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ABSTRACT & MOTIVATION

® MOTIVATION - Lightwave-driven magnetism promises
technologies such as petahertz spintronics' and optically
readable/writable nanoscale magnetic memory devices?.
Although promising, realization of these technologies has
been hindered by a lack of a complete understanding of
ultrafast (fs-ps)*, nanoscale magneto-optical interactions.

—

Time-Resolved Asymmetry
o
<)

|
1.5
t (ps)
Magnetic Skyrmions for I\/Iemory DeV|Ces

. . . . . . (a} /I‘ 7 l’ 4 (c)t‘-“\“:;’::"“l', AP i' "‘ 'ak'i.()r
demands spectroscopic and imaging modalities with “":“- TR (D) ;.g( .-*';;, )
« . cs* 4 gt

element/spin specificty, few-fs time and few-nm spatial
resolution. Extreme ultraviolet (EUV) and soft x-ray (SXR)
light produced via high-harmonic generation (HHG) possess
all of these qualities, making them promising sources for
uncovering the intricate mechanisms of ultrafast magnetics.

e SUMMARY OoF WORK - By tailoring the HHG emission | |||; | s, |
process, we realize novel, flexible, bright, tabletop-scale T e
EUV light sources with non-trivial optical topologies for

new avenues in magneto-optical spectroscopies and imaging.
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EUV BeEams AND ATTOSECOND PULSES WITH
DEesIGNER SPIN AND OBRITAL ANGULAR MOMENTUM?
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Tabletop EUV light produced via HHG provides short-wavelength ti:i ti:‘i J:\‘ititit
light with designer topologies for next generation magnetic AR R KA R DA R0

spectroscopy and imaging of ultrafast, nanoscale spin dynamics.
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® FUV SPIN GRATINGS FOR HYPERSPECTRAL MAGNETIC IMAGING

® FUV BEAMS AND ATTOSECOND PULSES WITH DESIGNER SAM AND OAM

® FUV BEAMS AND ATTOSECOND PULSES WITH DYNAMIC, TIME-VARYING OAM
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OpPTICAL SPIN GRATINGS FOR HYPERSPECTRAL,

MAGNETIC IMAGING IN THE EXTREME ULTRAVIOLET?
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A birefringent Fourier transform interferometer is employed to generate phase-locked EUV sources

with orthogonal polarizations. The overlap of these sources generates an optical, EUV spin grating
that can be exploited for quantitative, hyperspectral imaging of magnetic and chiral systems.
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I+ — Ipy-) e Scanning time-delay between the EUV sources
yields an interferogram at each pixel
e Fourier inversion yields a hyperspectral map of
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ATTOSECOND PuLses wiTH TiIME-VARYING OAM:
THE SELF-TORQUE OF LIGHT®

Driving the HHG process with a time-delayed vortex pulse pair yields EUV beams and
attosecond pulses with a new optical property: time-varying OAM (the self-torque of light)

A t,=7=10fs

1

A B Intensity profile of the 17" harmonic

Driving Pulse(s)

=
EUV CCD 0.8 G
Temporal Envelopes Uvee 121s \%
0.6%
I3
[
04
5
e
0.2 E
HHG C 5l -
Medium - 0
108 4
) b
> .
0.6 % M%
0.4 ﬁ 0.5-},;;
0.2 E 0.4_?_J
— I 5
IR Vortex Pulses 7 | A 14521@1 ) 0_2§
(\ = 800 nm, 7=10 fs) eli-torque: ¢, = 1.52.1s :
10 15 20 25 30 . P . 0 . 0
Time (fs) Azimuthal Angle (¢, rad)
EXPERIMENTAL VALIDATION AND CONTROL OF THE SELF-TORQUE OF LIGHT
a c 23 " Harmonic Spéctré at }d =504 fs g :Z—
s _ |~ '
2. %21 OEEEY ¢=-0.8 rad o 0.2 ///.
O S 1 —0.8 rad Qo1
2 Qs - 5 o - |
c H F - f
I_ g { E o1 . o7 F~ Experiment |
=17 ?H O ol 7 Experimental error |
% 1D Theory: Full quantum
15 ﬁj\ -0.37 — Theory: &7 = d?;/dt -
1 - I - Rl M b 04— ‘ S
b 12 Diveer;gence Rngle (r?wad) 12 d - 27 29 31 33 35 h 04-50 40 30 20 10 0 10 20 30 40 50

| 19th harmonic
(42 nm)

o
w

" Harmonic Spectra at 1 .= 50.4 fs

0.8} ¢ =-0.8 rad .,0.29 eV
>«

W

&)
o
(V)

N
—
w
w

o
[))
o

- ¢=0.8 rad

w

—
(o)
[\
O —

<)
o

— Experiment

Experimental error

= Theory: Full quantum
— Theory: &g = d? | g/dt |

N
~
Self-Torque (fs™)

—l
~
|
o
N

Harmonic Order (q)
o
A

(A8) ABiau3g uoloyd
Intensi’g/ (arb. u.)
N

[\®)
o
=]
w

Experiment
Divergence Angle (mrad)
A WON =2 O =2 N W SO

O=A AN ‘m 04 L ,

3 25 27 29 31 33 35 50 40 30 20 10 0 10 20 30 40 50
Photon Energy (eV) Time Delay (fs)

—

(6)]
N
w

5-4-3-2-1012 3 4! -3 -2 -1 0 1 2
Divergence Angle (mrad) Azimuthal Angle (rad)



