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Abstract: In this paper, we compute the Brauer trees of the symmetric group S,, 23 < n < 24. It gives the decomposition matrices of
spin characters of Sy, 23 < n < 24, modulo p = 17. We conclude that all blocks of defect zero or one and the decomposition numbers
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1 Introduction

The Symmetric group S, has a representation group S, of
order 2(n!) and it has a central subgroup Z = {—1,1}
such that S, /Z = S, then the irreducible representations
or characters of S, fall into two classes [1,2]. The
irreducible representations and characters are indexed by
partitions A of n and the character is denoted by [A]. And
the irreducible spin representations are indexed by
partitions of n with distinct parts which are called bar
partitions of n and denoted by (1), see [1,2].

In fact, if = (A41,42,...,A4,), A = nand if n —m is
even, then there is one irreducible spin character denoted
by (1) which is self-associate, and if n — m is odd, then
there are two associate spin characters denoted by (1)
and (1)'. The decomposition matrix gives the relationship
between the irreducible spin characters and projective
indecomposable spin characters of S,,.

In this paper, we determined the decomposition
matrices of spin characters of S, 23 < n < 24, modulo
p = 17 by using method of (r,7')-inducing (restricting) in
[2] to distribute the spin characters into p-blocks [2,3].
Decomposition matrices for the spin characters of the
symmetric group S,, 17 < n < 22 modulo p = 17 are
found by Yaseen and Tahir [4]. For p = 13, the symmetric
group Sy, 13 < n < 20, the symmetric group S>; and the
symmetric group Sy, see [5,6,7]. For p = 11, the
symmetric group So¢ see [8].

2 Preliminaries
The following general results are useful in determining the
decomposition matrices and modular characters:

1. The degree of spin characters (1), A = (41,42,...,4)
is [1,2]:

_ [('l*m)} n! Ai — )Lj
deg(l) 202 m g ki + )Lj :

& |
i=1""" 1<i<j<m

ey

2. Every spin (modular, projective) character of S, can
be written as a linear combination with non-negative
integer coefficients of the irreducible spin (irreducible
modular, projective indecomposable) characters
respectively [9].

3. Let H be a subgroup of the group G, then [10]:

a. If ¢ is a modular (principle) character of a
subgroup H of G, then ¢ 1+ G is a modular
(principal) character of G, (where 1 denotes
inducing).

b. If y is a modular (principal) character of group G,
then y | H is a modular (principal) character of a
subgroup H, (where | denotes the restricting).

4. Let B be a p-block G of defect one and let b be the
number of p-conjugate characters to the irreducible
ordinary character ) of G, then [11]:

a. There exists a positive integer number N such that
the irreducible ordinary characters lying in the
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block B can be partitioned into two disjoint
classes: By = {x € B | b deg x = N mod p"},
By ={x€B|bdegx=—N mod p“}.

b. Each coefficient of the decomposition matrix of the
block B is 1 or 0.

c. If a; and op are not p-conjugate characters and
belong to the same partition class By or B, above,
then they have no irreducible modular character in
common.

d. For every irreducible ordinary character ) in By,
there exists irreducible ordinary character ¢ in B;
such that they have one irreducible modular
character in common with multiplicity one.

5.Let A and u be bar partitions such that A # p, then
(A) and (u) are in the same p-block if and only if
A(p) = u(p), where p is an odd prime. The
associative irreducible spin characters (1) and (1)
are in the same p-block if A(p) # A, see [2].

6. Let G be a group of order m = mop®, where
(p,mp) = 1. If ¢ is a principal character of H, then
deg c =0 mod p?, see [12].

7. If c is a principal character of G for an odd prime p
and all entries in ¢ are divisible by positive integer ¢,
then ¢/q is a principal character of G, see [9].

8. Let p be odd and n be even, then from [13]:

a. If p{n, then (n) = @(n) and (n)’ = @(n) are
distinct irreducible modular spin characters of
degree 2(=2)/2,

b. If ptnand pf(n—1),then (n—1,1) = @(n—1,1)*
is an irreducible modular spin characters of degree
20=2)/2(p —2).

