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Atomic Sensors

-an alternative technique ?
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free falling proof masses

... guiding the satellite 1 \

(laboratory system)

Read out of

distance or relative motion by
= optical means,

= capacitive measurements, or

= magnetometers



with cold atoms ?




Atom Optics Components

.. made out of Light
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Mirrors

Laser beams




Accelerometer

Agﬁacc — T2]€> .

Accelerational Sensitivity with10 8 ats:

On ground 10°1% g\Hz @ Expansion Time 0.2 s

R. Colella, A.W. Overhauser, and S.A. Werner, “Observation of Gravitationally
Induced Quantum Interference”, Phys. Rev. Lett. 34, 1472 (1975).

A., Peters, C. Keng Yeow, and S. Chu “Measurement of gravitational
acceleration by dropping atoms” Nature 400, 849 (1999).



Gyroscope
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Rotational Sensitivity with 10 8 ats:

On ground 10° rad/NHz @ Expansion Time 0.025 s

Earth rotation rate:7.2 10 rad/s

S.A.Werner, J.-L. Staudemann, and R. Colella,” Effect of Earth's Rotation on the
Quantum Mechanical Phase of the Neutron”, Phys. Rev. Lett. 42, 1103 (1979).

F. Riehle, Th. Kister,A. Witte, J. Helmcke, and Ch. Bordée, “Optical Ramsey
spectroscopy in a rotating frame: Sagnac effect in a matter-wave
interferometer”, Phys. Rev. Lett. 67, 177, (1991).

T. L. Gustavson, P. Bouyer and M. A. Kasevich, A dual atomic beam matterwave
gyroscope,” in Methods for Ultrasensitive Detection, edited by B. L. Fearey
(1998), volume 3270 of Proceedings of SPIE, pp. 62{9.



Concepts...

for
(ultra-)cold atomic inertial sensors




Cold Atom Sagnac Interferometer

Interferometer
Detection
Q
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C. Jentsch, T. Miiller, E. Rasel, and W. Ertmer, Gen. Rel. Grav, 36, 2197 (2004)
& Adv. At. Mol. Physics
PhD C. Jentsch, Diploma thesis T. Miiller, S. Chelkowski



Technical Implementation




Atomzahl in 3D-MOT: 10E9 Atome

Ladefluss in 3D-MOT:
2,3*10E9 Atome /s

Lebensdauer t = 425 ms
Parameter:

3D-MOT-Laserleistung 60mW
2D-MOT-Laserleistung 130 mW

Atomzahl in 3D-MOT
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Raman-Laser
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A Comparison

Stanford U. 1Q
Element Caesium Rubidium
Atoms/s 109 >108
Length [cm] 200 15
Area [mm?] 26 25
Sensitivity 6 -10-10 2-10-° @108
[rad:s-"VHz"]




First Interference

Experiments

with a velocity-insensitve
Raman-transition
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of a Raman-transition
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Fringes

of a Ramsey-type - »
experiment §<I ™ S

0,00040 - time

0,00035 -

0,00030 -

2 (a.u.)

0,00025 -

0,00020

PopinF

0,00015 -

0,00010 -

0,00005 T T T T T T T T T T T 1
-15000 -10000 -5000 0 5000 10000 15000
detuning [HZ]



AIms

Comparisson of distinct topol~

o ;”}9{}3 ™ {}i
<& o *_«nic gyroscopes
{}\({}
%‘x\%

r 2y
= 4 T

Institur d"Optigue



jon sensing

Rotat

‘s rotation:
0 rad/s

| e
ADPES o o DTy a oo R
o 4 2
Ve et et 0T e

Resolution:

10 rad in 1 year

R a3 LA S o Tl B
\ﬁxx‘jx’:& 7 e o a8 7
i . & »
@ As AR T ged W Lo Vet et
02Tt e Q s O ageld

Al ST D




Lasergyroscope G

...at Fundamentalstation Wettzell

" - comparison and
calibration of Laser
Ring Gyroscopes

|- geophysical interest

- relativity
(Lense-Thirring effect]

Gyroscope
Ring Laser Area, m® Joamac: HZ  Sensifivity 824 DPM__ 6(K12
C-Il 1 79.4 1 % 1077 1w 1077
G 16 3486 1 % 10°® 98 x 1078
UGH 367 15128 3 % 1078 1 » 1077

JOURNAL OF GEOPHYSICAL RESEFARCH, VOL. 109, BO64035, doi: 10.1029/2003 JB002803, 2004



Atomic Quantum Sensors

Fields of Interest:

Inertial standards/references

Earth Observation

Measurement of relativistic effects & gravity
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Testing the Weak Equivalence Principle '7:::::::2
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Drag-free sensors [HerHi
perhaps in gravitational wave detectors ?  jg@m=43 ﬁ




N Towards the limits



Towards the limits

| ...with cold atoms

Accelerational Sensitivity with 10 8 ats:

0-12

Space 10°1“ gA\NHz @ Expansion Time 3 s

Rotational Sensitivity with 10 & ats:

Space: 8-10°12 rad~ANHz @ Expansion Time 3 s



Qopy =4-10"2 rad/s/NHz
Aoy~ 1072 gNHz
per shot, 0.3 Hz

Time: 3s — ? + Resolution: ~TDrift2
- Tat < 1IJK

- Dynamic Range

Atoms: 108— ? + Resolution: ~1NN - 1/N z i
-T,7?
- Laser- Phase Noise ?

K. Eckert, P. Hyllus, D. BruB3, U.V. Poulsen, M. Lewenstein, C. Jentsch, T. Miiller, E.M. Rasel
& W. Ertmer, Differential atom interferometry beyond the standard quantum limit, arXiv: quant-ph/056¥06%v1, 6 Jul 20

Beamsplitter:  Multi-Photon?
- New Beam Splitters?

SAll-Atomic” Gravitational Wave Detector?

Room for Improvements?



The Teams

Mg- optical clock
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THE END
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