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We performed forward four-wave mixing in plasma created by highly intense optical vortex, so as
to transfer the total angular momentum of the optical vortex to the diffracted beam. A laser used
was a picosecond Nd:YAG laser (wavelength : 1064nm, pulse width : 20ps, pulse energy : 1~5mlJ),
and its output was converted to optical vortex with a total angular momentum of 1 by a spiral phase
plate. The optical vortex and its reference pulses were spatially overlapped on a target silica glass,
thereby forming the plasma grating. Self-diffracted output with an annular intensity profile was
then observed. Furthermore, self-diffracted output energy was almost proportional to the cube of
the optical vortex energy. These results evidenced that the total angular momentum was transferred
from the optical vortex to the diffracted output through four-wave mixing process in plasma
grating.

S P
(A 1)
T R &
SRR 3,000,000 900,000 3,900,000

RIS < SEADEE - BTIET
FHBFEE 57 R « M < IGFDES: -+ BT T
F—U— R L= SRR - ERAOEE

1. BFEBIAAS W OT 5 R~<lp EOMEREMOEMEEZ X TH
Yoo TafaiEdh &) (LR O AR R FEICHECcE 5, —FH, TW ZH x5
ST H T 2 ol A EE (L) & MR H TRYCHRPE 2R T R L — P — X, ERE
Skt b A U AEEES)DET NFHNR Y WA, 7 NSV RFEAE, R BiLwn
R VFIQ=L+S) TH- 2 b5 KRBT O H ¢ MR PRI S A Rk 2 LA L CTnD, Zh
NIA=ZTHHIH), D [affES) R B OBRIBEIRIIT T, L—F =A%
EHWSD L, ZINETHIEARRETH 727 T Vo EBA R EORTER M & DS RITHIFE




HERIZE->TREZ S, LER-T, 77X
~ %% U oo AL - R [ O 45 17 VE & (E 42l
HTE D [EmERhE] LV TA—H
AR L — Y — i, MR L—Y—
WL G D2 R & SR 18] L S & 5 720
T BT LWBRER N EEN S 2 LI
B,

2. WD HW

IV A L —H =R L > TH S
HTTAZ(L—YF—FRL T T A=) —
=DM DA 2R e 7T LAFeekT
H( 1T T RX= hRuarl T n), RFET
X, 2o 79Xkl I ZHN
T, BREL—Y—0 [efEdHE 2 H
EIZHIET S L2 AN ET 5,

3. Wik

TRz mu ST AOMAAEFIZLD
BT EDOPH AN ARETH D = & & 5EiiE
TAHEBREIT-T-, IGW LLDE— 738
ExAT 583l —3—(CULAlE 20ps,
W lum)a W TEREIT 572, 257 4 v
A= HWCT L —Y—JEH%E2 Y7 AL — LA
WCEBLT=DG, AT T A TTE IR EN
FHR(16 DENENTWTHEE T AL FOYE
JES M6 OEHETH 2 6d)EHWT
WIS HZ LT 1 RtimERESET,
H A — L0 H— IR~ DB IE
~85%Th 5,

ZONMmEFEDO—EELE D ML TIER L
TV e D R FWIZTE-TT T X
< hu ST ADEEAREGAH L EITo
720 2 RO EIT~1:1 THD, Fu
T LREMEIE LT T L —y g VB
EMBEITH D AT T A% i,

4. WFIERRE

e &R S AT T A EC Tk
WTHWTD2EAETNTADT T L—3 9
NEZY, TN—L20NFEET D, FhEFRRF
2, BN ST R~ - A ST AOFEE
e & U CRIEMRIUSEIRGICHEK T 5 A
CEHTERRAE Lz, BRI O =R L¥
—i%, Au T AREICHW 1 TR =
VX —D 3R THEINT D Z b, S
WRER T T A~ mn s T heE LTS
NTWAZ xR Lz, £7-. BCOREIT,
DWHE BB TH D Z L1k F—F Y Rsg g
DA HRER TE T2,

T2, KRSV A EHWNTEE, PRER
REHOT 7L —a R CRAET L7 L
—LDEAF IV AEA LTV T AR
CCD 7 A 7 Z= W CTHEI L, el o fiER)
BIZ L DT T A< il 2 BRI LT,

Self-diffraction energy (a.u.)

