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p
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d
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d
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p
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r
u
p
p
e
u
n
d
S
p
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é
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e
b
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L
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u
p
p
e
is
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p
p
e
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le
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M
at
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Λ
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ν
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d
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w
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m
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B
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rf
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=
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u
n
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L
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ch
w
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d
ig
ke
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va
ri
an

t
la
ss
en
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D
az
u
äq

u
iv
al
en
t
is
t

Λ
µ

ρ
Λ

ν
σ
g
ρ
σ
=

g
µ
ν
.
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D
er

m
et
ri
sc
h
e
T
en
so
r
g
µ
ν
is
t
d
ab

ei

g
µ
ν
=

g µ
ν
=

d
ia
g(
1,
−
1,
−
1,
−
1)
.
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E
s
is
t
g
µ
ν
g ν

ρ
=

δµ ρ
,
u
n
d
A

µ
=

g µ
ν
A

ν
fü
r
ei
n
en

4-
V
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r
A

µ
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E
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e
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fi
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al
e

L
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en
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m
at
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h
re
ib
en
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Λ
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=
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ν
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(3
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w
ob

ei
d
ie

B
ed
in
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n
g
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)
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u
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en
t
zu
r
A
n
ti
sy
m
m
et
ri
e
ω
µ
ν
=

−
ω
ν
µ
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t.

S
ei

n
u
n

U
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)
ei
n
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D
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st
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lu
n
g

d
er

L
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en
tz
gr
u
p
p
e.
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d
ie
se
r

D
ar
st
el
lu
n
g

sc
h
re
ib
en

w
ir
ei
n
e
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fi
n
it
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al
e
L
or
en
tz
tr
an

sf
or
m
at
io
n
al
s

U
(δ

+
ω
)
=

1
−

i 2
ω
µ
ν
J
µ
ν

(4
)

m
it
an

ti
sy
m
m
et
ri
sc
h
em

J
µ
ν
.
In

d
er

F
u
n
d
am

en
ta
ld
ar
st
el
lu
n
g
is
t
al
so

(J
ρ
σ
)µ

ν
=

i(
g
µ
ρ
g ν

σ
−
g
µ
σ
g ν

ρ
).

(5
)

D
ie
P
oi
n
ca
ré
gr
u
p
p
e
is
t
d
ie
G
ru
p
p
e
d
er

L
or
en
tz
tr
an

sf
or
m
at
io
n
en

u
n
d
T
ra
n
sl
at
io
-

n
en

au
f
d
em

M
in
ko
w
sk
ir
au

m
.
B
ez
ei
ch
n
et

(Λ
,a
)
d
ie
T
ra
n
sf
or
m
at
io
n
x
→

Λ
x
+
a
u
n
d

U
(Λ

,a
)
ei
n
e
D
ar
st
el
lu
n
g
d
er

P
oi
n
ca
ré
gr
u
p
p
e,

so
sc
h
re
ib
en

w
ir
fü
r
ei
n
e
in
fi
n
it
es
im

al
e

T
ra
n
sf
or
m
at
io
n

U
(δ

+
ω
,ǫ
)
=

1
+
iǫ

µ
P
µ
−

i 2
ω
µ
ν
J
µ
ν
.

(6
)

2
S
u
p
er
sy
m
m
et
ri
e:

G
le
ic
h
u
n
g
en

u
n
d
H
er
le
it
u
n
g
en

A
u
s
d
ie
se
n
D
efi
n
it
io
n
en

fo
lg
t,
d
aß

P
u
n
d
J
T
en
so
re
n
u
n
te
r
L
or
en
tz
tr
an

sf
or
m
at
io
n
en

si
n
d
,
d
aß

al
so

fo
lg
en
d
e
K
ov
ar
ia
n
ze
ig
en
sc
h
af
te
n
ge
lt
en
:

Λ
µ

ν
U
(Λ

)P
ν
U
(Λ

)−
1

=
P

µ
,

(7
)

Λ
µ

ρ
Λ

ν
σ
U
(Λ

)J
ρ
σ
U
(Λ

)−
1

=
J
µ
ν
.

(8
)

D
ie

in
fi
n
it
es
im

al
e
V
er
si
on

en
d
ie
se
r
K
ov
ar
ia
n
zb

ez
ie
h
u
n
g
is
t

[P
µ
,J

ρ
σ
]

=
(J

ρ
σ
)µ

λ
P

λ
,

(9
)

[J
µ
ν
,J

ρ
σ
]

=
(J

ρ
σ
)µ

λ
J
λ
ν
+
(J

ρ
σ
)µ

λ
J
µ
λ
.

(1
0)

E
in
e
w
ic
h
ti
ge

D
ar
st
el
lu
n
g
d
er

P
oi
n
ca
ré
gr
u
p
p
e
is
t
d
ie

m
it
D
iff
er
en
ti
al
op

er
at
or
en
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f
ei
n
em

F
u
n
k
ti
on

en
ra
u
m

au
f
d
em

M
in
ko
w
sk
ir
au

m
.
D
ie
se

D
ar
st
el
lu
n
g
U
(Λ

,a
)
is
t

d
efi
n
ie
rt

d
u
rc
h

(U
(Λ

,0
)f
)(
x
)
=

f
(Λ

−
1
x
)

⇒
J
µ
ν
=

L
µ
ν
≡

i(
x
µ
∂
ν
−

x
ν
∂
µ
),

(1
1)

(U
(0
,a
)f
)(
x
)
=

f
(x

−
a
)

⇒
P

µ
=

i∂
µ
.

(1
2)

D
ie

V
or
ze
ic
h
en

b
ei

d
en

D
efi
n
it
io
n
en

vo
n

J
µ
ν
u
n
d

P
µ
w
u
rd
en

so
ge
w
äh

lt
,
d
aß

d
ie

V
or
ze
ic
h
en

in
d
ie
se
r

D
ar
st
el
lu
n
g

d
en

au
s

d
er

Q
u
an

te
n
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ec
h
an
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ü
b
li
ch
en
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p
re
ch
en
.
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d
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u
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d
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el
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n
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d
er

J
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lg
en
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ie

V
er
ta
u
sc
h
u
n
gs
re
la
ti
on

en
d
er

P
oi
n
ca
ré
al
ge
b
ra
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µ
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ν
]
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3)

[P
µ
,J

ρ
σ
]

=
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g
µ
ρ
P

σ
−
g
µ
σ
P

ρ
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[J
µ
ν
,J

ρ
σ
]

=
i(
g
ν
ρ
J
µ
σ
−

g
µ
ρ
J
ν
σ
+
g
µ
σ
J
ν
ρ
−
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ν
σ
J
µ
ρ
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p
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at
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b
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p
in
or
en
,

d
ie

z.
B
.
in

d
er

D
ir
ac
-G

le
ic
h
u
n
g
au

ft
au

ch
en
,
zu

w
äh

le
n
.
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ie
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p
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p
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p
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n
”
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”
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d
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γ
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at
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b
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at
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at
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p
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at
ri
ze
n
(d
ie
se

ka
n
n
zu
n
äc
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ü
b
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b
en

w
ir
d
en

Z
u
sa
m
m
en
h
an

g
zu

d
en

ü
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p
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at
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b
ez
ei
ch
n
en
.

F
ü
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ψ
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p
le
x
e
K
on

ju
ga
ti
on

w
ie

fo
lg
t
d
efi
n
ie
re
n
:

ψ
α̇
:=
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β̇
=
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=

1,
2,

α̇
=
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et
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d
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β
=
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α
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=
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β
=
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α
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ǫα̇
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=
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2
=
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=
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er
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ψ
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,
ψ
α
,
ψ

α̇
b
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te
n
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s
v
ie
r
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p
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d
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d
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e
D
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n
g
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er
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tz
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m
at
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n
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d
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n
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n
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W
ir
b
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in
n
en

m
it
d
en

P
au
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m
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ri
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n

σ
1
=

�

0
1

1
0

�

,
σ
2
=

�

0
−
i

i
0

�

,
σ
3
=

�

1
0

0
−
1

�

(1
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u
n
d
d
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n
d
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it
d
ie

4-
V
ek
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n
vo
n
M
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ri
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n

σ
µ α
α̇

:=
(1
,σ

k
) α

α̇
,

(1
9)

σ
µ
α̇
α

:=
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,−

σ
k
)α̇

α
.
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0)

D
ie
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d
iz
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n
eh
m
en

d
ie
W
er
te

α
=

1,
2,

α̇
=

1̇,
2̇
an

.
D
ie
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d
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k
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r
ke
n
n
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h
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et

h
ie
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ei
,
m
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w
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ch
en

S
p
in
or
en

d
ie

M
at
ri
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n
m
u
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ip
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er
t
w
er
d
en

so
ll
en
.

Z
u
n
äc
h
st

k
ön

n
en

w
ir

d
am

it
S
p
in
or
d
ar
st
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lu
n
ge
n

d
er

L
or
en
tz
gr
u
p
p
e
au

f
d
en

R
äu

m
en

d
er

ψ
α
u
n
d
ψ

α̇
d
efi
n
ie
re
n
.
S
ie

si
n
d
d
u
rc
h
d
ie

G
en
er
at
or
en

1 2
σ
µ
ν
u
n
d

1 2
σ
µ
ν

ge
ge
b
en
,
w
ob

ei

(σ
µ
ν
) α

β
:=

i 2
(σ

µ
σ
ν
−

σ
ν
σ
µ
) α

β
,

(2
1)

(σ
µ
ν
)α̇

β̇
:=

i 2
(σ

µ
σ
ν
−

σ
ν
σ
µ
)α̇

β̇
.

