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Solidsand Nanostructures SelectedChallenges

A Emergencend control of correlatedstatesof matter
A Energytransferandredistributionamongdifferent degreesof freedom

A Pathwaysn structuraland magnetictransformations
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Nanocathodes:
. AHighcoherence
i ALargeextraction fields
i AShortelectron pulses




Ultrafast transmissionelectron microscope(UTEM)

ZrQW(100) SchottkyFeldemitter

Zeit (fs) EnergigeV)
A rms-Emittance £ =] D =|= WM. Apertun)
A PeakBrillance 1.7510* A/m2sr

A.Feistet al., Nature 521, 200 (2015)
A.Feistet al., Ultramicroscopy2017)




Ultrafast transmissionelectron microscopy(UTEM)
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Ultrafast transmissionelectron microscopy(UTEM)
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Ultrafast darkfield imaging
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Laser
pump pulses Gold reflection layer
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1T-TaS sample design

A TEM B STEM BF c STEM DF D STEM thickness map
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Ultrafast chargedensity wave dynamics ml-TaS

A Rapid outof-plane carrier transport A
A Formation of phase boundaries
A Relaxation governed by thermal diffusion
A Studyof phasetransitionat hundredsof kHz

Th.Danz T.Domrose C. Ropersscience (2021) 10



Quantum probing In electron microscopy
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Counting electrons for each pulse

n-event classification
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A We observe considerable antibunching.
A Poisson statistics: 0 i —Awith‘l P
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Electron numberstate spectra
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Two-electron energycorrelation
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Quantum probing In electron microscopy

Wantto developstrategiesto

Electron = prepare, manipulateand
Source ' characterize

the guantum state
of electronpulsesfor novel
measurementschemes

P B State
Condenser 4 ‘

Manipulation

Specimen | &, |
interaction [

1 Interaction/
W Entanglement

>Developt o v dzIOghitsdzY
frameworkfor electronmicroscopy

Projection (Sl PPSdllll State
E 3 selection

Projection

Detection Measurement

Image:adaptedfrom M. Haider



Interaction of fast electrons withopticaln

electrons
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Interaction of fast electrons withoptical né

electrons
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Interaction of fast electrons withoptical né

electrons

Excitation

EELS signal (arb. units)
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Interaction of fast electrons withoptical né
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Interaction of fast electrons withoptical né

electrons Energyfiltered EEL&aps
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Interaction of fast electrons withoptical neé
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Equivalentto a continuoustime quantumwe
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Equivalentto a continuoustime quantumwe
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Two-colour coherent state control

K. Priebeat al. Nat. Phot. 11,

793 (2017)

)

o
o

o
o

Spectral density (norm.
o

1 o | L |
8 -4 0
Photon order

24



Two-colour coherent state control
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Ramseytype double interaction
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A Single interaction: phase modulation
along the pulse

A quantum coherent control of free
electron momentum states
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Attosecondbunching i 4 =

ho

K. EPriebeet al., Nat. Phot. (2017)
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Phasematchedinteraction in whisperinggallerymode resoneé

efficient energy transfer by

velocity matchingwith
whisperinggallerymodes (WGM)
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O.Kfiret al., Nature(2020).
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Electronlight interaction at higkQ resonators

Imaging
spectrometer

TEM

0-@,’\_ Chip-based highQ Microresonators

A Resonators designed & fabricated
by Kippenberggroup at EPFL
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J-W.Henkeet al. Nature600,653658 (2021)
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Electronlight interaction at higkQ resonators

continuous wave laser tuned to resonance

A g~ 125 ¢ 500 photon sidebandsfor P, .= 38mW
sideband population:

A hybrid electronphoton quantum technology

A transferring concepts to statef-the-art TEMs
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Ramseytype interferenceat resonator

side view

guantitative PINEM of larger area

fing resonator two distinct regions:

A co-propagation with waveguide
A efficient phase matching

A double interaction with resonator mode
A Ramseytype interference & patial interference pattern
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Hectron energydependent phase matching
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A visualization of velocity phase matching
A good agreement with numerical simulations
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Coupling to an empty cavity: Spontaneous photon ge
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Electronphoton pair state
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Contrast enhancement by coincidence gating

A imaging the resonator mode with loss scattered electrons,
generated photons and correlated events

A two orders of magnitude contrast enhancement
by coincidence gating
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