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‘%Jf? Electron accelerator researches in Korea
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‘%? Large scale electron accelerators in Korea

PLS-II and PAL-XFEL Facilities (June, 2015)




C‘%\JIQ Pohang Accelerator Laboratory
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‘%? PAL Overview: Chronology

l. PLS
» Project started
= User service started

11. 2"d Major Upgrade of the PLS (PLS-II)
» 3.0 GeV PLS-II Upgrade begin
= 3.0 GeV PLS-II Upgrade Complete
= User service started
= 3.0 GeV 400 mA Top-up operation

[11. PAL-XFEL
= Government approval of PAL-XFEL project
= Beam commissioning started
= Saturation of 0.1 nm FEL
= User service started
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‘%J,Q PLS-I1 overview: Linac

Injector LINAC

» Length = 170m

= 3.0 GeV, full energy injection
= 2,856 MHz (S-band)

= 10Hz, 1.5 ns, 1A pulsed beam
= Norm. emmittance : 150umrad

» Thermionic Electron Gun

= 17 Pulse Modulators (200MW, 7.5u5)
= 17 Klystrons (80 MW, 4us)

= 16 Energy Doublers (gain=1.5)

= 46 Accelerating Sections




PLS-II overview: Storage ring

42 % of the circumference
available for straight sections

PAL /7
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PALZ b 511 SRF system (Availability: higher than 99 %)
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*PLS-Il C3 (3100-01)
*PLS-Il C2 (3100-02)
*PLS-Il C1 (3100-03)

Ly
L]

Spec. of S

RF Module

Parameters

Values

Resonant frequency [MHz]
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PLS-Il Specification

L

Q0 > 1.0E09 @VRF <=2.0 MV

PLS-II Specification

Q0 > 0.5E09@ 2.8 MV
20 3.0
RF Voltage [MV]

Layout of SRF system

Qo >5x108 @ Vacc = 2.0 MV
Q. 1.7E5 +/- 0.2E5
Frequency tuning (step-motor) 11:50 kHz .

with resolution of 10 Hz
Operating Temperature [K] 45
Accelerating Voltage/Cavity [MV] | 1.2 -23
Max. RF Power / Cavity [kW] 300

HOM Removal

Ferrite Absorber

Input power coupler

Waveguide

Window

+ 500 kW, matched with beam
* 150 kW, unmatched condition

Material, cavity

Niobium, RRR > 250

Model, type

CESR-B type, single cell

Thermal loads/module [W] @4.5K

« Static loss: 60 (CM+VB+TL)
+ Dynamic loss @2.0MV: 60

Pressure stability @He vessel

+1.5 mbar

LHe level stability

+1 %

Vendor RI, Research Instrument, Germany
Spec. of He Cryogenic
Parameters Values

Cooling Capacity

+ 750 W @4.5K, W/ LN2 precooling

+ (plus) 58 liter/hour liquefaction

+ 470 W @4.5K, W/O LN2 precooling

+ (plus) 48 liter/hour liquefaction

Nominal power, compressor

250 kW (380VAC, 3g)

Dewar Capacity

2000 liter, 80% operation max.

Dewar opr. Pressure

1300 mbar, with +/- 1.5 mbar

Operation mode
Vendor Air

Refrigeration with partial liquefat

Liquide, France




PAL
C/J\!Q

Instrumentations for high performance operation

Electron beam

S

Fast Counter

Kicker

Counteracts
injection

BPM

oscillation ®

\D or BM
BPM

*
*
*
*
.
*

PBPM FB

PBPM SA (10Hz)

manipulate BPM offsets

~1Hz

PBPM X BL-4C

$AEE

N

i,

RF FB

1‘ 1 t‘

- - -
‘v

Corrector average
measurements
RF freq control

0.05 Hz

Mean: -0.00499 um
RMS: 0.35929 um

ID Cor.

