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The limits of the nuclear landscape
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AOnly 288 nuclei forms the valley of stability.

AAbout 3,000 nuclei are known.

ANuclear theorists estimate about 6,900 nuclei are bound.

ANuclei away from stability are short lived (downstsec).

240 280
J.Erleret al,, Nature486, 509 (2012)
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Mass Predictions of Nuclear Theories

H. Schatz, TALENT 2014
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Mass differences between measurement Neutron separation energy or Zrisotopes

and models forZrisotopes
ANuclear theories show large variations in nuclear mass.

AThe difference between models is worse on nuclei away from the stability.
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Nucleosynthesis Processes
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Nuclear chart and the major nucleosynthetic processes in the universe

X. Tanget al., Association of Asia Pacific Physical SocieB&s19 (2021) Calculated fprocess yields
for solar abundance patterns
x Nucleosynthesis process can explain déis¢rophysical F.Kappeleret al. RepProg Phys52 945 1989
observatiors.
A Nuclear Physics plays an important role! Sunghoon(Tony) Ahn 5
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What do we need to study?

X Properties of Nuclemass, Qualue, T,,, P,, level densities, reaction rates,

level structure, magic number and drip line
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Schematic overview of the nuclear processes on nuclear chart Sunghoon(Tony) Ahn 6
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Rare Isotope Facilities in the world
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Rare Isotope Facilities in the world
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Rl Beam Production
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CENS Nuclear Chart

CENTER FOR EXOTIC
NUCLEAR STUDIES
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CENS detector and device development

KWF (Wien filter)  AToM-X (Active Target TPC)

IDATEN Beam PID

(LaBg(Ce) Detector Diagnostics System

Decay Spectroscopy Station

A NewPlunger Device o| | CENS

CENTER FOR EXOTIC
NUCLEAR STUDIES

ol ’ﬂ}. DL-MCP

Detector System for Internal
Conversion Electrons

JETTSTAR

CryoSTAR (Gas Jet Target)
(gas cell target) o .
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x lon Optics Case Studies using COSY Infinity:
V  For0O8* @ 2.5 MeV/umik &&2127 andd k K1=518.1
V  For#CAr* @ 18.5 MeV/umk W&2129[1k K =51.38

Horizontal Vertical

1
p_l0em
1 .

Wien Filter
Location

x  Specifications:
V GFR: 100 mmon X, 150 mmon Y
V Ly 2500 mmpB,,. 0.2 T
V Lg 2500 mmE,,, 2.0 kV/imm

ok 0 s

I
Electrostatic Max. E field in GFR 2.0 kV/mm
_ - system Max. V on electrodes +150 kV

’ ] Electrode gap, horizontal 150  mm
‘ Electrode height, vertical 430  mm

N et

R S [AN IR R R0 o X0 6T R R |

" e | of Vg V Factory Assembly Test (Nov. 2023).
o b el b V Packing and delivery (Dec. 2023 ~ Fec. 2024)

” i i ® v Beamline Installation (Mar. 2024 ~ Dec. 2024) Sunghoon(Tony) Amn
V Site Acceptancdest(Dec. 2024 Apr. 2025 Baryonsgzoz5Nov 1ylth’ 2025 12



A Eacrrclover consists of 4 Ge crystals X 8 segmented electrodes
G1KS SySNHE®&
A Capability of multpurpose: inbeam / delayed -ray spectroscopy
RSGSOUG2NI 65500

A Currently, 14 members are involved: 9 researchers, 5 students.
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IDATEN Project (Collaboration)

IDATEN: International Detector Assembly for faBming measurements of Exotic Nuclel
A Arrayof 84 LaBg(Ce)detectors
A CollaboratioramongFATIMA36), KHALA36) and SNU(12)
A
A

Constructionproposalapprovedby RIKENRIBAPAQ2021)
9 scientificproposalsapprovedby RIKENRIBAPA(Q2022and 2023

FATIMA

=)

IDATEN Conceptual Design made of
FATIMA (blue), KHALA (red) and SNU (green)

S SNU LaBr 4(Ce) Sunghoon(Tony) Ahn 14
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IDATEN Project (Collaboration)

=%’ NiSHINA
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Zero degree
spectrometer

A Creating largest LaBr3 array ever collected
at RIKEN RIBferodegree spectrometer position

A Spokespersons (Hiroshi Watanabe, Paddy RegjariMoon)
A Core Collaboration KR+JP+CH+UK+DE
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Active Target Time Projection Chamber
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A Active Target Time Projection Chamber o b

V Detection gas plays as a reaction target b .
V 3D tracking of charged particléi&ke 3D camerad, reaction vertex measurement available
A state-of-the-art device for experiments adopting the thick target method in inverse kinematics

A Challenges for direct'(,p) measurements
V High detection efficiency
V High beam rate endurable (>310ps
V Good enough position and energy resolution

Sunghoon(Tony) Ahn 16
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Active Target detectors at CENS
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TexAT _v2 anAToMX

TexAT_v2 (Upgrade of Texas Active Target TPC)

AToM -X (Active Target for Multiple nuclear eXperiments ) ‘

45° view

TexAT uses this side.

Apetection efficiency is 4 times larger thaexAT AActive area: 256(X) x 180(Y) x 288(ZFmm

RIBF experime

- Mar. 2023(S Ahn, D. Kim) AScattering chambesimilar toTexATchamber to
-14h 6 h 1¥Idaction make portable!
AActive area: 241(X) x 152(Y) X 135(Zfmm A ATarget gas: GHGH,o, CD), He/CQ(98/2%) and CO
At 2Nl otS {OFGGSNAY I OKLF YO SNY Agilitén@ndisidetectovsavdlidot total énerdy ofH 1 € 0
ABeam tracker (Micromegas) after the window for beam particles

intensity and purity APosition sensitive strips on Si. Detector (X6) using
ASilicon andCsldetectors wall for total energy of particles resistive layer

AUpgrade lead by CENS and Texas Ad&\laboration
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Development of STARK silicon detector array

A STARK: Silicon Telescope Array for Reactions in inverse Kinematics

A One of the best tools to probe a broad range of nuclear properties (energy, angular momentum, cross ¢
spectroscopic factor). 2N ion simulation with 5

A Powerful experimental method to study direct reaction experiments. © ‘:\),ls\),a}ﬁ fgaf:]n;lﬂ]grg; "

A Providing information into the nuclear structure of exotic nuclei.

A Array consisting of 40 doubisided resistive silicon strip detectors, & 4oVt

A LargeSolidanglecoverage: 48- 78A and 10%\¢ 150Ain polar angle. ..} & F“’P)
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Conceptual Design of STARK

Sunghoon(Tony) Ahn 19
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Development of CENS silicon sensors

ASilicon detectors: good efficiency, angular resolution and energy resolution

Alssues:
V Mostof them are made by MicroA expensive and difficult to customize
V Few experts who can make them in the field of low energy experiments.

ASinglesided strip silicon sensors are developed at CENS (H.Y. Lee):
V Pad desig®y FabricationA Pad dicingd PCB desighA PCB manufacturing Assemblyd Test

Active area: 50mm x S0mm
Number of strip/detector: 1

Active area: 25mm x 25mm
Number of strip/detector: 4

Active area: 2.46mm x 74mm
Number of strip/detector: 8

Active area: 4.86mm x 74mm

Number of strip/detector: 4
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