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Hybrid integration of a diamond waveguide onto a SiN waveguide by transfer printing
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T8 — LRI OER[5)1EZ O IR E —ROBLRI6IIC DWW THEL TElz, 4R L&A1 ¥
— 7 2 A AEBRICINTTE S LT, T/ —LAEERSER A T A AV BN E R ARG
UUMETIZEY SIN BRI RIZEET 28I LIzD THE T2,
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Fig. 1: (a) Schematic illustration of a SiN-diamond hybrid integrated structure. Light can transmit from a SiN waveguide (green) to a
diamond waveguide (yellow) via the tapered region. (b) SEM image of a diamond structure to be transfer printed. The waveguide has a
tapered tip and a photonic crystal nanobeam cavity structure. (c¢) Optical microscope image of an integrated structure. A diamond
waveguide with a PhC nanocavity structure is placed onto a SiN waveguide.
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Reference: [1] T. Schroder, ef al., J. Opt. Soc. Am. B 33 B65 (2016). [2] C. Bradac, et al., Nat. Commun., 10, 5625 (2019). [3] N. H. Wan,
et al., Nature 583, 226 (2020). [4] K. C. Chen, et al., Optica Quantum 2, 124 (2024). [5] A Hfth, %5 84 BUSHIAEM TR 2AMTHHS 21p-
A302-5 (2023). [6] K. Tijima, et al., PDW 2023, P-8 (2023). [7] R. Katsumi, ef al., Optica 5, 691 (2018). [8] i, 45 82 [EIi&MimELs:
DRKENTRER S 13p-N321-1 (2021).
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High-Q 2D photonic crystal nanocavities with asymmetric glass claddings
Kyoto Univ. !, Sungkyunkwan Univ. %, °H. Kim!, B. S. Song'?, T. Asano!, S. Noda!
E-mail: songwiz@skku.edu, tasano@qoe.kuee.kyoto-u.ac.jp, snoda@kuee.kyoto-u.ac.jp

2D photonic crystal (PC) nanocavities with high quality (Q) factors, small mode volume, and high-density
in-plane integrability are very attractive candidates for various photonic devices. In particular, nanocavities
with claddings such as EO polymers and glass have attracted attention because additional characteristics, e.g.,
electrical modulation and structural stability, can be obtained from the cladding materials. However, to
achieve high Q factors in conventional 2D PC nanocavities, index matching between upper and lower
claddings, which is essential for avoiding TE-TM coupling loss, has been required. Although such index-
matched structures can be fabricated by infiltrating and covering the lower and upper sides of the photonic
crystal layers with cladding materials after undercutting the lower oxide layers [1], these processes are
difficult to implement in large-scale photonic integrated systems. Moreover, the applicable cladding materials
for such processes are limited. To address these issues, we have proposed a design of 2D PC slotted cavity
that suppresses TE-TM coupling loss even for asymmetric cladding structures, thanks to extreme light
localization in a slot with sub-wavelength width (mode volume V ~ 0.1 (A/n)*) [2]. In this work, we
experimentally demonstrate high-Q 2D PC slotted nanocavities with asymmetric glass claddings.

A 2D PC nanocavity with modulated lattice constants of a; = 420 nm, a> = 422 nm, a3 = 424 nm, and slot
width of Wsot = 0.22a; was fabricated on a SOI wafer consisting of a Si top layer (220 nm) and a thermal
oxide bottom layer (3 um) by using e-beam lithography and plasma etching. Then, spin-on glass (SOG) of
hydrogen silsesquioxane was coated on the cavity and cured at a temperature of 400°C for 1 hour with
ambient N> gas. Figure (a) and (b) show the top and cross-sectional SEM images of the nanocavity before
and after coating with SOG, respectively. The SOG is infiltrated into the slot and is uniformly coated over
the Si surface with a thickness of 610 nm. It has been reported that the refractive indices of SOG (annealed
at 400°C) and thermal oxide layer are 1.37 and 1.45, respectively (the index difference is 0.08) [3]. Next, we
measured a resonance spectrum using a tunable CW laser (4 = 1480 ~ 1630 nm), as shown in Fig. (c). A
resonance wavelength of 1595.56 nm and a narrow linewidth of 2.53 pm were obtained. The corresponding
O factor is 6.32x10°, which is four times higher than the previously reported Q factor of a conventional (slot-
less) glass-embedded nanocavity with an even smaller index difference (0.04) between the upper and lower
claddings [3]. This demonstrates experimentally that our slotted cavity is very effective in suppressing the
TE-TM coupling loss in 2D PC slabs with asymmetric claddings. Details will be presented at the conference.
Refs.: [1] B. S. Song, et al., Opt. Lett. 36, 91 (2011). [2] H. Kim, et al., JSAP Spring Meeting, 22a-11E-5
(2024), [3] S. Jeon, et al., Opt. Express 18, 19362 (2010).

Q=6.32x105

—>||+— AL =253 pm

Thermal oxide (n = 1.45) 1595.5 1595.54 1595.58 1595.62
Wavelength (nm)

Fig. (a) Top and (b) cross-sectional SEM images of 2D PC slotted nanocavity
before and after coating SOG, respectively. (c) The measured resonance spectrum.
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Development of diamond quantum sensors based on
1D photonic crystal nanobeam cavities
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FDTD simulation of light-emission characteristics of organic semiconductors in photonic nanocavities
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Study on alignment-free hybrid integration of cavity-based telecom quantum dot single

photon emitters on a Si photonic chip
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e FIG.1. (a) Device Overview. (b) InP cavity waveguide design.
H#ET 2, (¢) Coupling efficiency between an emitter and Si waveguide.
BEXH ']. W. Silverstone, et al. IEEE. J. Sel. Top. Quantum Electron, 22, 6 (2016). ?R. Katsumi, et al. Appl.
Phys. Exp., 16, 012004 (2023). *S. Bandyopadhyay, et al. arXiv 2110. 12851 (2021) 4A. Enderlin, et al Phys. Rev.

