

-/1A
-A
—-/A
-A

-A
—/A

X7
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/A
-A
-/A

4
-4
-4

0
0

0

2

-A
/A

0

0

/A

Xs

—/A

0

-A
-/A

-2
-2
-2

-2
-2
-2

/A

/A A
A

/A

A

0
0
0

Xo

-A
/A

0

0

0

/A

0

X10

/A

/A

X1

/A

/A

/A

X12

12
12
12

12
Note. A= (-1-~/31)/2.

X13

X14

Xis

Xi6
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TaBLE 4: Projective character table of H, with factor set ;!

6f

6e
12
-C

6b 21 2m 4c 4d 6c 6d 2n 20 4e 4f
12 64 32 12 192 32 32

6a

4b

3b 2 2k 4a
12 192 64

3a

2f 2g 2h 2

2a 2b  2¢ 2d 2e
768 256 256 256 256 256 64 64 64 64

la

(Al

12
-C

64

12

192 32

12

32 32

12

1Cp, (W]

X1

-1 -E -E

—-/1A

-1
-A
—-/A
-A

-C
-/D

-C
-/D D
-D

X2

/D

-D
/D
D

2

D

0

X3

-D
-/D

0
0

E E O
-E -E O

-A
—/A

0
0

0
0

/D

0
0

B
-B

A
/A

/
A

X4
Xs
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C
-C
-/D
/D
-D
0
0
0
0

-/D D
C

-C

D
-/D D
-D

/D

0

0

0

0

0
0
0
0
0
0
0
0
0
0
0

-E
-E
E
-E
-E
E
E
E
E
E
E

-E
-E
E
-E
-E
E
E
F
F
F
F

-A
1
1

/A

A

/A

A
0
0
0
0

-/A

0
0
0
0
0
0
0
0
0
0
0

2
-2
-2

2

2
-2

2
-2
-2
-2
-2
-2

6

6

-D
C
-C
-/D
/D
-D
0
0
0
0

/D
C
-C
D
-/D D

-D

/D
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

-B
B
-B
B
B
-B
-B
0
0
0
0

0o /A A
0 1 1
0 1 1
0o A /A
0 / A
0o A /A
0o /A A
0 0
0 0
0 0
0 0

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
=6i

0
0
0
0
0
0
0
0
0
0
0
E(12)"; E=2i; F

4i; C=i; D=

=(-1-+/3i)/2 B=

Xe
X7
Xs
Xo
X10
X11
X12
X13
X14
X15
Xi6
Note. A
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6 6d n 20 4e 4f 6e o6f
12 12 192 32 32 12 12
0 0 0 0 0 0 0
0 0 0 0 0 0 0

4d

32
0
0

2m  4c
64 2
0
0

1

6b 21
12192
0 0
0 0

2
0
0

2lalee
F|a|ee
= o o

2j
192

0

0

2lalas
S8 <
SN RSIS)
slgleo

TaBLE 5: Projective character table of H, with factor set a;

2g
64
0
0

S|Z|o o
3 § o o
= §3 oo
éj §3 SIS

la 2a 2b
256 256
0 8
0 8

768

[Cph, (M)

[l

X3

24

Note. A=-1-i3.

X4
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TaBLE 6: Projective character table of H, with factor set a;

6c 6d 2n 20 4de 4f 6e o6f

4d

2m  4c

21

4b 6b

2a. 2b  2c 2d 2 2f 2g 2h 21 3a 3b 2j 2k 4a
256 256

la
768

[l

International Journal of Mathematics and Mathematical Sciences

2 2 12
0 0 0
0 0 0
0 0 0
0 0 0

3
0
0
0
0

192
0
0
0
0

2
0
0
0
0

192 64
0 0
0 0
0 0
0 0

2 12
0 0
0 0
0 0
0 0

2
0
0
0
0

192
0
0
0
0

12
2

A

/A
0

64 64
0
0
0
0

64
0
0
0
0

64
0
0
0
0

256
0
0
0
0

256
0
0
0
0

256
8
8
8
-8

ICy, (W]
Note. A=-1-i3.
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6 6d n 20 4e 4f 6e o6f
12 12 192 32 32 12 12
0 0 0 0 0 0 0
0 0 0 0 0 0 0

