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Abstract

We show how to perform universal Hamiltonian and adiabatic computing using a time-independent
Hamiltonian on a 2D grid describing a system of hopping particles which string together and interact
to perform the computation. In this construction, the movement of one particle is controlled by the
presence or absence of other particles, an effective quantum field effect transistor that allows the
construction of controlled-NOT and controlled-rotation gates. The construction translates into a
model for universal quantum computation with time-independent two-qubit ZZ and XX+ YY
interactions on an (almost) planar grid. The effective Hamiltonian is arrived at by a single use of first-
order perturbation theory avoiding the use of perturbation gadgets. The dynamics and spectral
properties of the effective Hamiltonian can be fully determined as it corresponds to a particular
realization of a mapping between a quantum circuit and a Hamiltonian called the space—time circuit-
to-Hamiltonian construction. Because of the simple interactions required, and because no higher-
order perturbation gadgets are employed, our construction is potentially realizable using super-
conducting or other solid-state qubits.
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In gate model requirements for validation
(tomography) are the same as the
requirements for computation

In restricted models of QC validation is a
separate problem







Quantum Criticality in an Ising Chain:
Experimental Evidence for
Emergent Eg Symmetry

R. Coldea,™* D. A. Tennant,” E. M. Wheeler,’+ E. Wawrzynska,? D. Prabhakaran,*
M. Telling,* K. Habicht,? P. Smeibidl,? K. Kiefer?

Quantum phase transitions take place between distinct phases of matter at zero temperature. Near
the transition point, exotic quantum symmetries can emerge that govern the excitation spectrum of
the system. A symmetry described by the Eg Lie group with a spectrum of eight particles was long
predicted to appear near the critical point of an Ising chain. We realize this system experimentally by
using strong transverse magnetic fields to tune the quasi—one-dimensional Ising ferromagnet
CoNb,0, (cobalt niobate) through its critical point. Spin excitations are observed to change character
from pairs of kinks in the ordered phase to spin-flips in the paramagnetic phase. Just below the
critical field, the spin dynamics shows a fine structure with two sharp modes at low energies, in a
ratio that approaches the golden mean predicted for the first two meson particles of the Eg spectrum.
Our results demonstrate the power of symmetry to describe complex quantum behaviors.

SCIENCE VOL 327 (2010) P177
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If simple kink basis simulations work at
all then you can make clock states.

Leakage Errors in simple simulations tell
you whether Gadgets
will work in your system.

First error can be used to detect XX
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