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Mathematical Physics Computer Simulation
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Simulation of the solar system

Number of variables= 6 x N
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Simulation of a Globular Cluster

Number of variables= 6 x N
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Simulation of a Complex Process: A Flight

ere IS no plane, no land, no pilot....on your screen.



Simulation of a Very Simple
Quantum Mechanical System
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How many variables should we store”

For 10 spins 210 = 1024 Bytes

For 100 spins 2100 ~ 10%* Giga Bytes



We cannot simulate even a very
simple quantum system

on a classical computer.



Quantum Simulation

Use a simple qguantum system

imulate another quantum system
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A- Digital Quantum Simulation
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Quantum Circuit (gates)

W(t)) = e |W(0)



B- Analog Quantum Simulation
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Natural evolution



A TOY MODEL

Solving the Schrodinger Equation

For a single particle

d
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1-Preparation of the initial state
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With 3 qubits






With only 20 qubits

220 = 1048576 ~ 1, 000, 000



EXpectation Values




P(0) = 117 +iU)[)

P(1) = 311~ iU)[)




-inding the Spectrum
of the Hamiltonian
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—inding the Spectrum
of the Hamiltonian

P(0) = %(1 + cos E,, ) P(1) = %(1 — cos By,
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Simulation of many body
systems

A- Spin systems
B- Bosonic systems

C- Fermionic systems
D- Fleld Theories
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A-Spin Systems

Magnetic Systems




A single spin in a magnetic field B
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Two Interacting spins




Two Interacting spins

H=—-JZ1Z5
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Non-Commuting Terms
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Suzuki-Trotter Formula
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B-Fermionic Systems

Electron Gas, Hubbard Model, Superconductivity,....
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Fermionic Systems
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Jordan-Wigner Transformation
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How to create a fermion?



How to create a fermion??
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C-Bosonic Systems

Bose-Hubbard Model....




O

O O O
@, . e @, . 10,
1 2 3 4 5 6 N-3  N-1 N

0)p =1(1,0,0,---0)

1), =10,1,0,---0)

2)p =10,0,1,---0)

N), =10,0,0,---1)



N
YN ..
v v,
Q
*
00
2

L L 2

0‘ L
o F ¢ [

[ J
L 00
2 —"
L
)
L
ttt “‘
"‘ “‘
““ < i </
-4— -4—
) D

n+1

n+1lolo

N,p—1
bf = )
n=0



1— Z, 01000

Q=) i 10000






) ®

l

H = ZbTb +Zemz an

(1,5)






It =1 E C Cj,a"‘E Ei,ani,a+UE e
) 1,0

(1,7,0)



D-Particle Physics and Field Theory

STANDARD MODEL OF ELEMENTARY PARTICLES

— B —

uP || CHARM | ‘ TOP ' HIGGS BOSON
mass 2,3 MeV/c? 1,275 GeV/c? | 173,07 GeV/c® 126 GeV/c

charge % 3 0
spin /2 ‘ 0

" [ strange | | BotTOM | PHOTON
4, 8 MeV/c? 95 MeV/c2 4,18 GeV/c? l

ELECTRON Z BOSON
0,511 Mev/c? 105,7 MeV/c ; : 91,2 GeV/c?
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Feynman diagrams

Perturbative Calculations




Thousands of Feynman diagrams




Quantum Field Theory

Field ,
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Space



Quantum Field Theory

Time ,




Many body boson or fermion

Time ,




Scattering
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Quantum Field Theory
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Thank you for your attention