(2
2)

D
aß

d
ie
se

G
en
er
at
or
en

d
ie

A
lg
eb
ra

(1
5)

er
fü
ll
en
,
lä
ßt

si
ch

m
it

d
en

le
ic
h
t
zu

ve
ri
-

fi
zi
er
en
d
en

G
le
ic
h
u
n
ge
n

(σ
µ
σ
ν
+
σ
ν
σ
µ
) α

β
=

2δ
α

β
g
µ
ν
,

(2
3)

(σ
µ
σ
ν
+
σ
ν
σ
µ
)α̇

β̇
=

2δ
α̇

β̇
g
µ
ν
.

(2
4)

b
ew

ei
se
n
.
E
n
d
li
ch
e
L
or
en
tz
tr
an

sf
or
m
at
io
n
en

vo
n
ψ
α
si
n
d
d
an

n
im

E
in
k
la
n
g
m
it
(6
)

d
u
rc
h

M
(Λ

) α
β

:=
�

e−
i 2
ω
µ
ν
σ
µ
ν

2

�

α

β
(2
5)

d
efi
n
ie
rt
.
M

∈
S
L
(2
,C

),
w
ei
l
T
r(
σ
µ
ν
)
=

0,
al
so

d
et
M

=
1.

E
n
d
li
ch
e
L
or
en
tz
tr
an

s-

fo
rm

at
io
n
en

vo
n
ψ

α̇
si
n
d
an

al
og

d
u
rc
h
�

e−
i 2
ω
µ
ν
σ
µ
ν

2

�

α̇

β̇
d
efi
n
ie
rt
,
ab

er
w
ei
l
σ
µ
ν
†
=

σ
µ
ν

is
t,
is
t
d
ie
s
n
ic
h
ts

an
d
er
es

al
s

M
−
1
† (
Λ
)α̇

β̇
=

�

e−
i 2
ω
µ
ν
σ
µ
ν

2

�

α̇

β̇
.

(2
6)

4
S
u
p
er
sy
m
m
et
ri
e:

G
le
ic
h
u
n
g
en

u
n
d
H
er
le
it
u
n
g
en

D
ie
D
ar
st
el
lu
n
g
d
er

L
or
en
tz
gr
u
p
p
e
au

f
d
en

b
ei
d
en

an
d
er
en
,
d
en

ψ
α
-
u
n
d
ψ

α̇
-R

äu
m
en

is
t
d
u
rc
h
ǫα

β
M

β
γ
ǫ γ

δ
=

(M
−
1
) δ

α
u
n
d
ǫ α̇

β̇
M

−
1
†β̇

γ̇
ǫγ̇

δ̇
=

(M
† )

δ̇
α̇
ge
ge
b
en
.

D
ie
se

G
le
ic
h
u
n
ge
n
fo
lg
en

d
ar
au

s,
d
aß

d
et
M

=
1
is
t.

A
u
s
d
em

se
lb
en

G
ru
n
d
si
n
d
d
ie

ǫ-
T
en
so
re
n
n
u
m
er
is
ch

in
va
ri
an

t:

M
α

β
M

γ
δ
ǫ β

δ
=

ǫ α
γ
d
et
M

=
ǫ α

γ
.

(2
7)

In
sg
es
am

t
tr
an

sf
or
m
ie
re
n
d
ie
S
p
in
or
en

u
n
te
r
d
er

L
or
en
tz
tr
an

sf
or
m
at
io
n
Λ
w
ie
fo
lg
t:

ψ
α

→
(M

) α
β
ψ
β
,

ψ
α̇

→
(M

−
1
† )

α̇
β̇
ψ

β̇
,

ψ
α

→
ψ

β
(M

−
1
) β

α
,

ψ
α̇

→
ψ

β̇
(M

† )
β̇

α̇
.

U
n
d
d
ah

er
si
n
d
d
ie

fo
lg
en
d
en

S
ka
la
rp
ro
d
u
k
te

lo
re
n
tz
in
va
ri
an

t:

ψ
χ
:=

ψ
α
χ
α
=

−
χ
α
ψ

α
=

χ
α
ψ
α
=

χ
ψ
,

(2
8)

ψ
χ
:=

ψ
α̇
χ
α̇
=

−
χ
α̇
ψ

α̇
=

χ
α̇
ψ

α̇
=

χ
ψ
.

(2
9)

W
ir
d
efi
n
ie
re
n
h
ie
r
w
ie

ü
b
er
al
l
P
ro
d
u
k
te

vo
n
S
p
in
or
en

an
ti
ko
m
m
u
ti
er
en
d
.

W
ic
h
ti
ge

F
or
m
el
n
,
d
ie

si
ch

fü
r
d
ie

h
ie
r
d
efi
n
ie
rt
en

M
at
ri
ze
n
er
ge
b
en
,
si
n
d
:

(σ
µ
σ
ν
+
σ
ν
σ
µ
) α

β
=

2δ
α

β
g
µ
ν
,

(3
0)

(σ
µ
σ
ν
+
σ
ν
σ
µ
)α̇

β̇
=

2δ
α̇

β̇
g
µ
ν
,

(3
1)

σ
µ
σ
ν
σ
ρ
+
σ
ρ
σ
ν
σ
µ

=
2
(g

µ
ν
σ
ρ
−
g
µ
ρ
σ
ν
+
g
ν
ρ
σ
µ
)
,

(3
2)

T
rσ

µ
σ
ν

=
2g

µ
ν
,

(3
3)

T
rσ

µ
σ
ν
σ
ρ
σ
σ

=
2
(g

µ
ν
g
ρ
σ
−
g
µ
ρ
g
ν
σ
+
g
µ
σ
g
ν
ρ
−

iǫ
µ
ν
ρ
σ
)
,

(3
4)

T
rσ

µ
σ
ν
σ
ρ
σ
σ

=
2
(g

µ
ν
g
ρ
σ
−
g
µ
ρ
g
ν
σ
+
g
µ
σ
g
ν
ρ
+
iǫ

µ
ν
ρ
σ
)
,

(3
5)

ǫα
β
ǫα̇

β̇
σ
µ β
β̇

=
σ
µ
α̇
α

(⇐
ǫ 1

2
=

ǫ 1̇
2̇
),

(3
6)

(ψ
σ
µ
) α̇

=
−
ǫ α̇

β̇
β̇
(σ

µ
ψ
),

(3
7)

α
(σ

µ
ψ
)

=
−
ǫ α

β
(ψ

σ
µ
)β
,

(3
8)

α
(σ

µ
σ
ν
ψ
)

=
ǫ α

β
(ψ

σ
ν
σ
µ
)β

(3
9)

m
it
d
em

an
ti
sy
m
m
et
ri
sc
h
en

T
en
so
r
in

v
ie
r
D
im

en
si
on

en

ǫµ
ν
ρ
σ
=

  

+
1
fa
ll
s
(µ
,ν
,ρ
,σ

)
ge
ra
d
e
P
er
m
u
ta
ti
on

vo
n
(1
,2
,3
,4
),

−
1
fa
ll
s
(µ
,ν
,ρ
,σ

)
u
n
ge
ra
d
e
P
er
m
u
ta
ti
on

vo
n
(1
,2
,3
,4
),

0
so
n
st
.

(4
0)

A
u
s
d
er

G
le
ic
h
u
n
g
(3
2)

fo
lg
t
au

ch
d
as

T
ra
n
sf
or
m
at
io
n
sv
er
h
al
te
n
d
er

σ
-M

at
ri
ze
n
:

Λ
µ

ν
M

α
β
σ
ν β
β̇
(M

† )
β̇

γ̇
=

σ
µ α
γ̇

(4
1)

Λ
µ

ν
(M

−
1
† )

α̇
β̇
σ
ν
β̇
β
(M

−
1
) β

γ
=

σ
µ
α̇
γ
.

(4
2)



D
o
m
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S
tö
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g
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5

U
n
d
d
ar
au

s
fo
lg
t
d
ie

K
ov
ar
ia
n
z
vo
n
ψ
σ
µ
χ
:

ψ
′ σ

µ
χ
′
=

Λ
µ

ν
ψ
σ
ν
χ

(4
3)

u
n
d
en
ts
p
re
ch
en
d
fü
r
ψ
σ
µ
χ
.

1
.3

4
-S
p
in
o
r
d
a
r
st
e
ll
u
n
g

N
u
n

k
ön

n
en

w
ir

d
en

Z
u
sa
m
m
en
h
an

g
zu

d
en

ü
b
li
ch
en

4-
S
p
in
or
en

an
ge
b
en
.

4-
S
p
in
or
en

se
tz
en

si
ch

au
s
zw

ei
zu
ei
n
an

d
er

la
d
u
n
gs
ko
n
ju
gi
er
te
n

2-
S
p
in
or
en

ψ
α
,
χ
α

zu
sa
m
m
en
:

Ψ
=

�

ψ
α

χ
α̇

�

(4
4)

W
ir
st
el
le
n
d
ie

γ
-M

at
ri
ze
n
d
ar

al
s

γ
µ

:=

�

0
σ
µ

σ
µ

0

�

,
(4
5)

γ
5

:=

�

−
1

0
0

1

�

,
(4
6)

P
L
:=

1
−
γ
5

2
=

�

1
0

0
0

�

,
(4
7)

P
R
:=

1
+
γ
5

2
=

�

0
0

0
1

�

.
(4
8)

D
ie

so
d
efi
n
ie
rt
en

γ
-M

at
ri
ze
n
er
fü
ll
en

d
ie

C
li
ff
or
d
-A

lg
eb
ra

{γ
µ
,γ

ν
}
=

2g
µ
ν

(4
9)

u
n
d

{γ
µ
,γ

5
}
=

0.
(5
0)

A
u
f
d
em

R
au

m
d
er

4-
S
p
in
or
en

is
t
d
ie

D
ar
st
el
lu
n
g
d
er

L
or
en
tz
gr
u
p
p
e
d
u
rc
h

d
ie

G
en
er
at
or
en

S
µ
ν

:=
1 2
σ

µ
ν
,

(5
1)

σ
µ
ν

:=
i 2
[γ

µ
,γ

ν
]
=

�

σ
µ
ν

0
0

σ
µ
ν

�

(5
2)

d
efi
n
ie
rt
.1

D
aß

d
ie
S
µ
ν
d
ie
A
lg
eb
ra

(1
5)

er
fü
ll
en
,
fo
lg
t
al
le
in

au
s
d
er

C
li
ff
or
d
-A

lg
eb
ra
.

