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Characterization of preferentially oriented NV centers generated by CVD growth
on diamond {111} facets in inverted pyramid shaped holes
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Application of maximum likelihood estimation method to quantum sensing
using nitrogen-vacancy centers
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Relaxometry Imaging of Conducting Magnetite Layers on a Core-Shell
Superparamagnetic Particle Using Ensemble Nitrogen-Vacancy in Diamond
JAIST. !, °Thitinun Gas-osoth!, Kunitaka Hayashi!, Dwi Prananto?, Toshu An*

E-mail: thitinunphysics@gmail.com

Magnetic particles, especially superparamagnetic particle microbeads which consist of a magnetite
(Fe304) layer covering the shell of the particle, have been used in many medical applications and biological
separations. However, FesO, is a conductive material where the electrons in the conductor are excited by
thermal energy and produce fluctuating magnetic noise in the environment [1]. Although randomly
diffusing electrons exhibit a zero average field, in a plane layer, the magnetic noise projected in the vertical
direction is non-zero [1]. The Nitrogen vacancy (NV) center in diamonds is one of the most sensitive
guantum sensors for magnetometry in many nanoscale applications. In this work, we demonstrate
relaxometry imaging, based on the reduced lifetime of longitudinal spin relaxation time, T1, of a proximal
ensemble NV center in a diamond [2]. An electronic grade (100)-oriented diamond was implanted with
1x10%2 ion/cm? of 4N* at the energy of 30 keV and annealed at 900°c for 1 hour to create the NV defect
center about 30 nm below the sample. The diamond sample was polished to 50 um thick and cut into about
100 um x 100 um rectangular shape by a high-power laser [3]. 3 superparamagnetic particles with 3 pm
diameter were prepared on a glass slide, separated and covered by the rectangular NV diamond sample with
the NV layer side down. (Fig. 1(a) upper inset). The NVs in the diamond with magnetic particles were
evaluated by a home-built confocal microscope. The shortened relaxation time T1 of the NV ensemble, due
to random magnetic noise in high electrical conductivity of the superparamagnetic magnetite shell layer
with about 200 nm in a spherical core-shell structure, was measured and imaged. The spatial dependence of

spin relaxation time Ty with proximity dependence modeling was shown in Fig. 1(c).
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Fig. 1 (a) The T1 decay image at an evolution time, T = 0.2 ms. (b) Normalized spin relaxation spectra at
near and far particle area. (c) Simulated T; relaxation time with NV-particle proximity dependence where a
particle is positioned at the center.

[1] Kolkowitz, S., et al. Science 347.6226 (2015): 1129-1132. [2] Ariyaratne, Amila, et al. " Nature
communications 9.1 (2018): 2406. [3] Kainuma, Yuta, et al. Journal of Applied Physics 130.24 (2021).
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Double Electron-Electron Resonance measurement of nitroxide radicals and
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Fig.1 Detection of electrons with NV center Fig.2 DEER ODMR spectrum

(Blue band: expected regions of side dips from
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[1] A. O. Sushkov et al, Phys. Rev. Lett, 113 [3] T. Teraji et al., J. Appl. Phys. 118 (2015)
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Bubble domain imaging via scanning NV center probe microscope

Yifei Wang, Dwi Prananto, Kunitaka Hayashi, Toshu An
School of Materials Science, Japan Advanced Institute of Science and Technology
Email: s2220010@jaist.ac.jp

The spin states in the negatively charged NV (Nitrogen-Vacancy) center in diamond
can be excited by a laser to generate fluorescence and their magnetic resonances split
by the external magnetic fields are detected via the ODMR (Optically Detected
Magnetic Resonance) (Fig. 1). Therefore, NV center can be used as a probe to
measure stray magnetic fields from magnetic materials and to elucidate magnetic
structures. Especially, when a diamond probe containing NVs is used as a scanning
probe microscopy, this fabricated scanning NV probe can be used to image the
magnetic structures with about 100 nm spatial resolution by using FIB (Focused lon
Beam) (Fig. 2). [1]

In this study, first, a magnetic bubble structures [2] in the YIG (Yttrium Iron Garnet)
magnetic sample were prepared and monitored by the MOKE (Magneto-optic Kerr
Effect) microscope (Fig. 3). Then, the scanning NV probe was used to image the
bubble structures. The observed PL image applying fixed microwave frequency of 2.82
GHz on the bubble structures is shown in Fig. 4. The position-dependent ODMR
spectra around the bubble structures are measured (Fig. 5) and the magnetic structure
of the bubble domain will be discussed.
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Reference:

[11Y. Kainuma, et al, J. Appl. Phys. 130, 243903 (2021).
[2] J.-P. Tetienne, et al, J. Appl. Phys. 115 (17): 17D501 (2014).
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NV L DOBEEENE ZDOHEER
High-Density NV centers and their interaction
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Hiroshi Kawarada'?, Kyosuke Hayasaka!, Yudai Asano!, Shinobu Onoda?
(1. Waseda Univ., 2. Waseda ZAIKEN, 3. QST)
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<A 7 R NEREEL RIS TIAD S5 B OB
Lie~vA 7 vl 77 A< PSR (MPCVD)EE 2 WV 2 A
Y E L ROID)EEMNR BIZ @8 3RO CHa(2%). CO22%). Na(8%).
Ha(88%) DM T, MEZE X XL v LkEE21To7, ZOHRIX
M BN, AU R TIE 1x102em? EA L, 5} e
BE BEEERE DS A VT FEAR L TND, —fof Ao B 100 B0 s
’E%éﬂﬁ(SIMS)O)%%\ ZEFEERE 88X 10200ecm3 2 :7-, X A ¥ Figl Electron doses and NV density in HPHT diamond
T ]\T@ﬁﬁﬁ%%%}gfﬁ) 50 if—:\ HPHT g,]' YE }\ X (N~3E19 ¢cm?) and CVD diamond (~8E20 cm™).
EREE 3 x 10%m3 ZFH L7z, MEEE 300keV D
TEM(JEM-3010)% VT dose & 1.0x10%° cm2~1.0x10*2cm™? O -#iE < Dipole coupling strength viry
$% L. 1000°CT 2 A EZE T = — VALBR 21T > 72, g Lol =0.30 MHz
£

m-3

1E18 LI
1E17 .

1E16 4

@HPHT ([N]=3 % 10" [em™])
. . @ CVD ([N]=8 % 102 [cm?])

1E15+

1E14

NV density (emission intensity) [c

_
ls2]
—
w

NV BEORE 1) BARENS O3], 2)NV RIOMA/EA
NOHDOREMO @Y Z{Tolz, HBEMENSHB LB FRAEET L
DNV EJE A Fig 1 ITRT, EHREBE 8X 102 [em3]D CVD # A ¥ E

FIZHWWT HPHT ([ZVLES 2 NV BE LG50 2 LR TE T, 05 CVD
NV HOHEEM S NV HER ML, FRFICEET 5 NV B2 i ; ] :

B D4 ODRF OB EEMESE, BET 28BOK 7 V—TTh= n

E— LU RRRZHEE L, EnEno NV HAEERICHEKRT 52— Fig.2 1/T, of each resonance group of
Lo AR D NV B EOHIE 21T - 72, AFEBRTIT 1,3,4 J7 M OB NV orientations. [e:1E21[cm™]]
ZRINFICERIE LTz, 4 TR OFLA Z —EICERMEICIE DEER - 12x100q

WA L7z Fig2 \oRT £ 912 1,34 HROBRBEO 3 7 P “
7y DX 725 dipole coupling strength 23K, Zive 1 {e1E22 [cm2))
NV B L OFBIBIR4I B L, NV BEELRM LT, 5o gl -
(Fig3). Fig3 OEBILM4]DOFIHT, NV #E L& dipole = |- (e1E21 [em?])
coupling strength  (Fig.2 D E) OEMR T, 20 LIckE £ R HPHT

B> HPHT,CVD # A Y€ R& 7w > b L7z, HPHT & _qg ] (ex1E21 [em?])

O CVD ~D R e @ EORIC L - T, RS = 40x10]

NV JREE 45[ppm]=8.0x10"¥[cm?|[S]A B R DB E A ST, 4 L5l ) B}

%72 HPHT ¥ A ¥ CVD XA ¥ ~OD[F — i & L7 1o D ey

(1x10202 [em2 )TV T L2 HWEE 8X 100 em3 » CVD & 101071

A ) | 0.1 0.2 0.3 0.4
4%¢QNV%%#%%%§bqwmﬁ@ﬁmn&{% Dipole coupling strength [MH?7]
LD LEVMEZSL EOMERR S NTZ[2), X T <
VEGELOD MAMENE TiX CVD (X HPHT & #7223, NV ¢ Fig3 Simulated line relating the intensity of the NV dipole coupling
e - N strength to the NV density[4] and our NV ensemble’s slope of
%ﬁ%‘ F7EML \OJA é %fcﬁ\é Egg@%ﬂﬁé)&) GE o . CVD and HPHT diamond at different electron doses (10**
[ERIARMFZEI I SRR S - B RV S 7 vy 77 a 2[em?))

Z . (Q-LEAP) JPMXS0118068379 M Bhik % 521} 7=,

[1] D. Budker, M. Romalis, Nature Phys 3, 227-234 (2007).

[2] K. Hayasaka, HK et al. (submitted)

[3] S.A. Bogdanov, A.V. Akimov et al., Materials Today Comm, 24, 101019 (2020).
[4] G. Kucsko, M. D. Lukin, et al., Phy. Rev. letters, 121, 023601 (2018).

[5] H. Zhou, M. D. Lukin, et al., Phs. Rev. X 10, 031003 (2020).
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ALV EDFNVHRLYA Y 0OKERF EFRFRHTTD
NWILZAAFREBRHEBZIRY FLOFRIBICDOWT
Spectral Widths of Pulsed-Optically Detected Magnetic Resonance Spectra
of Ensemble NV Centers in Diamonds
FURABOEME |, B, AHEKRT®
o(M2) /NEFF BK!, RAR &R ', R B, 5 ME!
B2 FE2, He P, BN EX!
Univ. of Tsukuba!, AIST?, Nagoya Univ.>
o(M2)Shunta Onodera!, Yoshikatsu Ohkubo!, Yusuke Azuma'!, Kazuma Hanawa'
Hideyuki Watanabe?, Satoshi Kashiwaya®, and Shintaro Nomura'

E-mail: s2320162@u.tsukuba.ac.jp

XAXEY FHOERZL (NV) HMZ~ A ZajEeiin o 4 (RF) 2 FRFHCHES S 2 &
%)t #EF% Coherent destruction of tunneling (CDT) Z£ D BIRZRNHR BN S Z L H3HT S
TW3, HIFEIOFEETIE, OV ZEERHRSKHENS (ODMR) 2 W T, RF BREHRIE & RE &K
BDLHDFRE DM DG EITERIERDN 0 2725 CDT A~ A 7 uik 7 EREBE (Quw) K5
WAL, Thze~vA7uX— VRS —)VRF B&HNA X —2 Y 7 OERNEZHERT 2 7-0I1CH
W3 Z &% Floquet BlEmIZHD Z5kam L7zo [1] ~A 27 0ii5f RF FFERIEGHC X - TZEFER
2L Z ODMR ISR SN Z D, THEBRTEY Y Y ZIIERT 372012, 2HTEBRORIE
L HITZEDRARY PVERIED RE BREHRIEICE O X 5 WHKF T 2 00 EETH 5, 22T, S,
7 BIFZ T ER DIRIED RF BREHRIE K2 FARTAERICOWTHE T 5,

LRCREIZ PN %2 F—=F L7 CVD &4 ¥E > Rk (T = 4.5us) ZHWV. 2L 2 ODMRIZ & >
TENTFEBDARY PAVEHE LT, v A4 7 a kiRl r = 7.2 us, RF BB wrp/2 T =
0.857 MHz DHFEICDOWT, n-ZHTFERORIED RF 7 CRBE (Orr) FEZFHARTL 2 5,
Qrp/2 T < 1.2MHz O THRIEIZ n =0,1,2 DIFEICOWT Qpp & n IZHDHL S FTIZIE—ET
5% EHbiroTe, —Hi. SR [2] DR TIE. B 6w ~ Q/|n| ¥ n IKIFT 3 2 L AR
NTW3, £/, Floquet BEmIZ & D, #FHE ODMR XSS % 2OV ZMEIZOW T L7255
/“HK WTARY MIVRIED Qrp IIFHEEFANZE 25, BRIEE Qpr & n KKIFEL. WTh

BBV THRAERRZHIA L 2N ehibiro 7z,

% ZT. Floquet HEmICHD &, ARD~ A 7 vk 2 D AN THD TZHFERD R
RT7 MVOFEEITR o7 ZDRER, 7= 7.2 us DHHITBEWVT 15 6 MR ITEKE ODMR
WOWTORRERECELRD, FIED Qrp & n 10T 2KEEIVNZ W e d3bh o Tz, Al
HTIE, ZOODRRICOVWTHERE DL ZITV, Mm%

(1] /NEFSF BB, RALR FEoa, W)II 5RA0, B B4A, 838 28, e iR, BPA SORER, 25 71 [0S

YA R BT AR R TR, 24a-1BB-6.

[2] S. Ashhab et al., Phys. Rev. A 75, 063414, (2007).
3] J. H. Shirley, Phys. Rev. 138, B979, (1965).
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RAEVHHEBEMNAL ONMN HEBEFE U VOREICEZASEE

Effects of decoherence on the sensitivity of quantum sensor based on entangled NV pair.

BREX' 282 #MEXQIC, WX MMH#ES HUEXS

OD) R#RAr 12, NFEZE 2, KFHRN 2 MED ¢, FHfEZ S, HMAIE—
HEiAmes !, AR JIEZE' ERE' KER?

Gunma Univ. !, QST 2, YNU-QIC3, Tohoku Univ.*, NIMS?®, Univ. of Tsukuba®

°K. Kimural, S. Onoda?*3, S. Damon?, W. Kada®*, T. Teraji’, J. Isoya®,
T. Hasunuma', I. Shingai', A. Kawasaki!, O. Hanaizumi!, and T. Ohshima?

E-mail: t222d002@gunma-u.ac.jp, kimura.kosuke@qst.go.jp

BErRU v T X DUNESOREX, fRhe RS ISR STV D, L LR
N6 Z DT, HEYEE BRI (Standard Quantum Limit : SQL) CHIPR SN CTL £ 9, SQL 2Bz 7=
REZEBT L FEL LT, &b onvREEZHW By 7B RESNTWD, &1 HOiL
WRBIC K BBV 7Tl BEGICERT DMAEEEPE By N OEWN #)72 0 g S tu, H—
By bt o7 eI L NEOREZRI[1], Fxld, A8IEEMA 4 FEAIZEL ST
TERL 72 NV 3HT & DFVIRAEBell JREE) 2 AL L[2]. 2T K D HEFERZ FREL T2, Ll
D, FTOREITET -0 A A0 LSS, SQL(~nT/ HZ') 2B x5 Z M TEF T
~uT/Hz? L-ULICHIR ST L E 9, FRIZ, &1 B OIRBIZA B AR O BTG N 2D
BRI ) A RBREEICEIT D NV 1Tl SQL M8 2 72N KB TE 20T L TlEauy,
2 CARNIZE T, FEBRIC NV Xt O ARFEFmEARE 2 JIE L, SQL & #8 % 7 D FEBLMEIZ DUV T
i I Do

NEFBRRFNIN T 7 7 @R TA L D EARET S & NV xf O 5 I3 ER Rt &2 VT
(1+eXD)2LRTE 5, 22T, y@IIMIAMEBEMEETHY . BEE 4 X0 H BB
G(t, — ) CHE ST b D, ARFETIX, A OHHBEBBUIIEREE / 4 OB, &2 T
2/Nmexp(—(t; — ty/1.)?) EAE L. x(v) & & CREalk L72[3].

