Spectroscopy of matter at a
Quantum Critical Point

Bari, October 2004 I



Particles carrying fractionalized quantum
numbers (spinons, holons, ...) are a common
feature of one-dimensional correlated systems
(antiferromagnets, Hubbard-like Hamiltonians,
edge states of a Hall device, ...)

For simplicity, our work is confined to magnetic
excitations only (spinons)







Haldane-Shastry model: prototype of one-
dimensional, spin-1/2, antiferromagnet, with
short-range interaction.
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Schrodinger equation for the two-spinon

wavefunction
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Solution for two spinons
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Sqguare modulus of two-spinon wavefunction
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Physical consequences: look at dynamical spin
susceptibility
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2-d Hubbard model with a T-violating second-neighbor
Interaction (on a square lattice) at half-filling
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Small U/t = Band insulating phase: (bare) gap in the
single particle spectrum, m~t’'/t
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Dynamical spin susceptibility
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U/t >>1 = mapping to the Heisemberg effective
Hamiltonian via the Schrieffer-Wolff transformation
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| A spin-1 excitation
in a Néel state
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U/t =(U/t).~1 = Phase transition between the two
phases




Hubbard-Stratonovitch (H-S) transformation applied
to the Lattice Hamiltonian = Effective Lagrangian for
the low-energy, long wavelength modes of the spin-1

H-S field, o(X,t)
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Renormalization Group calculations + g-expansion =
the crtical dynamical spin susceptibility takes a nonzero
anomalous exponent n=0.031.
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Prediction: sequence of resonances in the dynamical
spin susceptibility
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