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Project Goal

« Development of a fieldable optically pumped magnetometer (OPM)
capable of operating with high sensitivity unshielded in Earth’s field.
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Fig. 1: Layout of our magnetometer at a high level, showing lasers,
optics, and electronics. DDS: direct digital synthesizer. HWP: half-wave
plate. QWP: quarter wave palate. PBS: polarizing beam-splitter. PD.: z
axis photodiode. PD;(1.2): transverse photodiodes 1 and 2. The
difference signal of the transverse photodiodes is used for balanced
photodetection after transimpedance amplification

. We use both isotopes in natural abundance Rubidium vapor
(27.8% ®'Rb and 72.2% %°Rb) to create a comagnetometer within
a single vapor cell.
. 85Rb for radiofrequency (RF) magnetometer using
the tuned resonance approach of Savukov et al. [1]
«  8’Rb for OPM variometer based on the approach of
Alexandrov et al. [2]
. RF magnetometer is resonantly drven Larmor precession of
longitudinally polarized atoms (Figure 1)

. Longitudinal field B, = j—“pr Is applied along the z
85

axis
. Ygs = 4.67 Hz/nT
. frr is the sensing frequency.
. Pump laser longitudinally polarizes spin § along
optical (z) axis.
. An external RF field polarized in the transverse (xy)
plane drives resonant Larmor precession.
. Variometer signal used to derive feedback to stabilize low
frequency (< 60 Hz) field for RF magnetometer operation.
- 8’Rbdrivenat 3/2 RF frequency of 8°Rb gives total

error signal for feedback to |B| = \/B% + BZ + By

. Rotating modulation gives transverse error signals
for feedback to B,, B,,. (Figure 3)

. Combined signals give three axis field control
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Fig 2: The principle of an RF OPM. (a) RF magnetic field Bgz(t) drives
resonant precession of Atomic Spin S is about the longitudinal axis at
frequency wrr. (b), level diagram of an I = 3/, alkali atom, highlighting
the stretched state levels that are resonantly driven.
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Fig 3. Dynamics of a variometer. (a) Rotating modulation is added in

the transverse plane. The total field amplitude |B(t)| = \/Bﬁ + B?

remains constant, as shown in (b). In (c), an offset AB in the transverse
plane causes a periodic modulation of the total field amplitude at
frequency 1/T as shown in (c).
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Figure 4. SolidWorks model of the 3D printed miniaturized

magnetometer. Labels correspond to Figure 1.

» Optical layout via Zemax opticstudio.
* Miniaturized CAD design in SolidWorks.
- Final design 3D printed from ABS plastic and Ultem (for cell heater).
« < 600 cm3total volume.
« Miniaturized field control coils printed on 6-layer PCBs
« Current distributions over all six faces from bfieldtoodls
[3].
* Current distributions implemented via 3 layer printed
circuit boards (PCBs).

« PCBs connected via twisted pair wires.

(b)

Fig. 5: Details of the field control PCBs. (a) Current distribution over all
six faces of the cubic vapor cell oven. (b) PCBs mounted on the cell
oven and connected with twisted pair wires
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Fig. 6 Outdoor testing
arrangement. Power was provided
by a Yeti® Goal Zero 3000x portal
power station, not shown.

Feedback Performance

z 97 33
X 67 8
y 60 8

Table 1: Feedback performance of they variometer after PID
optimization. Bandwidths were extracted from fitting decaying
exponentials to the feedback response of the system to a square wave
modulation of the magnetic field. Slew rates were found by applying a
1s linear ramp of the magnetic field and increasing the amplitude until
the system became unstable.

RF Sensitivity

Calibrated Indoor Test Data at 21.75 kHz
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Fig. 7: Amplitude spectral density data showing the RF sensitivity of the
system in fT/v/Hz, both in the lab within an aluminum shield to limit
high frequency noise (above), and completely unshielded outdoors
(below). Here we see that the fundamental noise floor is below

10 fT/+/Hz , while the noise floor outdoors is just above 40 fT/vVHz ,
indicating the noise floor seen outdoors is due to true magnetic noise
that is present in the unshielded spectrum at these frequencies.
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