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短寿命核グループは宇宙における重元素合成過程の解明を研究の柱とし、素核研・和光原⼦核科
学センター(WNSC)を研究基盤として研究活動を進めている。WNSC は、理研 RIBF 施設内に
独⾃の短寿命原⼦核研究施設 KISS を運営し国内外の研究者に対して共同利⽤実験環境を提供
すると同時に、それを⽤いた短寿命原⼦核の分光研究と、KISS 及び他のRIBF 施設の装置(GARIS, 
BigRIPS-SLOWRI)において多重反射型⾶⾏時間測定式質量分光器（MRTOF-MS）を⽤いた網
羅的質量測定プロジェクトを推進している(図１)。 
重元素の起源の研究において、実験原⼦核からの寄与は、合成に関与する千種類以上の原⼦核

（その多くは未知の短寿命原⼦核である）を⽣成・分離し、質量・半減期・励起状態・崩壊様式
などの特性を網羅的に測定することである。 
KISS(KEK Isotope Separator System)は、多核⼦移⾏反応(MNT)を⽤いて中性⼦過剰核を⽣成

し、⼀旦中性化した原⼦をレーザーによる共鳴イオン化することで、元素を選択する。そのイオ
ンを 20 keV に加速したビームを電磁同位体分離器で分離することで、⾼純度の短寿命核ビーム
を⽣成することができ、精密な分光研究が可能となる。さらに、共鳴イオン化レーザーの波⻑か
ら、短寿命原⼦核原⼦の超微細構造や同位体シフトの測定が可能で、電磁モーメントや原⼦核の
荷電半径を原⼦核モデルに依存することなく決定することができる。多核⼦移⾏反応は、核⼦の
“⾜し算”と“引き算”の両⽅が同時に起こる反応なので、標的核およびビーム核の周辺の全⽅向の
原⼦核を満遍なく⽣成できる。とりわけウランの中性⼦過剰核領域は MNT の独断場である。
2023 年は RIBF の主⼒加速器 SRC の⻑期故障により、計画していた多くの実験が実施できなか
ったが、旧施設を⽤いた KISS 実験や、核分裂線源を⽤いたオフライン実験、KISS の Upgrade
計画のための重要な技術開発と試験実験が実施できた。 

 
図 1 KISS および RIBF の GARIS-II, BigRIPS-SLOWRI で WNSC が主体となって研究した核種 
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KISS のUpgrade の計画の要点は、効率・能率の向上と、アクチノイド標的の使⽤による重い中
性⼦過剰核へのアクセスである。前者のために開発を進めているのが、⾼周波ワイヤーカーテン
を装填したヘリウムガスセルであり、後者のパイロット実験として、固定キュリウム標的をガス
セルの直前に設置して反応⽣成核を直接捕集して中性⼦数 N=152 の魔法数性の盛衰を KISS 
Upgrade に先んじて解明しようとしている。 
１．KISS におけるヘリウムガスセル開発 
KISS 装置では、多核⼦移⾏反応によって⽣成された短寿命核を、アルゴンガス中で停⽌・中性
化し、ガス流でセルの出⼝まで輸送し、そこでレーザーを照射し、共鳴イオン化法による元素
選択して真空中に１価イオンとして取り出す。それを 20 kV の静電場で加速し、双極電磁⽯で
質量数選択をすることで、⾼純度の短寿命核ビームを得ている。この「ガス流で輸送」におけ
る⻑い輸送時間による短寿命核の損失と、「中性化と共鳴イオン化」の過程における効率の低下
の課題があった。これらを解決するために、BigRIPS や GARIS 装置で実⽤化しているヘリウ
ムガスセル＋⾼周波カーペットを⽤いて、イオンのままガスセル中で熱化し直流電場と不均⼀
⾼周波電場で⾼速かつ⾼効率に真空中に引き出す構造の試験を開始している。従来型の基本構
造に加えて、ワイヤーを⽤いた⾼周波カーテンをガスセル内部に配置することでより⾼速かつ
⾼効率で引き出すことを期待している。⾼周
波カーテンは、従来の⾼周波カーペットのよ
うに真空隔壁にはならないが、ガスセル中に
設置することでより効率よく輸送できる。こ
れは、偶発的に２本の電極間に⼊ったイオン
でも絶縁物に失われること無く「裏側」に回
り込んで輸送されるからである。 
図２は、KISS の標的周辺部を⽰しており、
この初号機では、反応⽣成物の内、ビームの
右側半球だけ捕集する構造をとっている。 

