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Hard X-ray free-electron laser with femtosecond-
scale timing jitter

Heung-Sik Kang'™, Chang-Ki Min', Hoon Heo', Changbum Kim', Haeryong Yang', Gyujin Kim',
Inhywk Mam', Soung Youl Back', Hyo-Jin Choi', Geonyeong Mun', Byoung Ryul Park’, Young Jin Sub’,
Dong Cheol Shin', Jinyul Hu', Juhe Hong', Seonghoon Jung', Sang-Hee Kim', KwangHoon Kim',
Donghyun Na', Soung Soo Park', Yong Jung Park’, Jang-Hui Han', Young Gyu Jung’, Seong Hun Jeong',
Hong Gi Lee', Sangbong Lee, Sojeong Lee’, Woul-Woo Lee!, Bonggi Oh 2", Hyung Suck Suh',

Yong Weon Parc’, Sung-Ju Park’, Min Ho Kim', Nam-Suk Jung', Young-Chan Kim', Mong-500 Lee’,
Bong-Ho Lee', Chi-¥Won Sung’, lk-5u Mok, Jung-Moo Yang', Chae-500n Lee', Hocheol Shin',

Ji Hwa Kim", Yongsam Kim', Jae Hyuk Lee', Sang-Youn Park’, Jangwoo Kim 2", Jaeku Park’,

Intae Eom', Seungyu Rah’, Sunam Kim', Ki Hyun Mam', Jachyun Park’, laehun Park’, Sangsoo Kim',
Sponam Kwon', 5ang Han Park', Kyung Sook Kim', Hygjung Hyun', Seung Mam Kim', Seonghan Kim',
Sun-min Hwang', Myong Jin Kim', Chae-yong Lim', Chung-Jong Yu', Bong-Soo Kim', Tai-Hee Kang',
FKwang-Woo Kim', Seung-Hwan Kim', Hee-5eock Lee', Heung-5o0 Lee', Ki-Hyeon Park’,

Tae-Yeong Koo', Dong-Eon Kim' and In 500 Ko®

The hard X-ray free-slectron laser at the Pohang Accelerator Laberatory (PAL-XFEL) in tha Republic of Korea achleves sat-
wration of a (144nm free-slectron kxser beam on 27 November 2018, maling it the third hard X-ray fres-electron lase in

the warld, tha demonstrations of the Linac Coherent Light Source (LCLSY and the 5Pring-8 Angstrom Compact Free
Ekectron Lasar ( . Tha wse of shectron-beam-based alignmant Incorporating undulater radiztion spsctrum analysts has
allowed rallak ke n of PAL-KFEL with uny tamporal stability and disparsion-fres orbits. In particular, a timl
Itur ofust 20 = tha froa-sbectron lesar photon beam ks consistantly achioved dus to the usa of a state-of-the-art design

tha alectron linear accalerator and cloctron-baam-basod alignmant. Tha low timing Jtter of the ol o tron beam makes it possibla
taobsarva BICIM) phonon dynamics withaut the nesd for tming-Jitter correction, indicating that PAL-XFEL will ba an sxtramaly

usaful tool for hard X-ray tme-resolved soparimants.
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High-brightness self-seeded X-ray free-electron
laser covering the 3.5keV to 14.6 keV range

Inhyuk Nam @4, Chang-Ki Min'#, Bonggi Oh©'4, Gyujin Kim', Donghyun Na', Young Jin Suh’,
Haeryong Yang ©@', Myung Hoon Cho', Changbum Kim', Min-Jae Kim', Chi Hyun Shim’, Jun Ho Ko',
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Hoon Heo', Jaehyun Park’, Jangwoo Kim©@', Sehan Park’, Gisu Park', Seonghan Kim', Sae Hwan Chun’,
HyoJung Hyun', Jae Hyuk Lee @', Kyung Sock Kim’, Intae Eom', Seungyu Rah', Deming Shu?,
Kwang-Je Kim?, Sergey Terentyev®, Vladimir Blank?, Yuri Shvyd'ke ©2%, Sang Jae Lee @™ and
Heung-Sik Kang 0=

A self-seeded X-ray free-electron laser (XFEL) is a promising approach to realize bright, fully coherent free-electron laser (FEL)
sources in the hard X-ray domain that have been a long: ding issue with longitudinal coh inil hallengi
At the Pohang Accelerator Laboratory XFEL, we have d d a hard X-ray ded XFEL with a peak brightness of
3.2 % 10" photons s mm™* mrad? 0.1% bandwidth (BW)" at 9.7 keV. The bandwidth (0.19€V) is about 1/70 times as wide
{close to the Fourier transform limit) and the peak spectral brightness is 40 times higher than in self-amplified spontaneous
emission (SASE), with substantial improvements in the stability of self-seeding and noticeably suppressed pedestal effects.
‘We could reach an excellent self-seeding performance at a photon energy of 3.5keV (lowest) and 14.6 keV (highest) with the
=ame stability as the 9.7 keV self-zeeding. The bandwidth of the 14.6 keV seeded FEL was 0.32 eV, and the peak brightness was
1.3 x 10* photons 5 mm mrad-* 0.1%BW-'. We show that the use of seeded FEL pulses with higher reproducibility and a cleaner

p results in serial f d I hy data of superior quality compared with data collected using SASE mode.
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Instrumentations

Femtosecond X-ray Scattering (FXS)
Femtosecond X-ray Liquidography (FXL)
X-ray emission spectroscopies (XES)

Specifications
Focusing optics: Be CRL
2-circle and 4-circle diffractometers
Cryostream cryostat: 40 — 300 K
Sample chamber for vacuum and gas conditions
Liquid injector (100 um jet)

N

NCI (Nano Crystallography and coherent Imaging) S$SS (Soft X-ray Scattering and Spectroscopy)

* Instrumentations

Coherent X-ray Imaging / Scattering (CXI)

X-ray Absorption Near Edge Spectroscopy (XANES)
Serial Femtosecond Crystallography (SFX)

Wide angle X-ray scattering (WAXS)

- Specifications

Focusing optics: KB mirrors

Dedicated sample chambers for CXI/SFX/XANES
with vacuum or He environment

tunable nanosecond laser for SFX experiments

Jungfrau 0.5M
(2th ~ 30 deg.)

* Instruimentations

Resonant Soft X-ray Scattering (RSXS)
X-ray Absorption/Emission Spectroscopy (XAS/XES)
Fourier Transform Holography (FTH)

- Specifications

6-axis manipulator with cryostat (RSXS)
VLS grating for 200 — 1200 eV (XAS/XES)
lon/electron time-of-flight (XAS/XES)
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Instrumentations

Research topics
Condensed matter physics and Material sciences

Thermal / Non-thermal melting dynamics FXS CXlI RSXS

RIXS (RXES) WAXS FTH
Bragg-CDI

Phase transitions

Phonon / Lattice dynamics

Spin/Charge/Magnetic properties

Chemical sciences

Bond dissociation / Formation / Isomerization

Charge transfer / Recombination / Localization FXL XANES XAS/XES

Chemical reaction / Catalytic reaction

Structural biology and Macromolecular dynamics

Protein ternary structure / Active site of enzyme / Ligand binding site .
Photo-induced / Mixing-induced macromolecular dynamics

Structures at a molecular level
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