22%7? _(L)z ) T
= c —_  — = 10
x(@ N~ (e T 1> + 2%t .terf (Tc> - ;z 0.51|Jlf/|Hz
CIT, ARBEEL OMAERERL, erf IEIA T ADME 2
B A R T, T KT DR, NVOBE T AL 2 ROBEE 5
R LT 1Al D10 2N T 1 IROIEEEEIC TRfER £ LS
NIEITT 5 Z & &3 9[3), Fig. 1 (ZREFIEBFED —HlZRT, o 2 4 6 8 10
Matsuzaki & (3, FALEFEDY 1 IROFEEIBE BT L AT Evolution time (us)
EEITORBIE, SQL ZHAT-RELFEBTEDHZLE2HL Fig. | Example of decoherence.
MMz L72[3] (t=1.0 us. A= 0.51 MHz)

BRI TRBREE ) A XD 1 DTS DR ENE X D,
GO 00 556, e EBAULE oMKy, THH, ~ Va7 RATIA N A X
L2 DT DB MBI (7) = yer .t L TITE 5, 20 K ) e fEHgiR TREFIAVE U 555
A SQL X T EA KB TE T, bOtVREZH W= v TOEMEITADNTLE D
ZERDroTNDH4E], MOREE /A A& LT, FAEOEAY U RORIEREDHFIET HE AL
VN LD RFTHS OBME S ENRE 2 b, BAERRT 2 OB EE RT[5]. Zh bR
0. SO ENIEFITNS K JRFTZREGE O I Lo TR EI T S BREICB V)
TiE, SQL WA D EENEH TEHZ L 2RT, BRTIE, /A RXAAXT hrRab—|2kb
J A RRORSR & B HE T, AR EIZ OV Tikam T D,
HIEE

ATFFRIE IST AMACHFZeE B HORFZE 7 1 75 2 JPMISP2146. JSPS KAKENHI - No. 21H04646
20H02187, 20H05661, JST L— 3 = MNMUMFIERHFEHFE - IPMIMS2062, SCEHFFFE L - 1R
W7 T 7y 77T A(Q-LEAP) - JPMXS0118067395, JPMXS011806837, K OMR#HE 7/ 11—
7NV -SSR E MR EE O 72 0 OAFFEBRFE (JP MI00316) D3 1% & 52T 7=,
SE R
[1] C.L. Degen, et al., Rev. of Mod. Phys. 89, 035002 (2017).
[2] ARSI, 2 84 (Bt FH B - KR AN 23 [21a-C402-5], 2023/9/21 (REASR A — /L B k)
[3] Y. Matsuzaki, ef al., Phys. Rev. A 84, 012103 (2011).
[4] S. F. Huelga, et al., Phys. Rev. Lett. 79, 3865 (1997).  [5] G. Q. Liu, et al., Sci. Rep. 2, 432 (2012).
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FAXEY FEFEVHORBRERICAIT /NS 7 REBOY—1EDM
L
Mitigation of magnetic inhomogeneity for highly sensitive ensemble quantum sensors
EIKXKI'! OM)FE BIE!, ONEkE /AR, KSH #a' B0 ®a' 5§ 2,
REEH BT
Tokyo Tech. !, °Zehan Li', Ikuya Fujisaki !, Yuji Hatano !, Takeharu Sekiguchi !, Takayuki Iwasaki !,
Mutsuko Hatano !
E-mail: li.z.ba@m.titech.ac..jp

T YT NNV B F e W TIC BT o OEBEA LT T RWVAARRERIRFEIT, & ALFH
S — LU RABETL,NEEND, T o TR OT 2 FERENCHIIE L TWAER E LT,
INA T AGESG DZEIAR =R R T B D, A THIN S 1L 5 B TR EE D AP — I3 T, %
P, FEHERRMO EREZEL T2, 1ERIT A 7 ARG ORHINTIE, ~Vv ARy aA
IVRK SRR ENTE T2, ~IVLAFRALY a4 L TlE, BERELTLHZ L TR M2
HlT 5 ENTEDHD, EBRFIZED AC /A ARREIC L AR ARZEMNICL Y, B0
AC EESRIFMLZEE RS E D[], —F . KABAITERE S ZN S RWAITEEK /A
AR FER DD, L, HEAAWEIFAN(~1 mm?) DY) —M % & 57 DIZMER R E 7
YA ZOWATT, RPN REEC /2 D727 TR, BREENEL RD70D, Ko TG
—HEREMLTLEY Z L b dH D,

AR T, FATHIIE 2 Z3E 1/ S WK ARG Z P ERICELE L7cea 7 VA ML, 7
YT NEAT NN DA T A O —EDm B & AC, DC WY/ A Xz [RIRHI A
HZLwEHEME L[], BEEELIRA T LA % Fig (2, EEOMERO/NSWEAE Y
Y UURICELE LT b A o 7V BERREC 2 5 8O MANICEE L7z, BA T LA OERIX
170 mm TH Y, ZOMEIZERE 12mm,. &S 12 mm O SmCo A 23— 7E O MR 2 B 1T THLE S
NTW5, ZOBEREZA YT RT o 7+ 2 Y((HPHT {111}, NVIEE 0.20 ppm,
JihEATE~1.1 x 107 yum® ) Takfli L7z, DC #k D #Afii X Ramsey 5T, AC #71kl% Hahn-echo T
AT 572, FER LT, T 5.7 us, ToiX 88us ICELTEY, Ebb b~ L ARLY aALL
RTCHESN, FHICT,nDIXAC /A AOBRENEE LS 25,

AAFFEIE MEXT, Q-LEAP(JPMXS0118067395)D k% %21 T\ E 7, 4 A Y& v Nkl R
1L (NIMS) S L—7%& (QST) KEZNAN—TIZZWHInirEE £ L,

(a) (b) (c)
0.02 {4 v 0.00 1 ———=
- 3 - ~ P
| . ) &8 =]
® . foors @ 0.01 1~ h 7 © —0.01 1~
FrR :t[))g;g z 0.00 u“;] |f\“|"1'}“.u\;—n., z
. 8. [0k G 0.00 TNV ARSSST——] G 1
. 4 > Li_%?f 8 ‘“J g 0027 -
- - 4 c
- & iloos E 01 magnet array 3 -‘L‘l~| magnet array
by 7 & 0.02 4 —— helmholtz coil | * ~0-0377] —— helmholtz coil
oc‘\\ e ‘/’/u 30> ' T T : T T f ;
e~ o i 0 10 20 0 50 00 150
AL Ty 050 3 time (us) time (us}

Fig. 1 (a) Permanent cylindrical magnet array(pair) used in this research. (b), (¢) Performance comparison
of DC(Ramsey) & AC(Hahn-echo) dephasing time between magnet array and Helmholtz coil.
[11J. F. Barry et al., arXiv:2305.06269(2023)
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UNBREVEERLEFMVYEY FEFREVZERIRESOREMN
Analysis of Electron Spin Double Resonance Signal in Diamond
Considering **N Nuclear Spin
BXEI'! BEX CSRN?, AXETS £XF/<Y*

OM2) g8k Hi4k L2, R AR L2, FEEE REEE L2 (A BE—BRCS, fEHE HX 4 BE BFL2
Keio Univ.!, Keio CSRN 2, Chuo Univ. 3, Kanazawa Univ. 4
°Rui Suzuki' 2, Takumi Mikawa® 2, Ryusei Okaniwal 2
Yuichiro Matsuzaki®, Norio Tokuda®* and Junko Ishi-Hayase? 2
E-mail: rui.0322@keio.jp

TE-BHM) 1 vEs FhowEHEZEILTL (N B2 —) [CRETLIEFAE L, =R -
kxFTTEw:t~V/XﬁW%ﬁL\%m&%%%mmiéi%ﬁm X |y k== DN
HEDZ b, BFtr b ~OSHAHFESN TS, REMR A REOGAH LFEL
L C. g e SIS (CW-ODMR) #E23H 5, Z O FEITERBIENHFECHY . CCD
HAFTERANTE ZIRITEA A= IS L TWA D, MHz O TRS: (RF) ORIEIXHEEL 2>
ST, I T, BADOITN—T7TiE, KR OIBERENS FCELD [BAEy “EHLEHS
(BDMJ%ﬂ%LtCWODMRa;5RF@ME$&£Q%%%LtOL# Z % TESDR
FBEOMATIZHWL N TE 7 HFRE) 7 A28 (3~ 7 vl (MW) | ;é%t##%
FIWIG AR D EDOET L TH Y . FEFFIE F CRADESDIRLI BN EHFATE o7z, £
ZTC, RWETIZZNE T, EFAE L RORIZER L, MW hEREICHE FOFIRZH S 7
w%ﬁ%?»%ﬁ%b\#%%@Tf@%%@%é%w%ﬁﬁmma%Lf%toﬁ%%ﬁm%
TICHEUNEAY VR L BE TS 2L TERBMICE ORI V% ﬁ%f%kkwﬁ%ﬁ%

[5iE] NV B X —OFEFAE OEAREIL, BLrafiic e U #psE 2 Hn L 75
im%walﬁh%unmrwuﬂyu—nyfﬂm—q+¢y¢-ny¢'_EUTéé
(10), | £1); Ims)) fEMTI5D ESDR 15 51%. MW JEE %% |0) — |B) (J0) — |D)) #E(Z[H. RF J&
e ¥ % |BY — | D) HENZ [ oD JERE RN BT M E L, RFIEIR 2 2L oo NV & o Z— 6 Ot
JE&ZBE L TE7 (Fig. 1), FEF9EIEL F T ESDR1E 5 DENTE T WAEED I8, $EF1 %2 Flik
HZHLY % 2 5 Lindblad LD~ & % — FREABIZ v /-, 2 Z Tld. LASER (2 X 2 #13{b % fhEke
e LTETLL, BENMROMAFEMSEZB LIz, I5I1T, K37 A—XDORE—MESH
D AN7-, £7-. ESDR EE5DEERIZLHHICIIESE UIN A L OMBELER (HF) OFEMN
ML D, 2T, CHEME N CTXER S A2 D HF ORERS 2B AL, BT AT 72,

[$58R] £~ 72 MW (ibiEd) 7 CHUS L7 ESDR {§ 5% . I3t Lindblad ~ & % — ife % v
TE'TNTT 4T 47 L2E A (Fig. 1(b) L), HfIEE &7 LV CITHHR CTE 2o -9
N FCRERICK Z 23 T A Mo EEEEREMICHITE 2, ZoEEMEDON
T B UNEBEAY U RENSDOFFEEBEB LR THL EE 2 LN0D (Fig. 1(b) )., 7.
Z DFENT TIFHALHE A B |B), IDYERLO S H MR OFRN G, FEFE T COIEAH =
N7 2 N ORDEENE, RFEIINC L5 MW FEILIBYERL ~D 5 MR OEBL O L. RFIEEO
HRIZHEE S MW BREL ) OJGE OB ENEPL LR TH D B2 b, I, EigET va2 A
V. MW (i) SREE A L SB35 ESDR G 5D 23 H L= 24 (Fig. 1(c). => b
T A NP —REm BT A X QUERE) ORKEDGFIET L0155 2 &R nnol,
ZOXHIT, AIREETT VL ESDR (2L D RF JIERSE « L O EoRE SR, #HE05KE
%%FT@ YERTRDIRDBENOFRICHA R TH D720, i - ISHMbTERER LD L5,

— 1.00 - =
(@) 100l By MW Freq. ] (b) = . - (C) 0 10
YN - 1 (Signal) " E; ower
_ : @ 0.50 R 05
5 ! E < .
- 0. ! S B ~
s ! Z 0.00 sty g
| 2
. ' —~0.98 w 0.0
=]
i RF Rabi Freq. m' m C‘E
’ |D)JRF WY —— oMHz 5 098 — =
v 1 MHz 5092 0 5,
|0y MW | —— 2MHz - — -

0.94 1 0 1 2 3
2.885 2.890 2.895 RF Rab| Freq MHZ

o
©
®

Contrast (a
Cl

o
©
>

I
1
Norm. Slope of Signal

MW Freq. (GHz) RF Rabi Freq. (MHz)
Fig 1. (@) Experimental ESDR spectra and energy diagram. (b) (Upper) Fitting result of ESDR signals. (Lower)
Calculated ESDR signals for each nuclear spin states. (c) Slope of calculated ESDR signals under various MW intensity.
ABFFED—ERIL, Q-LEAP (No. JP-MXS0118067395) . FJF#¢ (No. 20H05661, 22H01558) . HLEATJE B F3
(No. JR-MJPR1919), &R KEBART v =7 b 2022 DX TiThbiv,
[1] S. Saijo, et al., Appl. Phys. Lett. 113, 082405 (2018). [2] T. Yamaguchi, et al., Jpn. J. Appl. Phys. 58, 100901 (2019).
[3] R. Okaniwa, et al., J. Appl. Phys. 135, 044401 (2024). [4] G. Lindblad, Commun. Math. Phys., 48, 119-130 (1976).
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FANEVR) TRBEICKSEDERE - ERERFHIE VT
Compact and high-sensitive quantum magnetometer based on a diamond microring
"EREHEX CRX, CHERE ', BREX"?, SR, LR, REHRL |, FEXM, N\F K2
ITUT, >UT, ©K. Takada', R. Katsumi® 2 K. Kawai', D. Sato', T. Itagaki', D. Nozaki!, and T. Yatsui'?
E-mail: takada.kosuke.wu@tut.jp
[FLHIC HFGHAAYES FRICEENRL2EHR 22/ (NV) Fulid, |RICK T 2 BER &

K[ ELTHEREN TV D, R FITmRE - maoffee - AREEG IR & O - #fiE
DHIFFE L, 2 IICB W TBHCERb~OBRFBED TS |, LavL, pT/VHz A —# —
DREFEFERIZII NV FLE @SB E T2V 7 B (B mm /) DRERBURTH Y 2, JEE &
ZEMMFRED WL TH 5, AF 2 13, BUINEIRER 2R L2 @2h5 72 NV FLLoF0k
CED | FRREOMRZ BT Uiz, FfEOLRE ERBICE Y, A F v T TORy =Mk
HARETH Y | EERE DO @2 M R LS IR S 5, AR NV HULEEEEAS 0.3 ppm DX A ¥
B R~ A 7w ) o7 HIRGHEE I U Tm W IHES Q OB L F v 7 LICk I 5 & T #EIC
B L7 DTHET 5,

EBR VO HEROERT oL LT, oy FrrEMOTHERY A YECFEY T
BUNZHI O H L7, KEREEAZINZ 728857 ) > ME P IC L0 A2 > U o b ss b ~2EFE
L7z (Fig.la), M EENICERE L7k Lo XZ20@ U ChbEEt (532 nm) O AJ) IR L
ZiTo7-& 2 A, Figlb DAY MUREL, HREGRO Q EE LTIE 1,200 ThHho7o, i,
AR T T ERN LT~ A 7 0O AINTE Y| Figle 27T NV L0 A B2~y
M EGT., Elopm A — X —OREE A XKD ~ A 7 v TR 0O 22 M # 7e ANHE)— P 2 J 4
5T LT, AV RERIOIREa L T A MT 25% LEGRIRE S IZIFREOMEE G, S HIC
RS LT bt &~ A 7 m i A dfge A FRAT L 72 28 & R st 2 ot &2 b & v
v I AU LTZE 2 A 1 uT/VHz ORERHEICE 7o, A & RPEORHERE R &, € Of
FEANT Y RS 5,

lon
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<]
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Fig. 1. (a) Fabricated microring structure. (b) PL spectrum above the ring. (¢) Measured ODMR
spectrum with high contrast C = 25 %.

