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Picosecond X-ray pulses from SR are used to observe the structure transformation.

Femtosecond X-ray pulses from X-ray FEL or laser plasmas acceleration will be used.
— |ow scattering cross section, large energy deposited, ...
big experiment/measurement

2) EERBEF#REIHT (UED)

time-resolved electron diffraction measurement using femtosecond electron

beam and femtosecond laser. The time resolution has been achieved t0. 400~600fs
using DC gun, and to 100 fs using photocathode RF gun.

but no spatial resolution!

3) Ei%fEEFIEMEE (VEM)

It can be observed the dynamics of structure transformation in real space.

However, the resolution of UEM is stopped at ns-nm or ps-1m
due to the electron bunch length, ...
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Why RF gun in UED & UEM?
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Photocathode DC gun in
UED & UEM
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Beam energy:  30~100keV
(Max. DC field=10~12 MV/m)

BT REL

Bunch length: ~ 400~600 fs
Electron charge: 103~10% e”/pulse
Distance between sample and cathode: <5 cm
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Bunch length: 10 ns
Electron charge: 108 e”/pulse



Why RF gun in UED & UEM?

B. J. Siwick et al., JAP 92, 1643(2002)
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New femtosecond RF gun for UEM

developed in 2011
under the collaboration with KEK

Improvements for high quality:

eremove two laser injection ports
*a new turner system
New structure cavities
°a new insertion function of
photocathode
(The photocathode is removable)

Electron energy - 1~3 MeV
Bunch length = [ 100 fs

Emittance - < 0.1mm-mrad
Challenge ! Energy spread : 104 (107 for challenge)
Charge : 107~108e’s/pulse




RF gun based
MeV electron diffraction at Osaka Univ.

Electron energy: 1~3 MeV
Time resolution: 100 fs




RF gun based MeV UED at Osaka Univ.

use of electron optical lenses as like in electron microscopy
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use of electron optical lenses, therefore, compacit.




Quality of MeV electron diffraction

Electron beam: 3 MeV, 8.9x10"e/cn?/ pulse
Sample: 180nm-thick single crystal Si Intensity profile of 620 pattern

Si<001> — —
', >1.56A-1

convergence angleT
~5.0x10-5 rad

(620)

SR

| 1 ] 1 I
-1 0 1
SCATTERING VECTOR (A1)

20 shots(2s)
A high-quality MeV ED was observed!

. Beam convergence angle: 0.05 mrad h * Bragg law
« Maximum scattering vector : g, >1.56A1 aagng :Dn/1
L Requirement of the e number: 105% P tan 20r = i

Y. Murooka, et al., Appl. Phys. Lett. 98, 251903 (2011)



Si
single crystal
Thickness: 180nm

e- energy: 3MeV

Y. Murooka, et al.,
Appl. Phys. Lett.
98, 251903 (2011)
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Thickness: 20nm

e- energy: 3MeV
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No charging effect
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RF gun based
transmission electron microscopy

Electron beam energy: 1~3 MeV
Temporal resolution: 100 fs
Spatial resolution: 10 nm




Specimen
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Femtosecond

Femtosecond

L aser photocathode s
Femtosecond electron gun f :
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3m Electron energy : 1~3 MeV
Bunch length = [ 100 fs
electron Emittance - < 0.Imm-mrad
optical ~ 2224 - Energy spread : 10 (10 for challenge)
lenses e Charge : 107~108e"'s/pulse
% image
) meas. Time resolution: 100 fs
I =5 | Spatial resolution: 10 nm

| | |
— = Challenge !
Prototype of MeV UEM




Construction Processes of MeV UEM

RF gun based injector 2T objective lens Interm. & proj. lenses




Prototype of

Femtaseeond
electron beam

Prototype of MeV UEM
(height: 3m, diameter: 0.7m)

» The prototype was constructed at the end of Oct. 2012.



Detection of MeV electron images

Csl (T) scintillator

(Hamamatsu)
MeV electron £ elllu. Vol.(<50um)
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The detection system was successfully used in UED measurement.
(single-shot measurement with 10° e's/pulse)
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MeV electron diffractions observed in prototype of RF gun based UEM
First exp. at Nov. 9, 2012

10 pulses

Electron beam (~MeV)
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Sample = Au single crystal, ~15 nm
Electron charge = ~100 fC/pulse
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MeV electron imaging
in prototype of UEM Images of

First exp. at Nov. 10, 2012 sl
Electron beam (~ MeV) L Exposure time = 2s Exposure time :
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Observation #2 |:>

Sample = Au single crystal, ~15 nm
Electron charge : ~10 fC/pulse %
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Next TEM: “Dream TEM”

Weight: 140t

Photocathode RF gun

il

Electron energy :+ 1~3 MeV
Bunch length 100 fs
Emittance : 0.1 mm-mrad
Energy spread :  104~10°
Bunch charge :  107~10%¢ /

Compact High-voltage
Transmission Electron Microscopy

Next TEM

J

Standard 3-MeV TEM

at Osaka Univ.

*high-voltage TEM function
(nm or sub-nm, MeV)

+

stime-resolved function
(femtosecond)
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FEH

v'Both RF gun based UED and UEM systems have been constructed at
Osaka University.

vIn UED, single-shot and time-resolved measurements have been
succeeded. In UEM, the MeV electron imaging experiment was carried out.

v'Both experiments suggest that RF gun is very useful for ultrafast MeV
electron diffraction and is also expected to be used in ultrafast electron
microscopy.

However, great efforts and many challenges are required:

»reduce further the emittance (<0.1 um) and energy spread (10° or less),
»increase the beam brightness,

»improve the stabilities on the charge and energy,

»develop a detection of very electron with MeV energy region.



