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1. Introduction

The characters of the covering group of the symmetric group is said to be spin characters
and the relation between the projective (ordinary) and the modular characters is called
decomposition matrix . We want to calculate the modular characters from the ordinary characters of
the symmetric group S,,.

The graph connection of the irreducible ordinary characters in the block of defect one is called
Brauer trees [1] .we will calculated the Brauer trees by use the decomposition matrices for the
symmetric group .

Finally, we will find the Brauer trees and decomposition matrices for the symmetric group S5
mod 17 by dependence on [A. A. Yaseen , M. M. Jawad ][2].

By using [ 3], the degree of spin characters «a»> , 0= (a1, 02, ..., On) IS :

(ai_aj ) (1)

(aj+aj)

n-m
degay =2 2 —Hi’ila! ]'[151.<j5m

2. Brauer trees of spin characters for S,g

The Symmetric group S5 has 214 irreducible spin characters and 205 of (17,a)-regular classes,
Then the decomposition matrix of the spin characters for S5 , p =17 has 214 rows and 205 columns
[4].
By using [3], there are 139 blocks of S,5 six of them B., Bz, Bs ,B4, Bs and Bs of defect 1 and
all the 139 remaining characters form their own blocks B~ ..., B1sg Of defect zero .
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By using [5], we get in the principal block B, all the irreducible modular spin characters (i.m.s.)
of the decomposition matrix are double and <f> # <B>'. The principle block B: contains the
irreducible spin characters
{257,178 17,8, 16,8,1>", <15,8,2>", <14,8,3>", <13,8,4", <12,8,5"«11,8,6>"<10,8,7>"} with 17-
bar core <8>.

By using [5], we get in the principal block B, all the irreducible modular spin characters (
i.m.s. ) of the decomposition matrix are double and <Bp># <f>'. The principle block B> contains the
irreducible spin characters
{222,157, <19,5,1>", 18,5,2>", <17,5,2,1», <17,5,2,15,<14,5,3,2,1>"<13,5,4.2.1>",
11,6,5,2,1>"«<10,7,5,2,1>",<9,8,5,2,1>"} with 17-bar core <5,2,1>.

By using [5], we get in the principal block Bs, all the irreducible modular spin characters
(i.m.s) of the decomposition matrix are double and <p> # <B>'.The principle block B3 contains the
irreducible spin characters
{ 21,3,1)", 20,4,1>",<18,4,3)" , (17,43,1>, <17,4,3,1> , 15432, 15", 12,54,3,1>", <11,6,4,3,1)",
<10,7,4,3,1>",¢9,8,4,3,1>"} with 17-bar core <4,3,1>.

By using [5], we get in the block Ba, all the irreducible modular spin characters (i.m.s.) of
the decomposition matrix are associate and B> # <p»'. The block B4 contains the irreducible spin
characters { 24,1> , 24,1y <18 7>«18,7), 17,7,1>", 15,7.2,1> , <15,7.2,15, <14,7,3,1> , <14,7,3,1>
;13,741 13,7,4,15,<12,7,5,1>, <12,7,5,1>, <11,7,6,1>, <11,7,6,1>, <9,8,7,1>, <9,8,7,1>} has 17-bar
core <7,1>.

By using [5], we get in the block Bs, all the irreducible modular spin characters (i.m.s ) of
the decomposition matrix are associate and «3> # «B»". The block Bs, contains the irreducible spin
characters { <23,2> «23,2), <19,65, <19,6)", <17,6,2>" , <16,6,2,1> <16,6,2,1>, <14,6,3,2>, <14,6,3,2,
<13,6,4,2>, <13,6,4,2y, (12,6,5,2>, <12,6,5,2)", <10,7,6,2>, <10,7,6,2>', <9,8,6,2> , <9,8,6,2>' } has 17-bar
core <6,2>.

