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AL 13 Diamond quantum sensors for biomagnetic field sensing” (X4 ¥ & v FET & v HIC X 3 EHHRERAGHHD &
L. WIS E»OBKIN T2,

% 1 ®Introduction” (FFif) Tlk. IO ER L HWEBE~Tw 2, Blko ABHEEOMETH 5 Z5HEIK
MR L <y F 24 N0, FRICiEB0€ = X 0EREICOWTEHL T b, BITER ST 3 ik
R LR 7T 7 4 Bdffico U, JEs - JRHRCRGEE 23 = X T & 2 MRl o B 2R Twv 2, i
fEORE X ZH 7 pT LIFF NS MEPL CHEHFTRE N R 2 2 L3 ETH 203, £4¥EY PO
E#HF %A NV) v 2 2HAVEZRET2 Y oI OWTHHL, AfFEOHNE T5 2 L 2B Tw 3,

%5 2 B> Principles” (JRH) Tk, £AYEY FHD NV £ v X OHEHICOWT, X 5IiC DC~¥L 100 kHz D&
KPR D G O JFER & FREIC O WTOR L T %, 2 DDFHANTIE T H 28 - LR < s (CW-ODMR)
il & Ramsey HHNCEA L €, BfEREEI L > a v b/ 4 XIREAEH L, BN 2 RAKEOZER*HET 2 /7 4
RFEERL, ZNOONEETLH T D,

%5 3 T Demonstration of magnetocardiographic imaging of living rats” (7 v F D.LHEA A —Y v 7)) Tld, A0
SEHHlS 27 L iCOWTERTW 3, 7 v OO EREHICO 7 > TLEL CEHIATRER > 2 7 2 2% L.
WL 7z, TALF—UEEE VAR T 70 F a4 TH 2 CW-ODMR FHIlIC v v 7 4 v & 2Bl % A
BbEsI LT, A RXDEMEM BB ZREL /oo £z, BRI O 20 OEMRREHE S 2T LI X 2
BT L, RET7 4 —F Ny 7 2llABDEL LR RE L, ThOEED VAT LEBETLI LT
X o THESURSE 140 pT/HZ2 % FEIR L, DHEOFHAIE A A=Y v 270 I L ILIKRD £ 4 F 2 v 7 R EIRO IR
ZHEIEL 7z, X HIC CW-ODMR GHAIC BT 2L~ 4 7 milin 5 2 2 BICOWTIT L., £ v HAREIC K 3¢
YYREOR EEFHAL, | mm® Ok Y HEREICE -~ 4 7 v RS RETRE R T v T 2L T2 0
WEE R L 72,

% 4 £ Development of advanced quantum protocols based on Ramsey method toward brain monitoring” (i ® € = % Y
¥ ZICIENT 72 Ramsey Bl 2 N —2 ¢ LABERET 71 b a L ofif) T3, MEoMHIcH T, CW-ODMR &t
H X0 b ERE LA T % % Ramsey FHHIIC. 2 DD 2 v v REE D LB RN A% [MFFIC i 9 % Double Quantum
ERERLEZRT 70 b a it oL, BAGEHINCA R 2<111>8o X4 e v Ficxi L T=4 2 vl 7 v
TFPRER BN T VDS, Y RRICE) - CIAWmERE~ 4 7 v AR AT 5 2 LA TE R E
iz 7 THT T F%REL, BHAMITL Rabi HINCX Y 20T v 7 FOREBGEEL T %, E720EkD
Ramsey sHAlIZEHRD 7 ¥ X A F 2 AT NV & v X OHNEFORRZLEZEE L T\ 3720, BRfE»2) 7
WEALBGECIEIARETH L L 2L T b, £720 NV 2V XD R VREBICKE L 23 0ER 1A 7 € >
FEBELCWE72®, EBEOT VXA FORMEEICH L TR VIREBICIKEE L 28BN REESME T T2 2 &
EIERHL Cwb, 2o o E% RS %729, Double Quantum %% B L 7z Ramsey sHilllic m v 7 4 vigH %
HAGbEFY AT LAZBEL, BAESO ) TA L4 2B EER L -2 2R LTS, $/2vav b
) A XKL EHOWSEREOTRMOER Z L, TV 7 - BMIBROBLX/ A AHBXENTHE I L ERLT
Wb, BT A XERDSTIE L 2 DR A M L. MBS FIRE R 3 7 pT/HZ? OIKEZEI T 5 72014
RRERBANC OV TR T W 5,

% 5 FE”Conclusion and outlook” CIZ ARG X Dk & SHOBELEZ T LD T3,

i3« FRSCEEBIL, FI3L 2000 7 & 9532 300 354 LT ORI 572, b L <ITTEL 800 5% 1 FRE LT 723w,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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This thesis is entitled "Diamond quantum sensors for biomagnetic field sensing" and consists of five chapters.

Chapter 1, "Introduction", describes the background and objectives of the research. It explains the importance of driver
monitoring, particularly monitoring of brain activity, for reducing traffic accidents, which is a current problem in the
automotive industry. The possibility of non-contact, unrestrained brain activity with quantum sensors based on
nitrogen-vacancy (NV) centres in diamond is described and the aims of this research are stated.

Chapter 3, "Demonstration of magnetocardiographic imaging of living rats", proposes and constructs a system capable of
stable measurement over a long period of time. Constructed system’s magnetic sensitivity of 140 pT/Hz!?> was achieved.
Using this measurement system, the spatiotemporal dynamics of magnetocardiography in rats was demonstrated. A prototype
antenna for increasing sensor sensitivity by increasing sensor volume was developed and its effectiveness was demonstrated.
In Chapter 4, "Development of advanced quantum protocols based on the Ramsey method towards brain monitoring", using
two quantum state for Ramsey measurement, which are expected to increase sensitivity, were developed for the detection of
magnetoencephalography. We proposed a measurement system that combines a quantum protocol with lock-in detection,
which incorporates the Double Quantum method that simultaneously excites the resonance frequencies of two spin states,
with the Ramsey measurement that is expected to have higher sensitivity. A Double Quantum-applicable antenna was
proposed for diamond with <111> axis, which is advantageous for biomagnetic field measurements, and the effectiveness of
the antenna was demonstrated. The factors causing the discrepancy between the shot noise sensitivity and the measured
magnetic sensitivity in the constructed system are analysed, the noise reduction methods and their effects are analysed, and
the elemental technologies required to improve sensitivity of sub pT/Hz!? that enables magnetoencephalography to be
detected are described.

Chapter 5, "Conclusion and outlook", summarises the conclusions and prospects of this thesis.
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