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Outline

* Application of cold atom inertial sensors for
fundamental physics

* Principles of atom interferometry
* Cold atom gyroscope at SYRTE



Applications

Inertial Navigation: onboard accelerometers or gyroscopes

Inertial navigation :
Accelerometers and gyroscopes

Canuel et al, PRL (2006)
Geiger et al, Nature Comm. (2011)
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Applications

* Geosciences: monitoring global phenomena through S—iEarth(t)' g(t)
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Geoscience:

Measurements of Earth rotation
with gyroscopes

Measurement of gravity with
gravimeters



Applications

* Fundamental physics (e.g. test of equivalence principle, Lorentz invariance tests)

Zhou et al, PRL (2015)
Aguilera, CQG (2014)

d

b

Example: weak equivalence principle test:
simultaneous acceleration measurement with 2
types of atoms in free fall.

1078

: 5
State of the art with cold atoms : f

. o) _
Perspective :7a = 1071
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Applications

e G@Gravitational wave detection below 10 Hz

O Gravitational wave detection:

imopoulos et al, PRD (2008) i _

Chaibi et al, 2016 PRD (2016) Detection of GW of lower frequencies than Earth-based
optical detectors

Compact binary
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Applications

* Inertial Navigation: onboard accelerometers or gyroscopes

* Geosciences: monitoring global phenomena through ﬁEarth(t)' g(t)
* Fundamental physics (e.g. test of equivalence principle, Lorentz invariance tests)

e G@Gravitational wave detection below 10 Hz

Fang et al, arXiv:1601.06082 Dim_OF_JOU'OS et al, PRD (2008)
Freier et al, arXiv:1512.05660 Chaibi et al, 2016 PRD (2016)
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Principles of atom interferometry

I = %(1 +cos(AD))I,

Optical Mach-Zehnder
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Why an atomic gyroscope ?

Sagnac effect

GPHYS 2016



Why an atomic gyroscope ?

Sagnac effect

¥ =it t=t,+ ot

In general : energy
2o @aﬁ
Q —
hc?
Physical area of the

interferometer
GPHYS 2016

With photons :

A : cm? to m?
E~1eV
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Why an atomic gyroscope ?

Sagnac effect

¥ =it t=t,+ ot

In general : energy
2o @gﬁ
Q —
hc?
Physical area of the

interferometer
GPHYS 2016

With photons :

A : cm? to m?
E~1eV

With atoms :

A : mm?to cm?
E~1011lev
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4-pulse gyroscope
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Sensitivity of the Gyroscope

800 ms interrogation time -> 11 cm? Sagnac area

1 rad.s! rotation rate signal -> 4,6x10° rad phase shift in the Al



The SYRTE cold atom gyroscope

|. Dutta, PhD Thesis

Long interrogation time -> large area :

11 cm?

* Bigscale factor : 1 rad/s ->4,6x10° rad
(Earth rotation rate: 7,3x107 rad/s)

* Allows no-dead-time operation

 Afew 107 Cs atoms at 1,2 pK launched at

5m/s

GPHYS 2016
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Hybrid measurement with vibration
Sensors

A Sensitivity function to parasijtic accelerations

ha(t)

=

0.68
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Atomic %0.66
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Calculated Vibration Phase, Em’calc (rad)
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Continuous measurements

* Sequential operation of cold atom interferometers

Cooling

Cycle time T.

-1 Al

*| Detection Cooling

+<— Dead timeTp, —

Leads to loss of information

GPHYS 2016

1 Al

» Detection
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Usual measurement cycle
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Continuous Measurements
On our experiment
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Rotation measurement
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Fit by packet with the estimated 0561
vibration phase -> the useful signal is z
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|. Dutta et al., Phys. Rev. Lett. 116, 183003
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Conclusion

Cold-atom interferometers can be used for
various applications

We demonstrated a continuous measurement
in an Al

We operated a cold atom gyroscope with a
stability of 1 nrad/s : state of the art

Perspective for fundamental physics:

— Use the experiment as an horizontal
accelerometer to test Lorentz invariance
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