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1. Introduction to CENS
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Introduction of Center for Exotic Nuclear Studies (CENS)
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Daejeon

headquarters

RAON heavy ion accelerator complex
17 km
~20min by car

140 km



4

The Center for Exotic Nuclear Studies (CENS) 

was launched in December 2019.

• Founded to study properties of exotic nuclei 

and origin of heavy elements in the universe

4 research groups-Astrophysics, Structure, 

Reaction and Theory

Currently, 26 researchers  and 11 Ph.D. 

students as of today (1/3 foreigner, 1/4 

female)
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was launched in December 2019.
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Mass measurement

Dripline
Shell closure
Island of inversions

rp-process

Shape coexistence

Shell evolution
Collectivity

Collective structure

Symmetry energy
Shell structure

r-process
i-process

ap-process

Isospin 
symmetry
Isoscalar pairing

Fission reactions

Multi nucleon transfer reaction

[42<Z<50 regions for mass table]

[8<Z<20 regions for mass table]

CENS Nuclear Chart

Nuclear Astrophysics
Nuclear Reaction
Nuclear Structure
Nuclear Theory

• Nuclear chart of interest 
(*research carried out, LoI or 
proposal submitted/planned)

• Study of nuclei various part 
of the nuclear chart
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2. Recent international research activities 
in nuclear structure group
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Research proposals

• FRIB PAC1 (2022):
✓ 4 proposals and 1 LoI submitted
✓ 2 proposals and 1 LoI accepted

• FRIB PAC2 (2023):
✓ 9 proposals submitted
✓ 2 proposal of spokesperson
✓ 5 (1 CENS) proposals accepted

• Year 2020:
✓ 6 submitted
✓ 5 spokesperson
✓ 1 (CENS) accepted

• Year 2021:
✓ 7 submitted
✓ 4 spokesperson
✓ 3 accepted

• Year 2022: 
✓ 18 submitted
✓ 12 spokesperson
✓ 5 (2 CENS) accepted

✓ 1 submitted  and accepted

• Year 2022:
✓ 1 proposal submitted 

and accepted
• Year 2023:
✓ 1 proposals submitted

[Summary]
Submitted 67 proposals : Japan(31), Europe(20), USA(16)
Accepted 29 proposals: Japan(9), Europe(11), USA(9)
Spokespersons for 30 experiments

• Year 2021:
✓ 2 (CENS) submitted and 

accepted
• Year 2022:
✓ 9 submitted
✓ 1 spokesperson
✓ 3 accepted

• Year 2021:
✓ 4 submitted
✓ 1 spokesperson
✓ 2 (1 CENS) accepted
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Shape evolution in neutron-rich Zr isotopes

B. Moon et al., To be submitted (2023)

• High-resolution Cluster Array at RIBF (HiCARI) project

• Large international collaboration with various types of HPGe detectors 
(Miniball, IMP clover, LBNL P3, RCNP Quad)

• Lifetimes of excited states in neutron-rich Zr and Mo isotopes to 
investigate nuclear shape evolution.

HiCARI
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Delayed γ-ray using 2nd arm (CATLIFE)

New PID method using machine learning

10

(ECM=553MeV)

136Xe
7MeV/u, 2.0 pnA40° PLF

198Pt

AGATA 39 crystal
Compact 
configuration

TLF

55°

Y. H. Kim et al., EPJA (2017) 53: 162 

2nd arm + EXOGAM
➔ TLF tagging &ms Isomer 
• A, E* measurement
 

Search for n-rich isotopes N~126 using multi-nucleon transfer reaction

• E* of reaction, 
• Delayed γ-ray measurement

193Os Delayed γ-ray 

E* of reaction vs prompt γ-ray 

(ECM=553MeV)

• Evolution of nuclear shell/collectivity difficult to reach N~126 

neutron rich nuclei

• Study of MNT reaction for producing N~126 isotope facilities

• Experiment carried out at GANIL summer 2021

N=126

Reiner Krucken, Contemporary Physics Vol. 52, No. 2(2011) 101–120 π
h
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Stable 

nuclei

Proposed isotopes to be 
measured

Nuclei studied with 
isomer or beta decay

Y. Son et al., NIMB 540 (2023) 234-236

Y. Cho et al., NIM B 541 (2023) 240-242
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Isospin symmetry breaking

⚫ Identification of excited states in 78Zr

 Triplet energy differences.