S&3XHk 'Y. Bormuth, ef al, J. Innov. Manag. 12, 1 (2024). >N. Sekiguchi, et al., Phys. Rev. Appl. 21, 064010
(2024). °R. Katsumi, et al., Appl. Phys. Lett. 123, 111108 (2023). #{3 MEXT Q-LEAP (JPMXS0118067395).
FHF# (22K 14289, 23K22795, 23KK0268), HFERLSME, M AHHREUSE, MBS E ., PR
IRELA], AR FEAN IR . B AR FA B LB pkess
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Evaluation of high sensitivity diamond quantum sensor with dry phantom
RIKY HRXK2 NIMS:, BURK4 OST® CHA X' KR BE 2 O BEX?
K& 14 BN AZ3 20 #° i Fz3 W Fzs MNFH 25 XB KRS
BEEF IERf2 B 2! RB3H BT
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Tokuyuki Teraji?, Hiroshi Abe®, Shinobu Onoda®, Takeshi Ohsima®,
Masaki Sekino?, Takayuki lwasaki®, Mutsuko Hatano!
E-mail: kainuma.y.aa@m.titech.ac.jp

XA & FH @ NV(Nitrogen-vacancy) F 013, JRWEERREFIFHCX A I v 7 Lo P2 AT
LR L LTHER SR TEY . MG M 72iF5E2M T O TV D[], ks
R SN D o id, BEUMNIE 528 A TRER 7 7 & b A& VTRl L TV 5 ([2,3], AT
FETIE, Fx DI N—TTRHE LA YEY FEFE YO Z, N EE LT KT
A 77> hA(DP)&EHAWTEH L7, DP % XY

27— G L[Fig. 1), &> & 0 DP OF & EF
i d 1259 3 mml, Ao FE L REFE ISk » || F
0 4 {71 C DP A4 E B RES A I L, DP (1% - 5
[ 5 PAEBFG) I b RGN & A L, HIL © . E
1 U REBE 50 b 1 B U T RSHRIR 0 4 B '0E
filFig. IONCH LT, SAEHRAL 7-E— A ™ s
RECD)D A X & 1% 5 L UYL 4 /35 A — 4 - |

a

\Z LT Sarvas ®A[4] T~ « v k L7=[Fig. 1(c)].
T4 T AT BHEE L. ECD OfLEL DP
DfLE L IV A— MARRED RN S T—ET
D ENTRBRENT, £, UIME B % DP ITH]

.1 I EMBE ) 21T > 72, . . . .
mu AN EMEFEEAT 21 Fig. 1 (a) Schematic of experimental setup. PD: photodiode,
HETE S5/ NEh) ORXREHEYS Th 5 DP: dry phantom, FG: function generator, LPF: long-pass
% Sr L = o . filter, HSL: hemispherical lens, Bmag: biased magnetic field,
B pT ORES(E 752 M L7z[Fig. 1(d)]. d: distance (b) Extracted and (c) theoretical magnetic field
g RS - BT T 5 distributions generated by the DP. Scale bars in b, ¢ shows
AFINLLHREEN - BRI RE7 7 7 5 mm. (d) Averaged magnetic signal generated by the DP

magnetic field signal (pT)
o

0 200 400
time (s)

w7 7m 77 A(Q-LEAP,

JPMXS0118067395, JPMXS0118068379) & W #f ez = 17 7= b D Th %,

References [1] N. Sekiguchi et al., Phys. Rev. Applied 21, 064010 (2024), [2] D. Oyama et al., J. Neurosci.
Methods 251, 24-36 (2015), [3] S. Taue et al., IEEE Trans. Magn. 46, 3635 (2010), [4] J. Sarvas, Phys.
Med. Biol. 32, 11 (1987)
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Design of Optical Filters with Metasurface for Quantum Sensing
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ITUT, *Univ. Tokyo, °K. Shimizu!, R. Katsumi'-, and T. Yatsui'*?
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WA T~A 7 n R AEd. HFT7 a2 — Ko 8L < ORBRRFFPLETHD, &
Y —=OFEMAZISHCIT T, IR FEN Ny = LTear "y M7 8 ZADERNR
HETHD 2 AR TIE, ¥AYEY REKRZSY a6 7 4+ M A A — NI L D0t s
— KT D a s MR T S ADOMERIZIAT T, MR THES FERATRE 22 A & —
T 2 A N— AR A Rip A v v TSR R RERAN T T 4 M E—HRE L2 D
TH#ET 2,

EE AWIEIZ FDTD k&2 VW TA XY —T =
AT AN =Dt T o7, K 1(@D X 572
Si DF vV F—HEE 3 2 VT, NV Huls
DRI TH ¥R 532nm DA R S
NV FLORIEE R TH 5 700nm 3O
EHEBMEELHZ L HME LE LT, SiT)

(@) (b)

Diamond

Bl si

) L F—HEEOR FIC Y Y 2 BLIE(SIO2) T it rametons e
DREHT B2 LT R R DT, g0 35
et AT L7e Si ~OER A AREE L 0 3 4
Too BEbRTA—ZEETREN S F/VY & 259
VA A d 121nm, AEIERI p: 200nm, Si % o0 2 ‘g
T VUSRS b 160mm, SI02 #E B 40 152
ho:120nm & LIaOFEREEE 2 107 © 5 ' '*5%
TLHECR B LET ORI .

DOFRREZ 10nm DX A ¥E 2 B IS 400 500 600 700 800
Wavelength(nm)

a2 EE LI EERO N FRETH

%o W 532nm TONXEFAPEEEOD fE)75

3.0, 700nm TOFBWMRNK 97% L 7eoT-, Tz, AFHEOAFAEDOZLIZKT 2iFIEE, OD

EZEALDREEBIT -7, Z OMEEMIEY HfE T 5,

BEXE 'J. M. Tavlor, ez al., Nat. Phys. 4, 810 (2008). 2D. Kim, et al., Nat. Electron. 2, 284 (2019). *J. Berzins,
et al., arXiv, 2004.06423 (2020).

BEE AWFJEIIMEXT Q-LEAP (JPMXS0118067395), FHJF##(22K 14289, 23K22795, 23KK0268), HAE L&
T, A HEEI RV T, A IR, PR ARV M B AR IR . A AR 7 #06k T
FMRREIZ LV TSN,

Fig. 2 Characteristics of the designed filter.
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Compact and portable diamond NV Pulse magnetic sensor module
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ORI £ 0 S RSB RER S Y O =TT T
B O JLBR AT\, BRI O o =
NV o2 8E L LTS L7z CW GHllo
I, plEoOF AT

Fig. 1. The sensor module and laptop computer.
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Fig. 2. Continues Ramsey sequence. 0~E7.7uT
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Development of a Scanning Nitrogen-Vacancy Centers Magnetometer
for Nanoscale RF Magnetic Field Imaging
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(& - BY] BUNEEOZZRERSC T / a0 B THXEEL A A -V v 7T a8z 1L 2
PR ZRMWET AL ZAORBEICHFE T L, LA YEy Fho@EREAFL NV £V 2 —)

I, FiIRTCEEE - B0 RE2E T3 220Gl e vy & LTI I LTw 3,

WA, RIS (AFM) © 70— 7%Ric NV e v X —%2 B8 XA Y EY FAREL, 3
N AHEZ VD 2 & TMHzZ B ORMEIRD T/ AT =N A A= v IREIEE 0, LaL,
B SN 2 & FEBE XA YEY F NV & v X —BEMEE L ORAIINEECTH 2, # 2T A
FETIZ v A HGIE 2 F 37 IS SRR S & fSfE IR c % 5, EEXAYEYF NV 2V X
—BEMER O ZIT ). BT Ay ZEHMLIR N CBUHI X 415 RF-Dressed (K& % w72 CW-
ODMR £ X 0, SREZRRESGHEIE Z nREIcd 2 7200 T/ . IEEIE~DIGH b HfF X h 31,
[FiE] e d L < i NV EAICH U CEE RS §To NV ET A © v o @R KEEIZ|0),
IB) = (]4+1) + |-1))/¥2, D) = (|+1) — |-1))/N2t F x5, |B)-|ID)ELERICHIET 2 74 H %
FIlN$ % &, RF-Dressed IKREAERL X . |B), IDYMERZIZZ N ZENT ¥ AP DIRIEICHHI LT 2o
CHHT 5 (Fig. 1)) L—H— <4 70 - 7 VA RERRREKIC X > TH 545 CW-ODMR
A7 b ETIE, 400 dip BBHIE D =9 dip Bl SHSIRESREETE 5, £ 4 v=
v 7o — ORI S XK EIRE T SANTZ v F Y S LR Y IR T VY T4 Y RS L.
ZORIRICEA XYY VST 5, mEIC, VA EEHMLZZAYEY F o —TCcrx
VAT =Y FICEDINIZHENRZ 2% v v L7ads b CW-ODMR HIE %179,

($ER] TRFERL L fTo 7% 7 VA REANEDO SV 7 £ 4 ¥ £ FOCW-ODMR A7 + L%
Fig.1 (O)ICRT, DRIFOFEEGE,» SHIF] L 72 7 ¥ A O RREGIRIESHEE & 5, /-,

HEL72 AFM 70— 7D 7 4 — FoNy 7 HllflifER % Fig. 2 1IR3, [EE DR E R Z EH S 5
IRMEZFE— FIC X VRO Z L Z —E kb, T v — 7% v I otz L 72, AR5
EBCHW2 AFM a2 v b v — Z 3R L 72EED 0V IC72 2 X 5 Ichlfilid 3 720, KEIRE) 70
RIEETICHEY) A 72y P EHIM L7z, K208 Y 7024 I v 7oL SIREN% 5 2 72BRic
1.5 LNICREN T 5 2 L BMERTE 7z, R TIRMSA X —¥ v 72 bl Rl O 23R E TR
AAXA=V VI DRERETHRIT L TETH 5,

[B%] AW FEo— 12 . BHiF & (No. 20H05661, 22H01558). Q-LEAP (No. JP-MXS0118067395) D&% 5%
FCiibiiz,

[1]M. L. Palm, et al., Phys. Rev. Appl. 4,49 (2022). [2] S. Saijo, et al., Appl. Phys. Lett., 113, 082405 (2018). [3] T. Yamaguchi,
etal.,Jpn. J. Appl. Phys., 58, 100901 (2019). [4] H. Tabuchi, et al., J. Appl. Phys. 133, 24401 (2023).
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Fig. 1 (a) Energy diagram and (b) CW-ODMR spectra w and w/o Bzr Fig. 2 AFM feedback control result
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I7F¥vy THEHREEI7EIVIIVEY FEFEOYZRAVE
BT O RESERE
Demonstrating current measurement by the diamond quantum sensor
using an air-gapped magnetic core
B, EIX? BBf® Of# Ff'2 R X2 KBTHE2 X8 BE'
gk \Wx', RA BE' LA EF' BFHETE &F BA FB Ezd HNFAE RS
e R RB3H BT A £2°
AIST!, Tokyo Tech.?2, QST? “Hidekaizu Muramatsu® 2, Yuta Kainuma?, Yuji Hatano?,
Yasutaka Amagai', Hiromitsu Kato', Norihiko Sakamono!, Tatsuji Yamada', Chiharu Urano!,
Nobu-Hisa Kaneko', Hiroshi Abe?, Shinobu Onoda?, Takeshi Ohshima3, Mutsuko Hatano?,
and Takayuki Iwasaki?
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BRI, BMER 2 T IB & ST b — OB & "B Z AL 2 B 2 7 I AR
TOHMHRAFTOIH L, BTN a7 HICERE TR GREMR) 2E8ndt ks Lo+ 52
& CEIRLZ BN ORET D Z LN TE DREEFIKS Th 5, B Z SREICRETS S
I, BB A BEEICRNT 20 ERH Y | MEROER G CIXEMAEBIS 25
L7ZBIERA WO TE T, Lo L, MHEER CILEBSRERE %15 5 72 DIZ B O BRI
ETHY . FIREMICERERLORENMTZ R, LWV BBEA R TV D,

Z 2T, AR CII=RIR CEBE R oL
L CHIHATRER & A Y& RET & o 2 B
wORLECH WD Z LT, EIRFHI O EE AL &
IR b E BFE L CW5, Fig. 1 X/ A4 X717 )
100 pT/VHZA FTHHE B~y R[1]Z=7 X+
v FNTFELE L, 53 Hz OB &2 BT L THD
Nz ) A XA ML Th D, —IRE ZIROBRRIL
ZREND T SIS S B RO ORI ST . T
HENTEINTEY, FTHIHLAESTEHZOKRET 10 Frequency (H2) 100
LEY AR E LCEHIL72, 55472/ 4 X Fig. 1 The signal of residual magnetic flux
A7 Fv (Fig.1) b, XA YELY RE U generated by a 53 Hz current detected by the
WCE VR ERE LTS Z 2R LT, diamond quantum sensor.

[1] MBS 5 71 BUS B E2R T AN TR 4R, 24p-1BB-3 (2024).

BEE . AR L, XEHBFEE BRI v vy ST v T A(Q-LEAP)
JPMXS0118067395, PIRIF  SIP [ FeiEpy & 7Bty Htlk Dt~ DS EEE | O3 25215 T
IThivE LT,

100 ¢

— current on
10 b — current off

Magnetic noise spectral density (nT/vHz)
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Using the standard deviation for robust quantum sensing
Kyoto Univ.!, UC Berkeley’, LBNL?, QUP/KEK*, IPNS°, JAXA/ISAS®, Kavli IPMU/WPI’,
SOKENDAI®, Tohoku Univ.”, CSRN'?
OErnst David Herbschleb!, So Chigusa®?, Riku Kawase', Hiroyuki Kawashima',
Masashi Hazumi*>%’-3, Kazunori Nakayama®*, Norikazu Mizuochi'-'%#
E-mail: herbschleb @dia.kuicr.kyoto-u.ac.jp

Various periodic signals can be detected with different techniques, for example low-frequency signals
[1] or high-frequency signals [2]. However, when there are facets of randomness about the signal, e.g. a
changing phase, such methods become less sensitive, as long measurements average the signal to zero.
Here, we propose and analyse a robust technique to detect the amplitude of these signals.

In our method, instead of measuring the amplitude of a signal directly as in conventional methods, we
measure the standard deviation, which is a different global property. Phase and frequency changes do not
affect the result, and it is possible to account for amplitude distributions. For a high signal-to-noise ratio
(SNR), this method has the same sensitivity as conventional techniques [1]. However, as opposed to our
method, conventional techniques are not robust against the mentioned instabilities. For a low SNR, the
behaviour is quite different, resulting in a worse sensitivity. These regimes are both analytically analysed,
and numerically simulated for various parameters. Finally, we perform an example measurement with a
single nitrogen-vacancy centre (see Figure 1).

We expect that our method is useful for the detection of light dark matter [3], and for mineral search
under harsh conditions. For the dark photon and axion candidates, the dark matter field is effectively a
periodic magnetic field with a limited coherence time when measured with nitrogen-vacancy centres [3].
Given the rather small signals to detect due to the small coupling to dark matter, long measurement times
are a necessity, thus making the proposed method ideal for this kind of experiment.

