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Tracking Charge and Spin in‘time
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Stroboscopic effect

Flash lamp
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Freezing time via stroboscopic illumination




Attosecond stopwatch Y

Nonlinear OpP LICS Via photo Ionizatio

.
The Three-Step-Model ot High-Harmonic-Generation
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| Clocking photoemission
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Photoemission from the Neon 2-p orbital is delayed by ~20 attoseconds



M Clocking electronic correlations RilTY,
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B Clocking electronic correlations Ty

direct photoionization
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i Clocking electronic correlations iRTY.
..the phase of a wavepacket

| w




Timing of Photoemission? myflaTU
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..the phase of a wavepacket
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Core-holes & time resolution

XUV pulse length ~ Wave-packet duration < T,/2
— streaking

Wave-packet duration dominated by lifetime
(~ 10 fs Xenon Auger) >>T,/2
— sideband formation

Sometimes, core transitions live their own life
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Charge dynamics in solids mfaTy.

A material exposed to light can absorb energy
by creating electron-hole pairs

Dispersion relation & Density of states
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XUV - Transient absorption Ty
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) XUV - Transient absorption TY
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jl Band-gap dynamics in Silicon
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jl Band-gap dynamics in Silicon
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jl Band-gap dynamics in Silicon

Delay [fs]
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l Band-gap dynamics in Silicon
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N Interband tunneling
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N Ultrafast band-gap closing TU
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jl Strong field response of Quartz Ty
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Semiconductor vs. metal TU
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Silicon Nickel

semiconductor bandstructure metallic bandstructure
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Tracking charge dynamics without
XUV transition?

How did the eletcrons move in response to the electric field?

=) The dynamical polarization !

=) This information is radiated away.
Can we detect it?

26



Tracking charge dynamics without TU
XUV transition? Graz

How to measure E(t)?
attosecond streak camera

1 Attenuation a

Attenuation a |

P (t) < Egye (1) — E(LT)



Polarization wave

P(t)=P; + Py, = g XVE®)+XPE2(t)+XPE3(t) + --+)

Py (t) < Epy(8) — E(L, t)
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lii  Nonlinear Polarization: Plasma ety

E(2/2,1) [V/A]

P (8/2,t)/€, [2.3:10% V/A]

II10|”I15H”20””
Time [fs]

Neon, > 10 W/cm? Electron trajectories in the
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PN (t) = ne(t)e (x(t))




Kerr effect in time domain myiflaTy

Grazm

w
|
=
3

[)
— 2 - 19.0 19.8 20I.2 ) , ' . 301. X 30.75 ’ 31.0 ’ 31.25
o$ ‘ '
= \ A
; 1 4 \ [/ \
2 | I
_E 0 — \ ] ﬂ' Y s
far ! '
8 1 4 E(t) | 1 |
L \

1
N
| .

0
Time [fs]

A(ppeak/e [102rad/pm]

04 0.6 08 1 12 14
14 2
Ipeak [10"W/cm~]




Nonlinear polarization wave Ty
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B  Energy transfer dynamics U
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ohe A. Sommer et al. Nature 534, 86-90
Silica 10

dielectric bandstructure

Work W done to the electronic system
by the external field:
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Transient metallic behavior — without energy
dissipation into the material
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Optoelectronics at max. speed TU
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1 bit every 38 Femtoseconds

- Requires phase sensitivity: coherent/heterodyne detection

Howlastcolld extrenme oplto=electronics ve:s;

Finland
Sweden

Norway

United

Kingdom -

- Poland

s TGermany, Ukraine
France!

ance
Sy aly

Atlantic

Ocean .
Egy]

Namibia
Botswana:

Mads

South
Atlantic
Ocean South Africa

éC BY-NC-SA 3.0;submarinecablemap.com 2020

¢l . Turkey 0

M2E.6.pdf OFC 2019 © OSA 2019

Real-time 16QAM Transatlantic Record Spectral Efficiency
of 6.21 b/s/Hz Enabling 26.2 Tbps Capacity

Stephen Grubb', Pierre Mertz2, Ales Kumpera®, Lee Dardis®, Jeffrey Rahn*, James O’Connor?, Matthew
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"Facebook, 1 Hacker Way, Menlo Park, CA 94025
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Abstract: Real-time, error-free 16QAM transmission at a record spectral efficiency of 6.21 b/s/Hz
enables transatlantic (6,644 km) fiber capacity of 26.2 Tbps, using precision, multi-carrier
common wavelocking; digitally synthesized subcarriers; near-Nyquist pulse shaping; and large-

area, positive dispersion fiber. © 2019 The Author(s)
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ﬁ Optical Antenna -

ultrafast? T
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IEEE BOURNAL OF QUANTUM ELECTRONICE. V0L 24, NO 2, FEBRUARY 1988 258

Subpicosecond Photoconducting Dipole Antennas

PETER R. SMITH, DAVID H. AUSTON, memBer, 1EEE, axp MARTIN C. NUSS
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Optical-field-induced current in dielectrics
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i Ultrafast Optical Antenna = UV? mflaTy
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ARTICLE
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The speed limit of optoelectronics
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lii  Attosecond Optical Antenna  iflaTy
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Solid-State Field Sampling TU
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Mi Momentum Transfer - Theory Ty
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iy Momentum Transfer - Theory ATy
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ﬁ Spin dynamics & Ultrafast Magentism TU
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J. Walowski and M. Munzenberg J. Appl. Phys. 120, 140901 (2016)

(a) Time scales: overview Electrons (T.)
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Circularly polarized XUV light




Attosecond XMCD? TY,
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Spin-sensitive detection Ty,
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i Coherent Magnetization Dynamics Ty
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N Optically Induced Spin Transfer
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N Hierarchy of timescales TU
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Short optical fields to
control/,charge and spin in the
condensed phase

Ultrafast laser fields can
s manipulate electron and spin states
... possibly faster than the decoherence

- recom ST
— optical phor S
ele.ctronlc.:S/ e-phonon scattering B

e-h creation m e-e scattering e

L o

@
o

seconds

o
) 1
o o




