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Biological separations and various medical applications have achieved the use of
magnetic particles, especially superparamagnetic particle microbeads such as
magnetite (FesOa4) layer covering the shell of the particle. Magnetite nanoparticles can
be used to generate heat to destroy exotic cells in biomedical applications. In addition,
its single magnetic domain creates varying magnetic noise in the surrounding area.
Although the average field of randomly diffusing magnetic noise is zero, the magnetic
noise projected vertically in both constructive and destructive directions is not
completely zero in a plane layer. One of the most promising sensors to detect this
magnetic noise is the nitrogen-vacancy (NV) center in diamonds, which is one of the
most effective quantum sensors for magnetometry on a nanoscale scale.

In this research, we demonstrated the relaxometry imaging of a
super-paramagnetic core-shell particle, based on the longitudinal spin relaxation
time T1 measured at a proximal ensemble NV center in a diamond. The core-shell
particle is covered by magnetite superparamagnetic materials over 200 - 300 nm
thickness. The magnetic noise in GHz frequency is generated into the environment
sample even without the external magnetic field. The NV spin populations reflected the
unstable electron-phonon coupling, caused by the fluctuation noise in the environment,
before relaxing to the thermal equilibrium of the mixed spin states. The relaxation
imaging is achieved by a home-built confocal microscope which measures the
fluorescence decay pixel by pixel. The different decay fluorescence is normalized
revealing the contrast and mapping the relaxometry image of the magnetic noise
around the core-shell particle. In the presence of the externally applied field, the
magnetic field induced the magnetization of the particle along the axis of the NV. The
local magnetic vector is analyzed to expose the stray field of a magnetic particle,



resulting in the measurement of the magnetic B-H curve.

Finally, the discussion in this prospective research is to pave the way to develop
new insight into stochastic sensing with NV centers in diamonds and broaden the
horizon in biomedical, especially in NMR imaging in the future.

Keywords— relaxation time, relaxometry image, superparamagnetic, magnetic noise, magnetic

fluctuation, NV center, magnetometry.

RABEORROEE

AT, MEEMERI - A A=V 7EE LGRFEREN TS, A4 YEY RHROZEFRE-Z2FL(NV)
AL EFIH LRI (ODMR)E Z AW C, HBIRIC TREMIEZ R T HIROR Y ~—-~ 734
AN RAOEEGaT - = VR P ERT DA O EDOMIEE A A=V T 2Tl b D Th D,
H1ETIE, IR TH D~ 7R EA b JRADEMBE~DIEHIZONT (RE—XE LTHWS)
LT,

H 2 BTIE, XA YEY FHOXIBEE CTH D, ER-EHEEGTONV FL)OEBFEA YL Z 0 NV
L OBEZARRE 2 Y2 2 2B R L (ODMR)E D JFEL & & ORITHA 72 Ay —HIEREED
TYENI I O ERB A HIE T 5 T EHRE O JFE A R LT,

% 3 FTIL, ODMR £ & RO RIZ L 2 NV b o &N O FHEL, Hil#EIZ & 2 DC B, AC B o
JFEL, HIEICOW TR LT,

4w, REHCHW a7 o VB (BN 3 27 ry) OBFERMERT (BMERL 72K 10 7/ A —
RV) ORBEBIEYPECOWT, Ei2, BEBEN D AR SN D EEERES /A X% NV Ul ARl
T HFIIZONT NV HUL A B LRBEDOREEFRER] T1 25104 2) fifin L7z,

55 HETIE, EBROREIHE., FHIEEOME Ot elds. ~ A 7 nOMAYL T, ). NV b2k
vy —7L LTHOWD DO PiEBROF R EZ R Lz,

FEFETIE, NVHLEXYAVYEY FEE FH40 T /2 A—MUZHEL, ESK50 I7vr, HARKE
KA I 7 a oA A0 5N =ZABOF » PRI T L= B 2 ER L <, BERMEa 7 = T %
HAXYEY RF v 7 FICEE LSRG - A A —2 0 T &24T 572, 5 72 NV L A B HERE R (T:)
DIFRDERRLF UL TIIEBIITNS < 2D T L 2R L, LW T D Ty AT MVONLER A2 B &
LTcA A= 0 ZIRIZ K0 BRI+ OIRIRIESG ICBE 5 4 A =V U VT EGZ 55 Z LITI LTz, fFHi
ToAERIZ DWW T, BEDOBERRL T b OIFIREES: DR G- L 80 NV L DOES 2P LIZET V2B R
L. EBREREFEMNTO TiIEA R Z L &R Lz, KimsXP Tk, 612, JRATLE T O EEMERL - DA
BEGIREZ DWW T H Rl Lo JE D7V R A2 1572,

LIbE, AFSUIF A YEY RFRO NV FLITE YK 500 T/ A — b VEL T O 2253 ffhe TR H R 75> 6
® DC. AC IRIMBES Z 3 « A A=Y FAREAR Z L 2 FFE L, SR OISHOMREME 2R L7 I KRERE
BRHY, FINNCERT 2L ZAPKEN, KoTHL (w7 UV 74P A0 R) OFERLE LTH5y
flifEd 5 & D EFRDT,



