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BEC in Space:
Testing Einstein’s
Weak equivalence
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Very long Baseline
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Matterwave

Interferometry

|
P = EJ(Uz(f) - Ul(t)) dt

= 1.5 rad/feV In 1s
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Matter-Wave Interferometers

Free Space
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Horizontal . Vacuum;
. BtL atoms ) -
sheet _ glass cell

in a torus - i}

— g G. Gauthier et al. Optica 3:10 1136 (2016)
maging beam

K. Henderson et al. N. . Phys. | 1: 043030 (2009)

Mark Kell et aI Journal of Modern Optlcs I 46 (2016)


http://dx.doi.org/10.1364/optica.3.001136
http://dx.doi.org/10.1088/1367-2630/11/4/043030
http://dx.doi.org/10.1080/09500340.2016.1178820

Atomtronics

Wave Guides

 Magnetic Fields
LSD- IP-Trap

LSD - Atomic chips
LSD - Mini-traps

LSD - Adiabatic (LSD)
LSD- TAAPs

Time-Averaged
Adiabatic Potentials

* Dipole Traps
LSD - Guides
LSD - Lattices
LSD - Paintings
LSD - Fibres
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For kz > 1

k,z)oxexpl|—kz /\/E

Jones, et al. J. Phys. B37, L15 (2004)

Gauthier et al. Optiéa 3:10 1136 (2016) Y.J.Wa}lg et al. PRL' 94090405(2-96\
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Atomtronic Time Scales @ Crete

Trapping &

_ _ Hyperfine Detection
Adiabatic  Transitions

Time  (Dressing) 1014
Quasi DC Averaging 1010
Experiment Manipulation 104 106
Repetition

10~1



Time averaged Adiabatic
Averaged Potentials

(TAAP)
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Time-Averaged Adiabatic Potentials
(TAAP)

. " Gravity
T
e
;MP
Suppression of
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Bang-Bang Scheme of
Optimal Control Theory

Chen et al. Phys. Rev. A 84, 43415 (2011).




Acceleration of BECs in TAAP rings

using the bang-bang scheme of optimal control theory
Chen et al. Phys. Rev. A 84, 43415 (2011).
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Hypersonic BEC No extra

in an accelerator ring heating ’
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Ring hold [s] S. Pandey et al. Nature, in press






Ring Accelerator

80 000 atoms with 40000 7:/ atom

Effective Flatness of Dthe waveguide:
189 pK =2 nm



Flathess < 250 nK Flathess < 189 pK



Optimal Control
Atom-Optics

f f? y f#:u

Free expansion Delta Kick



Optimal Control
Atom-Optics
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Loading Rotating BECs in to a Shell

at 50nK
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Summary

® Matterwave accelerator ring

® | ossless Hypersonic flow of BECs Senes

® Optimal Control
® Ultra-high angular Momentum

® Atomtronics (Delta-Kick)

® State dependent control of
multi-component BECs







