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발표자
프레젠테이션 노트
Today, I want to introduce the recent progress in the generation of isolated terawatt attosecond XFEL. 
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Pohang Accelerator Laboratory(PAL)




Pohang Accelerator Laboratory

1988: Foundation

1995: Pohang Light Source (PLS) construction
2011: Upgrade of PLS to PLS Il

2015: PAL-XFEL construction

# of regular staff: 189 (total ~ 300)

Director: Dr. In Soo Ko

Future project: 4th generation storage ring
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PAL-XFEL: past
e Construction process

e Commissioning results

PAL-XFEL: present
e Self seeding

e 20 fs timing jitter

PAL-XFEL: future
e Attosecond FEL beamline

e Artificial Intelligence application

Summary


발표자
프레젠테이션 노트
I want to answer about several questions. The first question is why attosecond hard X-ray pulse? The next questions are How to generate the TW-as X-ray pulse? what is the criteria on the realization of the Terawatt Attosecond XFEL? We need to increase the current spikes to get TW level photon pulse. So, the next question is how to enhance the current spikes? The last important question is ‘Can a single current spike produce an isolated TW-as hard X-ray pulse in XFEL? 
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%? PAL-XFEL Parameters

30A 300A 3kA
2 ps —” 200fs T 22fs
HX undulator (HX1)

Heater BASO EC1 BASI BC2 BAS2 BC3H BAS3H (-2.5-12.8 keV)

Gun L3B DE2H L4 10 GE"M"‘

S¥ undulator (SX1) dump
EES5 (~-0.3-1.2 keV)

558

L3S
BAS3S  3.15GeV
dumn
Main parameters
e Energy 10 GeV Wavelength [nm] 0.1~0.6 1~45
e Bunch charge 20-200 pC Beam Energy [GeV] 4~10 3.15
Slice emittance 0.5 mm mrad
: 0.6 ~ 0.1 (energy or ga 4.5~ 3 (ener
Repetition rate 60 Hz Wavelength Tuning [nm] (energy or gap) 3~ 1((gap§3y)
Pulse duration 5fs—100 fs . = I
G 3 kA Undulator Type anar Planar
SX line switching DC (Phase-1) Undulator Period / Gap 26 /8.3 35/9.0
Kicker (Phase-2) [mm]
Undulator parameter K Lrzy 5.3209
7


발표자
프레젠테이션 노트
Based on 10 GeV S-band Linac, out vaccum undulator, thyratron switched PFN modulator


Photocathode RF gun in PAL-XFEL

Cold model test

RF gun

Cathode side
CST 3-D Simulation
PARMELA simulation

Electric field distribution
RF gun+Wave guide | Inthe cavity

Requirements:

Vacuum : < 5x10710 torr

Results

Parameter Value Unit

Operating frequency: 2.856 GHz

Field balance(*E,/"Ey)of = mode: ~1 - Coumling et i “:HZ
Mode separation(f,-f,): ~10 MHz ! T . O T
Coupling factor : ~1
AR Jpn. J. Appl. Phys, 49, p. 086401 (2010) (coauthor)
Pulse repetition rate: >30 Hz 8

JKPS, 58, p. 198 (2011) (corresponding)



Collaboration job with Prof. C. X. Tang in Tsinghua University.

PAL Design

SLAC Design

Race track shape

Electron gun is designed with race track shaped cavity to make
unformity in the electric field distribution.

This design has a difficulty in the fabrication process.

2 . mr - . e - . e ] . =
Azimuthal Angle [rad) Azimuthal Angle [rad) Azimuthal Angle [rad] Azimuthal Angle [rad]

0

1.With 4 ports, we can make almost uniform electric field distribution.
2. This model is easy to fabricate.
PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 14, 104203 (2011) 3. Four ports is helpful to maintain the vacuum level.