 
最初のオンライン試験は、198Pt 標的に 136Xe
ビームを照射して標的反跳粒⼦ 198Pt および
多核⼦移⾏反応⽣成イオンを MRTOF 質量
分光器およびβ崩壊観測にて実施した。図３
は、引き出された 198Pt イオンの⼀次ビーム
強度依存性を⽰したもので、100 pnA の強度
でも効率を劣化させずに輸送できているこ
とを⽰している。これは従来のアルゴンガス
セルを⽤いた場合の２倍程度の強度に相当
する。図４は、多核⼦移⾏反応⽣成物の内、質
量数199の同重体の MRTOF の⾶⾏時間スペ
クトルを観測したものであり、⼀部のごく質量が近い同重体を除いて良く分離できていること
がわかる。また、引き出された 199Pt の量は、従来の10倍以上であることが⽰された(Y. Hirayama 
et al., NIM A, submitted)。 

図 3  引き出した標的反跳粒⼦ 198Pt の⼀次ビーム
強度依存性 

図 2  He ガスセルを⽤いた KISS の標的周辺の模式図 

in Fig. 1) toward an acceleration electrode prior to enter-
ing the mass separation system; the typical acceleration
voltage is 20 kV. The use of two SPIGs allows for dis-
sociation of molecular ions [32] by applying sufficient
DC bias between SPIG1 and SPIG2 [2].
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Figure 1: Schematic view of the KISS front end. The boundaries of
the four differentially pumped rooms are indicated by thick green, red,
blue and black lines. The details of the helium gas cell are shown in
Fig. 3

2.1. Proto-type helium gas cell with RF wire carpet

We have manufactured a prototype gas cell to study
the performance of the RFWC for transporting ions pro-
duced in MNT reactions. Figure 2 shows the stopping
distribution of the typical MNT product 199Pt (T1/2 =

30.8(2) min) [33] in the prototype helium gas cell,
whose bounds are indicated by the black lined boxes,
assuming helium pressure of 10 kPa at room tempera-
ture (300 K). The helium gas cell has a small volume
(12 L, chamber inner size : 220 mm in height (Z axis
in Fig. 2), 200 mm in length (Y), and 290 mm in width
(X)). The gas cell’s aforementioned polyimide window,
through which the MNT products are implanted, is 5 µm
thick with an area of 100 mm × 100 mm. The window is
gold coated (∼10 nm thickness) on both sides to prevent
charge up by the implanted beam, which could affect
ion transport inside the gas cell.

With the primary beam along the vertical axis (red
line) as indicated in Fig. 2-(a), the center of the pro-
duction target (green line) is located at the origin.
The kinematics of 199Pt particles was calculated by the
GRAZING code [8], while energy losses in the poly-
imide window and helium gas were calculated using the
SRIM2008 code [34]. The gas cell can accept 33% of
the MNT production cone, with 60% of the impinging
MNT product particles passing through the polyimide
window. Due to the large energy spread of the MNT
products, the stopping efficiency at this pressure is lim-
ited to 20%. The stopping efficiency calculations pre-
sumed that ions which did not stop in the helium gas

hit the wall of the gas cell and were lost. As a result,
it should be possible to collect up to 4% of the MNT
products emitted from the production target.
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Figure 2: Stopping distribution of 199Pt in a helium gas cell assum-
ing a helium pressure of 10 kPa at room temperature (300 K). (a) top
view, and (b) side view. The red arrow indicates the primary beam
trajectory, while the green lines represent a part of the rotating tar-
get. The gas cell’s polyimide window is indicated by the pale blue
line/box, while its inner wall is indicated by the black lined boxes.
Two RFWCs and extraction RFC are indicated by brown and pink
lines, respectively.