IDFF

ID gap measurements

ID corrector control

1 Cell lattice

250

400 mA: 330 + 1 (12.4 mA)

i —

0 100 200 300 400
Bunch Number

I[p——‘—TFS

;=== BPM 250 MSs

1 | Strip-line kicker
| control

Arc svl:(tim'l-tlte . straight Arc section-ll

SOFB

96 BPMs SA (10 Hz)
96 Correctors control
2 Hz

Mechanical

alignments
- Few times per
year

FOFB
96 BPMs FA (10 kHz)
48 Fast Correctors

control
833 Hz



PAL .2

Beam Current{ma)

PLS-11 operation (The latest user service)

Planned services in 2019: 190 days

4 user runs (No dump) / 10 user runs

Beam availability (2019, so far): 99 %

400 mA Top-up (Hybrid mode)

l BeamCurrent

20:33:03 06:47:03 17:01:03

. Lifetime

Fill Pattern Control
Sini

ingle Bunch (mA)

Delay 22 ’_

3.0758

330 + 1 (397 + 3 mA)

0 100

200

300

400
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TALZ pLs-II Beamlines

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

NORTHGATE

AP-XPS) *Ambient Pressure X-ray Photoemission Spectromw“wl

I 8D_X-ray Scattering/X—ray Absorption Fine Structure_POSCO

(XRS/XAFS POSCO) (SPEM) Scanning Photoelectron Microscopy_8A1 l

I 9A_Ultra—Small Angle X—ray Scattering (U-SAXS) (XAFS) X-ray Absorption Fine Structure_7D I

l 98_High Resolution Powder Diffraction (HRPD) (XN) X-ray Nano ’"‘99‘"9-701

I 9C_Coherent X—ray Scattering (CXS) (SB 1) Structural Biology |_7A I

[ 50.x- Nanc-icr Machinng (om (UNIST-PAL) Crystallography and Scatiering_UNIST_60 [|

[l Insertion Device (ID)
B Bending Magnet (BM)

(BMI) BioMedical Imaging_6C
|10A1.Soﬂ X-ray Nanoscopy (SXN) ging I

MPK) Middle energy Soft X—ray Spectroscopy_MPK_6A I

l 10A2_High-Resolution Photoemission Spectroscopy (HRPES II) . Structural Biology

Nibiariale Crmmibliy: (XRS GIST) X—ray Scattering_GiST_50 [

| 10C_Wide Energy X—ray Absorption Fine Structure (Wide”

Eco—friendly Materials (SB 1) | Biology I
10D_High—Resolution Photoemission Spectroscopy | / 2 Snicry ‘5CI
' X-ray Absorption Fine Structure_KIST WES,

(HR=PES I/XAS KIST)

Energy Materials (MS—XRS) Material Science XRS_5A I

Nanomaterials Spectroscopy

- Spectro—Nanoscopy

I ndustrial Technology Convergence
(ree)

I 11C_Micro-Macromolecular Crystallography (-MX) (PES) Photoemission Spectroscopy_4D I

l 12D_Intrared Spectroscopy (IRS) (SAXS Il) Small Angle X—ray Scattering ||_4cl

J Public Beamiine (XMD) X-ray Microdiffraction_4B I

B Exclusive Beamline
| | Agreement Beamline

* Construction Beamline

(SP-ARUPS/IBS) Spin Angle Resolved PES_4A2 I

(4-ARPES) p-Angle Resolved PES_4A1 l

Ils-—THz_Technicai Building Il {fs~THz)

(XRS) X-ray Scattering_3D I

l 1C_Time-resolved X—ray Scattering® (TR-XRS)

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

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

I 2A_Magnetic Spectroscopy (MS) i
SOUTHGATE

(SMC) Supramolecular Crystallography_2D I
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(’y? PLS-I1 User distribution

Institutes
_ User Affiliations HRA A7,
0] L{X|7| S B2 Y,
Research Fields - | GadTEe s
dustry AT A7,
Widustry r=erteioine)
. sA2ielr| S,
Institute s EEE 7Y
B RS A A H Y,
sARe|E,

University R

AP sDI, LGS,
SK 30|42, ot

Physics and

_ Device
Nano and

~ Chemistry

E_nvironmental and
Biology Energy Storage

AMTER
and Conversion PR

Energy Storage and Conversion

Catalyst

Solar cell

Fuel cell and
I Rechargeable battery*, Fuel cell, Solar cell, Metal-Air cell, Photocatalyst Metal-air

I Geology*, Environmentscience, Microoraganism

I New synthesis, Nanostructured materials*
I Memory device*, Display

12



‘%? PLS-I1 Scientific results since 1999

Publications

PLS Scientific results

(2.5GeV, 150mA decay mode)

700
s Publication
——Impact factor
600
500 PLS
400
3.5
300 31 32 33
25 5,4 25
200 179 188
100
il 64

0 I
‘99 ‘0

145
112 I
0 ‘01 ‘02

163 I I
‘03 '04 ‘05

34

256
‘06

PLS-II
(3GeV, 300mA-400mA Top-up mode)