Emittance growth due to multipole transverse magnetic modes in an rf gun

M. S. Chae,' J.H. Hong." Y. W. Parc."™ In Soo Ko.' S.J. Park.” H.J. Qian,®> W. H. Huang.? and C. X. Tang’
'Department of Physics, Pohang University of Science and Technology, Pohang 790-784, Korea
2Pohan g Accelerator Laboratory, Pohang University of Science and Technology, Pohang 790-784, Korea
31)«;)artm(mr of Engineering Physics, Tsinghua University, Beijing 100084, China 9
(Received 25 March 2011; published 28 October 2011)
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10
Appl. 5ci. 2017, 7, 479; doi:10.3390/ app7050479
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Summary


발표자
프레젠테이션 노트
I want to answer about several questions. The first question is why attosecond hard X-ray pulse? The next questions are How to generate the TW-as X-ray pulse? what is the criteria on the realization of the Terawatt Attosecond XFEL? We need to increase the current spikes to get TW level photon pulse. So, the next question is how to enhance the current spikes? The last important question is ‘Can a single current spike produce an isolated TW-as hard X-ray pulse in XFEL? 


e April 2011:

e Sep. 2012:

e Jan. 2015:

e Dec. 2016:

e April 12, 2016:
e June 14, 2016:
e Oct. 28, 2016:
* Nov. 27, 2016:

e March 16, 2017:

e June 7, 2017:
e May 30, 2018:
e Nov. 2018:

Brief Timeline
PAL-XFEL project started

Construction started

Building completed

Installation completed

Commissioning started

First SASE lasing at 0.5 nm

Lasing at 0.15 nm

Saturation of 0.15 nm (project completed)
Saturation of 0.1 nm (design goal achieved)
First User Service

Self-Seeding Test

Permission granted to operate up to 11 GeV

12
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Measurement
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Wavelength: 0.144 nm
Beam energy: 8.04 GeV
Undulator K: 1.87
Emittance: 0.55 mm mrad
Peak current: 2.5 kA
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Undulator magnetic length (m)

Hard X-ray

FEL intensity (W0

]':'1: -

105 ¢

10°

Simulation
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x (mm)

Wavelength: 1.52 nm
Beam energy: 3.0 GeV
Undulator K: 2.0
Emittance: 0.55 mm mrad
Peak current: 2.5 kA

10 20 30 40

Undulator magnetic length (m)

Soft X-ray

NATURE PHOTONICS | VOL 11 | NOVEMEBER 2017 | 7O8-713 |
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PAL 2 PAL-XFEL Status

10 GeV Energy profile HU1E:SCMDP: 0.1 nm SASE-FEL HU1E:SCM36:
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s ® FEL position stability: 8~9% of beam size
€ FEL power stability: ~4.0% RMS

€ E-beam energy jitter: < 0.02 %

€ E-beam arrival time jitter: < 20 fs

€ FEL pulse energy: >1 mJ at 9.7 KeV

14



First Publication by First User

Divaft Manuscnpt: Confidential 18 August 2017

Title: Maxima in the Thermodvnamic Response and Correlation Functions of Deeply
Supercooled Water

Authors: Kyung Hwan Kim'", Alexander Spih'". Harshad Pathak!. Fivos Perakis', Daniel
Mariedahl!, Katrin Amann-Winkel', Jonas A Sellberg”. Jae Hyuk Lee’. Sangsoo Kint’, Jaehyun
Park’, KiHyun Nany’, Tetsuo Katayama®, and Anders Nilsson™*

Affiliations:

‘Department of Physics. AlbaNova University Center. Stockholm University, SE-10691
Stockholm. Sweden

*Biomedical and X-Ray Physics, Department of Applied Physics, AlbaNova University Center,
KTH Roval Institute of Technology, SE-10691 Stockholm, Sweden

*Pohang Accelerator Laboratory, Pohang, Gyeongbuk 37673, Republic of Korea

“Tapan Synchrotron Radiation Research Instinate, Kouto 1-1-1, Sayo, Hyogo 679-3198, Japan

*Cormresponding author. E-mail” andersn@fysik su.se
"These authors equally contributed to this work.

