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1 Gradient-Based Optimal Control

Optimization Functional
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For example, square modulus gate fidelity:
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gradient of complex overlap:
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GRAPE — Khaneja et. al. J. Mag. Res. 172, 296 (2005)

1○ forward-prop and storage with guess

2○ backward-prop of extended state/gradient
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Update in direction of the gradient

(∇J)ln ≡
∂J

∂εln

• first order: ε
(i+1)
nl = ε

(i)
nl − α(∇J)ln

• second order: L-BFGS-B
(or other optimizer)

backward propagation of target states

Gradient Evaluation — Goodwin, Kuprov, J. Chem. Phys. 143, 084113 (2015)
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Û
†
n |χk(tn)〉

 = exp

−i


Ĥ
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Krotov’s method — Reich et al. J. Chem. Phys. 136, 104103 (2012)

2○ forward-prop with updated control

1○ backward-prop and storage with guess
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∂Ĥk
∂εl(t1)

∂Ĥk
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sequential update!
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2 Semi-Automatic Differentiation

Automatic Differentiation — Leung et al. Phys. Rev. A 95, 042318 (2017)

forward mode “tangent” backward mode “adjoint”
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Problems with backward mode:

• Need to store adjoint for every node in comput. graph

• Need to implement adjoint for every operation (sparse, complex, etc.)

J(ε1, ε2) = sin(ε1) + ε1
√
ε2

v1 = ε1 v2 = ε2

v3 = sin(v1) v4 =
√
v2

v5 = v1v4

v6 = v3 + v5

J = v6

Solution: Semi-Automatic Differentiation [1]
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1. Overlap Fidelities: J({εnl} → J({τk})
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Use AD to evaluate Wirtinger derivative (Zygote gradient up to factor 2)
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3 Optimizing Entangling Quantum Gates

Weyl chamber

Cartan decomposition

ÛL = k̂1 exp
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]
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Gate concurrence — not analytical

C (ÛL) = max
∣∣sin(c1,2,3 ± c3,1,2)
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PE functional [3, 4] — analytical
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with m̂ = ÛT

B ÛB. ÛB is ÛL in Bell basis.

4 Benchmarks

Compare runtime and RAM usage for perfect entangler optimization on two transmons [1]

• Full automatic differentiation vs Semi-automatic differentiation

• Chebychev propagator vs ODE Solver

6 Metrology & Quantum Fisher Information

Generating Extreme Spin Squeezing [2]

• Generation of optimal squeezed states
for Ramsey interferometry

• Extreme-SSS are eigenstates of

Ĥ = χŜ2
z − Ω Ŝx

• Alternate OAT squeezing pulses
and rotations

• Reaches Heisenberg scaling

Optimize for contrast loss due to photon scattering and dephasing ⇒ open system dynamics

Quantum Fisher Information — Ma et. al.. Phys. Rep. 509, 89 (2011)
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where pi , |φi〉 are eigenvalues / eigenstates of ρ̂ — non-analytic!
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