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11-9. Instrumentation

Possibility of ~2 particle nA neutron-rich Xe, Kr beams for exploring
the island of stability

M. Wada*1*2

The search for the “island of stability (IoS),” pre-
dicted to lie beyond known superheavy nuclides (SHN),
is a critical challenge in nuclear physics. Some models
suggest that nuclides within this island could have life-
times comparable to the age of the solar system, making
their discovery in nature conceivable.!) Current SHN
are produced via fusion reactions between stable nu-
clear beams and stable or actinide targets, but the sum
of proton and neutron numbers imposes limitations.
Neutron-rich nuclear beams are required to approach
the ToS. Theoretical predictions indicate that forming
a compound nuclide beyond the IoS could enhance sur-
vival probability by up to 106.2)

Figure 1 shows compound nuclides from realistic
neutron-rich beams (Y093Kr, 140-142Xe) and stable nu-
clear targets, significantly shifting toward the neutron-
rich side and closer to the IoS. Reaction cross-sections
for 140-142Xe 4 150Nd and 140 142Xe + '%4Sm are esti-
mated at nanobarns,® suggesting that 10'© pps beams
could yield one event every five days with a 0.5 mg/cm?
target and 10% detection efficiency.

Henning suggested generating neutron-rich isotopes
through uranium fission induced by #0 beam from the
SRC for ISOL-type experiments.*) A 2 particle A
beam is expected to ignite ~10'* fissions per second,
with 1%-2% branching ratios for 90 93Kr and 149142Xe,
yielding 10'2? neutron-rich isotopes per second for each.

Conventional RI re-acceleration systems encounter
challenges in producing particle nA-level RI beams.
We propose a specialized system targeting noble gases
(Fig. 2): Noble gases evaporated from a porous ura-
nium carbide target are evacuated using a pump and
introduced into an ECR ion source, where they are
ionized to appropriate charge states and energies suit-
able for linear acceleration. The transit time of the
evaporated gas through the ion source is shorter than
1 s. Therefore, short-lived nuclides with lifetimes of
approximately 1 s are viable candidates for accelera-
tion. Based on an electrostatic FODO lattice struc-
ture, a low-energy beam transport (LEBT) system
transports the ions over >100 m to the existing lin-
ear accelerator.”) LINACSs can simultaneously acceler-
ate ions with slightly varying charge-to-mass ratios, and
a QQDQRDQQ achromatic beam transport system en-
ables multiple isotopes to be irradiated together. The
total acceleration efficiency for gas elements can be 1%
considering past results for metallic ions of **Ca (a 0.5 ¢
calcium material continuously provides 1 particle uA
beam for a month, corresponding to a 0.3% throughput
efficiency). Thus, with the above yield, neutron-rich

*1 Wako Nuclear Science Center (WNSC), IPNS, KEK
*2  Institute of Modern Physics, Chinese Academy of Sciences

DOI:10.34448/RIKEN.APR.58-070

Y093 4209 Bj 299302 | | g
90-93Ky 1208 ppy —,298-301 Qg
90793Kr +204 Hg —5294-297 Lv*
90791KT+I9BP[ _,288-291 Fl* A

290f(*$Ca,3n)2%0g ———————o
Y. Oganessian, PRC74, 044502(2006) \ oo A
+ B-stable (KTUY) ‘“PLI(;W] i.4/”’lJ17L\,4. *00
® discovered 1. Gates,PRLI33, 172502(2024) ecee:

) 114

©® direct mass (MRTOF)

29Bi(0Zn, ny?"Nh — g

K.Morica ecal . Phys.Soc.Jpn, 73,25932004) @ 468 +2%8 pu —304 F*

° 9Ca +24 pu -3 FI*
: : Y. Aritomo, PRC75, 024602(2007)
theorist’s suggestion

Db (1] ® 000 0. - 184 28
ANgEEE §
%OOO ..=.== ~ o 140-1420 | 154 Gy —,294-296 [
o O.mO HCEEE L M0-142x 4150 NG —290-292 R

Fig. 1. Nuclear chart for SHN toward the oS region.
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Fig. 2. Sketch of target and ion source configuration.

nuclear beams at 10'° pps (~2 particle nA) can be ir-
radiated on a target to produce SHN.

Identifying SHN remains challenging. For instance,
291F] might have 3- and a-decay half-lives of 10 min
and >5 hours, respectively, making a-decay chain ob-
servations impractical. However, precision mass spec-
trometry using multi-reflection time-of-flight can iden-
tify SHN by mass, simultaneously monitoring multiple
nuclides, making it ideal for rare isotope exploration.®)

Development of targets and ion sources, improvement
of reaction rate predictions, and increased detection ef-
ficiency remain challenges. However, the potential out-
comes are highly significant. Generating neutron-rich
beams with combinations such as AVF and SRC can
enable fragmentation reactions of neutron-rich Kr and
Xe to reach the r-process path in medium-heavy nu-
clides.
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