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Quantum Computing

1 Are quantum computers already here? How would we know?

2 Big players are involved: Microsoft, Google, IBM.

3 Quantum computing race (USA v China) is a fact.

4 The IBM Quantum Experience (IBM):

i only 5 qubits,
ii) gate model (universal),
iii) unitary dynamics.

5 D-Wave (D-Wave Inc.):

i) 1000+ qubits,
ii) quantum annealing (not universal),
iii) adiabatic quantum computing,
iv) decoherence.

6 All of these calls for a simple test.
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Quantum annealer

1 Basic idea: quantum computing meets critical phenomena.

2 Going back to the D-Wave annealer (103 qubits):

Figure: D-Wave chip. Real (virtual) chimera graph on the left (right).
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Ising

H(t)/~ = −g(t)
L∑

i=1

σx
i − J(t)

L−1∑
i=1

σz
i ⊗ σz

i+1. (1)
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Figure: 1D transverse Ising model. s = t/ta, ta - annealing time.
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Defects aka kinks

Initial state (easy to prepare): |ψ(0)〉 = |→→ · · · →〉
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Kibble–Zurek mechanism predicts

#kinks ∼ τ−1/2
Q , where τ−1

Q − speed @ critical point− t−1
a (2)
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Defects

1 Can we measure defects?

2 No topological defects @ the end =⇒ E(ta) = −(L− 1)|Jmax |j(ta).

3 One defect increases this energy by 2|Jmax |j(ta).

4 Therefore, if j(ta)E denotes the final energy then

#kinks =
|Jmax |(L− 1) + E

2|Jmax |
. (3)

Measurement in the computational basis: |↑〉, |↓〉
E is provided by the D-Wave solver.
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Measurements

#kinks ∼ τ−1
Q rather than ∼ τ−1/2

Q !
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Figure: Defect generation for the quantum Ising chain on D-Wave.
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Conclusions and open questions

1 No exponential suppression of excitations (this is bad)

2 #defects ∼ v rather than ∼
√
v ⇒ (not unitary dynamics?)

3 Is there a simple model that captures this behavior? (may not be)

4 Is dissipation relevant? (we don’t believe so)
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Special thanks goes to Mike Zwolak...
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Thank you!
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