Recent activities and highlights at the RIBF
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RI Beam Factory

5 cyclotrons + 2 linacs

3 inflight separators
Experimental devices
coupled with BigRIPS

have been completed in FY13
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Prof. Arima and RIBF

1992
1993(-1998)
1994
1995

2004(-2012)

2007

2014

Drs. Yano and Ishihara proposed the RIBF project
Prof. Arima became the President of RIKEN
International Advisory Committee for RIBF
Government approval

RILAC upgraded, UT-CNS RF-cavities installed
and GARIS moved from RRC to RILAC /7_7
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World’s First and Strongest
K2600MeV
Superconducting Ring Cyclotron

400 MeV/u Light-ion beam
345 MeV/u Uranium beam

World’s Largest Acceptance
9Tm
Superconducting Rl beam Separator

~250-300 MeV/nucleon RIB



RI Beam Production at BigRIPS Since 2007

Primary beam intensity 2017
Ca-48 : 750 pnA
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B New isotope 2007, 2008

New isotope 2011

B New isotope 2012
New isotope 2013

B New isotope 2014
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Accelerator Upgrade in 2018-2019

5 cyclotrons + 2 linacs RILAC upgrade

E |an|ght separatt?rs o » || for 119t and 120t
xperimental devices S H E

coupled with BigRIPS and Ca-Zn beams at SRC

have been completed in FY13
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of RRC :
to increase intensity of |
U beams up to 200pnA




Physics with Exotic Nuclei

Shell Evolution : R-process path: Synthesis up to U
magicity loss and new magicity
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(References found in H.S., Front. Phys. 13, 13211 (2018)) |atter
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Shell Evolution

' New Magicity
In-beam gamma and decay spectroscopy of N=34
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.. 78Ni: Xu, PRL 113, 032505 (2014)
Mag|C|ty Loss at NZZO\ 28 78Nj: Taniuchi, in preparation

New magic number N=34 N=82, 750
Double mag|C|ty of 78N (Z:28, N:50) 126p4: Wang, PRC 88 054318 (2013)

1365n: Wang, PTEP 023D02 (2014)

Mag|c|ty at N=82 with Z>46. .. 126128p . \Watanabe, PRL 111, 152501 (2013)

136,138 : Simpson, PRL113, 132502 (2014)




.Yf» Gamma-decay of unbound neutron-hole states in 133Sn
V. Vaquero, A. Jungclaus et al., PRL 118, 202502, 2017
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A gamma-decay of a neutron-hole unbound state at 3.57 MeV in 133Sn is observed.
Neutron emission of a state at 3.66 MeV was observed at ISOLDE (PRL77, 1020, 1996)

Very small overlap between the state of 133Sn and the ground state of 132Sn,
because of double magicity of 132Sn

Concerning the r-process path, not only beta-delayed emission but also gamma-decay

should be considered in network calculation 9



EURICA Achievements (2012-):
Half-lives

Half-lives for 94 n-rich nuclei
Wu et al., PRL 118, 072701 (2017)

E(2*)

Half-life {ms)

Half-life (ms})

1200

Magicity

Z=50 ]

Proton number

Ly SR
........

Half-lives for 110 n-rich nuclei
Lorusso et al., PRL 114, 192501 (2015)
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Indication of a double magic 78Ni
Xu et al., PRL 113, 032505 (2014)
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“Revolution” in the r-process research
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SCRIT Facility for e+RI scattering

Electron beam 150MeV

3 B First elastic scattering from 32Xe
' Tsukada et al., PRL118, 262501 (2017)

El b - 132 ¢ Exp. (Ee=151 MeV)
159(;:;%;Mea\;n — 10°F “Xe target ¢  Exp.(Ee=201MeV)
N < n S Y  Exp. (Ee=301 MeV)
10 ——— 2-param. Fermi
= E ——— Lapikas
= 10 Nu oo L
i -
= 107 E
5 F
S 10—2
S i
-~ 107 | , | , ~i~- ]
0.4 0.6 0.8 1.0 1.2 1.4

q_, [fm™]

Luminosity of 10%27/(cm?s) was achieved
at the e-beam current of 250mA.

Efficiency improvement
More high power beam 10W->1kW
->10%%/cm?/s




Discovery of "?Rb:
A nuclear sandbank beyond the proton drip-line

H. Suzuki et al., PRL 119, 192503 (2017)
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Mechanism of stability enhancement
for the odd-odd nucleus ?



tive f hnologles Program

ImMPACT

Reduction and Resource Recycling of High-level

2014-2018
Program Manager

Radioactive Wastes through Nuclear Transmutation Reiko Fujita

d@ High-level
eprocessing wastes

plant

Separation and

Projecti1

http'//wwszt go. ip/impact/en/program/08.html
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Nuclear Reaction Data

Beam contained various
nuclides including unstable
nuclides

* World's leading facilities enable world's first data acquisition

RIKEN+UT

Cs-135 (2.3 million years™)
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Se-79 (0.3 million years™)
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Stable nuclides or short lived
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Reverse reaction with neutrons, protons,
( pl‘%"ons o j
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[ Muon atomic nuclei capture reaction 3

Pd-107 (6.5 million years*)
Zr-93 (1.53 million years™)

Fast neutron, slow neutron reaction

nuclides

Neutron
Photon

Project2

\
Palladium J Neodymium J Dysprosium J Xenon Barium J; ZiTC Nk J
ontnum Selenium

Transmutatlon plant for practical use

=
Pilot plant for demonstration l
onceptual S& € ~201
Project5
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New Accelerator System

LLFP transformation systems
of reasonable costand energy

Trans
atter
Resonant nuclear transmutation
Effective reactions and systems balance (beam species
or neutrons generation P !

Nuclear transmutation based on strength, energy region, FP
hysical control target materials)

R I K E N Project4

o * Composition of new proflucts
d’ Cross section data

Bulk nuclear simulations

i Project3




Nuclear Reaction Data@RIBF

RIKEN-Kyushu-Tokyo-TITech-Niigata-Miyazaki

Uranium beam
(345 MeV/u)

Beryllium target

ectrometer
Spallation

ZeroDe ree S

107pd @ 50, 100, 200 MeV/u
93Zr @ 50, 100 MeV/u

’9Se @ 200 MeV/u

126Sn @ 200 MeV/u

LLFP beams

SAMURAI Spectrometer
Spallation
79Se, 93Zr@110, 200 MeV/u

Coulomb breakup (y,n)
79,805e 93,947 @ 200 MeV/u

OEDO Device
March 2017 completed

Super conductlng in-flight separato

Efficient production of
low-E Rl beams.

Incomplete fusion reaction
107pd @ 20, 30 MeV/u
37Zr @ 20, 30 MeV/u
Neutron-capture (n,y)
Trojan horse method 77.79Se(d,p) @ 20 MeV/u
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The 215 Century Invention Award, Japan Institute of Invention and Innovation (2018)



