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My Personal View

REPRODUCING LABORATORY ASTROPHYSICS

ASTROPHYSICAL PHENOMENA
INACONTROLLED MANNER

High Energy LabAstro

Plasma Astrophysics
And Cosmology

Plasma Physics Particle Physics

P. Chen, AAPPS Buil. 13,3 (2003).

EBIS (IBS + UNIST et al.)

+

KOBRA (EHWA + SKKU et al.)
LAMPS (KU + PNU et al.)

= Nuclear Astrophysics

EBIT (UNIST + MPIK et al.)

+

Beamline (PAL + UNIST et al.)
= X-ray Astrophysics

WJdNiST PAL-XFEL ,
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Accelerator Projects in Korea

PAL XFEL

(Pohang Accelerator Lab.
X-ray Free Electron Laser)

(Pohang Light Source)

RISP KHIMA KOMAC

(Rare Isotope Science Project)  (Korea Heavy-lon Medical Accelerator) (Korea Multi-purpose Accelerator Complex)

UMNisST + several smaller accelerator facilities (electron, proton, heavy ion)
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Beam Parameters

PALXFEL RISP

Species
Energy
Beam current

Rep. Rate

Linac Structure

Research Areas
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Electron
10 GeV

3 kA (0.2 nC/100 fs)
<120 Hz

3 Bunch Compressors
2.856 GHz (S-band)

Material science,
Chemistry/Biology,
Atomic/Molecular,
Condensed matter,

Surface/cluster,

Non-equilibrium plasma,
Warm-dense plasma

~ LCLS(SLAC)

Proton ~ Heavy ion
200 MeV/u for U7+

8 pmA U7°*
CwW

SCREF:
QWR (81.25 MH2z),
HWR (162.5 MHZz),

SSR (325 MHZz)

Nuclear physics,
Nuclear Astrophysics,
Bio-medical science,

Material science,

Neutron science

~ FRIB(MSU)
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Project Summary

0.1 nm Hard X-ray using 10GeV XFEL

(Max photon flux: >1.0x10%? photons/pulse)

« Project Period: 2011 ~ 2015 PealtEl e

« Total Budget: 400 M$ PAL-XFEL  PSL-II
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Layout and Parameters

Hard X - ray Undulator Hall
(~225 m including Dump Section)

Kicker
Exp. SX2 -
R 0 — Hall |sX1 e e l o
Hall |5 ] A
HX1 - - @
\ 10 GeV \ 3 Gev
A =06 nm ~ 0.06 nm A=45n0m~10nm | fwo bunches
t
Planar Undulator (30 ea) : z
Wavelength [nm] 0.06 ~ 0.6 1~45
Beam Energy [GeV] 4~10 3.15 (2.55)

Wavelength Tuning

Undulator Type

Undulator Period [mm]
UNST
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Undulator Gap [mm]

0.1 ~ 0.06 (Undulator Gap)
0.6 ~ 0.1 (Beam Energy)

Planar
26
8.3

3 ~ 1 (Undulator gap)
4.5 ~ 3 (Beam Energy)

Planar + APPLE Il

34
8.3




First Lasing at 0.5 nm on 14 June 2016
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ARTICLES

photonics

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

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’,
Inhyuk Nam', Soung Youl Baek’, Hyo-Jin Choi', Geonyeong Mun', Byoung Ryul Park’, Young Jin Suh’,
Dong Cheol Shin', Jinyul Hu', Juho 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®", Hyung Suck Suh’,

Yong Woon Parc', Sung-Ju Park’, Min Ho Kim', Nam-Suk Jung', Young-Chan Kim', Mong-Soo Lee',
Bong-Ho Lee', Chi-Won Sung’, Ik-Su Mok', Jung-Moo Yang', Chae-Soon Lee', Hocheol Shin',

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

Intae Eom’, Seungyu Rah', Sunam Kim', Ki Hyun Nam', Jaehyun Park’, Jaehun Park’, Sangsoo Kim',
Soonam Kwon', Sang Han Park’, Kyung Sook Kim', Hyojung Hyun', Seung Nam Kim', Seonghan Kim’,
Sun-min Hwang', Myong Jin Kim', Chae-yong Lim’, Chung-Jong Yu', Bong-Soo Kim', Tai-Hee Kang’,
Kwang-Woo Kim', Seung-Hwan Kim’, Hee-Seock Lee', Heung-Soo Lee', Ki-Hyeon Park’,

Tae-Yeong Koo', Dong-Eon Kim' and In Soo Ko?

