
Landau theory approach to Tsing Models
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Consider ferromagnetic Terry model on the square

lattice .
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This looks like a guaman theory ,

but it is not .
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Lets ignore this constraint at first .
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H has a single minimum at k = O .
This

indicates that the ground stale is
translationally

invariant  i.e -  a ferromagnet

:
A r p

A on A

r A on
One can write

,

i 8. Fo

Scr ) = E of CF ) where doe ) B a

real

Slowly varying . mode . .
These the low

energyN

theory is
- fddx [6412+42+44]

.
This implies that

the transition from ferromagnet to paramagnet will

be in line Ising universality class:S .



Next consider an antiferromagnetic Ising model :

H = t J Zs; Sj on square
lattice with J > o

.
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Again , Fourier transforming H = 2 JI
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Now the minima lies at ( kn , key) = Ct in )
,

indicating that the ground stale looks like
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Therefore
.

the low

energy theory
is : Scroll2
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As ferromagnet .
Again ,

this implies that

the transition from AFM to paramagnet will

be in the Tsing universality .
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fully frustrated Tsing Model on

Square lattice

As discussed before .

odd Ising guest theory
C or

,
the

model - ¥2 tf,Ix
- HEX ) is dual to fully

frustrated transverse field Tsing model :
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This is a frustrated model

because when h -_ 0
.

there are infinitely many

ground states ( on the other hand -
were tTJij= I

,

System orders ferromasuehzalhy and there are just two

ground stoles )
.

One can think of Jij as a

static Ek
, grease field and Si as 22

changes
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The condition pTJij  

= - I means that

there is a Iz flux through every plaque .

To make
progress . lets chose a

eagaaouge so that

the condition

Ifip  a - I is satisfied
. .



The crucial point to hole is that although

the guess
choice may

break lattice symmetries ,

the actual system still has full symmetries

of the square lattice Ctranslahon by is if and

rotation by ok )

Lets chose the following gauge :
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We will use a Landau theory approach , similar

to the one discussed above
,

Lets first set

h= O
. Choosing the unit cell as indicated

above
, the J term is :
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The

eigenvalues of this matrix are :

E  
= I T±

of Ckn ) t I 1te 12
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The low
energy theory will be dialed by

the eigenvalue lowest in
energy

⇒

modes at ( kn = O
, by = O ) and

( kn = A- , by -0 ) corresponding to E
-

owe the low energy modes
.



The eigenvector corresponding to ckn=oiky=o )

B found by
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where a. b are the amplitudes on 1,2

Sublattice
. Solving ,one finds

,
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eigenvectors owe b 22+52
,

and T2
.

Let's use the convention such that sublattice
.

I corresponds to even rows and sublahhhe

2 to odd rows
.

Then
this eigenvector

can be written as
'
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one earn solve for the

Eigenvector corresponding to ( kn = it ,hy=o )
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These two modes look like
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Lets denote the fluctuations around these

two modes as Cfo and lot

respectively . so that at low energies

spin is given by ,
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Let's study how Go and for transform

under various lattice Sym .

This will determine

the low -

energy theory of do
, lot

.

Note that  
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fields

as compared to 46'd and x⇐o?
Cii ) the

guage chore breaks lathe Syms . so one

way need to perform a geese transformation to rest.EE .



Translation along
I I Ta .

-The garage choice of Jig does not break

Ta
,

and therefore this operation does not

require one to perform a graze transformation
.
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Translation along
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The gueye
choice breaks Ty ,

therefore one

needs to perform a grease transformation

in addition to Ty to implement this
Sym .
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Consider even
y
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Ising Symmetry Rz
,

-

Under this
. ICn.ggrzE-scn.gl .

⇒ Rzloo RI
'

= - do

and Rzz foot RI
'

=  - foot .
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Summarize our #salts :
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Thus
,

the low
energy theory is :
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Writing q = me
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The rotational Sym . B broken by cos @O )

term
,

and in the
Sym

broken Phase

( when J term dominates )
,

one obtains a

eight - fold ground stale

degeneracy .


