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B. Dash et al. “Rotation sensing using tractor

atom interferometry” (in preparation)

Ĥ± = − ~2

2mR2

∂2

∂θ2
+V0 cos [m(θ + φ±(t))]

typically: Ĥ = Ĥ0 + ε(t)Ĥ1

with control ε(t)

here: Ĥ = T̂ + V̂(θ ± φ(t))

with control φ(t)
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Quantum Gate Concurrence: Max concurrence of Û |Ψ〉 for separable input state |Ψ〉

Given two-qubit gate Û with Uij = 〈Φi |Ψj(T )〉 for |φi 〉 = |00〉 , |01〉 , |10〉 , |11〉
1 Ũ = (σ̂y ⊗ σ̂y ) Û (σ̂y ⊗ σ̂y )

2 c1, c2, c3 ∝ eigvals
(

ÛŨ
)

3 C (Û) = max |sin(c1,2,3 ± c3,1,2)|
Childs et al. Phys. Rev. A 68, 052311 (2003)

⇒ JT (Û) =
1

2

(
1−C (Û)

)
+

1

2

(
1−1

4
tr[ÛÛ†]︸ ︷︷ ︸
unitarity

)

Not analytic!

Semi-automatic differentiation: Calculate ∂JT
∂〈Ψk (T )| via automatic differentiation.

⇒ automatic gradients for arbitrary functionals with no numerical overhead
compared to analytical gradients
Goerz et al. Quantum 6, 871 (2022)

https://qubit-social.xyz/@goerz
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)
+

1

2

(
1−1

4
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Flexibility:

Interactive usage (notebooks)

Use custom project-specific data structures

Tie into Julia ecosystem (e.g., automatic differentiation, GPU computing)

Performance:

Out of the Box: match Fortran (ifort + MKL)

GPU, Sparse Matrices, StaticArrays: beat Fortran (> 2×)

https://qubit-social.xyz/@goerz
https://github.com/JuliaQuantumControl
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https://github.com/JuliaQuantumControl

QuantumPropagators.jl

Support for time-continuous controls (via DifferentialEquations.jl)

QuantumControl.jl

Optimization methods for analytical pulse shapes (CRAB, GOAT, . . . )

Reinforcement learning

Users and Contributors welcome!

Please reach out by Email, GitHub, or #quantumcontrol channel on the Julia Slack

https://qubit-social.xyz/@goerz
https://github.com/JuliaQuantumControl

