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Development of optical vortex spectroscopy and its application to measurement of
traverse gas flow
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In this study, we have developed spectroscopy methods using optical vortex
beam, which can detect the particle flow in the perpendicular direction of the beam. In optical
vortex absorption spectroscopy and optical vortex saturation absorption spectroscopy, azimuthal
Doppler shifts that are qualitatively consistent with the theory were observed. The amount of the
azimuthal doppler shift was inversely proportional to the distance from the phase singularity.
Meanwhile, the absolute value of the Azimuthal Doppler shift is several times larger than the
theoretical expectation. Hence, it is necessary to continue improving the measurement system.
Regarding the optical vortex LIF spectroscopy, it was confirmed that the effect of azimuth Doppler
shift could not be observed with an optical vortex at topological charge 1. Therefore, we have
developed a new higher-order optical vortex light source. We plan to proceed the measurements using

the light source.



¥ X C—19,. F—19—1, Z—19 (38)

1. BFEBRLEYS WO &

e i, B 1 (@) IR T LD ITEAT A R AKRD
BNARE S RA T 4 IR MV EFOGIRE— R
DT, AT I EE A2 Wi C K — > RO GREE S5 A
& NN DR AR 2R (K 1()). FHhifh
a1 BOEMAREIL 20 TROIN, KoL
NORELAZEZRDT NI A—H0% bR I LTF
¥ — U LRSS, B AHULNIACHERRS L 2D, SRl
FEEREE AR T 5. L. Allen 1%, A U= &2 Ho
e & R F O EAERICB O T, JE o T HmEe K1 @KROEMHEE AL T ¢
i &35 MR AR T, {sikd7m 2z, 85 r. AL Y IRy Ry S, (b)WriE N O R
I 0 OEED 3K v, v, VO IIKIG LT Ry 75 A EAFZE N 6.

—ZhE (5 zoc—ky,, droc—krv, & 0 c—0/r v,) &ZEL
DI EEBERANOR LT, ZORRIT, Seim L &
R DR TR E A FF O Z LA EBR L T 5.

INFETICHFEESIL, Ky 77— —¥—fFwt (LIF) ExHWET - 4 4ol
FHHL, L= — P2 Y UEELICEDEFO RNy T T =27 bVHHEIE, Ny 77— %% F A
L7- Rk DIFTE 21T > C& T2, Wk D K v 77 =43 T, sl iim o Esh Lok H
TE 72028, FHAH L —YF— NI HT 2HIIC L - T, PIEIC L - TEH LN D IEHmHIBR
SNTETZ. M IEEREITHZ LT, KKICEDHIREHEML, Ry 77 —hF2HHT
DR ORNEME 2 BIIMICm LSS5 2 ENTE S,

2. Lo HB

ARFIE T, KL — Y — DR RSN A E 2 7T A~ ICHHAT 5 2 & T, iEko ’
v T T = WIEDERE BT, R ERUD FHROMEICEREEZRO Ny T — 0tk E %
L, 77 A~HORNFEINICHT S 22 A ET 5. JRFOEESAMFEZ TREICT S Ky
T —SWIEL, TTARADEA T I ABEMEOI- DI KRERER L FETH LN, WEIIT D
JEENFIE L — —DEM| RO 1 BREIZELND E W) ROGHIRKINS 5. T4, HRZO
BTSN HBL—F =1L, FFLEOMAEERICB TS Ny 77 —ENEED 3 Hf
@< 2 EDRBRNITREINTWD., ZOH TRl %E Ky 77— L —HF—3kIcEAT 5
Z&T, HEOBRRMEAZILE L2 RE 2 FEBT 5.

3. WHEDTTIE

Dk omziEie]

SR TIE, B AL ON AR R LB CIRF R O 2 M oM 2 BT 2 L ER H 5. Zh
(213, IREIR L OEFRBRB S WL ENEZ A o MEN D 5120, HAORERZ & EE
£+ 5.

[ IR BRI 23 Y iE R K OSBRIy ek D B3 ]

X 2 12T X D18, Az FEiaikT 2850, HEE
I35 1T 2 Ak O b AT 13V, il BB 22 DTt LT
(K 2(a)), iR AR V, o L TRl RS
(H2(0)). ZDOAFEITE— L LOMARERR S5 DR
BEICHRAE LT T 5. RIS YT, 2 oibkd
FEOBRNLOENC LD Ry 7T — 227 hLDZERIZEAL
N, ARy 77—y 7 FERY Y. tiEE 7o
— 7, W E R T E LRI oy e 21T
52 & TIEGND Lamb dip OFESTIH A FRMEAEED
Bl 3 1Ry, mEEXIRy 79 —7 1) —DES5TH
% Lamb dip S MREICE T 7 FLTWSZ &
Db, ZOZ kX, KRy 7 T7—AX7 pLEikl
TAIBIZREL{T% Lanb Dip % &4 FRLEHRI O
FRIEICRIH T A Z L 2EWT 5. AR TIE, ik
A3 Yeikds K OYERARFIIN 3 e dE O 5 % B3 5,

o WREZERIC B B (o) Fili
DRV, (b) Yeillh o Fhk (A,

SEIRWAL Iy BN, PERITBLRI S AN ATHE T & > 7oA 5 1) .



