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10 m atomic fountain at Stanford (Kasevich lab): ultracold 87Rb atomic cloud

laser couples between
electronic states:
absorbs photon
momentum

∆φ = −2kmaxgT
2
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Applications:

inertial navigation

gravitational sensing

test of equivalence principle
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10 m atomic fountain at Stanford (Kasevich lab): ultracold 87Rb atomic cloud

laser couples between
electronic states:
absorbs photon
momentum

∆φ = −2kmaxgT
2

Kovachi et al. Nature 528, 530 (2015)
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rapid adiabatic passage

V. S. Malinovsky and P. R. Berman, Phys. Rev. A 68, 023610 (2003).

Ĥ =
∑
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ωr

(
n2 + α(t − tc)︸ ︷︷ ︸

R(t)

n − δ0n
)
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|0〉 → |n〉: α < 0 (“mirror”)
|0〉 → |−n〉: α > 0
|0〉 → |n〉+ |−n〉 (“beamsplitter”):
two pulses with opposite chirp
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Ĥ =
∑
n

ωr

(
n2 + α(t − tc)︸ ︷︷ ︸

R(t)

n − δ0n
)
|n〉〈n| − µS(t)

∑
n

(
|n〉〈n + 1|+ H.c.

)

0 50 100 150 200
time (1/ r)

20
0

R(
t)

0

1

po
p

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10

tc+ B
2 B = 2

| |

100

0

100

en
er

gy
 (

r)

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10

0
1
2
3
4
5
6
7
8
9
100.0

0.5

S(
t)

Michael Goerz (goerz@stanford.edu) 2 / 8

Optimal Control for Robust Atomic Fountain Interferometers

sources of error:

laser amplitude (µ)

initial velocity of atoms (δ0)

here: δ0 = 0, µ = 1
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Apply optimal control to atom optics pulses

⇒ increase fidelity

⇒ robustness against fluctuations
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ensemble optimization for robustness

OCT

iteration
S(t)

simulate dynamics

⇒ JT

∆S(t)

numerical optimal control: minimize functional

JT = 1− 〈Ψ(T ) |Ψtgt〉

start from guess pulse: improve JT in every iteration
Krotov’s method: guaranteed monotonic convergence
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ensemble optimization:

sample space of perturbed Hamiltonians

optimize over average

with a single control pulse!

M. H. Goerz et al., Phys. Rev. A 90, 032329 (2014).
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mirror at quasi-adiabatic time scale
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beamsplitter at quasi-adiabatic time scale
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outlook: going to high momentum states

dynamic frame transformation:

Û(t) = e iφ(t); φ(t) = −α
2

12
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experimental realization?
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new: Python package for optimal control

Github: https://github.com/qucontrol/krotov

arXiv: 1902.11284
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https://github.com/qucontrol/krotov
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beamsplitter at compressed time scale
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