⚫

40Ca(40Ca,2n/pn) at JYFL.

⚫ Complete spectroscopy of 78Y:

⚫ Candidate for 78Zr 2+→ 0+ transition 
observed via recoil-β-β correlations

Research program devoted to study nuclear structure in proton-rich 
nuclei to probe isospin symmetry breaking effects.

94Ag 78Zr & 78Y

X.Pereira-Lopez et al., Eur. Phys. J. A (2023) 59:44

⚫ First spectroscopic study of 94Ag:

 Comparing analog states in 94Ag and 
94Pd.

 Seeking evidence of T=0 np pairing.

⚫

40Ca(58Ni,p3n)94Ag at JYFL

⚫ First observation of γ-rays from 94Ag 

excited states:

Work ongoing (preparing publication).

New transitions in red

See his talk In Friday 14:50! 
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Study of shell evolution along the Sn isotopic chain

Study of single particle dominated states
• d(110Sn,p)111Sn experiment at 8 A·MeV carried out in 2022
• d(108Sn,p)109Sn experiment will be carried out in 2023

Quadrupole collectivity in 106,108,110Sn and single-particle 
dominated states in 107,109,111Sn

ISS for (d,p) transfer reactions, 
Jπ assignments and spectroscopic factors

110Sn(d,p)
111Sn peaks

Additional E* 
states?

Very preliminary
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2.2 future projects 
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n-induced fission fragment spectroscopy @ ILL
245Cm(n,ff) fast timing campaign @ FIPPS Conversion electron campaign 

@ Lohengrin

Re-measuring isotopes for new transitions 
& rigorous determination of level spin-parity
• Series of light FF ~A=104  collaboration with ANU &  

Univ. of Warsaw
• Structure of odd-odd Br-isotopes N~50 

Fast-timing measurement @ FIPPS+LaBr3 array
• I-isotopes : development of collectivity from N~82
• Nd-isotopes : nuclear shape evolution N>90

Stop
start2

1
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90Rh Shell evolution in light Sn isotopes

⚫ Motivation:

 CEDs in isobar nuclei Rh-Ru.

 Influence of T=0 np pairing?

 N=Z nuclei most likely candidates.

 Encouraging observations for Ru, Pd, Ag and Cd.

⚫ Goal: measure low-lying excited states in 90Rh for the 

first time.

⚫ Production Method: 54Fe(40Ca,p3n)

⚫ Measure 90Rh(β) − 𝑡 − 𝛾 coincidence 

Isospin symmetry breaking / shell evolution ~100Sn

New β counter by CENS
• Motivation: Structure of neutron orbitals above doubly 

magic 100Sn important for shell evolution

• Goal: Study single-particle dominated states in 
107,109,111Sn submitted to CERN-ISOLDE

• Method:  (d,p) using ISOLDE Solenoidal Spectrometer, 
at Ebeam = 8 A·MeV on CD2 target

• Measurement: Proton energies and angles from (d,p) 
reaction in inverse kinematics

FMA+GAMMASPHERE
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IDATEN project

• Creating largest LaBr3 array ever collected 
at RIKEN RIBF Zero-degree spectrometer position

• Construction Spokespersons (Hiroshi Watanabe, Paddy Regan, Byul Moon) 

• Core Collaboration KR+JP+CH+UK+DE

KHALA (KR)FATIMA (UK)

Zero degree
spectrometer
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• 14 proposals
(7 spokesperson or co-spokesperson by CENS)  
-> 3 accepted

• Various physics topics 
(shell evolution, shape evolution, seniority 
breaking, isospin symmetry)
all around the nuclear chart

