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- topology, parity-time symmetry, and arrays.
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Ultrafast photoelectron emission microscopy - how to see light.
Nanofemto electron imaging the spin-orbit interaction of light.

~loquet engineering of nonlinear photoemission fields.
Vectorial electromagnetic fields beyond Maxwell”?

Vortices




Floguet engineering of metal surface states
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Magnetoelectric effect of pseudoscalar £-B

e [opological field theory relates E-B+0 to magnetic monopoles and axion
guasiparticles
eunder this condition H induces polarization P, and D magnetization V

o~-B+0 Is a material property when &£ and  are anti-symmetric, but LI
symmetry Is preservead

Maxwell's equations when E-B8+0

Name Equations

Gauss's law

Gauss's law for magnetism V- (cB+ &k0E) = cuopm

Faraday's law VX(—E+£k0cB)=0.4(cB+&k0OE) + ugJ.,
Ampére—Maxwell law VX (B+KkOE)=0,(E—£x0cB)+ cuyJ,

Axion law (D—I—mi)ﬂz—ﬁ,E-B

Magnetoelectric effect




Cohereﬂmagnetoelectric E-B interaction

|
S~ Imle(E* X E) + p(H" X H)] Electrlc Field Magnetic Field
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Vectorial properties ~ Spin angular ([ §§ § Al scalar

- : momentum (SAM) i s TFr» vortex
ol optlcal vortex Ilght rotating polarization "

Orbital angular
momentum (OAM)
Maxwell’s equations very  rotating wavefront
v.g_ P versatle, but ..

- LI h’[SCIA | 8, (2019
Conservation of '9 ppl 8, (2019)

angular momentum
OB J=L+S
Ot

V X E =

Spin-orbit

V x B = g (J + €0 %E) interaction of light

Degrees of freedom of light:

Amplitude, phase, polarization, spin and orbital
angular momentum with nonseparable phase
and polarization wavefronts.
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Plasmonic vortices-SO inteyraction of light
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orbital angular momentum spin-momentum locking
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Poincaré sphere (D me A .

o=l (x

Optics Express 14, T | |
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Stokes
parameters
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d_Coherent spectroscopy and
MICroscopy

Polarization 0=0 ‘
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Topological charge=0,2
Nature 588, 616 (2020).
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Locating Meron (half-skyrmion) with PEEM

in-plane

a8

out-of-plane

38.39 fs 38.30 fs Nature 588, 616 (2020)
Nature Reviews Physics 4, 562 (2022)
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Fourier Filtering

d 4138y \';
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Artif. Intell. 17, 185 (1981).
Fys ~ || (1v, + 1y, + 1, Jdxdy _-line map




Spin-angular momentum )+geometric charge (m=0)

( Appl. Phys. Rev. 9, 011420 (2022).
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Magnetoelectric field



Conclusions

o We have demonstrated imaging of vectorial plasmonic fields on <i/2

length scale with attosecond precision
® This enables study of topological spin texturing by spin-orbit interaction of
Ight. The textures are stable on second to attosecond pulse duration time.

e We can study spin-charge entanglement, 9 symmetry breaking, non-

reciprocal and non-Hermitian physics, in trivial and bianisotropeic
condensed matter
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