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e Introduction

¢ KAERI Ultrafast Electron Accelerator

e Ultrafast Electron Diffraction Beamlines

¢ Beam Dynamics Simulation
e Beam Parameter Measurement

e Electron Diffraction Experiment

e Summary

re
Hi
©
>
T
e
T
®

N
- i KAERI Korea Atomic Energy Research Institute



Gas, surface, thin film (Disordered media)

Electron

Coulomb High scattering
scattering power

Mutually complementary tools

X-ray

Thomson Low scattering
scattering power

Short penetration
depth

Long penetration
depth

Solution, crystal (Ordered media)




| X-FEL UED

Source X-ray Electron
Wavelength 10-0.1 nm 0.1-0.001 nm
Interaction with Electrons Nuclei & Electrons
Scattering Power Low High
Penetration Depth High Low
Minimum
Nul::g::::/i!:) ?‘r;iifllzle- 102 photons 10 electrons

shot Measurement

Facility Size Huge (~ km) Compact (~ m)

é%l Coherence Length A few mm A few nm
. KAERI\ mic Energy Research Institute



Energy : 2.5-3.5 MeV

Bunch Charge : ~1 pC

Bunch Duration : < 50 fs

Norm. Emittance : < 0.3 mm mrad
Rep. Rate : 500 Hz (max.)

UED Beamline-I
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UED Beamline-II

Accelerating
Cavities

Energy : 20-30 MeV l -

Bunch Charge : 200 pC

Bunch Duratlon :~100 fs Pulse Radiolysis : ) .
Norm. Emittance : <1 mm mrad Beamline ; . THz/X-ray Beamline
Rep. Rate : 500 Hz (max.) : OGN _ ' ‘

High-frequency THz
Beamline

AN A



Energy : 20-30 MeV
Bunch Charge : 200 pC
Bunch Duration : ~100 fs .
Norm. Emittance : < 1 mm narad
Rep. Rate : 500 Hz (max.) %

AN A

=% Energy s 2.5-35Me'g
Bunch Charge : ~1 p&
Bunch Duration : < 5§ fs
. Norm. Emittance : < 9.3 mm mrad
Rep. Rate : 500 Hz (hax.)
| |

UED Beamline-I
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Current Beamline e
BEINCATN

= X-ray Probe

UED-I : Solid target
beamhne

, High-energy beamline : 5
F High frequency THz beamline B

UED-II : Gastarget
beamline

High-energy beamline :
s\ THz /X-ray pump-probe beamline
: " |




Beam parameters

Laser spot size@cathode (FWHM) <1
&a&(]ell:l R/lll)lse length@cathode <200
Bunch charge > 0.16
Beam Kkinetic energy ~3
Energy spread (rms) <0.3
Normalized emittance <03
Bunch length (rms) <50
Timing jitter <50

Simulation

0.5
130

0.17
0.29
32
13

MeV

Y%

mm mrad

fs

fs



Beam parameters Target Units

Number of electrons >1.0x10¢  electrons
Normalized emittance <0.3 mm mrad
Bunch length (rms) <50 fs
Timing jitter (rms) <50 fs

* Single shot measurement

* High temporal-spatial resolution
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90-degree Bending Structure ') T s
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- X-ray Probe

Beam energy (MeV)
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90-degree Bending Structure wci)

o FHz Pump

2RC %

3 X-ray Probe

Beam energy (MeV)

e
C oF= QI X}2101 1 gl
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90-degree Bending Structure wci)

o FHz Pump

2RC %

3 X-ray Probe

Beam energy (MeV)

32 fs (rms)

04 -02 0 0.2 0.4
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1. Timing Fluctuation by RF gun Temperature
- Injection Phase Fluctuation
- Electron Energy Fluctuation

2. RF Amplitude Fluctuation : < 10



Timing Stability of Electron Beam

3 m with 90-degree bend = 13 fs
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RF Phase and Amplitude Change by Temperatur pug;

X -ray Probe

»

Phase fluctuation due to cavity temperature change.

Ap = 2aQ,;AT «a :linear thermal expansion coeftficient,
16.668x10°

@, : Loaded quality factor, 7398
AT : Temperature change

If AT = +0.02°C,Ap ~ +0.28

Voltage fluctuation due to cavity temperature change.

