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Introduction: guantum many-body systems

Quantum many-body systems
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Introduction: guantum many-body systems

Quantum many-body systems
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- Condensed matter @

- Quantum chemistry

Phys. Rev. Lett. 119, 080501 (2017)

Credits: Maple Quantum Chemistry



Gauge theories

Fundamental interactions of matter
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Gauge theories

Fundamental interactions of matter Interactions arise by imposing

local conservation Gauss’ laws
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Gauge theories

Fundamental interactions of matter Interactions arise by imposing

local conservation Gauss’ laws
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Simulating gauge theories:

Huge Hilbert space dimesion

Sign problem




Introduction: guantum computations
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Introduction: guantum computations
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Needed:
- Benchmark

- Validation

IBM quantum computer Google quantum computer



Quantum simulation of Lattice Gauge Theories

Simulating a quantum theory through a
controllable quantum system




Quantum simulation of Lattice Gauge Theories

Simulating a quantum theory through a
controllable quantum system

- Mapping between the Hilbert spaces

- Mapping between the Hamiltonians

Quantum simulator
Hilbert space

Gauge
invariant states




Quantum simulation of Lattice Gauge Theories

1D Schwinger model:
Fermions coupled to an electric gauge field

Simulating a quantum theory through a
controllable quantum system Trapped ions:

two relevant internal states implement a qubit

- Mapping between the Hilbert spaces

- Mapping between the Hamiltonians X

Innsbruck University

Quantum simulator
Hilbert space
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Quantum simulation of Lattice Gauge Theories
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Quantum simulation of Lattice Gauge Theories
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Quantum simulation of Lattice Gauge Theories
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Tensor Networks and Matrix Product States

- Efficient method to compress information



Tensor Networks and Matrix Product States

- Efficient method to compress information

- Lattice model, N sites, local dimension d — dim H dV

a1, AN

Rank N tensor



Tensor Networks and Matrix Product States

- Efficient method to compress information

- Lattice model, N sites, local dimension d — dim H dV
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Rank N tensor
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Mean field representation ’

Nd components for describing each site’s state



Tensor Networks and Matrix Product States

Bond dimension y:
- Artificial link
..... - Allows to keep correlations
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Tensor Networks and Matrix Product States
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Each tensorisad X y X y matrix

Given an Hamiltonian H:

- Real time dynamics (Time Evolving Decimation Blocks - TEBD)

- Computing the ground state of: variational ansatz = min (qf|ﬁ|qJ)MPS



Tensor Networks and Matrix Product States

Bond dimension y:
_ dy pdid; dn-1dN pdpn
¥ mps = § Tay Tay *Tay"y  Tay l91-nan) Artificial link
- Allows to keep correlations

Each tensorisad X y X y matrix

Given an Hamiltonian H:

Real time dynamics (Time Evolving Decimation Blocks - TEBD)

- Computing the ground state of: variational ansatz = min (qf|ﬁ|qJ)MPS

Different geometries Wave function representation:

available:
No sign problem —
Tree Tensor Networks

(TTN)

Finite - density simulations are possible



2D Abelian lattice gauge theories
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2D Abelian lattice gauge theories

= —t3" (6 Osps s+ hc.) \
X, 3 i— o= -
2
A~ A~ g o~ )
tm Y (D .+ 5B, i S
- vy 2 .i
92 5 A ot A !
— 77” (Um,ux Ux"‘ﬂw,ﬂyUZB—Fuy,M:cUxT,uy -+ hC) - @ WO S -
' v
Matter Field ; H i
Gauge Field o O=0
(_1)!+j =41 : ' '
- =|-) @=g¢ - Truncated electric field
E = = i) » O=0
s 1 = =1 ; - Staggered matter
- -|-) = { ®=-4¢ &8

T. Felser, P. Silvi, M. Collura,
S. Montangero. Arxiv: 1911.09693



2D Abelian lattice gauge theories
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2D Abelian lattice gauge theories

Vacuum phase

Charge-crystal phase
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Finite charge density:
Charges behave as in a

conductor



MPS applications




MPS applications

Machine learning Model Accuracy
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MPS applications

Machine learning Model
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Dosing radiation in cancer therapy

Master thesis Samuele Cavinato
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