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Spin liquids and other exotica in quantum 

magnets

Å Traditional quantum magnetism: Ordered ground states

(Neel, spin Peierls, éééé)

Notions of broken symmetry

Modern theory (last 2 decades): Possibility of `spin liquidô states

(well-known in d = 1, but also possible in any d).

Eg: Mott insulators with no broken symmetry

Excitations with fractional spin (spinons), 

Emergent gauge structure, notion of `topological orderô

Maturing theoretical understanding -

extensive developments in last few years



Hints from theory

Å Frustrated quantum magnets

Å ``Intermediateôô correlation regime

Eg: Mott insulators that are not too deeply into the insulating regime

Å More subtle: Intermediate scale physics of doped Mott insulators (in 

cuprates?)

This and the next talk ïfocus on specific candidate materials.

But where are the spin liquids?
No clear experimental sightings in d > 1 so far. 
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Very promising candidate for exotica -

Cs2CuCl4

ÅTransparent layered Mott 

insulator 

Å Spin ½ per Cu site on 

anisotropic triangular 

lattice



J å 0.375meV

Jô åJ/3

Jôô å 0.045 J
(weak interlayer 

exchange)

Known microscopic spin Hamiltonian
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Weak Dzyaloshinski-Moriya interaction along zigzag bonds



Ordering at low T

Magnetic long range spiral order

below T=0.62K with incommensurate wave vector

But many unusual phenomena en route!



Spin fluctuation spectrum

Low energy gapless magnon (as expected) ïtwo dimensional dispersion 

Large high energy continuum

(not contained in spin wave theory)



Inelastic line shape ïfailure of spin wave 

theory

Spin wave 

peak

Broad inelastic 

background

from 0.2 meV

to 1 meV

Possibly power law, fit to estimate exponent.



Temperature dependence

Magnon shoots out of broad

background on cooling 

below TN.

General qualitative similarity 

to antinodal ARPES in 

underdoped cuprates.