04 i 5

Optical vortex pulse energy (mlJ)

X1 BCoEIEoRPTzhE,

X 2 ez X d 7T A<, £0E
i, AT TR E—24), Kz RS
EHLERTOT T A BENEL 2D,

INHDORERNS, mmE L —F—I2L 5
T T L—a IR TIRAET D aERL R
7 T AH =D TN ERAE, e T
XBHZENHYND, TOBLET T L—
3 VINTIZH L2, ZORER, SRR
Lo CigetiEx~ A4 o8R)T/ =—F
AR TE D Z & 2ERIICAE L,

5. FreREIRLE

CdeRERm ) (6 1)

1) “Transfer  of  light  helicity to
nanostructures,” Kohei Toyoda, Fuyuto
Takahashi, Shun Takizawa, Yu Tokizane,

Katsuhiko  Miyamoto, Morita,

Ryuji
Takashige Omatsu, Phys. Rev. Lett., 110, 14,

(2013) 143603.

2) “Tunable 2-um optical vortex parametric
oscillator,” Taximaiti Yusufu, Yu Tokizane,

Masaki Yamada, Katsuhiko Miyamoto,



Takashige Omatsu, Optics Express, 20, 21,
(2012) 23666-23675.

3) “Using optical vortex to control the chirality
of twisted metal nanostructures,” Kohei
Toyoda, Katsuhiko Miyamoto, Nobuyuki
Aoki, Ryuji Morita, Takashige Omatsu, Nano
Lett. 12, 7, (2012) 3645—3649.

4) “High power neodymium-doped mixed

vanadate ~ bounce  geometry  laser,

modelocked with nonlinear  mirror,”
Gabrielle M. Thomas, Takashige Omatsu,
Michael J. Damzen, Appl. Phys. B 108, 1,
(2012) 125-128.

optical

5) “Dual-frequency  picosecond

parametric  generator pumped by a
Nd-doped vanadate bounce laser,” Masaki
Koichi, Shuto Ujita, Takefumi Saito,

Katsuhiko Miyamoto, Takashige Omatsu,

Opt. Express, 19, 19, (2011) 18523-18528.
6) ‘“Nanosecond vortex laser pulses with
energies from an

millijoule  pulse

Yb-doped double-clad fiber

amplifier.” Mio Koyama, Hirose Tetsuya,

power

Masahito Okida, Katsuhiko Miyamoto,
Takashige Omatsu, Opt. Express 19, 15,
(2011) 14420-14425.

(FaE) GH8fh)

1) YoMEEHEIC X D) RO DA
FIVTF4—evw=tal—a” &
AT 5 60 [RINS A B P B2 PN
A, VRV T A T LS
YA rEan G TR~ =
Vol — g, 27p-Gl6, (#A%3)I1 L
BLRE:, 2013.3.27)

2) KD~V T 4= DMEDD
A TSR, RASER, HARHH
i R TE T BB B 8

EAFFES RN E M A — L,

2013.3.4.)

3)  SEmL—Y -2 FH LN T e
LSRN =Y e 5 N 7 %k S i
Bifirgie S 0EIFITE [ deiin T
EENEXZ D L—F—FHl (FRRE
& fE, 2013.3.1)

4) “RrRB YAV L 2WE DT A
7 ARSI, BAAZESE, # 8 [Hlhi
T a2 E (RIRKRFH2ZE

' H—,2012.12.17-18)
5)  “Recent progress of high power optical

vortex laser technologies,” Takashige

Omatsu, International conference on
manufacturing with photons, energetic
particles and power fields, (Wuhan, China,
2012.11.2)

6) ”Optical vortex lasers and their application
to material nano-processing,”
Omatsu, APLS 2012
China)(2012.5.28.)

7y CEH IR L — Y — DB L DK
R RAREL, 2026587 #59
B A B RALRE A R = (R
K5, 2012.3.16.)

8) o aMmEEELHW- etk
vy 7 RRRFER, REES, L—
YA AR = 2 32 A AR ROk = (Il
. 2012.1.30)

Takashige
(Anhui,

(XME) GF11h)

1) “Chiral Nanostructures Fabricated by
Twisted Light with Spin”, T. Omatsu, R.
Morita, Singular and Chiral
Nanoplasmonics, (Pan Stanford Publishing
Pte Ltd.) (in press)

(Zfth)

T

) “EHAAEREND K — 7377 — b
AT TEAR == 2T L7, B
Fi%, L= HaEE 37 Nol (2012)



6-14.

2) “Optical-fiber laser produces high-power
vortex output”’”, T. Omatsu, SPIE
Newsroom, 10.1117/2.1201102.003459 1-2
(2011)

3) FRHEMEZ, FHRA, BRAFEE, “fiE.
R JCAE B2 FF ORI SLADFE A L
2GS, Rim BT, FERE,
748-754 (2011).

6. WF7EHHK

(D) WFFEERE
T Y55
(OMATSU TAKASHIGE)

THERT: - REGEGF AR - 8%
WFEE S 30241938



