
I.C.E.: towards long-baseline atom interferometry
Long interrogation times for high-precision atom-interferometric inertial sensing

Ultra-precise, exact, gravito-inertial sensing
Light-pulse interferometer
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Fundamental measurements

Test mass = atoms

Measured on optical ruler

Trajectories follow a geodesic

Tests of GR

Long interrogation times

Larger fall height
Drop tower, orbital station

Well-collimated atomic source
Need narrow momentum spread
+ Controlled trap release

Ballistic flights for long free-fall distance

March 2007

Successful test flight
Rubidium MOT in flight
Harsh environment:

5◦ − 20◦ thermal cycling
Nightly power cuts
800− 1000 hPa pressure
High level of vibrations

An airbus as an Einstein elevator

4 s of true free fall
Displacement of a free flying

apparatus

Modular, robust, apparatus
Fibered ultra-stable telecom

lasers doubled to 780 nm

Fully rack-mounted optics and
electronics (9 g structural strength)

Minimalistic vacuum system on
breadboard with free space optics

Degenerate atomic gases for a collimated source
BEC: collisional shift

⇒ uncontrollable systematic
errors.

Fermi sea: Pauli blocking

No collisional shift in spin-
polarized samples

Broadened velocity distri-
bution
87Rb – 40K mixture

780 nm & 767 nm laser cool-
ing transitions

Tunable interactions via
Feschbach resonances

All optical cooling
for controlled trap release

Compressible trap for opti-
mized evaporation

control of density
and trap depth

Recirculating crossed dipole
trap geometry
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eBoson-Fermion coherent
atom-interferometer

2D-MOT as an atomic source

Moderately compact apparatus
(900× 700× 700 mm)

Dipole trap at 1565 nm

50 W erbium fiber laser

40 nm to the red of highest up-
per level transition

24 mK

600 µK

82 ΓRb

−3 ΓRb

MOTlaser
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