Abstract:

Femtosecond x-ray laser pulses were used to probe micron-sized water droplets cooled down to
227 K From the x-ray scattering at the low momentum transfer region the isothermal
compressibility and correlation length were extracted and the temperature dependence shows
maxima at 229 K for 10 and 233 K for DnO. In addition, from the first diffraction peak it was
observed that the liquid undergoes the most rapid growth of tetrahedral structures at similar
temperatures. These observations point to the existence of a Widom line, defined as the locus of
maxinmm comrelation length emanating from a critical point at positive pressures deeply in the
supercooled regime. The difference in maximum value of the isothermal compressibility between
the two isotopes shows the importance of nuclear quantum effects.
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Science, Vol. 358, p. 1589 (Dec. 22, 2017)
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9.7 keV FEL intensity (mJ)

FEL Intensity Stability

e
o)

©
=

<
(¥

intensity jitter: 3.1%

g

fa

E

2] s 3L S v

E Jitter : 4.33 % in rms

3.1% J 10

™

=

2

~ 05

o min & max

—— mean
| ) | ) , ) U‘U 1 1 1 | | 1 | | 1 1 1
0.5 1 1.5 2 25 3 3.5 12200 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00
Time (minute) Time (2018-12-06)

QBPM sum data calibrated by
e-loss measurement

16



FEL beam transverse positions {mm)
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Central Wavelength Jitter
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May 30, 2018






FEL intensity (mdJ)
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Photon energy (keV)
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)

1.85 md at 9.7 keV

T C=0.0985+0.0019

v = A exp((x - B)/C*2) + D
A= 1.85240.0294
B =0.713 +0.0017

D =0.022+0.0115

¥

0.2 04 0.6 0.8 1 1.2
Horizotal corrector current (A)
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e Commissioning results
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e 20 fs timing jitter

PAL-XFEL: future
e Attosecond FEL beamline
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Summary


발표자
프레젠테이션 노트
I want to answer about several questions. The first question is why attosecond hard X-ray pulse? The next questions are How to generate the TW-as X-ray pulse? what is the criteria on the realization of the Terawatt Attosecond XFEL? We need to increase the current spikes to get TW level photon pulse. So, the next question is how to enhance the current spikes? The last important question is ‘Can a single current spike produce an isolated TW-as hard X-ray pulse in XFEL? 


Power (GW)

Self Seeding for Hard X-ray

mm-mrad

chicane
L — ik / Tl

Diamond

evel

8.126

0.15

100

26

1.96

0.15

Stepwise tapering

-'-

-'-

30 —

mm & mmm

I-A_

20 -

Power (MW)

10

Seed radiation with few |

1x10°

P, (a.u.)

0
0.1496

Nucl. Insrt. And Meth. A 798, p 162 (2015)

0.1500
A (nm)

0.1504

Without self seeding

0.1508

Collaboration job with Dr. J. Wu in SLAC.

FEL power

60 62 GW

40t

20

Average Radiation Power (GW)

0

40 50 60 70

z (m)

30
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0 10

FEL power is increased by the seeding.
FEL bandwidth is decreased by the seeding.

Bandwidth: 0.4 e
1x107 | 4
s
D-.\‘
. . _
0.1496 0.1500 0.1504 0.1508
A (nm)
With self seeding
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Self-seedmg fat PAL-XFEL
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Self-seeding Section
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Diamond (100), 100 um : Photon energy: 7~10 keV
Diamond (110), 90 um : Photon energy: 5~7 keV
Diamond (110), 30 um : Photon energy: 3.3~5 keV

: : LT\ _ " i T T
Diamond crystal monoc
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No. of shots

E-E_(eV)

Result of Self-seeding Test

150

SS-c100-14.4keV-pitch46.63-yaw0-Td25fs-hkl440-2018-11-20-032542.mat
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2 (Nov. 20, 2018)