The hard X-ray free-electron laser at the Pohang Accelerator Laboratory (PAL-XFEL) in the Republic of Korea achieved sat-
uration of a 0.144 nm free-electron laser beam on 27 November 2016, making it the third hard X-ray free-electron laser in
the world, following the d. ions of the Linac Coherent Light Source (LCLS) and lhe SPring-8 Angstrom Compact Free
Electron I.aser (SACLA) The use of electron-beam-based ali incorp diation spectrum analysis has
allowed reliable operation of PAL-XFEL with unprecedented temporal stal:lllty and dlsperslnn-free orbits. In particular, a timing
jitter of just 20fs for the free-electron laser photon beam is consistently achieved due to the use of a state-of-the-art design of
the electron linear accelerator and electron-beam-based alignment. The low timing jitter of the electron beam makes it possible
to observe Bi(111) phonon dynamics without the need for timing-jitter correction, indicating that PAL-XFEL will be an extremely
useful tool for hard X-ray time-resolved experiments.
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REPORT
Maxima in the thermodynamic response and
correlation functions of deeply supercooled water

Kyung Hwan Kim'.", Alexander Spah'-", Harshad Pathak', Fivos Perakis', Daniel Mariedahl', Katrin Amann-Winkel', Jonas A.
Sellberg?, Jae Hyuk Lee?, Sangsoo Kim?, Jaehyun Park?, Ki Hyun Nam?, Tetsuo Katayama®, Anders Nilsson'-t

'Department of Physics, AlbaNova University Center, Stockholm University, SE-10697 Stockholm, Sweden.

2Biomedical and X-Ray Physics, Department of Applied Physics, AlbaNova University Center, KTH Royal Institute of Technology, SE-
10691 Stockholm, Sweden

3Pohang Accelerator Lahoratory, Pohang, Gyeongbuk 37673, Republic of Korea.

4 Japan Synchrotron Radiation Research Institute, Kouto 1-1-1, Sayo, Hyogo 679-5198, Japan
4TCorresponding author. Email: andersn@fysik.su.se

«* These authors contributed equally to this work

- Hide authors and affiliations

Science 22 Dec 2017
Vol. 358, Issue 6370, pp. 1589-1593
DOI: 10.1126/science.aap8269
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UNIST Activities

 Development of electron beam ion trap (EBIT):

72 Permanent magnet inside

Central Chamber

Central field =0.86 T

PIC Simulations Beam manlpulatlon

/diagnostics

e

L CE CF CF CF OF CF OF R i

Plasma source development Modulated beam den5|ty profile e s
@ and longitudinal wake-field E, 10
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LETTER SpEN

https://dolorg/10.1038/541586-018-0485-4

Acceleration of electrons in the plasma wakefield of
a proton bunch

E. Adli', A. Ahuja?, O, Apsimon®*, R. Apsimon®3, A.- M. Bachman
V. K. Berglvd Olsen', M. Bernardini?, T. Bohl®, C. Bracco®, K. Braunmiiller
J. Chappell?, E. Chevallay®, M. Chung'®, 1. Cooke®, H. IJ'nnenu 1. Deacon®,
1. Farmer, V. N. Fedosseev?, R Fiorito® 4, R, A, Fonseea®, F. Friche .. Garolfi?, §
E. Granadus?, O, Grulke®™Y, E, Gschwendtn . Hansen?, A. Helm'®, J. R. Henderson, M. Hitther®, M. Ibison*, L. Jensen?,
S. Jolly”, F. Keeble® §.- Y. Kim!'?, F. Kraus", Y. S. Lin', N. Lopes'®, K. V. Lotov'>-'¢, L. Maricalva Brun?, M. \hmranx
S. MazzoniZ, D. Medina Godoy?, V. A. Minakov I Mitchell**_ 1. C. Molendijk?, 1. T. Moody®, M. Moreira®'®, P. Muggl
E. 0z" C. Pasquino’, A. Pardons’, F. Pefia Asmus®, K PmeJne A. P\:rem A §. Pitman® Pui\im\ S Re‘.
K. Rieger®, H. Ruhl™, 1. 8. Schmidt’, . A. Shalimova'®™ | P. Sherwood”, L. O. Sll\a R. Sperm
B 1 Spitsyn™ 1 PV Tuev™ 1 M. Turner?, K. Velorri?, L. VerradZ, V., A. \emln\" 1. Vieira™, . B Welsch 3 . B Williamson®
M. Wing®™, B \\nnllv\ & G Xia®t

