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CENS 비전과 목표

비전

연구목적

▪ 세계적수준의핵물리 연구선도
▪ 미지영역의핵물리연구를 통한기초과학의 진보및확산

▪ 국내외핵물리연구의 허브구축을통한세계적연구수행
▪ 대형첨단검출장치구축및활용주도

▪ 희귀핵기본성질연구
▪ 폭발적천체핵반응이해
▪ 무거운원소의기원연구
▪ 새로운희귀동위원소 발견

연구목표

발전목표

▪ (1단계) 안정선근방가벼운핵반응및특성탐구
▪ (2단계) 안정선에서 떨어진비대칭핵관련실험수행및연구
▪ (3단계) 양성자및중성자존재한계선근방의희귀핵특성연구
▪ (4단계) 새로운희귀핵발견및특성연구와 무거운핵의기원및 핵합성

과정규명

희귀핵연구단
(Center for Exotic Nuclear Studies)



고에너지물리학회(2022.11.19) 3

CENS 조직도

4 group leaders
3 senior researchers
13 postdocs
2 senior research engineer
6 students
2 administration staff
+ more members soon

연구 분야별 연계와 협력 강화, 전략적 분야
집중 등을 위해 연구 클러스터 체제도입
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Chart of Nuclides

Neutron number
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magic number

Stable nuclides (~300)
Known nuclides(~3000)
Unknown nuclides (~7000)

Neutron-rich nuclei

Proton-rich nuclei

◼ 원소의근원및원소의진화연구
◼ 원자핵의구조및성질연구
◼ 철보다무거운원소들의생성원인규명연구
→중이온가속기활용

Exploring the limits of nuclear existence!
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Status of neutron dripline

✓
25,26O :

Guillemaud-Mueller, et al. Phys. Rev. C41,937 (1990)

✓
28O :

O. Tarasov et al., Phys. Lett. B409,64 (1997)
H. Sakurai et al., Phys. Lett. B448, 180 (1999)

✓
31F :

H. Sakurai et al., Phys. Lett. B448, 180 (1999)

✓
34Ne, 37Na, 43Si :

M. Notani et al., Phys. Lett. B542,49 (2002) 

✓
44Si :

O. Tarasov et al. Phys. Rev. C75, 064613 (2007) 

✓
40Mg, 42,43Al :

T. Baumann et al. Nature 449, 1022 (2007)  

The neutron dripline has been experimentally established up to oxygen. (20 years ago) 

?

48Ca

24O 26O 28O

31F

34Ne

37Na

40Mg

43Al

44Si
42Al

(1970)
FLNR

(1990)
GANIL-LISE

GANIL-LISE (1997)
RIKEN-RIPS (1999)

(2007)
NSCL

(1999)
RIKEN-RIPS

(2002)
RIKEN-RIPS

(2002)
RIKEN-RIPS

43Si

Where is neutron dripline for Fluorine and Neon?

Candidate lying on the neutron dripline
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Location of neutron dripline

◼ The neutron dripline has been confirmed up to neon for the first time since 24O was 
confirmed to be the dripline nucleus nearly 20 years ago.

◼ The observation of one event for 39Na seems to suggest the existence of bound 39Na.

Stable isotopes
Rare isotopes
Isotopes searched in this work
Neutron dripline (20 years ago)
Neutron dripline in this workNeutron number
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38

Na

39

Na

D.S.Ahn et al., Physical Review Letters 123, 212501(2019)RIKEN RIBF experiment
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Discovery of 39Na

37Na35Na
(9 events)

Discovery of 39Na
: for the first time in twenty years.

◼ The neutron dripline has been experimentally established up to neon.
◼ The heaviest bound nuclei for Na isotopes confirmed so far 39Na. 
◼ Dripline of Na isotopes is located at/beyond N=28.

RIKEN RIBF experiment D.S.Ahn et al., Physical Review Letters 129, 212502(2022)
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Research activities 

FRIB Day one experiments

D.S.Ahn et al., Physical Review Letters 129, 212502(2022)

H.L.Crawford et al., Physical Review Letters 129, 212501(2022)
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Research activities 
J.Park, D.S.Ahn et al.
with international collaborations 

K.I.Hahn, L.Stuhl, D.Kim et al.
with international collaborations 

B.Moon, C.-B.Moon, D.S.Ahn et al.
with international collaborations 

54Ca 바닥 상태의 spectroscopic factor에서
pairing interaction이 강하게 나타나는 현상

99Cd와 101In의새로운에너지준위, 스핀및패리티를
세계최초로측정

세계최초로베타붕괴를통한
137Te의핵구조연구
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Research activities 

K.I.Hahn, D.S.Ahn, L.Stuhl, D.Kim, S.Kim et al.  
with international collaborations 

4개의 중성자만으로 이루어진 기묘한 원자핵 관측
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CENS nuclear chart for Rare Isotope Science 

Mass, Q-value, T1/2, Pn, level structure, level densities and reaction rates
우주및원소의기원과희귀핵특성연구

원소의 근원 및 원소의 진화 연구

▪ 양성자와중성자의핵합성으로이루어진원자핵의구조및특성이해
▪ 희귀핵의존재한계선연구

원자핵의 구조 및 성질에 대한 연구

▪ 안정선에서벗어난희귀핵의구조및특성을이해
▪ 에너지준위, 알파클러스터, 핵합성, 핵의크기, 반감기등

원소들의 생성 원인 규명

▪ 여러가지핵합성과정의정확한이해와관측결과재현
▪ 질량, 반감기, 준위밀도, 핵반응율등핵합성과정계산의부정확도높음.
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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-X

ASGARD

STARK

KWF CryoSTAR
Detector development is required for rare isotope science.
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KoBRA Wien Filter
Ion optical component
: Filtering out impurities by selecting ions with a velocity

Without WF

With WF (E = 2 kV/mm)

Clear separation and better focusing.
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Array of Super clover GAmma-Ray Detector
STARK Junior

KHALA Detector system(Korea Univ.)