Random phase jump ' '
12 : . O
O
@
~ O
5 11 0:_@ C/)_ Q)O % L
S o 0, / Q0 \
= o'\ ol PR o 0
& 0P oo gl
- Q| % } 6° pooo' o, og
X ® o8 \P2 @
T 09 2, o \ DO .
&P Yo o ° 0
® o_©O
0.8 lo) (o]
500 51I0 52Io 53Io 54;0
Time (ms)

Figure 1: Measurement of an ac signal with random phase jumps (data with black circles). The blue

dashed line is a guide-to-the-eye.

[11 E.D. Herbschleb et al., Low-frequency quantum sensing, Physical Review Applied 18, 034058 (2022).

[2] G. Wang et al., Sensing of arbitrary-frequency fields using a quantum mixer, Physical Review X 12, 021061
(2022).

[3] S. Chigusa et al., Light dark matter search with nitrogen-vacancy centers in diamonds, arXiv:2302.12756
(2023).
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ZAYEy FROH—22H e Z—00bDRE—XFLER

Generation of Nearly Identical Photons from Lead-Vacancy Centers in Diamond
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U—7HD ) — e LTHIRSNTWD[L, 2], B 2 R CE b 2NE KT 575
7o OIZIFHEELD POV b it S 4056 KB I REZe [Rl— 7 &2 Wiz 2 e+ a2 8l %
VENDH D, LrL, B ER XORIERE 212 Ao 5 - DIZiden i —5a
B LONEOERMEEEN AR THLH, AR TIE, B 7 =—/MMBETER LT
PbV DAY —3 ik L OVEMLZEM 2~ D PoV I BR—F 28I 5 2 LISk
L7,

Ma(00 1) Ak §h & A ¥ RIEERIZEA A4 % 12 MeV THA., 2100 ‘CE7-1% 2300 C
DEREET =— /L& fjid Z & T2 MED PoV ikt 2B L7z, Vo T WE o T4 4 A%
v FTOKIZHA L, WEAZEL—WF—% HCHIBREFHI 21T > 72,

PLE JIZE & i > 70 & & R¥— 3401340 15GHz Tho 7= DTkt L, BAILZEMICE
WTHE BN RGN, Fig 113RR 57 =— VREO 2 FEOY 7 iz T, #
—/7 > b THDPbV NS 4 um BEN AL EICIEIE CTH D 532 nm L —V—% 5 RO
U7ZBEIZ PLE A7 MVERIET D THEZ 10 [l 0 K U7 BICRENTE R T DR 2R
LT3, 2300 C7 =—/LikBlTlE, 532nmm L —P— U —% FRXETH, AN
& & LRIBRDERAESE B0%LLT) THHDIZXF L, 2100 CT7 =—/LikEH Tl 75 W %
25 EWHEMERNDEL 2D 150 pW DL E TN —E LBl SN/ o T2, T,
2100 C7 =— LB CHEAT L T RMEDND 532 nm b —HF —fhit |2 L - Tt S vz %
¥ U7 % PbV 3T 5 2 & THRIREEICER L T\ 5 —J5, 2300 CT =— /LBt ClEz o
REGDERRPIE SN TWDT2DTH D EZE X b, Fig 2(a, b)iE 2300 ‘CH o 7 il
T D b I X B SRS B3 LUV D PLE AXY ML TH D, PLE AT K
JLINER D E->TEY ., FER 2T 2D PoV MO TE TWAH Z ERbh 5,
AFEFRIT, POV B Z —ZHW 2 KT T OBINCER 2R TH S,

AL ISPS BHF#E JP22H04962, SUHEN A Q-LEAP 77 » 7L v 777 F A (No.
JPMXS0118067395), JST L—> 3 = v MUMFIERHZE FZEIPMIMS2062) DB K U 1Tt
77
[1] P. Wang et al., ACS Photonics 8, 2947 (2021).

[2] P. Wang et al., Phys. Rev. Lett. 132, 073601 (2024)
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BBWT/ FAVYEY FRD SnV P DHEFLARY FILAIE
Photoluminescence Spectrum of SnV Center in Detonation Nanodiamond
HEALEH', EFHEE?.L BRFIEL: ERXXE V42— MDKE XM, 3 B8
R ER' %F A8° 8BHF BHE’ @) EE KE BN
ICR, Kyoto Univ. !, QST Daicel Corp.>, CSRN, Kyoto Univ.* °M. Ohori', F. T. K. So'?, M. Fujiwara',
Y. Makino®, A. Tsurui®, M. Nishikawa®, and N. Mizuochi'*

E-mail: ohori.masanao.27s@st.kyoto-u.ac.jp
[EFE] ahLzate) /A4 YT F (ND) 1%, Mo REHCEH T& 28 /et 7 m
—T7ThoD, BboraHLORT, v aZEil (SiV) FLICREIND IV EEH LT, EiR
THHNERr T+ Ut (ZPL) 2Rl IV IERFAIIS L CE =V HENRRR DD, VT T
T—AA=V T HOEN T r—7 L LTHHATE S, AT, =27 EEMRETE{LT 57
D OETHRHARERIREE P E LTHERISND, 2O X 5 efafla 5T ND 2 N Ok <
TRNERENCB AT ZITIE, /NRIRD DO KED ND BN EZ0, BIHAZ IS O5M 203 #
NEARETHD, ZNETSIVHL, Fr~= A28 (GeV) TLEETEE), ) ¥4 YT
> F (DND) O& ki #Hes Sl DND & HW IR RGE I G @i S =B, 2o, 2 X-
725l (SnV) HulZETe DND OG bl Doy, A RXF IR EEREARE < B IAHLL)
KOS D6 ERCIT Z OFEDNHERR SN2 o 72, DND O SnV bz o5 2 L id, #
B> DND w7 v —7 O FITINA T, 1BFRIEIZLD2EHTLERD A=A L~OFRIZHEH
BCTHD, AW TIE, 72 FEFENBBRVEHC X 2 REAMPFRE L | mOBERE LR oA
BAPREEIZ & 0 L DND 1 SnV FLD B DFEIE AT MV ORIEICKII LD T, ZRE®Ed 5,
[28R - F5R] XA BAAEEGD Sn K —7 DND(RIFE ~ :
10 nm)!M % ZURES TYEE% (HNOs: HaSO4 = 1:3, 130°C, 72
REFED, 1 mg/mL RER A AT A R A EIZ 10 ug i
T HERERAT Lz, Z OBt OR G K O A A~
RV BEO SRR S BAMEE TR LTz, FOCHHGHIE O

BiZiX SnV HL D ZPL B — 7 K 620 nm % H0MT £ 10

m O RRAT (S EBNT SaV PLarboRg 0 000 60 T0 T80 00 0
AR TS A < BESR L, RIS Bkt B1Sn R—T DND OFEXRRINL
LCRIEARY bVERE LTz, (REBIZR 1 IRT, R 600850 nm (24 F-Z2ALNV) .0 H
kDT a—RigT7+ ) oA RN RBFEL, Z£DOHIZ SnV H.00 ZPL ToH 5 620 nm D B —
7 el Lz, J83& CIXEOFEAM & DND H SnV L OR KT 2 BL A BN T 5,

[#EF] AHFZEIL MEXT Q-LEAP (No. JPMXS0120330644)D X fE&# TEWCTirbE Lz, & ZICE
EEHBL £,

[Z75 (k] [1] Makino, Y. et al. Diam. Relat. Mater. 130, 109493 (2022) [2] Fujiwara, M. et al. Carbon
198, 57-62 (2022). [3] Fujiwara, M. et al. Appl. Phys. Lett. 123, 181903 (2023). [4] Terada, D. et al.
Nanoscale Adv. 4, 2268 (2022)
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FANVED FFOM-EFA U F—DIEHREB L —FI(Z L HERIREBRE
Charge state transition of lead-vacancy centers in diamond by non-resonant laser irradiation
BRIK', NIMS?2, QST® OBz !, RISERAER', &0 2 MEFARZA3 KSEFETF
=1 v
Tokyo Tech !, NIMS 2, QST?3, €Y. Chen, R. Abe !, T. Taniguchi?2, S. Onoda?, M. Hatano !,
T. Iwasaki !
E-mail: chen.y.be@m.titech.ac.jp

FAYEY RHPO IV K-l ¥ —IXLE LR LGB T+ ) U E R T oIl E
THERBEISH COREBE TR E L THIfRFEN TS, TOHTH -2 (PbV) B2 ¥ —idk
HLREBRIEREDHEZFT 5720, FCHEERESRMETIVENAY ab — L v 2R A
FECE B[], Ber Tz TITHBEIEE 2 FV T PbV & v % — D H ARG IS8 O HIE 12 AT
LTCWB A, LB R HRE~ER T 5 2 & CHRAEDHA T IHLLBIE L TV 5 (2], FHik
SOk L — Y IRE T PbV OFGITMEIE S 2 23[2], EROIREEER IZIEILG L —F O RIS
HEEZLND, FEBEL AX—22f ¥ — (SnV) TiE, ALY LHF AL —F R ERFRLY
WZRE &L 2 E0Nbno TV D [3], AFFETIER 2 D EDOI LB L —F % PbV & ¥ —IZHR
52 LT, BREBICREREELGZHZ AL,

a B o Bk b 2 A Y 2 F001)IZ 12 MeV DOANEEEEE T Pb A A4 > Z{EA L, 2100—2300°C/7.7
GPa DEEEET =— V& ffidZ & TPV B X —% Bk Lz, REHIZ T4 4 A X v FTS5K
FTHAEI LIz, WEAEL—FEHWSD Z & TAEM POV &2 ¥ — ORI 217\, FEHLEHE)
EITIERE 532 nm (20 pW) F7201F 445 nm (10 pW) O L—FZHW\ 2, b —3 OB HFR % 1l
9 5722 445nm b — W3 L — PRIKEER O SR 2 A i L —H & 532 L— Y OZGHH
21X AOM % FV 7=,

Fig. 112 532nm L — W RREEOEER PbV & o ¥ —DIEEHRE O 2k %2~ PbV & ¥
—ZRRRBBIC L7 (k95 X 912 445nm L — Y RENC X 232 FH) . 2ms M 532nm L
— &R LT o Bk CEAREBA G T 5 VA — 7 2 X% 15 [V IR LTz, 532
nm U —% & B3 213 BRI X 2H0E03 N LT v | 532 nm L— X PbV ZHLIREEIC
[ ST 5, Fig.2 Ofk7 1 > b3kl Z LI L — PR ORI L2 D TH Y, 7 4
T 4T MBREIEE L — & LT 84Hz B3 FbiLiz, WIT, G —H % 445nm (2 L7
WAL= AMBE L, #ERERLIEONFig 2 DEFE 70y S THD, 532nmm L— & 3xf
B, 445nm L—Y 2 MBE51F EAEM POV D OFREND LTNDZ ERbnd, MK
L—RE 293 Hz THY, 532 nm L—F LD 50— U — 2L b LT @m0 L— RS
NTme AFERIT, FELB L —PII POV B X —DORNAZAE ST L7 TR, BREICE->TiE
EHERREICER ST 2L AR LTS, HAL—F CHEEMEESE S SnV B ¥ —[2]& 1%
B R DEHTHY | POV & X —OEMIREFRHIC L > TEHELRHML L 2D 6D TH D,

AMFFEIT ISPS B #E JP22H04962, SCHIELFE Q-LEAP 77 v 7L v 77w 77 A (No.
JPMXS0118067395), JST A— v = v MUMFZERAFEFHE JPMIMS2062) OB A 32T 726 DT
b,

[1] P. Wang et al., ACS Photonics 8, 10, 2947-2954 2021.[2] P. Wang et al., Phys. Rev. Lett. 132, 073601
2024 [3] J. Gorlitz et al., npj Quantum Information, 8, 45, 2022.

—_ «15 —_ @® non-Res = 445nm — Yaasnm = 293Hz
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1.0 o
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i 2084
g 0.8 g
Q Q 0.6
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1_:! o for 532 __|
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N 0.4 . N 0.4 for 445 __|
© ©
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£ 0.2 " £ 02 =
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Fig. 1 Recovery of fluorescence of PbV upon Fig. 2 Decay rates of recovery and termination

532 nm laser irradiation. of fluorescence of PbV.

© 2024%F [CRAYEER 20-047 KS.1



20p-A41-6 HE5ME MRS AKE LIRS HETHE (2024 KkMAVLEN2RIFELYFAY)

FALVEY FhOM—EAEVF—I2EITS
ae—LY bREaL—Ya3 v kSyELY
Coherent Population Trapping of a Lead-Vacancy Center in Diamond
IR L, NIMS? Cits AR 1, BRi&R 1, 7208 1, FIERIORER L, O 2, XS FFlET 1, BlfE L !
Tokyo Tech. !, NIMS.?, °K. Ikeda!, Y. Chen !, P. Wang?, R. Abe!, T. Taniguchi?, M. Hatano?,
T. lwasaki
E-mail: ikeda.k.bp@m.titech.ac.jp

ZAXYEL RO WV HEHT =2 =3, BAEPER T+ ) URUTEP L TEY, SN A
Rz L TRV EZ RS Z &b, & F Ry NI =7 ~DJSHAPHfFFENTWD, ZOHFTH
Fh—2E L (POV)E v X —1X, IV BN T —k ¥ —DOHTHREREESRENIL L . o IV ED
T =L HRTIYVEWRE T TORWAE Y at — L XHIAELND Z LA THRIS
NTVWD[L], HAITZAETIZ POV £ Z — 0O BRIEIZIEWIE N [2]3 L VR B iRk
(T) OHEER]ZHRE L TWDA, BEFREOREFEDOTZDIZIZIAE D ak — L v MREBAMD
VETHD, AFETIE, at—Lbr MREBOBIRITGEE L Tae—Lb oy PR L —v g b
F v B 7 (CPT)ZATVY, POV THIO TAE Dok —L v MREEOBIRNIZ L) L=,

lla (001) HifGaL 4 A Y€ FEMKRIZE A A Z1EA L, 2100°C, 7.7 GPa O 7 =— )LALP 24T
SlEiE e PV B X —H AN EFERH L, 2OV T REICK L CEREICKY &
FmL., o7 115 K I HE Lz, HBL—3 (300 nW) ZERIEFLHE (EOM) (ZiE
LT PbV IS L7z,

Fig. 1IRT 3N TD A AF—LZHWDH Z & TCPTHIEEIT-T-, HIBL—P 22
REER LT 27200 RFHE L, EOM T a—7 0% 2+ 5 2 & TRV
SHAER 2[RRI b S 7-, Fig. 2127 v — 73D detuning (A) (ZxF3 5 PbV &> # —D %N
REOEERT, B =7 ORRAHTICHEIERENBL TR/ E28M L-, Zhix, 51—
W TA=08L75Z L2k - THERRED 2 Y B RIBFICEENE Z Y, b —L > R
HRAEDEREIZN T v 7 END 2L TRAEDKONDIBENPBH TETNDLZEERL TS,
KREEIL POV B X —lcBWTHIHTat—Ly MREZBR L0 THY . 5%, A
T4 72—V B LAY o — L AR ORISR DO TH D,

AMFZEIL ISPS B E IP22H04962, SUESEL A Q-LEAP 75 v /vy 77w 7T I (No.
JPMX0118067395) DIk A2 T T2 b D TH 5.