9.Let o = (04,0p,...,0,) be a bar partition of n, not a
p-bar core, and B be the block containing (), then:

a. If n —m — myg is even, then all irreducible modular
spin characters in B are double.

b. If n —m — my is odd, then all irreducible modular
spin characters in B are associate, (where my is the
number of parts of ¢ divisible by p), see [14]. For
more details, see [15,16].

We shall use the following notations next: Irreducible
modular spin characters (I.M.S), Modular spin characters
(M.S), Principal indecomposable spin character (PI.S),
and Principal spin character (P.S).

3 Decomposition Matrices for the Spin
Characters of the symmetric groups S,
23 < n < 24 for the prime p = 17

In the following sections, we calculate the decomposition
matrices of the spin characters of the symmetric group S,
when 23 < n < 24 for the prime p = 17. In each we find the
irreducible spin characters and (17, a)-regular classes of
Sn, 23 < n <24 when p = 17. All blocks in these sections
are 17-blocks.

3.1 Decomposition Matrix for the Spin
Characters of S>3

The symmetric group Sp3 has 155 irreducible spin
characters and has 149 of (17, o)-regular classes, then
the decomposition matrix of the spin characters for S;s,
p = 17 has 155 rows and 149 columns. By using
Preliminary 5, there are 106 blocks of S>3 four of them
B1,By,B3,Bs of defect 1. All the 102 remaining
characters form their own blocks Bs, B, ..., Bge of defect
zero [10]. In the principal block By, all I.M.S. of the
decomposition matrix are double (Preliminary 9) and
(B) # (B). The principal block B; contains the
irreducible spin characters:
{(23),(17,6),(17,6)",(16,6,1)*,(15,6,2)*,(14,6,3)*,
(13,6,4)*,(12,6,5)*,(10,7,6)*,(9,8,6)*} with 17-bar
core (6).

In the block B,, all I.M.S. of the decomposition matrix
are associate (Preliminary 9) and () # (B)’.

The block B, contains the irreducible spin characters:
{(22,1),(22,1)',(18,5),(18,5)',(17,5,1)",(15,5,2,1),
(15,5,2,1),(14,5,3,1),(14,5,3,1)',(13,5,4, 1),
(13,5,4,1),(11,6,5,1),(11,6,5,1)',(10,7,5, 1),
(10,7,5,1)',(9,8,5,1),(9,8,5,1)'} has 17-bar core (5,1).
In the block Bj3, all I.M.S. of the decomposition matrix
are associate (Preliminary 9) and () # (B)’. The block
B3 contains the irreducible spin characters:
{(21,2),(21,2),(19,4),(19,4) (17,4,2)*,(16,4,2,1),
<1654525 1>l7 <14747372>7 <14747372>,’ <12555452>5
<12555452>l7 <11767472>7 <11767472>,’ <10575452>5
(10,7,4,2),(9,8,4,2),(9,8,4,2)'} has 17-bar core (4,2).
In the block By, all I.M.S. of the decomposition matrix
are associate (Preliminary 9) and () # (B)’. The block
B4 contains the irreducible spin characters:
{(20,2,1)%,(19,3,1)*,(18,3,2)*,(17,3,2,1),(17,3,2,1)/,
(13,4,3,2,1)*,(12,5,3,2,1)*,(11,6,3,2,1)*,
(10,7,3,2,1)*,(9,8,3,2,1)*} has 17-bar core (3,2,1).

Proposition 3.1.The Brauer tree for the principal block B
is:

(23°)—(17,6) = (17,6)'—(16,6, 1* —(15,6,2)* —(14,6,3)—(13,6,2) " —
(12,6,5)"—(10,7,6)*—(9,8,6)"

Proof.

deg {(23%),(16,6,1)*,(14,6,3)*,(12,6,5)*,(9,8,6)*,} =
8 mod17,

deg {(17,6)=(17,6),(15,6,2)* (13,6,4)*,(10,7,6)*, } =
—8 mod17. (Preliminary 4)

By using (r,7)-inducing of Pi.s of Sy [see Appendix
D»; 17 in Table 5] to S»3, we have:

G 1(6,12)823 = (23)" +(17,6) + (17,6)' = d;.

G31(6,12)823 = (17,6) + (17,6)' + (17,6)* = d».