4d

32
0
0

2m  4c
64 2
0
0

1

6b 21
12192
0 0
0 0

2
0
0

2lalee
F|a|ee
= o o

2j
192

0

0

2lalas
S8 <
SN RSIS)
slgleo

TaBLE 7: Projective character table of H, with factor set a;

2¢e  2f 2g
256 64 64
0 0 0
0 0 0

la 2a 2b 2¢ 2d
256 256 256 256
0 0
0 0

768

[Cph, (M)

[l

X3

24

Note. A=-1-i3.

X4
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TaBLE 8: Projective character table of H, with factor set a;*

1

3. 3b 2j 2k 4a 4b 6a 6b 21 2m 4c 4d 6¢c 6d 2n 20 4e 4f 6e 6f
64 12 12 192 o4 32 12 192 32

2i

2f 2g 2h

2a 2b 2¢ 2d 2e
768 256 256 256

la

[y,

12

12

32

12

32

12 192 32

12

64 64

256 256 64 64

[Ch, (M)

X1

X2

/A

X3

X4
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-B
-B
B
-B
B
B
B
0
0
0

- 2
- -2
- 2
6 -2
6 2
6 2
6 2
- 4
- 4
— 12

1+i3; B=-2i

Xs
Xe
X7
Xs
Xo
X10
X11
X12
X13
X14
Note. A
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4e  4f 6e 6f

3 2 1 2
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 — 0 0

20
64
0
0
0
0
0
0
0
0
0

n
92
0
0
0
0
0
0
0
0
0

Bl cocococoocococoo
3 coocoocoococooco
3 cocooco Ywooo
I | occocococo Two

2m

64
0
0
0
0
0
0
0
0
0

~1

TaBLE 9: Projective character table of H, with factor set «;
21
192
0
0
0
0
0
0
0
0
0

2k 4a 4b 6a 6b

64 32 3 12
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

2j
92
0
0
0
0
0
0
0
0
0

o)
2| anS<tocooococoo
~
o a<xSoocoocoo
S| Taa TV
= Aaaa NN
N |
DN N Taa g
N | [
— N A A N
ST PPV q
0
&|B|anmer ey
N
o
Jlg|acace g
N
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S|B[ammer ey
N
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SHIPS |
0
Sinjacacao P TFT o
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©
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S0 S90S 823

2 2 2 -2 -2

X10

X11

X12

X13

X14

X1s5

-2

-2

-2

Xi6

12
12

Note. A=-1-i3; B

X17

12

Xi8

=—4i.

11
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TaBLE 10: Projective character table of H, with factor set «;

1

6f

6b 21 2m  4c 4d 6d 2n 20 4de 4f
32 192 o4

12

3b 2j 2k 4a 4b
32

12

3a

2f 2g 2h 2

2a 2b 2¢ 2d 2
768 256 256 256 256 256 64 64 64 64

la

Ay,

32 12 12

32

12

12

192 64 32 12 192

12

|Ch, (W)

X1
X2
X3

-1

—/A

-1
-A
/A

X4

1A -2 =2

A
/A
-A

—/A
-A
—/A

0

2

2
2
-2
-2

—/A
-A
—/A
-A

-A
—/A
-A
-/A

-2
-2
-2
-2

-2
-2
-2
-2

A /A
/A A

0
0
0
0

Xs

-A
/A

0

0

0
0

0

0

Xe

2

2

2
-2
-2

—/A
-A
—/A
-A
/A

0
0

-2
-2

/A

A
/A A

X7

/A
-A
—/A

0

0

0

Xs

—/A

-2
-2

Xo

-A
/A

0

0

0

/A

X10
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/A

X1

/A

/A

/A

/A

X12

X13

-B

X14

Xi15
X16
X17

-B
-B

-B
-B

-B

-B

Xi8

X19

-B

-B

X20

-B

-B

X1

X22
X23

-B

-B

X24

12

X2s

12
Note. A= (1++/3i)/2; B

X26

—2i.
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TasLE 12: Fischer—Clifford matrices of G.

