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Development of high-resolution resonance laser spectroscopy using laser-induced
plasma for remote isotopic analysis of radioactive materials

Miyabe, Masabumi
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A high-resolution spectrometry combining laser ablation and Doppler-free
fluorescence spectroscopic techniques has been developed as an analysis having remoteness and
rapidity for various highly radioactive analytes generated during decommissioning process. As a
result, we succeeded in improving the spectral resolution by 10 times or more (100 MHz) compared to
the conventional ablation absorption spectroscopy having Doppler broadening. As a result of applying

this technique to the analysis of natural calcium isotopes in concrete, it was found that it has a

sensitivity capable of detecting 42Ca (abundance of about 0.6%), and that it has good linearity in
the calibration curve.



I(

60

5MPa

mirror
Nd:YAG laser 532nm

)

plume

Isolator

counter pi

a—

e,

-~ {ecoz]

1

1

1 p

i
1

| ﬂ
1

1 FOL control

1

1

1

1

1

/
I:l Bandpass filter
C
— PMT

Boxcar Preamp

> probe beam
sample
- )
H |pe
He

Nd:YAG 2

1g

10mm 6mm

732.6145 nm

4s4d('D,) g
37298.287 cm™!
=69 ns
4s4p('P))
4226728 nm 23652.304 cm
gf=1.75 t=4.55ns
Cal
0cm™ 4s('S)

Ca



2 ( 422nm, 732nm)
730+5nm
HeNe FSR 300MHz
PC
AD
() 2 422nm (1So) Ca
1 (*P1) 732nm 2 (1D2)
1
2 3 (4s4p(3Py, 2))
@2 2
2( ) 2
1,2
150pus
300ps
12.0 14.0
D oops
R G fermce | ome
S o 3 1o © bore.
% @ A2 on resonace % 8.0
c 60 g
'(%7 & 8o
L 40 w
- g I 40
20 20
+1(@ 22 off resonance
0.0 ’\L 0.0
0 500 1000 1500 2000 0 500 1000 1500 2000
Delaytime (usec) Delaytime (usec)
2 () ()
2( )
100Pa
100Pa
(2)
2 1
1 1
422nm 420+5nm 3



(FWHM) 2GHz 2GHz Ca
300K
2 1 2
732nm

20 1
100MHz

5.0
He 150Pa e
30 sample = e
4227904-79280m () EAREEAE
40 i 1smw
12: 11.4mwW
s
€30
(0]
[}
c
8
e .o L ~100MHz
g = (@) BESIL
w
2GHz
10
0.0 . . . . . . .
0 500 1000 1500 2000 2500 3000 3500 4000

Frequency of 1st step laser (MHz)

®3)

40 )
1 a0 ) 2

1.2GHz 3

100Pa Ca
He 1
2 1 2 4.55ns, 69ns

60 20210507-ALL 60 20210506-ALL

He gas 70 . He gas
5.0 100Pa 30 sample 100Pa '? 30 sample

422.7923-7916nm 60 &1 732.8184-8162nm

_ Ag delay:980ps ~ o delay:500us

540 . Es0 ¢ ot

bt iy 8 Py

£30 HEY g H

g p 5

El E]

2 2

0.0 200.0 400.0 600.0 800.0 1000.0 1200.0 0.0 200.0 400.0 600.0 800.0 1000.0 1200.0
Frequency of 1st step laser (MHz) Frequency of 2nd step laser (MHz)

(4)

40Ca -600MHz 2.7GHz



1/3 2/3 1 40Ca 42Ca 4Ca
1
42—40Ca= 391.1MHz, 44740Ca= 770.8MHz 42Ca “Ca
0.65% 2% 100Pa 40Ca
42Ca 50Pa
3
5
10.0
“ca 100 sample
732.81813-81325nm
Deley: 980us
g 1.0
0.1
0 500 1000 2000 2500
Frequency of 2nd step laser (MHz)
52 2
(5)
1 2 40Ca, 42Ca, 4Ca
42Ca/40Ca, 44Cal*Ca 6( )
6( ) 6( ) 50Pa 2
40Ca—*Ca—*2Ca—BG 6
100 BG 1 2 40Ca
-600 MHz  +2.1 GHz
42Ca/*Ca  44Cal4°Ca 44Ca/*Ca = 0.0213+0.0017 (0.0215) 42Ca/*Ca =
0.0079+0.0007 (0.0067) 10%
( ) 6(
30 (LOD) 0.25%
10.00 8
40ca N _ y=0.05525x+0.2092
7 ] bl e v 5 R=1
5 Reproducability =4 “ca
% 1.00 ;%3
§ 44Ca § 2
R S U o PR
"%_v__, B B S P it} 4
42Ca
0.10 - - - - - BG 0
0 2000 4000 6000 8000 10000 12000 20 40 60 80 100

Measurement time (arb.)

6

Natural Abundance (%)



4 4 0 0

M. Miyabe, M. Oba, K. Akaoka, M. Kato, S. Hasegawa, I. Wakaida 126

Development of laser ablation absorption spectroscopy for nuclear fuel materials: plume 2020

expansion behavior for refractory metals observed by laser-induced fluorescence imaging

spectroscopy

Applied Physics A 213
DOl

10.1007/s00339-020-3368-0

Wells Stephen R. Miyabe Masabumi Hasegawa Shuichi 126

Design, construction and characterization of a single unit external cavity diode laser coupled 2020

tapered amplifier system for atomic physics

Optics & Laser Technology 106118
DOl

10.1016/j .optlastec.2020.106118

Daido Hiroyuki Yamada Tomonori Furukawa Hiroyuki Ito Chikara Miyabe Masabumi Shibata 33

Takuya Hasegawa Shuichi

Generation of particles and fragments by quasicontinuous wave fiber laser irradiation of 2021

stainless steel, alumina, and concrete materials

Journal of Laser Applications 12001
DOl

10.2351/7.0000190

Miyabe Masabumi Satou Yukihiko Wakaida lkuo Terabayashi Ryohei Sonnenschein Volker Tomita -

Hideki, Zhao Yue, Sakamoto Tetsuo

Odd-parity autoionizing levels of uranium observed by two-color two-step photoionization 2021

optogalvanic spectroscopy

Journal of Physics B: Atomic, Molecular and Optical Physics

DOl
10.1088/1361-6455/abT89f




5 0 2

M. Miyabe, M. Oba, K. Akaoka, I. Wakaida

Remote isotope analysis using laser spectroscopic technique

International Topical Workshop on Fukushima Decomissioning Research (FDR 2019)

2019

M. Miyabe, M. Oba, K. Akaoka, I. Wakaida

Development of laser ablation absorption spectroscopy for nuclear fuel materials

15th International Conference on Laser Ablation (COLA2020)

2019

-6 (9

2018

2018

17

2019




4 @

2021

2021

(Hasegawa Shuichi)

(90262047)

(12601)