180 pC charge, C100 (100um)
Crystal plane: [4 4 0]

Pitch angle: 46.63, Yaw angle: 0
e-Beam time-delay with respect to SASE: 25 fs
Peak intensity ratio of SS and SASE: 6.37
A fraction of 1-eV BW over entire spectrum
o SASE: 0.047
« SS :0.226

BW reduction: ~ 35 times

= SASE: 16.9eV
= SS: 0.49eV
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발표자
프레젠테이션 노트
I want to answer about several questions. The first question is why attosecond hard X-ray pulse? The next questions are How to generate the TW-as X-ray pulse? what is the criteria on the realization of the Terawatt Attosecond XFEL? We need to increase the current spikes to get TW level photon pulse. So, the next question is how to enhance the current spikes? The last important question is ‘Can a single current spike produce an isolated TW-as hard X-ray pulse in XFEL? 


PAL 2 20 fs timing Jitter

Bi(111) Bragg diffraction intensity modulation

b 100
105 1 . . Measured data
le} Measured data Gaussian fit
Model
2 5
2 8
0.8 .
-1 0 1 2 3
Time delay (ps)
‘s . ‘s . . —’IGGIlII—EIrDIIIIDIIIISDIIII’IDG
20 fs jitter without additional jitter correction Arrival time (fs)

NATURE PHOTONICS | VOL 11 | NOVEMEBER 2017 | 708-713 |
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Injector Laser

RF components
in Linac

xperimental Lasers

for soft X-ray
Experimental Lasers

for hard X-ray
Diagnostics
(bunch arrival time monitor)

DRO Phase Noise (free-running): LOW phase noise DRO

Multiview H—:I GPLDRO2856 l
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Signal Lewvel 15.94 dBm KOORR Factor 20
ALt O dBE Meas Time ~12 =
z T96 Spour ode =&
100 Hz 1 KHz 10 kHz 10C Spot Noise [T1]
- - 10.000 Hz 54.92 dBc/H=z
i . ¢ 100.000 H= 9:4.42 dBc/Hz
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10.0 He Froguency Offser 1.0 MHzZ=
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Range | Trace| Start Offset | Stop Offset | Weighting | Int Noise | P | Em | Jditter |
1 2 10,000 Hz 1.000 MHz 48,63 dBc 0,30 2/5. 23 mrad 2,076 Hz 291.632 fs
2 2 100.000 Hz 1.000 MH= -67.96 dBc 0.02 2/565.69 prad 2.072 H= =1.524 fs
2 7 3 2 1,000 kiHz 1,000 Mz 99,80 dic 0.00 ©/14.47 prad 2.071 Hz 806.447 ==
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o Temperature stabilization of RF Cables

Duct cross-section With cover open

450 - l
< %\

Quter steel duct

Inner aluminum duct

2856MHz 476MHz Optical fiber
= 333
X @ - @ h /b
::m
Cu pipe /
Thermal insulator for water
LCW flow diagram
. ~30m ' RF cable
v 0 )
> 3 % g % f % y ' ushion
F— | — R E——— g E— ol in \ Water tube
I e e D E—— 1 I —— S < ] ! al sheet
- Thermal
<_____insulator
N 1 A ! “ ’ Cover

Temperature stability of Duct : 0.01C /day 28




P FEL timing jitter

FEL/optical laser e bunch arrival time
cross-correlation at undulator end
100 100
) &
u —
R S
<] =
-1040 -100 =
a 1000 2000 3000 000 000 S000 i 1000 2000 2000 4000 000 000
Pulse # Pulse #
500 500
[, 4 18.3 fs RMS " 20 fs RMS
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] ax
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= - = = - =
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BAM instrumental jitter

Optical laser synchronization jitter
Added >10 fs 29

Added ~10 fs




Improvement of Arrival Time Jitter

Systematic error of the measurement system

120 - @ 50
1 o of Gaussian fit: 15.3 fs O measured data © "ty T
Gaussian fit £ "
100 h
g o
8[) 153 fS Jf E
L / o
(12.1fs) / s
o )