[1] P. Wang, et al., ACS Photonics 8, 2947, 2021. [2] P. Wang, et al., Phys. Rev. Lett. 132, 073601, 2024.
[3] K¥—HE. 2 84 [alii B P FKZ Al 2. 22p-A601-17. 2023.
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Fig. 1 A scheme for CPT. Fig. 2 CPT on a PbV center.
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BRIETA R AV BAFBREBREEDOERNEN
Quantitatively charge-state-stability analysis of silicon vacancies in SiC
QST', EHhHt? Quemix®, XY HiLX® Ol #—' BHE BN W HE?
HE -4kl K—H B SE' BE#a S, B BEX &S #F7°°
0T - B F-LwFE R, KB R
QST!, CRIEPI%, Quemix Inc.3, Univ. of Tokyo*, Tohoku Univ.5, QY. Yamazaki', R. Akashi',
M. Hanawa?, K. Murata?, S.-I. Sato', N. Miyawaki!, S. Entani', Y. Masuyama', Yusuke Nishiya>*,
Y. Matsushita'>*, H. Tsuchida?, M. Kohda'’, T. Ohshima'*®
E-mail: yamazaki.yuichi@qst.go.jp
[#F7EH =
FRAL S A FR(SIC) T DY 2 22 f(Vsi) Z MR S D ITIEATERE A A D 1 li(Vs)IZ T D L

B DH[]), Bx OMFERIETH 5 SiC-Vs BT IC LD SiIC /ST —F 3 2 NEREHEILRIC
AT CLATEIOF R[] TIE F— B2 7 Fb L Ve iR B 2 R#iH IS 2 b S B TRRII R Ve & E
PERRAERE RIZOWTHRE Lz, AWFZE T, 1550072 Vs ZEMED E ' 2 fNT 21772 o T2,

[ =B 51E]

nEER EICER A2 2 K= U 7R B LU n AL 1055-10em®) TYERL L 72 4H-SiC =B X ¥ v

JURE(5-6pum) 35 KON p/nt-sub FHEICTEAR S D282 B e IS, R IR EPBW) (A 4
fifi: He, =3/ ¥ —:0.5 MeV(Z22ZJE 2% L CTlE 2.5MeV), FRETE: 3x10%%p1um (=3x10"""4cm2))iZ
KV Vsi By FGx5 pm*) /32— &JER LTz, Vs OLRIEIZIZIER 785nm @ L —HF—Z /e,

[ 28R R

RO~ = — LR D -/ ffhis k. 2o[plLte pamel g
O B B, T~ pon GBS AT 515 i ’
SRIEDRIIE N — 3 MlEA I LD Vdn b Vs o2 o 21 I et
NOEASEEE ELBNB, UL, n BeBEsneE 205, x|+t

IR B ANGE L C D — EFCIRE ORI p T OmE %0 161910;81917 1016 i 10610171018 100
ARCPIREE p B ORI IR TR T,
JCERUR T TIE VarMZEW W —05, VIR EITAFE[3] olt;tta;::iya?i ;r:;:::C:f"c:f;'z:'zt::nF;L
THIENDL, BAITHRF TIZE TS Vb Vs ~D1ix conditions and fluence.
BEARALZEFBIN I NOOFIEHATE OMELEEZ 2 TnD, ZoMETIT, &
MBI EETZMET 2 EKRD Ve &2 LTV (NVSINVe BREL78D), ZhaBEL
TERMN 21T oTo & 25, ERHERZMRFEET 2 2 N TE 2, FEITS AWET 5,

[EE] 22 13RI 2 (21H04553, 20H00355), MEXT Q-LEAP (JPMXS0118067395), 224 F5+
B ZEHEE T EE TPI004596 DBk E 2T 7= b D Th B,

[ % C#k] [1] M. Widmann et al., Nat. Mater. 14 164 (2015). [2] I &, &5 71 [B15G A9 H A F 2
LT 2, 24a-1BB-10. [3] N. T. Son et al., J. Appl. Phys. 129 215702 (2021).
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ERITHT S 4H-SiC th V2 il E K DRI FIE
Polarization properties of fluorescence from V2 centers in 4H-SiC at room temperature
RREH !, RRREVEU 42 EBHFS WILK* QUP KEK® OF)I EE' HE EHth'?
BIER &z S K& E 4 k% B 2°
ICR Kyoto Univ.!, CSRN 2, QST?, Tohoku Univ.*, QUP KEK? °Tetsuri Nishikawa!, Naoya Morioka'?,
Hiroshi Abe?, Takeshi Ohshima3#, and Norikazu Mizuochi®-*3

E-mail: nishikawa@dia.kuicr.kyoto-u.ac.jp

4H B D RAL T A FA(AH-SIC)HF D > U 2 U ZEHL(Vs)ll T FES M 708 FAE I K 0 P EL, AN
J7 LB (Vsi(h):V1 Hly) &S L E (Vsi(k): V2 D) TR D5 - A U2 ET H[1], 2
DB V2 FULNIRBE CEBIATRE R AV 2 H L, BT P E~OICHPR S TWD, Vs
T 4A2, ‘E D OO BEBFRIEAELZA L. 25 ORAIRENEIEIREES) & 2508, KO
TIREDIRRE(EST, ES2ITENEI ‘A B L OV E %Eﬁk"&ﬁ‘é[ﬂ V1 FLTIHEE T T 20D
Yu 74 ) UBZPLYEYE VIE|c)B LY VI(E L) E B, 2 DDOEBIT IR & WA T XA
TE 5K D[], KR TIiX ESTIZERKT % Eljc #EDOMEED TRV, 70 K BL ETIEEEEIZ k-
TES2DEHANHEML, ELc#ANEMRT H[2], L, V2 HLOFHNHEANT FUIZIX Ellc D
ZPL(V2)DHFAE L, ELc ZPL(V2)DBLNIHE LTV R, V2 T 1T 5 ES2 DAIFTEIX
BB IR O IR SR AEME & DET 3H3IC & o TR S 7= 23 3]. #EE S 47z ES1,2 oo L
F—ZEMN 22meV & KX V3], L7=23-> T ZPL % 55l Al e 7e IR AEK Tl ES2 O A MBEFE T2
<. V2 HDMNTEIT D ES2 b 72 B T3 SEREA~ OB IRIZZHMAH STy, V2 s
HREDOIERSITRED H Y | & FICHIZRNT TOEFRHEDOFEM A 57023 5 2 & IIFFF ICEHE
Thbd, RFFETIH, V2 HFLNIBIT S 2 DD ES D NHFEFEICE 2 2B ETHRDL -0, KRR

BT V2 LD LR E OIRSEREE % | %—klﬁ’é%ﬂ%b\1(0001)@320(1100)@75 DRI L7z,

4H-SiC (0001) 4°A4 7 = b =i EHT B R R I £
S TH V2 FD A ER L ~ZBC L - f(moorﬁi %:Es Es2_ 45meV  [(22meV)
E3
HU7=, 55 730 nm O L—HF— % i Jeli L L7 dLgEs ES ES1
G s v 9 NI DR vl | v v2 |ive
E@fﬁz«fpéﬁﬁ T V2 LR )ﬁﬂ#m&smﬁw vl 2ol 2L,
IEZ 2D BRI L 72, X 2 1279 & 9 12(0001) I E Tl

SIS B Lo HRICB O CERIThH 55, AT00f - VIFD Vo
HIE CIE Elle Fo CHROECERBII L. b — 4 Lo 1 4H-SiC ' Vg D = %L F —HUENT[X]
m‘n%ﬁf%(ooonﬁzﬁu;z&ttix LCHms 5 2 & nmne 7 s0°  -(1100)
STz, Fi2, A100)EHIEIZIIT D b —F L OfaFnsRE X 45°
Jibie L — Y — DRI :%ﬁ*i.“énr‘m\k%zomf:m
FERITRE T NS B Z E R ghoTz, ARET
X, ZONEEZEZD, FPMREmE1T .

AMFF21E MEXT QLEAP (JPMXS0118067395). FHAfF £
(JP22HO01526, JP21K20502, JP23K19120), HL KT/ /T L

HOKEEZ T, o 270°
BE% 2 (1100)5 L 08(0001) i %> & 8L

1180

Phton count (kcps)
0o oo A N O N b O

[1] V. Ivady et al., Phys. Rev. B 96, 161114 (2017). U7 V2 S0 O B A e 1
[2] R. Nagy et al., Phys. Rev. Appl. 9, 034022 (2018) (1100)i#: 0° = [0001],90° = [1120]
[3] P. Udvarhelyi et al., Phys. Rev. Appl. 13, 054017 (2020) (0001)ifi: 0° = [1120],90° = [1100]
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FBEFRERWVN-120K/NT T v FEIRSSOREEENE
Dielectric Microwave-Optical Hybrid Resonator Operating at
millikelvin Temperatures
Hi@ERH% AR, #yohl, Amit Bhunia, Rupak Bhattacharya, @8, © ARER
Okinawa Inst. Sci. Tech., Tatsuki Hamamoto, Amit Bhunia, Rupak Bhattacharya,
Hiroki Takahashi, ©Yuimaru Kubo
E-mail: yuimaru.kubo@oist.jp

MERCTEET 28 FavPa—&%xy b =23 37012, v47nijkeitEr
I ENZ P DE—HTF LNV TEBRTELET NI VAT 2= — RN EOMFEZED
TV, A ZERFORAY VEFEHWZET N VAT 2= —DOEBUCMITT, <
4 7al—NnA 7Yy MR ERET B K OBEIEL, KR NICBWTRENICEET
52 iR L. M1 (a) iitEz2nd. HBEROLFARIERILF 2 > (TiO,) fifd
RO EARNICEI»NTNT, V=777 FEBEL TN <4 7 aEED AH
NEERBET 5. £z, HRBO L FEIBEINTED, 2 EREEPEAT 27200
IT—FWOMITRZEHARETH . LFLOFERIKETH 110D, w47
DK DEGHFEHNCEN T 5. 2T X D ERERDOFROBTHEA D E D TN
{3, LEdoT, ZOXIRMEEICHIPIPDLLT, BVHARH QEEMRDZ L2 EE
TH5 [1]. FEHETIE, IR Z2EA L BEFORRICOVWTHMET 5.

[1] T. Hamamoto et al., Appl. Phys. Lett. 124, 234001 (2024).
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2RI OHEER OB, NEB QME Qi = 2.3 x 10* DF S NIz, (¢) XA YEY R
HFOEZEAMYHPORAY > e OGS, R (0, w, ws) DPAKRDERZRLF -2 R
LTED, FHIEARICBIZEEIZ AN —TH 3. SREIEEHEICMEST 2 BCo
BAY Yt OBHMMEAEERHIC L > TR LAY Y OEFZ A LF —HIIRENTVS.
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Proposal and verification of new structures to reduce the power consumption in
resonator-based superconducting parametric amplifiers
HAERBRI !, JST &A% 2 BRALKRONS® OM)FF #+ !, #M Al 2 FAX KES 1L
T X&p!
Dept. of Appl. Phys. Tohoku Univ. !, JST PRESTO %, RCNS Tohoku Univ.3, °Shunsuke Mori',
Hiroki Kutsuma'>2, Yasuhiro Kishimoto®, Taro Yamashita'

E-mail: mori.shunsuke.té@dc.tohoku.ac.jp

Kinetic-Inductance Parametric Amplifier (KIPA)X, /IFHIA & 7 & o ZADIERIEIEZFIH L7
CEEEIR CH D, 77 VA UPRRFERR EORE TIX, @i T CRE L TEIET 5 HiER 3
ROHN TN D, KIPA IZK & 2GRS 2 A4 5 Z(FOBIEME 2 VD 2 LT KT
EOREBES FTHEMERRETH D [1]. RO KIPA [1, 2[iE. IFEHIA v X7 2 U ARKRE R
Coplanar Waveguide (CPW) THERL S 415, L2y L CPW Tl ¥ /32 & o A OF P IZ RIS &
LIeH, A E—=H A% 50 UZESET L2 EPRNETH D, ZOORINT L ERPIRKEL
720 A EHEICESR SND R TEINPREL RLBERD 5,

Fig. 1(a)lZ/~R T & 912, KIPA [T |@] | 1cm :

D2ODA L E—H U RERTLHEW | ee---mmT e ..
¥ 2 J5 WA I B & L 72 Stepped © 0.1mm 1527*1%?5_{/? _____ }2975
Impedance Filter (SIF) & FEIXILD 7 « — : i i ;

vy — O SRR A B L i=d |

W% b0, SR IE, HEROA v g |

Ce s A BAOMEERRT B |, DWewsdl,
W, 2xTHEE CPW omiciil [BAYE—FYR BAYE-XYR MRS

L 7= Fishbone ##%1& [3]1% M L7= (Fig. Fig. 1 (a) Designed KIPA. (b) Geometry of fishbone structure.
1(b)), Fishbone ffifiX, AX TRIZE > THF ¥ U H U AORZIEFETEZ D720, KHT X
D RARIA I S D, AR TIL, E{b=4 7 NbN)BEE LR 25l 5 2 & TREHIL
FREIEANT A—=Z ZRE L, A B —H 2 ZAHL 50 QO Fishbone B! SIF #id & HARAR D&
MR I 2 L— g SR VG Ak Lo, ZORER, R U TEEEIZ BT D B 2 ]
TEXHIEAEIFHEL, £z, ARGHIESE KIPA ORfEZAT o7z,

AWFFED—ERIL, BHIFE: - 25 FAFFE(P22K14304), A0 28 S fa e 78 (A)(JP24A205) D X 121
Tz,

[1] S. Frasca et al., Physical Review Applied 21, pp. 024011 (2024).

[2] D. J. Parker et al., Physical Review Applied 17, pp. 034064 (2022).

[3] S. Chaudhuri et al., Applied Physics Letters 110, pp. 152601 (2017).
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BREEREEICEITSEFE Y FERRDEKGT

Integrated superconducting quantum circuit design in stacked

substrates
HHf RQC, © Bl &, EF &F, BE XF, 8 #—
RIKEN RQC, ©Yutaka Tabuchi, Shuhei Tamate, Bunpei Masaoka,

Shinichi Yorozu

E-mail: yutaka.tabuchi@riken.jp

BIEHRT 30V 2 — X OERILIIEAEA
TV (1, Tk ld, FFBICMMEFRE R Ho15
BIBRLOTREN S S 2 2 L 2R L [2], i
FIFRIE % 55 L e & RS T U o b 2 5
(T 3 FHEHEIE LS (3, HBHOS 7% 21
Forw, ETEROBFIL ¥ BB A H I
EERBRL TV S (4], ABFZECTIE, BB L

500 um

1 BEREEMEICB) 2 BRERTE Y
FMERSR, MFOESZHWT (1) ROHEIR
BRER Y Y b, (2) s LIRS, (3) &
EPURE LU F E RS S, (4) BAREEEM, (5) 1 >~
DU LGEREmRE R,

DBIRERT LYy MEBROKEHIOWTRE
KA

112300 pm D> a Y HMRE 3K, HR 1
MH 7= REMH 2 EOBEEEM X —> 68
(525N 4 J8) 1T & 2 SRS, 8.14 GHz 12
THIRTZFALAR 7 > XV RBEEY v
R L, & FEEFRICEG L 72, HRE K
$10.04 GHz OB ISR S N zFiat LR
BCEDBLERETE Yy MIFAHIN S, @t
A U AR AR I BT [T AT BT & AL 7= BEL
[FHE RN A 2885, B E TGO E
SRoEZYZHVWTREFLY PEeHET 2, &
FE v b efhoFial UHIRSE ¥ O RERKEE
NS T 27D FAMPIREMZRAL, &F
vy b OEREANOWEH AR E B L TS
SR % 44 MHz 1IC#&Et Lz, @l TIERFE v
FEBCR O - A EIIREHE—F - Ty b
7)Y FEBIIZOWTHERT %,

B2 EX#k [1] Google Quantum AI, Sup-
pressing quantum errors by scaling a surface
code logical qubit, Nature 614, 676-681
(2023). [2] Y. Tabuchi et al., Superconduct-
ing quantum computer: a hint for building
architectures, 2021 Symposium on VLSI
Circuits, 1-2 (2021). [3] S. Tamate et al.,
Scalable packaging design for large-scale su-
perconducting quantum circuits, APS March
Meeting 2021, C30.00009 (15, Mar, 2021)
(4] HP St TR EARRE S 3BT B [
S SARMEE, 55 71 | SR Y
firadiE s (2024)

W o JST 4—> v ay MEZE
FAFEHIEE (JPMJIMS2067) D&% %21 TITh
N7z,
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EFEY FO3IRTER/RLICAIEEEEY 7 74 TEEERORFRE

Development of superconducting through-sapphire vias for 3D-integration of qubits
RE7! “mE BEL B iz BK EGNL AR EAL BF BXL BE BER
Kyocera?, °Kiyotaka Mukasa?, Kazuyuki Fujie!, Yuusuke Nuruki?,

Hayato Kubo?, Yoshihide Narahara!, Motohiro Umehara!