TasLE 13: Classes of G.

M(g) M(g)
M(24) =
M(lA)=<ll5 _11> e
M@2B)=(1) M(2C):<i _11>
11 1 1 11 1 1
N e T
1 1 -1-1 11 -1-1
11 1
M(3A):(15 _1> M(3B):< 15 - >
M@3C)= (1) M@BD)=(1)
M (3E) = (1) M(4A) = (1)
M(4B) = (1) M(5A)= (1)
MGB) = (1) 11 1 1
5B) = (1 1-11 -1
MOAY=1 1 1 1
11 -1 -1
11 11 M(6C) = (1)
1-11 -1
MEB)=1 | | 1
11 -1 -1
M(6D) = (1) M(6E)= (1)
M(10A) = (1) M (10B) = (1)
M (154) = (1) M(15B) = (1)
M (15C) = (1) M(15D) = (1)

projective character tables. Hence, we obtain 9 distinct sets
IrrProj (H,, o; ') of irreducible projective characters for H,,
and they are listed in Tables 2-10. The ordinary irreducible
characters Irr (H,) of H, are found in Table 11. Note that the
irreducible projective characters with associated factor set
;! have values of zero on the «;'-irregular classes of G.
Hence, the number of irreducible projective characters
equals the number of «; ! -regular classes of G in each of the
below tables. The above results are summarized in the fol-
lowing theorem:

Theorem 1. The inertia factor subgroup H, of the action of G
on Irr (N) has exactly 9 distinct sets of IrrProj (H,, a; ') with
associated factor sets o' such that of ~ 1.

As mentioned in the introductory section, a set
IrrProj (H,, &;') of 16 irreducible projective characters of
H, with associated factor set ;' is required in the con-
struction of Irr (G), using the technique of Fischer-Clifford
matrices. But a choice is to be made amongst the 3 distinct
projective characters tables of H, which contain 16 irre-
ducible projective characters each. The desired set
IrrProj (H,, «; ') of 16 irreducible projective characters can
be found in the inertia group H, = 2*H, of G on Irr(N).

Since we have a known permutation representation of G,
the group H, is generated within GAP. The normal sub-
groups E; of order 8 of H, are computed. There are three
such groups, E,, E,, and E;, which are elementary abelian.
The 3 quotient groups D; = H,/E; are double covers for H,
with each containing 46 ordinary irreducible characters. 30

l9lc k f [xlg |Cg (x)]
fi=1 1A 184320
14 16 f,=15 24 12288
24 16 F=16 2B 3840
2B 16 fi=16 2C 768
= : 4A 512
2€ 16 7, = 4B 512
F = | 2D 768
f=1 4C 768
2D 4 fo= 4D 768
fi- 4E 768
7 - 2E 256
f,=1 4F 256
2E 4 fi=1 4G 256
fo=1 4H 256
Fi=1 34 2880
34 16 fy=15 6A 192
fi=1 3B 2880
3B 16 F,=15 6B 192
3C 1 fi=1 3C 36
3D 1 fr = 3D 36
3E 1 fi=1 3E 36
4A 4 F = 84 32
4B 4 Fi=4 8B 32
54 1 f = 54 60
5B 1 F = 5B 60
fi=1 6C 48
. 124 48
64 4 £ =1 12B 48
=1 12C 48
Fi=1 6D 48
f=1 12D 48
6B 4 Fo=1 12E 48
fi=1 12F 48
6C 1 F=1 6E 12
6D 1 fr = 6F 12
6E 1 fi=1 6G 12
104 1 Fi=1 104 20
10B 1 fi=1 108 20
154 1 fl = 154 15
15B 1 fl =1 15B 15
15C 1 fi= 15C 15
15D 1 Fi=1 15D 15

characters from each of the sets Irr (D;) are the liftings of the
ordinary irreducible characters of H, to D;, while the
remaining 16 ordinary characters of each D; represent the
set IrrProj (H,, a;"') of irreducible projective characters of
H,, which is of interest to us. Using the above GAP code as
earlier, the desired set IrrProj(H,, ;") of projective char-
acters of H, which is needed in the construction of the
ordinary character table of G using Fischer-Clifford theory
is identified as Table 3.

