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Outline: Quantum Simulators of Lattice Gauge Theories

2. Fundamental problems of physics – Systems

2.1 “Paradigmatic”, notoriously difficult, but relevant systems
2.2 Fundamental systems of condensed matter, HEP and QFT
2.3 Novel Quantum sImulAtors (NOQIA)
2.4 Novel systems, novel physics 

0. Noisy Intermet¡diate Scale Quantum (NISQ) devices
0.1 Quantum advantage in… useless problems so far
0.2 There are thing that NISQ cannot do at this stage 

3. Diagnostics/Design

3.1 Single cite/single “particle” resolution
3.2 Entanglement/topology characterization (random unitaries)
3.3 Entanglement characterization (experiment-friendly approaches)
3.4 Topology characterization (experiment-friendly approaches)
3.5 Synthetic dimensions

4. Methods

1. Quantum simulators
1.1 Ideology
1.2 Platforms and Tasks/Goals 



1.1 Quantum Simulators: Ideology I

 There exist many interesting quantum 
phenomena (such as superconductivity).

 Maybe we can use another, simpler and better 
controllable quantum system to simulate, understand and 
control these phenomena (R.P. Feynman)? Such a system 
would thus work as quantum computer of special 
purpose, i.e. 

 These phenomena may have important 
applications!

 These phenomena are often difficult to be described 
and understood with the help of standard computers.

QUANTUM SIMULATOR

http://www.google.de/imgres?imgurl=http://portaldaciencia.freewebpages.org/richard_feynman.jpg&imgrefurl=http://portaldaciencia.freewebpages.org/cnfisica.htm&usg=__uWxpAne7ysBwiHC_P4wljonkDCw=&h=747&w=527&sz=35&hl=de&start=1&zoom=1&um=1&itbs=1&tbnid=wad-kuJZEytPRM:&tbnh=141&tbnw=99&prev=/images?q=richard+feyman&um=1&hl=de&client=firefox-a&sa=X&rls=org.mozilla:en-US:official&tbs=isch:1&ei=6LSATYiZHoSMswbKgo3mBg


1.2 The Coming Decade of Quantum Simulation

Platforms:
Superconducting qubits

Ultracold atoms

Trapped ions 

Rydberg atoms

Circuit QED

Photonics systems …

Tasks/Goals
Classical/quantum optimization problems for technology 

Quantum chemistry

Fundamental problems of physics

http://www.icrea.cat/web/home.aspx


Fundamental problems of physics

Systems:
“Paradigmatic”, notoriously difficult, but relevant systems

Fundamental systems of condensed matter, HEP and QFT

Novel Quantum sImulAtors (NOQIA)

Novel systems, novel physics 

Diagnostics/Design
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The Coming Decade of Quantum Simulation

Methods (theory)
Tensor networks (DMRG, MPS, PEPS, MERA…)

Exact diagonalization

Semi-definite programming

Machine learning 
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Conclusions

Conclusions?
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