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History of PAL
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l. PLS
» Project started
= User service started
ll. Major Upgrade of the PLS (PLS-II)
» 3.0 GeV PLS-Il upgrade begin
» 3.0 GeV PLS-Il upgrade completed
= User service started
» 3.0 GeV 400 mA top-up operation
lll. PAL-XFEL
» Project started
» Beam commissioning started
= Saturation of FEL (0.1 nm)
» User service started
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PLS Upgrade Project: PLS-II

1.  Period : 3 year (One year break in user service)

2. Budget: 100 M $

3. Critical path : All 30 beamlines should be operated in PLS-II after
one year shutdown.

4.  QOverall milestone PLS demolition started (*10.12.10)

Proi PLS-II installation started (*11.02.01)
roject started i
— Commissioning started (*11.07.01)
CDR(1) TDR(1:)
CDR(2™) TDR(2nd) Official 15t Beam Store, ~6mA (*11.08.05)
Lattice frozen Stored 90 mA @ 3 GeV (*11.08.30)
Store 100 mA @ 3 GeV
Open to users
¥
=
2009 2010 2011 ] 2012
123456?89101112123456?89101112123456?89}1112123456?39101112
h
Chamber Fab. began
Assembly began
Bake finished

3 IVU installed
2 IDs install

SC RF install PAL /7
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Goal of PLS-II
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€
- Beam energy : 2.5 — 3.0 GeV

- Current : 200 — 400 mA
- Storage ring emittance : 18.9 — 5.8 nmrad

~

Main goals

- No. of insertion device : 10 — 20

\- Top-up operation mode

&8 Dismantling

DEC. ‘10

-

O Important improvement
- Introduction of superconducting RF
- In-vacuum undulator development

- New instrumentations: Libera BPM, etc.

- Improved beamline environment

\- PAL-DCM development

~
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PLS-Il Linac

" Length=170m

= 3.0 GeV, full energy injection

» 2,856 MHz (S-band)

* 10 Hz, 1.5 ns, 1 A pulsed beam
= Norm. Emittance : 150 ymrad

Gallery

» Thermionic electron gun

= 17 pulse modulators (200 MW, 7.5 us)
= 17 klystrons (80 MW, 4 ps)

» 16 energy doublers (gain = 1.5)

= 46 accelerating sections
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PLS-ll Storage Ring
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PLS-II Top-up Operation

« Beam availability was higher than 97% in 2020.
« Beam current will be back to 400 mA at the end of 2021 with cryomodule #3
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Instrumentations for orbit stability

- o cor Tune FB
Electron beam i ; = ‘}‘ Tune measurements
i, IDFF Main Quad 1,2
/ %\ " ID gap measurements control
RF FB . -—' ID corrector control 0 05 Hz
Fast Counter Corrector average
Kicker measurements .""" TFS ﬁ
Counteracts RF freq control + === BPM 250 MS
L 0.05 Hz ] Strip-line km,m,r
injection BPM ' """ control
oscillation _ Tl f o
1 Cell lattice 200 WiHz
- e Mechanical
e B0 adi alignments
PBPM FB - Few times per
PBPM SA (10Hz) year
manipulate BPM offsets
~1 Hz SOFB FOFB
96 BPMs SA (10 Hz) 96 BPMs FA (10 kHz)
96 Correctors control 48 Fast Correctors
2 Hz control
“Photon 833 Hz
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Electron Beam Stability

* Orbit change in 10 Hz slow reading: < 1 um for 10 days
« Orbit change in 10 kHz fast reading: <5 um (H), < 3 um (V)

 Less than 10% of beam size in both directions
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Photon Beam Stability
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Feedback is running in 13 beamlines with PBPMs
Orbit change in 10 Hz slow reading: < 1 um for 10 days

Number of PBPM is increasing

1| ID gap [mm)ﬂ—

PBEPM VERT

proepees

BPM OFFSET (um)

Inside of PBPM

_ BPM 2-1

06/24 06/25 06/26 0627

Time(day)
(-~ TUMAINI HLUCLENAIVR taounATORY



I IBIC + 2021

International Beam Instrumentation Conference

Hybrid Mode for Time Resolved Experiments

e Harmonic number: 470
e Multi-bunch mode: 400 bunches
* Hybrid mode: 300 bunches + Single bunch