Study of shell structure, core-breaking 

and seniority-breaking effects close to 

100Sn with IDATEN

Nuclear structure study of Pd, Ag, 

and Cd isotopes towards N=82 with 

fast-timing lifetime measurement

Exploring quantum shape phase 

transition around Z = 40 and N = 

60 with gamma-gamma fast timing

Study of the deformation pattern in the 

rare-earth region

First 2+ state lifetime measurement for the 

neutron-rich Yb and Er isotopes: a quest for 

strong deformation around N=110

Probing octupole collectivity 

and electric dipole moments in 

neutron-rich Ba, La, and Ce 

isotopes by lifetime 

measurement of excited states

Fast-timing spectroscopy of excited 

states in N ~ Z nuclei below 100Sn

Exploring the structure of the neutron-rich heavy 

nuclei beyond 208Pb: Lifetime measurements 

above N=126

Measurement of lifetimes 

of excited states in 108Zr

Shape Evolution and New 

Isomer in N~60 Neutron-Rich 

Selenium Isotopes

Locating the center of the

 N = 40 Island of Inversion

Shape coexistence and 

collectivity in the doubly 

magic 78Ni region

Seniority and collectivity of nuclei 

beyond doubly-magic 132Sn nucleus
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IDATEN project – Role of CENS

• Major hardware & software 
development by CENS

• Future Schedule 

• Commissioning: End of 2023 / Early 2024

• Physics run: Mid-End of 2024

• Essential role in the project

Frame Structure DAQ system

GEANT4 simulation toolkit

• Frame structure designed & fabricated 
(by B. Moon & Y. Jang)

• Will be transported to RIBF this summer

• DAQ system study & benchmark with various systems (by Y. H. 
Kim & J. Lee)

• System purchased & test at KU & CENS

J. Lee, Y. H. Kim et al., NIMB

Isotope: 100Sr

Level: 417 keV, 41
+

Method: γ-γ

Counts: ~1k

τset= 50 ps

τfit= 60(8) ps
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3. First beam tests @ RAON

New Baby Accelerator
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Overview of RAON low energy facility

• Low energy facility  (KoBRA, NDPS, ISOL) almost ready for experiment beam

• Beam on target soon decay spectroscopy 

SCL3 accelerator
up to about 20 MeV/u for A< 50

Courtesy of Dr. K. Tshoo
First beam commissioning in May/June 2023
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ISOL: first online beam test with SiC target

SCL3 accelerator
up to about 40 MeV/u for A< 40, 
up to about 20 MeV/u for A> 100

ISOL

Courtesy of Dr. Jinho. Lee

Proton beam current : 1.2 uA 
                                         @ 70MeV Proton module
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ISOL: first online beam test with SiC target

SCL3 accelerator
up to about 40 MeV/u for A< 40, 
up to about 20 MeV/u for A> 100

ISOL

Courtesy of Dr. Jinho. Lee

Yield : 
2.4 x 106 cps
(preliminary)

Yield : 
7.4 x 106 cps
(preliminary)

26mAl

End of 2023: production of 26Al, 26mAl beam using laser ion source and delivery to MMS or CLS
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Overview of RAON low energy facility

• Low energy facility  (KoBRA, NDPS, ISOL) almost ready for experiment beam

• Beam on target soon decay spectroscopy 

SCL3 accelerator
up to about 20 MeV/u for A< 50

Courtesy of Dr. K. Tshoo
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Overview of KoBRA recoil separator

• KoBRA construction finished currently testing before beam on target.

• First beam on target 40Ar(~18.6 MeV/u) fragmentation with C target

SCL3 accelerator
up to about 40 MeV/u for A< 40, 
up to about 20 MeV/u for A> 100

Courtesy of  K. Tshoo

5th order ion optics 5th order ion optics

48Ca beam (35 MeV/u), 9Be target

KoBRA stage1 (RAON)

Layout

Magnetic Rigidity 0.25 – 3.0 Tm

Separator Length 38 m

Energy Acceptance 16%

Angular Acceptance 80 mrad (H), 200 mrad (V) 

Incl. Wien Filter 2.5 m (27 kV/cm)

Beam Swinger Up to ±12°
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KoBRA: First RI production test

• First beam test in June (3 days)  with 18.6 MeV/u 40Ar beam 
with limited power 0.3W (due to radiation safety)

• PID of Li/Be region successful with only 3 days of test beamtime.
• 2nd commissioning test planned in Dec 2023.

