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High-sensitivity Ethanol Concentration Measurement
using the Goos-Hanchen Shift Measurement Guided-Mode Resonant Grating
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Osaka Metropolitan Univ., “Hirotaka Shimizu, Akio Mizutani, Hisao Kikuta, Kawata Hiroaki
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Pre% 1.33345~1.33456 OFPHCTEZ RN HZDOLEED GH 7 M&FHlIL/. GH 7 bt =
5 ) =V OEITROEICHIZRLEA K Y S5, FHBREC0.99, FRE M Z):1.19 x 10*um/RIU TH
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Fig.2 Measured GH shift.(a)Incident angle and GH shift

Fig.1 Schematic illustration of GMRG. (b)Refractive index of ethanol and GH shift
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Poly-L-lysine/B8{E FAU WAL FIC LB Z BEATOOT7HRTPAN
BIrELIY D Layer-by-layer ;L ICHITAREMINDRNELREANDEE

Surface roughness improvement of poly—L-lysine/TiO2—nanoparticles multilayer in hetero—core
fiber optic refractive index sensor affected by layer—by—layer fabrication process
BIERET' OFLU EF', ED —5h"

Soka Univ. !, ©Michiko Nishiyama', Kazuhiro Watanabe'

E-mail: mnishiya@soka.ac,jp
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BB THE TO TiO, [ Ebi% DR RIZE H LT
ORI OUGELZ Y, JE TR ~DF %
BN LD CTHET 5.

2. EERIERK

Fig. 1(a)lZ LbL {E CIERS N Ie~Trar 7 7 A
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Y77 A% 1ISmm AL, EERICL T~T 1
a7 EEEER L. ZRIEORRIEL, ~7T a7k
T 7 ANRE MK CYer, BRLTZI, IR 10
Mmol @ poly-L-lysine /KIAEKIZ 6 7y HIRIEL, 7
FANRNREEEICHEBSE, T0%, MK THEL
BB SH%. RIT, AUCHTEELTZ TiO, TR 143 B
TRHEFE 17 %, Kifk 6 nm)iZ 40 BIEEIESE[EE
{BEL, 439072 TIO Mokl 1% bR 53 D7D MK CHES
DOHRICHEBSET=. 20 TiO, EE(LD, WEEET
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TANEIT R YR, Fig. 1R T489
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Fig. 1 Hetero-core fiber optic sensor structure with multilayer
film of poly-L-lysine and TiO, nanoparticles: (a) overview,
(b) photo of the fiber surfaces with different drying time.
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Loss/dB

Fig. 2 Characteristics of the proposed refractive index sensors:
(a) transmitted spectra, and (b) optical loss change at 500 nm
wavelength focusing on the drying time in LbL process.

RWIOEEL, ~Tra T BT RN EES N
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PERIRE ) A 28 % T BR D IR AT R R % Fig. 2(0)ITR T,
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[1] XD Wang et al., Anal. Chem. 2020, 92, 1, 397-430.

[2] M. Iga, et al., Sens. Actuators B Chem. 106, 363-368 (2005).
[3] #ARE safth, {E548#R, Vol. 121, No. 376, 13-16 (2022).
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Thickness measurement of coatings with innovative photothermal radiometry.
G. Bruno, J. Inard-Charvin Precitec Enovasense.

The control of the thickness of the coatings is one of the main issues that faces the coatings industry. Quality concerns are high to
ensure that a correct thickness has been deposited for coatings so that performances or esthetical functions are fulfilled. Existing
techniques, although widespread and effective for some applications cannot measure all coatings and have strong limitations.
Indeed, cross section measurement requires destroying the part analyzed. Magnetic, eddy current or Xray fluorescence
technologies can only measure on some metals and have strong implementation limitations. Photothermal radiometry (PTR), by
using a different physical principle, offers new possibilities in terms of materials measured and industrial implementation. The
principle of PTR as well as sensor layouts based on PTR will be presented. Results on the measurement of anticorrosion zinc paint

will be discussed.

Principle of Laser Photothermal radiometry

Laser Infrared

diode - detector

Laser beam

N

/’

Substrate

Infrared flux
Heat generation
at the surface
Therma\
"I emission

Heat diffusion into
the layer

Heat Diffusion
(back)

Back-diffusion of
the heat at the
interface between
the layer and the
substrate

A continuously sine-modulated laser diode (at frequency fm) is
used to create a nondestructive local heating T. The materials
heat response (T) is at the same frequency fn but with a
phaseshift (A®) and an amplitude (JT1[) linked to the thermal
properties of the material and to its thickness. By measuring
the heat with a thermal detector, this full process is contactless.

