Snapshot story of EBSN2021

* Few zoom moments picked up randomly...
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Physics Institute in Kiel University

Ulrich Hohenester
Christinan-Albrechis-Univarsilal zu Kiel

9 Faculties

2 Clusters of Excellence
25277 Students

12 Nobel prize winners

https://www.physik.uni-kiel.de/de/institute/ieap/ag talebi
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In real life, it should have been in Kiel... too bad!
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Peter Hommeloff

 (Albert Polman chairing the first session)



Peter ’s microscope: maybe too big for our labs? ;)

Particle accelerators for science pse . e

Size given by final energy & acceleration gradient

ILC design gradient:
31.5 MeV/r{l

1 TeV energies
require 30 km

International linear collider (ILC)




Inelastic ponderomotive electron scatte~i»
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SEM column : Forward (longitudinal)

| : gy & momentum change only
Electron Gradient up to 2.2 GeV/m
— Strong energy modulation
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Femtosecond SEM: M. Kozak et al, | Appl. Phys. 124, 023104 (2018)
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Andrea Konecna
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Electron Beam Aberration Correctionf==
and Shaping Using Optical Fields |

Andrea Koneéna & F. Javier Garcia de Abajo

EBSN virtual conference
14 June 2021




ANE  dar Porsorrales! e sarvce

Interaction of fa

&(r, t)\ &= !//’(r, t)exp

o ifTogdans

we o
AL

t electrons and lig

—i f /',’A / ’
7/:mdth,(r—vt+vt,t)

Final electron Initial electron Light-electron interaction
wavefunction wavefunction Hamiltonian
2 f A
1. With a scatterer o ey ¢

=
I
|
>

2. Without a scatterer A en €
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For detalls, see:;
Garcga de Abzje & Konecna, PRL 126 (2021)
Garca de Abajo & Di Giulio, ACS Photonics 8 (2021)

Apparently, Andrea wants to make things more complicated ;)



Armin Feist



Armin should teach us how to get embedded ...
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Efficient electron-light coupling il 40 J
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fiber-coupled high-Q microresonator

= Integrated photonics for light delivery
=2 single-mode excitation and phase matching
= Q> 10°% strong cptical fiedd enhancement

Philipp Haslinger
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Raphael Dahan
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A story of PINEM and EEGS ...
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First PINEM

Zewall, Nature
462, 502 {2009)

fopers, Natare 521, 200 (2015} Carbone, ACS Phot, 5, 759 |2018) VI MRS

- = 2018 2019 Ao
« theory by Gaver, Pan, Talehi, Qur group, Nature 582, 50 (2020)

Caherent electrons in photonic cavities

20089 2010 2015

Neus Pons_Fundaci.

Imaging plasmons

PINEM theory:

Gercla de Abso, Asenjo-Garcia, and
Kociah, Nano Letters 10, 1859 (2010)

Park, Lin, ard Zewsl, New Joumal
of Physics 12, 123028 (2010}

Carbone, Nat, Comm, 6 64807 (72015)
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Wolfgang Schleich

* (Nahid Talebi chairing)



Pure quantum optics ahead — electrons guys need to learn ...
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Quantum carpets:
a tool to observe decoherence

W.P. Schleich
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Jelena Vuckovic



Another frightening electron microscope?
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Particle accelerators
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Sean Collins



Sean Collins switches to radically different topics: first material talk!
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Structural order: Key role in organic optoelectronics
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Magdalena Sola-Garci



Complexity made simple ...

) o Wikinaro Zoom

r Parsanratiser lo sarvica Je ceaiuson en drect Converse

A 800 the defoct nacil? From
rg or airpction?

O, 11N 20WaENg 1o N for the
arnouncerent?

Ok periect |) Whon we tiart the

datussion Migecpors & Moo
e ol mth the ok wo whaen Nahd

aas it 1 can ot press s

M Nehed, Would Be gocd loheve »
PACLUTO oF Varyone. BUt wo asen in
o Sifteeenl roams in fact NancGoe
Wil Send o Ik 10 o 100m o Jog on
™0 right ane, tut you should make

‘1 e arrosncam et et we need
(Y= 1+ — SHOTYOR 30 S13Y N e Cther roay
Heorma\V) la oL g rerba
emiitter )
‘e fw am

Thanss 1 think | may have resed o

ML ROty Svar tire

sahid Talkchi o m

MO e, eaealart | Wil do e
arnouncorort




Ulrich Hohenester



Typical Austrian recipe: first, get quality ingredients, then, mix them in a simple and straightforward way to get the best
flavors ...
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Recipe for tomography of surface phonon polaritons

Ingredients Magdalena Sola-Ga...

