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PAL-XEL &8 H1 53¢

ool

XFEL T2 E4

High
brightness

Long Ultrashort
coherence X-ray

length pulse

= XFEL

el 52 ofel L HE

= X-ray & 7|H 71E U =

- =2

&4t : Ultrafast light-matter interaction

- I SE/Le AT
- XRD, resonant X-ray scattering
- X-ray imaging/microscopy, SAXS/WAXS, and spectroscopies

- SAXS/WAXS, and X-ray spectroscopies

o BEREEEL
SR - Serial femtosecond crystallography
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nature

ARTICLES photonics

https://doi.org/10.1038/541566-017-0029-8

H.-S. Kang et al., Nat. Photon. 11, 708 (2017)

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

ARTICLES

https://doi.org/10.1038/541566-021-00777-z

‘.) Check for updates

I. Nam et al., Nat. Photon. 15, 435 (2021)

High-brightness self-seeded X-ray free-electron
laser covering the 3.5keV to 14.6 keV range
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Soft X-ray Scattering &

1) Femtosecond X-ray Scattering (FXS) . roscopy 1) Resonant Soft X-ray Scattering (RSXS)
, solid scattering & spectroscopy L X CRRA . solid scattering & spectroscopy

2) Femtosecond X-ray Liquidography (FXL)
; solution scattering & spectroscopy

el

2) XES/XAS/Fourier Transform Holography (FTH)
, sSpectroscopy & imaging

X-ray Scattering &
Spectroscopy

=

4 o e E T : > 2% > . & s ) s ' < ' = - :7":__-_7-7 ».
_a B Hard X-ray Soft X-ray
' , 2 S 2.0 - 15 keV. 250 - 1250 eV
n 75')(& Hi El-?_l 27| (tandem) , = P (0.6 - 0.08 nm) (5-1nm)

1) Coherent X-ray Imaging (CXI) am S S el = | 00 Hz 00 Hz
' nanocrystal imaging & microsco S J '
y g g py : ; . 2 = : i B.and Wldth Of ~04 % ..05 0/0
pink beam (AE/E)

2) Serial Femtosecond Crystallography (SFX) e B <% | F——
: - — S pink
; protein crystallography - ST > 1.0 x 10" phs/pulse > 1.0 x 10*2 phs/pulse
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X-ray Al 7|tH | @ 21 (1): Ultrafast X-ray microscopy @ HX-NCI beamline

In collaboration
with Prf. H. Kim (Sogang Univ.)

i

Courtesy of Dr. Sangsoo Kim

Optical Pumping Laser

f@..,/ \\u

X-ray Condensing Lens

e 1IAN

XFEL Probe Sample Stage BFXM Objective Lens
background

=  Pink beam =  Seeded-beam |T from CRLs itself

Optical Imaging System : L -
ks Boniceicies Background signal (high harmonics)

DFXM CRL Lens
Optical Laser

Sample Stage

’lill"."i~l"f ,

Condensing BFXM CRL Station

CRL Station
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X-ray Al 7|tH 7jjdk gl 9! (2): A| 25l RIXS @ HX-XSS beamline

Si (844) et e
spherical ,A\\Qg \ 75 A y Y A
- =N é“e igbEpatit . S I S i RIXS data of an Ir-based complex near

Spherical diced RS s L 2D Getector  piy the Ir L; absorption edge
analyzer Si(844) . T s 2 PR\ on the robotarm
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_yec HlaLoj
WATER PHASES HX-xss &2+l

Experimental observation of the liquid-liquid
Research highlight (1): S-S Arzi0| &1 transition in bulk supercooled water under pressure

