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Abstract: Higher-order transformations that act on a certain number of input quantum channels with an indefinite causal order, such as the quantum
switch, cannot be described by standard quantum circuits that use the same number of calls of the input quantum channels. But could they be
simulated, i.e., could their action on their input channels be deterministically reproduced, for all arbitrary inputs, by a quantum circuit that uses on a
larger number of calls of the input channels? In this work, we prove that, when only one extra call of each input channel is available, the quantum
switch cannot be simulated. We demonstrate the robustness of this result by showing that even when probabilistic and approximate simulations are
considered, higher-order transformations that are close to the quantum switch can be at best simulated with a probability strictly less than one. This
result stands in stark contrast with the known fact that, when the quantum switch acts exclusively on unitary channels, its action can be simulated.
We also show other particular cases where a restricted simulation of the quantum switch is possible. Finally, we discuss the implications of our
findings to the analysis of experiments based on the quantum switch.

Pirsa: 24090097 Page 1/49



Pirsa: 24090097 Page 2/49



Pirsa: 24090097 Page 3/49



Pirsa: 24090097 Page 4/49



Pirsa: 24090097 Page 5/49



Pirsa: 24090097 Page 6/49



Pirsa: 24090097 Page 7/49



Pirsa: 24090097 Page 8/49



Pirsa: 24090097 Page 9/49



Pirsa: 24090097 Page 10/49



Pirsa: 24090097 Page 11/49



Pirsa: 24090097 Page 12/49



Pirsa: 24090097 Page 13/49



Pirsa: 24090097 Page 14/49



Pirsa: 24090097 Page 15/49



Pirsa: 24090097 Page 16/49



Pirsa: 24090097 Page 17/49



Pirsa: 24090097 Page 18/49



Pirsa: 24090097 Page 19/49



Pirsa: 24090097 Page 20/49



Pirsa: 24090097 Page 21/49



Pirsa: 24090097 Page 22/49



Pirsa: 24090097 Page 23/49



Pirsa: 24090097 Page 24/49



Pirsa: 24090097 Page 25/49



Pirsa: 24090097 Page 26/49



Pirsa: 24090097 Page 27/49



Pirsa: 24090097 Page 28/49



Pirsa: 24090097 Page 29/49



Pirsa: 24090097 Page 30/49



Pirsa: 24090097 Page 31/49



Pirsa: 24090097 Page 32/49



Pirsa: 24090097 Page 33/49



Pirsa: 24090097 Page 34/49



Pirsa: 24090097 Page 35/49



Pirsa: 24090097 Page 36/49



Pirsa: 24090097 Page 37/49



Pirsa: 24090097 Page 38/49



Pirsa: 24090097 Page 39/49



Pirsa: 24090097 Page 40/49



Pirsa: 24090097 Page 41/49



Pirsa: 24090097 Page 42/49



Pirsa: 24090097 Page 43/49



Pirsa: 24090097 Page 44/49



Pirsa: 24090097 Page 45/49



Pirsa: 24090097 Page 46/49



Pirsa: 24090097 Page 47/49



Pirsa: 24090097 Page 48/49



Pirsa: 24090097 Page 49/49