86 075314 (2012)
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Proton irradiation test for charged-particle-sensor module using a photonic crystal
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Osaka Met. Univ.', The Wakasa Wan Energy Research Center?
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B Fexid, 7+ b=y 7fEshE O 2ERERR B 2 58 L C & 72[1-3]. 74 b=
v U REEREWR T S EMRIANTE T 7 ANE T 2 — VB L, KAFHA - FRIZB W
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F 7 BOTEEC TR T 2720, HESRPHESEICTRWE B bD . T b OEA D)
5, 2Oy 2FHRICHER L, THZEROMERN FHREICHHATL2Z 2L TWD.
INETIC, BEE T TOEMEMBREIZKID L TWDR, B doE MR L7 —2 0
KIE, BEFOFEITIE, FHBERCRT D INERE A D NER B 5. A, BBt
BEHNZ L DB VD 2 — L ~OREMMELZHE LD THET 5.
EBRFE-HER M 1(IEERROMELZ AT, BBV 2 — /MIEZET v U ANICRE L,
T ANT 4= FANV—%r LTHMNRON TR B LT, A== Ix vt MEAF
— F (SLD) 25t SRR IZ AT v L ABDE Y 2 — LV ERICAS L, Y2 —/LW
HICEB SN AR EFE LT T+ h=y 7 RIS AT 5. Gl E S
W L7 DTN O 7 7 A N 2@ L TR S, ERIL, BB L —ifEe ¥
—®D200kV ¥ A 7 A FPRA FAEANIEE 2T L[4], EZEEE 1.5 x 107 Pa, IRJE 21°C
DEMETITONT.

B4 1(b)i%, 20keV, 20nA/em? DM THF#i% 3 BIFGT (% 60 7)) L7 & & 0@t
DIFHZENTH D, B HRIRSRHOGRE 25 L, M2 ITR 4 IZEE L72as, RERTo
SREE F CIXEIE Lo Tz, SEHEDOR/D A =X 2%, B IBEHC X 0 A UERIC X
LEHBEF Y U TRINE, Si NERICA CIeRMERINE B2 TWD. FEMITE A®E T 5.
[B#E] AWF%01% START, FHfF% O Z %17 7-.

[23%&3C#R] [1]S. Yasuda, ef al., Opt. Express 29, 16228 (2021). [2] M. Fujimoto, et al., Opt. Continuum 2,
349 (2023). [3] Y. Takahashi, et al., Opt. Express 30, 10694 (2022). [4] S. Hatori, et al., Quantum Beam Sci.
5(2), 14 (2021).

a b
@) () Proton irradiation
Vacuum chanber Temperature control
1.00 = v ~=
Sensor module -
3 Attenuation
T 0.994
Proton ® @ -
—> Fn
beam =
® 2 0.98
Q
t E
Fiber Feedthrough o 0.974 Recovery
£
E 0.96
— | L= 1 ©
SLD Fqu |OTF| x 1 |‘: 0.95+
isc:Ia?(r)r Foomosemes Chopper
‘Reference T 1 T
— - 0 500 1000 1500
Lock-in amplefier Photo diode Time (s)

Fig. 1. (a) Experimental setup. (b) Temporal change in the intensity of the light transmitted through
the module due to proton irradiation.
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Optical functionalities based on time-reversal symmetry breaking induced by
sinusoidal modulation of coupled nanocavities

RARBEL OkiLrER, &EFH, FFHHE
Kyoto Univ. OR. Nagae, T. Asano, S. Noda
E-mail: tasano@qoe.kuee.kyoto-u.ac.jp, snoda@kuee.kyoto-u.ac.jp

[F] 7+ b=y 7kt 7 BRSO A NMARE T ICRIFHIPACiAD 5 Z LRk D729
TR T DRI AT O Z LK D, BIXIFEEOIHERZ A ST RICB W T, LHE

SRIED O JEITRZ WA E L S D 2 L T, HERM TONIRENEBLIHAKD D, Fo B
WOEITRENAFHAT 5 22 & THRIRGHIIRZ b O A2 R TE, ZE2FHT Ik
AR 72 SEBEDN ATRBIZ 72 23 3, BURBI R HEREIC DWW TCII S E W IRB SN TV R o 7o, L
T, W R TR nFiI &V B oS B SCEn e B & B 5 2 & 2RI L 72 S AR
U o Z IR DI T S A AT T TITREINTWDED, IR ICHEFI e T 7 a2 v
72 b OISR ERET SN TR 49, Al SHEEFE AR O IR AT 2 AW TS A AR O Hl I

D, —HlE LT, Y —F 2 L—FHREA BT 2 HEZHG Lo THRET 5, [RELER
FiE] K1 FAERET IV —F 2 L—FOEAKTHY . ETD 2 >OREI :/\ﬁmﬂ\é
R 115 2R (A, B,C, M1, M2) 2SFEGE L2 R TH Y, HHRER A, C OHLR)E EEBITE
WAEHEZ BIXQETBEH L TR0, &6, Zh &8 L T2 3RS M1, M2 12 zi
IRF ] SRS R 2 Al 2 7= DI B A2 20040 (64, 92> Z b2 DOIEKIRAET (FAREHEQ) b
STND, ZOEFNZLVAETL LA KAV RE LTRSS A, B & B, C MIChiE%E & ofk
BV, BRI 1 2R THAKFET H0FH (A—C THO—62), C—A T-(01—6,) ZHEEHIK
HE T D, —0F, RREE 2 1T IANTRAT LR VWMBIRGLFE 60 &2 6D, Z 2T, 2 DO OAAH
Z Op=01-0=7/2 & LT2IRRET, A— M L2, RIHOAH12E x5, £, A—FL2202HD AT
HIF BT 2 DO 1, 2 125305 THEAZ N E DN 2 MG L2 RIZA T T DERICHRD A,
A—FRI DL HITEND, KFHZAR— |k R1 225D ATIHIE 2 DOREREE TOMEISNAHIZ K> THT
BHEND7dR— M L2~ snd, RoVICAR— MLl ~HAhENhb, ZOLHIZLT
P—F 2 L—FEENRILIND, SIS B HRET S, [XER] [1] M. Nakadai, et al., Nat.
Photon. 16, 113 (2021). [2] KILFMEA i, J&4 2023 &, 15p-PB05-7. [3] fHfUEZE fth, i 2017 #X,
7a-A410-4. [4] Mock, A., et al., ACS photonics, 6(8), 2056 (2019). [5] Williamson, 1. A., et al., ACS Photonics,
5(9), 3649 (2018). [#FE] AWF7ED—BIIREFE 22H01988 D XAE %52 1T 7=,
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Investigation of flat bands in bilayer one-dimensional moiré photonic crystals
with staggered potential (I1)
Keio Univ. 1, RCAST, the Univ. of Tokyo?, ° S.M. Truhsin?, Y. Ishii!, T. Ito! and S. Iwamoto?, Y. Ota’