4 Stability regime
Laser signal
f\/\/\/\/\/\wu GROVGOALE 1T
/\/
Material Heat A Ad (Phaseshift)
Rcaspf;zscm/\'/
T=Ty+T,
/‘/ Ty = |Ty| X exp(—iAgp)
|/
'Time
The Heat Equation can be written:
aT1(r, z
pC = % = k= i\(Tl(t, T, z)) + P(t, 1,z

Where Ais the Laplace Operator, pC is the calorific value by
volume (J/K.m?3), k is the thermal conductivity (W.m2.K?), P is
the heat production by volume (W/m?). The thickness of the

g
{ K, D

Where:

e e-w(u“J+(~~f—ﬂe-efd)—*sw—ﬁl}fﬂ)
J &, koky Ky

K k. .k
D= (1+e*2’f1d) ksiey (1— s 2)
P h

K1 = sz/rl) 2 = 2mifmpe Cc/ ke 2 = J:":z/r()2 — 2mifinps Cs/ ks

Plotting this phaseshift as a function of the modulation frequency

for different thicknesses:
Phaseshift response for different thicknesses

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Modulation frequency fm (Hz)

Using a specific frequency such as will allow to measure the
thickness: at this frequency, we see a correlation between the
thickness and the phaseshift.

Application to zinc paint measurement:

Using a sensor based on PTR made by Enovasense, A measurement
of a Zinc paint layer deposited on steel.

Using a small laser spot size (here 0.3mm in diameter) one can
measure inside very narrow areas such as screw threads.

A comparison between PTR and other techniques reveals a strong
correlation. PTR also provides better repeatability for such coatings.
Thickness

Cross Eddy

Iayer_ isd (_m). Indgx c fo_r coating a_nd s for substrate hereunder. (um) section  cument Ray PTR
Solving this equation using a Fourier Transform and an Hankel Correlation | Destructive | 98% | 99% 9904
transform: with reference reference
T Ly xexp (=% p Standard | Destructive | 5 5, | 55 | 02
Agp =ar g( e deviation reference
W — ol
Conclusion:

Photothermal Radiometry is a technique that by its principle allows measurement in all materials. It is thus well suited to measure

coatings that due to their nature are difficult to measure with other techniques (Ceramics, carbon, metals,..

.). PTR also allows a

measurement that is nondestructive (heat elevation of around 5°C), non-contact (Typ. Working distance 40mm thanks to the laser
and thermal detector), fast (up to 100 measures/s). Therefore, it is a good candidate to be integrated in the production line. Precitec
Enovasense offers Industry ready sensors used in hundreds of processes today.
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THz D LR RBEEICL ABFTRE DV TR LOBEREL
Enhanced sensitivity of refractive-index-sensing optical comb
by frequency multiplication based on THz comb
fERARRAIRL ', BHAIEX? ESX pLED
OM)MmIEERZ !, D) EFNFE ', HLRAER? BEES, RAXRE’ BIIXXS RHIARSRS
Grad. Sch. Sci. Tech. Innov., Tokushima Univ.!, Koch Univ. Tech.?, pLED, Tokushima Univ.}
°M. Higaki!, S. Miyamura', S. Taue?, Y. Tokizane?, E. Hase®, T. Minamikawa’, and T. Yasui®

E-mail: higaki@femto.me.tokushima-u.ac.jp https:/femto.me.tokushima-u.ac.jp

https://www.youtube.com/@takeshivasui2792/

T 7 AN AR VT B — R T T 7 A N—t U —Z AR, a3 AD/E
KRS RE 2 TV C EBREEEBIE S (0 IR LB frp) & L THiAHT IR v
VYA A3, ERA A R L U EE I RE A RTRETH D, L L,
PrRIRAFI frep > 7 MIE~200E Hz EPUNRTcd, 2 OB EZEIET 2 Z E3RD L
TUW5, ARG Tld, THz 1 £ TR I fip @ik Eaii (THz =2 4) & CW-THz GO B — b
ERHINC RV | fip ¥ 7 D EEREGERT D FIEEWET 5,

oz b (0 R UEEL frp) % THz BIBADEEET > T I T 5 & frop B2 L TH
574 h%x U7 THz 22 & (JABEE mfie) DSIARET 7 FNEBIZAR S LD (K1), 22T,
CW-THz ¢ (S fri) ZHARET 7 HIC AW T H &, &L THz 2 55— REDE—
ME BB S = fru- - mfigp) 23 REAFICAERR SN D, WIZ, JBITREMIC KD frop DY froptFrep 1T
VIZRTDBE S Bt T T D, fr N TETHDET DL S -5 =|fri - mFreptSFrep)| &
720 WRDOEDDDSfy=-mSrep ET2V . Frep & m IV EWEEGERS U CEHAIFTREIC 72 5,

