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“Nature isn't classical, dammitand if you want to make a simulation of
Nature, you'd better make it quantum mechanical, and by golly it's a
wonderful problem because it doesn’t look so easy.”

R. P. Feynman, 1981
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4, QUANTUM COMPUTERS—UNIVERSAL QUANTUM
Simulating Physics with Computers SIMULATORS

Richard . Feynman The first branch, one you might call a side-remark, is, Can you do it
with a new kind of computer—a quantum computer? (I'll come back to the
other branch in a moment.) Now it turns out, as far as I can tell, that you
Received May 7, 19581 can simulate this with a quantum system, with quantum computer elements.
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BT ( digital simulation )
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Analog Quantum Simulator
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10-qubit GHZ
Martinis group, Nature 2016. PRL119, 2017.

Time dependent wave function can be readout by state tomography,
physical quantities can then be obtained
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Repetition code (1D): protects from X errors
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Quantum Simulator: Rydberg atoms, Ising®Y

J e 51 atom: Lukin group, Nature 551, 579(17)
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Trapped ions quantum simulator:

53 qubits: Monroe group, Nature 551, 601 (17)
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Time-crystal: trapped ions and NV (&
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Supervised learning with quantum-enhanced

Nature 567, 209 (2019) feature spaces



Many-body localization
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Many-body localization
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Many-body localization
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. Device with 24 qubits in a ladder configuratié€

Simulation of Bose-Hubbard ladder model
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. Device with 24 qubits in a ladder configuratic

Simulation of Bose-Hubbard ladder model
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Entanglement propagation in a 12-qubit processor B
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Entanglement propagation in a 12-qubit processor B
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Simulation of dynamical quantum phase transition 5
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Simulation of quantum dynamical phase transition
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Criterion of genuine multipartite entanglement

l-ll‘.i}LET.: on local decompaositions of different entanglement witnesses for different states.

# of qubits] state witness meximal Pyaie locel messurements |references|remerks
3 |GHZa)| +1—|GHZ3){GHZy 4/7 4 (optimal} 1387 =
3 |Wa) 21 — |Wa){Wy 8/21 5 {optimal) 387 -
4 [ Lah 1 — |CLg){CLy| B/15 B {optimal) 388, 381 -
4 Wy 31 — |Wa) (W 4/15 15 145, 380]| ©
a D.4) $1 — |Daa) (Dol 16/45 21 2y | 2
N GHZy)| 31— GHEZx)(GHEZx| 1/2 - [1/{1 — 1/2¥)] N+1 200 a
N |Warh L1 — (Wa )Wy /N - [1/{1 — 1/28)] 2N — 1 8, A0 b
N €3 arh 1 — |Gy Gy 1/2 - [1/{1 — 1/2¥)] depends on the graph| [2f4d] -
N Dy i |eier — 105 0D 5 l|1/2- (N —2)/(V — 1){1 — 1/2V]] not known 213]

& VWitnesses that tolerate less noise but require less settings exist. See Section 6.6.1.

b Witnesses that tolerate more noise with the same measurements exist. See Sections 6.8.2 and 8.0
¢ Witnesses thar tolerate more noise and require less settings esdst |18, |‘Eﬂd

© For witnesses that tolerate less noise with less settings see Section 8.2, for witnesses which tolerate more noise see Ref. |11§II.]L.-
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Multicomponent Schrodinger cat state-GHZ
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Multicomponent Schrodinger cat state-GHZ
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IBM Graph state (arbitrary bipartition)
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4 GHZ state preparation

Three independent works about GHZ state preparation
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Quantum Supremacy
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