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Motivation

v'An observation in “real space (£2ZEf)” and “real time (E5fE)”
has long been in goal for the scientists.

v'"Many ultrafast phenomena or dynamics in materials begin in
femtosecond time region over nanometer spatial dimension, e.g.

« Ultrafast chemical reactions (e.g. excitation, relaxation, making and
breaking of bonds, ...)

« Ultrafast dynamics in biology (e.g. charge/energy transfers, growth of
damage, ...)

« Structural changes in solids (e.g. phase transformations, melting and
resolidification, ...)

v Single-shot measurement is necessary, because many structural
phenomena or dynamics are not reversible (FRFEREIEEZE L) !
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Electron energy: 1~5 MeV .
Bunch length: 100 fs
Norm. emittance: 0.1 mm-mrad - (IE SERE
Energy spread: 104 (10 for challenge) (BR) [FIFZ R !
No. of electrons: 107~108%e”s/pulse




Concept of RF gun based UEM
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Prototype of MeV UEM

Femtosecond
photocathode
electron gun

Electron energy : 1 ~ 3 MeV
Bunchlength @ 100fs

Emittance : 0.1 mm-mrad
Energy spread : 104~ 10°
Charge : 107~ 108e”’s/pulse

Time resolution: 100 fs
Spatial resolution: 1 nm

Challenge{
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0.1um- emittance electron beam generation

(1) reduce the thermal emittance

by focusing laser on the cathode Measurement results of emittance
as a function of aperture diameter
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aperture ==m=  (266nm, 90Ts) ~0.1 mm-mrad using <0.5mm¢ aperture!

for emittance measurement



Dependence of image contrast on emittance

Sample:
Cu grid(1000-mesh)
3.1 MeV
0.6 mm-mrad
7 pC/pulse
6x10° e/mm2mrad?

3.1 MeV

0.3 mm-mrad

4 pC/pulse
1.4x1010 e/mm2mrad?

3.1 MeV

0.14 mm-mrad

1 pC/pulse
1.6x10"0 e/mm2mrad?




FElH ORIERFR

(i

EFHR/NLRIZEBE

Femtosecond [\ Smgle shot
electron gun Sample:
oL | Sir?gle-crystal Au
Thickness: ~10nm
Diffraction1 — Electron beam:
Energy: 3.1 MeV
Pulse length: 100 fs

e- charge: ~1pC/pulse
(107e-'s/pulse)

10-pulse
Results:
» High-quality MeV electron

diffraction patterns can be
observed with MeV-high-

energy e- pulses.
» Single-shot measurement

is available.

Diffraction3 -
Diffraction measurement




MeV TEM imaging of MoO, crystal

Electron beam: 3.1 MeV, 100 fs, ~1pC/pulse

Diameter of MoO, crystal: ~2um




Dependence on electron pulse number

Electron beam: 3.1 MeV, 100 fs, ~1pC/pulse
Sample: MoO, crystal (diameter: ~2um)

100-pulse 500-pulse

»Contrast TEM images can be observed with 500 pulses.
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Electron beam: 3.1 MeV, 100 fs, ~1pC/pulse

Sample: single crystal gold (thickness: 10nm)

" single shot _ _ ki 100-pulse

»In the averaging measurement, good-contrast TEM images can be
observed for Au sample.

» At low-magnification observation, the single-shot imaging is available.
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