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Diffraction Pattern

100fs time resolution

sub-angstrom space resolution

fs pump laser



UED Instrument

O Time resolution limited to ~1ps in keV UED

« Space charge effect * Velocity mismatch
. Iasir ;Iectrons
— 5
Electron bunch v i —

O MeV UED based on photocathode rf gun

Laser Pulse . .

Molecular Beam

« Space charge effect scales with ¥ -

« Velocity mismatch negligible

y =10= v = 0.995¢c

Electron Pulse

% CCD Detection Wang X J, Xiang D, Kim T K, et al. JOURNAL-KOREAN
BNL Type RF e-Gun System PHYSICAL SOCIETY, 2006, 48(3): 390.




MeV UED Instrument

OO0 Worldwide interest in MeV UED

a) Tsinghua University
b) UCLA
c) BNL & Shanghai Jiao Tong University

d) Osaka University
e) SLAC
f) DESY REGAE

0 Intensive efforts devoted

b) S0/100 xm movable siit nimonto i RF deflector off R deflectorgn
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« Machine performance
- beam optimization
- stability & high repetition rate
« Methodology
- continuously-time resolved mode
- advanced pump technology
« Scientific applications
- Gas phase molecular dynamics
- complex materials




MeV UED at THU

O Simulation and optimization
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MeV UED at THU(cont.)

O Photocathode gun based MeV UED prototype

e —

Poly. Al, accumulated Poly. Al, single-shot ! Au, single-shot
Li R.K., Ph.D. thesis.




MeV UED at THU(cont.)

O Continuously-time resolved mode UED
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Li R.K., Ph.D. thesis.

“Movie” mode

Single-shot

Sub-ps
resolution



UED user facllity

O high quality facility for user experiment

YAG Faraday

Cup
izl gy 1

Trim .
Sample Imaging

Quad magnet hamb
corrector chamber LenS EMCCD

Sol Trim magnet

O significant improvement over prototype

« New Modulator: peak-to-peak 0.1% Voltage jitter mmp _

 Multi-functional sample chamber: solid, gas phase \

* More magnets to take full control of the beams

- Systematic beam diagnostics




Diffraction to Imaging

O From reciprocal space to real space

* No space resolution in UED: Diffraction info is not sufficient for clarifying the
structural dynamic process of a single atom or molecule;

« Electron imaging, such as Ultrafast Transmission Electron Microscope (UEM),
can elucidate such process with ultrahigh space and time resolution.

O UEM design

Condenser
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Objective lens Erojejtlon;;nss
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sample Imaging Plate

« PMQs based imaging lens are strong and compact, suitable for UEM facility;
* Imaging column has been designed, and cascade imaging is possible;
« Prototype of single imaging unit has been constructed, and will be demonstrated

soon on TTX.



High energy electron imaging

0 Motivations
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High Energy Density Physics (HEDP)

Character: pressure exceeds 1Mbar;

Hydrodynamic response : high expansion velocity in the range of km/s (um/ns);
Diagnostic requirement: a) high time resolution (<ns);
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Inertial Confinement Fusion (ICF)

b) high space resolution (um);
c) large dynamic range: um~mm, Ns-ms;
d) areal density (thickness) resolution.



Principle of electron imaging

.
O Imaging condition : point-to-point

_ First order transfer matrix
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W. Gai, IPAC 2014.




Imaging system

O S-band photo-injector based imaging system

RF /\/ .
\ Master W. Gai, IPAC 2014.
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Take Tsinghua Thomson scattering X-ray source for example

« Bunch charge: pC-nC; Emittance: <lum@500pC; beam energy: ~50MeV; Rms
energy spread: 0.1% , Bunch length: 10ps without compression.

« Suitable for high spatial resolution studies;

« 3-D imaging with pump-probe technique: ps time resolution can be achieved.



Imaging experiment

O High energy electron radiography system

O Based on TTX beamline
O In collaboration with Institute of Modern Physics

Work supported by NSFC Grants No. 11435015. (K=, FRIEIERYIBW )




Imaging experiment results(1)

O High spatial resolution studies
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TEM Grid : « Spatial resolution: Ax,~4um
200 lines/inch Mo ¢ =3.05mm

Pitch Width : 125 um . Single-shot

Hole Width : 90um

Bar Width : 35um
arXiv:1705.09810, submitted to P.R.L




Imaging experiment results(2)

0 thickness resolution studies
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Imaging experiment results(3)

O Dark field imaging
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Imaging experiment results(4)

O Dark field imaging
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Summary and outlook

.
O Urgent need

Remarkable results of ultrafast dynamics have been achieved based on
MeV UED facilities, and there is a strong need for high quality platform to
explore the frontiers of the ultrafast sciences.

0 Solid foundations

We have over ten years of successful experiences in MeV UED, and Ultrafast
transmission Electron Microscope is in proceeding. Rich accumulations in RF
structures, beam generating and diagnostics and experimental technologies
have laid solid foundations for the future advanced experiments based on high
energy electron diffraction and electron imaging.

O Users are warmly welcome

Everyone is welcome to our lab. We hope we can offer help for studies of
ultrafast science, complex materials and so on.
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