* 4 mA single bunch current is available in user operation

File  Edit  Vertical Horizdtcqg  Tng  Display  Cursors Meazure  Math  Uhlities  Help

Tek  Run Sample 23 Jun 15 11:18.48 Buttons 250 T
Curs1 Pas 12.4 mA single bunch (in machine study)
7542405 2{:“:'
Curs2 Pos
:."-‘ ':ll:l4 o
E 150
=
8
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i I e el s g ey il | i
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PALL2 pouaNG ACCELERATOR LABORATORY




Beamline Map (36 Beamlines)
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NORTHGATE

I 8C_Nanoprobe X-ray Absorption Fine Structure (Nano XAFS

I 8D_X-ray Scattering_POSCO (XRS_POSCO)

(AP—-XPS_KBSI) Ambient Pressure X—ray Photoemission Spectroscopy_8A2 I

(SPEM) Scanning Photoelectron Microscopy_8A1 I

I 9A_Ultra—Small Angle X—ray Scattering (U-SAXS)
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I 9B_High Resolution Powder Diffraction (HRPD)

I 9C_Coherent X—ray Scattering (CXS)

I 9D_X-ray Nano—-Micro Machining (XNMM)

[ Insertion Device (ID)

I 10A1_Soft X—ray Nanoscopy (SXN) [ Bending Magnet (BM)

)] Structural Biology

- - Materials Chemistry

Eco—Friendly Materials

- Energy Materials

Nanomaterials Spectroscopy

- Spectro—Nanoscopy

I 10A2_High—Resolution Photoemission Spectroscopy (H

I 10C_Wide Energy X-ray Absorption Fine Structure (Wid

10D_High—Resolution Photoemission Spectroscopy |
I X-ray Absorption Fine Structure_KIST

{UE SYGATE
(HR-PES I/XAS_KIST) /

—
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I 11C_Micro-Macromolecular Crystallography (1-MX)

I 12D_Infrared Spectroscopy (IRS)

(Ice)

| Public Beamline
ll Exclusive Beamline

| Agreement Beamline

* " "
Construction Beamline

Ifs—THz_TechnicaI Building Il (fs=THz)

I 1C_Time—resolved X-ray Scattering® (TR-XRS) N\

I 1D_X-ray scattering KIST-PAL (XRS_KIST)

I 2A_Magnetic Spectroscopy (MS_MPK)

SOUTHGATE

- Industrial Technology Convergence

(XAFS) X-ray Absorption Fine Structure_7D I

(XNI) X-ray Nano Imaging_7C I

(SB _KRIBB) Structural Biology I_7AI

IST-PAL C&S) Crystallography and Scattering_UNIST_6D I

(BMI) BioMedical Imaging_6C I

(MPK) Middle energy Soft X—ray Spectroscopy_MPK_BAI

5C (XRS_GIST) X-ray Scattering_GIST_5D I

(SB II_KRIBB) Structural Biology II_5C I

H6

5A EAST GATE
= ) (MS-XRS) Material Science XRS_5A I
4D (PES) Photoemission Spectroscopy_4D I
#S
4 SAXS ) Small Angle X—ray Scattering Il_4C l
Center
(XMD_GIST) X-ray Microdiffraction_dBI

Spin— and Angle—Resolved Photoemission_IBS_4A2
(SARPES_IBS) I

(1-ARPES) p-Angle Resolved PES_4A1 l

(XRS) X—ray Scattering_3D I

(SAXS 1) Small Angle X-ray Scattering |_3C I

(MP—XRS) Materials Physics X-ray Scattering_3AI

(SMC) Supramolecular Crystallography_2D I
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PLS-Il User Statistics

User statistics
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One year shutdown
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PLS-II User Achievements (~2020)
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Atomic-level tuning of Co-N-C catalyst for
high-performance electrochemical H,0,
production

Eulyeon Jung">, Heejong Shin'*#, Byoung-Hoon Lee"*, Vladimir Efremov’, Suhyeong Lee?,