K. H. Kim et al., Science 370, 978 (2020)

WATER THERMODYNAMICS HX-NCI Bl 2}ol A F &
Detector 17 21 (A"
Maxima in the thermodynamic Cryostat | I
response and correlation functions 3
of deeply supercooled water - £l
X-ray 5
K. H. Kim et al., Science 358, 1589 (2017)
Amorphous
2pm Laser ice sample
B m7+ss Pressure
A H,O or D,O droplets .‘:.0.3'
¢ % L% ..”.‘ <+— Ambient conditions
> T4 .":,. High Density nature communications a
Evaporative % =~ J&" 3’—"‘ Liquid (HDL) HX-Xss 2 29l
cooling ¢ / '_ "" Wldom lines Article https://doi.org/10.1038/s41467-023-38551-0
e T Y | - o Srilicat points Melting domain size and recrystallization
! H,0 \ Phase dynamics of ice revealed by time-resolved
> Koy S Saariy X-ray scattering
C. Yanget al., Nat. Commun. 14, 3313 (2023)
ES Low Density a b
X-ray pulses Large area detector Liquid (LDL) detector o~ —Icel, 170K \
. & 1501 —_168ns H Lﬂ
’ﬁ . g 100_'\ ;\?\:gte;fnscef'.? 3K V J
- > .E
P & 50-
=
2 um laser ice | sample = 0
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- - . L. =L= =L =
Research highlight (2): o2 @ &| = ofst Asl 3 W4 JH
Article HX-Xss 2l 2} 2l ARTICLE M) Check for updates
s OPEN Xss HIg}ol
Mapping the emergence of molecular - L s Bt
vibrations mediating bond formation Determining the charge distribution and the
8 direction of bond cleavage with femtosecond
J. G. Kim et al., Nature. 582, 520 (2020) anisotropic x-ray liquidography
J. Heo et al., Nat. Commun. 13, 522 (2022)
L gy * G0 ¢
Y N :
Transient structures  ofs - 60 fs d b o Excited state
in the excited _l." | " Atomic Charge distribution e ® —
state OTET , - /,,d -y
at t < & " 360 fSL [#] . !High LE Iy dissoaation 'M
Transient structures ool @ R,
in the ground state & Ground state
e .ﬂ ¢ At <360 fs '9/9 ______ ® L
f‘”f/ oo coa_ I / = 2
' &3 26
0fs © 85 fs —_—. -
06 -
o o - i Charge distribution ILOW Rap
— (Lo, Ig, Ic) =7
© &
360 fs 285fs
o
Harmonic oscillations ]
B8O - T,(eq) coordinate _
RBC'
7

PALZ zoranana




Research highlights in 2023

nature chemistry 8

HX-NCI 2l 2}2l

Article https:/{doi.org/101038/s41557-023-01275-1

Optical control of ultrafast structural
dynamicsinafluorescent protein

C. D. M. Hutchison et al., Nat. Chem. (2023)

3
R g\ W .
. j 'wg 4/
T ¥ 1 ?

Pump-Probe Pump Dump-Probe

nature physics 8

Sx-sss 2l 2ol

Article https: fdoi.org/10.1038/s41567-022-01848-w

Ultrafast X-ray imaging of the light-induced
phasetransitioninVO,

A.S. Johnson et al., Nat. Phys. 19, 215 (2023)
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RESEARCH ARTICLE

JAKTERTADS

www.advmat.de

Sx-sss Hatol
4D Visualization of a Nonthermal Coherent Magnon in a
Laser Heated Lattice by an X-ray Free Electron Laser

H. Jang et al., Adv. Mater. (2023)
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HX2 7% R: ZAAM 0|22t HIER) &)
~30 ns ~30 ns
Pl Pl Fast 60Hz Slow 30Hz
Kick H Kick 6.5~ 20 keV FEL EH1 EH2
00 OO0 | o« weev 7 @ EEEEESIEEEN_

ERTTIERN MR

EEEEEEEEEEN HX1

OHz 30Hz 1.5~ 10 keV FEL

TTTTTITTITTN | e

6— 12

Al =
Number of submitted proposals (HX & SX) — -H- ;: EH3 EH4
”\9 S 60Hz_ 0.3~ 1.2 keV FEL
Hard X-ray/ 3/1 : : = = > SX1

