Rotational Tractor Atom Interferometry with the QuantumControl.jl Framework

DEVCOM

ARMY RESEARCH
LABORATORY

(1 Tractor Atom Interferometry [

Uninterrupted three-dimensional confinement and guidance (1) guarantees recombination,
(2) allows arbitrary holding times and complex trajectory patterns, and (3) limits dispersion.

Rotation sensing [2] Counter-rotating pinwheel optical lattices [3]
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Goal: measure background rotation 2

Transformation to “mixed frame’ — position relative to moving potentials
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(2) Adiabatic Operation

Interferometric scheme
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(3 Non-Adiabatic Operation
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Recombined population for non-adiabatic evolution: = reduced contrast
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(@) Optimal Control

e Use Krotov's methods to optimize for reaching ground state of rotating potential at t = t,

e Parametrized “guided” amplitude wopt(t) = w(t) + S(t)dw(t); control only dw(t)

e De-acceleration flips acceleration pulse
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(5 QuantumControl.jl Framework

JuliaQuantumControl Organization julia
— https://github.com/JuliaQuantumControl

e QuantumPropagators. jl: Simulate time dynamics (Chebychev, Newton, etc.)

e GRAPE. j1: Gradient-ascent pulse engineering with Semi-AD
e Krotov.jl: Krotov's method with Semi-AD

e QuantumControl. j1: High-level framework for dynamics and control
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(6) Design Principles

Generators: No assumptions on structure of Hamiltonian

M <« ] & juliaquantumcontrol.github.io @ m

Generator — Dynamical generator (Hamiltonian / Liouvillian) for the time o B u | It— | Nn “gen éra tor” hami 1t Oni an/ 1 i ouv i 1 1 i an:

evolution of a state, i.e., the right-hand-side of the equation of motion (up
to a factor of 7) such that | ¥ (¢t + dt)) = e*"Hdt|\Il(t)) in the infinitesimal
limit. We use the symbols G, H, or L, depending on the context (general,

control amplltude
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Hamiltonian, Liouvillian).
Examples for supported forms a Hamiltonian are the following, from the
most general case to simplest and most common case of linear controls,

R e control functlon

H= Hy +Y H({e(t)},1) (G1)

et ey @ e “Control amplitude” on top of “control functions”:
A fo e 30 B, (63 noise, non-linear coupling, “guided” controls, etc.

Interfaces: Implementation in terms of abstract interfaces only

B <« ] & juliaquantumcontrol .github.io m

@test check_generator(generator; state, tlist,
for_mutable_state=true, for_immutable.

for_expval=true, atol=te-15) e ‘Generator’ must have identifiable “controls”

verifiesthe given generator: e Generator must evaluate at t to an “operator”

e get_controls(generator) must be defined and return a tuple

¢ all controls returned by get_controls(generator) must pass

e Operator must be applicable to a state

check_control

e evaluate(generator, tlist, n) must return avalid operator
(check_opegTator), with forwarded keyword arguments (?ncluding .
for_expval) = Extensibility: custom data structures, propagators

e evaluate! (op, generator, tlist, n) must be defined

. substltute(generator replacements) must be defined

juliaguantumcontrol.github.io/QuantumControl.jl/stable/api/quantum_propagators/#QuantumPropagators.Interfaces.check_generator

Multiple Dispatch: Efficient custom data structures, dynamically compiled
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Semi-Automatic Differentiation [4]

Optimize any computable functional by writing functional as explicitly dependent on the states =
Complex matrix-calculus chain rule:

- [

~ 2Re Z%m(r)mw»
Lk n

e Use automatic differentiation for y = gkj% (or further simplify via Ujj, 7i)

o Standard GRAPE scheme for 52~ <Xk(T) | V. (T)) — no computational overhead from AD

(@) Performance

Propagation with Chebychev propagator over 1000 time steps (randomized pulses)
dense (N = 1000) sparse (N = 1000) dense (N = 10)
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e Matches Fortran (ifort) performance out of the box

e Better performance for specialized data structures (multiple dispatch!)



https://github.com/JuliaQuantumControl

