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Motivation

Chandra Varma, Nature 468, 184-185 (11 November 2010)

I Anisotropic resistivity ρ:
effective 2D description

I ρ ∝ T in contrast to
ρ ∝ T 2 for Fermi liquid

I violation of Luttingers
volume theorem

I different experiments:
different total amount of
charge carriers

I ...



t-j-K model
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slave-boson technique for d-wave metal
I electron operator can be written as product of charge carrying

slave boson (chargon) and spin-half fermionic spinon

cs(r) = b(r)fs(r)

I b(r) is given by a d-wave Bose-metal wavefunction
I fs(r) is given by a Slater determinant
I Use a constraint so the Hilbert space does not change size:

b†(r)b(r) =
∑
s

f †s (r)fs(r) =
∑
s

c†s (r)cs(r) = ne(r)

I This is achieved by strongly coupling b(r) and fs(r) via an
emergent gauge field

I The Bose-metal itself consists of two fermionic slave particles
(partons) b(r) = d1(r)d2(r) coupled via a gauge field to
implement the constraint:

d†1(r)d1(r) = d†2(r)d2(r) = b†(r)b(r)



Mean-field solution

I Project 2D system on quasi-1D ladder geometry. In this case
a two-leg ladder with up to Lx = 48 sites in length and
electron density ρ = 1/3.

I in mean-field approximation: 5 1D gapless modes

I Because of the constraints: k
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Gauge theory description + solution using bosonization
I Kinetic energy density (linearized) in the parton language:
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I Bosonize the fields:
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I Bosonize the interaction terms as well
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I After bosonization, the constraint is simply:
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I perform an orthonormal transformation on the θ and ϕ fields:
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I Gauge field fluctuations render the θa, θA fields massive: only

3 modes remain
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DMRG phase diagram

Measured correlation functions: 〈c†qscqs〉, 〈δnqδn−q〉, 〈Sq · S−q〉



DMRG expectation values



Conclusion

I A two-leg ladder model to describe the strange metal phase is
introduced

I It shows strong non-Fermi-liquid behaviour

I The model is to some extend analytically accessible using
slave-boson technique and bosonization

I The two-leg ladder d-wave metal is extendable to systems
with more legs.

I The d-wave symmetry of its metallic phase suggests that
there may be incipient d-wave superconductivity