« O|ZXHUEIY MAM HZO0| YTHH2 2 B2 Fxd atAof Cist =& =0 2R
(XFEL O| X} 5 =Cff, 1 O] Xt R 7 &)

« X EHE 2 TR 1Z2=E Qo FX u k3t U HES} IS

Soft X-ray

____________ o
-OLiX] T S5t MY, Lhie-0|0|F HE, HI0|2 B MY A H 312 4T 24 4
O I 2019 R0z 0t 20 - WA A2 B HES Sl FIH RN SUHA FeL Y 2

Beamtime approved ratio : 32% 10 PAL 7 12315 | P Ty [ P8



Ol

e 2%
< 29| A FEL: Aramis, Athos (2Y3)
Porthos ({0 %)

First construction Second construction

Athos 0.65-5 nm

phase phase user
2013-16 - 2017-20 /e h|E stations
\Injector —" - Linacl — ( - Linac2 — — Linac3 ME

0.3 GeV 2.1GeV 3.0GeV  2.1-5.8 GeV Aramis 0.1-0.7 nm

ME
Planned phase

2029+ Porthos 0.05-0.7 nm

< 0|22 LCLS : LCLS I (E %)
LCLS II ( A| &4 &), LCLS II-HE (2£=0{|4)

LCLS-II-HE
Cryoplant
LCLS
RF Gun (Cu-linac) (SXU)
Warm Soft X-ray Near Hall Far Hall
LCLS-N Accelerator Undulator
RF Gun

L3
BC1 BC2

Superconducting Accelerator

" (CW-SCRF) Beam Hard X-ray
3-4 GeV 5C Linac — Switchyard Undulator \ Hutches
3-8 GeV SC Linac —— {qul Bearn

3-15 GeV Cu Linac ——

< =2 European XFEL: SASE1, SASE2, SASE3 (29 %),
SASE 4, SASE 5 (1&0|&)

L1 L2 L3
4 modules 12 modules
(1 RF stations) (3 RF stations)

80 modules
Injector (20 RF stations)
1.3 GHz module

3.9 GHz 3 harm.

300 kW

i . 300 kW
BC2 Collimation
Guan Dogleg, BCO BC1 2.4 GeV 6 ..17.5 GeV 300 kw
6 m MII m 246 m 4?'('] m 146:0 m 213ID m 244b m

3100 m /

0
0

Ql= SACLA: BL1, BL2, BL3 (¥ =),
BL4, BL5 (LZ0{|4)

Bt CB-correction v S-band v v
476MHz ‘ (3mx8) 4 4
g R
T. A . Energy slit
L-APS (2mx2) C-band
238MHz
BC1 BC2 (1.8mx24) BC3

Beam dump

5 : (RS6~-41mm) (RS6~-37mm) (R56~-7.5mm)
Chopper  LB-correction 35 MeV 400 MeV 1.4 GeV
Z=0m Injector Z~13m Z~50m Z~120m
SCSs+

BL1 m l
Undulators

(4.5mx3) hu=18 mm

BL2 1D09-18 SR from

SPring-8

Kicker DC bend Undulators

(5mx18) Au=18 mm To users
1D01-08 Chicane
Deflector A i Undulators T
cavity Maar::lcg oens HEPURE (5mx21) hu=18 mm Combination of
P XFEL and SR

BL4 Beam dump

. Experimental
To SPring-8 hall

Z~390m Z~615m



HX2 Undulator parameter

* & FOHH

- 7| =L A “71| = =28
2 F

- A oA Fo| S=f

Undulator Hall

HX1 HX2 SX1
Undulator period, mm 26 35 35
Undulator K (max) 1.87 3.5 3.5
FEL photon energy, keV | 6.5~ 20 1.5~ 10.0 0.3~1.2
Specialized range, keV

30-MeV Linac for THz

-Em-

-
=i
-
-
=E
=F

12




Z7M57|A7 L THAZ 2122

HX1, HX2 13 0jjL4 %] 2]

Power/PO(K = 1.87)

