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Purpose: To evaluatethefrequencydependenceof signaldetectionin magnetic particleimaging (MPI)
usingheterodyne mixing of theoddharmonics down to DC for detection.

Method and Materials: Magneticparticle imaging detectsthe odd numberedharmonics generatedwhena
sinusoidaldriving field saturatesthenanoparticles. A solenoidal coil wasusedto generatethedriving field
of approximately 10 mT in a 3.2cminnerdiametertube. Smallerdiameterloopswereconnectedto a
phase-lock amplifier to detecttheharmonics. The differencein thethird harmonic with andwithout a 1 ml
sampleof 300microgram/ml, 40 nanometer, nanoparticleswasmeasuredovera oneminuteacquisition.
Thecontrastto noiseratio (CNR) wascalculatedfor frequenciesbetween500 Hz and20 kHz.

Results: The CNR increasedlinearly with frequency; thelinearcorrelation coefficientwas0.993(p-value
10-7). Further, the CNR percyclewasessentially constant(p-value10-6) overtheentire rangeof
frequencies. Thesensitivity alloweddetection of nanoparticlesdown to 20 microgram/ml concentrations.

Theoriginal work foundthatthebestSNRwasobtainedusing a swept low frequencyexcitation. However,
filters were usedto isolatethedriving field fromthe harmonics. In contrast,thephase-lock amplifier
heterodynemixestheharmonicfrequenciesto DC before filtering sothefiltering is much more effective.
Thedif ference in detectionis probably responsiblefor thedifferentresults. The harmonic signal is
generatedfrom theedges in themagnetization occurring whenthe nanoparticlessaturatesotheharmonics
should increaselinearlywith thenumberof edges which would result in a linearincrease with frequency.

Conclusions: TheCNR increaseslinearly with frequency. The constantCNR percycle overall
frequenciesimplies thatdistortionof thehysteresiscurve that canreducethe harmonicsfor higher driving
frequenciesis not significantbelow20 kHz for thesenanoparticles.