Gs 1 (6,12)823 = (16,6,1)" 4 (15,6,2)* = d.
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G717 (6,12)823 = (15,6,2)* + (14,6,3)* = d4

G9 T (67 12)S23 = <145653>* + <137674>* =

Gi1 1(6,12)8»3 = (13,6,4)" + (12,6,5)* = dg

Gi3 1 (6,12)S3 = (12,6,5)" + (10,7,6)* = dy

G151 (6,12)823 = (10,7,6)" +(9,8,6)" = dg

So, we have the Brauer tree for B and the decomposition
matrix for this block D§13)‘17 in Table 1

Table 1: D))
The spin |The decomposition
characters|matrix for the block B
(23)* 1
(17,6) |1 |1
(17,6)" |11
(16,6,1)* |1 |1
(15,6,2)* 111
(14,6,3)* 1|1
( )
( )
(
(

13,6,4)" 11
12,6,5)" 11
10,7,6)" 11
9.8,6)" 1
d|da|d3|d|ds |de |7 |dg

Proposition 3.2. The Brauer tree for the block B, is:
(22,1)—(18,5)  (15,5,2,1)—(14,5,3,1)—(13,5,4,1)—(11,6,6,1)—

NS —(10,7,5,1)—(9,8,5,1)

(17,5, 1)*

/N
(22,1Y__(18,5)  (15,5,2,1)_(14,5,3,1)_(13,5,4,1) _(11,6,6,1)'
) —(10,7,5,1)_(9,8,5,1)/
Proof.
deg{(22,1),(22,1),(17,5,1)*,(14,5,3,1),(14,5,3,1)
(11,6,5,1)(11,6,5,1),(9,8,5,1),(9,8,5,1) } =1 mod17
deg{(18,5),(18,5),(15,5,2,1)+(15,5,2,1)’,(13,5,4,1)
(13,5,4,1)'(10, ,5,1>’,<1 ,7,5,1)}=1 mod17

(Preliminary 4).
By using (1,0)-inducing of P.L.S of Sy, [see Appendix
Délz)” in Table 10] to S»3, we have:

G1 1 (1,0)823 = (22,1)+(18,5)+(18,5)'+(17,5,1)" = K,

G>1(1,0)823 = (22,1)'4-(18,5)+(18,5)'4+(17,5,1)* =
G3 1 (1,0)823 = (18,5)+(18,5) +2(17,5,1)* =
Gs 1 (1,0)823 = (17,5,1)*+(15,5,2,1) = dy3
Go 1 (1,0)823 = (17,5,1)*+(15,5,2,1) = dy4
G771 (1,0)823 = (15,5,2,1)+(14,5,3,1) = d5s
Gs 1 (1,0)823 = (15,5,2,1)'4+(14,5,3,1) =ds
Go 1 (1,0)823 = (14,5,3,1)4(13,5,4,1) = dy7

Gio 1 (1,0)823 = (14,5,3,1)4-(13,5,4,1)' = d3
G111 (1,0)823 = (13,5,4,1)+(11,6,5,1) = dy9
G121 (1,0)823 = (13,5,4,1)+(11,6,5,1) = dg
G131 (1,0)833 = (11,6,5,1)+(10,7,5,1) = do;
G141 (1,0)823 = (11,6,5,1)+ (10,7,51>’:d22
Gis5 1 (1,0)Sp3 = (10,7,5,1)+(9,8,5,1) =

Gis 1 (1,0)823 = (10,7,5,1)+(9,8,5,1)’ =d24

(18,5,1) | (1,0)S»3 = (18,5)4+(17,5,1)* = d;; since
(18,5, >1msmS24
(18,5,1) | (1,0)824=(18,5)+(17,5,1)* = dy, since
(18,5,1) i.m.s in S»4 Then Kj split to dy; and d.

Since Ay (5,13)S3=(21,1)*+(18,4)1(5, 13)S13
=(22,1)+(22,1)'+(18,5)+(18,5)’

=K;,=K;+K, — dy1 — dj» and <22,1> 75 <22,1>/ and
(18,5) # (18,5) on (17a)-regular classes then
—dip=dy, Ky —dy1 =do
So, we have the Brauer tree for B, and the
decomposition matrix for the block Dg)ﬂ in Table 2.

