Atomic Magnetometers:
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Concept of Fields
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Measurement of Magnetic Fields

Magnetic Resonance Imaging (MRI)



Measurement of Magnetic Fields

Mars Maven Mission

Mission Facts

Mission Status Currently Operating

Mars Orbit Insertion September 21, 2014

Launched November 18, 2013
Earth Magnetic Field Launch site Cape Canaveral Air

Force Station, Florida



Measurement of Magnetic Fields
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Physics beyond the Standard Model



Noble Atom Based Magnetometers
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Noble Atom Based Magnetometers
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Long nuclear spin coherence time



Noble Atom Based Magnetometers
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Noble Atom Based Magnetometers
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Obstacle to Precision Measurement: Dissipation
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Where comes dissipation?
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Obstacle to Precision Measurement: Dissipation
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Obstacle to Precision Measurement: Dissipation
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Long time steady state: )/ = M, =0, M, = M,
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Another Scheme : Feedback
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Another Scheme : Feedback
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Another Scheme : Feedback
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Steady Precession - Limit Cycle
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Fig. 3. (a) Spin maser oscillation signal observed in a time span of 24 hours.
(b) Transient pattern in the initial spin maser oscillation. (c¢) Steady state oscilla-
tion after the transient settled. The signals shown in the ordinates represent the
beat between the spin detection signal and a 36.12 Hz fixed frequency reference
signal for a lock-in amplifier.
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A. Yoshimi, et al, Physics Letters A 376, 1924 (2012)
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Fig. 7. Frequency precision of the spin oscillation. The abscissa represents the stan-
dard deviation of the frequency v determined by fitting a function ¢ (t) = 2w vt + ¢

to the observed precession phases ¢ from t =0 to t = T,,. Solid, dotted and dashed
lines are the presentation of three cases with power laws o, « T,;3/ 2. oy X T,;‘,

1/2

and o, « T, '“ respectively.

A. Yoshimi, et al, Physics Letters A 376, 1924 (2012)



Co-magnetometers
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Fig. 1: Visualization of an ALP domain-wall crossing.
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a, Image showing the Earth together with the position and sensitive axes of the GNOME
magnetometers during Science Run 2. Position and sensitive axes are show as red arrows. The crossing
direction of the domain wall is represented as a black arrow (Extended Data Table 1). b, Simulation of

the signals expected to be observed from a domain-wall crossing at the different magnetometers
comprising the network.
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The global network of optical magnetometers for exotic (GNOME) physics searches

S. Afach, et. al, Nature Physics 17, 1396-1401 (2021)



A New Coupled Set-up

Dual Cells

Probe beam
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B, (t) = a|My ,(t) + My, (1)] /2 arXiv:2302.05264



Bloch Equations
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Stability Diagram
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Spot by Sight

Which is which?



Dimension Reduction
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Reduction
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A New Coupled Set-up
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Continuum Limit
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Continuum Limit: Stability Diagram
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