W
eg
en

P
L
Ψ

=


ψ
α 0

�

u
n
d
P
R
Ψ

=


0 χ
α̇

�

n
en
n
en

w
ir
ψ
ei
n
en

li
n
k
sh
än

d
ig
en

u
n
d
χ
ei
n
en

re
ch
ts
h
än

d
ig
en

2-
S
p
in
or
.

1
D
ie

U
n
te
rs
ch
ei
d
u
n
g
im

D
ru
ck

zw
is
ch
en

d
en

M
a
tr
iz
en

σ
µ
ν
im

4
-S
p
in
o
rr
a
u
m

u
n
d
σ
µ
ν
im

2
-

S
p
in
o
rr
a
u
m

h
a
lt
en

w
ir
n
u
r
in

d
ie
se
m

A
b
sc
h
n
it
t
a
u
fr
ec
h
t.

A
n
so
n
st
en

g
eh
t
a
u
s
d
em

Z
u
sa
m
m
en
h
a
n
g

u
n
d
d
er

In
d
iz
ie
ru
n
g
im

m
er

h
er
v
o
r,
w
el
ch
e
v
o
n
b
ei
d
en

g
em

ei
n
t
is
t.

6
S
u
p
er
sy
m
m
et
ri
e:

G
le
ic
h
u
n
g
en

u
n
d
H
er
le
it
u
n
g
en

A
d
ju
n
gi
er
te

u
n
d
la
d
u
n
gs
ko
n
ju
gi
er
te

4-
S
p
in
or
en

w
er
d
en

w
ie

ü
b
li
ch

d
efi
n
ie
rt
:

Ψ
:=

Ψ
† γ

0
,

Ψ
C
:=

iγ
0
γ
2
Ψ

T
.

(5
3)

D
ar
au

s
er
ge
b
en

si
ch

d
ie

fo
lg
en
d
en

ü
b
er
si
ch
tl
ic
h
en

R
el
at
io
n
en

zw
is
ch
en

4-
u
n
d
2-

S
p
in
or
en
:

Ψ
=

�

ψ
α

χ
α̇

�

,
Ψ

=


χ
α
ψ

α̇

�

,
(5
4a
)

Ψ
C
=

�

χ
α

ψ
α̇

�

,
Ψ

C
=

(ψ
α
χ
α̇
)
.

(5
4b

)

M
a
jo
ra
n
as
p
in
or
en

er
fü
ll
en

d
ie

E
in
sc
h
rä
n
k
u
n
g
Ψ

C
=

Ψ
,
al
so

χ
α
=

ψ
α
.
S
p
in
or
en

m
it

Ψ
6=

Ψ
C
n
en
n
en

w
ir
D
ir
ac
sp
in
or
en
.

W
ic
h
ti
ge

F
or
m
el
n
,
d
ie
si
ch

le
ic
h
t
m
it
2-
S
p
in
or
en

ve
rs
te
h
en

la
ss
en
,
si
n
d
(s
og
en
an

-
n
te

F
li
p
-R

eg
el
n
,
si
eh
e
d
az
u
au

ch
[2
])
:

Ψ
1
P
L
Ψ

2
=

Ψ
C 2
P
L
Ψ

C 1
=

χ
1
ψ
2
,

(5
5)

Ψ
1
P
R
Ψ

2
=

Ψ
C 2
P
R
Ψ

C 1
=

ψ
1
χ
2
,

(5
6)

Ψ
1
γ
µ
P
L
Ψ

2
=

Ψ
C 2
(−

γ
µ
P
R
)Ψ

C 1
=

ψ
1
σ
µ
ψ
2
=

−
ψ
2
σ
µ
ψ

1
,

(5
7)

Ψ
1
{1
,γ

5
,γ

µ
,γ

µ
γ
5
}Ψ

2
=

Ψ
C 2
{1
,γ

5
,−

γ
µ
,γ

µ
γ
5
}Ψ

C 1
.

(5
8)

H
er
m
it
es
ch
e
K
on

ju
ga
ti
on

ve
rh
äl
t
si
ch

w
ie

fo
lg
t:

ψ
α̇
=

(ψ
α
)†
,

ψ
α̇
=

(ψ
α
)†
,

(ψ
1
ψ
2
)†

=
ψ

2
ψ

1
,

(ψ
1
σ
µ
ψ

2
)†

=
ψ
2
σ
µ
ψ

1
.

(5
9)

D
am

it
ge
lt
en

fo
lg
en
d
e
G
le
ic
h
u
n
ge
n
:

(Ψ
1
P
L
Ψ

2
)†

=
Ψ

2
P
R
Ψ

1
,

(6
0)

( Ψ
1
γ
µ
P
L
Ψ

2
)†

=
Ψ

2
γ
µ
P
L
Ψ

1
,

(6
1)

(Ψ
1
γ
µ
P
R
Ψ

2
)†

=
Ψ

2
γ
µ
P
R
Ψ

1
,

(6
2)

(Ψ
1
{1
,γ

5
,γ

µ
,γ

µ
γ
5
}Ψ

2
)†

=
Ψ

2
{1
,−

γ
5
,γ

µ
,γ

µ
γ
5
}Ψ

1
.

(6
3)

W
ic
h
ti
ge

F
or
m
el
n
m
it
d
en

γ
-M

at
ri
ze
n
si
n
d
:

γ
5

=
iγ

0
γ
1
γ
2
γ
3

=
−

i 4!
ǫ µ

ν
ρ
σ
γ
µ
γ
ν
γ
ρ
γ
σ
,

(6
4)

(γ
5
)2

=
1,

(6
5)

γ
µ
P
L

=
P
R
γ
µ
,

(6
6)

γ
µ
P
R

=
P
L
γ
µ
,

(6
7)

γ
5
σ

µ
ν

=
i 2
ǫµ

ν
ρ
σ
σ

ρ
σ
.

(6
8)
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D
ie

n
äc
h
st
en

F
or
m
el
n

b
er
u
h
en

n
u
r
au

f
d
er

C
li
ff
or
d
-A

lg
eb
ra

(4
9)
,
al
le
rd
in
gs

ve
r-

al
lg
em

ei
n
er
t
au

f
ei
n
e
D
-d
im

en
si
on

al
e
R
au

m
ze
it

m
it

g
µ
ν
g µ

ν
=

D
.

D
aß

d
ie
se

b
ei
-

d
en

G
le
ic
h
u
n
ge
n
fü
r
b
el
ie
b
ig
e
D

er
fü
ll
b
ar

si
n
d
,
ze
ig
t
d
ie

ex
p
li
zi
t
in

[1
]
ko
n
st
ru
ie
rt
e

D
ar
st
el
lu
n
g.

E
s
gi
lt
:

γ
µ
γ
µ

=
D
,

(6
9)

γ
µ
γ
ν
γ
µ

=
(2

−
D
)γ

ν
,

(7
0)

γ
µ
γ
ν
γ
ρ
γ
µ

=
4g

ν
ρ
−
(4

−
D
)γ

ν
γ
ρ
,

(7
1)

γ
µ
γ
ν
γ
ρ
γ
σ
γ
µ

=
−
2γ

σ
γ
ρ
γ
ν
+
(4

−
D
)γ

ν
γ
ρ
γ
σ
,

(7
2)

T
r
γ
µ
γ
ν

=
g
µ
ν
T
r
1,

(7
3)

T
r
γ
µ
γ
ν
γ
ρ
γ
σ

=
(g

µ
ν
g
ρ
σ
−
g
µ
ρ
g
ν
σ
+
g
µ
σ
g
ν
ρ
)T

r
1,

(7
4)

T
r
(u
n
ge
ra
d
e
A
n
za
h
l
v
.
γ
µ
i
)

=
0.

(7
5)

2
S
u
p
e
r
sy

m
m
e
tr
ie

u
n
d
S
u
p
e
r
r
a
u
m

2
.1

S
u
p
e
r
sy

m
m
e
tr
ie
a
lg
e
b
r
a

D
ie

S
u
p
er
sy
m
m
et
ri
ea
lg
eb
ra

is
t

ei
n
e

n
ic
h
tv
er
ta
u
sc
h
en
d
e

E
rw

ei
te
ru
n
g

d
er

P
oi
n
ca
ré
al
ge
b
ra
,
d
ie

vo
n

d
en

G
en
er
at
or
en

P
µ
,
J
µ
ν
,
Q

α
u
n
d

Q
α̇

er
ze
u
gt

w
ir
d
.