JFHEMER DT80, CW-THz % (f7:=99,007,119,998Hz) % JARET > 7 FIZ AH L72IREET, Ok
LD fr, (=81,823,757Hz) 73 100Hz (= §rep) ZALT DRIED fi {55 A7 MDA X 212
R E DS O 73-121,001Hz TH Y | ZIUT Frep & THz = LT — FRE (m=1210)
T2 SRR OIS U 7o/ RICHEE 12— L TV 5,
1 CW—THZ wave

0—— — :
PC-THz comb Hiz 1ol s~ ,823,857Hz f,=81823,757Hz |

Of 2f .................... nf freq

RF beat S|gnal

| ||| ||| ..... RF

’§
:
Amplitude (dBm)

0 / fep \ 2f,, freq. —88 , ) , ‘ .
00 350 400 450 500
fo  ffo f*th 2f_ -fo 2f_+f Frequnecy (kHz)
1 2 SRR

[1]R. Oe et al., Opt. Express 26, 19694-19706 (2018).
[2]R. Oe et al., Jpn. J. Appl. Phys. 58, 0912 (2019).
[3]R. Oe et al., Opt. Express 27, 21463-21476 (2019).
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2)—=52=2 45D Ti:Sapphire L—Y—IZ& B R T 5K
F ALY BGERS
ASOPS-THz-TDS based on free-running Ti:Sapphire lasers
RXPiest, BRREEFE2 CO)H)Il REF L, #E BE'? Bl F—1, Z23& BXY
Rk Th®, Bl 3} MW OFETEL K BE?
ISSP, The Univ. of Tokyo !, RAP, RIKEN 2, °Mayuri Nakagawa?, Natsuki Kanda'?, Hidekazu
Nakamae?, Toshio Otsu?, Isao Ito!, Hidefumi Akiyama?, Yohei Kobayashi!, Ryusuke Matsunaga!

E-mail: mayuri_nakagawa@issp.u-tokyo.ac.jp

FEFRHEY > 7V o 7 (ASOPS)iE & F\W 2R v 7 7 1 — 7 oy SR R R sk 2y e dH i, A0
WU | RO TIINCERR D Z o0 VAR AZ WD 2 & TEERF#Z BB ER TE S
20, 1 A% O & FIESRRED L — RA 7 2TERT 5 FiELE LTHER STV,
T T~ RSB 0 e E(THZ-TDS)IZ 450 T & ASOPS (T & 0 B O B SR & D7 I R
W OGN AIRETH V. DIFEEZTE D LT A A DR, /N B & mndtE 215
LT EIER IR STV D [L,2], —H THIE S B el o #BE 2 IR T 21203, 28
RO f D Al = fio- fu ZLEICT DO ERT 4 — Ry ZHIEIRT 27 v a b —H—b
DWVTEEESEA CW L—F—RRETHY | L0 @EREERERRO LN TWD,

ZITEXIITA— Ry ZHBLROEE Yo 77 A4 R—L—F—ZHNT, Yy ¥—DK
&\ ASOPS 155 DIFHIEIE & [RIRFIC Afe DSl 2 BBEEIE & L CRtekd 5 2 & T, 55 IS
OB IE A2 FB T 2 FiE L2 5oliBi% L7z [38l. AHOFKETIL, T OMIEEZHRE S EHko
Ti:Sapphire L —%—% 7 U —F > =2 7 ORETHT ASOPS-THz-TDS JIlE % FBL L 7=k e %
WET 5, LV E/VLAD Ti:Sapphire L —H — & HAREZ A v F KR ZnTe fEfmx HWDH Z & T,
T T VY OFEAERR DS @RI 22 0 . F A IE CREM B ORI EIE Sl 2
& TIRHIROGE SHER A ATRRIC A o TR, D970 1's OJIE T 25 GHz D43 fiFhE T 3 THz FRE D
B ETARY P EBDLZENTEL, SHITHK 4 ORIETIER, 2 THz D AT FLoR
U — 2T LRI SERIB] (K9 16 45) & 1 38 dB U ME Bt i
B HAMG DALz (Figure), %72, FREFRGEIZ X 240 3K LA B
o FY 7 Mokt LB T D 72 O (Al IE I TR1BE 2 A5 15
B L. Af ~140 Hz DIE Z KFEL 7o, ABFFEIZ L > THH WD
57V ZHPET ASOPS /R A[RRIZZR D | ¥ AT LD JLHK 6 1 2 3 4 5
b« BRRARIZ B RED LT 7o D S AIRIA T AR D &R EE 5y Frequency (THz)
SR A B LIRS 7 B~ OIS B s 5, Fidure Comparison of Tz power
[1] T. Yasui et al., Appl. Phys. Lett. 87, 061101 (2005).