-50

BAM1 arrival time (fs)

150

&
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std of correlation: 9.4 fs

Occurrence in 2.5 fs bin
o
o

Mo
o
o~

Counts

Uuuuu o

-60 -40 -20 0 20 40 60

Arrival time (fs) -30 -20 -10 i a|?me (fs) 10 20 30
nvai il

*» The measured arrival time before December 2017 is as good as 18.8 fs rm.s. and the
deconvoluted jitter of the electron bunch arrival time is 15.1 fs.

» The arrival time jitter is improved to 15.3 fs in April 2018. By counting the systematic
error of 9.4 fs in (b), the actual arrival time jitter is as small as 12.1 fs in rms

MPS in Klystron is improved.



Statistics

Annual Plan of Operation: 12-hour operation per day mostly

Maintenance

Turn-on/Tuning 123 110 73

Machine Study 21

User Beamtime 120 140 160*

o Operatnen 13 13 13 * 20 days of Director’s beamtime included.

Reviews will be done by PAL internally.

User service

2017 June 2017~Jan. 2018
2018 March 2018~Dec. 2018 84 45 128
2019 (1/2) Jan. ~ June 70 26**

** One Director’s beamtime not included
31
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발표자
프레젠테이션 노트
I want to answer about several questions. The first question is why attosecond hard X-ray pulse? The next questions are How to generate the TW-as X-ray pulse? what is the criteria on the realization of the Terawatt Attosecond XFEL? We need to increase the current spikes to get TW level photon pulse. So, the next question is how to enhance the current spikes? The last important question is ‘Can a single current spike produce an isolated TW-as hard X-ray pulse in XFEL? 
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Why attosecond hard X-ray ?

Single molecule imaging

week ending

PRL 106, 105504 (2011) PHYSICAL REVIEW LETTERS 11 MARCH 2011

Single-Molecule Imaging with X-Ray Free-Electron Lasers: Dream or Reality?

A. Fratalocchi®** and G. Ruocco®?
'PRIMALIGHT, Faculty of Electrical Engineering; Applied Mathematics and Computational Science, King Abdullah University
of Science and Technology (KAUST), Thuwal 23955-6900, Saudi Arabia
2}I)e,,fm'm’nem.t of Physics, Sapienza University of Rome, Ple A. Moro 2, 00185, Rome, Italy

3IPCF -CNR, c/o Department of Physics, Sapienza University, Ple Aldo Moro 2, 00185, Rome, Italy
(Received 12 October 2010; published 9 March 2011)

X-ray free-electron lasers (XFEL) are revolutionary photon sources, whose ultrashort, brilliant pulses
are expected to allow single-molecule diffraction experiments providing structural information on the
atomic length scale of nonperiodic objects. This ultimate goal, however, is currently hampered by several
challenging questions basically concerning sample damage, Coulomb explosion, and the role of non-
linearity. By employing an original ab initio approach, we address these issues showing that XFEL-based
single-molecule imaging will be only possible with_a_few-hundred long attosecond pulses, due to

significant radiation damage and the formation of preferred multisoliton clusters which reshape the
overall electronic density of the molecular system at the femtosecond scale.

XFEL-based single molecule imaging will be
only possible with attosecond pulses 33


발표자
프레젠테이션 노트
There are several reasons why we need the attosecond X-ray pulse. One of them can be the observation of the atomic cloud change in the molecule. In the early stage of the construction of XFEL, people believe that the femtosecond dynamics can be shown with few tens of femtosecond X-ray pulse. However, Authors in this paper. claimed that XFEL-based single molecule imaging will be only possible with a few-hundred long attosecond pulses. They revealed that the hydrogen atom is no longer bound to the structure after 400 as. 
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How to generate the TW-as X-ray pulse in XFEL?