E-mail: trushin.stepan@keio.jp

Moiré photonic crystals (PhCs) offer novel approaches to control over the flow of light and have shown
intriguing phenomena including flat band light localization, which has been utilized for high Q factor
nanocavities and nanolasers [1]. Bilayer one-dimensional (1D) PhCs are one of the simplest moiré photonic
structures but have been a profound playground for studying high-Q cavity formation in flat bands [2].
However, there has been less discussion on which factors determine Q factor of the localized modes.
Previously, we reported flat band light localization in bilayer moiré structures formed by 1D PhCs with
double periodic modulation [3]. In this contribution, we study the very similar bilayer moiré PhC and report
that the relative lateral shift of the bilayer largely influences on the Q-factor of a flat-band localized mode.

The investigated structure (Fig. 1(a)) is formed by two 1D Si photonic slabs with N and N+1 unit cells
with mismatched periods of a; and a. Each unit cell (Fig. 1(b)) consists of two rods with widths of f;a; and
foai, where fai# fia; (i=1,2). We investigated two configurations of the moiré PhCs with different relative
shifts 4s in the unit cells defined in Fig. 1(c) and (d). We numerically analyzed the two structures by the
finite element method. First, we studied the response of a moiré flat band to the variation of interlayer
distance L. As seen in the upper panel of Fig. 1(e), the two curves behave similarly but the positions of the
magic distances are modified. Next, we studied the impact of 4 on Q factor, as summarizes in the lower
panel of Fig. 1(e). As L decreases, the Q factor of the flat band mode designed with A= fiai/4 (4=0)
increases (decreases), with the maximum value of 1.8x10% (minimum of 300) at L=0, resulting in the

difference of the Q factors by a factor of more than 6.

Acknowledgment: This work was supported by KAKENHI (22H00298, 22H01994, 22K18989), JST
CREST(JPMJCR19T1) and JST FOREST Program (JPMJFR213F).

References: [1] X. R. Mao, et al., Nat. Nanotechnol. 16, 1099 (2021). [2] S. Chirine, et al., Optica 11, 245-250
(2024). [3] S. M. Trushin, et. al., JSAP Spring, 24a-11E-1 (2024).
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Figure 1. (a) Investigated structure. (b) Respective unit cells of the PhC bilayer. (c) First unit cells for the moiré
PhC with 4=0 and (d) for the case with the unit cells respectively shifted by A= fiai/4. (e) Bandwidth of the flat
band mode investigated. (f) Q-factor as the function of L. ag is ag=(ai+az)/2.
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Investigation of moiré optical nanocavities based on stacked photonic crystal nanobeams
BIEEL, LW CMFE BM'. BHF EH ', S. Trushin', BX B2 XH RK'
Keio Univ.!, RCAST, the Univ. of Tokyo?, °T. Itol, Y. Ishiil, S. Trushin!, S. Iwamoto?, Y. Otal
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EUDIZ ET V74 b=y ZfERITZERE O THIC L 20 Ril#Ez2@ LT, 77 v A
v N ELRRBIGRERT[L, B TH. 7T v bRV RHREEIEH LN RS~
JERMREIR S, BRAx 27 4+ b=y 7R THREIA R STV 52,3, AiRIFR A 1%, HJE W
BEMATZ1IRITT & b=y VRIS EDBEET LRIZBWT, 77 v by RO
M 95 2 & Liz[4], ARl Aotz B =27 b=y 7 fEicEfA+5 2 & T,
SUWTTAHBEIZB VTRV IERENEE 5 Z L 2 R LI THET 5,

R AR LIHEEE Figl@icrd, 2 A0 GaAs 7/ E— A7+ b= v 7 ik (E
#:250 nm, 1i@:400 nm)23VEEE ST\, Figure 1(b)iI2 T X o i EFERENDF /7 B — A1FH
LW A ZDENZ L > T oHEAHEREZIMZTJEH a1, a2 D7 4 b=y 7 TH D, — DD
T ar(N+1) = aN TEE S EM T K o TEBIA = ay(N+1)DE 7 LS T2 FERk L
TW5, —EAHOFIZ ETFOMFLOALED T LWEIELD 2 D(AA, AA) & e B BfEIL T 5 FEIB(AB,
AB’) 3 T & % (Fig. 1(a)).

(@p A= N+1 (d)198 T
=LA IREEFRIE(FEM) i 2 ) k: LJLH".
ZRWVCN=13. B i s (0 196/ ST
B LAY
M2 0 & LCRHET S el == Em ....,..-._
= ] ®es
L Figl CZRT L9 : g 'lif“
, N (b) glgz-;;;g: 338338880000
AB, AB’ 1 b THIFIE k: .
EaRLlz, ZOF— R ' o 100l e, '
Fig.1 (d) ® 73 B £/ T T“%“;nwf
lSSF XM

192 THz TR S 4L
=75y koA RICH Fig. 1(a) Widg-view_ ar_wd .(b) close-up schematics of the invgstiggted
i structure. (c) Field distribution (]E|?) of a flatband mode showing light
SWTWS, FEMIEY  localization. (d) Dispersion relation in the moiré Brillouin zone. The flatband
Hied 7 (red line) is responsible for the localized mode shown in (c).
S 3CHK [1] H. Tang, et al., Light Sci. Appl. 10, 157 (2021). [2] X-R. Mao, et al. Nat. Nanotechnol. 16,
1099 (2021). [3] D. X. Nguyen, et al., Phys. Rev. Res. 4, L032031 (2022). [4] S. Trushin fil. 2024 &5
24a-11E-1 (2024). #EE AWFILIE IST APEAOAFZE SR 3 JPMIFR213F 35 X OVEHF#E 22H01994,

