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A-Digital Quantum Simulation



A1-Dynamics of a particle in one dimension
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Simulation of the dynamics of a single particle

d
@£|¢> = H|Y(t))

Efficient Simulation of Quantum Systems by Quantum Computers

Christoff Zalka



Preparation of the initial state




It we have only one qubit, we approximate the wave function as tollows

cos® ¢ = / z)|*dx sin® ¢ = (x| d



COS® —sin @
sin¢g  cos @

COS @
sin ¢



It we have only two qubits, we can do a better approximation

00
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) = al00) 4 b|01) + ¢|10) + d|11)

a, = y(nh)

W) =D a,ln),

N—-1

=0

N = 2number of bins



Assuming that a, b, ¢, and d are real, we can
choose the three rotation angles to produce the state.

) = al00) 4 b|01) + ¢|10) + d|11)



With 3 qubits, we can have 8 bins.

TN D

000 111

With 3 qubits






With 20 qubits, we can have 1 million bins.

F VYV V VUV V VUV VUV UV VvV vV V 7V Y 0V Y Y Y 7 Y 9 Y

220 = 1048576 ~ 1, 000, 000



Dynamics

om (X1 —x )2 .
G(x), x,, 1) = kei3 2=V
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Diagonal Diagonal

Fourier transform



But for one single particle or for a few particles,
we do not need quantum simulators.

The real power of quantum simulators, becomes apparent,
when we have many particles.

Efficient Simulation of Quantum Systems by Quantum Computers

Christoff Zalka

Universal Quantum Simulators

Seth Lloydﬁ



EXpectation Values




P(0) = 117 +iU)[)

P(1) = 311~ iU)[)




—inding the spectrum of a Hamiltonian
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A2-Digital Simulation of spin systems
3
V) — - )

H=—ubBo,

a spin in a magnetic field



Two Interacting spins
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Three interacting spins and more!
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Why do we need these types of gates?
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Suzuki-Trotter Formula
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c-Digital Simulation of Fermions
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Hubbard Model
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Hopping terms
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Jordan-Wigner Transformation

Ci = 2122 2;—10;
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How to create a fermion?
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d-Digital Simulation of Bosons

Bose-Hubbard Model....

51



(4,) z z

The Bose-Hubbard Hamiltonian
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How to simulate the number operator?
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How to simulate the number operator?
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e-Quantum simulation of field theories

Field |

/4

Space



Discretize the space

Field ,




Discretize the field

Time ,




Scattering
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B-Analog Quantum Simulation
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Q&w * Analogue quantum simulat

Such model Hamiltonian are now accurately realisable with cold atoms:
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Time of flight imaging:
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Superfluid: { > U Mott-Insulator: [/ > ¢
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Fermionic Systems

Electron Gas, Hubbard Model, Superconductivity...
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A- The problem should be so hard to be solva
only by quantum computers,



Currently, simulating ground states of mate'rlals by

~ classical computers is progressmg fast for two reasons:




‘The states of most materials is not highly entangled,
so the quantum advantage for these materials i is not exponential,
but polynomlal (147).

Moreover, these methods are heuristic and not rigorous, since
if we want accurate results in an efficient way, the initial
state should have a high overlap with the target state,
~whichisa difficult problem.




Exponentlal speedup is expected in dynamics,

- when an initial state evolves to a hlghly entangled state,
1_ .. scattering in field theory (148)




