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How might we find answers?
Dondt we already know?
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Are the cuprates doped spin liquid Mott
iInsulators?

A> > Obviousdd answer: No!

Undoped material has antiferromagnetic order T not a spin
liquid.

However " OoObviouso6o6 answer m :



Aspects of underdoped phenomenology
(at not too low doping or _temperature)

A Charge transport is by holes

A No magnetic long range order (AF LRO quickly
destroyed by hole motion)

A Existence 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 i Anderson, Kivelson et al, Kotliar-L i u, é é &)
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Where might be the spin liquid?

T*a spins pair into valence bond
singlets

Thuemst @ P h @Beeent charge
motion in background of paired spins

Spin physics in
Hhigh-T pseudogap regime

- reflect character of hypothesized
T parento

Nernst region

spin liquid.




What paramagnet t

Theoretical candidates

1. Valence bond solid (spin Peierls)
states
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2. Various kinds of RVB spin liquids
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What paramagnet? Some hints from
experiments

A Softening of neutron resonance mode with decreasing x
- consider paramagnets proximate to Neel state
.e potentially separated by 2" order transition.

A Gapless nodal quasiparticles in dSC
- consider paramagnets with gapless spin excitations.

Tight constraints
=> Only few candidates: ga



Example of spin liquid
with nodal spinons

Gapless Z, spin liquid (TS, Fisher):
ConservedZ,gauge flux (= "~ "visono6d) .

Doping a Z, spin liquid T attractive theory
of cuprates but apparently not .
supported by experiments f Spmon

(eg: no evidence for visons or their
consequences

I Bonn-Moler flux-trapping and other ViSOn
experiments).

Phase of

Are there any other alternatives??




Alternate possiblility: gapless U(1) spin
liquids
A Affleck-Mar st on 088 ,wakeRvBstaer 0688: d
Mean field: Spinons (f) with hopping and d-wave pairing.

Band structure: four
gapless Fermi points
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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
QED,) :scale invariant with power law spin correlations.
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Numerics: Evidence for such a phase in SU(4) Hubbard model.
(Assaad, 04)



Doping the dRVB algebraic spin liquid

A U(1) gauge theory with holons and spinons

(Lee, Wen, Nagaosa, Ng, | vanov, éé¢)

A Projected BCS wavefunctions:
% \ A-Wowe, @C§>

(Zhang, Gros, Ogata, Paremekanti, Rand

How to tell?

Search for unique signatures in structure of parent spin
liquid.



Low energy structure of the dRVB algebraic

spin liquid
A SU(2) spin rotation
+ *
enlarge
rotation between 2 spinon nodes > SU(4)
O LS Her mel e, TS,
RS See al so Her'l

Tesanovi c et

*evidence from large-N






