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New Setup towards new elements

RILAC upgraded by 28GHz ECRIS and SC-QWR (first beam, Jan. 2020!)
New gas-filled recoil separator for hot-fusion: GARIS-III
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Production and delivery of radioactive isotope beams
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World’s First and Strongest

K2600MeV . . World’s Largest Acceptance
Superconducting Light ions at 400 MeV/u High magnetic rigidity 9 Tm 200-250 MeV/u

Ring Cyclotron U beam at 345 MeV/u Superconducting Rl beam Separator



Proton number
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Nuclear Physics with Exotic Nuclei

Shell Evolution :
magicity loss and new magicity
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Large-Size International Collaborations

EURICA (2011-2016): SEASTAR (2014-2017): [ vos :vasie xumersomrsavie
Ge detector array for beta-delayed gamma thick liq. H2 +TPC+Nal —

: . for in-beam gamma
af spectroscopy

HiCARI (2019-2020):
Tracking Ge detectors
for in-beam gamma
spectroscopy

BRIKEN(2017-2021):
He-3 detector array for
beta-delayed neutron

| SAMURAI (2012-):
SpiRIT TPC (2015-): neutron detectors + Csl+...for neutron correlation

heavy-ion collision program for EOS
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Very Selected Highlights at RIBF

Shell Evolution :
magicity loss and new magicity

PHYSICAL

First spectroscopy of “°“Mg at
N=28 (PRL 2019) ot
Shell evolution and ~
shape deformation in 7>Cu
(Nature Physics 2019)

Impact of T1/2 data

w/o new data

the 2" peak
(PRL 2011, 2015)

the rare earth peak
(PRL2017)
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3NF with polarized deuteron beams (PRC 2017)
GT in 132Sn (PRL 2018)

Probing the Symmetry Energy with the
Spectral Pion Ratio Heavy-ion collisions

(PLB 2020, 2021, PRL 2021)

Neutron correlation:
Deformed halo nuclei 31Ne 3’Mg
(PRL2009, 2014)

Two-neutron halo 2°F (PRL 2020)
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Vietnamese Activity at RIBF
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Challenge to solve the radioactive waste problem

——

ImPACT (2014-2018) R&D grant under the Cabinet in Japan

“Reduction and Resource Recycling of High-level Radioactive Wastes through Nuclear Transmutation”
(https://www.jst.go.jp/impact/en/program/08.html)

How to reduce long-lived fission products with accelerators?

Nuclear Data at RIBF Database at JAEA

Nuclear Reaction Data@RIKEN RIBF 2014-2017

Nuclear Reaction Database: JENDLE/ImPACT-2018

Proton-, neutron-induced reactions
up to 200 MeV
17pd + p at 196 MeV/u, Wang et al. (2017) %3¢ & p at 105 MeV/u, Kawase et al, (2017)

1., ). of Nucl. Sci. and Tech.,
47889

e Simulation with PHITS code

Transmutation Strategy
i Accelerator performance requirec

High-B section
(100MHz)

ssmsammes | 1-ampare deuteron linac
755 to produce high-energy neutrons

Okuno et al., Proc. Jpn. Acad., Ser. B 95 (2019), 430

HS, “ImPACT under RIKEN Nishina Center”, Nuclear Physics News 31, issue 3, 26-29
http://www.nupecc.org/npn/npn313.pdf



Can human beings freely recreate elements?

The nuclear chart explored by RIBF intensity-upgrade

Expansion of the nuclear chart
with

both intense

Fast radioactive beams +
Low-energy radioactive beams
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Challenge 1: Pathway towards reduction of the radioactive waste
not only long-lived fission fragments but also minor actinides
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RIBF upgrade for higher U intensity

Present Acceleration Scheme

11 MeV/u 51 I"u"le"u"fu
28GHz RRC fRC

SC- ECRIS
Rl LAC2

He 5tr|pper Rot C stripper
35+=64+ (~20%) 64+=86+ (“30%)

~toBighips 100 pnA

Large loss at the strippers : transmission efficiency is about 6% X20

Upgrade plan

28GHz RRC fRC IRC
SC-ECRIS CSR1
RILAC2
lon-source
upgrade X2

Charge Stripper Rings : beam recycling technology
to increase transmission efficiency by a factor of 10

Requesting the construction budget now




Summary

RIBF is one of the world leading facilities in low energy nuclear physics

RIBF is maximizing discovery potentials and research opportunities
in low-energy nuclear physics as well as nuclear engineering,
especially for the radioactive waste problem

RIBF intensity upgrade plan is at the top priority of Nishina Center
to further strengthen the RIBF facility
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