Table 2: D2

The decomposition matrix for the block B,

The spin
characters
(22,1) 1

10751) I 1

do|do|d11|d12|d13|d14|d15|d16|d17|d18|d19|d20|da1 |d2a|d23 |d24

Proposition 3.3. The Brauer tree for the block Bj is:
(21,2)—(19,4)  (16,4,2,1)—(14,4,3,2)_(12,5,4,2)_(11,6,4,2)_
NS —(10,7,4,2)__(9,8,4,2)
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(21,2)_(19,4)  (16,4,2,1)'_(14,4,3,2)/__(12,5,4,2)'__(11,6,4,2)' _

_(10,7,4,2)'_(9,8,4,2)'

Proof.
deg((21,2),(21,2),(17,4,2)"+
(11,6,4,2)(11,6,4,2),(9,8,4,2
deg((19.4, 19,47, 1
<12,5,4,2> < 0 3 2
(Preliminary 4).

By using (2,16)-inducing of P.I.S of Sy [see Appendix

D}, in Table 11] to Sy3, we have:

7 T (2,16)803 = (21,2)+(21,2)'+(19,4)/+(19,4)’

= K = dys +dog

hy 1 (2,16)823 = (19,4)+(19,4) +2(17,4,2)*

= Ky = dy7 +dog

hy 1 (2 16)523 = <17,4,2>*+<16,4,2, 1>+2<16,4,2,1>'
=K;3 =dx+dx

h4T (2 ]6)S23 - <16a4525 1>+<16a4525 1>/+<14a4a352>+
<14545352> K4*d31 +d32

hsT( 16)523 = <14 4,3,2) <14,4,3,2>/+<12,5,4,2>+
<12555 52>/ KS d33+d34

he T ( ,16)523 = <12,5,4,2>+<12,5,4,2>'+<11,6,4,2>+
<11565452>/ K6 :d35+d36

h7 1 (2,16)523 <11 6,4 2> <11,6,4,2>'+<10,7,4,2>+
<10,7,4,2>' K7—d37+d38

hgT(2,16)SZ < 0,7,4 2) <10,7,4,2>/—|—<9,8,4,2)+
(9,8,4,2)' = Kg :d39+d4o

Since  (21,2) # (21,2),  (19,4) # (19,4,
(16,4,2,1) # (16,4,2,1), (14,4,32) # (14,4,3,2,
<12,5,4,2> # < 2 5 >/ <11’6,4,2> # <11,6,4,2>/’
(10,74,2) # (10,7,4,2)/, (9,8,4,2) # (9,8,4,2) on

(17, a)-regular classes then K;,K>,K3,K4,Ks5,Kg,K7,Kg
are split respectively. So, we have the Brauer tree for B3

and the decomposition matrix for the block Dg)‘n in
Table 3. '

Proposition 3.4. The Brauer tree for the block By is:

(20,2,1)*_(19,3,1)*__(18,3,2)_(17,3,2,1)=

(17,3,2,1Y _(13,4,3,2,1)*_

(12,5,3,2,1)*_(11,6,3,2,1)* _(10,7,3,2,1)*_(9,8,3,2, 1)*
Proof.

deg {(20,2,1)*,(18,3,2),(13,4,3,2, 1Y/, (11,6,3,2,1)*,
(9,8,3,2,1)*} =8 mod17.

deg {(19,31)",((17,3,2,1)+(17,3,2,1)"),(12,5,3,2, 1)",
(10,7,3,2,1)*} = —8 mod17. (Preliminary 4)

We apply (r,7)-inducing of P.LS of Sy to S»3, [see
Appendix Dg) 17 in Table 12], we have:
H1T(0,])523:<20,2,1>*+<]9,3,1>*:d41
HZT(071)523:<195351*>+2<187372>+<17535251>/:K

Hy1(0,1)S23=2(18,3,2)42(17,3,2, 1)+2(17,3,2, 1) =2du3
H4T (071)523:<17535251>*+<1354535251> d44

H5T (071)523:<1354535251>*+<12555352 1> d45
H6T(0,])523:<12,5,3,2,1>*+<11 6,3,2 1>* dag

