
six =

{ [ :! ] , ae=I[ 9
-

io ] .

§z=

# o_0 , ]
Where we have chosen to represent the

operators in
' the 2- basis so that

§z operator is diagonal .

One can also write down classical

analogs of the above Hamiltonian .

H =  
- JEE.s→

;
cij >

where P = { Sx , sx ,Sz ] is now

a three . component vector cisnstead of

operator ) .



In general ,
One can write down

a spin - model where each spin B

An M - component vector :

µ=→Zs→i .SF E=G ? .si?

cij )
- - .

SF
]

M

=
- JZZ sea sjasides

for the Tsing model . we argued that

it has no -

ordering in d=1 Sort > 0
.

while it orders in d > 1 .

Is the statement true also for the

above

Meowponent
model ? ?

And: The above M - component model

has no ordering in df 2 for T > 0 .

In d=2
,

there exists an interesting
"

Power . lap
.

ordering
' '

for M=2
only .



Domainwallarguuement

We return to entropy -

energy
balance

arguments based on domain walls .
similar

to the Tsing model
.

The crucial difference between the

Ising model and the above continuos

Symmetry
model B that domain walls

cost less energy
in d=2

.

First recall Tsing in d=2

p T T

:÷@m:
L L 1

Energy cost ~ L



for the above vector model
, one can

draw a Smaller energy domain wall :

q p a → → → ↳ tr I

q A 9 '
t → → is, d t

<
p p at → → is, d d

q p a → → → is, a brr
a → → → ↳ a r

How to estimate energy of above

configuration ' ?

<?;§→i.→; =
E Sia sga
< ij >

e f ( ps;a)2 latex

PSIA for above configuration

I 1 ⇒ Energy cost ~ µ [ Ld
L

~ Ld
- 2



Since entropy
B

#
dogcl )

⇒ f  =
EE Tilogcl )

in d=2
, entropy wins

⇒ Always disordered .

in d=3 Energy ~ L

Entropy can at most scale as ~ L

⇒ Ordering Possible .

Actual result : In d =3 , a finite

temperature transition between a

low - T magnetic phase and high . T

non . magnetic phase .

d=2 B special because there

exists a finite - T transition without

an ordered phase at low - T . when
M = 2 .



d = 2 ,

M=2
-

The Hamiltonian 13

H=
- JZES;

a

sj
a

sign) At 1,2

On square
lattice C say ) .

writing
Si = Cosoi.

Sinai )

z ) H =
- J Zcosloi- Oj )

cij >

What kinds of excitations exist into

system ?

Vortices I

÷
←

L T a

L L
←

onirr•

L
L ↳an

→ a r
→

→



Energy cost of vortex

=

JSd2x
@072 non ÷

J { Irrzdr ~

Jlogcl
)

# const .

Entropy of a vortex

= logcl ) C because can put it

anywhere in thesauri

F  = logcl ) [ J - T ]

⇒ Finite temperature phase

transition at T~ J
.

→

Low temperature Phase : M = ( §> =o

→ →

but ( mcr )
.

mco
) > ~ 1-

and no±e- rl }
.

rn



Mean .
Field theory forM - rector Models

-
This B very

similar to the ease of

Tsing spins .

Schematically :

µ =  
- JEE . SF

cij >
N

=) Hmean . field
= - JZ

E<
P; > . 5 ;

9=1
Consider the case M=3 ,

and chose

( Sis > =m along the 2- direction and

independent of i

N 2

⇒ Hmf 2
- Jmz E Si twust .

ia

BJMZ cosco ;)
N

⇒ Zz [ f e doisindidgif
a [ cosh ( BJMZ ) ]N



⇒ same result as the

Ising model
.

Ordering
at Te = Jmz

.

Cleanly this works only
when

d > 2 as discussed above .

Improvingthemeanfieldf/

Theory
( If#

M÷One
way

to think about the

MFT is that we replace the

interaction of spin i with the

rest of the system by an effective

magnetic field seenby i
.



g.tit÷
Sjy t Si sjz + Si Sis

+ Si Sj4

a- s ; < see > + sics ;D ties ;D

+ s :<s ;← > + < s : > s ;s

+ < Si > Sjz + < Si > sj ,

+ < Si > Sjc ←

¢[#
of terms

=2Nb = 2 ZN

=
=ZZNJ=P

HM . F  = Jmz Ep§B:&To improve this
,

lets consider

two Spins on which the rest

of tve system acts like an

effective magnetic field .



k , kz

t.tt#
.¥

Effective Hamiltonian for spins

i ,j in mean - field

=
- J SiSite- J Simx 3

- J

Sitimx
3 Nb

⇒

2¥÷§geB
'

sisititfsmcs

:+say
Nb 2 # of bonds

.

Would the critical temperature go

down or up ?

Any : will go town .