451

407
390 385

326

3/6
‘07 ‘08 '09 10 11

Year

4.4

3.9 353
293 |
12 13

551 556

578 6.6
32
16 17

7.5

434
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Impact factor

2018
> IF 7 43%
> IF 10 29%
> IF 20 9%
Cel [namre
Structure of Human DROSHA sythesis of micoporois 10

Lanthanum-catlsed synth
graphene-fike carbons in a zeolite template

Colloidally prepared La-doped Ba$n0,
electrodes for eMficient, photastable
perovskite solar cells
a

=
LK

Nature, 2016. 6

Science

s 300 10100 GO
=i

Science, 2017. 4

Science, 2017. 12
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‘%? PLS-Il Research paradigm

< 2011 (PLS-I) > 2011 (PLS-II)

Static

Static

Dynamic
Electronic

On-the-Fly Mode

Biochemist
Small Beam 4

device

Real-time observation Real-system observation
Time-resolved Time-resolved &

In situ, In operando Spatial-resolved scanning

Real-
time-system

Quick energy scan (Optics: DCM) Analysis

Small beam-size (Optics: K-B mirror)

Energy

Fast data acquisition (DAQ)

Ex. Energy conversion & storage system : Li-ion battery
Relationship between structural evolution and
performance (Normal charge vs. Fast charge)

Conversion
& Storage

14



JALZ PAL-XFEL & PLS-I

B, V1o —small

Nature Technology

Flea @

Head of a

777 107m¢-1m O R -
=t . : PG agnetic recording
B -
E;;rgan had" = Micro gears Hydrogen C::‘;f':“i“;? time per bit is ~ 2ns
" Wiee S Lioo 10~100m % transfer time 4 S
— o - diameter in-molecules -+ 100ps
o is ~ Ins
_ = DVD track ! o
; TR e L AT Spi H Optical network switching
. : - 10 et ir?lr .lee':lge::%s | 10ps time per bit is ~ 100ps
3r y Log ‘\ " ‘\‘_: ) is 10ps S
i J -5 Y
Red blood cells 10 m -1 — =
& white cell ~ S e — 10 107% + 1ps 7'1 Latse' F;Ul:e’:’ 1
current switch ~ 1ps
g T=100mm gt by 1 atom in ~ 100fs
S ; |
DNA helix $ T10m  Coren fanolbe Water dissociates in ~10fs
~3m width £ (+)
o = O T
10 'm/ -
Light travels
G 1 in 3fs MAM
. @ 10—1ss il 1fS —l— W\/
Whter At ~0.1m “aomic corral
molecule om slian: Aot Bohr period of Shortest laser  Oscillation period of
valence electron pulse is ~ 1fs  visible light is ~ 1fs
is ~ 1fs
Pattern of electrode ~ 50 nm Atom in molecular ~100 fs,
Atomic distance ~ 0.1 nm Spin of electron in material ~1 fs

To the ultra small world! To explore ultra fast phenomena!



FALZ PAL-XFEL Parameters

(to be changed to Kicker by 2020)

Period / Gap [mm]

30A 200A 1kA 3kA 20 und.
2ps — 300fs — > 60fs —® 20fs HX Undulator (HX1)
Heater BASO [BC1 BAS1 BAS2 [BC3H BAS3H (2.5~12.8 keV )
»  H___ % H » i AHHE 44@@
ST s T gL L L LT e
Gun M LO L1 | DF1 L2 L3A L3B DF2H L4 echirper 10 GeV‘
R e SX Undulator (SX1) dump
(0.3~1.2keV)
“HIH "Iﬂ—ﬂ—l—_.—l—-@ Self-seeding
L3S DF2S ‘
Dechirper BAS3S 3.15 GeV
dump

Main parameters

e Energy 11 GeV Photon energy [keV] 2.0~14.5 0.25~1.25

e Bunch charge 20-200 pC

Slice emittance < 0.4 mm mrad Beam Energy [GeV] 4~1 3.0

Repetition rate 60 Hz Wavelength Tuning energy gap

Pulse duration 5fs—50fs

Peak current 3 KA Undulator Type Planar, out-vac. Planar

SX line switchin DC magnet

S s Undulator 26 /8.3 35/9.0

16



‘%‘? Saturation of 0.1 nm (design goal)