5. Fischer—Clifford Matrices and Conjugacy
Classes of G

For the readers who are inter_ested in the construction of the
ordinary character table of G = 24 (2% : (A5 x 3)) using the
technique of Fischer-Clifford matrices (see, for example,
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[6, 9, 19-23]), the Fischer—Clifford matrices (Table 12) and
the conjugacy classes (Table 13) of G are supplied. The
conjugacy classes are arranged in a format obtained by the
technique of coset analysis (see, for example, [6, 9, 21, 24]).
The set of irreducible characters of G will be partitioned

into 2 blocks A, = {Xj | 1Sj£26} and A, = {Xj [27<j<
42} corresponding to the inertia factor groups H; and H,,
respectively, where x; € Irr (G).

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Disclosure

The content of this paper was presented as part of the au-
thor’s short communications’ presentation at the 2018 In-
ternational Congress of Mathematicians in Rio de Janeiro,
Brazil.

Conflicts of Interest

The author declares that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

The author would like to thank the financial support from
ConfCom and the Faculty of Applied Sciences at Cape
Peninsula University of Technology. The author is most
grateful to the Lord Jesus Christ.

References

[1] J. H. Conway, R. T. Curtis, S. P. Norton, R. A. Parker, and
R. A. Wilson, Atlas of Finite Groups, Oxford University Press,
Oxford, UK, 1985.

[2] R. A. Wilson, P. Walsh, J. Tripp et al., ATLAS of Finite Group
Representations, Cambridge University Press, Cambridge,
UK, 1998, http://brauer.maths.qmul.ac.uk/Atlas/v3/.

[3] The GAP Group, “GAP-groups, algorithms, and pro-
gramming, version 4.6.3,” 2013, http://www.gap-system.org.

[4] D. Gorenstein, Finite Groups, Harper and Row Publishers,
New York, USA, 1968.

[5] B. Fischer, “Clifford-matrices,” in Progress in Mathematics,
G. O. Michler and C. Ringel, Eds., vol. 95, pp. 1-16, Birkhauser,
Basel, Switzerland, 1991.

[6] A.B. M. Basheer and J. Moori, “A survey on Clifford-Fischer
theory,” London Mathematical Society Lecture Notes Series,
vol. 422, pp. 160-172, Cambridge University Press, Cam-
bridge,UK, 2015.

[7] R.]. Haggarty and J. F. Humphreys, “Projective characters of
finite groups,” Proceedings of the London Mathematical So-
ciety, vol. 36, no. 3, pp. 176-192, 1975.

[8] A. L. Prins, “The character table of an involution centralizer in
the Dempwolff group 2° GLs(2),” Quaestiones Mathematicae,
vol. 39, no. 4, pp. 561-576, 2016.

[9] F. Ali and J. Moori, “The Fischer-Clifford matrices of
a maximal subgroup of Fi,4,” Representation Theory, vol. 7,
pp. 300-321, 2003.

[10] I. M. Isaacs, Character Theory of Finite Groups, Academic
Press, San Diego, CS, USA, 1976.

[11] G. Karpilovsky, “Group representations: introduction to group
representations and characters,”North-HollandMathematics
Studies, vol. 175, North-Holland PublishingCompany,
Amsterdam, Netherlands, 1992.

[12] G. Karpilovsky, Projective Representations of Finite Groups,
Marcel Dekker, New York, USA, 1985.

[13] E. W.Read, “On the centre of a representation group,” Journal
of the London Mathematical Society, vol. 16, no. 2, pp. 43-50,
1977.

[14] W. Bosma and J. J. Canon, Handbook of Magma Functions,
Department of Mathematics, University of Sydney, Camp-
erdown, Australia, 1994.

