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Feasibility study of hydrogen gas measurement by remote detection of CARS light
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Abstract: The possibility of hydrogen gas measurement by remote detection of anti-Stokes light using CARS is
investigated. Anti-Stokes light generated by collinear CARS, which is commonly used for gas measurement, propagates
with strong directivity in the same direction as the irradiation optical axis of the pump light and Stokes light. Therefore,
it was necessary to measure the anti-Stokes light on the opposite side of the light source or by placing a reflector on the
opposite side of the light source. In this study, backscattering of Rayleigh scattering by anti-Stokes light (309 nm) from
low concentration hydrogen gas (N2 balance) generated by irradiation of pump light (355 nm) and Stokes light (416
nm) was measured. The dependence of Rayleigh scattering at the anti-Stokes wavelength on the hydrogen gas
concentration was confirmed, and it was verified that the obtained signal intensity was proportional to the square of the
hydrogen gas concentration.

Key Words: Hydrogen gas, Raman scattering, Anti-Stokes light, CARS, Backscattering

2050 EH—ARr=a— T AVOEBICHT, KRFAEZEOMKGE -FIHO RYEHE L SHHEEREENE LE
Pk Frb S HEMEDE ) 23 2024 4 5 BTN L2 D, 4%, S (LFEOREESLELE Y T 4, BE L WVWo T,
BRFBAADHE L DSEFICEBNTE GX (FY =0 b T AT 3 —A g y) Ot & KFBRHNEREAT
ZrEZLN, KFEOWE, FH, T, BEREOKFZFIAXA T TOERDEKITITKEN ATHHE
OBMEERIZTEERPEL VWA D, — BRI KET X 2 RETE - FIHT 2% T, @RBRXHEEARLED
HABWRE LS VHEFTICRABAERE L TKETADRMEREZIT-oT WS, BITON ARWEBDEIT, %
BILEE T A FICEICEM ST TCHT AOFBEBRPREZBRML TV DED, RAECREMEREICEST
EH AN FICEMLURWEARD L. ZHICH L, ERBANAERE Y ThHhE, 2R ERICK -
TIEHEOE Y CHMNZZEE TSN TES.

KFEATADBEBRAEMRICIE, TRACL—VHE2RHLEBICEET I I~ BELZHAVDETFERS S.
IHNIEKBEHAADPLELD T UKD B L =PRIV LEHEMICRETSAIA M= A%EHZID L
DOTHY, LIDAR Hifff LMAEE S Z & T, BZERNICBIT2KETNARESAOERNZTEEL L, &=
B DKFBHAY - DEREBNE LEKBIAT U ITAXREREIN TS D, LirL, V—71F
FTOBFRELICESCHEE R ENEFETLIHAE, A=A LERAULLK V=¥ RIVEFEMIIEKAET I L —
PEHEBLENRNAELE 720, MERKETZAOBRMAREL 2D, —F, FwrBELEDO> > HL—HFR L
D LB EMCRAETDEITVF A= ARKEMETELET, L—VFEEXOEELZZ T DL LK
BHABRMEITHO ZENTES. L%, CARS(ZE—V U RNT UV FRAM—27RAT< U 8EL) ZHW
TRAESELETVFAIN—Z72AREFL—P% (Ko7 BRIEFmERTEICEATIRAEOBRVETH
DI, TUFARN—27 ZNOBAICITENGE T AZEHL, MrVEI LI —F e REHEEET
ON BB TETH D, ARFITIX, CARSZHA LI KESN2ADEBRMZEHNEL, TUoF 2 Fh—
JANDOEMEBIRICENKEAD FICEV AL LA ) —HELO% FHEL 28N 2 FiEE2RHFL, TowA
BEMEIC D W CREE &2 1T - 72

2. CARSIC& B LAY —HEDKRABRELDERG

2.1 EEB A&
KFEHN AR CARS LV RAESEET UV FA =7 ARICED LAY —HELOB FHELORE %



1To7=. L—¥% (355mm) % -l L, —FONXKICHETKEZEETAEZEHALEZT VBV (KETRE
ﬁlm% FEE S 7atm, YK 400 mm) ZELE L CEAIELZA =27 XY (416nm) &, &9 —FDXK

WAKLZL =P a R FHE LTAEBICBHEL, 7oF A b—27 2 (309 nm) ZFAESE D A
tﬁ%%%ﬁ&bfﬁﬁbt”.%%ﬁ@ B A Fig 1L ICRT. RREICIET7 T vy aF3 0 7TME QA A v

F Nd:YAG L —H% (J £ 355 nm, /3L AT R/LF 30 mJ max., /S/LANE 5.5 ns, #i UJEEE 20 Hz) %
W7z 12 EEWR WPADEEEA LI T LICEVREE—A AT Y » ¥ —PBS Il 25 ikt 23 &1k

L, ?vytw@%%&fyfﬁw%%@I*wﬁwwﬁﬁﬁmﬁé RUy7THERA =T 2RET T~ ®
NEBEEDEA IaA v T IT— B L, KBEHTAEZBFEALLETAEBALICHERH L. S~ AICED
BETHT F A= 2L ﬁﬂ®%ﬁ&&ékw,thw®m& CRBLER SN2 T 4 LH
(<325 nm, OD6) 2L v HEW L 7.

=R R, Eﬁmﬁﬂﬁmaﬁﬁéné%%%wéﬁtt%ﬁkm$®7/%xbw7X&E% TEEL T
FIAT 272000 HEFROBHBOME E L., ZHRO%E %%W%ng_rﬁ ORI B
EEODDHHML R ERHBASEREAT AL U XEUL U ANBHEREIND. SHFETIC iT/7%@&§
%ﬁm¢é//?74w§(%hm.MM)&TV%XF*ﬁ%%@&ﬁ%éﬁTéﬂ/kﬂx74w5(¢

DR 310 nom, FWHMI10 nm) % 2 /A E L, HH2E

— :Pump beam (355nm)
— :Stokes beam (416nm)

Harmonic
Waveplate (WPs)  separator

Laser

=[] fl

i U '
1 Convex lens
Polarizing Beamsplitter

Laser mirror

Cube (PBS,) (szB)_\

Digchj[i%mﬂor _IWaveplate (WPrEl .
i :
4 = Raman cell QKEHEE -
Convex lens armonic
- separator
: U I
Dielectric mirror Long pass filter

(<325nm OD6)

Fig.1

EBRTIX, KEH R
L, ®AE LT T A

= :Pump beam (355nm)

Configuration of light transmission system

BE AL AE LT
F—27 23z &

............... a D H g\
ﬂ il
(e[

21X PMT Ot&E

—» : Stokes beam (416nm)

HRRE) AL,

Bandpass filter
(Center wavelength 310nm, FWHM10nmj)

Motch filter
(Center wavelength 3585nm)

Ii

Concave lens

Convex lens

Rayleigh-scattering

PMT

T

Fig.2 Configuration of light receiving system
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Fig.4 Results of Rayleigh scattering measurement by anti-Stokes light. (a) Time waveform of Rayleigh
scattering, (b) Correlation between hydrogen gas concentration and Rayleigh scattering by anti-Stokes light
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