[2] M. Nakagawa et al., Opt. Express 30, 29421 (2022).
[3] M. Nakagawa et al., Opt. Express 31, 19371 (2023).

10
10°

—— TSUNAMI, 4 min
—— Fiber laser, 16min

FFT Power (arb. units)
=)
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Analysis of spectra using processed data as training data in the neural network

BARRFHBIREASKMEME | OXKIBER"'
JAEA 1, °Masaki Oba’

E-mail: ohba.masaki@jaea.go.jp
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[RONT-ERE T — 22 ML L THEET—4% (b) EfE L fRTED 7=
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Upconversion Time-Stretch Infrared Spectroscopy (UC-TSIR)
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RO KL oy - D S HER B 2 0 LU CHEEY 2 FEERICRE T 2B NI 0T FIETH Y |
MEIAV B TR SN TV D, ZHE CRICHBZE L2V OREICHW SN TE =R, i
DAY MVEGL— bOm EIZ KD | @lBR OB R 20D AT SV ORI AT
72 E~DISAN RS NIRD =, T 2 73 AR NER E O @R T — ) SRSy TR
(FTIR)DFREIZ LD | # 100 5 AR FVIFMRREENEBL L TV L5238, {5 55t EL(SNR) O il fR
WCEVEFTB Lo TWAH[L,2], Fixix, FTIR &Ml LTHK MY2 (M: A7 hLai#) % SNR
MENE A LA R Ly FHRINVHIETSIR) Z BH%E L. 8000 7 A7 M VIR O misaHil & S5 L 72
Bl LML, 2OV AT AIEIKOREZSFIMEB DR THEL I LTV oTod, AT bV
8 30 FRELITER H AU, SNR OFIGFA 3 I ST o 7z,

AHFZETIL, 1000 AT RV RIN DR DIRINA R RV 1000 T A7 RVIFY D L — K TH
FFRE7e B 2 A4 B A R Ly FRSM 3 KL (Upconversion TSIR, UC-TSIR) % B % L 7= (Fig. 1(a))
[4]. BB 2 A TIRIMIILA R Y RV 2 BE IR ERICE#T 5 2 L T, TSIR IZEBI 57
NADREHEER L OB EZ@BERE T 7 1 /3—& InGaAs HER TR ITH Z LN TE B,
ZTORER, Bk TSIR LIl LT 30 0L Lo 27 hv S8k o6 . 400 fEREE D ALY R LSy
fRRE DA A Rk Lz, JFERGERRBR E LT, A ¥ v HAD@ESFFRESRIMEINL A2 kL% 1000
T AT MVIFSTRIE LTz (Fig. 1(b)). ARGy T OREIELALROBRBE S G 72 & DAL Wil 7 el B
BOFRR, NA X=X N T A A =D T OER R E~OF AN E NS,

(a) (b)
CW laser Single-mode 1.0
1064 fiber Oscilloscope 0.5 ‘
nealall sample| PPLN InGaAs ons ' l
- waveguide detector
fs mid-infrared | —— @____
laser | 1.55 um

3.47 pm

100 ns l
||l Upconversion -Il -ll
— i
Frequency Frequency Frequency "‘ |
0.5 " Iw
l L '. 200 ns

Transmittance
- (=) —_
oo o oo

Time-stretch 0
Time Time " Time 2916 2920 2924 2928
Near-infrared Wavenumber (cm)

Fig. 1(a): Schematic of upconversion TSIR. PPLN: periodically-poled lithium niobate. (b): Transmittance spectra of
gas-phase CH4 molecules measured at a rate of 10 Mspectra/s.
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Time-stretch broadband coherent Raman spectroscopy
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7= VI3 TAERGEE 2 Al - ERA O HHIEA L T WHFIC Lo TIRALT7 Y —T
FHllcZ 270, {LEDFHZT T, AYEZECHMEITACRE 2 ETASHAHIA TS, L
DLEBL, 7V ROEELNEEZ FFo 720, S EENMEEL (SNR) 2557291
ROWEARRAE L, 4 2 CICH EOHIR L 72 o Tn7z, 2 DfRILIZ. CARS (Coherent anti-
Stokes Raman Scattering) %> SRS (Stimulated Raman Scattering) ICfRFE I b ae—L v F I~V
BELIC X 278 SNRAL & B4 Il iy RIS X W GE I NO O H 5 48, LAk 7 ~ v o kic s i
2R DU L — b 1% 10-100 kSpectra/s FREEICE £ > T 3,

