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Q.: what happens in light-matter interaction when light carries OAM?

=  Fundamental topic
= Measurement technique

» Magnetism can change intensity, polarization and phase of incident light
(MOKE, Faraday, Zeeman...)

% &% Switching SAM leads to dichroic effects (magnetic circular dichroism, MCD)

}
a

‘ What happens when switching OAM? (magnetic helicoidal dichroism, MHD)

» Case of light scattering from a magnetic target
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MOKE formalism

Magneto-Optic Kerr Effect
Change of light polarization and intensity
upon reflection by a magnetic target
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MOKE formalism
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MOKE formalism
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MOKE formalism
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Three types of magnetic helicoidal dichroism (MHD)

MHD! = (Ipm — I o)/ (Lo + I_t.m)
MHDm = (Ig!m — Lgﬁ_m) / (Ig!m -+ LE,—-m)

MF et al., PRA 103, 013501 (2021)
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Three types of magnpfir halirnidal dichraiem (NMHD)
Magnetic Vortex Vortex Differential Scattering (MVVDS)
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Actually...

e A4+ R+T =1 - forabulkysample:A =1—R
 Helical # Helicoidal !!!

H eliCOid Mp 26 languages -

Article Talk Read Edit Vi / Tools v

From Wikipedia, the free encyclopedia

(Redirected from Helicoidal)

The helicoid, also known as helical surface, is a smooth surface embedded
in three-dimensional space. It is the surface traced by an infinite line that is
simultaneously being rotated and lifted along its fixed axis of rotation. It is the
third minimal surface to be known, after the plane and the catenoid.

Description edt;

It was described by Euler in 1774 and by Jean Baptiste Meusnier in 1776. Its
name derives from its similarity to the helix: for every point on the helicoid,
there is a helix contained in the helicoid which passes through that point.

The helicoid is also a ruled surface (and a right conoid), meaning that it is a A helicold with a= 1, -1 S p s 1and -TS 8.
trace of a line. Alternatively, for any point on the surface, there is a line on the
surface passing through it. Indeed, Catalan proved in 1842 that the helicoid

and the plane were the only ruled minimal surfaces.[112]
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DiProl beamline
FERMI FEL light source
Trieste, Italy

50 Hz

52.8 eV (Fe 3p—>3d)

1t pol.
50 fs
4um FWHM

Experimental setup

Al,O;-capped permalloy (Fe,Nig,), 15um diameter, 80nm thick
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MF et al., PRL 128, 077401 (2022)
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Designed by micromagnetic
simulations (OOMMIF) for a
switchable magnetic
vortex configuration
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Experiment Theory
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Understanding MHD

Magnetic vortex
Tt pol.

52.8 eV

48°

MF et al., PRA 103, 013501 (2021)



Understanding MHD

Simulated far-field Numerical suppression of the
outgoing mode £+ = €in

reflected intensity
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' MHD: Not easy, but feasible and reproducible
K4 "« Sensitive to overall magnetic topology within the probe beam




' _* Not easy, but feasible and reproducible
, MHD: ¢ _ o
» * Sensitive to overall magnetic topology within the probe beam

* Exploit the time structure of light sources to extend to the ultrafast time
Next: domain in pump-probe experiments to study femtosecond magnetic dynamics
* Exploration of other physical processes and techniques
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Dependence on OAM and fluence

Max rotation increases with fluence
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Micromagnetic model

IR deposits thermal energy - depth and \%V o
temperature dependent demagnetization 0nm 0
(fully demagnetized when T>Tc) at t0 0.8
« 0.7
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* Let evolve with time - layer dependent magnetization as a function of time
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* |Input the results into MHD simulations, weighting the near field with the penetration depth
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Magnetization
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Conclusions

o Similar to magnetic circular dichroism (MCD), obtained when switching the spin angular momentum of the photon,
magnetic helicoidal dichroism (MHD) is obtained when switching its orbital angular momentum

v Development of classical electromagnetic theory for MHD in "~
resonant magnetic scattering »

PRA 103, 013501 (2021)

v' Good match with experimental findings, showing the
potential of MHD as a new investigation tool for ultrafast ¢
magnetization dynamics with topology resolution 1

PRL 128, 077401 (2022)

v Observed transient reversal of magnetic vortex curling on a

20 ps time scale upon ultrafast optical pumping e .
» -

PRL 134, 156701 (2025)
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Perspectives