Ry 77 =27 FaERRERTBITE D L WO RN H L0, 77 XA~ FTARE—I12k

NSl B — L ORE S 2 BT 2 BENH Y, SIRENEIIT AL O BB Ao &kE
— FEOET O %%\ T 5 AR & 5. ZHUIHR L O LIF I TR, Stilids w217
DDHTHY, HiDBEF & O EAEMOE R AR E TESBER RN, EHELRO
{CHRRFIE 2 B R8T 2 MBS 22\, 7252 065% 2 FV O LIF 2800 L, M5 mojtiuiic
WS,

4. WFZEEE

R o @z EbizonT]
AFREDOHIFERRIC LV, KM HICB W TORROZEENIEFICEHE TH L Z LR LN E
720, WFEHIR A U IR, R, NS S O E IS T o 2. SRR O E O
LEMZSET D728, KA TOPTICA 8o S 4k 2575 =8k L —¥"— (DLC DL PRO) ~&
EELIZ, FEERL—YF—DE—L = THWETHDIC T NVE—R 77 A4 3 H
TWDHD, FREBREOZE(IKSF L CTH A NDORAF BN EEET 5720, 7 7 A4 NE& KL
T 5L L HITWBMIC L D RENEITo 7. ZEMT— FREEDS @V Z LR T 2720, J5H
FOEARZEE TEB L CTRERLDEZRET D &L LI, MR ICE D THORELE
BLCHEREME L. T T v E—Lnb il ~0T— NEHE, Z2RDEEHEs (SLM)
WCRRLIEAR T LDEHWDHEE 1/2 ERRY % —4— (q-plate) IZ X 2 HiEEZHW .
SIMIZHHWA R T 7T ML, BEIFERGER L, HRITWIRE « (A 2 ot a AR
HEoE LUz, ZOFETIE, sl 7 08EB25Z L THRRO bR LVTF ¥ —V R
BICEETEDLEVIFERH D03, SIMITEET 1 A 40
TlA LEUFHETEEL TWD®, KEENLO Y 7
Uy v 2 |[ZEINT MM A XegGTr & V) REND
5. —Ji T, q-plate |2 X B IeiApIXRER A2 0
DI NI N T DR EMEIT @O, JF R T OB
T XD mR sy DA 0 RIEDIR A O FTREM: 23 [
AL LTHIToND. £/, RN TIE, E—ah

—LGI=+

30+

Doppler Shift [MHz]
o

_1 |
DDA AR S I1Z% LT 100 um BLNFRE THO AT | _;
IVNEELRAZD, E—LARy NOMBEZEMN S H
WD, AHIETIE, ZEROFELEICLHE—L AR 30
v NOBEEMZ AT, RFREEKE ST AF oy 7l B

= AN D TEBREZIT-o TV S, @%Eﬂ—f/'ﬁfﬂi, E— A Distance from Singularity [um]
ARy FOFED X & OMES e ELEIC L DT 4 ULy v TR LT TS
WINKE TR ) A KWL 7o THY, AR THROIE gy [y s b

BB ZITH TETHS.

[SETEIRIR 4y Y613 L ORI IR 45 615 D B 3 ]

HEBEIZI > 7o T AFRITKT LT 45° T 72 F 1 Tk
W 2 N T2 38 5 O BRI 53 K 2 AT AT AP O RE
AT T2, Heil%m FAFICR L CIRE 22 RS AH
L, GRSk L OYERea e 21772, 6
AR A YL TIE, T a— 7 ITm, R FHITE
A 2, KA SRR i k> TE ol
Ny Ry 77— 7 N ONARRFE 50> & O BRRER A,
SATYETRBAFIE I YT L > TH &7z Lamb Dip &
7 N OAARFE R D O O FERHKAFEZ R T WL B AL

Lamb Dip Shift [MHz]

FHAEE S D O BB R B9 2 EEE R B, o =20 20 0 20 40
7 hMEPHERMELY HREL, Eo 02X REVFERE Distance from Singularity fum]
ot 5%, WFROBERLIEENEOLRREZED S X5 SihERI Iy ek TR L
TETHD. 7= Lamb dip ® > 7 k.