Hy 1(0,1)S05=(11.6.3,2, 1*+(10,7.3.2. 1" =ds7

Hg 1 (0,1)823=(10,7,3,2,1)*+(9,8,3,2,1)*=dug

Since (19,3,2)" | (2,16)Ss = (19,3, 1)*4(18,3,2)* =

Table 3: D12

The decomposition matrix for the block B3

The spin

characters

(21,2)
21,2 1
19,4) 1 1
19,4) 1 1

ds|das|da7|das |dao|d30|d31 |d32|d33|d34|d3s|d36 |d37|d38 |d39 |dao

dyp = K1 —dys3 and (19,3,2)* i.m.s in Sp4. So, we have
the Brauer tree for B4, and the decomposition matrix for

this block DS}, ; in Table (4).

Table 4: DY)

The spin The decomposition matrix

characters for the block By

(20,2,1)* 1

(19,3,1)* 1|1

(18,3,2)* 1|1

(17,3,2,1) 1|1

(17,3,2,1) 11

(13,4,3,2,1)* 1)

(12,4,3,2,1)* 1)

(11,6,3,2,1)* 1)

(10,7,3,2,1)* 1)

9,8,3,2,1)* 1
dy1|dap|dys|dag|dys|das|daz|dag

(3.2) Decomposition Matrix for the spin Characters of

Sa4

The Symmetric group S»4 has 183 irreducible spin
characters and 175 of (17, a)-regular classes, then the
decomposition matrix of the spin characters for Sp4, p=17
has 183 rows and 175 columns. By using (Preliminary 5),
there are 124 blocks of Sy4 five of them By, B;,B3,B4,Bs5
of defect 1. All the 119 remaining characters form their
own blocks Bg,---,Bjp4 of defect zero [James and
kerber,1981] [10]. In the block B; all im.s. of the
decomposition matrix are double (Preliminary 9) and
<B>#E< B>

The block By contains the irreducible spin characters
{<23,1>%,<18,6>%,<17,6,1 >,< 17,6,1>'
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<15,6,2,1>",<14,6,3,1 >*, < 13,6,4,1 >*,
< 12,6,4,1 >*,< 10,7,6,1 >*,< 9,8,6,1 >*} with 17-
bar core < 6,1 >

In the block By of the i.m.s of the decomposition
matrix are double (Preliminary 9) and < 8 >#< f >'.

The block B, contains the irreducible spin characters
{<22,2>%<19,5>* <17,5,2>,<17,5,2>'
<16,5,2,1>% < 14,5,3,2 >% < 13,5,4,2 >*,
< 11,6,5,2 >*,< 10,7,5,2 >*,< 9,8,5,2 >*} with 17-
bar core < 5,2 >

In the block B3 of the i.m.s of the decomposition
matrix are double (Preliminary 9) and < 8 >#< f >'.

The block B3 contains the irreducible spin characters
{<21,3>%,<20,4>%<17,4,3>,<17,4,3>'
<16,4,3,1>",< 154,32 >% < 12,5,4,3 >*,
<11,6,4,3 >* < 10,7,4,3 >*,< 9,8,4,3 >*} with 17-
bar core < 4,3 >

In the block B4 of the i.m.s of the decomposition
matrix are double (Preliminary 9) and < 8 >#< f >'.

The block B4 contains the irreducible spin characters
{<21,2,1>,<21,2,1>",<19,4,1>,<19,4,1 >,
<18,4,2>.<18,4,2>" < 17,4,2,1 >*,
<14,4,3,2,1>,<14,4,3.21>' <12,54,2,1 >,
<12,5,4,2,1>',<11,6,4,2,1>,<11,6,4,2,1 >/,
<10,7,4,2,1>,<10,7,4,2,1>',<9,8,4,2,1 >,
<9,8,4,2,1 >} with 17-bar core < 4,2,1 >.

In the principal block B3 of the im.s of the
decomposition matrix are double (Preliminary 9) and
<B>#E<B>'.

