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3-Axis, Time-Multiplexed 
Accelerometry

Compact Grating-MOT for High Data Rate Operation
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LPAI Performance versus Data Rate Photonic Integrated Circuit (PIC) Modulators
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Guided Atom InterferometryAcceleration Sensing via Light Pulse Atom Interferometry (LPAI)
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• Quantum accelerometers exhibit exceptional promise in 
applications such as positioning (e.g. relative to a gravitational 
map), inertial navigation, and gravitational sensing of remote 
objects. 

• They surpass classical sensors in terms of accuracy and 
stability.

• The sensitivity of a quantum accelerometer depends 
highly on a specific experimental configuration.

Basics of Light Pulse Atom Interferometry:
1) A pair of counter propagating Raman beams splits a free-falling atomic 

wavepacket, giving a momentum kick ℏ𝑘eff  = ℏ 𝑘2 − 𝑘1  to one of the 
components. 

2) The packets freely evolve for time 𝑻, whereupon another Raman 
pulse flips the states. Finally another pulse recombines 
them after another time 𝑇. Measure the population ratio.

3) The atom interferometer’s phase evolves as 𝐒 = 𝒌𝒆𝒇𝒇 𝒂 𝑻𝟐, 
where 𝑎 is the acceleration experienced by the atoms.

• We reconstruct the full acceleration gravity vector 
by measuring the acceleration of gravity projected 
along three orthogonal axes (54.7° from vertical).

• Counter-propagating (not retro-reflected) Raman beams 
isolate a single velocity class → faster LPAI operation.

• We sample the projected accelerations in a
cyclical manner.

➢ We achieve a sensitivity of 25 𝝁𝒈/ 𝐇𝐳 and a bias stability of 
10 𝝁g at 60 seconds (30 Hz data rate, with 𝑇 = 5 ms).  

• Laser systems for cold atom platforms 
are typically complicated and bulky. 
For example, ours contains a single 
laser with:

▪ Acousto-optic modulators (AOM), 
▪ Single-sideband IQ modulators (SSBM),
▪ Optical amplifiers (EDFA & SOA), 
▪ Optical attenuators (VOA), and 
▪ Frequency-doubling (SHG) devices. 

➢ We have developed a 4-channel optical 
IQ-modulator device (8 mm x 8 m) from 
integrated silicon photonics.
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Sensitivity of 4.08(1) 𝝁𝒈/ 𝐇𝐳

Bias stability of 570(10) ng at 62 seconds

5.6 Hz Data Rate

Measure the LPAI sensitivity and stability (for a given 𝑇): 

1.  Scan final Raman pulse phase to map fringe.
 

2. Fix phase at mid-fringe, sample population ratio.

3. Convert data to phase, compute Allan deviation and scale by 𝟏/𝑺. 21% Contrast

➢ At higher data rates, the 
LPAI fringe contrast 
degrades due to fewer 
atoms recaptured.

➢ The “sweet spot” data 
rate depends on 𝑇.

• Competing processes affect the 
sensitivity at increasing data rates 
(for a fixed 𝑇):

1. Statistical advantage – faster 
averaging of white noise

2. Reduced contrast – fewer atoms 
completing the interferometer

• For different free-evolution times 
(𝑇 = 0.5, 2.0, 4.5) ms, we vary the data 
rate via the MOT recapture time. 

• We extract the sensitivity and the LPAI fringe 
contrast.

(Dashed curves are “guides to the eye”)

➢ The optimal cooling 
intensity increases 
for higher data 
rates.

• Useful for high-dynamic & 
vibrational environments.

• Trapping fixes the relative positions 
of the platform and atoms.

➢ We trap atoms in a two-color evanescent 
field around a tapered optical nanofiber. 

➢ We observe Doppler-free signals from guided, 
Raman beams. 

• Sandia has developed a low-SWaP grating-MOT 
system towards fieldable applications. 

• For high data rate operation, we recapture a 
fraction of the previously-cooled atoms for use 
in the next shot. 

• Laser cooling parameters (intensity and detuning) 
in a GMOT produce a recapture efficiency 
“island”.
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• Doppler–sensitive LPAI using the evanescent field 
requires |𝚫𝒎𝑭| = 𝟐 Raman transitions.

48 Hz
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