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Introduction

* We have developed a pulsed optically pumped
magnetometer (OPM) operating in the spin-
exchange relaxation free regime for
magnetoencephalography applications [I]

* Previously we demonstrated magnetic sensitivity of
2| fT/rt-Hz

* Here, we analyze the noise mechanisms in the sensor
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Pulsed sensor prototype

* Based on the Sandia 4-channel OPM
design [2]

* High power laser diode (795 nm)
integrated into the sensor head

* Distributed CW 780-nm probe

* Full H-bridge circuit to generate
magnetic field pulses (4—40 ps) [3]

* On-sensor coil design using bfieldtools [4]

NI USB-6289 and PB24-100-4k-USB for
data acquisition and pulse-sequence
control

Pump pulse noise
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Operating principle 3 .
Pulse sequence (duration AT) to measure Eqs| AT = 1-10 ms
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* Magnetic sensitivity of the sensor was limited to ~21 fT/rt-Hz for unknown reasons * TJo assess the noise due to the

* To assess the noise due to the integrated pump laser, we used the MEG system pump laser, we investigated

pump laser [5] for optical pumping

* Chop the laser with an acousto-optic modulator (AOM) polarization

*  We achieved

* magnetic (gradiometric) sensitivity of |4 fT/rt-Hz (6 fT/rt-Hz) initial free-induction decay signal
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fluctuations of the  spin

* Amplitude fluctuation of the

PD voltage (V)
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Noise in the sensor

* Pump laser pulses — shot-to-shot
fluctuations of spin polarization
* Pump laser, pulse circuit
* Magnetic field pulses
* Current noise, timing

jitter
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* Fluctuations with the integrated channels decay
Integrated laser AOM laser are 2—2.5 times larger Time3 (ms) 6
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* Battery gave better noise performance than & | / _
the DC power supply (HP6237B) T ol .
Pulse timing jitter % 8| Conclusions
e NI USB-6289 vs. PulseBlaster PB24-100-4k- £ .,! * The sensitivity of the pulsed OPM was limited by spin polarization fluctuations due
USB g 16| | to the optical pumping by the integrated high-power laser
e No difference in noise %%15- B * Pulsed OPM is feasible if low noise pump laser with enough power for fast pumping
1t/2 and 11 PUlSE duration <14 N~ ‘ of the atoms is available
- No clear trend on noise 10 12 " 1I5 1Ia 2 22 24 26 ° Minimize power reqUIr’ements b)’ sensor deSIgn
Akl * Possible to measure two or three components of the field simultaneously
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