The block Bs contains the irreducible spin characters
{<24>% <24 > <17,7>%,<16,7,1 >,< 16,7,1>'
<15,7,2>,<15,7,2>',<13,7,4>,<13,7,4 >,
<12,7,5>,<12,7,5>" < 11,7,6 >,< 11,7,6 >/,
<9,8,7>,<9,8,7>'} with 17-bar core <7 >
Proposition 3.5. The Brauer tree for the block B is:
(23,1)*_(18,6)*_(17,6,1) = (17,6,1)'_(15,6,2,1)* _
(14,6,3,1)*_(13,6,4,1)*_(12,6,5,1)*_(10,7,6,1)*_
9,8,6,1)*

Proof.

deg {(23,1)*,(17,6,1)=(17,6,1)',(12,6,5,1)*,(9,8,6,1)"
(8,6,5,3)*} =6 mod17.

deg {(18,6)*,(15,6,2,1)*,(13,6,4,1)*,(10,7,6,1)*} =
—6 mod17. (Preliminary 4)

By using (r,7)-inducing of P.L.S of S,3 to S»4, we have:
do 1 (6,12)824 = Dy
di1 1(6,12)824 = Ds

d3 1 (6,12)S51 = Ds
dy 1 (6,12)824 =Dy
ds 1 (6,12)S24 = Ds
de 1 (6,12)S2 = Dg
d7 71 (6,12)S24 = D7

ds 1(6,12)S24 = Dg

So, we have the Brauer tree for B and the decomposition
matrix for this block Dg&n in Table 5

Proposition 3.6.The Brauer tree for the block Bj is:
(22,2)*_(19,5)*_(17,5,2) = (17,5,2)' _(16,5,2,1)* _

Table 5: D)),
The spin The decomposition matrix
characters | for the block B
(23,1)* 1
(18,6)* 1|1
(17,6,1) 1|1
(17,6,1) 1|1
(15,6,2,1)* 1|1
(14,6,3,1)* 1|1
(13,6,4,1)* 1|1
(12,6,4,1)* 1|1
(10,7,6,1)* 11
(9,8,6,1)* 1
D1|D2|D3|Da|Ds|Dg|D7Ds

(14,5,3,2)*_(13,5,4,2)*_(11,6,5,2)*_(10,7,5,2)* _
(9,8,5,2)*

Proof.
deg{(22,2)*,(17,5,2)=(17,5,2)",(14,5,3,2)*,(11,6,5,2)"
(9,8,5,2)*} = 4 mod17.

deg {(19,5)*,(16,5,2,1)*,(13,5,4,2)*,(10,7,5,2)*} =
—4 mod17. (Preliminary 4)

By using (r,7')-inducing of P.I.S of S3 to S»4, we have:
do 1 (6,12)S24 = Dy

di1 1(6,12)S24 = Dy

di3 71 (6,12)824 = Dy

di5 71 (6,12)S24 = D1

di71(6,12)S24 = Dy3

dig 1 (6,12)S24 = D14

dy1 1 (6,12)824 = D5

dr3 1 (6,12)824 = D16

So, we have the Brauer tree for B, and the decomposition
matrix for this block Dg&n in Table 6

Table 6: D2

The spin The decomposition matrix

characters for the block By

(22,2)* 1

(19,5)* 1|1

(17,5,2) 1 |1

(17,5,2) 1 |1

(16,5,2,1)* 1 |1

(14,5,3,2)* 1 |1

(13,5,4,2)* 1 11

(11,6,5,2)* 1 |1

(10,7,5,2)* 1 |1

(9,8,5,2)* 1
Dy|D10|D11|D12|D13|D14|D15|D16

Proposition 3.7.The Brauer tree for the block B3 is:
(21,3)*_(20,4)*_(17,4,3) = (17,4,3)' _(16,4,3,1)*_
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(15,4,3,2)*_
(9,8,4,3)*
Proof.

(12,5,4,3)*_(11,6,4,3)*_(10,7,4,3)*_

deg{<2]73>*’ <17’4’3>:<175453>/a <1554a352>*7<]]767473>*

(9,8,4,3)*} = 6 mod17.
deg {(20,4)",(16,4,3,1)"
—6 mod17. (Preliminary 4)

