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Research institutions for nuclear and particle physics
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IBS Research Centers

The Number of Research Centers(Research Area)
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IBS Institute for Particle and Nuclear Physics

Center for Center for Center for Theoretical

Underground Physics Exotic Nuclear Studies Physics of the Universe
1) Particle Theory & Cosmology

2) Cosmology, Gravitation
& Astroparticle Physics

Yeongduk Kim Kevin Insik Han

* Cluster of the three IBS research centers Kiwoon Choi  Masahide Yamaguchi



To study properties of exotic nuclei and origin of heavy elements in the universe

@ The Center for Exotic Nuclear Studies (CENS) was launched in December 2019.
@ We have about 40 members (researchers and Ph.D. students).

Nuclear Reaction

* Direct reactions

= Coulomb excitation

* Equation of State

= Using KoBRA, LAMPS

R

Nuclear Astrophysics

= Nucleosynthesis

= r-, s-, and rp- process
= Nuclear spectroscopy
= Using KoBRA, LAMPS
= Low energy physics

Y

Nuclear Structure

= Shell evolution
Island of inversion
Deformed nuclear

= Cluster structure

CENS

Center for
Exotic Nudear Studies

Nuclear Theory

= Dense matter EoS. g
= Structure models )
= Reaction models

= Guiding experiments




Organization of CENS

Advisory
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CENS
Director
Nuclear Nuclear Nuclear Nuclear
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= Nucleosynthesis » Nuclear shell » Reaction mechanism » Precise numerical
" r-process/rp-process evolution = Spin-isospin guzntur‘rlw rr|1atr)y—
= Origin of elements = Shape evolution collectivities ody calcuiations
. : . » Density functional
} Il:luclearlproperties of Shape coexistence Mass measurements o
ey nuclei * [sospin symmetr * Dripline and new
‘y . I i isofo - » Compound and
= Direct & indirect P direct nuclear
measurements = Transmutation reactions

* Interdisciplinary collaborations
» Research using RAON facility with ISOL and IF method

= Detector developments



unity internationally with CENS
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~ Rare Isotope Science P(Qjec;t (RISP) until June 2022

To build a heavy ion accelerator complex RAON

Goal for rare isotope science research
. 15t Phase: 2011.12 - 2022.12
Period R&D for the 2" Phase: 2022.12 - 2025.12
~$ 1.4 B (Facilities ~ $ 0.5 B; Land, Bldgs & Utilities ~ $ 0.9 B)
BUdget * includes initial experimental apparatus

IRIS @uly 2022 ~) .-?AON

Accelerator complex

[ 3 Rare isotope
?AON e Tie® ISOL + In-Flight Fragmentation ...
““ , n..*
Origin of Matter Y Applied Science
Properties of
* Nuclear Astrophysics Exotic Nuclei * Bio-Medical Sciences
* Nuclear Matter * Material Sciences

* Super Heavy Element Search * Neutron Science
* High-precision Mass

Measurement

* Nuclear Structure
* Electric Dipole Moment and Symmetry
* Hyperfine Structure Study

22 -> RAON -> Rare isotope Accelerator complex for ON-line experiments



Bird’s-eye-view of RAON

e Accelerator System
e RI production System
e Conventional Utilities

e Experimental System

Waste Storage
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Low-energy

Expt. hall B

Overview of Experimental Systems

Ultra low-
energy Expt.
hall

Low-energy
Expt. hall A

LR}

L

High-energy
Expt. hall B

High-energy
Expt. hall A

LAMPS




KoBRA Spectrometer

Multi-purpose experimental instrument using stable/rare isotope beams at low energy of

’00.
\ OBRA 1 - 40 MeV/u including Fermi energy regime for the purpose of nuclear physics studies such as
®

Korea Broad aceeptance Recoil Spectrometer & Apparas. NIUC|@AT Structure/astrophysics, and multi-nucleon transfer reaction

v" (Current) RI beam production at a few MeV/u or at about 20 — 40 MeV/u with stable or rare isotope beams using ECR source or ISOL system
v' (Future extension®) Recoil mass separator for experiments requiring very precise mass resolution (mass resolving power, m/Am = 750)

- Such as direct measurements of radiative-capture cross sections at less than a few MeV/u
* Under discussion for detailed concept with RAON Users Association

SuperConducting Linac 3 (SCL3) = ECR <+—
i e e muunn 3 " =
SCL3-KoBRA Transport Beamline RFQ (=2 1 @W — ': e
Stable Isotope (Sl) or Rare Isotope (RI) o — e i
: can be accelerated with SCL3 - e~
P N up to about 40 MeV/u for A <40 : =
“O0BRA ECR & Accelerator :
Nomrn Bl sccovmns Revval Sacirmmeter & Arw ] =




KoBRA Spectrometer
First Beam Commissioning of KoBRA (2023.05.31 - 06.02)

FO Phosphor at KoBRA

40Ar* Primary Beam
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Beam time: 23.05.31 to 23.06.01. (10:00 AM to 18:00 PM)

' <III

1. Rare Isotope Production Experiment (23.05.31 ~ 23.06.01, total 16 hours) /
L. 16.1 MeV/u
N f - ¥ M’:; 40Ar9+ beam
* No use of attenuator g || v
» Production target: 0.1 mm graphite A4 [ ‘
» Swing angle on production target : 0 mrad F1 Plastic (Degrader) F 0 e Phos G