By using [5], we get in the block Bs, all the irreducible modular spin characters (i.m.s ) of
the decomposition matrix are associate and B> # «§»'. The block Bs, contains the irreducible spin
characters { «22,3»,<22,35,<20,5,<20,5 , <17,5,3" , <16,5,3,1>,<16,5,3,1> <15,5,3,2> , <15,5,3,2)",
13,5,4,3>,<13,5,4,3),<11,6,5,3>,¢11,6,5,3>, <10,7,5,3>,<10,7,5,3> ,<9,8,5,3>,<9,8,5,3> }has 17-bar core
<5,3>.

Lemma (2.1.):
The Brauer tree for the block B is:
Q25" =<17,8 =<17,8 —16,8,1>" —<15,8,2>" —14,8,3>"—13,8,4" — <12,8,5" — <11,8,6>" —~10,8,7>"
Proof :
By using [3,6], we get :
deg{ 25", <16,8,1>", <14,8,3)", <12,8,5>", <10,8,7>"} =16 mod 17
deg{ <17,8>» =<17,8), <15,8,2>", <13,8,4>", <11,8,6>"} =—16 mod 17
By using (r,r")- inducing of the principal irreducible spin characters (p.i.s.) of $4 t0 S35 we
have:
ds11®19S5 = D,
da31®@10S,5 =D,
das7@10S,5 = D3
ds71@10S,5 = Dy
da97® 19S5 = Ds
ds11619S,5 = Dg
ds31@19S,5 = Dy
0s57110S24 = Dg
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Table 1:

The decomposition matrix for this block Das 17

The spin characters

The decomposition matrix of B:

Q25"
17,8
17,8

<16,8,1>"
<15,8,2>"
<14,8,3>"
13,8.4)"
<12,8,5>"
11,8,6)"
10,87

[E=Y
[XY

o OrFr Kk

Lemma (2.2.):

The Brauer tree for the block B is:
22,2, 1" = 19,5, 1" —<18,5,2>" —17,5,2,1> = <17,5,2,1> —14,5,3,2,1>"—13,5,4,2,1>" —
<11,6,5,2,1>"=10,7,5,2,1>" —=9,8,5,2,1»"

Proof :
By using [3,6], we get :

deg{ 22,2,1>", «18,5,2)",«14,532,1>",<11,6,5.2,1>",<9,8,52,b" } =9 mod 17;
deg{ <19,5,1b", <17,5,2,1>=<17,5,2,15, (13,5,4.2,1>", <10,7,5,2,1b"} = =9 mod 17
By using (r, r")- inducing of the principal irreducible spin characters (p.i.s.) of S,4 t0 S,5 we have:

d251613S,5 = Dy
d271613S,5 =Dy
O291® 13S0 = Dy
d31761S,5 = Dy
d33761S,5 = Dy
dss1®1S05 = D1g
d371619S,5 = Dys
d397GS,5 = Dy

Table 2: The decomposition matrix for this block D517 @

The spin characters

The decomposition matrix of B,

22,2, 1"
19,5, 1>"
17,5,2,1»"
«17,5,2,1>
<17,5,2y
<14,5,3,2,1>"
<13,5,4,2,1>"
<11,6,5,2,1>"
<10,7,5,2,1>"
9,8,5,2,1>"

1
1 1

[E=Y

[EEY
(BN

Dg D1o D11 D1 D13 D14

Orr

Lemma (2.3.):

The Brauer tree for the block B is:
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21,3, —20,4,1>" —<18,4,3>" —17,43,1>=<17,4,3,1>—15,4,3.2.1>—12,5,4,3,1>" =11,6,4,3,1>" —
10,7,4,3,1>"—9.,8,4,3,1>"

Proof :

