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Fig. 1 (Color online) (a), (b), (¢), (d) Schematic illustrations of
optical vortices. The white arrows in the figures indicate the
instantaneous electric field vector, and circular arrows indi-
cate the handedness of circular polarization. Optical vortices
of (a), (d) have a right-handed spiral wavefront, and (b),
(c) have a left-handed spiral wavefront. (e), (f) Schematic
illustrations of vector beams. The arrows in these figures are
indicated the polarization directions.

2. ERFEOME

Fig. 1(e) ,(D D L 5 77 PV — AGFHRIE DK T
FSAAE ORI WA TN D 2 DOXHE ERE
PEDLIETERTESLZ EBMBNT WD, TEY D
Fig. 2 TrrahTWw5b X 51C, #lxI3 Fig. 1(a),(c) D>
DFE & A DOFHRIE THEALAT 2545 (=] & Fe gl Tas 5 & 5
RO OONMEENRNEDLE L L (DI TVT
IR FEAE S %, Fig. 1(b), (d) (372 M G2 B |1 O S i
EATHREABER O T 5728, ZOERGHE T
Fig. 1D OX7 FIVE—ABTE S, Va— VAT ML
7 TR PMRE R e ml O & 22 RG22 el O Yeis O
FREDEERT L, ROLSICEHET 5,

E(r,¢)=E() <exp[i(¢)] B} +expl —i(¢p+o)] [ }ZD
—eoesi(-5) ][5t sR] o

(7, ¢) (IWMELE, ol PEOMMELZFKT, CONT PV
EARE T, REV M ABRSAT TEEL T, — (9+a/
2) OAERFEAERBL T\ 5, BEE ¢ OREIICHE -

THEBRFEOR & Bi¥EEE L T < b DOl anti-vortex &
TN ARBEON Y PV —ATH Y, ifiZ a0 T
HIULRIED 7541 Fig. 1(F) OIRAEIZ 7 %,

BEHHTE I BAT VY 2 b—% TN AFLTHEY
KRB IN/ZZ2B8D7 VY 2 b —2 5O OREIR
RAENDE L EPARETH S, L4 IZRFHICIE
H > TRV 2EHEDT VY 2 b—2h bS5 H
T Ko THEHEBRTSI NS C & CHRBINICEZD &9,
TORAT VY a V=2 RHEAA v F V7RI & L
TERAEIh T3, Fxid, ARET VY2 b —X
DEREDPIREDOK L7 > ThB T LICERL, 71
AT VYV 2 V=2 OFEEE 2RI OEREDEIC
JERL, 260MEET VY 2 U —2 BRSNS K1E
FENODOELIETRZ FIVE—ABERTHT EoF
ML,

3. REDME, BHR

FEEE T T RHF5e AT UVSOR-IIL OYGEBEF LV — A
5 A4V BLIU CTfT» 72, ERAENEERTITS Z &
L, TIv A VAOYBL I LR BRI 5729020,
HEI500 MeV TSNz, COELEETI v X VAR
WBEONH5O 8nmrad BEORE -5, Ertzy 7T
v 7O % Fig. 2 177”79, BL1U 1213 2 5D APPLE-II
B2 T VY 2 V— 2 DEFNCEATE D, ZORIC
N THEwF> TETHEBEIH 2HEDT VY2l —
AP HOWDOMHELR AL S LY 4 7 SHEWA (7 r—
AT R—) DEREINTWSE, 7TV/Val—FFES
1.056 m, WAZIEIM88 mm, FWFKI0OTHY, 2H5DT
VYA U= ORLEEHIemEEnNTWS, TV Y
V=2 NE I EDONRFHFETHAT L7, Si0,
ODEZERZHL TRKRPICE Y S, 248nm+1nm
FWHM OV ERXAT 4 v xZ—T@BLth, 7V
V=2 HLh 575 m OMEICEE L 72 CCD THifE 75 A
RIEL T b, WESGAOBMEITIET A Y —279 v PR
KT\, 7vyab—23FnEng EEOMRE
TRETAHLDICHESINTEY, D2 KEGHBEOW
RNV EFIRAT 4 VR =D R E—FT 5 L2107 ->T
W5, £, EREET VY 2L —2 D 2 kEFBIT Fig. 1
(D), () D &S 7RO 72> T b, KD
ErEENEDLE LT E TEMRRLE RSP, IHIZIh
DHIWTHHI LT, FLEDED T2 5DOHDMIMHE
DEALT H7-DICEBREOR & HZEH S (Fig. 1(f))

RID 2 Rty 7s i IR EE " 2 % 721, RIET DE
SR FFE A S0FE X A CI60E A 2 C, 120 Ffii i ¢
KOFRE # Hfs L 7z, Fig. 3 125EE 2 U Synchrotron Radi-
ation Workshop? Ik %5V % 2 UV —V 5 VOFRERERT,

LS 1FIH PR F 2 AN T ICHRE L /2516 C,
2 7V H LB IRYEF O il & KA /2 E ORI AN FEE

232 ¢ HEH May 2020 Vol.33 No.3



PEY AW ILTFLT 22— CEDBPHANT FILE—LOERK

APPLE-II undulator

Phase shifter

Fig. 2 (Color online) Schematic illustration of the experimental configuration.
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Fig. 3 (Color online) Obtained intensity distributions of superposed light. The results of the experiment and the simula-
tion are shown in the top and bottom row respectively. The most left column shows the intensity without a polar-
izer, and others show the intensity through polarizer. The transmission axis of the polarizer is shown in the top
left of each column as an arrow in the circle. Reproduced from ref!®),
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Fig. 4 (Color online) Distributions of directions of polarization on
the observing plane. Figure (a) and (b) show measurements
and simulations respectively. Figure (c) is an enlarged view
of (a) in the range of the red line. Reproduced from ref!6,
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Fig. 5 (Color online) Degree of linear polarization on the observ-
ing plane. The left and right figures are the measurement and
the simulation corresponding to Fig. 4 (a) and (b), respec-
tively. The horizontal axis represents their azimuthal angles
of observation point, and p is their distances from the center.
Reproduced from ref!6).
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Fig. 6 (Color online) Distributions of directions of polarization on
observing planes with a relative phase shift of 180 degrees
from the results of Figure.4. Left and right figures show
measurements and simulations respectively. Reproduced
from ref!6),
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Generation of vector beam based on synchrotron
radiation using tandem helical undulators

Shunya MATSUBA Japan Synchrotron Radiation Research Institute, 1-1-1, Kouto, Sayo-cho, Sayo-
gun, Hyogo 679-5198

Masaki FUJIMOTOQO Institute for Molecular Science, 38 Nishigo-Naka, Myodaij, Okazaki, 444-8585

Masahito HOSAKA Nagoya University Synchrotron Radiation Research Center, Furo-cho, Chikusa-
ku, Nagoya, 464-8603

Masahiro KATOH Institute for Molecular Science, 38 Nishigo-Naka, Myodaij, Okazaki, 444-8585
Hiroshima Synchrotron Radiation Center, Hiroshima University, 2-313
Kagamiyama, Higashi-Hiroshima 739-0046

Abstract Vector beams are a sort of structured light that have a spatially variant polarization state. Vector
beams have long been of interest in the laser community due to their unique property. In accelera-
tor based light source, edge radiation and transition radiation were only known as a sort of vector
beam. Therefore, we propose a scheme to generate vector beam by tandem helical undulators. In
this scheme, second harmonic radiations from two opposite circular polarized helical undulators
are superposed by using a technique of ‘‘cross undulator’’. We describe the principle of the
scheme and details of the experiment.
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