AWFZETIE, D 10 fs PROBFLASAV R T 7 4 N—L —F = X7 L[1] L, @\ SNR TH
Wt % EBICE 2 24 LA P Ly FoXR2]EMAB bR BE®ER T < vty 2T L% FilF
L. 200-1200 cm i BT, 50 MSpectra/s & \» 9 fEREETHI 500 5 S WEIS L — b b DA
7~ ViR RS 5 LI T,

FhAREM 1 (@IKRT, 50MHz ® Yb 7 7 A N—F— FHL —F —%2X—2RI1c, A<Z7 }
MEK, EHHE L7z 12 fs o118, 2227 P ABZE(L L 72 8 ps D1 (1037 nm) % 2
AR 72, 12 fs DSV RIFH ZFE L 2RICHOTIREI D 4 v oo 7FEICfib i, 8 ps
DNV ZFTIRENC X WA S G 7 e —T v x e LCflibh g, U2 RA =27 2K
47(1050-1200 nm)% 5 km DRR 7 7 A X=X D XA 2DV IR LEIETH 2 20 ns T £ T
iR L. 60 ps DRFE 7 iFRE % Ko md R IHas T A< 7 P vzt 3 5,

I(b)ic7 mu RN Lz LR e R s, RRTRINT RS L) i, ABOILHIKT =
VAR M AFH— L2 (20 ns) THHATEETH 2 Z & AMiERTE . SNR=27 (668 cm™) % 1%
ik L 72[3], SNR (ZFEHE KR o F AR L <m b L, 100 BIFEHE I X %5 SNR FHAlIC B3\ C
b, BEREDILFIH I~ v L ) bEHETH 5,

FI L 72 50 MSpectra/s &\ 9 JEFI BTG — P 2362032 & T, ps LT OE#HS T4 4
FITRADGAY, TV A A=V v eIy Tun—% 4 b A ) —OEBLAHIFTE B,

 E—TTTET— ®of

YDFA SMF CMs 1avg.
~15F 50 MHz
I—D‘@io DM LPF @@ :; 20ns
\ = .
Yh:fiber laser fs pulse l; I LL] ?
50 MHz Sample HI1060 SMF-28 APD  Oscilloscope Zos| ;gg avg
| = N 2us
v % ps pulse 0.0 i ra—
Spectral filter YDFA 200 400 600 800 1000 1200

Wavenumber (cm™)

Fig. 1 (a) Schematic of the system. (b) Measured Raman spectra. YDFA: Yb-doped fiber amplifier, SMF: single-mode fiber,
CMs: chirped mirrors, BBO: B-barium borate, DM: dichroic mirror, LPF: long-pass filter, APD: avalanche photodiode.
References
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Spectral Broadening of High Repetition Rate Optical Frequency Comb for Calibration

of Spectrographs for Radial Velocity Measurements of Astronomical Objects (II)
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P, RIAITBWTH 2 OMERZ RS RARERBRDPEAIITON TR Y | HEOFREE
DREFRENRRD N TN D, PEFHEE LT Ry I —IERFITHY ., EENLORIZE E
MDA« 3 FORER S JOWIGRO B (MR) BB Z ML 5 2 LTRSS h
%o HEA-PUIER DB ITm W RRE D4 ids L I RIEEDM A DEN Vb, THFEEE
REAYEL L OLa B ER STV D, BBEERERE Om B2, 2 < O L ORI DS
VETHY | WREEPAIRIERICBWTIAWANRY MLa2ROZ ENERIN D, FERITTIE
ZAVE TIT frep 23 230 MHz DE— REIHI 7 7 4 N L —H —I2 L 5= L% =D Fabry-Perot 47
FCEY 130 FE— P T LTIV L, AIHERIRD 60 %23 K 522 P& Fi5 30 GHz R
DIt a LEFEE L TWDH[1],

AHFFETIIN T L O SINT =2 RIHNCTHZ LT, SHRDLANT MAOJRaiEk 2 Hig
T, Lot 2AEENIBIR O 72 OICBIEREN R SR (1) ICRE L CEALTW 720,
T A EEE A BIRER LTz, Fig. 1SR T X 912, fip = 254 MHz O IEHIEARBE IR 2 FH
Iz — R Er 7 7 A N L =W =D 2 ErifIDE 7 7 A HiEG: (EDFA) 12 &0 Ot L
FSR 739 1.53 GHz @ Fabry-Perot R4 > TH 2 LDE— K& G) 0 9, Fabry-Perot HHE%R
DORFE GHRBEFEED X, FSR @ 4 5O EWED fp D 24 (EOJE L (Wb K 6.1 GHz)
LELLRDRTHZLOE= FRROERT D LI ICLENHE L TWD, SRR
DLPHWTWaRWZD, G110 &Nl AORET — FOR/MMIELD 10 dB &/NE W73,
IRF AL DORGEEFRIIT 0 L BEATWDH, Y10 HEan7ta aid, RERFL O EDFA (PM-
EDFA) Z MW T, AU —IW ETHIIRL TW\W5, 4%, 10 i shi-t= 5% PM-EDFA T
3W REE THIE L., ®IFERIET 7 A4 NI L DIRHBIbZ1T ) TEThH D, AWFJEIT ISPS BHfF
# JP21H04500 DBk % 52 1) 7=,

