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Fig. 1 (Color online) Wavefronts and intensity distributions of a
plane wave (left) and an optical vortex (right).
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calculated by using SRW2!), Spherical wave phase distribution as nature of undulator radiation (b) and after

phase correction by a thin lens (c)
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Fig. 3 (Color online) Experimental setup for observation of harmonics of a helical undulaor. Interference of double un-
dulators (upper) and double slit diffraction experiment (lower).
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Fig. 4 Interference patterns between two undulator radiations. Experimental results (upper) and numerical simulation
results by SRW2! . From the left column to the right: patterns between the fundamental and third harmonics and
between the fundamental and second harmonics for left-handed polarization and between the fundamental and
second harmonics and between the fundamental and third harmonics for right-handed polarization.
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Fig. 5 (Color online) Principle of the double-slit diffraction of
twisted radiation (top) and the double-slit diffraction pat-
tern. From left to right; the fundamental, the second har-
monic (right-handed circular polarization) and the second
harmonic (left-handed circular polarization). Experimental
results (middle) and numerical simulation results (bottom)
by SRW.

b (Fig.5(@), AL A THENHAT ENTFHRINSS),
FEERICHEBIL 72T IO SRWIC LAY 32—V g
VETHE O % Fig. 5 10 7, FTAEMRITERER Y X<
BHHL, S6ICHERD &EED ORBEBOTEREFITE NI
BHHROBRTHHZ LbmInic, TORRKRICTLD, &K
WEHRBHEHTH D HEIEHA IR TH 5 2 & w WD TREEIC
RTTENRTE , 58, TORTERICKE VT HER
RA—=V B L7 DICETE—LBEYPRATH S 2 &
BETH 5,

3. BERARBICLZIHBHRAREFD
XAF 1

M7 VY2 b—2 D&k s L TE LN B ERREK
OHAIWE E ED LD ITHEFRTADTHA DN ?
CTRETDTERE L L TUT - BESENMEOEIC &
DA ARF DIA A MEFEB2Y RN L 72\ A,
BEREBEOEEIC oW, EICREEMRCTRT S T4
RGE LR EDS 2B 2 >ob 50, ERiFED
WEREETH -7, FITHRAET VY2V —2THEDS
NAXWOIGHEZT VIR e A E LT, £33 HM
TRTSTHEYTIVELT, Kl EwEOMEIEROR
fitt% B e L 7o ERIRICE F L7

KEFER BN T A0S, £, HHTFIICE SV OR
FEIMNBEOIW & IR T OMEFR B+ 5, il & 5T
ORILIEROBEIIME, b bR & O L HIL

(a) On-axis (b) Off-axis

Multipole transition Dipole transition

=

=
=
=

S

{

=
=
=
——X
=,

-
)
=

S

=
>\

2N

SN
=2
=\
=
=
=

=

S
=
=

Fig. 6 (Color online) Schematic representation of the interaction
between vortex and atom.
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Fig. 7 (Color online) Experimental setup used for the photoioniza-
tion study of helium atoms using the XUV vortex beam.
Photoelectron angular distributions are obtained from the
mapped electron image using a velocity map imaging (VMI)
spectrometer.
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Fig. 8 (Color online) Photoelectron angular distributions of heli-
um atoms for the (a) first, (b) second and (c) third harmon-
ics from helical undulator. The peak photon energies of the
undulator radiation are 31, 32 and 32 eV for the first, second
and third harmonics, respectively. The solid curves represent
fit assuming electric dipole transition. The dotted curves in
(b) and (c) show the angular dependence of the multipole
transition induced by the vortex beam.
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represent the direction of the electric field at a specific time.
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Generation and application of vortex synchrotron
radiation
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Abstract An optical vortex is light that travels with spiral wave-front and has a phase singular point in its
center. Moreover, it is also known to carry orbital angular momentum. In the visible wavelength
region, applications of the optical vortex are extensively studied using lasers. In this article, we fo-
cus on synchrotron radiation from a helical undulator as a short wavelength vortex source. We
describe experiments to characterize the harmonics of a helical undulator as optical vortices and
an application experiment using extreme ultraviolet vortex beam at UVSOR-IIl storage ring. We
also explain the theoretical background of the generation of optical vortices from a helical undula-
tor.
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