[Gia LIF =0 B %] LG Floating raw data

FIFEBNREIREAAT & & > HYPER-T 258 T, B A 0107
NHFIEDOA A RINTFAET D, i LIFIEOBR T oos;
X, ZOAFVRERNET D2 EE2HME Lz, BRI o0
SEASFHAE (EOM) 2 AW T L —HF— A S mEEFH L e~
TA T BT, U TANRNATORINNRZ 72
WHEZTERIED A A ZWERRRL 1 & 5252 & 3w
REL 722, MEICRBIIC R R ILTF ¥y —UR 1O 00—
Seim A BT L 726 LIF A7 hL % R4, LIF

FEEET Yy /A BRI TS0, RIS MEELE > 6 Jtilh LIF 2A~7 b

0.04 -

0.02 A




TEGHEIIR#ECTH V, SRRSO LIF 55 %
SLTALT ML EHTWS. ARy 77— 7 b
DNV I AL AR R FL VT BE CHIREE MR T LT 5 fE i
TREL D728, LIF G5 ~0FEN/ NS, BoE
TIE TR EZBRTHZ ENHETHARN. 2
T, LOKRERTNARY T T—2 7 FOREHLT-
W, FAROYHINF =V RRERNIWERANDSZ L&
WL, BEET 2T, MTIChRaedhLF v —
T 10 OBE DL LIF 227 R L OEAEEHE Ok H
Y. ZORENS, A THo THEKRDNImE
WD Z LT, iRy 7T —27 bORRE 431
BHITE D Z LARENTZTD, ERONIEIGIR A B %
L7=. 5%, ZONXFEZ W6 LIF JlE 217> T
{FETHS.

—— LGy, (R =5 pm) Vx = 5000 m/s

06 [ ——LGy,o (R=5 pum) Vx = 10000 m/s 1
= —— TEM,
F] 00
.‘?; 05 4
E 04 q
123
s =
g 03k Ti=01ev |
w
5 02 1

0.1 1

00 L L L

-4 -3 =2 -1 0 1 2 3 4

Detuning (GHz)

7 BIRDO I D LIF A7
kL.



3 3 0 3

Yoshimura Shinji Terasaka Kenichiro Aramaki Mitsutoshi

59

Modification of laser-induced fluorescence spectrum by additional azimuthal Doppler effect in
optical vortex beams

2020

Japanese Journal of Applied Physics

SHHBO4 SHHBO4

DOl
10.35848/1347-4065/ab72ch

Emika ABE, Kenichiro TERASAKA, Shinji YOSHIMURA, Mitsutoshi ARAMAKI and Masayoshi Y. TANAKA 14

Observation of axial neutral-gas flow reversal in an ECR plasma 2019

Plasma and Fusion Research 1201066
DOl

Takumi HADA, Toshiki IKEDA, Mika YOSHIDA, Katsuhisa KITANO, Kei SHINADA, Mitsutoshi ARAMAKI 14

Propagation of plasma bullet in impurity-controlled working gas: from standard to ultrapure 2019

atmospheric pressure plasma

Plasma and Fusion Research 3406068

DOl

17 2 5

75

2020




75

2020
LIF
75
2020
36
2019
Laguerre-Gaussian
36

2019




M. Aramaki, M. Yamamoto, S. Yoshimura, K. Terasaka, T. Morisaki

Development of Optical Vortex Doppler Spectroscopy: Azimuthal Doppler Shift and Phase Gradient

2nd Asia-Pacific Conference on Plasma Physics

2018

M. Aramaki, M. Yamamoto, S. Yoshimura, K. Terasaka, T. Morisaki

Application of optical vortex to gas flow measurement in plasma

The 37th JSST Annual International Conference on Simulation Technology

2018

Mitsutoshi Aramaki, Masaki Yamamoto, Hirokazu Kobayashi, Shinji Yoshimura, Kenichiro Terasaka,Tomohiro Morisaki

Diffraction effect on spectral line shape of optical vortex Doppler absorption spectroscopy

60th Annual Meeting of the APS Division of Plasma Physics Co-Located with the 71st Annual Gaseous Electronics Conference

2018

2018

2018




35

2018

73

2018

M. Aramaki

Inevitable Limitation of Plane Wave Laser Spectroscopy, and a Solution by Using Structure of Light

1st Asia-Pacific Conference on Plasma Physics

2017

S. Yoshimura, M. Aramaki, K. Terasaka, M. Y. Tanaka

Additional Doppler shift in absorption spectrum obtained by laser absorption spectroscopy using optical vortex beams

18th Laser Aided Plasma Diagnostics

2017




72

2017
Lamb dip
72
2017
72
2017

Plasma Conference 2017

2017




(Kitano Katsuhisa)

(20379118) (14401)
(Yoshimura Shinji)

(50311204) (63902)
(Terasaka Kenichiro)

(50597127) (17102)