[1] K. Nakamura, et al., Optics express, Vol. 31, 20274-20285 (2023).

frep Stabilization - == Lock - — SMF
i = : ! == Electric cable
1 ~— PM-SMF
e ] PR ™
Mode-locked Pzt
fiber laser | —= [H]Q}—{ EDFA }—= » PM-EDFA |—
frep = 254 MHz | I1SO 50/50 I1SO 90/10
coupler Fabry-Perot coupler
cavity

Fig.1 Experimental setup
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2RO O IKUE R HAAENCTHL
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ALY E HTALLRIEALIIHNDZET, mWE
W o3 fRRED D mlH B E AT REZR T = 7 Ll
HAEFEBLLTZ[2], LoL, EOM AT R R
IRWT FANRBMEIR D T 7 ARD N
REMIOMAMEE O L2 T Ot
EROLEPSEA RN N SO (AN EREPop 323
FE(SNR)YD ] EAHIBRS DD, ARWFZE T, H
TEWFR]E SNR OBRAfREZ AL 72D THET 5,

Fig. 1 IZEBREZ T, @7 A RANHRER T
LEAC LT SRR EL — (R E 1535 nm)IZAZAH
RIEIL7Z Er 77 A /33 A(#0IRLERE: £
43.85 MH2)% {5 Ba b=, ZOEFE B LI
£ 1551 nm OV —HFZACFEFIHIL, EOM 24D
HRELTz, ZL T, EMARICL S, EDFA
COMEEDEIZEIERRIG T 7 A /SR TAR T ML
ZPLRL . PefpiEL — L O Fr & —RDOE —
ME 5 & H\ T FE 5 8 M B2 i 48 L TR AR [
HL7-, EOM 22 200X UJE #0135 10 GHz
THY . Br 77A/33LDK) 228 (5 ThH-o7-,

f§5a 5L EOM 24X PBS L CTAHL,
BPF(liE 12 nm)Z Bl S 721237 AL
T ML B R T v F AV T T T g
EALCTT VAAF TR E L TRVDIAAT,
1 DOTHEIEOREREFIL 66 us THY, FHk

DR 2~200 ms(3000 [ AL E LTz,

Fig. 2 [ZHIEFEHEE SNR OREfRE T, 22T,
MEBREE 1T T UHE B O W IR fE I 0 I B D

I RAEL L B O R KRB S TREEZ G R L
TR SEIR O S L D2 E BHREL LT, %
NHO A SNR ELT-, 72, Fig. 2 1% 10 BIHIE
LTS O B U Yl S N R 2 5
TayhbxrT—/N—"T/RL7Z, SNR (X RER
DONYFIRIZHAIL TEY, ~200 ms FTITEHKE
EEO BN Z N TNDIEN I, A
WFFE TIIAERIEL VS ALK M H 720K 15 £5
(228 D5 ) i R IZ SNR Dff]_ENAIHETH D,

A HF g8 1% JSPS B 4F # JP18H01907,
JP22H01997 DBk %321 7=,

Phase lock Er-fiber comb| quwp Hwp
;._-@:---r\ (signal comb) nl nl
Pum> | et NN S
LD | o
High | 1535 nm .
finesse LD Phase lock
MY |ppHTock
10GHz=» ==

e bl
Pha's_e_lp_clf_:::_:ﬂ: Phase lock
v QWP HWP
Il I'IE

] n| PBS

1551 nm epra HNLF ppr
EOM comb (local comb) O HWP
H] Pes

| Digitizer { Anti-aliasing filter }{ Balanced detection |

Fig. 1 Schematic of experimental setup.
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Fig. 2 SNR dependence on measurement time