—_
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T

—_
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——— Ebeam = 10 GeV|
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o
Photon energy (keV)
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i
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T
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FEL Power HX2 > HX1
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Exd 2HEE

Fl

HX1/HX2 WX} &M

HX1/HX2 SA| &M

13

eV)

Photon energy (k

K Zx

E-beam energy

Power/PO(K = 1.87)

130l B = 2_20keV = 7HSE (
HX2 O| B2 12 keV O| MO M= Hx1 EC} Of L X| 7} Z

Photon energy 7 HAl

Al
17 E-beam energy &7
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—
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HX2 |
FEL Power HX2 > HX1
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Lattice design

o =2 HE
G o
. 3|_'|_|-

A=80lH & &E

=% 29712 FODO Drift 7tZt (5 m
> AH=20|H: 267 (EAIY:
- Self-seeding A 2H: 17

. () AE0|E 67| 27t TH
0|5 7,

Linac + HX2 lattice

St0 5 kev & XHOJ| L X[ Of| A H A
EX HA0YX|5mi(=2.5TW) ¥,

2+2510] §FS advanced scheme A8 715 EE MA|

40|) =H
20 7 A X))

> 1nm O[5t2| £dlls 'F_f—.'?'_—xfol

—
»

10-GeV ™77 (700m)

150
5 >
- v
5 100
o
5 |1 AAAAAARAANAANAN AN DA |
E 50 | ' J W y f | hi |H ]
o oo/ AT
m | RO -' | WA e ommamonaeoncnctonsnancn
il \ all |
D 1 1 1 1 1 1 1 1 1
) 100 200 300 400 500 600 700 800 900 1000
s (m)
0.2 "|
—_ f
E I
= 0 | || 1
S | | | \f
@ \| V
= I |
S 02r ” l J )
(=
| !
_0‘4 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

s (m) 14

FODO Drift No. AKX K| g
1 wire scanner
2 wire scanner
3 'HU201
4 HU202
5 HU203
6 'HU204
7 'HU205
8 HU206
9 HU207
10 'HU208
11 Chicane & wire scanner Self-seeding
12 HU209
13 HU210 ‘fﬂ.ﬁ? e
14 HU211 PAL-XFEL 2| SBIm| ZHo~M
15 HU212 FEL 249! |
16 HU213
17 'HU214
18 'HU215
19 HU216
20 HU217
21 'HU218
22 HU219 Foting fccaemto berson
23 HU220
24 'HU221, spare Undulator (TW FEL)
25 HU222, Spare, Undulator (TW FEL)
26 HU223, Spare Undulator (TW FEL)
27 HU224, Spare Undulator (TW FEL)
28 - HU225, spare Undulator (TW FEL)
29 HU226, spare Undulator (TW FEL)
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SA =4 A= HX1 HX2
o ZAOMAM 2278l EH2 EH4
- Slow kicker2 60 Hz 1€ HX1/HX20|M L0 AR EH1 EH3
I 72 o
¥R HX1: EH1 (50Hz) : =& & HX2:EH4 (50Hz): =& &
HX2: EH3 (10 Hz) : Ol H[ & & or R&D HX1:EH2 (10 Hz): OilH| 23 or R&D ®
% Ofu| AL HO| FABHEH HYEIYQ| 584 M Tt
- 0| = 52 MO FQ A HAE LR IS &3 °
> M3 R R O ZOHAIZE A2 (O 625U £3) ©
- OfH| A or R&D HIEfA = 4 HEFAUO|| FFS FA| E= R0 4
> A AR| AAE A7 of|H| H HEFOf 3t
o A7§] B{X|0f M B Watel M|  Watol Zx|o| DESe M2 THs ®
- wEtol 24| 0| 50| 2|43t E|0] Y FH|AIZ T2 3005 10| Fast kicker
(rise time < 15 ns)
60Hz
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T T A
: = %ZL — e 7O SK|Of A K| BA Y
| | o = e = >
- b "I > BI2FOl B K| 0|5 0] A A3 5|0 Mg FH|A|ZHEHE
—— A e > 2l FX| o N et MER, X|E5H dsdd =T
N _C ~ gmzmuten o I _"'_-_#__UH -
D‘H—L ,,,,,, = E,, I
T HX1
EH2 (NCI) 4
***************** =t - - - — 8| — — n AL
7|18 H =2 AIESH= photon energy CH <
T HX1 - K| 7H A M2t Al 80|
Photon - =2 Al sample position (interaction point) 271 O & /4
Ener 2 3 4 5 6 7 8 9 10 11 12 13 14 15 20 e " "
(keV)gy (2 A A x[2=)
Tender X-ray XANES Time-resolved solution scattering - Beam size
Coherent Diffraction Imaging - Coherence %1'6.:';

