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Analysis of water and water vapor Raman signals for radiation detection
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Abstract: Remote sensing of radioactivity concentrations is important for decommissioning works at the Fukushima
Daiichi Nuclear Power Station, Japan. In this study, we explore the potential of Raman lidar measurements of
aerosol hydrates resulting from the ionizing effects of radiations. Preliminary experiments were conducted by
injecting water particles into a cubic glass chamber. Raman signals from water and water vapor, 403.7 nm and 407.8
nm, respectively, were observed for an incident light of 355 nm. It was confirmed that water Raman has a wider
spectral width than water vapor. From these results, we developed a three-channel Raman lidar with narrow band pass
filters with band width of 1.5 nm. Raman lidar measurements are conducted in the humidity controlled environment
using sealed Americium radiation sources at the Japan Atomic Energy Agency. Overall, we observed decrease in
water vapor signal and increase in water signal as the radioactivity increased.

Key Words: Raman LIDAR, Water cluster, Water vapor, radiation, Fukushima

IZ LI

BE Y E O E HTIEE, MEBEZ RS E TS T CRBEND o, BB, v i, TiHEFoK
FRMEENERTH N, BEESLy BEENSZEFTI2ERETTE, 2hboo /A Xl bh
e ZEOPEIFEFICRETHL. HrxrOBBECTHERINZREE IR TIREETOEFIEEZICB Y
TYH, o ZEOMERIEBIZEETH Y, RELD o BHEO AR Z 20 L CTHRABRIEEZ LA TnIE
BV, ZTHICIEERE S ROREICKHLT 20 #EE 2 L R BUEECL B O BEEE 2 v
EREFNEETD. 207D aGREFAEMICEHATCE 2EBIHBETLEEN TS, £ZTK
MIETIE aBROFHIIZ, T TA X —FHOEERHFMEZRF LTS o BOKKEHIZL > T
ERENDZIZT Y VT FECATYOBELZ LY, ZHIZTKRATOKBRLIANKIZ T2 EEKLED
DLEEEEND. TbbaENEETLEMTIE, KEKEKIZ TAZEROEAREL TS,
AT TIXRBEZHE L2F v o SNICHEAEBRIRZEE L TR Sm "7~ 74 % —Hll %17
Sl B BIEE 1.5em 28V A = X L F —60u] @ Nd:YLF L — # ( Spectra-Physics,
ICT-349-120-CDOH) ZMH L, 5 DM OME TKEARBEOW A L KT T AXZOAERDOE N E K LT 2
AFETIE L —FHIE L, EEOm L - MERBOERFEZRALD.

KRLA ] L T~ U ELE o & B EE At oo kR

FEREERE L TKEKREKD T~ U HELKFHE 21T o 7= Table 1 12 ASK 3550m IS *kF 9~ 57K « K&
RI~VHMEEEEZTRT. TR TFRICHLTK - KERO T URELEOBEN XD X 5 Ic& 1k
T 5 EF T, Fig 1 KRBT & & T~ VU BUELE O & B PEFEAN O FEBRIEE %2 7797, 134 30cm D 37 K
BT AT v ASAHNIZKRL T &2 RA S, K 355nm, 17 60mJ ® Nd:YAG 73V A L —# (Continuum,
Surelite I) Z JR&F L 7=. WA S ¥ 72 KK+ D & 1T He-Ne L — ¥ & Photodiode Z W TH@REZ KD, £
OIEZTF v NHKRETOBOEESE Lz, SXBIET v U BRI RKRE 225 AR O L
TO0 EDHFMICFHE L, MMHEIZ1X ICCD # 2 Z  (Roper Scientific, PI-MAX 512RB-SG-43) % f 7=,
HEIL0.1~09 DI ODHFBRICEWVWTENEN 0.9 BERTITWV, K-« KEK T~ U BELCOBE %2
FHRT- Fig2 WA BBRIZTB N T 400~410nm T/ 0 — RARE—27 25K TF <, 407.8nm TKAEX T
v UHRELEE R LR R AR T KRR T v VIR TAKR T DAY FAER SO, RIE



DKIFKBHEE LD THMEAEEANBSBNRELERRENTEZDTHD 3. FET—T00IxZE
ZROFBBRICKFEL, BBRENNES W, T2bbAERKENZVVIEE T~ U EELEOREN K E W
ZENGND. Figd WEBRRICB T DK - KEAKX I~V ERFBEORN KTy hERT. BiREOD
AT HENT = AL ORI BEMICHEMN L TV D 2 ERMRTE, T hE T L ke R
— L OIEANCH] > TV 5D 4 Figd ICHERFITHK L TAK-KEKXR T v o@Eks7 ey b LEMBREZR
T BIWER 0.3~0.7 FTIEEITWVIZRY, MOBRETIEIZOMM1604NDE. T F + X—LOD
EAIR VBB ENE WL ol KR ELEH W THIIUTORXTMIT 5.

Ratio=exp (NvovL — Nwowl) (1)

XLV, BRBONINWE ZAFIKBFNZNTZOHHIT/NEIL 2D, FBiEFEOKZ VAT TILARL
TR THMMICBENRREWEDELEZZOND. KAETOEIZXHLTK - KEKT v BHEEK
BEMICENT 22O BAROEBEHMNRICLDIKER LK FAZEROEERD Z &N T
5.

Table 1 Raman scattering wavelength at 355 nm?

Molecule Raman shift Wavelength
Water 3400 /cm 403.7 nm
Water Vapor 3652 /cm 407.8 nm
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Table 2 Specifications of transmitting system

Laser Lotis Tl Nd:YAG laser LS-2131M-10
Center Wavelength 355 nm
Pulse energy 30 mJ
Pulse width 7~9 ns
Repetition Rate 10 Hz

Table 3 Specifications of light receiving system

Detector (N2 /H20,Vapor) Hamamatsu PMT (H6780 / H6780-3)
Wavelength range 300~650 nm / 185~650 nm
Peak sensitivity wavelength 420 nm

Effective area 8 mmeo

Vapor Transmitting light
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| e— -
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Fig.6 Experimental equipment for radiation measurement
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Fig.7 Changes in Raman signals due to ionizing effects of radiation (left),water particles (right),water vapor
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