[1] F. Keilmann, et al., Opt. Lett. 29, 1542 (2004).
[2] A, RALR, FB¥s. o 70 [B1G A
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HRIM BRI 53 TR A DO RIS ZHAFAET D T & 0 B oy 1 DR REIR & FRITAIL, RSy
JNZ XD RN EFRIEHASCREE =4 U v 7 EOT-DICHIfF STVEAICIF RSN T 5,
FRIC, PERUCE EN D MERERIEA LAY OREITHRO BB AR N L ABBII D7 R
D0, ZHHDOMRTITIRAYZ 1 ppb 22 HHH ppb BREDRELZHEET 2 Z LN RDO BN D,
LU HENR, 77— U BB HiETIE 1 ppb L-UL Dy & B4 5 1230 OfEE
EMELL LY TV A LERE LR, &I THEAIT, RSO X AT I v 7 L UEER
BN TE 20BN HICER L, Ge A ~—Y a v 7 L—TF (> 7 (EGIG)Z F /- =i - )
TIEA DI 2B LT ET[1], A RFR 2 ZRER 5 O L2 Ve S . 1-ppb
LUV DGy F AR A R LT O THRIET 5,

Fex DT LIz oo AT A OB A Fig. 1 17T, R 1um O VAL &I
LT, BOEREICIDIEE 1.5 pm BEEF TOY LA L OER &2 L > THRMDEEE D,
ZONEANV Ay MEMTE L THFIEERINS Y, ZitE BEGIG &7 n AT f AR—H—
ZAWT RTINS B S TR A T TRIET 5, HIEBG S, FrRES M EZ W) 7
7 L AMEFHEERIEFIH L CTHRWILASY MLV &%, HITRAN 57— X R_R— R L [Hilgd 5 Z & T
T REORE EREREEITY), ZORERICBNT, L—F—DREET— X NUHEHOLES
115 2 & TIREE ppb LA DOS T2 MIT 2 Z ENFREE 72572, M HITHE~ 7203 T2 DVl
EREROFEMZRET 5,

Pulse compressor Yb-DCF Yb-fiber

ﬁﬂvﬁﬂ : O Gj { oscillator

. PCF
N N
“I PPMg:SLT

Ve (4
Cross-disperser
P /D S——
- -+ (7 Herriott cell

EGIG '

Mid-infrared camera

Fig. 1. Schematic of our dispersive mid-infrared spectroscopy system. DCF: double-clad
fiber. PCF: photonic crystal fiber. EGIG: extremely-high-order germanium immersion grating.

(1] )= Z&—, & WBKER, /MK FE 5 70 [BS A BE R SRR ES (2023).
[2] S. Tani, K. Sugiyama, T. Sukegawa, T. Sato, Y. Ishizuka, S. Taya, D. Feng, O. Komeda, H. Suto, H. Saitoh,
Y. Kobayashi, Opt Express 30, 36813 (2022).
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RN B, FERE )OI T oy T OF & BUS FIRE 2Rl FIE Th 0 . EmEES

WA E 72 CIRIEV T TR SN TV D, S, RO @l 22 BLR O RIEICE LTI,
BN OB AT MV ERST 20 ERH 5720, @il FEOHIENE A T T
WD, TaT A bgEICREEINDEER T — Y ZEBREETIE, 7Y mEBBRICHES
A ZOFEFEDME S xHHEE . (SNR) ZHiIBR L, Al L — R X 1 MSpectra/s F2EEIZ & & F H[1], Fx
%, JREE E SNR @WK ES o0t Sl b rTRE7R & A A A M Ly TS L (time-stretch
infrared spectroscopy, TSIR) % B%& L. 80 MSpectra/s DFtH| L — F & FEFEL72[2], & 51T, #Hktx
Fl Lo RISV 2N E N T 7 A N —IZ XD IRER R T v — 7R TRE AR B G N R I R AT
L PR TEAE AL, EOMREE TSIR 2 EFEL7Z[3], UL, ZOTFETIIRI UL 2R
ELTHBZEMICK T 2 L Ra TR SILARMIAR L 7R 7 = 5 MK/ T A U > 7 3R
(OPO) ZHWTWHTD, KITH Y M OBEIIIKIT 5,

