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Radioactive Isotope Physics
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Radioactive Isotope Beam Facilities Worldwide

238U 3.5X10' /s @ 1500 MeV/u
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Knockout reactions in inverse kinematics
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Knockout reactions in inverse kinematics

Yy detector Different hammers éi%

Particle detector 6 /‘b 9Be/12C target



Knockout reaction with the Be/C target
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Knockout reactions induced by proton target
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A7 I VBV (9 118 Thick liquid hydrogen target + Proton Tracker
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MINOS: 15 cm LH2 target + TPC Proton tracker
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Gain in luminosity: 5~10 times while maintaing the E, resolution
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Study of exotic nuclei with thick LH2 target
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First observation of NV = 34 subshell closure below Z = 20

SK intensity: 1.0 pps

7 day beam time: 438 counts of >>Ar
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Setup for QFS measurements worldwide
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ﬁ LH2+TPC LH2+S1 tracker LH2+Si tracker
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Silicon tracker

Reaction chamber

STRASSE@SAMURAI
under construction

LH2 @ JINR (in use)
(b) i Cryostat

= | HIAF (under construction @ BNU)
R3B@GSI/FAIR (in use) ExPRT@FRIB (under construction)



Structure of the LH2 target system
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Target cell: Thin window
LH2 at 20 K, Operated in vacuum

Continous data taking: ~ 1 month
Remote control




Limitations of MINOS+DALI2
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Limitation of MINOS y-ray spectroscopy (MINOS+DALI2):
¢ Moderate Vertex resolution: 4.5 mm (FWHM) 10% (FWHM) resolution at 1 MeV

% Unsatisfactory angular resolution: >16 mrad Target radius: 26 mm +2mm Al chamber...

No missing mass spectroscopy @ 16



Development of STRASSE (LH2+Si Tracker) since 2019

H. N. Liu*, F. Flavigny et al, EPJA 59, 121 (2023).  Iotal electronics channels: 17358
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Missing-mass efficiency
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Development of STRASSE (LH2+Si Tracker) since 2019
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H. N. Liu*, F. Flavigny et al., EPJA 59, 121 (2023).

~ 60 collaborators from
16 institutes/universities

Si1 tracker
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=> for (p,2p) and (p,3p) reactions at RIBF

STRASSE MINOS
Vertex res.: 0.5 mm (FWHM) S mm (FWHM)
Angular res.: S mrad in o 16 mrad in ¢
Missing-mass res.: <2 MeVino S MeV in ¢
Momentum res.: 3~5 MeV/c 40 MeV/cin o
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Approved experiments with STRASSE at RIBF (~8 exp./ 60 days)

NP2512-SAMURAI84 |H. Liu First in-beam gamma spectroscopy of 48S 70Zn 345 MeV/u |6.5 days
Study of de-excitation of 1°N*, 1507, and 160" for
Y. Nakajima new neutrino observation at giant water 180 230 MeV/u  [4.5 days
Cherenkov detectors
NP2412- Halo structure of the isomeric state 12Be(0,*)
Z.H.Y . . 180 250 MeV 5.5d
SAMURAI67R1 ang probed by using a tertiary isomer beam eV/u ays
NP2312- V.Matsuda |and colcium rsotopie chams weing o] || S N3
SAMURAI75R1 ' : - S MeV/u ey
reactions
NP2212-SAMURAI74 |K. Miki Correlations in multi-neutron systems 180 250 MeV/u |11.5 days
. . N .
NP2112-SAMURAI65  |H. Liu search for the first excited 0 state In the 70Zn 345 MeV/u 6.5 days
doubly-magic nucleus >*Ca
H H H - 16 48
NP2112-SAMURAIGO | A. Obertelli Momentum distribution of deeply-bound O, 48Ca 345 9.5 days
nucleons MeV/u

NP1812-SAMURAI47

T. Nakamura

Multi-neutron 4n and 6n states in extremely
neutron-rich nuclei beyond the neutron drip
line

180 345MeV/u

Apr 2024, 5 days




High Intensity Heavy-ion Accelerator Facility

Beam energy: Hundred MeV/u~A few GeV/u

Booster Ring:
Circumference: 569 m

Rigidity: 34 Tm  HIRIBLL

Energy | Intensity
(GeV/u) | (ppp)

2.0x1012

Spectrometer Ring:

Ci f 1 277.2
ircumference m 18()6+ 2.6 6.0x10M

BKr!* 1.7 3.0x101

209Bj31* 0.85 1.2x1011

23835+ 0.835 1.0x101!

Superconducting lon Linac:

Length: 180 m
Energy: 25 MeV/u (238U34+)

Booster Ring

Fast ramping operation
Repetition rate:3 Hz



Developing a Multi-platform LH, target for(HIAF

External target RIKEN-MOST grant
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= 1~1.3m

The MULAN target @ HIAF
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Summary
The LH2 target is a powerful tool in the study of RI Isotope Physics.

Development of the STRASSE system at RIBF
=» Simutanious in-beam gamma and particle spectroscopy

Development of the MULAN target system at HIAF
=>» Exotic nuclear structure in heavier mass region & SRC study

MULAN target for HIAF

Preparing target cell for Hyperon-Nucleon Spectrometer
, MINOS@RIBF STRASSE @ RIBF

Silicon tracker

LH2+TPC
Spoiled angular
resolution

Y spectroscopy

H.N. Liu et al., EPJA 59, 121 (2023) H. N. Liu, Front. Phys (2026)
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