IDATEN Detector system 3D modeling 
KAHLA  (Korea Univ.), FATIMA
SNU KAHLA type LaBr3(Ce) detector(SNU)

International Detector Assembly for 
fast-Timing measurements of Exotic Nuclei Project

IDATEN

The experiment will be performed at RIKEN RIBF.

ASGARD

희귀핵구조및특성이해 (에너지준위, 알파클러스터, 핵합성, 핵의크기등)
- 세계유일의단일기관대규모클로버검출기시스템 ASGARD 초기디자인완료

Combination of Si detector array for 
charged particles and Clovers for ɣ-rays
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Development of 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.

- Array consisting of 40 double-sided resistive silicon strip detectors.
- Barrel shaped a arrangement
- Wide angular coverage: 43° - 78° and 105° – 150°
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TexAT_v2 and AToM-X

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

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

RIBF experiment 
- Scheduled in Mar. 2023 (T. Ahn)
- 14O(α,p)17F reaction

TexAT can be use 
this side.

TexAT_v2 (Upgrade of Texas Active Target TPC)

Detection efficiency is 4 times 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

• 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)
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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.
- Reaction target & Production target
- Thick and thermostable gas target is necessary for the production of intense RI beams
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Collaborations with RAON and domestic
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CENS Letter of Intent for KoBRA experiments

No Title

1 Study on neutron-deficient nuclei using proton-induced fusion-evaporation

2 3n fusion-evaporation reactions to study MEDs in Tz=-3/2 nuclei

3 Fusion Reaction Studies related to Stellar Evolution

4 The study of lifetime of isotopes near doubly magic N=Z nuclei 40 Ca

5 Optical model potential studies using stable beams at KoBRA

6 Decay spectroscopy and fast-timing measurements by using KHALA at RAON

7 High-resolution in-beam 𝛾-ray experiments at RAON

8 Internal conversion electron spectroscopy

9 Spectroscopy of proton, neutron and alpha emitters

10 RI experiments probing isospin symmetry

11 Charge-exchange (p,n) reaction in inverse kinematics on light exotic nuclei along the neutron drip line

12 High-resolution study of spin-isospin responses of N=Z exotic nuclei

13 Measurement of production cross sections
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Domestic & International Collaborations

Connect the community internationally with CENS
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Research activities in the world (Experiment,2022)

Fission reaction study with VAMOS++ 
spectrometer and PARIS detector 
(D.S.Ahn, Y.H.Kim, Y.J.Cho)

FRIB Beam commissioning with ARIS 
separator : ARIS beam development,
MSU FRIB (D.S.Ahn)

Research for Equation of State using 
INDRA and FAZIA(E818), GANIL(S.J.Kim)

Measurement of 26Al(α,p)29Si 
cross sections
MSU(K.I.Hahn, T.Ahn, J.W.Hwang)

Yield of dd fusion neutrons induced 
by femtosecond laser shots,
ELI-ALPS (Z.Korkulu)

86Kr(α,n) reaction in the weak r-process 
using MUSIC and LENDA,
MSU(T.Ahn, D.Kim,S.H.Bae)

14O(α,p) 17F reaction with TexT_v2,
Texas A&M (K.I.Hahn, T.Ahn, D.Kim, S.H.Bae, S.M.Cha, C.Y.Park)

FRIB experiment, RIBF experiment,…
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Research proposals in the world

• FRIB Day One Proposals:
✓ 3 proposals and 1 LoI submitted
✓ 2 proposals and 1 LoI accepted

• Year 2020:
✓ 7 proposals submitted
✓ 5 proposals of spokesperson
✓ 1 proposal accepted

• Year 2021:
✓ 7 proposals submitted
✓ 4 proposals of spokesperson
✓ 2 proposal accepted

• Year 2022: in preparation

✓ 1 proposal submitted  
and accepted

✓ 2 proposal submitted  
and accepted

• Year 2022:
✓ 1 proposals submitted 

and accepted

Submitted 29 proposals : Japan(14), Europe(10), USA(5)
Accepted 16 proposals: Japan(9), Europe(3), USA(3)
Spokespersons for 7 experiments

✓ 1 proposal submitted  
and accepted
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CSSU(CENS Summer School for Undergraduates)

Resources for all young students

Lectures + Practice + Hands-on Activities + RAON Facility Tour
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INPC 2025

INPC 2025
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Summary

❖ 해외희귀동위원소가속기실험시설을활용한다양한핵물리연구수행
- 해외중이온가속기 실험참여및공동연구 수행

❖ 첨단검출장치구축및개발프로젝트진행
- 클로버검출기, 능동형과녁검출기, 원통형 다목적실리콘검출기, 속도분리기, 가스셀타겟등

❖ 국내외중이온가속기활용연구주제제안및실험참여
- 총 28건의 실험제안서 제출중 15개 실험제안서통과(7개는 희귀핵연구단연구원이 실험책임자)
- RAON 저에너지및고에너지빔라인을 활용한실험계획수립및제안서 제출

❖ 연구단내독자적핵물리이론그룹구축을통한희귀핵연구수행
- 핵성질과 핵물질의세계적수준의 연구를위한핵이론모델연구
- 핵물리실험과 이론의상호보완적연구수행

❖ 국제공동협력추진및공동연구허브망구축추진

❖ 우수연구인력확보및젊은연구자육성을위한노력
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Thank you very much!


