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Outline

®Motivation-Gradiometers for Navy applications

® Atom interferometers (for magnetic field
measurements)

®Making the atom beam-splitter: Raman transitions in
real atoms in arbitrary magnetic fields

®|nterferometer Experiments ....
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Outline-Interferometer Experimyert

®Single Pulse
® Time Domain
® Frequency Domain

®Double Pulse
® Time Domain
® Frequency Domain

® Triple Pulse
® Time Domain
® Frequency Domain

® Outlook

® Conclusions
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Airborne Magnetic Noises
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Gradiometer (Reference sensor)

P2000 Gradiometer Test
Memorial Airfield, Chandler, AZ.
April 27, 2003
Truck did 4 passes (2 in each direction) 03 Ford Expedition
MPH usi i 1 . .
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Gradiometer (Reference sensor) NAVy

Fluctuations are all geomagnetic noise!
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Gradiometer (Reference sensor)

Truck drive- b‘?/s - dual mags difference of filtered UTFs [bird - ref] (BP=0.001-10 Hz) : separatlon (ft) 80; 17.4481-17.5067
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Technical Overview of Al sensors
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We have shown...

A proposal for a gradient magnetometer atom interferometer

J.P. Davis and F.A. Narducci™
Journal of Modern Optics Z .
Vol. 35, Nos. 19-20, 10-20 November 2008, 31733185 o /y/
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State-space interferometer

® 7 o0-propagating Raman
/,WMW beams for Doppler-free,
» 2> - MWM“ acceleration free
|e>// @ configuration
et e> oherent superposition
Igﬂ o> of magnetic sublevels
Yo () 1ot
T — t :
AS  un 98 Same picture allows us to
Ap = P (g mp — grmp) (E) T see how this
runs as a magnetometer
_ % (grmpr — grmp) (ZB> AQZT (possibly with stationary
: atoms)
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Raman Resonances
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Now controlled by ground state
decoherence time which can be
made very small
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Raman resonances in arbitrary
fields
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A real atom: ®Rb
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Experimental Arrangement
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Timing sequence
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Raman Spectra-Arbitrary Field
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Selection Rules
“Even” transitions driven by

X-y polarization
—~8H4--H polarizations
am=0
“Odd” transitions driven by
-*-z, Z, X-Z, Y-Z
lam|=1
Here, z is defined by the direction of the magnetic
field

g factor between ground states changes sign
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Six Peaked Spectrum
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Five Peaked Spectrum
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Double Pulse Experiment
(Ramsey)
Time Domain
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Raman Transfer (Cycling)
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Timing sequence
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A little math...

Q"‘ 0 S(t1+T) 2 Ot
oty + T +t2)]” = |2 p { Go(tr)e® ) — —— Gy (1) | e+t
Q* 120, Q,
Q_ Q4 o 0 2
2 t1) — / W6 (t14+T) | 12 t2
+ ()* {Q* Cl( 1) 29902( 1)6 e
1
s = 5 (5+0) Oy = /|9 + 2

Picture two lasers beating against each other where here the
Raman fields plays the role of the first laser and the atomic
ground state transition plays the role of the second laser.
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f=1.51/863 GHZz
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f=1.51/864 GHZz

| | |
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Time (usec)

T=delay time between pulses
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f=1.51/865 GHZz
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f=1.51/866 GHZz
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f=1.51/867 GHZz
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f=1.51/868 GHZz
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Period vs frequenc
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Rabi Cvycling: +1 Peak (Expt.
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Double Pulse on magnetic transitiorv
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Single Pulse

Aug 20 Test 57
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Double Pulse Experiment
(Ramsey)
Frequency Domain
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Timing sequence
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Inspiration from optics/clocksNAVAZA | R

Single-slit pattern

Double-slit pattern

http://en.wikipedia.org/wiki/Double-slit_experiment
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Triple Pulse Experiment
Time Domain
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Timing sequence
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Triple Pulse Experiment
Frequency Domain
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Timing sequence
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Evidence of gradiometer

Aug 20 Test 57
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Just for fun.....
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Work to be done....

* Systematic measurement of output vs.

— Magnetic field
— Gradient magnetic field

* Atom fountain arrangement
* Sensitivity
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Conclusions

®Single Pulse
® Time Domain
® Frequency Domain

®Double Pulse Single Sit

® Time Domain p—

® Frequency Domain Double Slit
® Triple Pulse

® Time Domain

® Frequency Domain

“Demonstration” of a gradient magnetometer atom
interferometer
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Questions?
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Gradiometers can remove distant noise

!

=M= I T
10
Q Geology —» %4
—~~ S 3 , %
2 N Buffeting
:fl\:l 7 — \\ Platform Maneuver
= .
C N
~ AN
> 0.1 == cPA=2000 ft N
) N ELF
g 3x108nT-ft3/ N —
8 Dipole \\
= 0.0 m— \\
© N
T e e oo _ ASQ-208 _ ___
(@)
()
Q. (.00 m—
n Swell
____________________ p2000
0.0001 _I I I i
0.01 0.1 1.0 10 100
Frequency (Hz)

UVa
Nov 12, 2012



Technical Overview f Al sensors
Ce.p+7k(2T + )% = Z[1 — cos (A¢ — o7/2)]
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tate-space iInterferometer

H *Co-propagating Raman
d beams for Doppler-free,
e al acceleration free
|e>,// e configuration
o> o /// *Coherent superposition
57 4 e’ of magnetic sublevels
te () 1y
Same picture allows us to
AS 0B i
Ap = T %B (9prmp — grmp) (5) vo T see how tllls :
o 0B Az runs as a magnetometer
= 7 e —geme) | 52 ) =5 (possibly with stationary
atoms)
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Components for the atom opticsNAVAZ A
Copb (2T + 17 = [1 — cos (Ag — b7/2)
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Raman Transfer (3-level atom) AN

UVa
Nov 12, 2012



Atom Beamsplitter
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Raman Spectra-Arbitrary Field
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Raman Transfer (Cycling)
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Rabi Cvcling: +1 Peak (Expt.

+1 transition: Case 2
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Period vs frequenc
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Single Pulse
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Triple Pulse Experiment
Time Domain
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Experimental Arrangement
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Square vs Gaussian Pulses
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