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In recent years, optically pumped magnetometers (OPMs) operating under spin-exchange 

relaxation-free (SERF) conditions have reached sensitivities comparable to and even surpassing those 

of superconducting quantum interference devices (SQUIDs). In 2005, Savukov and Romalis reported 

that high-density OPMs are able to be very sensitive outside SERF regime. Since 2006, we have been 

studying the SERF and high-density SERF-like OPMs with pump-probe arrangement. In 2011, we 

proposed the first high-density K-Rb spin-exchange hybrid OPM. In the hybrid OPM, a circularly 

polarized pump beam and a linearly polarized probe beam crossed orthogonally in the cell including 

two vaporized K and Rb atoms together. The homogeneity of the sensing characteristics of the hybrid 

OPMs is able to be increased inside the cell [1, 2] and its sensitivity is also be improved by setting the 
optimal densities of the K and Rb atoms as well as their optimal density ratio [3]. After introducing 

the principle of the K-Rb spin-exchange hybrid OPM, we present our recent results on multi-channel 

MEG measurements.  

  Meanwhile, magnetic particle imaging (MPI) can realize high-speed hemodynamics imaging as a 

new method of neuroimaging. Since the sensitive frequency of the high-density OPM with 

pump-probe arrangement is tunable, it is capable of operating MPI scanners at a relatively low 

excitation or driving frequency using the OPM as a detector instead of an induction coil. This is an 

important advantage in the fabrication of human-size MPI scanners. Finally, we show that magnetic 

nanoparticle signals from the Resovist solution with Fe of 0.01 µmol could be detected remotely by a 
OPM module [4].  

 

[1] Y. Mamishin, Y. Ito and T. Kobayashi, A novel method to accomplish simultaneous multilocation 

magnetic field measurements based on pump beam modulation of an atomic magnetometer, IEEE 

Trans. on Magnetics, 53(5), 1-6 (2017). 

[2] K. Nishi, Y. Ito and T. Kobayashi, Development of a high-sensitivity multi-channel probe beam 

detector towards MEG measurements of small animals with an optically pumped K-Rb hybrid atomic 

magnetometer, Optics Express, 26(2), 1988-1996 (2018).  

[3] S. Ito, Y. Ito and T. Kobayashi, Temperature characteristics of K-Rb hybrid optically pumped 

magnetometers with different density ratios, Optics Express, 27(7), 8037-8047 (2019). 

[4] T. Oida, K. Kato, Y. Ito and T. Kobayashi, Remote detection of magnetic signals with a compact 

atomic magnetometer for use in MRI-MPI hybrid systems, IIMPI, in press. 


	01 117 Oral Michael Romalis
	02 039 Oral Tetsuo Kobajashi
	03 104 Oral Martin Rosner
	04 107 Oral Thomas Kornack
	05 092 Oral Andreas Pollinger
	06 060 Oral Carolyn O'Dwyer
	07 036 Oral Kasper Jensen
	08 116 Oral Rasmus Zetter
	09 017 Oral Qiang Lin
	10 050 Oral Geoffrey Iwata
	11 087 Oral Kaleb Campbell
	12 134 Oral Anatoly Pazgalev
	13 061 Oral Daniel Thrasher
	14 126 Oral Roy Shaham
	15 042 Oral Georg Bison
	16 136 Oral Igor Savukov
	17 110 Oral Victor Lebedev
	18 046 Oral Gwenael Le Gal
	19 047 Oral Bo Chai
	20 082 Oral Yongqi Shi
	21 010 Oral Stuart Ingleby
	23 098 Oral Witold Chalupzak
	24 020 Oral Natasha Sachdeva
	25 109 Oral Chris Perrella New
	26 127 Oral Sven Bodenstedt
	27 094 Oral Luca Marmugi

