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with trapped Ions

An open-system quantum simulator
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engineered decoherence.

The repeated application of this map for p<<1 is equivalent to
simulating the dissipative dynamics of the Lindblad operator

c1 = 5 Xo(1+ Z125)

Experimental realization:
(i) Use the operation M(Z.Z.) to map the +1 (-1) stabilizer information of
qubits 1 & 2 onto the |0) (|1)) state of the ancilla qubit O (initially in |1))
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(ii) Apply the controlled gate operation

C(p) = [0)(0]o ® Ux,(p) + [1)(1o ® 1
to map to the +1 eigenspace of the stabilizer with probability p.

(iii) Invert the initial mapping, M'1(Z1ZZ).
(iv) Reset the ancilla qubit to repeat pumping with stabilizer X X..

This step carries away entropy to ‘cool’ the system qubits into
the Bell state.

In analogy, we engineer dissipative maps for n-qubit stabilizer pumping.
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e Sequential pumping of stabilizersZ Z ,Z 7.,Z.Z,,and X X_X_X
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e Populations of pairwise antiparallel spin states (-1 eigenspace of
stabilizer ZiZj) disappear after pumping into +1 eigenspace.

e Final pumping of X X_X_X, stabilizer builds up coherence.

Density matrix evolution during pumping
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Stabilizer expectation values (repeated X X X X))
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Coherent many-body interactions

Example: four-qubit
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Phase, 3
(i) M(X X X.X ) maps stabilizer state onto ancilla.
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(i) +1 (-1) stabilizer states experience phase rotation 3/2 (-B/2).
(iii) Reverse step (i).

Effectively simulates 4-qubit Hamiltonian H=-g X X_X_X, with =2 g 1.
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e Toolbox for simulating open-system dynamics.
e Simulate general Markovian dynamics by adding classical feedback.
\_° Driven dissipative quantum phase transitions.
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QND stabilizer measurement
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Quantum non-demolition (QND) measurement
of 4 qubit stabilizer.
Quantum non-demolition fidelity: F  ,=96.9(6)%

Quantum state preparation fidelity F_,=73(1)%
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