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Resonant driving causes transitions only if the energy
gap between states matches the driving frequency.
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We observe that interesting multi-qubit gates, such as the Toffoli gate below, are very
similar to what happens when we apply resonant driving in a many-body system.
Both operations are highly entangling, but look clean and understandible as unitary
matrix:
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The error of the gate
scales with total gate
time as .
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In order to accomplish such an operation on a linear chain of qubits, we require:
1) A many-body Hamiltonian which features a unique transition, and whose
eigenstates extend over multiple qubits.
2) A driving field, which couples the transitioning states.
3) An eigengate, which maps between the computational basis and the eigenbasis of
the many-body Hamiltonian.
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This whole protocol can be summarized in the following 3 steps:
Based on
- KG & KS, Many-body strategies for multi-qubit gates - quantum control through Krawtchouk chain
dynamics, ArXiv:1707.05144.
- KG & KS, Manuscript in preparation.

Step 3: Another eigengate maps back to the
computational basis

Step 2: Turn on the many-body Hamiltonian, and
resonantly drive the unique transition.

Step 1: We use an eigengate to make eigenstates

Here, we use the spectrum of the Krawtchouk Chain Hx
as an example - the horizontal axis represents the
number of excitations.

If
and
can map eigenstates of

, then the Hamiltonian
to eigenstates of .

The Krawtchouk Chain mimics the Hamiltonian of a
spin-s particle. Hence, we can rotate states around its
Bloch Sphere, even for many-body states.

The Pauli-matrices
are a prototypical
example.

We re-interpret work
by Polychronakos and
Frahm, dating back to
1993, to feature an
eigengate.
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Specifically for SU(2)
relations, we may build
a Hadamard gate from
just A and B.

See also:
A. P. Polychronakos, Lattice integrable systems of Haldane-Shastry type, Phys. Rev. Lett. 70, 2329 (1993)
H Frahm, Spectrum of a spin chain with inverse square exchange, J. Phys. A: Math. Gen. 26 L473 (1993)
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