
HJ =
∑

i<j

Jij ~Si · ~Sj

with ~Si = 1
2c

†
iα~σαβciβ is the antiferromagnetic exchange interaction. In-

troduce the Nambu spinor

Ψi↑ =

(
ci↑
c†i↓

)
, Ψi↓ =

(
ci↓
−c†i↑

)

Then we can write

HJ =
1

8

∑

i<j

Jij

(
Ψ†
iαa~σαβΨiβa

)
·
(

Ψ†
jγb~σγδΨjδb

)

where a, b are the Nambu indices. This form makes explicit the symmetry
under independent SU(2) pseudospin transformations on each site

Ψiαa → Ui,abΨiαb

This pseudospin (gauge) symmetry is important in classifying spin liquid
ground states of HJ . It is fully broken by tij , Vij , but we find that it
nevertheless has important consequences in ordinary metals with antifer-
romagnetic interactions.