D
ie

V
er
ta
u
sc
h
u
n
gs
re
la
ti
on

en
si
n
d
:

[P
µ
,P

ν
]

=
0,

(7
6)

[P
µ
,J

ρ
σ
]

=
i(
g
µ
ρ
P

σ
−

g
µ
σ
P

ρ
),

(7
7)

[J
µ
ν
,J

ρ
σ
]

=
i(
g
ν
ρ
J
µ
σ
−
g
µ
ρ
J
ν
σ
+
g
µ
σ
J
ν
ρ
−
g
ν
σ
J
µ
ρ
),

(7
8)

{Q
α
,Q

β
}
=

{ Q
α̇
,Q

β̇
}

=
0,

(7
9)

{Q
α
,Q

α̇
}

=
2σ

µ α
α̇
P
µ
,

(8
0)

[P
µ
,Q

α
]
=

�

P
µ
,Q

α̇

�

=
0,

(8
1)

[J
µ
ν
,Q

α
]

=
−
1 2

α
(σ

µ
ν
Q
).

(8
2)

D
ab

ei
is
t
d
ie

V
er
ta
u
sc
h
u
n
gs
re
la
ti
on

zw
is
ch
en

Q
α
u
n
d
J
µ
ν
äq

u
iv
al
en
t
d
az
u
,
d
aß

Q
α

ei
n
S
p
in
or
op

er
at
or

is
t:

M
(Λ

) α
β
U
(Λ

)Q
β
U
(Λ

)−
1
=

Q
α
.

(8
3)

2
.2

S
u
p
e
r
r
a
u
m

u
n
d
D
iff
e
r
e
n
ti
a
lo
p
e
r
a
to
r
d
a
r
st
e
ll
u
n
g

D
ie

ei
ge
n
tl
ic
h
e
S
u
p
er
sy
m
m
et
ri
eg
ru
p
p
e
w
ir
d
vo
n
d
en

G
en
er
at
or
en

Q
α
,
Q

α̇
u
n
d
P

µ

er
ze
u
gt
.
Ih
re

E
le
m
en
te

h
än

ge
n
vo
n
zw

ei
m
al

zw
ei

an
ti
ko
m
m
u
ti
er
en
d
en

P
ar
am

et
er
n

ξα
,
ξα̇

u
n
d
v
ie
r
ko
m
m
u
ti
er
en
d
en

P
ar
am

et
er
n
a
µ
ab

u
n
d
si
n
d
d
u
rc
h

G
(a
,ξ
,ξ
)
:=

ei
(a
P
+
ξ
Q
+
Q
ξ
)

(8
4)

8
S
u
p
er
sy
m
m
et
ri
e:

G
le
ic
h
u
n
g
en

u
n
d
H
er
le
it
u
n
g
en

d
efi
n
ie
rt
.
D
er

P
ar
am

et
er
ra
u
m

d
ie
se
r
G
ru
p
p
e
is
t
d
as

P
ro
d
u
k
t
d
es

M
in
ko
w
sk
ir
au

m
es

u
n
d
zw

ei
er

S
p
in
or
rä
u
m
e,

d
er

S
u
p
er
ra
u
m
.
D
ie

E
le
m
en
te

d
es

S
u
p
er
ra
u
m
s
si
n
d
d
ie

T
u
p
el

z
=

(x
µ
,θ

α
,θ

α̇
).

D
er

S
u
p
er
ra
u
m

is
t
d
er

n
at
ü
rl
ic
h
e
D
ar
st
el
lu
n
gs
ra
u
m

d
er

S
u
p
er
sy
m
m
et
ri
ea
lg
eb
ra
,

ge
n
au

so
w
ie

d
er

M
in
ko
w
sk
ir
au

m
fü
r
P
oi
n
ca
ré
tr
an

sf
or
m
at
io
n
en
.
D
ie

L
or
en
tz
tr
an

s-
fo
rm

at
io
n
en

si
n
d
au

f
d
em

S
u
p
er
ra
u
m

d
u
rc
h
d
en

V
ek
to
r-

b
zw

.
S
p
in
or
ch
ar
ak

te
r
vo
n

x
,θ
, θ

b
er
ei
ts

d
efi
n
ie
rt
.
D
ie

ei
ge
n
tl
ic
h
e
S
u
p
er
sy
m
m
et
ri
et
ra
n
sf
or
m
at
io
n
is
t:

(x
µ
,θ

α
, θ

α̇
)
→

(x
µ
+
iξ
σ
µ
θ
+
iξ
σ
µ
θ,
θ α

+
ξ α
,θ

α̇
+
ξα̇
).

(8
5)

S
eh
r
n
ü
tz
li
ch

is
t
es
,
ge
n
au

w
ie

fü
r
d
ie

P
oi
n
ca
ré
al
ge
b
ra

au
ch

fü
r
d
ie

S
u
p
er
sy
m
-

m
et
ri
ea
lg
eb
ra

ei
n
e
D
ar
st
el
lu
n
g
d
u
rc
h
D
iff
er
en
ti
al
op

er
at
or
en

zu
er
m
it
te
ln
.
D
ie
s
is
t,

w
ie
d
er

an
al
og

zu
m

M
in
ko
w
sk
ir
au

m
,
au

f
d
em

S
u
p
er
ra
u
m

n
u
n
m
ög
li
ch
.

Z
u
n
äc
h
st

d
efi
n
ie
re
n
w
ir
A
b
le
it
u
n
ge
n
n
ac
h
θ
au

f
d
em

S
u
p
er
ra
u
m

2

∂
α
θ β

:=
δα

β
,

∂
α
θα

:=
δ α

β
,

(8
6)

∂
α̇
θβ̇

:=
δ α̇

β̇
,

∂
α̇
θ β̇

:=
δα̇

β̇
.

(8
7)

ξ∂
θα

=
ξα
,

ξ∂
θ α̇

=
ξ α̇
,

(8
8)

w
ob

ei
d
ie
A
b
le
it
u
n
ge
n
m
it
S
p
in
or
en

an
ti
ko
m
m
u
ti
er
en
.
D
ie
ei
ge
n
tl
ic
h
en

D
iff
er
en
ti
al
-

op
er
at
or
en
,
d
ie

d
ie

D
ar
st
el
lu
n
g
d
er

S
u
p
er
sy
m
m
et
ri
ea
lg
eb
ra

b
il
d
en
,
si
n
d
w
ie

fo
lg
t

d
efi
n
ie
rt
:

P
µ

=
i∂

µ
,

(8
9)

Q
α

=
i(
∂
α
+
i α
(σ

µ
θ)
∂
µ
),

(9
0)

Q
α̇

=
i(
−
∂
α̇
−

i(
θσ

µ
) α̇
∂
µ
).

(9
1)

D
ie
se

G
en
er
at
or
en

er
fü
ll
en

ei
(a
P
+
ξ
Q
+
Q
ξ
) F

(x
,θ
, θ
)
=

F
(x

−
a
−

iξ
σ
θ
−

iξ
σ
θ,
θ
−
ξ,
θ
−
ξ)

(9
2)

fü
r
F
u
n
k
ti
on

en
F
(x
,θ
, θ
)
au

f
d
em

S
u
p
er
ra
u
m
.

2
.3

K
o
v
a
r
ia
n
te

A
b
le
it
u
n
g
e
n

u
n
d
In

te
g
r
a
le

E
s
is
t
g
ü
n
st
ig
,
su
p
er
sy
m
m
et
ri
ek
ov
ar
ia
n
te

A
b
le
it
u
n
ge
n
zu

er
m
it
te
ln
.
Z
u
m

ei
n
en

is
t

n
ac
h
d
er

A
lg
eb
ra

d
ie
O
rt
sa
b
le
it
u
n
g
∂
µ
ko
va
ri
an

t:
[∂

µ
,Q

α
]
=

0.
E
s
gi
b
t
zu
m

an
d
er
en

au
ch

ko
va
ri
an

te
E
rg
än

zu
n
ge
n
d
er

∂
α
:

D
α

:=
∂
α
−

i α
(σ

µ
θ)
∂
µ
,

(9
3)

D
α̇

:=
−
∂
α̇
+
i(
θσ

µ
) α̇
∂
µ
,

(9
4)

D
α
:=

ǫα
β
D

β
=

−
∂
α
+
i(
θσ

µ
)α
∂
µ
,

(9
5)

D
α̇
:=

ǫα̇
β̇
D

β̇
=

∂
α̇
−
iα̇
(σ

µ
θ)
∂
µ
.

(9
6)

2
D
ie
se

K
o
n
v
en
ti
o
n
h
a
t
a
ll
er
d
in
g
s
d
ie

F
o
lg
e,

d
a
ß
∂
α

=
−
ǫ α

β
∂
β
u
n
d
∂
α̇

=
−
ǫ α̇

β̇
∂
β̇
is
t.

E
in
e

n
a
tü
rl
ic
h
e
D
efi
n
it
io
n
g
ib
t
es

d
u
rc
h
G
l.
(8
8
)
n
u
r
fü
r
∂
α
u
n
d
∂
α̇
.
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D
ie
se

A
b
le
it
u
n
ge
n
er
fü
ll
en

{D
α
,Q

α
}
=

{D
α
,Q

α̇
}
=

{D
α
,D

β
}
=

{D
α̇
,D

β̇
}
=

0,
(9
7)

{D
α
,D

α̇
}
=

{Q
α
,Q

α̇
}
=

2i
σ
µ α
α̇
∂
µ
.

(9
8)

N
u
n
d
efi
n
ie
re
n
w
ir
In
te
gr
al
e
au

f
d
em

S
u
p
er
ra
u
m
.

