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• CNS: Hidetoshi YAMAGUCHI, Seiya Hayakawa

• SAMURAI: Tomohiro Uesaka, Takashi Nakamura

• Kyushu University: Takashi Teranishi

• University of Notre Dame: Dan Bardayan
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• Cathode �� 2.5 mm, 10×10 cm2 

?�1 PPAC 3�75

• 30 Torr 	�'�B$D<H�

&6JK3

• Time resolution: 0.7 ns

• Position resolution: >� 0.37mm
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• CRIB 0'�tCh=:1S�R 26Si #)1YNA(
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• 26Si+α *�8p(bPu�

• CRIB;-4mk 26Si(a,a)26Si ! 26Si(a,p)29P 8pKGj

26Si (,1`Vsg��dc+: 5.2 MeV/u, 59% 5�, 

4.7*104 pps�1

• production target chamberM window�)Ck4Q


`VMU�;�j heat durability >�: Mo, Ti, Havaer, 

CuBe"�e6f[m. Mo "�K`XVJ�/W

Cu-Be 3 μm
(2.5 mg/cm2)

1.2 W �0.11pnA
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4He gas target
600 Torr 

7 MeV/u 15N beam 

Wien filter
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of the fragment and thus reduce the neutron evaporation. The projectile-like fragments (PLFs) will be directly identified (Z,A) 
by VAMOS++. The A and Z of the TLFs will be deduced from the measured velocities from detector of the 2nd arm of the 
spectrometer, kinematics and particle identification of PLFs as well as their γ rays detected in AGATA and EXOGAM (see 
Fig. 5). A similar setup has been used for measuring prompt-delayed γ rays for fission fragments [17].  

The mean angle of VAMOS++ will be set at 40° and a single setting of BU of 1.04 [Tm] will be used to detect the PLFs. 
The efficiency of AGATA has been simulated using 13 triple clusters in a compact configuration taking into account 
corrections obtained from the experimental data [18]. The 2nd arm placed at the 55° will directly be used to measure the 
velocity of the TLFs. The residues implanted in front of 4 EXOGAM Ge clover detectors will be used to detect the delayed γ 
rays emitted from nuclei of the interest. For the measurements of γ-rays there is a significant improvement in the measurement 
of the Doppler correction, larger efficiency and improved peak-to-total ratio and count rate of AGATA (compared to 
EXOGAM). This along with the larger rate handling capacity of VAMOS++ and the direct measurements of TLFs using the 
2nd arm will result in a large gain as compared to our previous experiment. Additionally, as presented in our earlier work using 
a large acceptance spectrometer, we have been able to uniquely identify the A and Z of the PLFs, and exploiting the various 
measured quantities we will identify the corresponding TLFs. This procedure of identifying the TLFs has been confirmed 
using the measurement of the characteristic J rays for the less exotic nuclei [2]. By making the required Doppler correction 
for the J rays, the excited states of TLF are then obtained (see Fig. 3). Also, the A of the TLFs before neutron evaporation will 
be directly deduced using the 2nd arm of VAMOS++, further increasing the selectivity for the nuclides of interest. 

 
Figure. 5. The over view of the proposed experimental setup (see text for detailed description). 

  4.  Beam Time Request 
The maximum beam current is limited by the counting rate of the elastically scattered ions at the focal plane of 

VAMOS++, the pileup in the ionization chambers and the dead time of the acquisition system. The reduced cross section of 
elastic scattering as compared to our earlier measurement, and increased data rate handling capability of the VAMOS++ and 
AGATA, we estimate that the beam current can be increased by about eight times as compared to our previous experiment. 
By taking a safe counting rate of 5000 cps arising from elastic scattering, the maximum beam current is estimated to be ~2 
pnA. The estimated rate for detecting excited states of the relevant nuclei was obtained in the following assumptions:  

1) The previously measured absolute cross section for the various channels were scaled by the ratio of calculated total 
reaction cross sections at 8 MeV/u (also measured in Ref [2]) and 7 MeV/u  

2) Correction for the known acceptance of VAMOS++ (εVAMOS=6%); 2) GEANT4 simulated γ-ray efficiencies of 
AGATA with 13 ATC for an 800 keV γ-ray (εAGATA = 10.3 %) and assuming a first excited state of 2 MeV for N=126 
isotones (εAGATA = 6.9 %) were used;  

3) An assumption of excitation probability for the first excited state ε1stExt of 3.5% and that for the 2nd excited state 
(isomeric 5- state) of ε2ndExt of 1.0% was used. The latter is based on the measured excitation probability, around 
typically 7 to 8 % for the less exotic nuclei in our previous work and making a further correction for the presence of 
isomers in these more exotic nuclei;  