Mathieu Kocak

Important considerations

Sean Colirns




Philipp Haslinger
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Atomic physics meets EBSN...

A Quantum Klystron -
Controlling Quantum Systems with Magdalena Sola-Ga...
Modulated Electron Beams
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Steffi Woo



First band structure of the conference!
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Ofer Kfir/ Valerio di Guilio



Coherence is back, and will last until tomorrow...
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A twin presentation

Mathieu Kociak

With Valerio Javier and Claus QO@ @l é , .

Science Advances 7, eabf6380 (2021). e B L s G
ACS Nano 15, 7290-7304 (2021).

Oter Klir, Tel-Aviy KielOnline ERSN 021 March 14, 2020
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Optical coherence transfer by free electrons and its effects on CL
emission (part Il)

Valerio Di Giulio®, Ofer Kfir23, Claus Ropers®# and F. Javier Garcia de Abajo'*

1 = ICFO - The Institute of Phalonic Sciences, (Spain)
2 - Tel Aviv University, School of Electrical enginearing, Teld Aviv 69378, (lsraeal)
3 -~ MPIBPC - Max Planchk Instiiute for Biophysical Chemistry (Gemany)
4 - University of Gottingen, IV. Physcal institule (Germarny )
5 ~ ICREA - Inalitlusid Catatana de Recerca | Esludis Avancats. (Spain)

Electrop Beam Spectroscopy for
Nane-@ptics - 14" - 15" June, 202}

Science Advances 7, 18, eabf6380, (2021)
ACS Nano 2021, 15, 4, (2021)

.O

ICFO* e " ICREA

e ®
Email: valerio digiulio@icfo.eu

Steffi Y. Woo

Mathieu Kociak



Cheersl!

* Unfortunately, not everyone could connect...
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Rachel Oliver

e (Javier Garcia de Abajo Chairing)



[1I-N physics at its best!
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objects Employing Spatial, Spectral
and Temporal Resolutlon
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Time-resolved cathodoluminescence system

Schottky FEG, (W &

pulsed emission

Free space optical

Condenser lens & Gun lens coupling
integrated light
: ] .

collection

Imaging spectrometer

Cryogenic nanopositioning stage

10K - 300K

synchronisation ’
CCO camera

Streak camera

CAMBRIDGE CENTRE FOR
GALLIUM NITRIDE

Amparo Taroncher_n...

Nahid Talebi

Fabrizio Carbone




Takumi Sannomyia



Coherence is back (now classical) ...
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Contents

« STEM-CL (3D - 4D) Nahid Talebi
» Surface Plasmons of Particles
- Circularly Polarized Light Generation from Sphere (4D) PGS punt

» Interference with Transition Radiation

« Linac - TEM (RF acceleration)



... and Klystron, too!
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Sophie Meuret



Time (resolved) to make cathodoluminescence in a TEM!
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Time-resolved CLIina8 TEM
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Masoud Taleb



Coherence... again!
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Spontaneous coherence of interference fringes
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Fabrizio Carbone

* (Jo Verbeeck chairing)



Next step: a gamma ray laser!
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Laboratory for Ultrafast Microscopy and Electron Scattering (LUMES)
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Coherent control of matter down to the nuclei
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Vincenzo Grillo



Sorting vortices becomes a reality!

ELECTRON SPECTROSCOPY WITH
AN ORBITAL ANGULAR MOMENTUM
SORTER: RESULTS AND |
CHALLENGES Mathieu Kociak

Vincenzo Girillo Fabrizio Carbone

|
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Jo Verbeeck



Jo made a great job in auto-chairing himself ;)
And brought to us amazing high pixel density programmable phase plates!

Demonstration of a 48 pixel b
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Stefan Kempers



Light meets electron ... and phase plates!
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Development of a Pulsed Laser Phase Plate inside a
Cavity-Based Transmission Electron Microscope
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Yaniv Kurman



Seeing phononic light in action!
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Imaging the dynamics of 2D polariton
wavepackets

Mathieu Kociak
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Thanks everyone, and see you soon in real life!



