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Basic idea

• Quantum Simulators can be built for 

specific tasks

• A purpose-built device might have higher 

fidelity for specific operations than a 

universal device does

• Candidates include (not limited to)

– Neutral atoms

– Trapped ions

– Optical fields

– Superconducting qudits

• Analog quantum simulation may make 

sense in the NISQ era

MIT

U. Rochester
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Analog quantum simulation

• Simulate Trotter steps                                              via direct implementation of Hij
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Neutral atom quantum simulators

• Trap atoms in 2D arrays, optical tweezers, quantum 

gas microscopes

• Natural Hamiltonians:

– Ising model                                                                        

(simulating magnets, solving optimization problems)

– Transverse field 

(spin exchange)

U Wisconsin; Physics Today

https://arxiv.org/pdf/2006.12326.pdf

https://arxiv.org/pdf/2006.12326.pdf
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Neutral atom quantum simulators

Observe transition to 

crystalline phases
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Optical quantum simulators

• VQE of nuclei and lattice gauge theories
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Continuous variable optical quantum simulators
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Continuous variable optical quantum simulators

Principle component analysis

Matrix inversion
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Continuous variable optical quantum simulators

Discretize space, but not the field and 

time variables
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Quantum Entanglement

• Einstein, Podolsky, and Rosen, 1935: quantum mechanics predicts 
entanglement

• Variables like position and
momentum can be entangled
between two particles:

න∣ 𝑥〉𝐴 ∣ 𝑥〉𝐵𝑑𝑥;

න∣ 𝑝〉𝐴 ∣ −𝑝〉𝐵𝑑𝑝

+
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The know-how in generating long range entanglement for quantum sensing lends itself to building 

quantum computers. This is because in order to make these quantum sensors, one must build a 

quantum network with a two qubit gate interaction between the nodes.

Quantum Sensing and Quantum Computing Across Quantum Networks

• Quantum networks are collections of qubits (nodes) 
connected by interactions, or quantum gates (edges)

• Simplest quantum network is the two qubit EPR state or 
Bell state, which is a workhorse in quantum sensing
• The quantum correlations in EPR quantum 

networks can be used to reduce the noise floor in 
measurements – quantum metrology

• Indefinitely large quantum networks can be built by 
concatenating EPR states – the same network is a 
resource for measurement-based quantum computing 
and distributed quantum sensors
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