» Fundamental understandings

¢ Photon spin-orbit coupling

Change in OAM upon magnetic reflection

\/
% Transfer of angular momentum is governed by the SAM of the incident field

(c) Incident circular left
(b) Incident circular right = ]

et o A
» Using OAM beams in other experiments e @ . @
“7\‘:‘7‘{ :-{ = ¥ : 4 /qg‘%{?(i{:{i}s A\{‘:;:”‘}g;;’_‘_‘

M. Luttmann et al., submitted




Perspectives

» Fundamental understandings

¢ Photon spin-orbit coupling
*¢ Transfer of angular momentum

¢ Another point of view for well-know magneto-optic effects

> Using OAM beams in other experiments
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Perspectives

» Fundamental understandings
** Photon spin-orbit coupling
s Transfer of angular momentum
*¢* Microscopic theory?

» Using OAM beams in other experiments

** Pthychography Talk by G- F. Mancin!

M. Pancaldi et al., Optica 11, 3, 403 (2024)

* Spatial resolution increases with OAM
* \ery sensitive to optical aberrations
» T-resolved imaging of plasmons and phonons
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s Transfer of angular momentum
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Perspectives

» Fundamental understandings

¢ Photon spin-orbit coupling

Tra,

nSVerse Prosle

A. Picon et al., Opt. Express 18, 3660 (2010)
G. De Ninno et al., Nat. Phot. 14, 554 (2020)

*¢ Transfer of angular momentum
*¢* Microscopic theory?
» Using OAM beams in other experiments

** Pthychography

Selection rules: |AL| =1- |AL| < ||+ 1
Dipole/quadrupole

Interplay SAM and OAM of photons and electrons
OAM in pump/probe

Transfer to low energy excitations

¢ X-ray spectroscopies (XAS, RIXS...)

*** Photoemission spectroscopy
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Perspectives

» Fundamental understandings

¢ Photon spin-orbit coupling

*¢ Transfer of angular momentum

% Microscopic theory? Thank you
» Using OAM beams in other experiments

** Pthychography

UNIVERSITY
P> OF WEST
BOHEMIA

¢ X-ray spectroscopies (XAS, RIXS...)
UNIVERSITE D

*** Photoemission spectroscopy
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(b).....

FIG. 7. (a) Numerical simulation of the relative position of an incident beam and a magnetic vortex (diameter of 10 xm and placed at
6 = 48° for this simulation on a square of 17.2 pum) and (b) the resulting reflected intensity in the far field (at 10 cm from the sample here,
square of 15 cm).

M. Fanciulli et al., PRA 103, 013501 (2021)
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FIG. S5: MHDm calculated for similar conditions as in Fig. 2(g)-

(1) of the main text, but for an incidence angle of 5° from the
normal. The color scale maximum is 0.65 for £ = +1 and 0.1 for ¢ = 0.

0

M. Fanciulli et al., PRL 128, 077401 (2022)
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MHD+¥ and MHDm
for different symmetries

(a) @

(b) @

25 g0
-0.8 0.8 - =01 mln ol . |
““;_M_HD-m{r—.‘—l} tti-ll D-m| (t= =1)
- | - |
IR )

(M=1 MHD< (m=-1)

i
i !
-09 o 03

1) [MHD-m| {f= —1)

{mi= 1} | MHD-2 im = -

(c) @

:ml-ll MHD-i [im= -1}

—D-* 09
——

(FE1) MHD-miE= —1) |

'

(f) @

{my=1) [MHD] (m= —1)

o
“*MHMH I "'” ”_"I“-m'lu--u
> - v

(8) @

(h)

(i)

{ml=1) | MHD-{ fm= —1)

—05‘08

——

(k1) MHD-m (= — 1)

£a

. & |

iml=1) [MHD-t/im = —1) imj=1) |MHD-f] {m= =1) (m=1} [MHD-f (m=-1)
-a.s.' 08 - u_g' 0B - -o.# M. -
(k1) MHD-m (i = =1) (tE1) [MHD-m| 2= —1) p1) [MHD-m| = -1)
- | - | e |

| I ] |

Ea MHD-£ {.m—-—n "u MHDL (m=-1)
- B, I
-u.a-. 08 - = '- 1 ..
{EF1) [MAD-m] = -1) Wgn) [MHD-m] ((==1)
- .- 4
| .'.I I —l [_'._. ..‘
l | ) ] ) | -

* In our geometry we are sensitive
mainly to the my component

* Rotating the domain wall

between opposite my
components rotates the MHD

*  Only small changes in the MHD if
we keep the same vorticity

Vortex and antiortex have same Fourier
indices, while other configurations with
higher indices give completely different MHD



