
Large -N Approach to spin- systems .

-

Shwinger bosons for SUCH spins . :

a bᵗb b- [ b↑ bar]
2-

St = b+↑b↓ , Sʰ=tz(bᵗ↑b↑ - bt↓b↓) .

with the constraint b+↑b↑tbt↓b↓ = 25

Which ensures that S2 = s(Stl)
.

Check : 5×2 +sy2 +sat =
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* Nʰ↑ + n% - 2n↑ Ntr]

= *[MÑt ME
+ 2n↑ Ntr 1- 2 Cnn thts]
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452 1- 4s] = Scs +17
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The spin states Is , m) are given as
:

tsim> =/btalstmlbtjs-mfoyE.FM
One may generalize this

rebresentatnion

to the SUN gvovb , which will be

helpful to develop a mean-field approximation?

Consider SUCN) spin operators

sap = btx Ibp

where d. B runs from 1 to N .

These operators satisfy the SUON)

algebra =

[Saps , Sys] = 8pm Sing -8ns Saps

cheek : [ btx bps , bty bs]
= b+y[b+✗ , bg] bps + b+✗ [ bpgbtyt.bg



= - btrbp. 8dg t btsbs 8pm .

The above representation comesbonds to

the fundamental representation of SOCNI,

for a ferromagnet
,
we will put

all lattice sites in this representation.

for the anti - ferromagnet however ,

one can't use this representation for

all sites because of staggered

magnetization . It will turn out that

one can use fundamental representation

for sublattice A and conjugate

rebresentation for sublathle 1133 .

Conjugate
Rbreseutahon

" %B = btp by .



ferromagnet :

-

H = - J<%¥ . ;

first consider the SUCH case
.

= bt b
-2

⇒ H = _§ Ig,[ bit 0 :p bip btjyoaesbis]
= -3g §,[ btiabipbtjybjs

C 2 8×8 Spy - Saps 848)]

= - ¥ 2 §,> bti ✗ bipbtjp big

+ ¥ §,> btia bid
btjy bjy

= -12 §. >[btia bja bip btjp
- 2 Scott]

'

]
1



This expression susses↳ a large - N

approximation where d. B ran from t.HN .

Let's denote the mean- field parameters

< btix bjsn> = Q .

The analog of

the constraint Zbtia big = 2s for
✗

SUCN) is { btix big = Ns .

- J

btiybjabipbtjp-m~p-T.clbipbtjp + a btiabjx

- a2]
where we have assumed Q to be

real Cit doesn't change the sresult

in this problem) .



The constraint Ebt is bid = Ns is
a

introduced by a Lagrange multiplier .

as A C } btis bis - Ns )
where

we assume A to be independent

of site i. Collecting everything ,

Hmp = -Ja [ Cbtia bjx the .)
<ii. ✗

+ A E btia bid
is

+ 3 at Van - AN V5

I
= A- of bonds

where V denotes A- of sites .



Fourier transforming ,

Hmr. = Z(A- J%QYk) btksbka
kx#

+ Ja2VzI - A SNV

The free energy
is FCT =p

-1)=

NElog[ I - e-
*
Ry

k

+ VzNa2¥ - ✗ SNV .

Minimizing F w-r-t.to A , Q
.

§ § MB Csk) = S

↓- § MBCEKJRK
= Q

where NBCE) = e¥,
is the Bose fh .



At small k→ , Rp ≈ I
- big

⇒ Ek ≈ A- J%QC1-k÷)

= A- Jace + TO K2

There are two possibilities (a) A -Ted > 0

⇒ the spectrum is yapped .
This

corresponds to a disordered phase .

(b) A - TEA = 0 as v→N . This

corresponds to ferromagnet with

Goldstone modes wk ok?

As an example . consider D= 1
.

Devoting A -320 = 55kt

Eck) or JSCKZ +K2)



At low T , only E ⇐ T

contribute , NBCE) ~ 1- - I
Itpe -1

E

Consider e.gr D= I ,

1- T_dk_ ≈ 5

20 JJS Cbf +KF)
≈ ≈ s

KTJST
⇒ inn ¥

Using this . one may
calculate

spin- spin correlation fns at

low - T :



( ster) s
-

Crn>

MBckgeik.HN ) /
2

ik.ir-r ' ) [≈ / f¥¥w↳
•

~ e-
'""113

where 3 ~ ¥ ~ 3¥ •

21-1 ' d :

¥ /¥+9T ≈ s

⇒ Is eog ( Fa ) Is



- 357T
⇒ Kr ~ e

→13
⇒ < star)STr§ ~ e

+5821T
where 3 ~ 1- are

IN

The exponential dependence on T

is a general feature of
lower-

critical dimension Ci -e. dimension

at and below which ordering

doesn't occur) .


