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Part I:Introduction to RF Atomic 
Magnetometry
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Why an RF Optically Pump Magnetometer (OPM)?4
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Practical RF Magnetometry6
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The Fundamental Sensitivity7

 In the limit that the hyperfine splitting >> the detection frequency >> the 
Zeeman linewidth, and if the atoms are pumped to be nearly completely 
polarized along the longitudinal direction(“z”), the sensitivity is given by 
the response of the transverse polarization:

See:  Seltzer,S.J.  
‘Developments in Alkali-Metal 
Atomic Magnetomtery.’ Ph.D 
thesis Princeton (2008) P 
109.

 Thus the sensitivity is proportional to the transverse relaxation time, so it 
scales inversely with the linewidth. 



The Fundamental Noise Limit8
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See:  Seltzer,S.J.  
‘Developments in Alkali-Metal 
Atomic Magnetomtery.’ Ph.D 
thesis Princeton (2008) PP 
114-115.



Light Narrowing9

RF Linewidth vs. Optical Pumping Rate in 
87Rb

Too little optical pumping 
allows spin exchange 
collisions to distribute 
polarization.

Too much optical 
pumping power 
broadens the line



Single Species Sensitivity10



Part II(a): Operating Outside 
a Shield
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The Problem of Unshielded Operation12



The OPM Variometer to Monitor External Fields13
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The Variometer Continued: Triaxial Sensing14

• Shown right is a block scheme 
of the variometer.

• A phase-locked loop(PLL) 
provides the instantaneous 
Larmor frequency.

• Proportional to the total field.
• Using the methods described 

on the last slide, signals 
proportional to both 
transverse components are 
derived.

• Using total field and both 
transverse components allows 
for reconstruction of 
longitudinal field.

• That’s all three axes. Figure from Alexandrov et al.



The Possibilities of Natural Abundance 
Rubidium15



Novel Concept:  Dual-isotope Comagnetometer16
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Part II(b): The Control 
Architecture
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Fast Digital Control via an FPGA Platform18

Uses the NI-7857 Reconfigurable multifunction FPGA I/O board from NI
• Integrated DAC and ADC provides eight analog in and out channels 

each(16 bit resolution)
• LabVIEW  FPGA program generates analog outputs and processes 

input.
• Same board responsible for I/O: no external phase reference required!
• FPGA operating multiple loops to generate, sample, & process all inputs and 

outputs at ≥10x the highest frequency

• ‘Host’ side VI runs on laptop and communicates with FPGA
• Provides a graphical user interface(GUI) for experimental control.
• Handles I/O between computer(slow) and FPGA(fast)
• Used to set all controllable parameters.



The FPGA Program Structure19
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The Analog Electronics
20
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The User Interface21

 An example of 
the LabVIEW 
graphical user 
interface(GUI) 
for controlling 
the experiment 
via the host 
side VI.



Part III: Results

22



Successful Servo Operation23

Clockwise top-to-bottom: Successful 
simultaneous engagement of the 
longitudinal(z) and transverse x & y 
servos on all three channels. Results 
in 4-layer µ-metal shield



Successful Servo Operation: The Screwdriver Test24

Above: The response of the vertical (y) axis servo to a 
magnetized object (a screwdriver) inserted vertically inside the 
magnetic shield. With the servo engaged, sensitivity is 
maintained despite the presence of the screwdriver.



Communications Testing: Minimum Shift 
Keying(MSK) Decoding25

Right: The decoded 
response of the 
magnetometer to a 
simple message at 
various amplitudes.

Plot from Jeff Bach



Signal Decoding: Succusses and Failures26

 Left: A table showing the number of 
successfully decoded messages out of 10 
transmitted for various signal amplitudes.

 Note: The operating sensitivity of the 
magnetometer has been improved 
considerably since these data were taken. 
(see next slides)

 Table complied by Jeff Bach.

Field 
Strength

Possible 
Bursts

Decoded 
Bursts

3.8 nT 10 9
380 pT 10 9
38 pT 10 9
3.8 pT 10 0
380 fT 10 0
38 fT 10 0



Magnetometer Sensitivity: Servos Operational27

 Left: Data showing the operation of 
the magnetometer in a shield 
without the servo(s) and associated 
modulations engaged. These data 
provide a baseline for comparison



Magnetometer Sensitivity: Servos Operational28



Part IV(a): Miniaturization
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PCB’s for Compact, Uniform, High-Gain Field 
Coil(s)31

Left: Current distribution over 6 faces 
for a single field direction. Blue is 
clockwise about the outward surface 
normal, red is counter-clockwise.

BCoil

Above: The PCB’s assembled 
around the natural Rb+N2 cell 
and heater.



Miniaturized Sensor Design32

Above: SolidWorks rendering of miniaturized RF magnetometer sensor.



Physics Package in Progress33

 Above: The physics package in it’s current (as of 11/30/2021) sate of assembly.



Miniaturization: To Do34

Complete compact mobile platform.
• Optical layout is nearly complete.
• The cell, oven, and PCB coil’s must be moved into place.
• Balanced photodiode circuit on the way from Lee Marshall. 
• Test compact package in shield to ensure successful operation after 

full assembly



Part IV(b): Test the Servo Limits
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Testing the Servo(s): To Do36



Part III: Acknowledgements 
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