Hyeon Seok Lee'?, Jiheon Kim'2, Wytse Hooch Antink'?, Subin Park'?, Kug-Seung Lee %,
Sung-Pyo Cho®, Jong Suk Yoo®*, Yung-Eun Sung®'2* and Taeghwan Hyeon '3+
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Article | Published: 17 February 2020

Highly durable metal ensemble catalysts
with full dispersion for automotive
applications beyond single-atom catalysts

Hajin Jeang, Ohmin Kwon, Beom Sik Kim, Junemin Bae, Sangyang Shin, Hee Eun Kim,
Jihan Kim & Hyunjoo Lee =2

Nature Catalysis 3, 368-375(2020) | Cite this article
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Korean 4GSR Project
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% 4GSR project was officially approved.
< CDR was finished.
< Project will be started from 2022.

_ NORTH KOREA Demarcated
SOUTH KOREA Border ¢ Seoraksan National Park
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Parameter

Electron energy
Horiz. Emittance
Vert. Emittance

Bunch length
(rms)

Circumference
Harmonic #
RF frequency

Beam stability
@ ID (xly)
Injection mode

GeV

pm
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MHz

um

Korean 4GSR
3 4
5800 58 (RB: 39)
~ 58 ~ 5.8 (RB: 39)
20 13 (50 with HC)
280 800
470 1332
500 500

<4/2 <2.5/0.45

Top-up Top-up

Jejudo Island
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April 2011: PAL-XFEL project started
(Total Budget: 400 M$)
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PAL-XFEL Parameters

30A 200A 1kA 3KA
2 —> 300fs ——>  60fs — 20f
ps > HX Undulator (HX1)
Heater BASO [ BCA BAS1 BAS2 BAS3H (2.5~12.8 keV )
T .
‘D__"H"_ 33 | NCI
LI L |-|/—Q| T
Gun L3B DF2H L4 Dechirper 10 GeV
dump

SX Undulator (SX1)
[BC3S | (0.3~1.2keV)

| DF2s
Dechirper BAS3s 3.15GeV
dump
Main parameters Photon energy [keV] 24~15 0.28~1.0
e’ Energy 10 GeV Beam Energy [GeV] 4~11 3.0
e Bunch charge 20-200 pC .
Ener Ga

Slice emittance < 0.4 mm mrad Wavelength Tuning 9y P
Repetition rate 60 Hz Undulator Type Planar Planar
Bunch length 5fs — 50 fs Undulator Period / Gap [mm] 26/8.3 35/9.0
Peak current 3 kA

SX line switching  Kicker Magnet |
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FEL pulse energy (mJ)

FEL Pulse Energy of User Service (2020)
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Hard X-ray Self-Seeding

» Schematic of hard x-ray self-seeding with a diamond crystal

(@) ;

SASE Y b/

Single-shot spectrometer

Seeded l

AN EZEaY _‘T
-.------------1----
Y

Chicane UN13~-24 Diamond (400) : Photon energy: 7~10 keV
C(400), E.=8.3 keV, n=0°, 6=56°
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. Diamon
e NN aSEEE.

R FBD

----;--------;

Y
UNO05~12

Diffracted
or _ Photon
.~ beam

10 fz (PWHM)
) e-bunch

Trtersity (arb urit)
5

L m
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Tire (15)

100 pm thickness, 2 pieces
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Self-Seeded FEL at 9.7 keV

4 : . :
Photon Energy Ec = 9.7 keV | Zve. Seetodwio Lt @) | =
."é' 3| — Ave. Seeded w/ LH = 100
. > 1 >
Averaged FEL energy: ~850 pJ ( ~1.5 mJ for single shot ) 5 £98 =
82 £03 s
SASE bandwidth (FWHM) = 27 eV > R =
. . = £ 102
Measured bandwidth = 0.35 eV (Resolution = 0.26 eV) ﬂc_’- %
De-convoluted bandwidth (FWHM) = 0.22 eV 10
FEL Pulse duration = ~ 20 fs
Chicane time delay = 30 fs B | TseseawoLs © | =
S 6] 1§ 10°
> 1 >
Bragg orientation = [115] ¥e "ESEK’J .
T4 =03 S
Diamond thickness = 100 um (c100) = Bandwidth V)| 2
S 2 i & 107
Portion of SASE in seeded FEL: ~6 % IS <
0 | )
Fraction of energy enclosed within +1 eV : ~ 80% -5 25 0 2.5 5 -10
E-E_(eV) E-E_(eV)