D. Barrientos?, F. Batsch®%7, 1. Bauche?,

LG, Burt®®, B, Buttenschan®, A. Caldwell®, M. Cascella’,
H. Deubner', A. Dexter*®, S. Doehert?

8.6 1werd, I Gorgisy ALAL {.nrn""".

20 MeV 2 2GeVin1l0m
UNIST contribution = 2/93

0.1 mm

.

Ap=——, or A,

n =~ 108 cm3, which corresponds to

A, =~ 30 um (or around 100 fs)
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MAKING WAVES

A pulse of protons injected into an ionized gas, or plasma, sets electrons bobbing in its wake,
creating regions that constantly cycle between being positively and negatively charged.

- o o Plasma

strongly pulling themn o Proton — =
towards the centre. = = pulse =
By the time the electrons - - - = =
arrive at the centre, the Positive o0 =
as moved on. The — =
charge -
overshoot and e .. -
start to move outward. - = = T = a 2 @ =
The d|dCtl0rIH are on the - - = = 8 © 8 =
: L
'ely cf'ar ed, - - :l-.—i
rt to move inward
nd the cycle = = = = =

SURF'S UP

The cycling from positive to negative charge creates a wave of electron
density that can be used to accelerate injected electrons.

MNegative
charge

Electrons A
are attracted towards the positively

charged region and accelerate

Positive
towards it.

charge

Electric field

But that region quickly becomes
ged, forcing the

o accelerate again to stay in
: ion — rather

like a surfer who is constantly on the
downward slope of a maoving wave.

Electric field
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ECR IS

Particle proton U RI beam proton

RFQ
MEBT .
Beam energy 600MeV 200MeV/u 18.5MeV/u TOMeV
Beam current 660zA 8.3prA - lmA
Power on rarget 400k 400k - TOkW

Stable Heavy lon Beam (18.5MeV/u)

Driver Linac

charge 79
Stripper {200MeV/u, 8.3ppA for U+ )
HEBT

I50L
HRMS Target

MEBT LEBT CB

RF RF Cooler
Post Accelerator SCL3 Q Cyclotron IF
(7OMeV, p) Separator
Rare Isotope Beam (18.5MeV/u) ECR IS n

Atom/lon Trap Gas Catcher
ISOL System I System

Budget: US$1.44 B (1 B$~1T Won)

- accelerators and experimental apparatus : 0.46 B$
- civil engineering & conventional facilities : 0.98 B$ (incl. construction site purchase)

Period: 2011.12 ~2021.12 (10.1 years)
WUNisST [From S. C. Chung]
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SRF Test Faclility

RF Test Infrastructure (off-site test facility)

»*Performance test of SC cavities and cryomodules
Quality control of SC cavities and CMs delivered by vendors in mass production

e 5.5CL Demo __ %
o | ; _
5 i &20 E g}_:_:ﬁ:‘m : Test schedule in 2016
= I ;I:El : 2 : i July | Aug | Sep | Ot | Now | Dec
I el Cavity | | .
. ; i_ E\ ’} #' . - HOR (Vi 1 1* oty | . | _ |
il E E I i ;H | B C | = - CAVR (VitzroTechy ¥° prototype =
12.Horizontal; 3.Cryo-plant: = = | { Cryamochle T T 1 T 1
% ICI an room 'I_" ! test - HWRI prototypedhieat leak st - I
up to class 10 Moo | 5 - GWR 1* —
- m R
Bt '
L
.] “IN
E_f\trelmcq

-

Start operating
from June, 2016.

