
rK&
r

&|�
rKô

r unitary group

ô|�
det ·�

·
=

∑
π � Sn

π−1 1�
π1 ··· n�

πn

I
det �= tr �

�t�
 
nK

n

�0= I

∂
0

t �t=�

�
I
det �= ∂

0

t det �t= ∂
0

t

∑
π � Sn

π−1 1�
π1

t ··· n�
πn

t =
∑

π � Sn

π−1 ∂
0

t 1�
π1

t ··· n�
πn

t

=
∑

π � Sn

π−1 ∂
0

t 1�
π1

t ··· n�
πn

t + ···+ 1�
π1

t ···∂
0

t n�
πn

t
Y [

=
∑

π � Sn

π−1 1�
π1 ···nδ

πn + ···+ 1δ
π1··· n�

πn

Y [

= 1�
1

+···+ n�
n
= tr �



b ·�
·

Q S

·�
·

Q S

= b ·�
·

Y [
·

−1

�·
P R

: b ·�
·

Q S
= ·�

·

Q S
b ·�

·

Y [
·

−1

�·
P R

b ·�
·

Q S
= b

∑
π

π−1 1�
π1 ··· n�

πn
=

∑
π

π−1 b 1�
π1

Y [

··· n�
πn

X Z

+ ···+ 1�
π1 ··· b n�

πn

Y [

X Z

=
∑

π

π−1
∑

k

1�
π1 ··· b k�

πk

Y [

··· n�
πn

=
∑

k

∑
`

b k�
`

Y [

∑
πk = `

π−1 1�
π1 ···∧ n�

πn
=

∑
k

∑
`

b k�
`

Y [

k + `
−1

∑
σ

σ−1 1�
σ1 ···∧ n�

σn

=
∑

k

∑
`

b k�
`

Y [

k + `
−1 Nþk�

Nþ`

Q S

= ·�
·

Q S

∑
k

∑
`

b k�
`

Y [
`

−1

�k
= ·�

·

Q S

∑
k

b k�
·

Y [
·

−1

�k
= ·�

·

Q S
b ·�

·

Y [
·

−1

�·
P R

Nþk
bij−−−→ σNþ`

π−1 =
σ−1

k + `
−1

π−1 =
∏
i < j

π
i
]π

j
=

∏
k 6= i < j 6= k

π
i
]π

j

∏
i < k

π
i
]`

∏
k < j

`]π
j

∏
k 6= i < j 6= k

π
i
]π

j
=

σ−1

∏
i < k

π
i
]`

∏
k < j

`]π
j

=
k − 1
−1

∏
i < k

`]π
i

∏
k < j

`]π
j

=
k − 1
−1

∏
m 6= k

`]πm =
k − 1
−1

` − 1
−1 =

k + `
−1