[15] A. L. Prins, “The number of irreducible projective characters
with associated factor set of any finite group,” 2014, https://
mathoverflow.net/users/49528/a-1-prins.

[16] G.Robinson, “The number of irreducible projective characters
with associated factor set of any finite group,” 2014, https://
mathoverflow.net/users/14450/geoft-robinson.

[17] M. Aschbacher, “Finite group theory,” Cambridge Studiesin
Advanced Mathematics, vol. 10, Cambrigde University Press,
Cambridge, UK, 1986.

[18] J. Schmidt, “Projective characters with corresponding factor
set,” 2017, https://mathoverflow.net/users/3710/jack-schmidt.

[19] F. Ali and J. Moori, “The Fischer-Clifford matrices and
character table of a maximal subgroup of Fi,,,” Algebra
Colloquium, vol. 17, no. 3, pp. 389-414, 2010.

[20] A. Basheer and J. Moori, “Fischer matrices of Dempwolff
group 2°GL(5,2),” International Journal of Group Theory,
vol. 1, no. 4, pp. 43-63, 2012.

[21] J. Moori and Z. E. Mpono, “The Fischer-Clifford matrices of
the group 2%SP4(2),” Quaestiones Mathematicae, vol. 22,
no. 2, pp. 257-298, 1999.

[22] J. Moori and T. T. Seretlo, “On Fischer-Clifford matrices of
a maximal subgroup of the Lyons group Ly,” Bulletin of the
Iranian Mathematical Society, vol. 39, pp. 1037-1052, 2013.

[23] A.L. Prins and R. L. Monaledi, “Fischer-Clifford matrices and
character table of the maximal subgroup of (2%:L5(4)):2 of
Us(2):2,” International Journal of Mathematics and Mathe-
matical Sciences, vol. 2019, Article ID 9382525, 17 pages, 2019.

[24] J. Moori, “On certain groups associated with the smallest
Fischer group,” Journal of the London Mathematical Society,
vol. 2-23, no. 1, pp. 61-67, 1981.


http://brauer.maths.qmul.ac.uk/Atlas/v3/
http://www.gap-system.org
https://mathoverflow.net/users/49528/a-l-prins
https://mathoverflow.net/users/49528/a-l-prins
https://mathoverflow.net/users/14450/geoff-robinson
https://mathoverflow.net/users/14450/geoff-robinson
https://mathoverflow.net/users/3710/jack-schmidt

Advances in Advances in . Journal of The Scientific Journal of
Operations Research Decision Sciences  Applied Mathematics World Journal Probability and Statistics

|nternational
Journal of
Mathematics and
Mathematical
Sciences

Journal of

Optimization

Hindawi

Submit your manuscripts at
www.hindawi.com

International Journal of
Engineering
Mathematics

International Journal of

Analysis

Journal of : Advances in ] Mathematical Problems International Journal of Discrete Dynamics in
Complex Analysis Numerical Analysis in Engineering Differential Equations Nature and Society

International Journa!

of
Stochastic Analysis Mathematics Function Spaces Applied Analysis Mathematical Physics

Journal of Journal of Abstract and ; Advances in



https://www.hindawi.com/journals/jmath/
https://www.hindawi.com/journals/mpe/
https://www.hindawi.com/journals/jam/
https://www.hindawi.com/journals/jps/
https://www.hindawi.com/journals/amp/
https://www.hindawi.com/journals/jca/
https://www.hindawi.com/journals/jopti/
https://www.hindawi.com/journals/ijem/
https://www.hindawi.com/journals/aor/
https://www.hindawi.com/journals/jfs/
https://www.hindawi.com/journals/aaa/
https://www.hindawi.com/journals/ijmms/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ana/
https://www.hindawi.com/journals/ddns/
https://www.hindawi.com/journals/ijde/
https://www.hindawi.com/journals/ads/
https://www.hindawi.com/journals/ijanal/
https://www.hindawi.com/journals/ijsa/
https://www.hindawi.com/
https://www.hindawi.com/