22H00298 (Z L W H(T S 7z
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Investigation of nanocavities based on twist-stacked valley photonic crystals
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Keio Univ. !, RCAST, the Univ. of Tokyo?, °y. Ishii!, T. Ito!, S. Trushin!, S. Iwamoto?, and Y. Ota!
E-mail: rinkobu@keio.jp

EUHIZ 7772 REBERY A VT A R(IMDC)e & OEIRWE X, VA A MEEIZ
FOET VKT EZEMT 52T, BNy MEENERSNH T 2R RET 5, RO
KFT e s L UTREB T 2RITE7 + b=y 7 #E5EPhC)ZFH LR TiX, FFEDY A A MM
T7 Ty MY RHRIENEC D[] ERHRESNTWD, Fixld, TMDC %4 L 72 3L —PhC
WX DEEET VB FIZBWT, /SL—PhC 28 K ATV Ry v 7 2R3 2 L ICBE LT,
7772 BRELTIZRE D BIRVWRT A — 2 HHTRUVERENEL 5 Z & 212G LT 5D,

A alFe 4 13 AL DS L —PhC ZJEHEEHE 0 TY A A MEE S E7-ET VB2 o0 TG
ATV, KDY A 2 MEICBWTRRENEL D Z 2 A L7z THET 5,

R MEI LY A R MEE /L —PhC (TVPhC) 5 72 5 € 7 LB 1% Fig. ()2~ d, HTFE
H a, =600nm DONFTHEFNE2D ZfAF/NL—PhC (A7 78t = 250 nm, JEITER n = 3.4)73,
JERIERE 0, FAXIAEE 00 b L TY A A MEE SN TV, AEZET LEALI CXY) - /-1
WEIZRE L, ZWot FDTD BT L 0 Bl f#kT 247 - 7=, Figure 1(b)IZI & 1.59 um THREZRT TE
T— RO DA E T, AA A MEFFHCBW T, EFEOWTIIZE O TH M RIEL
T\, 7z, Fig (WA EOK T HIER T HREE— RO Q EAOE— RIER VOB R
o 0Z/NELTHIZONTRHEET—FDO ONPRESHRLTND Z LB D, VIZOWT H
KTDHZENghote, EOMEERITY HRET D,

2 CHR [1]H. Tang, et al. Light Sci. Appl. 10, 157 (2021).

21, K Hft, 25 84 [ES PR P K FRFINGR T 22, 22p-A308-13 (2023).
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7 LA ZR U = 3 &t ToF-LiDAR
3D LiDAR system based on dually modulated PCSEL and single photon avalanche diodes array
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[(FF]l 7+ b= Z7#if L —Y —(PCSEL)IL, 2KIL7 4 b =v 7K OFEA(T . M) T 5 IR
ERZFA L7z KEfae — Ly MREERL—F—Th b, Fxld, M s CTEIET S PCSEL (280
T, ZZALONE & RE S ZFRFICETT HEALEHM PCSEL #42ETH L L i, £OT LA{LIZEY
BRI 2 e — 2R D, B—R 1o 77 vy a BEBLORIRZ SR 20k Lz, &
7=, Balt, Kifs « @t eicmid 72 2 S\ 0% PCSEL DR L FEIEHIT> TV D Y, 6T,
7578 PCSEL OBAZIZIN A, £ b &2I5H L7- LIDAR ~OEHHRATHS, #lxiX, ZhE T, 7
Z v v a B L OV — A EBER O ZEF PCSEL & CMOS %0 indirect time of flight (i-ToF)1 A 7 %
72 LIDAR OBRF 1T TRz Y, AllE, L0 EERBE Y17 /3T > = &1 74— N(SPAD)
7 LA L2558 PCSEL % FV /=, direct ToF (d-ToF)? 3 k7T LIDAR DA & ik /- D THET 5,

[#8] 4 Eli%, 25 PCSEL IZ X o THURICZ A B — L2 RE L, @) o N
FNENROI T —T 1 RTTIICER LT, 2 REM7R R %217 YaY o
o7z, 257 PCSEL OIEIRIHERS & LTI 2 B Tl 2500 L U )
BRILOYA ROHEREMT HRAR LE Y, 2T, % Nt NN

R A R Imm® & L, 25°FE O#FPHIZHT- > T 62 ADE— A
Ze BRI BB 28 5k 5 2538 PCSEL D%t - 1ER 24T o 7=, 1ERIL
2531 PCSEL F v 7O RE OBAMEI T EA4 X 1=~ T, £7o,
B — AR ORI ERE BIZE 10K L TEY . JHo 7218 Y OfR

1(a): ZFAPCSELOIEMIRE B

O E— LRI RHETND Z &30 5, 20 X 9 7485 PCSEL (b): HIROC - AR

& SPAD 7 LA M\ 7= 3 IRIED LiDAR % & MIZX] 2 (2R

T, 253 PCSEL 75 OFER O B — % /NI 5 —T, fitko v — MmN
LITEAZT D HMICEET D, 7k, ZFH PCSEL 135131 2 i)

[Bl#& 2 HWTH 2 SV A TEMESE 2, Xt b OBELED weseL [ /

T YEIA. 48X 64 i (1D 7 D 4 50 SPAD) 7655 d-ToF Drwer\|\
5D SPAD 7 LA Z W TIT 9, SPAD 7 L 1%, ZHf PCSEL
OEFBIOEAEI T—LRASERA S5, FPGA % W\ THEE)
XU, BONDWEERE Y T L5 A BT, Ay Ay begRs Lo L0

FZDO A LiDAR @ FoV af 2j°x20° BELE L7, ‘LIDAR f) B2 : #REBEIMPCSELESPADT LA
AHIIZERB N T, A7 U—2 DRI TWD NN BRKDRDE  2#E0E3RTLDARZOERE
WEAT- T2, FHIILIZARA Vb7 T 7 FOREEZR 3 IR T, [FH

X, 27 U= ORNIW D A B ORIERESE 23 2 B T
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BIEBIND, VT LA LOBEE, FEILY AT D, s AR