,(12,5,4,3)7,(10,7,4,3)"} =

By using (r,7')-inducing of P1.S of S53 to Sp4, we have:

dys 1 (6,12)S24 = Dy7
dy7 1 (6,12)824 = D3
dyg 1 (6,12)S24 = D9
d31 1 (6,12)824 = Dy
d33 1 (6,12)824 = Dy
d3s 1 (6,12)S24 = D2y
d371(6,12)824 = D3

d39 1 (6,12)S24 = Doy
So, we have the Brauer tree for B3 and the decomposition

matrix for this block DY | in Table 7

Table 7: D),

The spin The decomposition matrix

characters for the block B3

213" |1

20,4% |1 |1

(17,4,3) T 1

(17,4,3Y T 1

(16,4,3,1)" T |1

(15,4,3,2)" T

(12,5,4,3) T 1

(11,6,4,3)" T 1

(10,7,4,3)* 1|1

(9,8,4,3)* 1
Dy7|D18|D19|D20|D21|D22|D23|D24

Proposition 3.8. The Brauer tree for the block By is:

(21,2,1)(19,4,1)__(18,4,2)  (14,4,3,2,1)_(12,5,4,2,1)_(11,6,4,2.1)
—{10,7,4,2,1)—_(9,8,4,2, 1
% (10, )—( )
(17,4,2,1)*
/N
(21,2,1Y_(19,4,1y__(18,4,2)  (14,4,3.2,1)_(12,5,4,2,1)_(11,6,4,2,1Y’
. _(10,7,4,2,1_(9,8,4,2,1)'
Proof.

deg{(19,4,1),(19,4,1Y, (17,4,2,1)*+(12,5,4,2,1),
(12,5,4,2,1),(10,7,4,2,1)(10,7,4,2,1)}=6 mod17.
deg{(21,21),(21,21Y,(18,4,2),(18,4,2), (14,4,3,2,1),
(14,4,3,2,1),(11,6,4,2,1)}= — 6 mod17 (Preliminary

4).

d31 1 (0,1)S24 = D3,

di 1 (0,1)824 = D3

d331(0,1)824 = D33

d341(0,1)S24 = D34

dss 1 (0,1)S24 = D35

d36 1 (0,1)S24 = D36

d371(0,1)S24 = D37

d3g 1 (0,1)S24 = Ds3g

d39 1 (0,1)S24 = D39

dso 1 (0,1)S24 = Dy

(18,4,2,1) | S24 = (18,4,2)+,(17,4,2,1)* = Dso, since
(18,4,2,1) i.m.s in Sps

(18,4,2,1) | Sou = (18,4,2)/+, (17,4,2,1)* = Do, since

(18,4,2,1) i.m.s in S5

Then K5 split to Dag and D3.

Since (19,4,1) # (19,4,1)" and (18,4,2) # (18,4,2)" on
(17, o)-regular classes then K; split to Dy7 and Dyg

So, we have the Brauer tree for B4 and the decomposition

matrix for the block ngt)‘n in Table 8.

Table 8: DS,

The decomposition matrix for the block By

The spin
characters
(21 2, 1) 1

{
(
{
{
(
(
<144321
(14,4,3,2,1) 1]
(12,5,4,2,1
(
{
(
(
(
(
(

)
)
)
12,5,4,2,1) 1
11,6,4,2,1) L
)
)
)

11,6,4,2,1) 1 1
10,7,4,2,1
10,7,4,2,1) 1 1
9,8,4,2,1) 1
98421> 1
D>5|D26|D27|D2s |D29|D30|D31|D32|D33 | D34 | D3s | D36 |D37|D3s | D3o | Dao

By using (r,#')-inducing of P.1.S of S»3 to S4, we have:
das 1 (0, 1)524 = D»s

das 1 (0,1)S24 = Do

dy71(0,1)824 = Kl D77+ Dag

dr9 1 (0,1)S24 = K» = Dy9 + D3g
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Proposition 3.9. The Brauer tree for the block Bs is:
24y (16,7,1)—(15,7,2)—(14,7,3)—(13,7,4)—(12,7,5)—(11,7,6)—
N /S
(17,7)*
/N

4y (16,7,1)—

(9,8,7)

(15,7,2) _(14,7,3) __(13,7,4Y _(12,7,5) __(11,7,6)' —
Proof.

deg{(24),(24),(16,7,1),(16, , 1),(14,7,3),(14,7,3)
(12,7,5), (12,7,5>’,< ,8,7)(9,8,7) }=8 mod17.
deg{(24),(17,7Y,{(15,7,2),(15,7,2)’,(13,7,4),(13,7,4)’
(11,7,6),{(11,7,6)' }= — 8 mod17. (Preliminary 4).

