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1 Quantum criticality

2 Quantum model of a magnet
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Introduction

Analog model of quantum computation
Circuit model of computation
Simulating physical systems
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Concept of quantum criticality
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Physical realization
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Transversal field Ising model

We consider a 1D chain of quantum spins

H = Hzz + Hx , Hzz = −J
∑

i

σ̂z
i σ̂

z
i+1, Hx = −h

∑
i

σ̂x
i .

z axis determined e.g. by crystal anisotropy
magnetic field acts to “flip” magnetization direction
parameters of the model: h, J (and temperature T )
build-in competition (no common eigenbasis); quantum fluctuation
parameter g = h/J

J.T. (IFT) – simul – 6 / 9



Limiting cases for a chain

ordered phase for h/J < 1, two ground states related by spin-flip
disordered phase for h/J > 1, nondegenerate ground state
at h = J quantum phase transition, gapless excitations;
two-dimensional conformal field theory
model maps to (interacting) fermions and can be solved exactly
https://scipost.org/SciPostPhysLectNotes.82
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Trotterization

Full quantum evolution is encoded by the unitary operator:

exp(−itH) = lim
M→∞

[
exp(−i t

M Hx) exp(−i t
M Hzz)

]M
Let’s denote ∆t = t/M and construct a circuit for the single step
evolution:

U = [exp(−i∆tHx) exp(−i∆tHzz)]

with a separated unitary sub-steps

Ux = exp

(
ih∆t

∑
i

σx
i

)
, Uzz = exp

(
iJ∆t

∑
i

σz
i σ

z
i+1

)
.
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Current excitement
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