
But now one notices that

neither144 > and 141 > break the Ising

symmetry spontaneously .

Indeed ,

up to a phase ,
both 14 's > and 1417 are

invariant under the Tsing symmetry .

U 144 ) = 14 's >

uy 's > = - 141 >
.

So does one conclude that the

symmetry is not broken
spontaneously

when hto ?

No ! This Is a

wrong argument !

Recede that to talk about spontaneous

symmetry breaking ,
one has to include

an infinitesimal symmetry breaking
field DH = E § TF and

Consider the limit [ → a first and then
c- → o .



when one introduces an infinitesimal

longitudinal field E § of ,

'

one

Obtains back the

eisenstates14 , > = # M
;

and Hot=P lt >
i

 →

thus leading to spontaneous symmetry

breaking .

The transverse field

h §pq× will modify Hs > and

led little bit ( e.g. one of the

ground States will look like

Irina .  -
M t §[Itthink

.
in >

+
litter

-
.

in > + . . . ] ) but

overall ,
the two low-lying States will

be degenerate
In the thermodynamic limit

and will almost look like TIP >
,.

,

and IT
,

It >
;

in the presence of

infinitesimal longitudinal field EEJIZ .



Therefore ,

the spontaneous symmetry

breaking occurs in the limit HKJ .

Next .

,
consider the limit h > > J

.

�2� h > > J
.

Let's first set J=o .

There is

a unique ground state .

i y > = F. l→ > ;
where

l→ > denotes a
spin Pointing along

the + R direction
.

This unique

ground state is invariant under the

unitary transformation U= Prix

it ri× jTl→> ;
= gIl→ > j

Therefore , symmetry is unbaked in

the limit h > > J .



Excitations around the two limits :

.

when J > > h
,

the excitations one

domain walls

and
cost energy OCJ ) .

14 T T .  - . Itflvtrtrt .
.>

domain wall

Domain wall B a

' topologicaldefects
,

such topological defects are
a hallmark

of spontaneous Symmetry breaking .

On the other hand
.

when h > > J
,

the

excitations one flipped spins

"

from

+ x direction to - n
direction and

cost energy
Ochs

.

1 → → → → ← → → → → >
p

flipped spin .

This is nota topological defect
.



Lets make a table that summarizes

the differences between his limit

and J > > he limit .

J > > he his > J
.

-

I . Two degenerate lhiiqne ground state

ground States in the in the thermodynamic

thermodynamic
limit . limit .I2 .

Ground Staten break Ground state

the Ising symmetry
does

not
break

the Tsing sym .

spontaneously .

spontaneously .

3 .

Excitation are

| excitations are

domain walls
. individually

) flipped spicy



Following our earlier discussion on

Phases and phase transitions ,

these two

limits correspond to two different

phases of matter and therefore

must be Separated by a Phase

transition where the ground state

energy
is a non - analytic function

of the tuning Parameter hlj

spontaneous Bym . No
sym .

breaking
•-gbreaking 9

Auantum phase Transition
.

We next study this phase transitions

using mean . fieldthey



Mean field Theory of Ahantwm Phase

Transition in the 12 Transverse

field Tsing
Model .

The actual Hamiltonian is :

H= - J ? oi2riI - h ?oi×

within the mean . field theory , we replace

the interaction term ( i - e. the J torn ) as .

of oil
,

→ < resorts
+ recoils >

- < RE > < riti >

Further we assume a

homogeneowhsolahon< on ? > = m + i
.



The mean . field Hamiltonian becomes

Hmr .

=
- 2Jm § OF - h§ri×

+
NJm2

Were the coordination no : Z Chore

2=2 )
,

we would have

Hmf = - ZJMFRF - h§oi×+N÷Jm2
The ground state

energy is

E- =
 - teens + Jzm2

N -

2

Doing a taylor expansion in m
,

One obtains
,



¥ =
- h [ L+(zwJm_)2]%

+ J=m2
2

I - h [ 1+21 ⇐J_m)2
h2

- ÷eEm-)←+ ... ]
+ Jzmif

2

= rm2 + Um4 + constant

where r = =J - (zJ_)2
2 2h

U =

¥ ⇐J=)4
w3

This has exactly the same form

as the Landau free energy for

the Tsing transition !



the:c:
Thus .

within the mean - field theory ,

the sym .

is spontaneously broken when

h < ZJ .

Ordered phase h=zJ
6

Disorders
'

phase#
no .

An alternate method is to find m

self consistently ,

mz < 401 of 1%7 where

1407 is the mean - field found statue
.



< 401 OF lyo > = 2-m=

JEFF

⇒ m = Z-m=

team

⇒ ( zjm )2 + hf = (2 J )2

⇒ m2 = ⇐JT - tf

¥

⇒ m = ± #
( ZJ ]2

They ,
m vanishes above the critical

ratio ( ¥ )
a

= 2
, as also

seen above using the Landau
theory.