A/Q [arb. Unit]

Z 
[a

rb
. U

n
it

]

9Li 11Li
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KoBRA: First commissioning physics experiment planned 

• Objective:
• Study the evolution of the s1/2 and d3/2 orbitals 

& development of collectivity by increased mixing
• Goal : Lifetime of excited states of 39Cl
• Method: 𝛾- 𝛾 time difference LaBr3 detector
• New techniques : frame & active stopper by 3D printing 

                               + fully digital electronics (CAEN v1751)
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• NDPS: fast neutron production ~10-80 MeV

• First commissioning planned in Dec. 2023

SCL3 accelerator
up to about 40 MeV/u for A< 40, 
up to about 20 MeV/u for A> 100

ISOL

Courtesy of Dr. K. Tshoo

Mono E Li target

White E C, W target

NDPS: fast neutron facility
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New Baby Accelerator

4. Instrument development projects
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CENS detector development

Liquid Organic Scintillator

Beam PID

Detector System for Internal 
Conversion Electrons

A New Plunger Device

Decay Spectroscopy Station

DL-MCP

Gas Jet Target

For those kinds of detector, 
high resolution, high performance, high efficiency are required. MUSIC/IC

Diagnostics System

GAGG Scintillator

Text_v2

AToM-XASGARD

STARK KWF CryoSTAR

Detector development is required for rare isotope science.
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ASGARD (Array of Super-clover Gamma-Ray Detector)

• TIGRESS detector type segmented super clover detector for Doppler correction for in-beam γ-ray spectroscopy

• 6 detector @ RAON, total 11 detectors will be purchased at CENS (5 existing+3 this year)

• New DAQ system (Notice Korea), support structure expected end of 2023

Simulated efficiency

Courtesy of B. Moon
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Fast-timing LaBr3 detector array Khala

• 1.5”x1.5” cylindrical LaBr3 crystal

• Good energy (2.4% 1332keV) and timing resolution  (~330 ps FWHM @511keV)

• Lifetime measurement of nuclear excited state τ> 10 ps

• 12 detectors @ CENS (from SNU)+48 detectors @ Korea University (CENuM)

• DAQ system: TWINPIX-TAMEX electronics from GSI

J. Lee, Y.H. Kim et al., NIMB 540 (2023) 259
B. Moon et al., NIMB 541 (2023) 253
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Courtesy of Sunghoon AHN & DeukSoon AHN
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Development of large acceptance position-sensitive silicon strip

Beam

Target
(Solid, Gas)

STARK(Silicon Telescope Array for Reaction studies in inverse Kinematics)
- Powerful experimental method to study direct reaction experiments. 
- One of the best tools to probe a broad range of nuclear properties
- Providing information into the nuclear structure of exotic nuclei

Measure energy, angular momentum, cross section, spectroscopic factor

Large solid angle silicon detector array intended for direct reactions experiments.
Commissioning experimental campaign @ JAERI

- Array consisting of 40 double-sided resistive silicon strip detectors.
- Barrel shaped a arrangement
- Wide angular coverage: 43° - 78° and 105° – 150°

D. Kim et al., NIMB 540 (2023) 30, X. Pereira-Lopez et al., NIMB 541 (2023) 134 



332022-08-18 33

TexAT_v2 and AToM-X

Time projection chamber (TPC) enables 3D particle track information 
and measures its total energy deposition in Si and CsI(Tl).

Micromegas +  silicon detector array +  CsI(Tl) detector array

Nuclear astrophysics experiment  e.g.  14O(α,p)17F reaction
Commissioning experiment @ Texas A&M
RIBF experiment TexAT can be use 

this side.