AHFFETIX, BEFEERONSVANEZNRT 7 A N—TF ¥ —F LIzOHIZ, FRIA~EELE
L CRUBHZHH 32 TSIR AT AZBAF LTz, 7L AKJRE LT OPO Tid72< Er IRIN7 7 A
N=L—PF—ZHND Z & T/MUL LB ZFBR LTz, K (IR L2 FZRERE2 T, 7
7 A N— (BEEEEHL -4 ns/nm) 12XV 20 ns ([2F v — 7 SNTEERER VAN (B0
1545 nm, # VKL 50 MHz) (X, EEEMOEESMmKEE=4 7 Y 77 L (JEH 28.50 um) T
L (K 1064nm) & A S, ZEERAICL Y F ¥ — 7 I RE (k 3404-3427 nm
[2918-2938 cm']) ICIRERAH S LD, ZOMRIGITE 2% Lok, @l Rsotms s <
HOLEF A — FREGHFICE VRS D, B 1OICART 2T A THIE 4 10,000 FIFEHE L7
AL DIRBYWRIN AT SV E T, O FIREN ORISR L CHaIc RERTF v — 7B
WEEAITIRER FAE U2 A7 MVOERBINEGE Y B Sz, REROA L R RE )
HEFR S0 MEREIX 0.073nm (0.062cm™) TH D, 5k, 7 7 A N—DOERIC X 555 fEkE
DA R0, Bie 23 B OBt &[RRI W2 RSO B2 L7 S~ ORISR S b,

(a) (b)

u.)

] |
. 3 N W "‘\,
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' . i 8 4 S—
""" S . . . . - Bt |
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Fig.1 (a) Schematic of the TSIR system. DFB-LD; distributed feedback laser diode, DCF; dispersion
compensating fiber, PPLN; periodically poled lithium niobate, QCD; quantum cascade detector (b) 10,000-
averaged measured spectrum of methane and HITRAN data on absorption line positions and intensities.

[1]J. L. Klocke et al., Anal. Chem., 90, 17 (2018). [2] A. Kawali et al., Commun. Phys., 3, 152 (2020).
[3] K. Hashimoto et al., Light Sci. Appl., 12, 48 (2023).
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cavity-enhanced coherent Raman spectroscopy
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Fig.1 Experimental setup
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faFIRIN S IEKIC & B Kr I [RFDBHMMEE & RGLES 7 D@
Analysis of Hyperfine Structure and Isotope Shifts of Kr I by Saturated
Absorption Spectroscopy.
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[1]Daniel A. Steck,23 January 1998
[2]W. H. King, Plenum Press, N.Y. (1984).

© 2023F I[CAYEER 03-424

3.7



22p-A602-16 HADS ML AKELHHAS AT HE (2023 BABA—LEN3RIS)

CRDS % FAULN=JK D B {ALL D =& EERIE
Accurate measurement of water isotope ratios using CRDS
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IKDOFRIARHIC B AT 5 Z LG ShTnW5, ZHAREOERKE 2 M LS8, REH
BRIEDEFEMEZ MR T B 72012, KOFNKLORSERERNNETH D, £ ZAD, KO
NARDRE, 722 THAFELIMELS | MO FAIEDOFE S Z T 9V H'0 ORIEITEES FEA &
WZELHY, INETHEHL TS ZFHABARNITHW SN TV D KDRENIKE., FFIZ H70
DAFAELIZ DWW T OREERIEHRZ G5 Z L IXREETH 72,

T ZTAMZETIE, FYv BT 4 U7X 5 61E(CRDS) &2 W TKDRIMIIREL, FFIZ H'O
DIFAEL A RS eI E FTRE 72 I B2 E OBRRE 2 HF5 7. CRDS & L — ¥ —I53 iEO—FETh
V. BRI T —2mPVEDEIRS (0 7 0 2 ARES) 228 E LTHNWD,
SeEE LRI S, AN BELZRLS 752 TRBRELEZEBR LTS, ZhETIINA
7 4 R AR WS E R HEEE AR LTl (EEEHIEA CRDS[L, 2]) M=
HoY70 ZIE T 2 EZ13A LT %, Ho"0O OAFELL A REHEIE T2 72D ITd, MDA ELE DR
WK (H210 X° H21%0) 738 2 4RI C b KGRI A7 LV ERIETE D KO ICT 2 0ERH D,
ABFIETIE, ORI DOEE L T FIZ < WIERIRAZBIR L, S SRR OE % T TR
KR OBIE 23 < U CRINBR A L DO F A 632 & THfERE X B4, S bico7 Y
DA REDEBEEW ST I LT, BE LT AKOEELHIE 2 WTREICT 5, ABFZEIL. ISPS RBHF
# JP22H02113 DBIRL, KUY, JST, CREST, JPMICR2104 OXE% %It D TH 5,
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Fig. 1 Abundance ratios of major Fig. 2 Wavelength-meter—controlled
water isotopes CRDS

[1] K. Hashiguchi et al., Sens. Actuators A 241, 152 (2016).
[2] K. Hashiguchi et al., AIP Advances 9, 125331 (2019).
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Analysis of CO2 gas concentration during carbon nanotube growth in vacuum using
NDIR method
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Setsunana Univ. SST-Lab !
E-mail: 21D301@setsunana.edu.jp, m-inoue@ele.setsunan.ac.jp
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