[4E¢] ABFSED—HIE, PRIRE SIP 45 3 3] (IPNP23023) | 3L TF o C
FHiFE: (22H04915) @b LATHiiz,  [SCHK] [1]R. Sakata, S. Noda Nl
et al., Nat. Comm., 11, 3487 (2020). [2] R. Sakata, S. Noda e al., Applied : i -
Physics Letters -Perspective-, 122, 130503 (2023). [3] 4 4F, B H 1, N

2023 FEFIGH), 16p-A501-11.[4] M. De Zoysa, S. Noda et al., Optica, 10, BI3: 155U LDARTEHAILIEE
264 (2023). Bt ORA> MITIR
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Topological optimization of diffraction grating in SLG beam scanner (II)

BEXBRI C®Ka £t KB 22
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Si 74 =y /fE R (PCW) ZFIHLIcAR—FARE#E+ (SLG) 13X, AWEE LTI — L% LA TAF ¥
UTED LD, HAILTIVET, PCW ITIR 272 N IERIFRZ2 35— OB YR EI A% 7 (RS 10 nm) 24 iE i kL < |k
T REED, BAARETD->TER D, UL, K{b&niz SLG DA —FAMNIBERITR ne 28 15 LA LR,
JEFA IR AKX L DT-DITIE ng ZEWVEICR T HEN DT, 12720, TNOE BT —L0RE (6) LAY 56
(FWHM) 78 28° ~ 40°E TIAAD I, Si0 A — "= Ty LR OB R TO PN KRELRY, BhEPE 5. 22
THIEIETIZ, ZNBEBELEPHE - ORIV RGE(L AT CETh 49, 2OHEIIEMCho7-. 22T, 4
ENFEAEL B W TS IR L, MEREDIE WA RGEL .

FT, TNFETEREBRICN—RAE2D PCW O M LALSNA A BHFAHEL 9, BRI 7 4 R=y2/S0 KT 25 ~ 30 L)
ng %5 2 DHEIE 2. RIS, HIETHEZR S — 2% HIEL T, B—t/LND 8 HOMFLOYA, 26N 10 fHi
EILZEIPTHE T OFAR%E /T A—4 1L C, Ansys/Lumerical @ 3 WRIT/ 3 REHEE S W70 i i LIS 2 B
PR BBEGE AT o7, BRI Si02 77V R /KB R CORKMNEEWHT 720, Si0 HTOr — A REFIHL, &
ARE—T7 DRI L —LILR A 8¢ DS HIBIEUCERE L. St L% X 1(a) 12, B — AR OFHEFE R
ZX 1(b), IR T. R BAR—FA MFIRAN O /SR EIPTHE T2 L > TIVIRS NI & OMEALIEE kQ2n fa) =
0.08 IZxFLC, 8 1% Si02 1T 15.2°, ZERHIT 21.7°k e o7z, 72721, [EIHTHS T- IS8 03 B30, HUHRED o
= 30dB/ecm &/ NS e ot 2T, BT T ORIRE FE CHEEL, & MICK 2() DS 7. SIS T 28 — A8k
ZK 2(b), (NRT. FEFICS T NI OB T7-£720, BUETOBBINRK S THDH. ZhbiIe —ha)A—R5
P& RIBIZEEFIL, SLG % LiDAR IZHW2EE D S/N Ol EAIRFS LS.

AHFFEIT B A AR B B2 7 i Bh A B 22 (A) (22H00299), 725 QN ST A BHAFAR IR BLUY A 728 Ak S
DEMZESE T b DO THD.

2 3CHR 1) H. Tto et al., Optica 7, 47 (2020). 2) T. Baba et al., IEEE J. Sel. Top. Quantum Electron. 28, 8300208 (2022). 3)
S. Suyama et al., Opt. Express 31, 22170 (2023). 4) B0, ISR HETZ, 22p—A308-11 (2023). 5) ZHED, ILHHES
IS, 24p—11A-3 (2024). 6) K. Hirotani et al., Opt. Lett. 46, 4422 (2021).
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Design of Imm® M-PCSEL with multi-dot beam pattern and short-pulse width
IREER—, AIREE, #LEh, \KEX, FAETF, HPHE, De Zoysa Menaka, FFHE (RABETI)
R. Sakata, K. Ishizaki, T. Inoue, Y. Yagi, R. Morita, S. Tanaka, M. De Zoysa, S. Noda (Kyoto Univ.)
E-mail: sakata@qoe.kuee.kyoto-u.ac.jp, snoda@kuee.kyoto-u.ac.jp

74 b=y 7L —Y%— (PCSEL) 1%, 2 Kot 7 + b=y 7 fEfMmORE L (TR, M A%)
WZB T A REBERESD R AW mBE o FERL —F—THH[1], ZNET, M AEME
PCSEL IZB W T, B SOMESLCKE 2P L=, M-PCSEL #Bi% L. f£ED 2 IRt H~D
T MERO@E M o@mE E— ADO KR, 2R E—2ORFFHS (X 1(2) . RO E— LR
2— DHFED Bix e B — A 2B 5 Z LI L CE 2[1-3], £z, TL<KRE T,
M-PCSEL {25\ C, LV REMICEBWTH H—F— NEERTEZ HEK i E OMRE4]) 2170,
ST, AR GEIR OB AN E HITH 2 LT, 250um P T XA ADFEF ATV, UL R
(<100ps) * @ E— 27 1) (W #%) Z R RIEHHNEEDEFEZIT 5 72[5,6], AFE, 2D K572,
LV AEERTREZ: M-PCSEL @ X 572 % @ B — 7 HEMEO B~ T, Imm® | ZHHIR i iH
EILR LTZT A ADBHEATH 2O THRET 5,