— Simulation
10°F| * Measurement *x§ ¥y ¥
= 10°} ‘-
=
7))
c
g -
£ 10 ¢ ;
—
E 14 16 1.8 2 22
X (mm)
105 3 Photon energy: 12.967 keV 1
[ E-beam energy: 9.871 GeV
Undulator K: 1.87
Emittance: 0.55 mm-mrad
Peak current: 3.0 kA
105 1 1 1 1 I I

0 20 40 60 80 100 120
Undulator magnetic length [m]



‘%,Q FEL intensity and energy distribution

FEL energy (mJ)

15 ¢

05¢

» Access to the tender X-ray range (2.0 ~ 4 keV) presently is only available

at PAL-XFEL

* This regime allows access to the Ru L edge and the M edges of the 4d

transition metals.

1.93 mJ at 9.7 keV

! 'i )
' i 33
| ! 3 *
! i ¥ 3
' I 1 3
S e ———
| X =
| 3
P
iﬁi
0 2 4 6 8 10 12 14 15

Photon energy (keV)
Tender x-ray

———

hour

—

Service beam time

1200

1000 1

80O 1

600 r

400

200

0

User Service Beamtime of 2018

SX (0.5 ~ 1.0 keV)

Tender X-ray

2 - 6 8 10 12 14

Photon energy (keV)
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PAL /7

=

Machine performances

€ Photon energy
- Saturated FEL up to 14.5 KeV
€ FEL pulse power
€ FEL beam pulse duration
€ FEL power stability
€ FEL position stability
€ FEL central wavelength jitter
€ E-beam energy jitter
€ E-beam arrival time jitter

€ FEL beam availability

2.0 ~14.5 keV

2.0 mJ at 9.7 KeV
10 ~ 35 fs (fwhm)
< 5% RMS

< 10% of beam size

0.024 %
<0.015 %
<15fs

~ 95%

19



Bragg
intensity

C%J,Q Timing jitter between pump laser and probe XFEL

Bi(111) thin film (50 nm) on GaSh(111)/Si(111)
X-ray: 6 keV
X-ray size: ~ 60 x 60 um?

Laser: 800 nm, 100 fs

Detector: MPCCD 0.5M

FWHM =42 fs
(rms= 18 fs)

-50

0 50
Arrival Time (fs)

100

z

0.95

o
8

0.85

Normalized Diffraction Signal

No timing jitter correction
- averaged by 50 trials of the time
delay scan and normalized by

ﬁ - Only slow time-drift correction

'‘GaSh(111) Bragg peak intensity




CP Aa’ﬂ? Self-Seeding at 14.4 keV

» Seeding conditions
o [hkl] =[440]
Pitch angle = 46.63 deg
Ay = 6.41
T, = 1.8716 fs
ts ~50fs
tqg ~30fs

150

= Time-delay: 25 fs (0™ wake of FBD)

= Peak intensity ratio of SS and SASE: 6.37;

= Afraction of 1-eV BW over entire spectrun‘% =
e SASE: 0.047 0
+ SS :0.226

* FEL energy: ~400 pJ (seeded), ~1 mJ (SAS

= BW reduction: ~ 35 times W
= SASE: 169eV, SS:0.49eV .

20

E-E_(eV)

30

4000 -
oth wake
3000 4

2000 +

1000

£ 0
EC(el/) 10

1stwake

10 1]pﬁe dEﬁaY GS)

70 90

SS-¢100-14.4ke V-pitch46.63-yaw0-Td25fs-hkl440-2018-1 1-20-032542. mat

Peak intensity (a.u.)

500 1000 1500 2000

Shot number

Average intensity (a.u.)
;. O —_ N ] (] & [&)]

Intensity (a.u.)

7

(o]

H

w

N

-

(=]

| 0.5eVratio: 5.53
\
|
|
30 -20 -10 ] 10 20 30
E-E_(eV)
SASE
SS
I
.I \1
Arlh
-30 20 10 o] 10 20 30

SASE
SS

| peak ratio: 6.37




C%JIQ Localization and commercialization

O Done during PLS-II project ~ * Photon absorber |
- In-vacuum undulator (SFA)  “Hg i 2
- MPS (B, HMT) &y
- Many vacuum components

- RF window (H| = &)

< Pill type getter

- Distributed pumping for straight section

- SLED (H| X &)

- CCPS (CH, S0to}0[ =)

- Accelerator column (H| =)
- RF window (H| X E)

- Magnet (= &, SH0[HZ &)