Z

d
θ α

1
:=

0,

Z

d
θα̇

1
:=

0,
(9
9)

Z

d
θ α

θβ
:=

δ α
β
,

Z

d
θα̇

θ β̇
:=

δα̇
β̇
,

(1
00
)

Z

d
θ α

θβ
θγ

:=
δ α

β
θγ

−
θβ
δ α

γ
,

Z

d
θα̇

θ β̇
θ γ̇

:=
δα̇

β̇
θ γ̇

−
θ β̇
δα̇

γ̇
,

(1
01
)

Z

d
θ α

θ β̇
:=

−
θ β̇

Z

d
θ α
,

Z

d
θα̇

θβ
:=

−
θβ

Z

d
θα̇
,

(1
02
)

Z

d
2
θ
:=

1 4
ǫα

β

Z

d
θ α
d
θ β
,

Z

d
2
θ
:=

1 4
ǫ α̇

β̇

Z

d
θα̇
d
θβ̇
.

(1
03
)

D
am

it
er
ge
b
en

si
ch

d
ie

w
ic
h
ti
ge
n
G
le
ic
h
u
n
ge
n

Z

d
2
θ
θθ

=
1 4
ǫα

β
ǫ γ

δ
(δ

β
γ
δ α

δ
−
δ α

γ
δ β

δ
)
=

1,
(1
04
)

Z

d
2
θ
θθ

=
1.

(1
05
)

D
ie
se

In
te
gr
al
e
si
n
d
d
am

it
fü
r
b
el
ie
b
ig
e
In
te
gr
an

d
en

d
efi
n
ie
rt
,
d
en
n
w
eg
en

d
er

A
n
-

ti
ko
m
m
u
ta
ti
v
it
ät

gi
b
t
es

n
u
r
P
ol
y
n
om

e
2.

G
ra
d
es

in
θ 1
,θ

2
o
d
er

θ1̇
,θ

2̇
.
S
om

it
ve
r-

sc
h
w
in
d
en

In
te
gr
al
e
ü
b
er

to
ta
le

θ-
A
b
le
it
u
n
ge
n
:

Z

d
2
θ∂

α
f
(θ
)
=

Z

d
2
θ∂

α̇
f
(θ
)
=

0.
(1
06
)

D
el
ta
fu
n
k
ti
on

en
la
ss
en

si
ch

d
u
rc
h

δ2
(θ
)
:=

θθ
u
n
d

δ2
( θ
)
:=

θθ
d
efi
n
ie
re
n
.

S
ie

er
fü
ll
en
:

Z

d
2
θδ

2
(θ
)(
a
+
bα
θ α

+
cθ
θ)

=
a
,

(1
07
)

Z

d
2
θδ

2
(θ
)(
a
+
b α̇
θα̇

+
cθ
θ)

=
a
.

(1
08
)

V
er
sc
h
w
in
d
en

In
te
gr
al
e
vo
n
to
ta
le
n
R
au

m
ab

le
it
u
n
ge
n
ü
b
er

d
en

ga
n
ze
n
M
in
ko
w
sk
i-

ra
u
m
,
so

la
ss
en

si
ch

d
ie

θ-
In
te
gr
al
e
d
u
rc
h
ko
va
ri
an

te
A
b
le
it
u
n
ge
n
er
se
tz
en
.
E
s
is
t

n
äm

li
ch

D
α
D

α

−
4

θθ
=

D
α̇
D

α̇

−
4

θθ
=

1.
(1
09
)

10
S
u
p
er
sy
m
m
et
ri
e:

G
le
ic
h
u
n
g
en

u
n
d
H
er
le
it
u
n
g
en

D
es
h
al
b
is
t

Z

d
4
x

Z

d
2
θ
F
(x
,θ
,θ
)
=

Z

d
4
x
D

α
D

α

−
4

F
(x
,θ
,θ
)

(1
10
)

u
n
d
ge
n
au

so
Z

d
4
x

Z

d
2
θF

(x
,θ
,θ
)
=

Z

d
4
x
D

α̇
D

α̇

−
4

F
(x
,θ
, θ
).

(1
11
)

Z
u
le
tz
t
d
efi
n
ie
re
n
w
ir
n
o
ch

d
as

In
te
gr
al

Z

d
4
θ
:=

Z

d
2
θd

2
θ.

(1
12
)

D
am

it
si
n
d
d
ie
In
te
gr
al
e
ei
n
M
it
te
l,
u
m

au
s
P
ol
y
n
om

en
in

d
en

θ
u
n
d
θ
ge
w
is
se

K
om

-
p
on

en
te
n
h
er
au

sz
u
p
ro
ji
zi
er
en
.
R

d
4
θ
er
gi
b
t
d
ie
θθ
θθ
-K

om
p
on

en
te
,
R

d
4
θδ

2
(θ
)
d
ie
θθ
-

K
om

p
on

en
te
,
R

d
4
θδ

2
(θ
)
d
ie
θθ
-K

om
p
on

en
te

u
n
d
R

d
4
θδ

2
(θ
)δ

2
(θ
)
d
ie
1-
K
om

p
on

en
te
.

2
.4

F
o
r
m
e
ls
a
m
m
lu
n
g

W
ei
te
re

w
ic
h
ti
ge

F
or
m
el
n
m
it
d
en

θ-
V
ar
ia
b
le
n
si
n
d
:

θα
θ β

=
1 2
δα

β
θθ
,

(1
13
)

θ α̇
θβ̇

=
1 2
δ α̇

β̇
θθ
,

(1
14
)

∂
α
θθ

=
2θ

α
,

(1
15
)

∂
α̇
θθ

=
2θ

α̇
,

(1
16
)

θσ
µ
ψ

=
−
ψ
σ
µ
θ,

(1
17
)

ψ
θ
θ α

=
−
1 2
θθ

ψ
α
,

(1
18
)

ψ
θ
θα̇

=
−
1 2
θθ

ψ
α̇
,

(1
19
)

θσ
µ
χ
θψ

=
−
χ
σ
µ
θ
θψ

=
1 2
θθ

χ
σ
µ
ψ
=

−
1 2
θθ

ψ
σ
µ
χ
,

(1
20
)

θσ
µ
χ
θψ

=
−
χ
σ
µ
θ
θψ

=
1 2
θθ

χ
σ
µ
ψ
=

−
1 2
θθ

ψ
σ
µ
χ
,

(1
21
)

θσ
µ
σ
ν
θ

=
θθ
g
µ
ν
,

(1
22
)

θσ
µ
θ
θσ

ν
θ
=

−
θσ

µ
θ
θσ

ν
θ

=
1 2
θθ
θθ
g
µ
ν
,

(1
23
)

θσ
µ
σ
ν
σ
ρ
σ
σ
θ

=
1 2
θθ
T
rσ

µ
σ
ν
σ
ρ
σ
σ
,

(1
24
)

θσ
µ
σ
ν
σ
ρ
θ

=
−
θσ

ρ
σ
ν
σ
µ
θ.

(1
25
)
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3
S
u
p
e
r
fe
ld
e
r

S
u
p
er
fe
ld
er

si
n
d
F
u
n
k
ti
on

en
au

f
d
em

S
u
p
er
ra
u
m
,
d
ie

in
d
en

θ-
V
ar
ia
b
le
n
an

al
y
ti
sc
h

si
n
d
[9
,
6]
.
D
ie

T
ay
lo
re
n
tw

ic
k
lu
n
g
in

d
en

θ
b
ri
ch
t
w
eg
en

d
er

A
n
ti
ko
m
m
u
ta
ti
v
it
ät

ab
u
n
d

d
ie

E
n
tw

ic
k
lu
n
gs
ko

effi
zi
en
te
n

si
n
d

F
u
n
k
ti
on

en
au

f
d
em

M
in
ko
w
sk
ir
au

m
,

d
ie

K
om

p
on

en
te
n
fe
ld
er
.

W
ir

b
et
ra
ch
te
n
sk
al
ar
e
S
u
p
er
fe
ld
er
,
d
er
en

S
u
p
er
sy
m
m
e-

tr
ie
tr
an

sf
or
m
at
io
n
en

d
u
rc
h

F
′ (
x
′ ,
θ′
,θ

′ )
:=

F
(x
,θ
,θ
),

F
′
=

ei
(a
P
+
ξ
Q
+
Q
ξ)
F

(1
26
)

m
it
d
en

D
iff
er
en
ti
al
op

er
at
or
en

(8
9)

d
efi
n
ie
rt

si
n
d
.
D
u
rc
h
ve
rs
ch
ie
d
en
e
w
ei
te
re

E
in
-

sc
h
rä
n
k
u
n
ge
n
an

d
ie

S
u
p
er
fe
ld
er

er
h
al
te
n
w
ir
m
ög
li
ch
st

k
le
in
e
S
u
p
er
sy
m
m
et
ri
em

u
l-

ti
p
le
tt
s.

3
.1

C
h
ir
a
le

S
u
p
e
r
fe
ld
e
r

S
ka
la
re

S
u
p
er
fe
ld
er
,
d
ie

d
er

E
in
sc
h
rä
n
k
u
n
g

D
α̇
Φ
=

0
(1
27
)

ge
n
ü
ge
n
,
h
ei
ße
n
ch
ir
al
.
W

ir
w
er
d
en

ze
ig
en
,
d
aß

ch
ir
al
e
S
u
p
er
fe
ld
er

al
s
fe
rm

io
n
is
ch
en

F
re
ih
ei
ts
gr
ad

ei
n
en

li
n
k
sh
än

d
ig
en

S
p
in
or

en
th
al
te
n
.
W
eg
en

{ D
α̇
,Q

β
}
=

{D
α̇
,Q

β̇
}
=

0
is
t
d
ie
se

E
in
sc
h
rä
n
k
u
n
g
ko
va
ri
an

t
u
n
te
r
S
u
p
er
sy
m
m
et
ri
e.

