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Lattices: Non linear kinds: vs Magnetic systems

Phonons Solitons
*Non Topological

|                                              (Non linearity based)

|                                             *Topological

|                                                |

Magnons SPINONS



These solitons are built 
on nonlinearity.





Magnons:          Isotropic spin interactions

H= J Σ Si. Sj

Safeland:    3 dimensions Ferromagnet or Antiferromagnets

Small excitations of the magnetic moments. Live off             
magnetic Long Ranged Order

Imagine small precession of cones of moments.

Unsafeland : 1 and 2 dimensions,  If classical fluctuations 
don’t           get you, then quantum fluctuations must!

•T=0  Long Ranged Order at  only for d >=2 for any spin

•T>0 Long Ranged Order only for d>=3

•Hence huge range ( T small compared to J,  d<3) where 
both quantum and classical fluctuations rule the roost. 
Many experimental systems, and in response many 
beautiful theoretical ideas have been proposed.

•1-d :s=1/2

•1-d s=1

•2-d s=1/2

Ashes to ashes, dust to dust,

If Hohenberg don’t get you,

Then Heisenberg must!









Cu Ge O3 almost a 
realization of this J1-
J2 chain.

Fractionalized 
gapped spin 
excitations

4fold degeneracy

S=1, S=0



Spin 1 Haldane chain:

Heisenberg model with S=1

Haldane showed it has a gap in the excitation spectrum, no LRO. 
This is another kind of spin liquid- a gapped spin liquid aalogous
to the Quantum Hall state of Laughlin. Topological term in action.

W(k)=  J ( Cos[k]+ 1 + ∆), where ∆>0



ESR gap is at k=0

Neutrons measure gap at all k, 
smallest gap at k= pi

One Finds

ESR gap = 2 ( gap @k= Pi )

Understanding is in terms of two 
spin 1particles combining to give 
spin 2,1,0 and if there is no bound 
state then above formula is true.



Edge states and understanding the Haldane state via AKLT model.



Two dimensions and Sr Cu_2 ( BO_3)_2: Realizing a 
solvable 2d spin ½ model. ( only QS model in 2-d)

Remarkable trick of nature:toplogical equivalence bewteen

Lattice of Shastry-Sutherland ( 1981) and Sr Cu_2 (BO_3)_2



Single exciton is localized 
by lattice frustration.

Bi Exciton is mobile..

Magnetization plateaus: 
analogy with QHE problem:



Excitations are still exciting we have gone past magnons

Beyond magnons, there are a few unifying themes:

Excitations are signatures of parent states: variety is huge

•Toplogical solitons ( degenerate gs’s)

•Solitons ( xy type models)

•Solitons: constituents of particle hole type two parameter 
excitations

•Excitons (broken singlets)

•Multi excitons
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