Marriage of
state-of-art laser technology and
state-of-art accelerator technology

CEP-stabilized
Few-cycle laser

ETETETE Low emittance e-beam and
e — undulator
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발표자
프레젠테이션 노트
The room size laser facility should be merged to the km size XFEL facility to make the TW-as XFEL. 


PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 8, 040701 (2005)

Method of an enhanced self-amplified spontaneous emission for x-ray free electron lasers
Alexander A. Zholents E-SASE scheme

Lawrence Berkeley National Laboratory, University of California, Berkelev, California 94720, USA
(Received 21 May 2004; published 12 April 2005)
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Energy modulation is converted to density modulation.
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Recent progress in the generation of the TW-as XFEL

Tanaka, T. “Proposal for a Pulse-compression scheme in X-Ray free-electron lasers to
generate a multiterawatt, attosecond X-Ray pulse. ” Phys. Rev. Lett. 110, 084801 (2013)

Prat, E. & Reiche, S. “Simple method to generate terawatt-attosecond X-Ray free-electron-laser pulses”.
Phys. Rev. Lett. 114, 244801 (2015). ~
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In Soo Ko, Byunghoon Kim, Dong Eon Kim, and Eduard Prat. "Using irregularly spaced current peaks
to generate an isolated attosecond X-ray pulse in free-electron lasers,”

J. Synchrotron Rad23, 1273-1281 (2016).
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Zhen Wang, Chao Feng and Zhentang Zhao, "Generating isolated terawatt-attosecond x-ray pulses via
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발표자
프레젠테이션 노트
To solve the problems in the regularly space current spikes, we can approach with two different concept. As a method, we can make the irregularly current spike. The second one, we can use only one current spike. I will introduce the second method in this talk. 


Collaboration job with Dr. C. H. Shim in PAL.

S i n g I e Cu r re nt m eth Od Collaboration job with Prof. D. E. Kim in POSTECH.

ump laser E o F ||I-', 37 KA
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1) how short should the current spike be?
. . 1.4
2) how much high peak current do we need and can we make it? Fruser=0.7 ] Y Py——
H H 1.2 laser = nm laser = nm
3) how high power of a modulation laser do we need? flre r=re
. . 1 =60 nm - =60 nm
4) what is the best wavelength for the modulation laser? N O
£ g 1
o 0.6 o
Optimization results with PAL-XFEL parameters. 0.4 0.5
Laser wavelength: 2 um 0.2
Laser energy: 0.7 pJ at the wiggler .
gy H 99 % 20 40 60 0.5 0.8

z (m)
A single peak X-ray pulse with over 1 TW peak power and less than 100 as pulse width
can be generated from a single current spike.

Sci. Report 8, p.7463 (2018) (corresponding) 37
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laser heater

Micro-bunching effect
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Plan for new undulator line

HX undulator (HX1)
Heater BASO BC1 BASI BC2 BAS2 BC3IH BAS3IH f-2.5-12.8 ke\V)

SX undulator (5X1)
(-0.3-1.2 keV)

| w55 \
L3S = DF25 *

N — New undulator line
dump

New undulator line will be devoted to the attosecond science.

Problem: If we insert the delays between the undulator modules, there will be power drop for
normal SASE operation.
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PAL-XFEL: past
* Construction process

e Commissioning results

PAL-XFEL: present
o Self seeding

e 20 fs timing jitter

PAL-XFEL: future
* Attosecond FEL beamline

* Artificial Intelligence application

Summary


발표자
프레젠테이션 노트
I want to answer about several questions. The first question is why attosecond hard X-ray pulse? The next questions are How to generate the TW-as X-ray pulse? what is the criteria on the realization of the Terawatt Attosecond XFEL? We need to increase the current spikes to get TW level photon pulse. So, the next question is how to enhance the current spikes? The last important question is ‘Can a single current spike produce an isolated TW-as hard X-ray pulse in XFEL? 