D
ie

al
lg
em

ei
n
e
L
ös
u
n
g

zu
d
ie
se
r
G
le
ic
h
u
n
g
fi
n
d
en

w
ir
in

d
er

ch
ir
al
en

B
as
is
(y
,θ

1
,θ

1
)
m
it

x
µ
=

y
µ
+
iθ

1
σ
µ
θ 1
,

θ
=

θ 1
,

θ
=

θ 1
.

(1
28
)

In
d
ie
se
r
B
as
is
is
t
(K

on
ve
n
ti
on

∂
α̇
θβ̇

=
∂

∂
θ
α̇
θβ̇

:=
δβ̇ α̇
)

−
∂
1 α̇

=
−
∂
α̇
+
i(
θ 1
σ
µ
) β̇
(∂

1 α̇
θ1

β̇
)∂

µ

=
−
∂
α̇
+
i(
θσ

µ
) α̇
∂
µ

=
D

α̇
.

(1
29
)

E
n
ts
p
re
ch
en
d
fo
lg
t

D
α
=

∂
1 α
−
2i

α
(σ

µ
θ 1
)∂

1 µ
(1
30
)

A
ls
o
h
at

ei
n
al
lg
em

ei
n
es

ch
ir
al
es

S
u
p
er
fe
ld

d
ie

F
or
m

Φ
(x
,θ
,θ
)
=

φ
(y
,θ
)
=

e−
iθ
σ
µ
θ
∂
µ
φ
(x
,θ
),

(1
31
)

in
K
om

p
on

en
te
n
:

φ
(y
,θ
)

=
A
(y
)
+
√
2
θψ

(y
)
+
θθ
F
(y
),

(1
32
)

Φ
(x
,θ
,θ
)

=
A
(x
)
+
√
2
θψ

(x
)
+
θθ
F
(x
)

−
iθ
σ
µ
θ∂

µ
A
(x
)
−

1 4
θθ
θθ
∂
µ
∂
µ
A
(x
)

−
i √
2
θθ
θσ

µ
∂
µ
ψ
(x
).

(1
33
)

12
S
u
p
er
sy
m
m
et
ri
e:

G
le
ic
h
u
n
g
en

u
n
d
H
er
le
it
u
n
g
en

D
ie
F
el
d
er

A
,ψ

,F
b
il
d
en

ei
n
ch
ir
al
es

M
u
lt
ip
le
tt
.
A
u
n
d
F
si
n
d
ko
m
p
le
x
e
S
ka
la
rf
el
d
er

u
n
d
ψ

is
t
ei
n
li
n
k
sh
än

d
ig
er

2-
S
p
in
or
.

3
.2

A
n
ti
c
h
ir
a
le

S
u
p
e
r
fe
ld
e
r

A
n
ti
ch
ir
al
e
S
u
p
er
fe
ld
er

Φ
si
n
d
d
u
rc
h
d
ie

E
in
sc
h
rä
n
k
u
n
g

D
α
Φ
=

0
(1
34
)

d
efi
n
ie
rt
.
Φ
≡

Φ
†
is
t
ge
n
au

d
an

n
an

ti
ch
ir
al
,
w
en
n
Φ

ch
ir
al

is
t.

D
ie

K
om

p
on

en
te
n
z-

er
le
gu

n
g
ei
n
es

al
lg
em

ei
n
en

an
ti
ch
ir
al
en

S
u
p
er
fe
ld
es

is
t
d
ah

er
:

Φ
(x
,θ
,θ
)

=
A

† (
x
)
+
√
2
θψ

(x
)
+
θθ
F

† (
x
)

+
iθ
σ
µ
θ∂

µ
A

† (
x
)
−

1 4
θθ
θθ
∂
µ
∂
µ
A

† (
x
)

−
i √
2
θθ
θσ

µ
∂
µ
ψ
(x
)

(1
35
)

D
ie

F
el
d
er

A
† ,
ψ
,F

†
b
il
d
en

d
as

an
ti
ch
ir
al
e
M
u
lt
ip
le
tt
.

A
†
u
n
d
F

†
si
n
d
ko
m
p
le
x
e

S
ka
la
rf
el
d
er

u
n
d
ψ

is
t
ei
n
re
ch
ts
h
än

d
ig
er

2-
S
p
in
or
.

3
.3

V
e
k
to
r
su

p
e
r
fe
ld
e
r

V
ek
to
rs
u
p
er
fe
ld
er

si
n
d
re
el
le

sk
al
ar
e
S
u
p
er
fe
ld
er
:

V
(x
,θ
, θ
)
=

V
† (
x
,θ
,θ
).

(1
36
)

S
ie

en
th
al
te
n
ge
w
öh

n
li
ch
e
V
ek
to
rf
el
d
er
.
U
n
se
re

sp
ät
er
en

su
p
er
sy
m
m
et
ri
sc
h
en

M
o
d
-

el
le

si
n
d
ei
ch
in
va
ri
an

t
u
n
te
r

V
→

V
′
:=

V
+
i(
Λ
−

Λ
),

(1
37
)

w
ob

ei
Λ

ei
n
ch
ir
al
es

S
u
p
er
fe
ld

is
t.

D
a
d
ie

1,
θ,
θθ
-K

om
p
on

en
te
n
vo
n
Λ

w
eg
en

(1
33
)

u
n
ab

h
än

gi
g
vo
n
ei
n
an

d
er

w
äh

lb
ar

si
n
d
,
k
ön

n
en

w
ir

al
s
E
ic
h
b
ed
in
gu

n
g
d
ie

W
es
s-

Z
u
m
in
o-
E
ic
h
u
n
g
w
äh

le
n
,
in

d
er

d
ie

1,
θ,
θθ
-
u
n
d
w
eg
en

d
er

R
ea
li
tä
t
vo
n

V
au

ch
d
ie

θ,
θθ
-K

om
p
on

en
te
n
vo
n
V

ve
rs
ch
w
in
d
en
.
D
ie

K
om

p
on

en
te
n
ze
rl
eg
u
n
g
in

d
ie
se
r

E
ic
h
u
n
g
is
t
d
an

n
:

V
(x
,θ
, θ
)

=
θσ

µ
θv

µ
+
iθ
θθ
λ
(x
)
−

iθ
θθ
λ
(x
)
+

1 2
θθ
θθ
D
(x
)

(1
38
)

D
ie

W
es
s-
Z
u
m
in
o-
B
ed
in
gu

n
g
le
gt

d
ie

E
ic
h
u
n
g
n
ic
h
t
vo
ll
st
än

d
ig

fe
st
.

D
ie

1,
θ,
θθ
-

K
om

p
on

en
te
n
b
le
ib
en

ge
n
au

d
an

n
u
n
ve
rä
n
d
er
t,

w
en
n
w
ir

Λ
:=

A
−
iθ
σ
µ
θ∂

µ
A
−

1 4
θθ
θθ
�
A
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w
äh

le
n
,
w
ob

ei
A
−

A
†
=

0
is
t,
so

d
aß

Λ
−

Λ
=

−
iθ
σ
µ
θ∂

µ
(A

+
A

† )
.

D
as

h
ei
ßt
,
d
ie

W
es
s-
Z
u
m
in
o-
B
ed
in
gu

n
g
le
gt

d
ie

E
ic
h
u
n
g
fe
st

b
is

au
f
d
ie

ü
b
li
ch
e

In
va
ri
an

z
u
n
te
r
v µ

→
v µ

+
∂
µ
α

m
it

re
el
le
m

α
.
D
as

V
ek
to
rm

u
lt
ip
le
tt

b
es
te
h
t
au

s
d
en

K
om

p
on

en
te
n

vo
n

V
.

D
ie

ei
n
zi
ge
n

K
om

p
on

en
te
n
,
d
ie

si
ch

n
ic
h
t
w
eg
ei
ch
en

la
ss
en
,
si
n
d

d
as

re
el
le

V
ek
to
rf
el
d

v µ
,
d
as

re
el
le

S
ka
la
rf
el
d

D
u
n
d

d
ie

li
n
k
s-

u
n
d

re
ch
ts
h
än

d
ig
en

S
p
in
or
en

λ
,λ

.

4
S
u
p
e
r
sy

m
m
e
tr
is
c
h
e
W

e
c
h
se
lw

ir
k
u
n
g
e
n

W
ir

b
er
ec
h
n
en

n
u
n
ei
n
ig
e
w
ic
h
ti
ge

W
ec
h
se
lw
ir
k
u
n
gs
te
rm

e
in

K
om

p
on

en
te
n
.

D
as

M
o
d
el
l
en
th
al
te

ei
n
M
at
er
ie
m
u
lt
ip
le
tt

au
s
ch
ir
al
en

S
u
p
er
fe
ld
er
n
Φ

u
n
d
ei
n
V
ek
to
r-

fe
ld
m
u
lt
ip
le
tt

V
=

T
a
V

a
m
it
d
en

G
en
er
at
or
en

T
a
ei
n
er

ei
n
fa
ch
en

E
ic
h
gr
u
p
p
e.

W
ir

fo
rd
er
n
In
va
ri
an

z
u
n
te
r
d
er

E
ic
h
tr
an

sf
or
m
at
io
n
:

Φ
→

e−
i2
g
Λ
Φ
,

Φ
→

Φ
ei

2
g
Λ
,

e2
g
V

→
e−

i2
g
Λ
e2

g
V
ei

2
g
Λ
,

(1
39
)

w
ob

ei
Λ
=

Λ
a
T

a
W
er
te

in
d
er

L
ie
-A

lg
eb
ra

h
at

u
n
d
d
ie

Λ
a
ch
ir
al
e
S
u
p
er
fe
ld
er

si
n
d
.