Vertical cavity test

omodule test LHe system (330 W at 4.5 K) e ?

@ [From S. C. Chung] 15
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UNIST Activities

 Development of electron beam ion source (EBIS):

Conceptual layout of EBIS

E

lectron gun test

Current [A]

I
1 | Cathode Diameter = 4.2 mm I

I I [ I [

] ] I ] |

54 " s 2
| [ Perveance = 2:107AN I IS
. I —
v— 634 W P
—ih— 56.2 W _!r". P
3 *— 509 W e
—m—43.9W v A .
[ > -
L ]
2 i -
o
14 x|____" w— B
A
'
o 4 T 4 T ™ u T T T
2 4 =] 8 10 12 14 16 18 20 22

Anode voltage [kV]

24
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ACCT output ~ 8 pA

BPM output with Oscilloscope

[From Y. S. Chung]
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Design of Electron Beam Ion Source (EBIS)
Charge Breeder for RAON Heavy lon Accelerator

Hyock-Jun Son

Accepted in partial fulfillment of the requirements for the degree ¢
Doctor of Philosophy

Nov 23, 2018
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Prof. Kyung Hee Hong
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Committee Member 2, Y

Prof. ¥ oungchurr Park

Committee Member . Q,L““f M"L‘ 5

Prof. Moses Chung -

Committee Member \

Dr. Young-Ho Park
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This thesis was supported by the Ministry of Science, ICT, and Future Planning (MSIF)
and the National Research Foundation (NRF) of the Republic of Korea (Contract 2011 -
0032011).

This thesis was also partly supported by the National Research Foundation of Korea
(Contract No. 2016R1A5A1013277).
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Goal of the Center's proposed research

heoretical/Computationa
Astrophysics

High Energy/High Density .

Astrophysical Phenomena =

Radio, X-ray, y-ray (RS ey Laboratory
A CR, Neutrino, GW Obs. [SCEENCERIMMEIIE, ~ Astrophysics
. = ' . o e . T . . . " '_:'_'.'.'-‘ : =
Using intense ion and photon
beams generated by large-

UrisT scale accelerator facilities in
Korea




Main Research Area 1

Theory and simulation of the Intracluster medium (ICM)

Turbulence and
Magnetic Fields

High Energy
Phenomena in
the Intracluster
Medium

Plasma Physical T Particle
Process , - Accelerations

e The ICM is superheated plasmas with T ~ a few - several keV, presented in clusters of
galaxies.

e The so-called non-thermal components of the plasmas (magnetic fields, CRs and
turbulence) are expected to play significant roles in the formation and observation of

clusters, so our understanding of the universe.

WJNisT
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Main Research Area 2

Theory and S|mulat|on of Compact Objects |

Multi-Dimensional
Hydrodynamics
Simulations

Stellar Evolution
including Binaries

High Energy
Phenomena for

the Compact
Objects

Explosive Phenomena: Structure of Neutron
SN, Nova, XRB, GRBs Star: Symmetry Energy

* Depending on its initial mass and detailed evolution history, a single star evolves to either
white dwarf, neutron star, or black hole, which are named as compact objects collectively.

e Compact objects are at the center of numerous astrophysical phenomena that involve
high energy and/or high density physics and nuclear physics.

I.IrllE T
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Main Research Area 3

X-ray Spectroscopy of Highly-Charged lons (HCI)

T e — ]

3 ) ’_%-9)//4:;-57/.-’/{ T

L 7 2 pinch 7
i Casput 77 IR saks iad

1020 | ’///2/ plnches///y;/ L TRRARANN SaEARIAR

7
K

1 324

\\\\\\\\\\
. Ca,

x
L -
Teail sparks uOY

T
= Y.
_é" 1D16 ﬁg}/;///:{;{a/’///fl% ]
n : :,/.;f'pinc oS
Astrophysical plasmas
108 | | |
10° 108 107 108

Temperature (K)

* X-FELUs have expanded the use of laser spectroscopy technique into the X-ray domain.

e High-precision studies of the interactions between X-ray photons and highly-Charged lons
(HCI) created by EBIT are possible, including the investigation of the photoionization and
photorecombination of the HCI.

e These processes determine radiation transport in stars and in the photo-ionized plasmas
surrounding compact objects such as black holes and neutron stars.