L2, ML BB TER 7+ b=y 7R L —Y — XX 2 /R4, £7°, wlfafi
AR A 5 D T lmm @ IS4 T 5 K 912, ZEH T DO IO OZEFRTD FF=8%IZ% L,
N4 28T DOEHMATD FR=T%&L FRREORE LT 52 LT, N TORPTEIREZ 57125
Wio, Fo, AlfaFRIGERIT, BKE— REIEB X OER L2 1 IRGeBIEZMEH LoD, i
ERTRIESEA7-OI1C, T-X FHm (®H x Fm) ICEHRIC—EOBEHICEIE L>>, BT
LM F y FrcbHEMLU CERE L7z, —flé LT, HHEAKEE54 DEEIZONT, x Fh
VR 40um, JEHEA 120um (F 7=, y FITHE 20um) O [ EaFI IR AL 238 A L, 3 Roohs & 1 2
CHENT LTI R E A | X 2 127, [FAE D AN 20A 128 T, 730 A0E<50ps T,
100W ZH X S @m0 E— 27 N ORIEHRE LT, RFEEIZBW T, 7/ BRE D/ L 2Bk
LTI NV RAOBENESHEDLZ LT, EEOXA IV THRE CSVAZELSEDLZ LN
AEETH D, 100W ZHZ HEmWE— 27 M ETERT 52T, 74 B—7 %k HoD, L=l
HEDORIFES LIDAR ~DISH b #IfF S b, FEIEY HRE T 5,

[BBE] ARFIED—EBi%, PIBRT SIP 45 3 81 (JPNP23023) 35 L OEMFE: (22H04915, 24K01384)
DOXAEZF 7=, [3CHR] [1]S. Noda, et al., IEEE J. Sel. Topics Quantum Electron. 23, 4900107 (2017).
[2] R. Sakata, S. Noda, et al., Nat. Commun. 11, 3487 (2020). [3] R. Sakata, S. Noda, et al., Appl. Phys. Lett.,
122,130503 (2023). [4] A, M, B, fih, 2023 K08, 22p-A308-9. [5] S M, BFMH, ff,2023
FEFKZRIEW, 22p-A308-14. [6] ARy, S, BFH, fih, 2024 FEHEFIGY), 24a-11E-2.

|:20A
TR AR, : :
(@) ®) g #sms
= 100
STOBRF s
FFy,=8% g sope
- myas & 50
— 7
uy o
’ ! 2 o, | |

Time (ns)

1. () ImmOZFH 7 4 b= 7L —H —(M-PCSEL) DX, B2, 3R ICHE A e BR A 0 18 Y b
(b) RRFL7-MEE ORI, B () I2BW T, HaOfElE  ZMrick s TESN-RERDEH
AR BRI A | B RS RIS A 9, F2, Zab=vr JETE, 20AIZB N T~120WD 5
ftiem () IZBWTIL, JLORE T HAYy=0.5aDM Bk 2L, W —2Z ) DR/ S)L A (<50ps)
TCDOIEF- LA INT D F DOZEFHATD FEIE R 2 8% I L UT%E LT, VY 15V ghia
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B/OULR - RERHSATRED ImOER I+ F= v IR L—F—D/FH
Development of 1-mm® M-PCSELSs with a multi-dot beam pattern
and a short pulse width

"R, RER—, /\KR#X, F LLth, BPERE, De Zoysa Menaka, #]HWF, FHEE (RKXREI)
OK. Ishizaki, R. Sakata, Y. Yagi, T. Inoue, S. Tanaka, M. De Zoysa, R. Hatsuda, S. Noda (Kyoto Univ.)
E-mail: ishizaki@qoe.kuee.kyoto-u.ac.jp, snoda@kuee.kyoto-u.ac.jp

EH7 4+ b= 7 fdh L —%— (M-PCSEL) 1%, 2 RIC7 #+ b= v 7 g0 v RE&EICBIT 5 FF R
A M R) COREREERERZFA LD, B alckE SOMELHE 52528 T, B —AH
A M OHEATLE D — LX T — 2 OERRD ATRB R BT 2 8K L — Y —Th 5 [1-3], HIETIE,
M-PCSEL DR m B — A E « @ M EIC T C, ZEE A SO 0B A LKA TN D [4].
S HIZ, LIDAR D& o —~DIGHZHE L, IREFN ~O AR DB A Z S iEt L, £77,
250pm P DT /A 2T, F 10ps BEDFL VA« Z i[RI EIEIC I LTz [5,6], S HIZ, RKb—
PF—D 100W fkt— 27 HABECHT T, ImmO® ~OHEEIEKE A[HEL T 57 /A AFFHI HARKEI L
TV [7]e AWETIE, AR REZBEZ T ImmO ~EmEZIER L2 UL 2« S M-
PCSEL OAERL & 3l A 1T - 7o Rl DN Tk R 5,

B4 1 2iE, ER L 722 5 8 M-PCSEL (10 A RIFEHE) OBEERX & FZEEO Imm® 7 /N1 2D p &
Mg [7] OBMBITELRT, 74+ b=y 7 G & Ui, TNk 2 & o CTHRaEH
BRI DEN > THOMATE DL D2, | 1807 [HHighRa590 5 Z E A FHE/AR M &S " H& 7 +
F=v 7 a AT D, K212, JA# 120um, B8 30um OFXGEE T AN IR & Rk L 727 N
A ADORPEFERZ/RT, K 2@)DEHEILIRSND L oC, WIERNVADOLE (10 K1) B —L%
/D LIS Lz, 512, A RU =278 AT &EBAWCTHE L7z OIS E % [FIX(b)li2
23, BRI S AR (2L AT 2 30~
40psec) %, Imm® T /34 ATV TEBT
5T EITRREI L, 20A OEFREANT~100W
(10 5AFH o= Ru—nEonl-, =
OFEF X0 | FER 72 2 — TR 1E, SW/A
LEERMb DD, T/ RED/ VAR S
DB A I TH— DR LR & S S Tt
% LT, KBRS BEEN R T, R e
HEEZITH Z & b AHRICR D L S D,

RIS HRE S 5o B1. ATAAANURANSEIE % A L= 1mmOZFIPCSEL,

[%E] ABFEo—Ek, WERFSIP 7e 7
Z &, FHAF#E (22H04915. 23K13679.  (a)
24K01384) OXtE#=2 7=, [3C#R] [1] S.
Noda, et al., IEEE J. Sel. Top. Quant. Electron. 23,
4900107 (2017). [2] R. Sakata, S. Noda, et al.,
Nat. Commun. 11, 3487 (2020). [3] R. Sakata, S.
Noda, et al., Appl. Phys. Lett. -Perspective- 122,
130503 (2023). [4] Ak, BFH, fil, 2023 FFK
I, 22p-A308-9. [5] Y, B, fth, 2023
FERKERIGW), 22p-A308-14. [6] IR, BFM, i,
2024 FFHEZFIEW), 24a-11E-2. [7] W, BFH, FE2. BSOS R Q0AZTAR) ., (a) EHHE.
fi, RIS (b) H D DBEIGE,

(s
- OETA
L HmlrsT s

XD S R (b)

L0O-
801
60

40-

B!