4) An acceptance loss of TLFs in the 2nd arm detector size (43% lower in horizontal acceptance compared to VAMOS++)  
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1. Decay spectroscopy and fast-timing measurements by using KHALA at RAON
2. High-resolution in-beam !-ray experiments at RAON
3. Internal conversion electron spectroscopy
4. Spectroscopy of proton, neutron and alpha emitters
5. Study on neutron-deficient nuclei using proton-induced fusion evaporation
6. 3n fusion-evaporation reactions to study mirror energy differences in Tz=-3/2 

nuclei
7. RI experiments probing isospin symmetry
8. The study of lifetime of isotopes near doubly magic N=Z nuclei 40Ca
9. Decay Spectroscopy and Total Absorption Spectroscopy
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Sunghoon(Tony) Ahn
KPS Fall Meeting 2021

Oct. 21st, 2021

Optical Model Potentials for Exotic Nuclei

Angular distributions for
132Sn(d,p)133Sn (Ed = 9.46 MeV)

• Can we trust the Global Optical Model Potentials?
• Phenomenological GOMP
• Microscopic GOMP

Optical model potential from chiral effective field theory

T.R. Whitehead et al. PRC (2020)

W H Dickhoff et al.
(2017)

See D. Kim’s Talk

Uncertainty of 85Se(α,n) reaction rate

✓ Broad range of lab energy usingAToM-X or STARK
✓ Using 16,18O, 20, 22Ne beams, (p,p), (d,d),(α,α)

elastic scatterings will be measured.



Sunghoon(Tony) Ahn
KPS Fall Meeting 2021

Oct. 21st, 2021

Nuclear Structures related to rp-process

• Recoil isotope tagging after fusion evaporation reactions can provide spectroscopic properties of 

nuclei.

✓ Heavy-ion Fusion-evaporation

✓ Light particle induced fusion evaporation.  ✓ 37,38Ar(p,γ)38,39K: key reactions affecting 

astrophysical condition of globular clusters

✓ 64Ge, 68Se,72Kr: rp-process waiting point

✓ 74Se, 78Kr, 84Sr: p-process isotopes

See J. Hwang’s Talk

I. Dillmann et al. PRC (2010)

Examples of proton-induced reactions
to produce neutron-deficient nuclei

Examples of recoils from
SI beam + SI target fusion evaporation



Sunghoon(Tony) Ahn
KPS Fall Meeting 2021

Oct. 21st, 2021

Fusion Reaction Mechanism related to Stellar Evolution

Total fusion excitation function for 8B + 40Ar.

16O + 64Zn

Reduced total reaction cross sections

16O + 40Ar fusion cross sections??

Texas Active Target (TexAT) design Ionization beam profile 

for a typical fusion event

✓ 20Ne+20Ne, 20Ne+16O fusion 

cross sections to revisit the 

result of D. Shapira PRC (1983) 

✓ Fusion cross sections with

halo nucleus (6He,7Li, 7Be, 9Be)

J.C. Zamora et al., PLB (2020)
J. J. Kolata et al. (2011)



Sunghoon(Tony) Ahn
KPS Fall Meeting 2021

Oct. 21st, 2021

• 32Si(d,p) and 34S(d,p) neutron transfer reactions for Eex, spin/parity and SF

• (d,p) neutron transfer reactions around N=20

Nuclear structures related to i-process

✓ 34Si: Doubly Magic Nucleus

✓ 32Mg: Island of Inversion

✓ 28O: Doubly Magic Nucleus

✓ Many unknown spectroscopic properties

https://www.nndc.bnl.gov

18

A. Koloczek, PhD Thesis 2014

See B. Moon’s Talk

ASGARD
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Sunghoon(Tony) Ahn
KPS Fall Meeting 2021

Oct. 21st, 2021

Active Targets for 
Nuclear Astrophysics Studies at RAON

Software
Development

Conceptual Design of AToM-X

✓ TexAT Active Target TPC detector Upgrade
- 14O(α,p)17F cross sections at CRIB/CNS

Texas Active Target (TexAT) design

Previous measured data and
calculated total cross sections of 14O(α,p) reaction

✓ CENS Active Target TPC (aka AToM-X)
Conceptual

Design

Manufacturing
& Test

Electronics
Test

Assembly Test
Detector

Commissioning

Electronics
Design

2020

2021

2022

2023

Detector
Design

12

See C. Park’s Talk

(p,p)
(d,d)
(α,α)
(α,p)
(α,n)
fusion

See S. Cha and D. Kim’s Talk

✓ Multi-Sampling Ionization
Chamber (MUSIC) detector

MUSIC Detector at ANL



Sunghoon(Tony) Ahn
KPS Fall Meeting 2021

Oct. 21st, 2021

Targets and Detectors for 
Nuclear Astrophysics Studies at RAON

✓ Solid Targets: CH2, CD2

✓ Gas Targets: H2, D2, 4He, 3He, N2

13

Conceptual Design of STARK
Conceptual Design of STARK Jr.
and ASGARDYear 2022!!

See S. Bae and B. Moon’s Talk

(d,p)

(d,pγ)

SI beams

target
(solid,gas)

Conceptual Design of STARK chamber Solid Targets Portable HPGe detectors

Gas Cell Target
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