By using (r,7)-inducing of P.I.S of S3 to S»4, we have:

di 1 (7,11)S24 = K1 = D41 + Dy
dy 1 (7,11)824 = Ky = Dy3 + Dyy
d3 1 (7,11)824 = K3 = Dys + Das
dy 1 (7,11)S24 = K4y = Dy7 + Dag
ds 1 (7,11)S24 = K5 = D49 + D5
de 1 (7,11)S24 = K¢ = Ds1 + Ds
d7 1 (7,11)S24 = K7 = D53+ Ds4
dg 1 (7,11)824 = Kg = Dss5 + Ds

Since (24) # (24) are distinct irreducible modular spin
characters Property (8) and (17,7)* contains (24),(24)’
with the same multiplicity [12] then K split D4y, Dys.

(16,7) 1 (1,082 = (17,7)"+(16,7,1) = Dy3 since

(16,6) i.m.s in Sp3 and

<16 7> (1 0)S2 = <17,7>*+<16,7,]>' = Dy since
(16,6)" i.m.s in Sy3

Also, we have (15,7,2) # (15,7,2)',
(147,3)  #  (473)(13,7.4) # (13,74,
(12,7,5)  # (2,7.5).(11,7.6) # (117,6).

(9,8,7) # (9,8,7) on (17,c)-regular classes then
K3,K4,K5,K6,K7,K3 are split respectively.
So, we have the Brauer tree for B5 and the decomposition

matrix for the block Déi)” in Table 9.

Discussion and Conclusion

In this work, motivated by previous results given in the
papers [2,4,6,12,16], we conclude that all blocks of
defect one and the decomposition numbers are zero or
one. Also we compute the Brauer trees of the symmetric
group S, 23 < n < 24 modulo P = 17. Finally, all the
17-decomposition matrices of spin characters of
Sn, 23 < n < 24, are found. The new results are very
useful to find the decomposition matrices for the spin
characters of large n > 24, which is equivalent to find
irreducible modular spin characters of the symmetric
group by using (r,7')-inducing(restricting) method.
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Table 9: DY),

The decomposition matrix for the block Bs

The spin
characters

iy
)
~
e
*

—

—

Dy |Da2|Da3({Das|Das|Das |Da7{Dag | Dag|Dso|Dsy1 |Ds2|Ds3 |Dsa [Dss | Dse
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Appendix

The decomposition matrix for the spin characters of the
symmetric group S;, p=17.

Table 10: DY

The spin The decomposition matrix for the block B
characters
(22) 1
(22) 1
(17,5)* |1 (1|1 |1
(16,5,1) 1 1
(16,5,1) 1 1
(15,5,2) 1 1
(15,5,2)’ 1 1
(14,5,3) 1 1
(14,5,3)' 1 1
(13,5,4) 1 1
(13,5,4)’ 1 1
(11,6,5) 1 1
(11,6,5) 1 1
(10,7,5) 1 1
(10,7,5) 1 1
9,8,5) 1
(9,8,5)’ 1
G1|G2|G3|G4|G5|Ge|G7|Gs|Go|G10|G11|G12|G13|G14|Gi5|Ge
Table 11: DY} |,
The spin  |The decomposition matrix
characters |for the block By
(21, 1)* 1
(18,4)* 1|1
(17,4,1) 1|1
(17,4,1) 1|1
(15,4,2,1)* 111
(14,4,3,1)* 1|1
(12,5,4,1)* 1|1
(11,6,4,1)* 111
(10,7,4,1)* 1|1
9,8,4,1)* 1
hi|hy |hs|halhs|he|hy | hs
Table 12: D)),
The spin The decomposition matrix
characters | for the block B3
(20,2)* 1
(19,3)* 1|1
(17,3,2) 1|1
(17,3,2)’ 1|1
(16,3,2,1)* 11
(13,4,3,2)* 11
(12,5,3,2)* 11
(11,6,3,2)* 11
(10,7,3,2)* 11
9,8,3,2)* 1
H\||H, |H3|H4|Hs|Hg|H7 | Hg
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