By using [3,6], we get :

deg{ 21,3,1>", <18,4,3>", <15,4,3.2,1>", <11,6,4,3,1>", <9,8,4,3,1"} =11 mod 17;

deg{ <20,4,1>",<17,43,1> = 17,4,3,1>,<12,5,4,3,1>", <10,7,4,3,1>"}=—11 mod 17

By using (r,")- inducing of the principal irreducible spin characters (p.i.s.) of S35 t0 S5 we
have:

d1710VSy = Dyy

02771@19S24 =Dig

0207®19S24 = D1o

d317CG 1S, = Do

d3371C 1S, = Dy

das51C 1S, = Dy

d371@19S0 = Dyg

0307@19S24 = D24

Table 3: The decomposition matrix for this block Ds 17 ©

The spin The decomposition matrix of Bs
characters

21,3, 1

204,1>" 1 1

18,4,3>" 1 1

«17,4,3,1> 1

17,4,3.1, 1 1

15,4,3,2,1>"

2,5,4,3,1>" 1 1 1

11,6,4,3,1>" 1 1

10,7,4,3,1>" 1 1

9,8,4,3,1>" 1
D7 Dis D1 D20 D2 D2 D23 D24

[EEN
[EEN

Lemma (2.4.):
The Brauer tree for the block B, is:

24, 1> =18, /<15,7.2,1>—<14,7,3,1> —<13,7,4,1> — <12,7,5,1> —<11,7,6,1> — <9,8,7,1»
17,7,1>"

Q24,15 <18,7>'/ \ 15,7,2,1>' = 14,7.3,1>' —<13,7,4,1>' = 12,7,5,1> —<11,7,6,1>' — 9,8,7,1>

Proof :

By using [3,6], we get :

deg{ 24,1> , 24,1y, 177,107, <14,7,3,1>, 14,73,1>',12,7,5,1> ,<12,7,5,1>, 9,8,7,1>, 9,8,7,1>'}

=14 mod 17,

deg{«18,7>, (18,7, <15,7,2,1> , <15,7,2,1>", <13,7, 4,1> ,<13,7,4,15, <11,7,6,1», <11,7,6,1>5"} =—14

mod 17

By using (r, r")- inducing of the principal irreducible spin characters (p.i.s.) of S,4 t0 S5 we

have:

d177 1S5 = Ky =Das + Das

d2171Sy5 = Ky =Dz + Dos

dast ODSp5 = Dgg das? @S5 = Dag
dar? ONSp5 =Dy, dag?®Sz5 = D
dag?@VSp5 = D3z, ds01®PSz5 = Das
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d5f®¥S=Das ,  ds2]®PSs5 = Dag
dsst@YS5 =D37  ,  dsa?@VSp5 = Dss
dsst@NS5=D39  ,  dss1®PS25 = Do

Since 24,1> # 24,15 on (17, a)-regular classes then K is split to D5 and Das
<18,7,1> | (01)S2s = <18,7> + <17,7,1>* =D,7. Since <18,7,1>i.m.s in Sy¢.
<18,7,1>'| 0,1)S25 = <18,7>' + <17,7,1>* =Dyg. Since <18,7,1>' i.m.s in S3¢.
Then K split to D27 and Das.

Table 4 : The decomposition matrix for this block D517 @

The The decomposition matrix of B,
spin

charact
ers

24,1»
24,1y
18,7>
18,7
7,7,1
>
15,7,
2,
«15,7,2
N
14,73
D
14,73
b
«13,7,4

Lemma (2.5.):
The Brauer tree for the block Bs is:
23,2 —19,6> \ 7 <16,6,2,1>—<14,6,3,2> — <13,6,4,2> — <12,6,5,2> — <10,7,6,2> — <9,8,6,2»
<17,6,2>"
23,22=<19,60 7/ \«16,6,2,1> —<14,6,3,2) —<13,6,4,2> —<12,6,5,2y' — <10,7,6,2> — <9,8,6,2>’
Proof :
By using [3,6], we get :
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deg{ 23,2>, 23,2y, <17,6,2>", <14,6,3.2> , <14,6,3,2), <12,6,5,2>, <12,6,5,2>, 9,8,6,2>, (9,8,6,2>'} =
10 mod 17;

deg{ <19.65, (19,6, <16,6,2,1>, <16,6,2,1>, <13,6,4,2>, <13,6,4,2), <10,7,6,2> , <10,7,6,2>'} =10 mod
17