E-mail: kiyotaka.mukasa.hs@kyocera.jp

BEERETEy PR Faveva—2oREN 2R LIS 5720, BTEy FoEE
Btk rae —L v 2Rfom Epako ohcns, SEELE wI Sk, HEEGEE T
vy FoERE LTCEICHONT WS v a v ERICEBEMZFR L, FEAREE DT IO
BACEMRZITY V) a vEEEBIIRE I N TwBE, $7-, ae—L v xKfom Eewv)
BTk, v ) avERORD YV ICHERY 7 7 A TEREZH w2 22tk BFEY Foa
b — L v AR A B35 2 eI N Tw B R, c ik, BT 7 7 A4 T EIR L BREAR
FHICE T 2eFEBELR Y ) a VR EHERL TR 2720 TH o LEZLNT NS

TOXI BEROTHAE, Bl 7 7 A4 7HEMRICH L CHBY 7 2R L, BREEDK
fEzfrs c T, mERbte e — Ly 2FRoR FolFicHFs5 35 2 e 2 Higd, B8k
ELTIE, IEFEHENY 7 7 A THEREICKELCET Yy P 2FERT 22 81X V4 300ps &
WY Ak —L v ARESHRE TN TV RRATIN Z w7z, 7ME7ELE LT, BESEEICE
N LA LAMHREREEZ w7z,

Fig.1 1Z TiN D% 1T - 724D v 7 DIl SEM %2 R~$, ©T7NERE T2 2 & e <K
BECTE T3 LMD D O NIz, F 72 Fig.2 ICHE L 72 TiN O & AP O R KA E 2 R 37
FARFH D TIN IZOW T SK, ETHED TiIN I2D W T 45 K CHRIEERE 2R3 2 L2
bhotz, OMEEIBRE X, KITHICE T 2> ) a v EMEMRD TIN OIERE XD b
FI3KE L, FADMEIC LV MREZTIN fGRONTwE EFEZLND,

[1] D. R. W. Yost et al., npj Quantum Information 6, 59 (2020).
[2] H. Deng et al., Physical Review Applied 19, 024013 (2023).

. 1.0f #
¥ [ 1
2 08} ]
Q. [ >
3 06}
= I —e— Planar TiN
é 04‘ —e— Through-via TiN ]
R t
7] L
S 02} '

Substrate , ]

00%41"23 4 56 7 8 9 10

Temperature (K)
Fig. 1. Cross-sectional view of a Fig. 2. Superconducting transitions of planar and
through-substrate via with TiN film. through-via TiN films.
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Hiz#E transmon HEFE v FDOEFILIZE 1T 5 AR BEREN
Frequency collision analysis for scalable quantum computation
based on superconducting transmon qubits
BRAI', EBROC?, RAEHS InaRISH, CM2)H/ L H—', P EH EXEZ,
(D)iED #&1, #@ BE', (PLi Rui?, EF BF2 HO EE?, df RET
UTokyo. !, RIKEN RQC.?, InaRIS?, °Shinichi Inoue!, Shotaro Shirai?®, Shu Watanabe!,
Kohei Matsuural, Rui Li?, Shuhei Tamate?, Atsushi Noguchi®?3, and Yasunobu Nakamura!?

E-mail: inoue@qipe.t.u-tokyo.ac.jp

EHW LB FEHMROFERICT, BEFEy MEBLOMENEAITOL TS, B nE &1
vy hOFEEF RO —2>Th 5 M EE T transmon BLE -y NI > TN IMEE & E O
J A RIS, EREEFRERETEy e LTSN TE. LirL, BFE Y MO
Bz tEy, H#EFICRBWTIET 2 &£y MNEICRE LS RWEBEZ AL S5 TR

22 OffENRFEL, BRI ERERMEL 2> THDH[L]. ERETHNLR TERR
et 7 — U straddling regime[2] & FEIZAL 2 BB BIMR A T2 T ENH Y, &Yy ME
W DBLERHT & D & T D IR /NS <, JEEEIEEORBENHE Ch o 7.

A, B 2R O & FE O R E LT 7T —BRENC L 57— b FR[B]MER S i,
AHFRTEmREORE) ~ A 7 vz B L3 5 0 T straddling regime Ol % FLEES 5 Z &
ZAREIC L, HEREICE L TV D EHIffEND. TNFETOMAET, AFRT2~3DE Ty
N R CIEEE S 2 2 BT & 5 —7F, KW REA% (Fig. 1) T, #HEEFEy NETHREZ

KT 2 @R O B B E RN A LG5 2 E D3RR ST, AEE T, SR N7 A 7540
T O 2 0152 A BEZE AR IS OV TEAER - TR e 7 7 n —F CE R R A 2, JE
W E LT D720 DETE Y hONRT A =2 EMEERT. & T8y NOEEEE %
BfEROE L L, B BE RN E LRV EFE Yy MERRIKET v VRGO BEE Y 2 HINT 5.

Microwave drive

Fig 1. Schematic of a qubit lattice for frequency collision analysis for the coupler-driven gate [3].

Q1, Q2 and Q3 denote data transmons. Ca and Cg denote coupler transmons.

[1] J. B. Hertzberg et. al., npj Quantum Information 7, 129 (2021).
[2] J. M. Chow et. al., Phys. Rev. Lett. 107, 080502 (2011).
[3] S. Shirai et. al., Phys. Rev. Lett. 130, 260601 (2023).
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EFEY MEAICRIT
sidewal | spacer #&i&E%%H9 5 NoN/AIN/NDN 32V VS
NbN/AIN/NbN Josephson Junctions with Sidewall Spacer Structure

for Superconducting Qubits
FRALKRBRT :, JST T EA%T2 1EEMEC CM)AHE EEL M)FRR KE:
Duong Pham', #fE sh#t 2% <F3# ShE S, IWUT XER!
Tohoku Univ.1, JST PRESTO 2, NICT 3, °Koki Honda!, Daiki Kurihara?,
Duong Pham?, Hiroki Kutsuma® ?, Hirotaka Terai®, Taro Yamashita!
E-mail: koki.honda.s6@dc.tohoku.ac.jp

RETHROBLGERESE Y MNIT LI =T AANR—Z2DY a7 VU HEEICL > THERSh
TWBHR, HufgE oI ERERILT VI =7 A2IEE L ORI HEMNZNEENTEBY, Takb—
VYRR ERD T ENFMBNTWAD. L TIE, Al LS oS EIZ W&+ Y MBI 5
ab— L RARHEOR ERRESNTWVWS [1,2]. FOHT, XXy LR IEE =4
Z(NDN)> = &7 Y AT, MfEIcimb L7227 LI =7 A(AIN)Z WS 72 K il —4E
FRDIEBOAIIFRF STV D [1]. —FH T, JEREREE SiOo, O b2 Gie il rFR 7 o
TRITLY, ARz — L ZRHERIIH STV D ATREE R S LT 5.

FZTHELIL, mifabe— L U ARHEOUEN RS SV N &F By MTHW BT sidewall
spacer f#if [2, 3JICEE L, [AiEZA T 5 NON/AIN/NDN =t 7 Y VA OVERLZ R AT,
Sidewall spacer & TlX, SiO BEESMIBE TR D AAFAET D72, FARAMEIZ SiO BFET 5
PERAEIE (2 _Z OREDNERIIC D720, 2078, BAEREICIT Y 7 vERIC X 5 Si0, DIk
EMEG LR, Tabe—L R LE D SIOFEEOKEA MG ND.

Fig. 1 |Z sidewall spacer ##i&z H W7c#EA/FR 7 0 X 2779 . (a) MgO(100) 2 #z (=
NbN/AIN/NbN [z s L, (b) FUtEA 4> =y F U 7 (RIENZ L D REZ—=2 T %4TH . IKIT,
(©) IEFEMEIEIC LY Si0, & i, (d) REtemz2 RN vy F o 7425 2 LT sidewall
spacer fEE Ak S 5. ZD%, (€) VA YV Z NN 2L, () ~"F—=2 7L #Es
MFERKT D . ARFSETIE AIN JEE 0.8 - 2.0 nm D& EERL L, 2.2 K IZE T 5 Efit-E LR 2 7
L7z, ZOREE Fig. 2 1T XL 912, BE 1.2nm OFESICE W T, BBy MIEMTREZ 21
Alem? DIKEE S EMBEE 2155 Z LITI LTz,

HETIE, BAREREED AIN BEEAREMESS, 7 viga Wz Siop— > F o 7 (Fig. 1 4, T
(O L DA FHE~DOREIZ O T HEm T D

a) b) -0 800 3030 um?
SiO, 600 o =21 A/cm?
AIN /NbN 400 Ay=129 Q
S v soo | =390 9
MgO sub. ?:L ol
d) e) ) NoN f) a) ‘ = 00l
// _ p 4 —400
( : ’ —600 -
I/
o —800 / ‘
' sidewall spacer 0 5 10
V (mV)
Fig. 1 Fabrication process of NbN-based Josephson Fig. 2 Current-voltage characteristics of the
junctions with the sidewall spacer structure. junctions at 2.2 K.

e AVTEO L, IST L—rva v MUFFERRRE S (JPMIMS2067) , 70 b QN SCEFL
B I~7 VT b—F A 77 F¥E GREE S IPMXP1224TU0095) D 4k #5217 7-.

[1] S. Kim et al., Commun. Mater. 2, 98 (2021). [2] A. Anferov et al., Phys. Rev. Appl. 21, 024047 (2024).
[3] L. Gronberg et al., Supercond. Sci. Technol. 30, 125016 (2017).
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TiN/MgO/TiN 8 M 10 mK (2 & 11 2 5t EE

Electrical properties of TiN/MgO/TiN junctions at 10 mK
fEME' OFH Ahm'. BX EFR. HPH KXK' ZER B, =K BA
NICT! °H. Terail, K. Takaki', M. Setoura!, S. Mima!, S. Miki'
E-mail: terai@nict.go.jp

XUHIZ BREE Yy hOZ VX R 7113, BEmEEOFEBR K2R 57
HOME 7t ZEOERICL Y, BIES0ps FREICE TH ELTE V1], £/ 100 &
FEy MABICEEL TWD, LarL, Ty OO EOERL [FIE/ T A — & O 22
HE, BEROH LB FRIAEOFEIICHIT T, MR v A COfRS T EIIZ W, &
AT EHZ O W T OB ITbTWnWb—J, BEE Yy oL IO EDOEE
IR ERTHDH Y a7 ERITHOW T, AVAION/AL 826 DIAMTE IR N 72 By H
RIT, Frx T AVAIOWAL S 1D A H -y a7 YV o848 & LT NbDN/AIN/NDN = £
XUy NHELEER—RAL LIZBEEE Yy FOBIICIRDEATHD, bRV REREC
fEmmfb L7z AIN Z W5 2 & TIHERED AlOx IZER L7z7 2k — L o 2O 23 R S
5o ZHIVETIZ, TIN 2Ny 77 E L LT Si HER E~DERE NDN/AIN/NDN = & & & o ¥
NS OVEREIN 2 B L[2], 88 E Ty MIBWT 20 us 22 52 b — L RIKEfH
OB L TWAH[3], LU, NONAIZ G T TH D DITH LT, AINIZAT R
ZET, AIN OFEBKIZE 20, EE NbN B EEOBE RN ST 5 4],
B2 ITAINIZEDD b RVREREL U TN MmN L E CE(CMBRER & OB EMEICE
N7z MgO IZHEA LTWAB[S], R 1ICEIMY a7 VY U BAEOEM L R DM ERIZONWT
TS, BT ERSEE LD, AL MgO LR B FERDITV TIN 2EMmE L7,
TiN/MgO/TiN #2852 /ERL L, AR % AT 10 mK (281 2 FrEE 217 - 7=,

EBHER X 12 TIN/MgO/TIiN 4 0

Table 1 Material parameters for Josephson junctions with

- EER A R T, Bl S nitride superconductors

VX —F v 7 241F 1.65 meV T, TiN ) p— Uattice
DOHEEEIRBIRE Tc 2 54K L T5 & Material structure | constant Te
24 /KsTc 1% 3.54 & BCS BHam o Tl NbN Cubic | 4444A | ~16K
EMVWVEDRS b, A OBGT-IRE TiN Cubic | 4217A | ~56K
P&~/ & 25, AN b \/*ﬂ/ﬁﬁ AIN Hexagonal | -——- Insulator
BEQYy e, H ARG EIRIC AT 20 MgO Cubic 4212A Insulator
K T 350%F2EEHINN U gR Y ilEE A

DB S D23, MgO TIX 20K IZ8

TiNMgOITIN junction 5 um square

I % HRPUILEIRC T 10% L Y o o s
INTHR R BRI R B Py S
7o FEANIZY BHS T 5, o[ =13 Aoy’
BWEE ABFSEO—EE. MEXT Q- o

LEAP (JPMXS0118068682). JST [ 2
—rvay MUERREE] 7T v 0
R &5 [JPMIMS2067] DX EIC LD
1Thiviz,

[1] C. Wang et al., npj Quantum

Information 8, 3, 2022, [2] W. Qiu et al.,
Appl. Phys. Exp. 13,126501, 2020, [3] S.

Current (uA)

Kim et al., Commun. Mater. 2, 98, 2021, [4] 4 0 1 2 3 4 5

Z. Wang et al., Appl. Phys. Lett. 102, Voltage (mV)

14%_\?(/)‘\" 22‘,1?_’4[54]5 #;:/F\%’ % 85 [l Fig. 1 I-V Characteristics of TiN/MgO/TiN junctions with a
BRI 21p-C301-5. critical current density of 13 A/cm?.
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Construction of Adaptive Quantum Circuit for Enhanced VQAs
ITokyo University of Agriculture & Technology, *The University of Tokyo
°S. Li!, D. Tsukayamal, J. Shirakashi', T. Shibuya?, and H. Imai?
E-mail: s235597v(@st.go.tuat.ac.jp

EHA in Sequential- ADAPT-VQE (Entanglement-variational Hardware-efficient Ansatz in Sequential-
ADAPT-VQE) [1] significantly enhances variational quantum algorithms (VQAs) for optimizing Noisy
Intermediate-Scale Quantum (NISQ) devices. By dynamically selecting single-qubit gates and reducing
reliance on CNOT gates [2], this method constructs more efficient quantum circuits, reducing quantum
resource demands and improving computational accuracy. EHA [3] notably improves Sequential-ADAPT-
VQE, showing strong robustness across different initial states.