0 1 2 3
Time (nsec)

Peak power (W)

© 20245 [CHMIEES 03-082 3.10



17p-A34-15 $ESEIGAMEL AUELMHES BETHE (2024 KRAVLEN2RIBEA VS 1Y)

MERHA I+ Py O ERERBERA L SSH 7/ XiIRFZOER

SSH nanocavity in glide-symmetric photonic crystal waveguide
RIKE' NTT#%#E# >, NTTNPC
Lt ®IL 2 DaiWei!, FIT B3, #E HEth '
1. Tokyo Institute of Technology, 2.NTT BRL, 3. NTT NPC
°Takahiro Uemura'2, Wei Dai'?, Yuto Moritake!, Masaya Notomi'>3

E-mail: uemura.t.ac@m.titech.ac.jp

Y/ fEEEFIA LI MR v 7 4 b= A%, @EREN ORISR L Tr SR MMt
R ZFEHST 577y F7+—L L LTHIFENTWD, 0D, FARr I LTS
OFHENC T 50kt v IRREIIE T 7 RS & L THERET 2729, E@é%&k®t \ZH
EThbd, ZTNETICT / E—LHBESREFK 7+ b=y 7fimaFIH LI 7 ke & %
OV —HISHBRHEI N TN — ﬁﬂﬂ\*h’%%/%&%&bff<ﬂ%éhé\;ﬁ%%
N AR RBE I AR Uiz R g v R O EBURAA IR, S TAFSE[L, 21T
wfﬂ%”»i%ﬁﬁ%@%Fﬁm9~%ﬂmbfwét ARSI AR LT
RO FEZEAT 52 LIZRETH -7, Alal, #FICk3 22 FF o2 EnmbhnTnd
#ﬁ%%ﬂ%@ﬁﬁ7ﬁF v 7 fheni B KB 2 A L, =y RO FAR e —&FIH L
7ot 2 RO FiEEBRZ L2120, i35,

SIERENTT 22RIC7 4 b= 7 ffifh A 7 78 AR S 2 Fig.1(Q) 12~ 77, A& EE % a =470 nm,
“HARO—D%E s=08a, AT T DENFEREeqn=676 L% TE LT 5, HEEOLA, 22k
R OME R Ko T, 1Rt v DAREED N Ri§i&E X Brillouin zonet .L» & L 7=Diracl 4y
Bz o, Fig.l@)IZRd4xifili 5 [ D = 7N E > 7 FARIZ X - TDirac s OHiR 23 LT % (Fig.1(b))
NANEY 7 FOF IS LTy IREED NNV 2308 L < 1dIndZak i FH[4] & 54 5, Z D%
B, Ml e PR BR S A IS R D ey & TR N EFENRABY A~ LT 529
A NRAIT T ENTE LRICK R CH 5 Su-Schrieffer-Heeger (SSH) 7 /L& D7 F
—MWRANLT B 2 EICHKT D, £, ZOFETE=y MeEAERIET S 2 el EET LD b
NTE, ToDRENTA NTA DO TFINET D EWVIREEFS, VT, Figle)llrnd A
FI7MT b= I fEEET a il (MEHESTH:3.48, AT 7JE:200nm) A FREHRIEICEL 5T
T L, OWRIE™ » PIRHETdh 5 IHRE — FOTEEI LU0~ 10° FREOQEN EM FTHETH H Z
EERMH LT, S 61T, 2IRICFDTDIEIC K 2B MHT OFE R, FE AT FUICHRE— RIZ
Hk4 25— 38T 2 2 & 2B 5002 L7z (Fig.1(d)), 4 RIOENT TIE =AkK 13 L =44 5X
%ﬁ%btﬁ INZ ) BREFEEFIBIR N 2R L725A T HIRERIC L CF /7 FHRER O A 2S 7]

HThD, Fxr ORI, 74+ b=y ZFMERKE LI AR a P Ivx Yy 7 0 BT 5720
®ﬁ%%&$&%%t%?o

edge states (d) o Topological
PhC slab 10 nanocavity
imn ) “’\z\,\
air bridge 2, }\
810
x e
Y g
logio(|EP/|Enad®) =
£ —4
210 T
o
-

_6__%%%;
0.5 , o~ 10028029 030 0.31
an/-(Zn) - Normalized frequency

Fig.1 (a) Schematic of the glide-symmetric photonic crystal waveguide. (b) Band dispersion curves of the TE edge modes in the 4, direction.
(c) Schematic of the photonic crystal slab and the electric field distribution of topological nanocavity mode calculated by the FEM method. (d)
The transmission spectrum in 2D FDTD method.

[Z53Cik] [1]Y. Ota et al., Commun Phys 1, 86 (2018). [2] Y. Ota et al., Optica 6, 786-789 (2019). [3] W. Dai et al., arXiv:2310.17487
(2023). [4] M. Xiao et al., Phys. Rev. X 4, 021017 (2014). [5] H. Yoshimi et al., Opt. Express 29, 13441-13450 (2021).

(&) ARFZEIE. BRERRZe B4 (20H05641, JP24H02232 35 J U8 24K01377) D4R O FIZiFhiviz,
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BETR 7+ b=y O BRERBICE T 5F@/REAFEE RO D hILgE
Topological insulating state in glide-symmetric photonic crystal waveguide solely by gain and loss
BRIKH', NTT #4882, NIT NPC?