TexAT_v2 (Upgrade of Texas Active Target TPC)

Detection efficiency x4 larger than TexAT.

• Active area: 241(X) x 152(Y) x 135(Z) mm3

• Portable Scattering chamber: 20”(X) x 13.5”(Y) x 20” (Z)
• Beam tracker (Micromegas) after the window for beam intensity and purity
• Silicon and CsI detectors wall for total energy of particles
• Upgrade lead by collaboration between Texas A&M and CENS
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TexAT_v2 and AToM-X
Micromegas +  silicon detector array +  CsI(Tl) detector array

NEXT GENERATION ACTIVE TPC
• Active area: 256(X) x 180(Y) x 288(Z) mm3

• Scattering chamber: similar to TexAT chamber to make 
portable!

• Target gas: CH4, C4H10, CD4, He/CO2(98/2%) and CO2

• Silicon and CsI detectors wall for total energy of particles
• Position sensitive strips on Si. Detector (X6) using resistive 

layer

AToM-X (Active Target for Multiple nuclear eXperiments)

Time projection chamber (TPC) enables 3D particle track information 
and measures its total energy deposition in Si and CsI(Tl).

TexAT can be use 
this side.

TexAT_v2 (Upgrade of Texas Active Target TPC)

Detection efficiency x4 larger than TexAT.

• Active area: 241(X) x 152(Y) x 135(Z) mm3

• Portable Scattering chamber: 20”(X) x 13.5”(Y) x 20” (Z)
• Beam tracker (Micromegas) after the window for beam intensity and purity
• Silicon and CsI detectors wall for total energy of particles
• Upgrade lead by collaboration between Texas A&M and CENS
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CryoSTAR(Cryogenic Stable Target)

• Goals: 40 K, 0.3~2 atm
of H2/D2/3He/4He gas

• Reaction Gas Cell Dimensions: 
3/6 mm thick, 20 mmD with 
Havar/Mo/Ti/Mylar window 
(2~50 um)

Cryogenic targets in gas or liquid can reach higher densities at very low temperature than that in the room 
temperature, resulting in a large number of reaction yields in nuclear experiment.
Light element gases(H2, D2, 3He, and 4He) have often been used as a RI beam production target.

T=40°K
Reached!
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Decay Station Initiator for RAON

• Decay spectroscopy of Low E beam (~60keV) from ISOL
• Precision γ & e-spectroscopy for nuclear & particle physics

• Mobile frame set for KoBRA beamline
• High efficiency versatile setup for KoBRA beamline.
• Decay spectroscopy of exotic channels, γ-γ angular correlation, 

β-delayed neutron emission

SCEPTER
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SiPM detectors

CsI detector for TexATver2 & Atom-X

Active stopper 
for KoBRA 
experiment 

• Compact & versatile detection system for 
nuclear astrophysics & structure 

• Fast response time 
• Gamma-ray,  light ions & beta-detection 

Beta counter for ANL experiment

Tape 
station

• Neutron ToF, postion measurement for neutron production study 
• Test carried out with source, cosmic ray
• Veto system under construction

SCEPTER

Tape 
station

• High efficiency & E-resolution+ angular distribution 
• Si detector & cooler under purchasing process
• Under decay station project 

SCEPTER: conversion electron detector

Other detector developments

Neutron Monitoring detector for NDPS
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Summary

• Center for Exotic Nuclear Studies (CENS) were founded Dec 2019 to study properties of 

exotic nuclei and origin of heavy elements in the universe

• Members with diverse interests in various parts of the nuclear chart,

closely working with other groups.

• Active physics program with strong international collaborations 

in Europe, Japan and US

• Various instrument development / physics program 

for future experiments at RAON accelerator 



3939

Advertisement 1: Conferences
NIC-XVII (2023) INPC (2025)

Hosted by CENS !
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Advertisement 2: Job posting

Deadline for application submission: July 31st 2023 (15:00) KST
Any inquiries E-mail : cens_recruit@ibs.re.kr

mailto:cens_recruit@ibs.re.kr
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