Figure 1 illustrates EHA in Sequential-ADAPT-VQE, a key advancement in VQE algorithms. This method
optimizes variational parameters by dynamically selecting single-qubit gates from an operator pool. The
initial state is chosen based on a problem guess; the closer it is to the target function, the more streamlined
the resulting circuit. Although in terms of accuracy and efficiency, this approach faces challenges like high
quantum resource consumption and CNOT gate reliance, EHA (a strategy in quantum computing for
efficiently generating and optimizing quantum states by leveraging hardware characteristics and variational
methods) addresses these issues by constructing efficient circuits and reducing CNOT gate dependence,
thereby lowering resource requirements and improving accuracy.

We validated this method through computational experiments for calculating the ground state energy of
an 8-qubit one-dimensional transverse-field Ising model using the Hamiltonian in [4]. We optimized
variational parameters using the BFGS method. For a precision level of 103, traditional Sequential-ADAPT-
VQE requires significantly more iterations and resources. In contrast, the EHA entanglement strategy showed
substantial improvements, especially with the |+) state as the initial state. The EHA method averaged 14
iterations (each with 34 parameters and 42 CNOT gates), compared to traditional methods requiring up to
127 iterations (each with 127 parameters and 105 CNOT gates). This demonstrates higher computational
efficiency and robustness. These results highlight the EHA method's advantages in iteration efficiency and
stability, proving its improvements in the variational quantum eigensolver framework.

Construct Rotation Gate

Prepare operator pool Measure gradients If converged — Done constructing U(6)
Ui(8) € {Ry, Ry, R;},{U} V (H) = V(0|U'(@)HU(6)|0) Else — Select operator with largest gradient

M Uo(60) l WY Uy(do) H- | ! I8
Rxx(9n+1) Ryy(9n+2) Rzz(9n+3)
p— ly YN U6 - I T

n qubits . E>I:> . . I:> . .
p——— I U, S )

Add Entanglement-variational
Hardware-efficient Layer

Fig. 1 Schematic depiction of EHA in Sequential-ADAPT-VQE algorithm.
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Higher Order Binary Optimization: Advanced Encoding for Larger Scale
Traveling Salesperson Problems through Variational Quantum Eigensolver
ITokyo University of Agriculture & Technology, *The University of Tokyo
°J. Wang!, D. Tsukayama!, T. Kanezashi', J. Shirakashi', T. Shibuya? and H. Imai?
E-mail: s239547u@st.go.tuat.ac.jp

Quadratic unconstrained binary optimization (QUBO) is a well-known formulation that can represent a
wide range of combinational optimization problems. For solving traveling salesperson problem (TSP) over
N cities, QUBO requires N? qubits [1]. In recent years, higher-order binary optimization (HOBO) was used
with quantum approximate optimization algorithm (QAOA) [2] for solving TSP [3]. HOBO reduces the
number of qubits from O(N?) to O(N log N), however, the number of gates needed is O(N?) [3]. We previously
proposed that variational quantum eigensolver (VQE) [4], which has a lower circuit cost compared to QAOA,
can solve combinatorial optimization problems with higher accuracy [5]. Unlike our previous presentation
[6], this time we have improved the penalty function related to HOBO and conducted experiments on larger-
scale problems, comparing the experimental results between QUBO and HOBO encodings.

Figure 1(a) show the encoding of QUBO and HOBO for the TSP over 4 cities, we assumed a route that
cycles through four cities as Co = C; = C3 = C> = Cy. In QUBO, each city is represented by a one-hot vector
with 4 qubits. On the other hand, in HOBO, spin states for each order encode the city in a binary numbering
system, this allows for a reduction in the number of qubits from 16 to 8. As shown in Fig. 1(b), we refined
the penalty function; for instance, although a 2-bit binary number can represent four cities, when calculating
for three cities, the fourth city “City 3” becomes invalid and is therefore penalized.

In this experiment, we used “aer simulator matrix_product state” implemented in Qiskit [7] for using
VQE. To optimize variational parameters in quantum circuits, we selected the NFT method [8]. For solving
TSP, we prepared 10 instances of fully connected graph with random edge weight w;; € [1,9] (integers), wy;
denotes the weight of the edge connecting the i th and j th nodes. For the TSP, even at a scale of up to 10
cities, HOBO maintains an accuracy of 0.64, which is three times that of QUBO, which has an accuracy of
0.21. Moreover, HOBO reduced qubits from 100 in QUBO to 40. Therefore, it is suggested that HOBO can
reduce the number of qubits used in solving TSP while maintaining computational accuracy in VQE.

(a) Encoding Four Cities with QUBO and HOBO (b)Encoding Three Cities with HOBO
City City .
Co C1C, C3 bg by _City _boby_

1 [loJoJo] [o]o] " cityo [0]0]:

2 %%%% %E City 1 %%E Valid (No Penalty)
3 L City2 MY
4 [0 0JENo] KMol | City 3 nnJ: Invalid (Penalty)

QUBO Hoso 7

Fig. 1 (a) Example TSP solution for 4 cities with QUBO and HOBO encodings. HOBO uses binary byb; to
represent each city. (b) An improved penalty function to constrain invalid cities across three locations.

Order
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Parallel-VQE [ZHITAEFE Y X7 —1 U5 L MiFIEDKRE

Investigation of Relationship between Qubit Scaling and Parallelism for Parallel-VQE
ERBIKE' ERKF?
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7 — MR- (QPU) IX Noisy Intermediate-Scale Quantum (NISQ) 7734 A & L CJi < 58k
ENTWD[1], 2V FTIEMEEZFF7-72  NISQ 7273, QPU TO & F-#tE & f st Ek LT 7
A=A b E AT E& T - AN T Yy KT AT XARER SN TS, ZDIH 5,
BoyEEAME(VQE) I NIV =T VOREZ R VX —2 RO D FIETH D, HIEIOHET
1%, EEOBETFRIKEZIINCFLT L TNT A—Z DWW HEi#E{LA1T 9 Parallel-VQE ##2Z& L. 20
B7 vy MO Max-Cut MBI THEERE OM L2 MEE LZ[3], ARlix, X0 KEEZRBEIC
Parallel-VQE ZMH L., &1y M A7 —1U 7 LWHIEICHT HEREMEREIC OV TR L7z,

1(a) I Parallel-VQE O AT L&A T, B{FHHEHETIE, BARD8T A—4 6, .., Oy 1
WH 3472 NUnit © g &7y &R U6),.., Uly) ZHEL, [F— QPU L TIFFNIIAT
T5, ZHUCTED ., 1 BIOALD QPU FATT, KT A—FIZHILT H NIV =T H O
FEHE (H(OY)), ..., (H(Oy)) DHEERTRE & 725, i #EHRRE CIX. Unit (ZxHET 2 WIFHEIZFE DWW T
BT A—LMETHTH, L EOBEEZEEY KL, $IFHEOR/IMEDGHID/XT A —F &
4%, Parallel-VQE Tix, K 1(b)D X2, F—DZRNLF¥—F > NRAF—7 EIZTNED
T A — 2 EWIN LT D, 2D, PIINT A =X X D EFEEOE A LT 5,
AKFE% Qiskit[4]2> LRI AIHEZ: “aer simulator matrix_product state” EI{ZFEEL | HRKETE Y
Mz 120 BEFE Y FELT, 60 /— R5%EEY7 T 70 Max-Cut FEZ KM L=, NFT E[5]%
Optimizer & L C, ¢=60, N =2 ® Parallel-VQE (120 &t > ) TR L7-#55%. 20 instances 7
PR =R X =12 3.9 x 102 &7eo7, ZAUE, FEKRD VQE(60 &7 ) TR LAY
T AL F— G810 IZK LT 15 F0ELZ R LTS, LEXD, X0 KL ETE Y
b2 2 MBEICEB VT Parallel-VQE (2 X W R E N L EARETH D Z LAVRBR I T,

(a) Quantum Processing Unit Classical Computer (b) EnergyLandscape
Running N Ansiétze in Parallel Updating Each Parameter Enhancing Attainment of Lower
Using Optimizer Energy through Parallel Processing
Unit 1
H(6 . H(6
10— ue)[fA] — >0, = argmincey— |
o o 1
Unit N H(8 i _
—> 10— u(en ] — = lse, = arg min(H(8y) -l (H(O)
N
Ng-Qubit Circuit
6y H(6n))
0, o

Fig. 1 (a) Schematic diagram of Parallel-VQE. N units of g-qubit circuits with different
parameters are run on a quantum processing unit. Parameters are updated on classical
computer in parallel. (b) Example illustrates energy landscape of Parallel-VQE. In this
method, multiple parameters are optimized to explore lower energy expectation values.
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Conditional Value at Risk ZAAW\-ZE o EFEFEXIZL S
Au[RFESHERICEITH5REBR/INT A —2 &k

Optimizing Experimental Parameters for Fabrication of Au Atomic Junctions
Using Variational Quantum Eigensolver with Conditional Value at Risk
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BTE, 77— NS 7-FHE I Noisy Intermediate-Scale Quantum (NISQ) 7 /SAA[1] & FEITILTE D |
LD RTIERERE Z R 7272\, 2D NISQ ZTEH =< | NISQ (2 K D& FIREED ARk - WIE, 7 Gt
BRI X D WIFHERHE R OE /3T A —F b e A aE &1 - it 7V » K7 Y
A LB I N TND, EO—FHIZZ 57 &1 [E A i1k (Variational Quantum Eigensolver: VQE) [2]23
D, —HINETHELIT, RAEEOERFETHLI 74— Ry ZHERI= L7 fa~ A7
L —3 =  (Feedback-Controlled Electromigration: FCE) £ CD %R /X T A — X PR 2/ & e b
fEE LTCERL L, A1 Vv I~ BB LO&E T T =—F[4]. VQE[5]ZHWCHIMELED 7 ¢
— RNy 7 & Vig(%) DAT Y a— )ViiE{b 217> T 7=, 1@IZ Vig AT ¥ a— )V &7,
Vis A7 Y 2 — VKNI N TS T U —ZH5{0, 13D 5 B 1 L7 D Vg 218N 5, 651 21,
1(a) TiX. Vs 23 50%->90%->30%—> - =>90%% MV IRT A7 T a— L EEHRL TW5DH, HiFEO
HETIE, VisZm BRI E L., Vis DA Vo —VEH#E N € [2, 9 TELEETZ, N=9
D & X, VQE M H15 b7 M# D Approximation Ratio (4R) 1% 0.75 Z437-[5]. A EliE, AR DAl k%
HHJ & L. Conditional Value at Risk (CVaR) Z{#i ] L 7= VQE (CVaR-VQE) [6]% & A L 7=,

1(b) IZ CVaR-VQE Ofii{bife #2779, & FitEECIX, WHEZHE T 27201237 2
— 2P E BRI A KRFETT 5, HRGEE T, Bl S K EOREX, .. X IS 3
HEAINX—FFET D, TNOOZRUF—2FIAICW 2, WO =RV X—{E, ...,
Ex}Z2f3%, fRHKYEE a €0, 11& LT, [aK|fE £ TOERWERVF—{E), ., EugPHZfMM L
THIREZFE L, BT A =2 Ok 217 5, AEBRTIE, Qiskit[7]7> b F|H 7T Hg 72
“aer_simulator matrix_product_state” {2 CVaR-VQE #3323 L7-, N=4(36 &7 E v ), K=8192,
o € {0.1, 1}OFRMETREEATTo, ZDFER, TERTFIED VQE ZE%T Do =1 DL ED AR T
0.73, a =0.1 D& ZTD AR 1% 0.86 & 72 VHERFED VQE & EEl -7, L EX V| CVaR-VQE = H
W5 Z & T, FCEIEIZHIT 2 ERNT A —F bz T 2HBEREOR LRSI,

@g ©:0@:1 (b)[Quantum Computer Classical Computer K Shots

Eg State | X1 X, - X[aK] o Xk

> s |O)_ B B E E E cee E coe E

27 Q fiod Y L[| xg|Eneroyl Ex Es - Eg o B
200 99Q../Q > A

550>@00;" O 10) = R State |iXs Xy X3 [~ X,
20 888 8 ol | | Eneray [iE1 B2 Eia] " Ex

530 QO 0O : 0 s

320 QOO O o4 H Ok Ll o

s10 OO0 O CV‘lRa=7Z Ei S \

& 123N % I o B lak] £ ™' 8

Y Order of Vg Value 0

Fig. 1 (a) Graphical examples of the Vrg scheduling. (b) Optimization process using CVaR-VQE.
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SGD-QAOQA IS BEF T+ —F/\v I 7LTY XLOBEL
Feedback-based Quantum Optimization Using SGD-QAOA
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BAED 7 — NUE 3R ITRR Y 5TIEMERE 2 857272\ Noisy Intermediate-Scale Quantum (NISQ)
TNAANERTH Y, 5T —FTIEHRE A FF > & 7358 Fault-Tolerant Quantum Computer
(FTQC) 7 /A ZDBRFENPLEED HIL TV D, ZAULUT EV, FTQC 7 /34 A L TRhRAIICEE
TLEFT NI Y X LOMIENREAIZITOIL TS, Feedback-based Algorithm for Quantum
Optimization (FALQON) [1]i% FTQC (ZMJ 7= &7 /I U XLAD—2>TH VY, & FWrEGHE &
Quantum Lyapunov Control |Z S\ LA R LRI O KM AIT 5 F1ETH S, FALQON I,
FIERRE & L CHEASDOEREBEZ AR L%, EFEEGHE IS ST 2 &R 2 JlERE RIS
CTERIEBNT 52 L THDOEFIREZGD, NTA—FZOFEPARETHL—T, X
D FEREFIREZGLT-DICHRREFREERALIEL 0D, THETERLIE, &1 i
AT Yy R7 AT Y XLDO—>TdH 5 Quantum Approximate Optimization Algorithm (QAOA) [2]i1Z
BT, MFEZEF OFERIT 2 R eI ABLKE T 1% (Stochastic Gradient Descent : SGD) U T8
L. EAFEEOETEEZ AR L TE 23], 41EliEL, SGD % Hv 7= QAOA [A]}# % FALQON D 4]
HREELE LA L, FE2REREAZSEDBICHE 2 B RIEE R KT 5 2 & 2REF Lz,

B LICEELZT AT ALERT, ZLOIC, FEHT 007 ALy 7 7
DNWT, BED NIV =T He \IZOWTHIFHE D AR 2 kD . HIFRHEN A3 5 Wiz
QAOA B D/RT A =R B THT 5, ZOWIHAERTET —ZITOVTIT, QAOA B D /7
A—HEERT D, FEFES QAOA [FIEEN G & o BEHIRIEZ WIHIKAE & L T FALQON %
FAT L. WERR pIIE U TR B Uy, Uy ZZFRTEMNT 5, 22T, U, 1% He ORFREIFE
HE A Ug 3BT O Z ST 2R REA - Th D, AREBRTIL, Qiskit 2> HFIH ATRE 2
“aer simulator” F|Z SGD-QAOA % i\ 7= FALQON %% L7-, AlullE, 6 / — K® Max-Cut [
% He E LT~y 7 L, FHMIHEEE L LT, BEMNE D72 E|A (Success Probability) &
FV 7z, 50 J& > FALQON [HIB§IZ K Bk 5, SGD % iV /= QAOA Z M LA L8 Leni
A @ Success Probability (X140 0.46, 037 L72-7-, LIEDOREFR LV, SGD % AV 7= QAOA
BIRZHAT 22 L TRONTCETFEIREEIZCB DT HBOENR 325 Z LRIy,

B <
52 M By
=g

Stochastic Gradient Descent
Ves1,Bei1) = Ve, Br) — NVQAOA(y,, Br)

gy
D] Sem | D

Training QAOA step FALQON step
Fig. 1 Implementation of FALQON with trained QAOA. Parameters of QAOA are trained using SGD.
As initial state for FALQON, the quantum state generated from a trained QAOA circuit is used.
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ASBIEE A B, RHIETIL, HEAORFERE LY., SR ST EFRORT E Y
EINT, NS Y = 7 TR TR % BT S REEMNT 5.

