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Ĥ
2

is

g
=

e�
D

lo
g

|z
| e

iL
�
eJ

lo
g

|↵
| e

iR
✓

=
e�

(D
�

J
)
lo

g
|z

| e
J
(l

o
g

|↵
|�

lo
g

|z
|) e

iL
�
eiR

✓
,

(2
6)

w
h
er

e
J

is
th

e
R

-c
h
ar

ge
w

h
ic

h
ro

ta
te

s
Z

an
d

Z̄
an

d
R

an
d
✓

ar
e

th
e

R
-s

y
m

m
et

ry
an

al
og

u
e

of
L

an
d
�
:

R
=

1 2
(R

1
1
�

R
2
2
�

R
1̇
1̇
+

R
2̇
2̇
)
,

ei✓
=

r
↵ ↵̄

.
(2

7)

T
h
u
s,

th
e

w
ei

gh
t

fa
ct

or
ca

n
b
e

d
et

er
m

in
ed

as

W
 

=
e�

2
ip̃
 

lo
g

|z
| e

J
 
'
eiL

 
�
eiR

 
✓
,

(2
8)

1
3
H

er
e

L
↵
�

an
d

L̇
↵̇
�̇

ar
e

L
or

en
tz

ge
n
er

a
to

rs
co

n
ta

in
ed

in
p
su

(2
|2

)2
.

12

L
e
ft

h
ex

ag
on

:
k
in

e
m

a
ti

ca
l

d
e
p

e
n
d
e
n
ce

tr
iv

ia
l

(c
h

oi
ce

of
p

oi
nt

s)
.

R
ig

h
t

h
ex

ag
on

:
tr

a
n
sf

o
rm

!



S
p

in
ch

ai
n

v
a
cu

u
m

:
Z

=
φ

12
,
Z̄

=
φ

34
fo

rb
id

d
en

.
E

x
ci

ta
ti

o
n
s

in
th

e
sp

in
ch

ai
n

p
ic

tu
re

:

φ
a
a
′
→

φ
a
φ̄
a
′ ,

D
α
α̇
→

ψ
α
ψ̄
α̇
,

a
,
α
,α̇
∈
{1
,2
},
a
′
∈
{3
,4
}

•
F

er
m

io
n

s:
φ
ψ̄
,
ψ
φ̄

•
ps
u

(2
|2)

L
×
ps
u

(2
|2)

R
ac

t
on
A

=
(a
,α

),
Ā
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