OLff W' A B, WE @AY, WE R
1. Tokyo Institute of Technology, 2.NTT BRL, 3. NTT NPC
°Takahiro Uemura'?2, Yuto Moritake', Kenta Takata®3, Masaya Notomi'>3

E-mail: uemura.t.ac@m.titech.ac.jp

FET LI — PR OBEENMEE D1 L LT, bARa P NAREEORRENET 5N D,
FATHIZEIZ T, ¥ v v 7 LV ARIRGCRE A RS 2RI Uiz, Wi Z2 i st B (PTXERR) 7288
DOHZERANTH bR a UhVIRREEZFET 2 FERRE STV 52, PTRFRREE O A% A
TH IR I NVREEZFHET D E WD ary ML R FR~OBEHANHHEIND D, PT
RN REFEIET DX THENRT Ty V74 —LTHD 7+ b=y 7~ 3 2R
INETIZREIN TR, SRFR A X, BAEESFREEZ RO 7 + b= 7 fE 8RR ISk LT
WO T LI — MEEZMA D2 LI2X0, FIHELBEIOAZFHALTRRa A"y RE
Y TERERT D FEEMNL Lzl2, wiET 5,

A B O CTHAR 9 7 + b= v 7 fi i8R BAEE 2 Fig 12~ T, T EHEa=470nm, =
NDO—i1% s=0.8a, ERDOFEREewr=1L L=, T/, HERITegan =676 R T L. HIREHR
TEIZ & D ZRoTHEE OB RN 2 Eit L 7o, BBE OS5E . = v DIREBO S MG T 22 RIS
DNEF OB BRI X > TBrillouin zone 1.0 Dirac AN ERL S 1L, ¥ ¥ v 7 L A THh 5 (Fig.1(b)) o
ZIT, 2=y MEAEIERL, 400 v VIRED LR SN D4 RREE 2%, Fig.l(c)l
R LD IE R OFEER) B L O R(E)OBE 2 N2 % 2 & T, Diracs OGRS fRIT, /N2 R
Xy v 7BHET 5 (Figl(d) & 5I2, B HEEEBEN A FFo~T ol 2 b L7fE R,
HIZRETHX Y BT RENHBIT A Z 25T LT (Fig.d(e) . Figl(O)iZx7 Y | 2ff
MOKREIZHBT 5% ¥ B 7 0 REE (B, 7R) IFE LSS — DB BUE SR TH Y |
FATARZERJIC BV THE STV A0RITTT v DIRFE & [Al— DFEZ £, L EORER I, #2587
HREED/NN RPN AR U HNHEROZ L 2B LTV D, 74 b=y 7 fEfmiE 28 H
THZ LWL ARG OGEICMNBE L RAMED 7 7 A4 o F a2 —= 2 7 REHETE D1ED,
KEIEICE D FRe P h Ay ROBEEERALETX 5,

(e)
(f)
032 _0.002
£ o E 0001}
~ 0.31 ol S .
R ® (\U 0 0000
3 03 3
g . c -0.001 |
0.29 teeof* ~ 0,002
15 20 25 30 15 20 25 30

2 Index of eigenstates Index of eigenstates

1
kxal(2m) kx(2a)/(2m)

Fig.1 (a) Schematic of the glide-symmetric photonic crystal hetero-structure. (b) The band dispersion curves of the TE edge modes in the k;
direction. (¢) Double-cycle gain (red) and loss (blue) perturbations. (d) The band dispersion in the structure (c). (e) Topological nanocavity
mode at the domain. (f) Real and imaginary part of eigenvalues for a domain system.

[&% 3R] [1] L. Feng et al. Nat. Photonics. 11, 752 (2017) [2] K. Takata et al. Phys. Rev. Lett. 121, 213902 (2018)

(FEE] A0Fgeid, BHorseffidh4a: (20H05641, JP24H02232 #5 X T8 24K01377) DB O FIcATh I,
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YWD E B - Einstein HFRRA & Maxwell HRR

Gravitation theory in matter: Einstein equation and Maxwell equation

Geometrize dtJil 33

Geometrize H. Kitagawa
E-mail: kitagawadirac@gmail.com

ANTE#EBEROZME BI2IX7+ b=y ZHd. 74/ =y ZfEEL) 28\ T
ZOECWBERE 52 T-%52E25 (B74 b=y 7fEdh, B7 4/ =y 7%k
i) o ZDOXIRRIZBWNTIIZOREMEREINISH -0 b EIEREZS T 2010 L9
1255 FV, ZOBERAY /2 M A X — R FE k5w &[RRI 0 s L > TH 2 b
HUER 2 hiE i #h oo iEH#) FRE TR ORI SRR TR S, e &7 b,

d?xH L dxV dx* _o .
do? VY do do D

ZTCRHAOMUIEORELRTER CTH D, 72720, —RExime B2 D1%
;®ﬁ WIZ BV TIIIRA T VAU DWW TR 72 U —~ U8k Tld7e < FERFR 72 B2 23
BNDHR TS, —H., — AR EGHIE Cix, B2 KRBT HEinstein 712
K& ZDOENG FIZBIT A2Maxwell TN 52 55, Fox O 5> AT 2 kICRIC
kwf%ﬁﬁéﬁﬁ%ﬁ G L L CZ D oD FRBRXOFENRD BILD, LvL
7RIS HIRD O®W%5ﬂff#5

1) —RFETERIC BV TiE 2 &k ot TlEEinstein 7R =X TEE L 72RV,
2) ;lkxﬁ’r%ﬁm%ﬁo E-Maxwell TRERD 7 — O REBMERIEIL D,
FARE S 11X 2 IRITIZB VW CEinstein TR DO LD N EZERIIC0E I A T80 TH Y | M
2 VX FERTIBE G DN T — R E R D 72D Th 5,
ZDORMEZ RS DT DICROFEFRIZEB T D, T70bbiEdydo de'/dos F#iTH
HZEEFMATHE (1) Xt kORI LR

=1 Hu
F”(w’l)- - E(FMVA + F#Av) * {Vﬂ.} (2)

ZHAWT (Z OIS TV AR —< Ui I3 LT nW 2 2 A
WIRLTWDE) MADLIICRENDENWH ZETH S,

d?xH e dxV dx? _o 3
do? YYde do (3)

ZOHEFELFEMACFIH L TR L LTI (2) OxtMbizie 2 85 U BE 2 P s
T, FRZOOMBEREMRT D Z ENAEEE D, THUZ X 0 H GBS
D3ENL 415, [SCHER] [1] H. Kitagawa, et al., Phys. Rev. A 103, 063506 (2021). [2]4t)11,
202450 )23p-21B-21
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