ARET, BT 2EFE2HET S TEFRE LT OFERFIEELR—A LT D, BFFEE
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Radio-Frequency Reflectometry on Bipolar Silicon Quantum Dots
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TR, Bfarta—7 4y ZIEIRENREREZET TS, 2 Thy U arEfey M
BEAF O B8R & BLIFER E <, AT —TF TV T3 ¥ a— X OERBUI T 7oA L7254l
LENTWD, YU arvEfF Ry hHOEFAE AL, A kO BHGIARFLIEF 05280
NS, Ehabe— LU ARSI LI TH Y, BAICHIESNTX T, —FH, ©E
LA ANTFROAECHUEF AR LY | BUNEa 72 & OBIEE 22 L CESERE) 0 5 e A
EUBENFRETH V1], BRILIZBWTHRRERHD 2 b, ZHL EFEERZHED T
Wb, AKEFETIE, INHDRORTFv—7 ZHIE LT, IERIE~DEE A A v F 7 — |
THU A 73252 E T, nB(EF) L p BOAEFL)DFFEZ Rl —F v r/V L THI Y B 2 rRE 22 8E %
BT DHNRAR—FHI ) a1 Ny b (Figure 1) OB EEHEZ1T-> 72, 8 SCHHEE
L. mABAES (100 MHz~1 GHz f2E) Z7 /A AZHMML, £DT A ADA =X
2 U TR S 1575 & fil

N N Switch gate ——_e
*ﬁﬁ‘éi&f‘&)é[ﬂo I e e e

DFBERE MHz OWE gnal

B & o T B0 B RS I =>
TEEARMESTETH D, # nn—— g e
BT, A B SR E v 2 H
WTR=T /A A LTEFAE Figure 1. Schematic of a bipolar silicon quantum dot device.
AR LA A s e (otarity of he. channel can be swiiched by

05 Fr 5T P - = adjusting the switch gates. A resonant circuit for radio-frequency
DHEEAT > T RERIT DTk reglectometry is connected to the channel.

Switch gate

- Switch gate Switch gate

T AOTETH D,
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PUAarES Ry FEAWEAECEFE Y M @WOEERSEECBEAF O 5N TE 2 %) 1
L7emBEREORTEAEZED TVD, ORISR TE Yy hOEFEMEN/NSWS ) a2 &
Ty FEERETDICHI-> TRERMBELRY 5200, BFRVFTERICHEST D /) 4 XM
BThD, FERIZ, T L2EFE Y MEHTRW A ZHERH L Z & BITFERE SN THWD[1],

AR TIZ, vV a v AV EFEy M THEWRER /A ZZER L, ERAEICES 51
A ZAHBMEFEZMNLT 22 L2 BIE LT, HETF v X2V OZNZENICENTETF Py F&jE
L. &F v X Z D ERER (o, Ion) OO S EDORIKHIEZTT-72 (Fig. 1), £D /A A
Bz (BCHBR A X AT M OBMEENZ L > T) B EMBEA~ b i v CEE
iHE L7z & 2 A, Fig. 2 (- BRI E DS BI S ivic, £ OBIBITER /A AR L S D ZHEAL
% (TLF) 228 EE LI ET VTR THD Lnhole, EHIT, WEMELERLETF Ny b
DIGREALE Z H# L CREROMIEEIT S Z & T, /A ZMHEBEN & Ny MEBERECS L, 7Ek#H#
HRIEFE LR WIEEERR 2R Z =T 2 2 R Lc, KFEZ, ICRFEDOA Y TR E
MAT2HEID S ERHETHRMICHETE., IV ZRREMHTTHEMATETHD &V D FEE
AT 2, wE T, ERIETITH LW EB 2 oD “EHEF Ny MNEZDOEZEMZ2HEBEIES, 0
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Fig. 1 Schematic diagram of the measurement method. We form Fig. 2 Noise correlation strength (green trace) along

quantum dots and confine electrons in individual channels. with a TLF model result (red dotted line).
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VIVAACUVETE Y FOETRVEIEICREN T, HEOETE Y MIMb L /A XOFBIFHE

(FHEAHBARME) Z B2 Z LIFHETH D, HATHIZETIE, BET L2 ) a2 &FE Y b
(X L TEM /A XKD A AOFEAEEARRE STV LA, Z 6 D/FFE TR, /A Xl
ENWZAE TR EZFAL TEBY | BRI 2200 > Tz, K0l - 5 7048 A AR B O HIE
FIENFIHTENZ, &7y FOERBICmIT 7/ Er 2 Rl 2 rTRBIC 7 5 i S D,

AT, vV arv&fFEy hTF A 2R OER ) A RTEREZ YT, 1ERFIEL Y B 5 2ER
WIE F9E 2 AW CZE O AR 2 57 L 72, EBRICIT 300 mK OMKIE FIZFE S 7z n-MOS Al U
ay TEET Ry FEHW, = MEEVL VR)EHSI L TT 3 X & it 2 & ii(Isp) 2 JIE L 7= (Fig.
1), "V AEFZERMT 22 LT, HEE&TF Ny MINb 5 7 A ZNTRREYITHEUE 2 HIE S ML, M IIZE
FLERELRLICHEL, F&F Ny MBI 2EM ) A ZAORRY|T — & ZFRRIE Lz, [T —
Z BT 5 2 & TR Hz LU T O B TR Ky MR OER /A AFBE AR L, KT 0.5 2
FEDFEBIREE 2 BLHI L 7= (Fig. 2), i Tlid, AHIETFIED EMEMEIZ OV THREE L 72/ RICSOW T H i
YO TETH D,

AT IST Moonshot R&D Grant Number JPMIMS2065, MEXT Quantum Leap Flagship Program (MEXT QLEAP)
Grant No. JPMXS0118069228, JST PRESTO Grant Number JPMJIPR21BA, %} #F # (JP23H05455, JP23H01790,
JP23K17327) D 34 % 52\ F TEAT S 4Tz,

[1] J. Yoneda et al., Nat. Phys. 19, 1793 (2023). [2] J.S. Rojas-Arias et al., Phys. Rev. Applied 20, 054024 (2023).
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Fig. 1. Current (Isp) through the device as a function of  Fig. 2. Correlation strength of charge noise in the

gate voltages (Vi, Vr). The two legs of the trapezoid double quantum dot. It reaches about 0.5 at around
current region are respectively sensitive to noise acting 102 Hz.

on the individual quantum dots.
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towards the realization of emission-absorption type diamond quantum repeater
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Fig. 1 The Polarization state of the output photon is
transferred by quantum teleportation. The measured
fidelity of the photon’s polarization state was around

65%.
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#%J 5, ZOMEZERT 570, HHEEHCTORTEEICIVET Y Y P 2EKOW
HEEIC OS2 2 B E AR EFTEHZED TS, 2L, BoEETEY M &
EEEAE A VRE R GHz DR % Fio~ 4 7 n lEMW)e I3 EifRb </ 4 Xicld hC
LES 720, GHEHOBEICHV2 2R TE Ry, ZOEOMWETR2EIRTD /4
RN I WEE THz L ED@EREF~ e BT 2 B A v X —7 = — AP BE L 72 5,

FfTifgE T, ) a v ofElE N 7 X H = A AR (OMC) & TN 25815 At
T e 74/ voiiirGEz w25 2 LT, BIEERTEY Mol MW ET %
HWERETFICEI T 2 HAEERAITTON 2, HRGHICE ) A ABRE-INTLE I
Bicky, BEIEIGFIRIN TS, A FBMBEENFH XA Y F T OMC %1/F
B3 252 LT A XEEOBEREZAATND, ILIGHEEBERAETLE 74/ YOI L
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OMC & tarfLoFHli OFEMIc oW TR 2 FETH %,
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MEEDT=DITIINT 7 A N— DEZIRES 2] BFRIRTH %, FHI, EamEO R VK%
R—= M TEZ LT BERAAYEY R BB LG S KT 7 4 N — O EE R
HETH D, XAYEY NER EICEE 4],  LAGHEREFAVCTERK[S] LRI L —T 4
VIREDMEDRDEZH, BV v IRT 7 AN—EHRBETICTH 2T, X5k 5/,
EREENRHTE 2 b PRI D, RERTIE, K7 7 A N—DHHINY b - Hy T
TTREELEAT TRIE AL YEY R IV 7 4 BRI OFREHZ O W THE 5 3,

11z, SRR T 274 ZAOMIEKIR O 3 RTEMA S I 2 L — a Y EHVWEIEMRE
R K7 7 43— (HP630) DHHMENC, 7T N7 A HYREZ (6] SN b« I TV LT
WETH 2, FERT A —ZDFFMICOVTIIYHHE T 2, K1) KU (b)iIczhzh, 7LX
7 A OHYUTHCLE L7z x-JT A 2 A R — L OHARIFHIFIRE (19 = 637 nm) 1IZBF 207 7 £ 8 —
ATy TV T AR OEREBE—F (EP@z=0) OTERT, HREICE 2 X4 K-
L — b DR (OS—L I UIR) 1% Fp = 75 (GHRES Q fH 1200, E— R Veg = 1.2(10/ngia)>)
THotze Tl BAR—ADSHE L2277 — 120 U TREINC T 7 4 N—F— F & LTl
T2Hy TV ITRE () 13028 THH, AL ITNR7 A HiREE (FlL) BT 20491 > X
(NA=0.9) ZAHVIEXRB I T 7 4 N=h v TV ¥ 7 L7BEDORF 0.055 (ot = Mtop XTINA XTfiber)
EDH5EULEELS BT VWS, G NI XAXYEY ROFEFMEZ Yy F UL T7 TV v
DR CEE ) ¥ M ERIF L 71 ROFEEE HIE S,
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Fig. 1. (a) Coupling and propagation of light from an x-dipole positioned at the center of the bullseye cavity to an optical fiber
at the resonant wavelength of the cavity. (b) Spatial distribution (inset: magnified) of the cavity mode (|E[?) at z = 0.

BE3HK) [1]P. K. Shandilya et al., J. Light. Technol. 40, 7538 (2022). [2] M. J. Burek et al., Phys. Rev. Appl. 8, 024026 (2017). [3] A. Faraon
et al., Phys. Rev. Lett. 109, 033604 (2012). [4] J. Zheng et al., Opt. Express 25, 32420 (2017). [5] R. Katsumi et al., Appl. Phys. Lett. 121,
161103 (2022). [6] W. B. Jeon et al., Adv. Quantum Technol. 5, 2200022 (2022).
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HERZEBRL, BIRENBTA VX —T 2 ARAREICT 2 (1], LELEDSS, ZO/ERE
DG EHNE L. TNETOMEFIIRONTMBIH TN —TITE2DONIFE AL 2][3] TH o7,
Fald, IVENBTRORME 2 AT 2HERE LY X4 Y EY P (4] ECHHAREmBIRE
DIT7 Ty IHEERERATRERE ATy F Y 7RV, BATRIIDTZ 7 7Y v D87 4 b
= v ZHEEIERER (PhC) DIEBLCHEI [5](6] L7z, SHIX SIC/EBEIN D 2 Mt L7z DT,
ZORRZWHET 5,

B 1(a) WS EIEE L 72 7 ©— 28 PhC OB THEMFBRZRT, MEEDHE D LB T3
DD, FoZFD LT 7Y v IR PhC DREFOBETE S, X4 YEY FIZBIF S PhC ¢
R—=YDIyF U TDIHDY ALY LT, PECVD T L7z 100 nm @ SiN % vz, Fi-.
METIRXRICEIPBELY F U 7OEMZEE L. KD EBECHEHERAEEZ R L, FHME
Ty F 2 2NT0tS 2 HIEED CREEIIETEI O [5] & [FIBkIC ALD TIERK L 7z 20 nm @ AL Os &%
fEHL TV, K 1(b) 2, HEE37Smm OfifieL —HF—%2H W7+ P LrIxty R (PL) AR
7 MVEIRT, PLAGED S, K 593.4 nm IZBWVWTQMEQ~1000 ZH L., F/ £ — 2 Dft/M
IR L HHRERE— R — 7 08I C 2 7z, IR — FOFMRIITIC OV TIEY B E T
%, BEDQMEIXHEESER DM X 2 ¥ OEICB T 2 R —HERICHERERI A TWI L E XD
. SHRIOREZ T AEHFOREIIC I DBEET 2 L HIFRFL TV 5,
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Fig. 1. (a) Scanning electron microscopic (inset: magnified) image of the fabricated air-bridge diamond PhC cavity. (b)
Measured photoluminescence spectrum from the fabricated PhC. Inset describes the polarization of the cavity mode.
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82.4 W[LINFHESN CTLIkBRE CHERETE TV o7z, Ll 20244, HilfE v A B9
MAEBEA LT/ A REEET 528 T, BIEORFEEZ 96.0 %E TEATES ZLAVRENT
[2]. A%, FAVETIEO REZRKMEE THREE A M E L TWIZIE, NV B ¥ —Z T 2% %
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BOMSG TTIRALTLE DL, EFRMNICHEBIND Z LITRETH T,

Z ZOARMIFRE, EFRESHS L THEED H M &M NV & % —0 14N A B2 2l
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Fig. 1 Transitions between nuclear spin Fig. 2 Our nuclear spin polarization idea with waiting time

caused by off-axis magnetic field

*This research was supported by JSPS Bilateral Program (JPJISBP120238803), JST PRESTO (JPMJPR20B1), 2020 research
grant program of lzumi Zaidan (Japan), Suematsu Fund (Suematsu Award "Fundamentals and Developments of Innovative
Value Creation"), NRF program (2U06630), and KIST research program (2E32241).

[1] F. Dolde et al., Nat. Comm. 5, 3371 (2014), [2] T. Joas et al., arXiv:2406.04199 (2024)

© 20245 [CHEMEBEZS 20-029 KS.2


mailto:kimura.e.ab@m.titech.ac.jp

18a-A32-10 BIEEGAMELAKSLMHES HEFBE (2024 KHAVLIEN22B&ASY)

BROHLBIEBRICETEIEFRY P70V VT
Quantum network sensing with lossy channels
BXEI LH %X, ER W 0# J+4Fz7, BEA E#
Keio Univ., Yoshihiro Ueda, Makoto Ishihara, Wojciech Roga and Masahiro Takeoka

E-mail: yoshihiro_u@Xkeio.jp

BFRy =02y PI3SEe 2 TN A R EAWS Z LT, EEHONT A—X
Z i MR AR OB E R SHEE CTX 27201 EH 28D T 5, ITHETIE, KO GHZ REE[1]X°
~/VFE— RO NOON KRB &2 L2 L FEAEER bIThN T\ D, —F, BLEDICH T,
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NEISH U, Fil- Bty hU—2 v v 7Vl RERE L, Z OHGRMANT 21T - 72(Fig.1(a)),
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