Production Target

» ) Position & Time measurement
(2 x PPAC)

: Position & Time measurement (2 x PPAC)
Energy loss measurement (SSD)




Call for Proposals of Low-Energy Beam at RAON

De;ember 12, 2023 to January 19, 2024 (’ 2 3 ° 1 2 . 1 2 o ! 24. 1 . 1 9)

Institute for Rare Isotope Science

KIST, 1, 3%
MEAIEC, 1, 3%
MBI, 1, 3%

CLS, 7, 20% AT, 1, 3% CENS, 13, 44%

50,1, 3%

KoBRA, 23,
68%

7% IRIS, 3, 10%

Bio-Medicine st 11, 37%
14%

Nuclear 7|3 19, 63%
Physics
73%




cepa?

Title: Center for Extreme Nuclear Matters

Supported by the SRC (Science Research Center) program of National
Research Foundation of Korea, Ministry of Science and ICT, Korea

Importance: 15t government support research center for nuclear physics
in Korea (not for major hardware construction, but more for supporting
research activities for individuals and groups)

Period: 2018-2025 (7 years)

Organization
— Director: Byungsik Hong (Korea University)
— Groups
* Group 1: High-energy heavy ion collisions (leader: Byungsik Hong)
* Group 2: Hadron physics (leader: Hyunchul Kim @ Inha University)
» Group 3: Rare isotope nuclear matter (leader: Kevin Insik Hahn @ Ewha Womans University)

Goal: Development of
— Effective theory for non-perturbative QCD
— Providing the relevant experimental data



OMEG

Origin of Matter a.n(l L‘ nlutmn of ( a ma
nstitutes

| Closed collaboration between individual studies

Origin of matter - Evolution of galaxies

Fermi Landau Boltzmann Hubble

Theorical study for Quantum many FAUST cluster Non-equilibrium Neutrino
rare isotope body exotic matter construct statistics study study
Nuclear force Molecule structure HPC construct Evolution of Foupdatuon 9f

matter particle physics
— e — — S
Nuclear structure Supernova Early universe
and reaction — explosion simulation
Badad e " —
Thermonuclear Analysis of Neutrino
realc-tion experiment data observation
High density BEC condensate in comparison of : - Magneto
nuclear matter ) Compact object l experiment data Plasma simulation hydrodynamics
—r N —— — -
Phase transition origin of matter Statistical model
for nuclear matter studz for astrophysics HSgnEN ¥tucy

Comprehensive understanding of origin of matter

OMEG Institute started as an on-campus research institute from the second half of 2005. It is a university-affiliated research institute specialized in
origin of matter research. In 2015, Professor Kim Chang-bae as the first head of institute. Professor Lee Tae-hoon (2016) , the second director of the
research institute, and Professor Cheoun Myung-Ki has been the head of the research institute since 2017.



International collaborations



Korea—CERN collaboration

.

» Theory activities:

* Korean Government signed an MOU with CERN theory division in Aug. 2009.

CERN-Korean summer student program
26 Jun 2023, 08:00 — 8 Jul 2023, 10:00 Europe/Zurich

Q@ 4/2-011 - TH common room (CERN)

A Hyung Do Kim (Seoul National University (KR))

* Co-host CERN TH insititue : “Exotic approaches to naturalness”
(01.30.2023-02.03.2023: CERN)
* Co-host CERN-CKC workshop : “Physics beyond the SM “
(June, 2022, Jeju island)
“String Phenomenology” (June, 2023, IBS)

Sin Kyu Kang @ 2023 Joint Workshop of TYL/FJPPL and

FKPPL
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Belle collaboration (K—Belle) SO

KEKB & Belle
E ~1$§ ;I:?j elle De};E,N

~450n°:| ’3‘01 Aemgcln(?::;renkn nt.

Loseis =211 ob~g™?

E —— ., y
B eV = “& Centenl Drift Chamber

> N/ A il cell +Ho/CH,

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

>1lab™!
On resonance :
Y(58):121 1"
Y4s): 711 b !
Y(38):3m’
Y(2s):25m"
Y(18): 6/’
Off reson./scan:

100 m"

~550 fb'
On resonance:
Yi4S):433 b’
Y(35):30 b
Y(28): 14"
Off resonance:
54t

Sin Kyu Kang @ %%)%Lloint Workshop of TYL/FJPPL and

Participated in Belle from 1994
KNU, CU, KSNU, Korea U, SNU,
Soongsil U, Yonsei U, KISTI,
CNU,Hanyang U.




DUNE collaboration (\

NEUTRINO

Member Institutes: CAU, KISTI, JBNU, and UNIST

2017~ 2018 ProtoDUNE L-Ar TPC Single Phase
Cold Electronics Module test

2018 ~ 2021 3DST Working Group,
3DST (3-dim Scintillator Tracker) for SAND/ND
- Joint consortium with T2K SuperFGD Group
- Prototype LANL Neutron beam test 2019 & 2020

2022 P77

2023.01~ ProtoDUNE HD Data Analysis
ProtoDUNE VD Cold Electronics

ProtoDUNE Il: Closing TCO in 2022.11, filling LAr in early 2023, OPS for
2023.06 to 2024.07

Sin Kyu Kang @ %&%?Diloint Workshop of TYL/FJPPL and
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