- H2pol gsb & X =71 O &: LoDCM, Split & delay

Diffraction/Scattering

RIXS /REXS Serial Femtosecond
Crystallography
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HX2 MR A=

@ 712641 (4A(19), M), FH(1A)

% O AH:46021 (7] 209 '8 E) I

1. 7t%7] (280%) 1. AEHO|E /MR 2209
= 3 Lo 1= Y A2 2. MY T2 T /5 MH[A 2H ME c

2. RIEHH O 304
e HX2 = 0|0] 50| ASEl HX19| A2 MZE7|e€ A2 &,
3. 8F 304
« A= 0|7} SX1 1t =€ ala16 o
2. Y22l (180%) 1. =3t 0| A 30
2 74%7' 250-|
» A=V E SHMH AT HA K| s = B
. P HIIZ HAEY SXMMH|A SHYUR 431 (HX1 £8) 3. X-ray optics 309
. DE XX|O| MA|FH|Z 3XEE AX| O 4XEH 0| 7R ~9R (370 ) 7|ZH0f| RA|PE 242, 4. 7| A&/ 7| 40
L EAROl 1000 RA[EAT|ZH(1HO| £ B EA 22 3}H 72)2 3HYE SHHM Tt MX|EH
Al olo| QX|E47|7t (1H0| & A 24, 8 7€)S 37 I TQdh MX|EHY 5. XIH/R[ O 150
S gtzet
+ XFEL AT 9l 21210 Al2TE BHPE 22 = 671 olLfof &=, 6. DAQ {data storage)  10%
e 3XEE SXMHIA X (HX1 E8) 0= HX2 Halol A|2H0| 7HsE FEL 29 SA|2XZ 7. o1 X| 27| 304

2 |:|0I-
futot N
o ='=
ot 10

O
X|E 22310 HX1 0| = 58 Hz BIO 2 AMH|ASID, 2Hz B2 HX2 A|2H
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HX2 =41 34t
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01:
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PAL-XFEL % =g

QA PAL-XFEL It Z2 M
1 AHZESEL|C} PAL-XFEL
Mol A x- "etelof) o
E£5| PAL-XFEL Q| 24

PAL-XFEL 2{ A & 1p}01 IAE* Zes
HAX:0/&& W= (KAIST a8t 2 IBS)
24220219 113 262

PAL-XFEL 3 A M Y20l S4S =3 XIXIELILCH

MeE KAIST 28t 4 2 IBS ¢ LRACZ A =2 A2HEOH A M Atetd
olgs Ctgst EAAHS ststErg HAHUES S8 ANHain USLICH 20
PAL-XFELOI JIS&0l M2 2UWHUAE &S0 JissiH S0 COs BmEX S8
HRE S5ty USLICL E =0, PAL-XFELUIA ==&st OOEHE HIE=2
=S NSEE e SSsHE0 4dEH= ZE WEE &AFSt= AP (Nature, 582
520-524, 2020), HIARAGE2 LS E%'IHI%L%O#I o8t Ol4&3 AN et
™ 2 (Nat. Commun., 12, 4732, 2021)2t 20| Et8 =2l 2Xt2| AI?_FOlI e X HEE
FHol= 0 E 8o, E20= 4o LPODP clOI M0l 2lg E0H2l BHZE & t(optical
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