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Are the cuprates doped spin liquid Mott 

insulators?

Å``Obviousôô answer: No!

Undoped material has antiferromagnetic order ïnot a spin 

liquid.

However ``obviousôô answer may be too quickéé..



Aspects of underdoped phenomenology

(at not too low doping or  temperature)

ÅCharge transport is by holes

ÅNo magnetic long range order (AF LRO quickly 

destroyed by hole motion)

ÅExistence of spin gap



Perhaps useful to view as doped paramagnetic (spin liquid) Mott insulator.

Further theoretical bonus: Superconductivity a natural outcome of doping 

paramagnetic Mott states
(old RVB notion ïAnderson, Kivelson et al, Kotliar-Liu,ééé)

g = frustration/ring exchange,é.
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Where might be the spin liquid?

Spin physics in 

high-T pseudogap regime

- reflect character of hypothesized 

``parentò

spin liquid. 
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What paramagnet to ``dopeò? 

Theoretical candidates

1. Valence bond solid (spin Peierls)

states

2. Various kinds of RVB spin liquids



What paramagnet? Some hints from 

experiments

ÅSoftening of neutron resonance mode with decreasing x

- consider paramagnets proximate to Neel state 

i.e potentially separated by 2nd order transition.

ÅGapless nodal quasiparticles in dSC

- consider paramagnets with gapless spin excitations. 

Tight constraints

=> Only few candidates: ``gapless spin liquidsôô



Example of  spin liquid

with nodal spinons
Gapless Z2 spin liquid (TS, Fisher):

Conserved Z2gauge flux (= ``visonôô).

Doping a Z2 spin liquid ïattractive theory 

of cuprates but apparently not 

supported by experiments

(eg: no evidence for visons or their 

consequences 

ïBonn-Moler flux-trapping and other 

experiments). Vison
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Are there any other alternatives??



Alternate possibility: gapless U(1) spin 

liquids
Å Affleck-Marston ô88, Kotliar ô88: d-wave RVB state

Mean field: Spinons (f) with hopping and d-wave pairing.

Band structure: four 

gapless Fermi points

Low energies: gapless Dirac spinons in 

D = 2+1. 



Beyond mean field

Describe by fermionic nodal Dirac spinons coupled to massless U(1) gauge 
field.

Stable to confinement (at least within systematic 1/N expansion)

(Hermele et al 04) 

Low energy theory is critical with no relevant perturbations (non-compact 
QED3) :scale invariant with power law spin correlations. 

dRVB ``algebraicò spin liquid     (Rantner,Wen)

Numerics: Evidence for such a phase in SU(4) Hubbard model.

(Assaad, 04)



Doping the dRVB algebraic spin liquid

ÅU(1) gauge theory with holons and spinons
(Lee, Wen, Nagaosa, Ng, Ivanov,éé)

ÅProjected BCS wavefunctions:

(Zhang, Gros, Ogata, Paremekanti, Randeria, Trivedi, Lee,ééé.)

How to tell?

Search for unique signatures in structure of parent spin 
liquid.



Low energy structure of the dRVB algebraic 

spin liquid

Å SU(2) spin rotation

+

rotation between 2 spinon nodes SU(4)
enlarge*

*evidence from large-N

Hermele, TS, Fisher ô05

See also Herbut ô02

Tesanovic  et al ó02