In
fi
n
it
es
im

al
is
t
al
so

δV
a
=

i(
Λ

a
−
Λ

a
)
fü
r
je
d
es

a
,
w
ie

ob
en

sc
h
on

b
en
u
tz
t.

B
ei

d
en

fo
lg
en
d
en

B
er
ec
h
n
u
n
ge
n
ig
n
or
ie
re
n
w
ir
to
ta
le

A
b
le
it
u
n
ge
n
.

4
.1

A
ll
g
e
m
e
in
e
su

p
e
r
sy

m
m
e
tr
is
c
h
e
T
e
r
m
e

S
u
p
er
sy
m
m
et
ri
sc
h
e
T
er
m
e,

d
ie

n
u
r
n
o
ch

vo
n

x
ab

h
än

ge
n
,
b
ek
om

m
en

w
ir

d
u
rc
h

A
u
si
n
te
gr
ie
re
n
d
er

θ-
A
b
h
än

gi
gk
ei
t
d
er

S
u
p
er
fe
ld
er
.

E
s
gi
lt
:
F
ü
r
ei
n
al
lg
em

ei
n
es

sk
al
ar
es

S
u
p
er
fe
ld

F
(x
,θ
,θ
)
is
t

Z

d
4
θ
F
(x
,θ
, θ
)

(1
40
)

su
p
er
sy
m
m
et
ri
sc
h
,
u
n
d
fü
r
ch
ir
al
e
S
u
p
er
fe
ld
er

is
t
so
ga
r
sc
h
on

Z

d
2
θ
Φ
(x
,θ
,θ
)| θ

=
0
=

Z

d
4
θδ

2
(θ
)Φ

(x
,θ
,θ
)

(1
41
)

su
p
er
sy
m
m
et
ri
sc
h
.

14
S
u
p
er
sy
m
m
et
ri
e:

G
le
ic
h
u
n
g
en

u
n
d
H
er
le
it
u
n
g
en

B
e
w
e
is
:

W
ir

ze
ig
en
,
d
aß

d
as

O
rt
si
n
te
gr
al
,
al
so

d
ie

W
ir
k
u
n
g,

in
va
ri
an

t
u
n
te
r
S
u
-

p
er
sy
m
m
et
ri
et
ra
n
sf
or
m
at
io
n
en
,
er
ze
u
gt

d
u
rc
h
Q

α
,
Q

α̇
,
is
t.

Z
u
n
äc
h
st

gi
lt

Z

d
4
x
d
4
θ
Q

α
F
(x
,θ
,θ
)

=

Z

d
4
x
d
4
θ
i(
∂
α
+
i α
(σ

µ
θ)
∂
µ
)F

(x
,θ
,θ
)
=

0,
(1
42
)

d
a
d
ie

In
te
gr
al
e
ü
b
er

to
ta
le

A
b
le
it
u
n
ge
n
n
ac
h
x
µ
o
d
er

θ α
ve
rs
ch
w
in
d
en
.
A
u
s
d
em

-
se
lb
en

G
ru
n
d
gi
lt

au
ch

R

d
4
x
d
4
θ
Q

α̇
F

=
0
u
n
d
R

d
4
x
d
2
θ
Q

α
Φ

=
0.

U
m

zu
ze
ig
en
,

d
aß

au
ch

R

d
4
x
d
2
θ
Q

α̇
Φ

ve
rs
ch
w
in
d
et
,
b
en
u
tz
en

w
ir

d
ie

C
h
ir
al
it
ät

vo
n
Φ

in
F
or
m

d
er

D
ar
st
el
lu
n
g
Φ
=

e−
iθ
σ
µ
θ
∂
µ
φ
(x
,θ
).

D
an

n
is
t

Z

d
4
x
d
4
θ
δ2
(θ
)Q

α̇
Φ
(x
,θ
,θ
)

=

Z

d
4
x
d
4
θ
δ2
(θ
)(
−
i∂

α̇
)e

−
iθ
σ
µ
θ
∂
µ
φ
(x
,θ
)

=

Z

d
4
x
d
4
θ
δ2
(θ
)(
−
i∂

α̇
)(
−
iθ
σ
µ
θ∂

µ
)φ
(x
,θ
)

=

Z

d
4
x
d
4
θ
∂
µ
δ2
(θ
)(
θσ

µ
) α̇
φ
(x
,θ
)

=
0.

(1
43
)

D
am

it
is
t
d
ie

S
u
p
er
sy
m
m
et
ri
ei
n
va
ri
an

z
b
ew

ie
se
n
.

E
in
e

w
ic
h
ti
ge
,

an
d
er
e

F
or
m
u
li
er
u
n
g

d
es
se
lb
en

S
ac
h
ve
rh
al
ts

is
t:

d
ie

D
-

K
om

p
on

en
te

je
d
es

S
u
p
er
fe
ld
es

u
n
d
d
ie

F
-K

om
p
on

en
te

ei
n
es

ch
ir
al
en

S
u
p
er
fe
ld
es

si
n
d
su
p
er
sy
m
m
et
ri
sc
h
,
b
is
au

f
to
ta
le

A
b
le
it
u
n
ge
n
.
W

ic
h
ti
g
is
t
au

ch
,
d
aß

P
ro
d
u
k
te

vo
n
(c
h
ir
al
en
)
S
u
p
er
fe
ld
er
n
w
ie
d
er

(c
h
ir
al
e)

S
u
p
er
fe
ld
er

si
n
d
.
D
ah

er
is
t

Z

d
4
θ(
b
el
ie
b
ig
es

P
ro
d
u
k
t
vo
n
S
u
p
er
fe
ld
er
n
),

(1
44
)

Z

d
2
θ(
b
el
ie
b
ig
es

P
ro
d
u
k
t
vo
n
ch
ir
al
en

S
u
p
er
fe
ld
er
n
)| θ

=
0

(1
45
)

im
m
er

su
p
er
sy
m
m
et
ri
sc
h
(b
is
au

f
to
ta
le

A
b
le
it
u
n
ge
n
).

4
.2

M
a
te
r
ie
–
E
ic
h
fe
ld
w
e
c
h
se
lw

ir
k
u
n
g
e
n

R
en
or
m
ie
rb
ar
e
su
p
er
sy
m
m
et
ri
sc
h
e
M
o
d
el
le

k
ön

n
en

m
it
te
ls
d
er

b
er
ei
ts

ei
n
ge
fü
h
rt
en

ch
ir
al
en
,
an

ti
ch
ir
al
en

u
n
d
V
ek
to
rs
u
p
er
fe
ld
er

ei
n
ge
fü
h
rt

w
er
d
en
.

C
h
ir
al
e
u
n
d
A
n
-

ti
ch
ir
al
e
S
u
p
er
fe
ld
er

b
ei
n
h
al
te
n
h
ie
rb
ei

d
ie

S
ka
la
r-

u
n
d
F
er
m
io
n
fe
ld
er
,
d
ie

m
an

im
S
p
ra
ch
ge
b
ra
u
ch

vo
n

E
ic
h
th
eo
ri
en

al
s
M
at
er
ie
fe
ld
er

b
ez
ei
ch
n
et
,
V
ek
to
rs
u
p
er
fe
ld
er

en
th
al
te
n
d
ie

E
ic
h
fe
ld
er

u
n
d
d
er
en

S
u
p
er
p
ar
tn
er
.

A
ls

er
st
en

su
p
er
sy
m
m
et
ri
sc
h
en

T
er
m

ge
b
en

w
ir

d
en

k
in
et
is
ch
en

T
er
m

vo
n
M
a-

te
ri
ef
el
d
er
n
(i
.e
.
ch
ir
al
en

S
u
p
er
fe
ld
er
n
),

in
k
lu
si
ve

m
in
im

al
er

K
op

p
lu
n
g
ch
ir
al
er

an
V
ek
to
rs
u
p
er
fe
ld
er

an
,

Z

d
4
θΦ

e2
g
V
Φ
.

(1
46
)
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D
ie
se
r
T
er
m

is
t
su
p
er
sy
m
m
et
ri
sc
h
u
n
d
in
va
ri
an

t
u
n
te
r
d
er

E
ic
h
tr
an

sf
or
m
at
io
n
(1
39
).

In
d
er

W
es
s-
Z
u
m
in
o-
E
ic
h
u
n
g
b
ri
ch
t
d
ie

R
ei
h
e
e2

g
V
ab

.
E
s
is
t

V
2
=

1 2
θθ
θθ
v
µ
v µ

(1
47
)

u
n
d
al
le

h
öh

er
en

P
ot
en
ze
n
vo
n
V

ve
rs
ch
w
in
d
en
.
In

K
om

p
on

en
te
n
la
u
te
t
d
er

si
ch

er
ge
b
en
d
e
W
ec
h
se
lw
ir
k
u
n
gs
te
rm

Z

d
4
θΦ

e2
g
V
Φ

=
F

† F
+
(∂

µ
A

†
−
ig
A

† v
µ
)(
∂
µ
A
+
ig
v µ
A
)
+
ψ
σ
µ
(i
∂
µ
−

g
v µ
)ψ

−
√
2g

(i
ψ
λ
A
−
A

† i
λ
ψ
)
+
g
A

† D
A

(1
48
)

H
ie
r
ta
u
ch
t
n
u
n
d
ie

ei
ch
ko
va
ri
an

te
A
b
le
it
u
n
g
au

f:

D
µ
:=

∂
µ
+
ig
v µ
.

(1
49
)

D
ie

F
el
d
er

F
h
ab

en
ke
in
e
k
in
et
is
ch
en

T
er
m
e.