By using (r, r") - inducing of the principal irreducible spin characters (p.i.s.) of $54 t0 S5 we have:
d11®19S55 = K3 =Da1 + Daz

0211985 = Ky =Dss + Dus

037?198z = Ks =Dus + Das

da1@10S55 = Kg =Da7 + Dag

ds1?19S,5 = K7 =Dyg + Dso

de1?19S,5 = Kg =Ds; + Ds

d71@?19S,5 = K9 =Ds3 + Dsy

ds1?19S,5 = Kyg =Dss + Dse

Since 23,2» #23,2)" , <19,6># <19,6> , <16,6,2,1>#<16,6,2,1>", <14,6,3.2> # <14,6,3,2

13,6,4,2> #<13,6,4,2), 12,6,5,2> # <12,6,5,2)", <10,7,6,2> # <10,7,6,2>" , 9,8,6,2> # <9,8,6,2> on
(17, a)-regular classes, then K3, Ka, Ks , Ks , K7, Kg, Kg and Kyo are split respectively .

Table 5: The decomposition matrix for this block Dzs,17 ©

The spin The decomposition matrix of Bs
characters

23,2
23,2
<19,6>
19,65’
17,6,2>"
«16,6,2,1>
16,6,2,1>
«14,6,3,2>
14,6,3,2)'
«13,6,4,2>
13,6,4,2)
«12,6,5,2>
12,6,5,2)'
<10,7,6,2>
<10,7,6,2>
9,8,6,2>
9,8,6,2)

Lemma (2.6.):
The Brauer tree for the block Bg is:
22,3> —20,5> \, / <16,5,3,1»—<15,5,3,2> — <13,5,4,3> — <11,6,5,3> — <10,7,5,3> — <9,8,5,3>
<17,5,3>"
22,3>= 20,5 /7 \ 16,5,3,1>' —15,5,3,2)' = <13,5,4,3>' — (11,6,5,3> — <10,7,5,3> — (9,8,5,3>
Proof :
By using [3,6], we get :
deg{ 22,3, 22,35, <17,5,3>"<15,5,3,2> «15,53,2)" «11,6,5,3> ,<11,6,5,3>,49,8,5,3>,<9,8,5,3>'}= 10
mod 17;
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deg{ 20,5, 20,5, <16,5,3,1> , <16,5,3,1), <13,5,4,3> , <13,5,4,3>, <10,7,5,3> , <10,7,5,3)" } = —10
mod 17

By using (r,r')- inducing of the principal irreducible spin characters (p.i.s.) of S,4 t0 S5 we have:
do1G19S,5 = Kyy =Ds7 + Dsg

d107C S5 = Ky, =Dsg + Dgo

d117G S5 = Ky3 =De1 + De2

d121G S, = Kig =Dz + Des

d131G S5 = Kis =Des + Des

d147GS,5 = Kig =De7 + Des

d151G S, = K7 =Deg + Do

1679825 = Kig =D71 + D72

Since 22,3># 22,3) ,<20,5%# 20,5 ,<16,5,3,h# <16,5.3,1>" , <15,5,3,2> # <15,5,3,2> , <13,5,4,3>#
<13,5,4,3), «11,6,5,3># <11,6,5,3>", <10,7,6,2># <10,7,6,2>" , 9,8,5,3># (9,8,5,3> on (17, a)-regular
classes, then Kiz, Kiz, Kis, Kia, Kis, Kis, Ki7 and Kig are split respectively .

Table 6 : The decomposition matrix for this block D517 ©

The spin

The decomposition matrix of Bs
characters

22,3»

22,3 1

20,5> 1

20,5 1 1
17,5,3" ] ] ] ]

«16,5,3,1> 1 ]

16,5,3,1> ] ]

<15,5,3,2 1 1

15,5,3,2y 1 1

«13,5,4,3> ] 1

13,5,4,3» ] ]

<11,6,5,3> ] ]
11,6,5,3 1 1
«10,7,5,3> 1
10,7,5,3> 1
9,8,5,3>

9.,8,5,3>
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