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|. Ultrafast Electron Diffraction
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Instrumental e;nporal resolution of UEDs is still limited >100 fs.
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Instrumental e;nporal resolution of UEDs is still limited >100 fs.
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Energy : 20-30 MeV
Bunch Charge : 200 pC
Bunch Duration : ~100 fs
Norm. Emittance : <1 mm rﬁrad
Rep. Rate : 500 Hz (max.) .

N\

EEEEEEEEEEEEEEERE Energy:2.5_3.5MeV
Bunch Charge : ~1 pC
Bunch Duration : ~ 20 fs
Norm. Emittance : < 0.3 mm mrad
Timing Jitter : <10 fs
Rep. Rate : 500 Hz (max.)
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Coaxial-type Indium-sealed RF Photogun

Frequency Tuning Mechanics
Frequency : 2.856 GHz
Repetition Rate : 1-500 Hz
Axial Symmetry with a Coaxial Coupler

High power test

Dark current

H. W. Kim et al., J. Kor. Phys. Soc., 74, 24 (2019)



Emittance Measurement

Bunch length, ¢, (fs)
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Laser spot size

@cathode 200 um FWHM
Bunch charge 0.4-11.3pC
Beam energy 3 MeV
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KAERI UED: Bunch Compression
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Kim et al., Nat. Photon. 14, 245-249 (2020).



Tantalum slit

TPX lens

Streaking velocity = 4.8 prad/fs
30 um

Streaking resolution = 3.8 fs




Deflection (mard)

Tantalum slit

TPX lens

Streaking velocity = 4.8 prad/fs
30 um

Streaking resolution = 3.8 fs
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Bunch duration =25 + 8 fs (rms) @ 0.57 p(C, 3.11 MeV
Arrival time jitter b/w THz pulse & electron bunch = 8 fs (rms)
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K. F
Braun

1 GHz at 10 mV analog oscilloscope (1979)




Single-shot time

* Horizontal beam size @ slit = 3.7 mm
« Single-shot time window = 12.3 ps .
 ~100 electrons/pixel for single-shot image

* Electron bunch: 0.5 pC, 3.101 MeV @ 50 Hz -
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Time resolution per pixel = 13.2 fs
(Sampling rate ~ 75.7 TS/s)
Resolution of E-field amplitude = 200 V/m



Copper slit

— E-beam oscilloscope  —— Electro-optic sampling
E-beam ' ' | |
E)
S
3]
©
2
= :
S :
< !
s 0 5 10 15 2
Tox Time (ps)
lens
— E-beam oscilloscope  —— Electro-optic sampling
-60
[ 40
] 20
Electro-optic BN |t
Electro-optic sampling = R
....... kS
________________________________ [}
2
2
NIR beam g
<
< 0.0 0.2 0.4 0.6 0.8 1.0 1.2
TPX lens Frequency (THz)

OrR QA1

Korea Atomic Energy Research Institute

(pes) aseyq



T U T U T
90 100 110
k(m?)

104

R (fs)

o

I 90 100 110
Focusing strength k (m?)

For 800 nm pulse visualization,

1. Electron pulse duration should be 170 as.

7) 2. Thickness of metal slit should be 53 nm.
KAER|  norea mromic energy nesearcn imstwre Manu Script under review.



Energy filter %

Low energy
High energy

Quadrupole
magnet

Pump pulse

Sample

é?@ IR A
KAERL o o nerg fesech nsite H. W. Kim et al., Structural Dynamics, 7, 034301 (2020).



Sub-10 fs UED bz using an Energ_l?[lter
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SLAC-UED vs. KAERI-UED
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X. Wu et al, Sci. Adv. 3, e1602388 (2017)
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ll. Terahertz Free Electron Laser




Magnetron | @ FEL Beam Specification
- Wavelength Range : 100-200 um(1000-1200 pm)
- Macropulse
Pulsewidth : 4 us
Power : 50 W at the experimental stage
(Average Power : 2 mW @ 10 Hz repetition)
- Micropulse
Pulsewidth : 10-20 ps
Power : 1 kW at the experimental stage
- Pulse Energy Fluctuation : <10% rms
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FEL Beam Characteristics

“First Lasing of the KAERI Compact Far-Infrared Free-Electron Laser Driven by a

Magnetron-Based Microtron”, Y.U.Jeong, et al., Nucl. Instr. and Meth. in Phys. Research A 475, 47(2001).
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KAERI Activities on THz FEL A
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THz Imaging Material Study
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Table-top THz FEL for Security Inspection

B Wavelength : 300-600 um
B THz Power:0.1-1 W

B Target System Size : Table-top or Rack Type

Microtron-based FEL

with a Short & Strong Hybrid EM Undulator
- a Low-loss LIPS Waveguide & Mesh Mirrors

/KAERI Korea Atomic Energy Research Institute
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""Waveguide-Mode Terahertz Free Electron Lasers Driven by Magnetron-Based Microtrons',
Y. U. Jeong, et al., IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 63, 898, 2016
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(C Mode Cross Section Size
[ .

Parameters

Electron Kinetic Energy
Electron Micropulse Duration
Electron Macropulse Duration
Electron Micropulse Current
Electron Macropulse Current

Undulator Magnetic Field

Undulator Period

Number of Undulator Period

Undulator K-parameter

FEL Wavelength

Resonator Type

OLD FEL
(FEL-1)
6.5 MeV
20 ps
5 s
1A
40 mA
4.5-6.8 kG
2.5 cm
80
1.0-1.6
100-200 um

Parallel-plate Waveguide &

Confocal Free-space Mode

1.0 mm x 10.7 mm

S. Bae, et al., J. Kor. Phys. Soc., under review

NEW FEL NEW FEL
(FEL-2) (FEL-3)

5 MeV
20 ps
5 s
1A
40 mA
7-11 kG
2.5 cm
40
1.9-2.6
300-600 pum

Waveguide Mode

1.5 mm x 3.4 mm

3.5 MeV
20 ps
5 s
1.2 A
50 mA
4.5-7.0 kG
2.5 cm
20/30
1.0-1.6
300-600 pm

Waveguide Mode

1.5 mm x 3.4 mm



Nikolay A. Vinokurov

=\ The late Boris Gudkov

RF-laser synchronization

KAIST Prof. Jungwon Kim

THz wave generation
Prof. Fabian Rotermund

RF deflector

NS The late Sergey Miginsky

Prof. Seong Hee Park

UED & FEL development

Hyun Woo Kim, In Hyung Baek, Mi Hye Kim,

. Young Chan Kim, Sunjeong Park, MoonSik
ERI Chae, Key Young Oang, Junho Shin, Sangyoon

Bae, Jungho Moon, Kyu-Ha Jang, Kitae Lee

RF gun design

%? Dr. Jang-Hee Han

b Split ring resonator
u Dr. Zoltan Ollmann,
_ Ms. Mozhgan Hayati,
. Prof. Thomas Feurer

Sample preparation
Prof. Sunglae Cho



Thank you and \
my dear friends!! L'i

N — -
B The Late Boris Gudkov
d (Nov. 1947-Dec. 2019)

SR The Late Sergey Miginsky
|l (May 1961-Jan. 2021)