S
ie

si
n
d
H
il
fs
fe
ld
er
,
d
ie

sp
ät
er

d
u
rc
h

E
in
se
tz
en

ih
re
r
F
el
d
gl
ei
ch
u
n
ge
n
el
im

in
ie
rt

w
er
d
en

k
ön

n
en
.

4
.3

S
u
p
e
r
p
o
te
n
ti
a
l

E
in
e
w
ei
te
re

off
en
si
ch
tl
ic
h
su
p
er
sy
m
m
et
ri
sc
h
e
K
la
ss
e
vo
n
T
er
m
en

is
t

Z

d
2
θW

(Φ
),

w
ob

ei
W

ei
n
P
ol
y
n
om

m
ax

im
al

d
ri
tt
en

G
ra
d
es

in
ch
ir
al
en

S
u
p
er
fe
ld
er
n
is
t.

W
ir

n
en
n
en

W
d
as

S
u
p
er
p
ot
en
ti
al
.
D
ie

K
om

p
on

en
te
n
ze
rl
eg
u
n
ge
n
vo
n
en
ts
p
re
ch
en
d
en

T
er
m
en

si
n
d
:

Z

d
2
θΦ

1
Φ

2
=

A
1
F
2
+
F
1
A

2
−

ψ
1
ψ
2
,

(1
50
)

Z

d
2
θΦ

1
Φ

2
Φ

3
=

F
1
A

2
A

3
+
A

1
F
2
A

3
+
A

1
A

2
F
3

−
A

1
ψ
2
ψ
3
−
ψ
1
A

2
ψ
3
−
ψ
1
ψ
2
A

3
(1
51
)

W
ic
h
ti
g
is
t,

d
aß

d
ie

T
er
m
e
m
it

d
en

S
p
in
or
en

ei
n
an

d
er
es

V
or
ze
ic
h
en

h
ab

en
.

E
s

ko
m
m
t
vo
n
d
er

G
le
ic
h
u
n
g
(ψ

1
θ)
(ψ

2
θ)

=
−

1 2
(θ
θ)
(ψ

1
ψ
2
).

4
.4

K
in
e
ti
sc
h
e
T
e
r
m
e
d
e
r
E
ic
h
fe
ld
e
r

E
x
em

p
la
ri
sc
h

b
et
ra
ch
te
n

w
ir

d
ie

k
in
et
is
ch
en

T
er
m
e

fü
r

d
ie

V
ek
to
rs
u
p
er
fe
ld
er

au
sf
ü
h
rl
ic
h
er
.
W

ir
d
efi
n
ie
re
n
ch
ir
al
e
u
n
d
an

ti
ch
ir
al
e
F
el
d
st
är
ke
n
:

W
α

:=
−
1 4
D
D
(e

−
2
g
V
D

α
e2

g
V
)

(1
52
)

W
α̇

:=
−
1 4
D
D
((
D

α̇
e2

g
V
)e

−
2
g
V
)

(1
53
)

16
S
u
p
er
sy
m
m
et
ri
e:

G
le
ic
h
u
n
g
en

u
n
d
H
er
le
it
u
n
g
en

D
ie

F
el
d
st
är
ke
n
tr
an

sf
or
m
ie
re
n
ko
va
ri
an

t
u
n
te
r
E
ic
h
tr
an

sf
or
m
at
io
n
en
:

W
α

→
e−

2
ig
Λ
W

α
e2

ig
Λ
,

(1
54
)

W
α̇

→
e−

2
ig
Λ
W

α̇
e2

ig
Λ
.

(1
55
)

In
d
er

W
es
s-
Z
u
m
in
o-
E
ic
h
u
n
g
gi
b
t
es

fo
lg
en
d
e
S
u
m
m
an

d
en

zu
W

α
:

(1
)

=
D
D −
4
D

α
2g

V
,

(2
)

=
D
D −
4
D

α
2g

2
V
V
,

(3
)

=
D
D −
4
(−

2g
V
)D

α
2g

V
,

(4
)

=
D
D −
4
(−

2g
V
)D

α
2g

2
V
V
,

(5
)

=
D
D −
4
(2
g
2
V
V
)D

α
2g

V
,

(6
)

=
D
D −
4
(2
g
2
V
V
)D

α
2g

2
V
V
.

Z
u
r
B
er
ec
h
n
u
n
g
d
er

K
om

p
on

en
te
n
vo
n
W

α
b
en
u
tz
en

w
ir
d
ie
ch
ir
al
e
B
as
is
,
oh

n
e
d
ie
s

d
u
rc
h
ei
n
en

In
d
ex

zu
ke
n
n
ze
ic
h
n
en
.
D
er

ei
n
zi
ge

U
n
te
rs
ch
ie
d
in

d
er

K
om

p
on

en
te
n
z-

er
le
gu

n
g
vo
n
V

is
t
d
ab

ei
,
d
aß

v µ
(x
)
d
u
rc
h

v µ
(x

+
iθ
σ
θ)

=
v µ
(x
)
+
iθ
σ
ν
θ∂

ν
v µ
(x
)

zu
er
se
tz
en

is
t.

E
s
is
t
an

h
an

d
d
er

K
om

p
on

en
te
n
ze
rl
eg
u
n
g
vo
n

V
n
u
n

le
ic
h
t
zu

se
h
en
,
d
aß

d
ie

T
er
m
e
(4
),
(5
),
(6
)
ve
rs
ch
w
in
d
en
.

D
ie

an
d
er
en

T
er
m
e
si
n
d
m
it

d
er

A
b
k
ü
rz
u
n
g
v µ

ν
:=

∂
µ
v ν

−
∂
ν
v µ
:

(1
)

=
D
D −
4

h

∂
α
2g

V
−
2i

α
(σ

µ
θ)
∂
µ
2g

V
i

=
−
2i
g
λ
α
+
2g

θ α
D

−
2g

α
(σ

µ
∂
µ
λ
)θ
θ

+
D
D −
4

h

ig
α
(σ

µ
θ)
θσ

ν
θ∂

ν
v µ

+
ig
θσ

µ
θ

α
(σ

ν
θ)
∂
ν
v µ

−
2i
g

α
(σ

µ
θ)
∂
µ
θσ

ν
θv

ν

i

=
−
2i
g
λ
α
+
2g

θ α
D

−
ig

α
(σ

µ
σ
ν
θ)
v µ

ν
−

2g
α
(σ

µ
∂
µ
λ
)θ
θ,

(1
56
)

(2
)

=
2g

2
θ α
v
2
.

(1
57
)

D
a
je
d
er

T
er
m

in
V

m
in
d
es
te
n
s
ei
n
θ
en
th
äl
t,
tr
äg
t
zu

(3
)
n
u
r
d
er

∂
α
-A

n
te
il
vo
n
D

α

b
ei
: (3
)

=
D
D −
4
(−

2g
V
)∂

α
2g

V
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=
D
D −
4
(−

4g
2
)V

�

α
(σ

µ
θ)
v µ

+
2i
θ α
θλ

−
iθ
θλ

α
+
θ α
θθ
D
�

=
D
D −
4
(−

4g
2
)V

�

α
(σ

µ
θ)
v µ

+
2i
θ α
θλ

�

=
D
D −
4
(−

4g
2
)
�

θσ
ν
θv

ν
α
(σ

µ
θ)
v µ

+
2i
θσ

ν
θv

ν
θ α
θλ

+
iθ
θθ
λ

α
(σ

µ
θ)
v µ
�

=
D
D −
4
(−

4g
2
)

�

1 2
θθ

α
(σ

µ
σ
ν
θ)
v ν
v µ

+
i 2
θθ
θθ

α
(σ

ν
v ν
λ
)
−

i 2
θθ
θθ

α
(σ

µ
λ
)v

µ

�

=
−
4g

2

�

1 2
α
(σ

µ
σ
ν
θ)
v ν
v µ

+
i 2
θθ

α
(v

µ
σ
µ
λ
−

σ
µ
λ
v
µ
)�

.
(1
58
)

In
d
er

S
u
m
m
e
ta
u
ch
t
n
u
n
d
er

K
om

m
u
ta
to
r

ig
F
µ
ν
:=

[D
µ
,D

ν
]
=

ig
(v

µ
ν
+
ig

[v
µ
,v

ν
])
,

(1
59
)

au
f.

B
ei

ei
n
er

ab
el
sc
h
en

E
ic
h
gr
u
p
p
e
w
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fü
r
D

a
d
u
rc
h
D

a
=

−
A

† g
T

a
A

ge
ge
b
en
.

S
et
ze
n
w
ir
d
ie
se

G
le
ic
h
u
n
ge
n
in

d
ie

L
ag
ra
n
ge
d
ic
h
te

ei
n
,
is
t

L D
=

−
1 2
(A

† g
T

a
A
)2
.

(1
70
)

D
ie

S
u
m
m
e
al
le
r
T
er
m
e,

d
ie

F
i,
F

† i
en
th
al
te
n
,
is
t

L F
=

F
† i
F
i
+
�

c i
F
i
+
m

ij
F
iA

j
+

g i
jk 2
F
iA

j
A

k
+
h
.c
.�

=
F

† i
F
i
+

�

∂
W

(A
)

∂
A

i
F
i
+
h
.c
.�

.
(1
71
)

D
ie

L
ös
u
n
ge
n
d
er

F
el
d
gl
ei
ch
u
n
ge
n
si
n
d
F

† i
=

−
∂
W

(A
)

∂
A

i
.
D
am

it
is
t

L F
=

−
� � � �

∂
W

(A
)

∂
A

i

� � � �

2

.
(1
72
)

N
ac
h
d
em

L D
+
L F

al
le

H
il
fs
fe
ld
te
rm

e
en
th
al
te
n
,
ge
b
en

w
ir
n
u
n
al
le

ü
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