O On going (~ 2019)
- Klystron (H| £ £)

O Future

- Thyratron
- E-gun

- Capacitor




CP A;\"J? 4GSR program at PAL

Motivation
/-\ - To-prepare our future with-amplifying the synergy
- Collaboration work-among generations (1G, 2G, 3G)

WmQ students (future accelerator scientists) \/
=

oy
S

10 GeV X-FEL 7
2.5~12.8 keV and 0.3~1.2 keV §\

T~ 9

Q 1 ~3GeV PLS-II
S G < 5.8 nm, 280 m

I T _ _\< ‘,‘é "

3 GeV PAL-4GSR |
<100 pm, 570 m R




PALJ\?

1E-3

4GSR at PAL
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- SLSy in operation B
N BESSY-Il ¢ planned/study N
25 , 025
i ASP 5 " B construction/commissioning |]
3 A&? \
- 4 / 5, u
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C@VQ New Iideas and new technologies

Injection schemes

dipole bump
“| EsrF-EBS SLS-2

+ anti-septum

large B & brightness, symmetry

large DA > 3 mm mrad

PHYSICAL REVIEW ACCELERATORS AND BEAMS 22, 011601 (2019)

Injection scheme with deflecting cavity for a fourth-generation storage ring

| Nk

KEK-PF, BESSY Il, MAX IV

i

| soLEIL

NLK off-energy orbit

\ transverse
Ay o
\ | on ;s — fast kicker to inject
| "between” buckets
longitudinal (achromatic region)
accumulation
off-energy  [“—__ [ “golf club” scheme
off phase ~ HALS
\

T —— | swap kickers: fast rise & fall kickers stable plateau

,

-

“RF gymnastics” ——

stripline
HEPS, DA<NE

.| TDC (Crab cavity)

PAL

1 soLew

negative RF pulse

J. Kim,' G. Jang,' M. Yoon,' B-H. Oh.” J. Lee.” J. Ko,” Y. Parc,”
T. Ha D. Kim,” §. Kim,>" and §. Shin™'
'Department of Physics, POSTECH, Pohang, Gyungbuk 37673, Korea
ZI‘Mg Aceelerator Laboratory, POSTECH, Pohang, Gyungbuk 37673, Korea
FRIB, MSU, East Lansing, Michigan 48824, USA

®  (Received 7 August 2018; published 14 January 2019)

We suggest a new on-axis injection scheme that uses a transverse deflecting rf cavity o kick the
incoming beam into an already populated bucket but with a timing offset from the synchronous phase. In a
new on-axis injection scheme, two deflecting rf cavities are required: one up of the injection point
that crabs the stored beam and the other downstream of the injection point that both uncrabs the stored
beam and kicks the incoming beam onto the axis of the orbital plane. We present a theoretical analysis and
numerical simulations of the stored beam and injected beam with the new injection scheme.

transient harmonics
HEPS

DOIL: 10.1103/PhysRevAccelBeams. 22.011601

APS-U, ALS-U

Summary present machines / beam dynamics, ARIES-TWILS, Apr.3, 2019

3D printing technique for vacuum system

Size [mm]

L INTRODUCTION So far, three on-axis injection schemes have been pro-
“The fourth-gencration storage ring (4GSR) based on the  Posed for 4GSR. (i) “Swap-out” injection [9] uses a fast

multibend achromat (MBA) lattice concept may be able to
brigl and col ¢ that arc attained using

Mg oty Y
A

- COMONED

- & oeooon 3

e =

PR

Intogral « 4 R 44

30
Size [mm])

Permanent magnet development

dipole kicker to inject a fresh high-charge beam onto
the closed orbit while the stored beam is extracted.
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1.

CP A;\LJ? Summary

Electron accelerator researches are so active in Korea.
- Industrial & Medical applications

- New acceleration RnD.

- Radiation sources.

PLS-II operation.

- have been provided stable beam with 400 mA Top-up (hybrid fill pattern)
- More than 1600 experiments were conducted annually.

- The average impact factor reached 7.5.

PAL-XFEL operation

- A distinguishing performance (world best) was achieved.

- The unprecedented temporal stability was realized.

- A 14.4 keV self-seeding was successfully demonstrated for the first time.

Localization and commercialization

- Most machine components can be delivered in Korea.

- PAL efforts with RISP and KOMAC will generate great synergy for
localization and commercialization in Korea .

4GSR program
- make the future of SR science brighter. 26
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