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Abstract  Biomagnetic fields produced by organisms carry valuable informations of electrophysiologies and
pathologies, which are commonly detected by superconducting quantum interference device. As an ultra-sensitive
magnetic {ield detector with the sensitivity of femtotesla level, the ultra-sensitive atomic magnetometer plays an
important role in detection and study of biomagnetism. We introduce the sources and characteristics of biological
magnetic field signals, as well as the physical mechanism and classification of ultra-sensitive atomic magnetometers.
We also summarize and forecast the applications of ultra-sensitive atomic magnetometers in the field of the
biomagnetic field detection, such as magnetocardiography, magnetoencephalography, and neurosciences.
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Fig. 4 Schematic diagram of nerve impulse generating conduction current and volume current

(electric signals arise from the volume current, while magnetic signals arise from the conduction current)
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Table 1 Amplitudes of various biomagnetic features obtained by atomic magnetometer

Type Feature Date Author Distance /mm Field amplitude /pT
2014 Bison et al. about 50t%
50 (from the heart)
o 2010 Knappe et al. about 180"
MCG QSR 5 (from the skin)
76 ({rom the heart) i
2012 Wyllie et al. about 40"
10 (from the skin)
2012 Wyllie et al. — about 1,517
fMCG QSR 2015 Alem et al. 4.5 (from the skin) about 400!
2017 Eswaran et al. about 47
Evoked response 2006 Xia et al. 25 (from the scalp) about 1,201
Spontaneous about 0.5
2012 Sander et al. 25 (from the source)
Evoked response about 2H%]
MEG 2013 Shah ez al. 5-25 (from the scalp) 0.1-0.28%
Evoked response 2013 Johnson et al. 30 (from the scalp) about 0,201
2017 Sheng et al. 6 (from the scalp) about 1.2
2017 Boto et al. 6.5 (from the scalp) about 28°%1
Nerve Nerve pulse 2016 Jensen et al. 1.9 about 240"
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Fig. 6 Example of MCG waveform
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