Perceptron

Biological neuron and Perceptrons

Output: o(w-x + b)

Sigmoid function:

-CI'EI'IZI

e o

An artificial neuron (Perceptron)
- a linear classifier

Machine Learning Basics
KIAS CAC 41



Convolutional Neural Networks

C, 5 C, S 1y ;
it feamre maps feature maps feature maps feamre maps output
32 x 32 2Ex 28 14 x 14 10 x 10 x5
< DS i~ N
Ef-*::... N T
=l : "-.,,H ", O Eg
. N ’ H """-.,,, GCI M
Sx5 , : i '
comvolution ‘H""l- subsampling comnvolution Ix2 H 1\'\ (= fully H\.
"'-.,,~__ subsamplung H"h."""-.. comnmected N
feature extraction classification

« Composing upper Feature by repeating convolution and Pooling (Subsampling)
« Convolution means process that gets some certain feature in local area.
» Pooling means process that gets Translation-invariant feature, while reducing dimension

Machine Learning Basics
KIAS CAC 42



PAL-XFEL Application

BC1

RF Gun L1 5 pris <2 L2 BC2 L3
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\__.0 Bc;f;: L4 Linac End
" I””'”}L'mﬁ Ty e Wt (B0 6D OB 60 08,00 I,rffmlﬁ‘mﬁli‘t'ﬂfnlﬁ‘m,f‘ft'm‘h,ﬁ,lf‘ml_ﬂl‘tlﬁ*mlf‘_rlﬁ‘ﬁ‘ﬁ‘ﬁ*ﬁ‘rt,_ Eﬂl i Hﬁ'_ ‘E‘T,_ .
kicker P
=
== BC3_S »
' e Soft X-ray Undulator (SX1)
- [l
W%:r*‘w:{%i%{%%ﬂ—kﬁﬁﬂm:ﬁﬂm—i—4—Mml1l|||li|m§|—1—1—1—n—ié Hiacem >
'\\\‘I .\_\ﬁ.@
Sx2 E-Beam
dump
Hard X-ray Undulator (HX1)
) ..,,.(l:[‘}i D ™ R | »
Linac End . NN "E"?H
R S ] T E’_;am
TTU A X2 & HX3 dump

« Lattice : Merger, 5 RF cavity, dump magnet, arc, C type chicane, matching section
« Nominal operation : single-bunch mode. 40 pC charge, 630 A Peak Current

e 28800 ELEGANT simulation with LSC, CSR, Wake and other effects

* Option: N, =2 10°,

e 1Sttraining includes no measurement errors.
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Deviations with 1% variation (S- band Ilnac)
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ELEGANT

Simulation
(28800 times)

Training Scheme
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log(loss)

Prediction Result

L Epoch 10 Epoch 110 Epoch 210
0SS
4 ]
.. ) )
— Training v (
2 —Validation
Z Z Z
O | Prediction Prediction Prediction
) re——— N
-2 - - 5
0 100 200
Epoch , ,
Simulation Simulation Simulation

Early Stopping method is applied to prevent model from overfitting.
Time spending is as large as ten times due to increase of input and data.

Despite of low epoch, it evolve toward simulation shape.
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Summary

e 1. PAL-XFEL can supply upto 14.4 keV with self seeded light.

e 2. The timing jitter is less than 20 fs.

* 3. New attosecond beamline will be constructed soon.

* 4. Virtual diagnostics with artificial intelligence will be tried soon.



https://www.lasphys.com/workshops/lasphys19/

28th ANNUAL INTERNATIONAL LASER PHYSICS WORKSHOP
(Gyeongju, July 8-12, 2019)

The twenty eighth annual International Laser Physics Workshop (LPHYS'19) will be held from July 8 to July 12, 2019 in the city of Gyeongju, South Korea,
at the Hwabaek International Convention Center (HICO) (2, hosted by the Pohang University of Science and Technology (POSTECH) Z.

Republic of Korea




Thank you
for your attention
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