WNisST More from Mr. Park and Mr. Yoo (UNIST)
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Main Research Area 4

[} l.EE‘I’l.ECR-ZE-]-i:-'.
ECR-IS-2
B RFQI (500 keV/u, 9.5 puAl

lMEi'l;

v, 12 pd)

Nuclear Astrophysics Using Rare Isotope (RI) Accelerator

Asvmmetric Muclear Matter "

i L]
Pagmiv and giant resonances

Mewtron sk
Muclear Equation of State H
. f
o rapld proton Capture process
L1 [ mj
+ 185 MeV/u, 35 ppa Nuclear Astrophvsics (PL) &2
| Kncwn
Driver Linac H:gh E Exp. Facility (IT)
; ‘CL:. 380m uSR :
.f.r,"pg:. 200 MeV/u, 8.3 puA for U* i = : wh
i + 600 MeV, 0.65 mA for p i | -}@9“
- - - Bio-medical ! » s
BOL ~ Research | [3n]) cyﬁ o
N 1:!'0- 'bi'l r-ws i Teroet 'L“__d.g:_'ilgfif_'__.’ . 124
. S— = IIEIC. Bl e _
SCL3 (185 MeVA, ~100 m) a R Do . Nuclear Astrophysics
““““““ preetanetty  Post ' m Cooker (o osmal y (Ni) .
MM 1 i | a3 T=ProCess
1 - [ i i Accelerator 53 | ISOL System ca: cacher o] NE} )
Sl ) e, R , Vol rapid neutron capture process
Sy Spectrometer | H D S tage | 1|
D {Low-E) : i High 1 : Acceptance : (¢ .
H echidn Collnear ! Sneta'l'e1e[ i - “5 |'|II‘:'-| e FNvsics
1 Bio-medical P ‘Mags Laser , | High-B) ( (He) )
' ae;:_ca 2;;'”‘4[! : ! Measurement SPECYOSCOPY | : b Msisution ! e Ciiant Haloz. 2n. dp-correlation
B e il eivndoyens TR, Y A et et . ! Zero Degree ! LUinbound states beyvond drip-lines
LO" E h':p F “:'ht)‘r Ultra-Low-E S sﬂ.a pkill I Mew Cluster Molecular States
Exp. Facility High-E Exp. lelty (0

* The primary purpose of rare isotope accelerator is to produce unstable nuclei which have

more protons or neutrons than stable nuclei.

* These unstable nuclei are ubiquitous in numerous astrophysical phenomena, for example,
stellar evolution of massive stars, explosion on the surface of compact stars, core-collapse

and accretion-induced supernova.

e Production (ISOL/IF, Charge Breeding) and measurement (Recoil Spectrometer) of
unstable nucleus require huge amounts of experimental resource and effort.
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http://ribf.riken.jp/~yshimizu/index.php?SAMURAI

Main Research Area 5

Pump-Probe Measurements of High Energy Density (HED) Matter

Hydrogen phase diagram

104 T T T T T
spherical
compressions
= 103 |- p-T track for sun
2 hradiag\;el_slz
@ eated foi
5 102 |- _
o
S 101 i
1 planar —
£ 0 shocks
@
'_
100 planetary cores . S
350 m3 7
10-1F = ~.. Long pulse Ias\‘é..l: A /,,,‘{5"'
L K l'tfff&% =" 1) X-ray laser
10-2 ] 1 I | | LELS lande .~ 2) High-power optical lasers
10-3 102 10-1 1 101 102 103 A ' .~~~ 3) Diagnostics & user chambers

Ly

Density (g/cm3)

* High energy density (HED) matter is defined as having an energy density above 10'! joules
per cm3, which is equivalent to 100 GPa (1 Mbar) pressure and 500 T magnetic pressure.

e The XFEL can be used either as a pump or as a probe to study time- and spectrally-
resolved properties of the HED.

 Hot Dense Matter (HDM) occurs in supernova, stellar interiors, and accretion disks, while
Warm Dense Matter (WDM) occurs in cores of large planets.

UFisT Prof. B.l. Cho (GIST) N
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