Peak brightness (photons/s/ mm? /mrad?/0.1% BW): 5 x 103° PALL2 pyinG ACCELERATOR LABORATORY
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Extending Photon Energy up to 20 keV

(((-¢/71.21d/79.065)/2-b/1094.7).#10.445).*180-0.0015774*2 1 21.6 ()

0.6

Pulse Energy

Correlation Plot_Eloss_20.00keV 28-Nov-2019 01:54:41

# (((-¢/71.2+d/79.065)/2-b/1094.7).%¥10.445). %1 80-0.001 5774 *g+21.6

_y = Aexp((x - B)z.-"Cz.-"Q) +D

A= 048191 £0.033704

rB= 1.0254 £0.0047308

C=10.05653 £0.0050752

L D=-0.016888 £0.0088925

>/NDF = 0.00363

| rms fit error = 0.0582

ng e

%&%?
i

BN
f ﬁﬁfﬁ ﬂ

04 0.6 0.8 1 1.2 1.4 1.6
HBTL:MPS:CHOI:Icmd_SP Current Set ()

FEL pulse energy: ~0.48 mJ
Undulator K = 1.409
Electron beam energy: 10.446 GeV

BL:HX:OH:PD:analog_in_current | Current Channel 1(A) ()

6

Ln

Spectrum
«107 Correlation Plot_Spectrum_20keV NoAtten 28-Nov-2019 02:13:42
r # BL:HX:OH:PD:analog_in current |

y=Aexp((x- B}z..-"Cz..-"Z) +D
A = 5.8096e-09 £1.1895e-10
B= 19.98 £0.00046897
3 g C=10.021183 =0.00055836
| k D=-3.8872e-10 =5.8894e-11
*/NDF = 1.55¢-19
rms fit error = 3.86e-10

1 1
1994 1996 1998 20 2002 20.04 2006 20.08

F:BL:HX:OH:DCM:CTRL:Energy Set Set DCM Energy ()

19.9 1992

Bandwidth: ~ 21.2 eV (rms)
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Two-Color FEL Generation

8 and 12 undulators were used before 35 . 1
and after the self-seeding section. | * BLHYOH:PD:analog_in_current_1
» Two-color FEL pulses were obtained 3 _
successfully. 5 2.5¢ 200 eV ) :
< 1 g:
z 2 ; # |
e ) ;| Pumpz9.67 keV, 72 uJ E _
o
3 : Probe: 9%9 keV, 42 u)
g 0.57 B &
o ; ke
T 0 Mﬁé E S
--180 _05 I . | | | ]
)7 08 00 10 11 12 11::-:§__1_J, 15 16 17 18 19 20 21 22 23 2 __H 9.6 9.7 9.8 9.9
S Photon Energy (keV)
Undulator Gap Setting for Two-Color FEL Photon Energy Measurement of Two-Color FEL
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Parallel Operation of Hard X-ray (30 Hz) and Soft X-ray (30 Hz)

« Kicker and septum magnets were installed in soft X-ray branch line

« Machine studies are ongoing for parallel operation

Name DBRType Units Processing Scale Time (local) Value Notes

M BL:HX:OH:QBPM1:analog_in_totsum DBR_SCALAR_DOUBLE raw v Vv | 2021-08-13 21:33:19 7.001874018417634e-11

M SU1E:SCM10:Stats1:MaxValue_RBV DBR_SCALAR_DOUBLE raw N linear v | 2021-08-13 18:06:31 3344

5IZE:  1year imonth 2w 1w 25d 1d 18h 12h 4h  2h | 1h | 30m 10m Sm 1m  30s END: 2021-08- 00 :58 :29  NoW < >

Applied Current |

Blue: Hard X-ray FEL
m Intensity

Red: Soft X-ray FEL
for Kicker |

Intensity

Measurement Result of
Magnetic Field

7 il ‘
y  J4.00ms 2,50MS/s e / I
A-+-80.0000us 100k points ___-5.40 A
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