2
—_— M If AT = iO_OZOC’ AVV,-V i 1.2 X 10—5
V 2
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Timing Fluctuation by RF gun Temperature

\FHiz Pump
22@;5?‘3::;}Probe".>
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Simulation (ASTRA)

norm_x

Parameters

200 pm FWHM

Laser spot size
@cathode

Bunch charge

Beam energy

&

norm_x

€

norm_y

4 6 8
Bunch charge (pC)

0.4—11.3 pC

0.23 — 1.45 mm-mrad
0.25 - 1.40 mm-mrad




3. Timing Fluctuation between Laser Pulses and RF Phase

- RF Master Oscillator v.s Laser Oscillator : 10 fs

- RF Master Oscillator v.s Klystron : 20 fs

- RF Travelling from Klystron to Photogun

- Laser Travelling from Regen. Amplifier to Photogun



/WCI\,,

RF-laser Timing Synchronization Rtz Punp
22&?—7; Probe

12.5 fs rms stability maintained over 24 hours
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e H. Yang et al, “10-fs-level synchronization of photocathode laser with RF-
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RF phase fluctuation 0.017 deg (16.8 fs) rms
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Electron Diffraction Image of Single-crystal Szzé/%‘z’%i; }

X-ray Probe

q =03740.02A71 ~ SIN~3dB

1

Intensity (a. u.)

15 shots

q =031+002A"1 S/N ~ 12 dB

Intensity (a. u.)

0 2 4
q(A)
Silicon thin film
A % Single-crystalline
/ A p_g& 23011 % Film thickness of 200 nm
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Electron Diffraction Image of Poly-crystal Au _ ;,’}’SL),

e X-ray Probe

1 H o, (A7H) |
’;? 0.8 - TEM 0.126 |
© UED 0.144
; O8]  Main
k7 beam
E 0.4
=
0.2 o
0 2
* Beam parameters q( A-1)
Q=18pC, E, =2.75MeV, €, = 0.32 mm-mrad
Gold thin film
e % Poly-crystalline

L / Sl QI X}2I011gy < Film thickness of 50 nm
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Electron Diffraction Image of Poly-crystal Au e st s

e X-ray Probe
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* Beam parameters q( A-1)
Q=18pC, E, =2.75MeV, €, = 0.32 mm-mrad
Gold thin film
e % Poly-crystalline
A ¢ Film thickness of 50 nm



Beam parameters Simulation = Measurement

Laser spot size@cathode (FWHM) 0.5 0.2-0.5 mm
&a‘i(]ell:l R/lll)lse length@cathode 130 130 s
Bunch charge 1 0.4-2.5 pC
Beam Kinetic energy 3 2.8-3 MeV
Energy spread (rms) 0.17 ~0.23 %
Normalized emittance 0.29 0.23-0.34 mm mrad
Bunch length (rms) 32 - fs
Timing jitter 13 - fs



107 g
10'6;- —— Sample chamber
RF .33x109T El 7 - — BM2-22
gun: 3.3 X orr & | o
g1 . BMI
g _ /\j—— ] — RF gun

10 20 30 40 50 60

time (min)
g g 1 @one] =l
. %m_l%n
5
"

Sample chamber: 1.5 x 10-° Torr

Pipe for differential pumping
* R=5mm

2 . L-
ST o L=>0em
KAERI o momicine  Liquid nitrogen cold trap



=  90-degree bending structure 1s expected to reduce bunch length and timing jitter.

=  Measured beam parameters are in good agreement with simulation.

= Bunch length measurement : transverse deflecting cavity or Michelson
interferometer using CTR generated by electron beam.

* Timing jitter measurement : transverse deflecting cavity spectral decoding or
laser-induced ponderomotive deflecting .

= Bismuth samples are being prepared to measure temporal resolution.
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TUPO046 - Ultrafast Electron Diffraction Facility Based on an RF Photogun and
Achromatic 90-degree Bends for Sub-100-Femtosecond Timing Jitter

TUPO047 - A Linac-Based All-in-One THz-Pump and X-Ray-Probe Sources

WEPO013 - Photocathode RF Gun Development at KAERI for Time-Resolving Pump /
Probe System

WEPO035 - Measurements of Electron Bunch Timing Jitter Using Spectral Decoding
Technique for Ultrafast Electron Diffraction Experiments

WEP059 — Development of T-Ray-Pumped Ultrafast Electron Diffraction Beamline

Thank you for your kind attention.
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