Electron and nuclear spin sensing

using nitrogen-vacancy centers in diamond

February 2020

Kento Sasaki



5
®)

+ ?ﬁ? p'e % E No.1

HEE H) & & 2 K 4 (R NI IN

B
Electron and nuclear spin sensing using nitrogen-vacancy centers in diamond
(XA ¥EY FPOER-ZZHPLEMNZE AL S LAY D)

(NEDHEF)

ATy RPOREFHF-ZZHANV) P OIERIRIC CEER AR &2 A RE & 3 2 R R 7
AV UNFEEE TS, FITHEAVEY FERTEIZ NV L2 HE— A &FF
v —L LTHRBEL, 20O (XA ¥Ey FEH) BN HE—STFOFETFL~L
AR A A —2 7 (MRD % B 3WME 3G £ - 72, (55 O JE IR ) SR O
FE, MESCEEEY 7 Ml E NV 2o —2 RS E LTEENSRE T HH A
U DONEER LIV ONEDFRE CIRETEX 5 Z ERMfF ST D. L, =
NETIHE 3 OOMENT A—XDOND 2 SD(HEEE r L1 Q%R 5 HEITERI N
D, HNA @ #RET 5 FEIIFE LR o7,

T ZTCARMETIE, A4 YTy RHEOEH — NV EBLIONV ESEKD UL 2R
HIB(ODMR)Z FIHE L T A EBREZME L, HIDORAxG L LT, AV XVES
REFAE 2T 2. FLT, Tab—L 25 E W72 NV B ILIE L 2 RS
DILTHRIZED NV EAIROEER L2 T, R RBEOES AL OTEBERAIZAK)
L7z, WIZHE—NVzZzEoY—L L THWD DD THEREZ ER, M L
REKENT- T OZRBERBA T EDBRICKI L- 9 2T, B— NV —%F N
ELTEEBAY L OHNA o # ET D28 FIEEZBRL, TOEBRIZKI L. ElE T
FEEEHCEIL, oY —0& ot — L2 REM 5B I MRRE DN =K AT RE C
oI ERENPFLAE L THE LN,

AGmCIE 5 EBIER S D, 1 FITAES =C, NV L OB EIS FICEE T
DUATHIE B L, AMFEOAESIT N RIS, 5 2 ETE, NV Loyt s %E
BREE RN SN D, £, PR NVIHEZHAE LTSNk~ 7 0
W7 o T FOE L TREND. B3 ETIE, NV PLESKROEZEET RS,V A
BAEICE S S BGRER E°, Tae— L U A E W EENRE T A B AN
IREND. BAFETIE, H— NV ZHW AR ERIND. PIDIZEN A
VEMEE WA GHIE S iy vy Z i X AR E AW 304 pHz &V )&
WEE B FREED RN R SV D . IRICHIH IR & T DA B O =RTERICE T 5
MERFETFIEN RSN, XA TVEL RHO BC A Y Y OFALE Z EMEICRE LT3
BAERDREIND. ARFET BN RBEAE SHARETH A7), 14T NE
AT O — NV LR, B0 OREE L HAS DY, B0 THOKFELKRFED
MEEBMTHI LT, B—STFL~vd MRI OEEABIF SIS, & 5 =%, A
XDFELEDEABDBENRIND.




% 6

(3) Keio University
Thesis Abstract
No.
Registration v “KOU” o “OTSU” .
Name Kento Sasaki
Number No. *Office use only
Thesis Title

Electron and nuclear spin sensing using nitrogen-vacancy centers in diamond

Thesis Summary

Remarkable properties of a nitrogen-vacancy (NV) center in diamond allows for optical
initialization/readout and microwave control of a single spin at room temperature. The
precession of the spin is very sensitive to the change in the surrounding environment such
as temperature, electric field, and magnetic field. Therefore, research towards application
of NV as a quantum sensor has become very active. Among many, one of the most sought
after applications is a magnetic field sensor for a single molecule nuclear magnetic
resonance (NMR) and magnetic resonance imaging (MRI) relying on NV sensor’s
sensitivity capable of detecting a single nuclear spin, spectrum resolution comparable with
the conventional NMR, and spatial resolution reaching sub-nm.

The present thesis research has been conducted to understand physical properties of
the NV center interacting with magnetic fields arising from surrounding electron and nuclear
spins, and to develop methods to improve the sensitivity, spectrum resolution, and spatial
resolution of the NV as a quantum sensor. Specifically, for the determination of a position of
a target nuclear spin, research performed elsewhere prior to this thesis had advanced to
obtain two of three position parameters, a distance r and a polar angle 6. In this thesis, a
method to measure the remaining position parameter, the azimuthal angle ¢, has been
developed successfully for the complete determination of the target nuclear spin position
with the atomic-scale resolution.

The present thesis is composed of five chapters. Ch.1 is introduction overviewing
important developments on NV-based magnetometries that have led to this thesis. Ch.2
introduces physical properties of NV centers followed by description of our experiment
setups including a development of specially designed and built microwave antennas for
efficient NV characterizations. Ch.3 describes optically detected magnetic resonance with a
narrow band microwave pulse control to enhance the DC field sensitivity of a high-density
NV ensemble. The DC sensitivity was improved together with dynamic nuclear polarization
of nitrogen nuclei within NVs. A quantitative determination of electron spin densities arising
from paramagnetic defect centers was demonstrated by the analysis of decoherence of the
NV ensemble. Ch.4 describes the magnetic detection using a single NV center. Our novel ¢
determination method was developed and successfully tested with free nuclear spin
precession signals of a single '3C nuclear spin situates nearby by dynamic nuclear
polarization and radio frequency manipulation of the target '3C by a specially developed
pulse sequence. As a result, we have succeeded in the unique assignment of each 3C
position with a single lattice site resolution. Our position determination method is general
and therefore capable with a future MRI of a single molecule placed on the diamond
surface. Ch. 5 provides conclusions and future prospective.
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