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Accelerator facilities for nuclear physics
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KEK — TRIAC and technology transfers
KISS — new project with multi-nucleon transfers
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KEK started KISS at RIKEN RIBF.

SCRIT (e - Rl scattgring)
Decay al RIKEN RIBF

measurem
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(selective) laser ionization of MNT™ products

M. Wakasugi et al., NIMB 317 (2013) 668

* Multi Nucleon Transfer
by Rl beams (in future)



CNS, U. Tokyo — CRIB and a new low energy beam line (OEDO?)
+ recent highlights

CNS (Univ. Tokyo)

Secondary (RI) beam

CRIB (~5 MeV/nucleon RI beams)

Rl beam

* Optimized Energy Degrading Optics for Rl beam



CRIB* uses ~10 MeV/nucleon beams from the AVF injector of RIKEN RIBF.

* CNS Radio-Isotope Beam separator
operated by CNS (Univ. of Tokyo0), located at RIBF (RIKEN Nishina Center).
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OEDO reduces the beam-spot size using the arrival-time difference

by an RF deflector (synchronized with the cyclotron RF)

even with a large energy-loss in the degrader (e.g. 200 - 20 MeV/nucleon)

to realize (versatile) fragmentation-based degraded beams of tens MeV/nucleor

bunched beam from cyclotron

@ Installing RF deflector
Microbunch structure of Cyclotron ~ 18 MHz
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@ CNS built SHARAQ spectrometer at RIKEN RIBF.

(®He,®Be) — double charge-exchange -- on 4He to study 4-neutron unbound states

Search for Tetra-neutron resonance

In normal kinematics (missing mass measurement by detecting 8Be)

unstable nuclei ‘He
a . 9\/ \> He
A A 4n scattering state
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RCNP, Osaka Univ. — Rl beams by fragmentation, direct reactions

RCNP, Research Center for
Nuclear Physics, Osaka
University




RCNP Cyclotron Facility

June 2015 EURORIB'15 . .
Courtesy of Nori Aoi



RCNP Cyclotron

Facility

g
K400
Ring Cyclotron
pol p 400 MeV
‘He 140 AMeV
Light heavy 1on 100 AMeV (~10 AMeV)
Heavy ion
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"‘EN" beam line
(fragment separator)

e.g.
5.5 MeV/nucleon "N beam by °Be('80,'’N) at 9.3 MeV/nucleon < bypass of AVF
high-spin (23/2+)isomer in 135La €« ”N+'24Sn fusion
A. Odahara, reported in ARIS2014




RIKEN RIBF - current status and its upgrade programs under discussion

Nishina Center, IKN

Rl beam




RIKEN RIBF (RI Beam Factory) -- fragmentation-based Rl bems (1990- / 2007-)

RIBF — a new generation RIB facility in operation
with world highest capability of providing Rl beams in coming years!
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RIKEN RIBF (RI Beam Factory) -- fragmentation-based Rl bems (1990- / 2007-)

RIBF — a new generation RIB facility in operation
with world highest capability of providing Rl beams in coming years!
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Nuclear chart potentially covered by RIBF

M fission + fragmentation of 238U beams
fragmentation of other beams
--- 1 particle/day by 1ppA primary beam
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110 (40 new) half lives measured
EURICA + WASABI

many r-process nuclei
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Lorusso, Nishimura, et al., PRL 114, 192501 (2015)
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Low-lying states measured by deexcitation y-rays with DALI2
direct reactions (inelastic, nucleon removal, ...)

Obertelli (Monday)

reaction product /% o &
“Ca (identified) (" &§ @
\ w O
SRC S W-i’_;-
TS et

i {] O° o=
70Zn primary beam ;;iﬂf }}r 2ndar
< o F

secondary beams
Including >°Sc

production
target (Be)

projectile fragmentation

wa

v-ray measurement
186 Nal(TI) schintillators
with Doppler-shift correction

June 2015 2 OgtRor1B'15



2TF+C>260*>240+2n ----- one neutron removal (knockout)

Being analyzed.

_ (unbound) states in 260
E.(*°0,,)<50keV (preliminary)
A lower limit will also be obtained.
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Equipment and detectors under construction — mass measurements
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RIB Facilities in Japan™
* mostly in-flight

KEK — TRIAC and technology transfers

KISS — new project with multi-nucleon transfers
CNS, U. Tokyo — CRIB and a new low energy beam line (OEDO)
RCNP, Osaka Univ. — Rl beams by fragmentation, direct reactions

RIKEN RIBF - current status and its upgrade programs under discussion
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Announcements

RIPS-25 Dec. 6-7, 2015, Hayama (near Tokyo)
Small symposium celebrating 25 anniversary of
the RIKEN Projectile Fragment Separator (RIPS)
“Physics with Fragment Separators”
hitp://indico2.riken.jp/indico/conferenceDisplay.pyeconfld=1907
(search by “RIPS25 Anniversary”)

NIC XIV (Nuclei In the Cosmos) - June 19-24, 2016, Niigata (Japan)
Symposium on nuclear astrophysics
http://nic2016.|p/

June 2015 SUNOININI



