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1 Atomic Fountain Interferometer

laser pulses implement atomic beamsplitter and mirror

Applications: gravitational sensing, inertial navigation, test of equivalence principle

Momentum space Hamiltonian for linear-chirp Bragg pulses [2]
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• adiabatic elimination of |i〉; pulse with linear chirp rate α:

Ĥ =
∑

n

ωr
(

n2 + α(t − tc)︸ ︷︷ ︸
R(t)

n − δ0n
)
|n〉〈n|

− µS(t)
∑

n

(
|n〉〈n + 1| + H.c.

)
; δ0 = 0,µ = 1

• dynamic frame transformation: Û(t) = e iφ(t);

φ(t) = −α2

12t3 + tcα
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2 Optimal Control Methods

OCT

iteration
S(t)

simulate dynamics

⇒ JT

∆S(t)

numerical optimal control: iteratively minimize functional JT :

JT ,sm = εsm = 1−
∣∣〈Ψ tgt

∣∣Ψ(T )
〉∣∣2 phase-insensitive

JT ,re = εre = 1− Re
〈

Ψ tgt
∣∣Ψ(T )

〉
phase-sensitive

Gradient-based optimization: Krotov’s method [3]

update: ∆S(t) ∝ Im

〈
χ(0)(t)

∣∣∣∣ ∂H

∂S(t)

∣∣∣∣Ψ (1)(t)

〉
;
∣∣∣χ(0)(T )

〉
=

∂JT

∂ 〈Ψ tgt|

Ensemble optimization [4]

Optimize over average of ensemble of
variations of the Hamiltonian (µ, δ0)

Fig from [1]
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3 Near-adiabatic scheme, α = −0.1
Mirror
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 Krotov optimization at =1 =0 

 Simplex optimization at =1, =0 

Beamsplitter
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4 Compressed scheme, α = −0.5
Mirror
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Beamsplitter
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Outlook

• Robust pulses for both sources of errors (µ, δ0) simultaneously?

• Pulse modularity: arbitrarily high momentum transfer (dynamic frame transformation)


