
 

Recap the Ising model

let I be binaryvariables

the classical I sing moo is denoted by
H J 2452 J 953 1 Jij itj
Hamiltonian of a spin system coupling binary

variables to TN 1

Jig denotes the interaction coefficients

by convo H Jij Titj



the quantum Ising model Hamiltonian

Ej Ji
Zi Ej

ti Fi operator

6 1 negative 2 direction

Both states are eigenvectors ofthe magneticmomentum operator

denotedby

if I 120 7m the eigenstates are config ofspins



Ej 2 1 Zj Tj 12

the energy ofthe ground state

Z IZ Fi titi

is the minimum energy ofthe classical model



the Quantum Ising Model
transverse field

Ej Ji Ei Ej I hi
here Xj are the Pauli operator on qubit

at index α

Ha terms in Z direction terms in direction

hi excites superposition ofqubits

Ji Zi Zj Ʃ hi
i



One qubit Quartern Isingmodel

F J2 hx ̅
in matrix form

I II
eigenstates

E E E

eigenvalues
E Fh



eigenvectors normalized

EEg FFIFTYh



Quantum ML with Quantern IsingModel

recall quantum feature maps the classical data

to quantum data

target define a variational quantum model to

minimize the quantum Ising Hamiltonian

with single qubit
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variational anzatz is determined by w̅
e e's jozZA

Ox Oy Oz parametersofthevariationalmode

Ox Oy Oz

is a quantum feature map that ma ps the
classical into a one qubit Hilbert space



Implantation with Tensorflow

A simple N N Layer is implemented computing
the expected value ofthe Hamiltonian
of the initial state

the model is optimized to compute oft

that minimize the output of the Hamit

Layer



the model is trained by minimizing the mean

value ofthe Hamiltonian a loss function

Tests

the model is trained where the final state
is compared to
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for diff Values of J h



E I f
eigenvalue 7
with E J

1
1

he 0.5 8 0 05



h 1.7 J I CH 1.97 asexpeted