Figure 3-(a) shows a cross-sectional schematic view
of the new helium gas cell. A rubidium (Rb) thermal ion
source is installed inside the gas cell to study the perfor-
mance of the gas cell in off-line tests. The MNT prod-
ucts implanted into the gas cell through the polyimide
window will stop in the gas cell as shown in Fig. 2. The
stopped ions are transported by a DC “push field”, in-
dicated by yellow arrows in Fig. 3-(a), toward the gas
cell center plane (XZ plane at Y = 120 mm in Fig. 2-
(a)) where two sequential RF wire carpets (indicated by
brown color in Fig. 3-(a)) are located.

Figure 3-(b) is a photograph of one module of the RF
wire carpet. The module consists of 224 BeCu wires
with 0.1 mm in diameter, with an inter-wire pitch of
0.6 mm; its active area for ion transport is 170 mm
along the wire length and 135 mm across. We chose to
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charge state of elastically scattered 198Pt ions extracted
from the new KISS helium gas cell before sending them
to the MRTOF-MS measurement station, we measured
the mass spectrum of ions extracted from the helium
gas cell by scanning the magnetic rigidity of the dipole
magnet and counting ions using the 2D-MCP detec-
tor inserted into the beamline. As shown in Fig. 9-
(a), two intense peaks stand out from the background,
A/q=197 and A/q=198. After transporting the beam
to the MRTOF-MS it was determined that these were
predominantly 197Au and 198Pt. The former being either
elastically scattered from the coating of the gas cell win-
dow by the implanted beam or ablated from the wires
of the extraction carpet by elastically scattered 136Xe
particles which are too energetic to be stopped. The
198Pt were elastically scattered from the production tar-
get. The spectrum from which the 198Pt was identified
is shown in Fig. 9-(b); in addition to 198Pt2+ a greater-
than-expected amount of 198Hg2+ was observed.

To study the ion transport in and ion extraction from
the gas cell under the conditions induced while imping-
ing the energetic heavy-ion beam on the production tar-
get, we first determined the extraction efficiency of the
elastically scattered 198Pt+. This initial study of the new
helium gas cell’s performance was made at a moderately
cryogenic temperature of 220 K. Of the 4% of the 198Pt
particles which were anticipated to be able to enter and
stop within the gas cell, and the ≈1% of the stopped
particles were extracted during target irradiation with
a primary beam intensity of ≈ 27 pnA. This is an or-
der of magnitude higher efficiency than that achieved
through laser ionization with the argon-filled gas cell
[2], but was considerably lower than the ≈ 80% effi-
ciency measured using Rb ions in off-line tests. The
most salient explanations would be losses from charge-
exchange with contaminants and performance being in-
hibited by space charge effects that distort the drift field.

Then, to study the effect of space charge on extrac-
tion efficiency, we measured the number of identified
198Pt2+ as a function of the primary beam intensity. The
results, given in Fig. 9-(c), show that the count rate of
198Pt2+ linearly increased with increasing primary beam
intensity from ∼1 pnA up to at least 100 pnA – twice
the maximum intensity which can be used with the ar-
gon gas cell [2]. The linear behavior indicates that the
He+ (∼1014 /cm3/s) created by the elastically scattered
particles probably are not responsible for the reduced
ion transport efficiency and the likely culprit should
be charge-exchange losses from which the alkali Rb+

would be largely immune.
In comparison to the KISS argon-filled gas cell, we

see an order of magnitude increase in the extraction ef-
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Figure 10: Measured TOF spectrum of A/q = 99.5 by using the
MRTOF-MS at the gas cell temperature of (a) 220 K and (b) 110 K.

ficiency and confirm the primary beam intensity can be
increased by at least a factor of 2 by using the RFWCs
in the cryogenic helium gas cell. With future improve-
ments in the acceptance of the gas cell, the reach of
KISS can be significantly expanded from its current lim-
its.

4.2. Extraction of 199Pt+

We next extracted the MNT product of 199Pt+ from
the gas cell. In an initial measurement, performed in the
same period as the study of 198Pt, we extracted 199Pt+

with the gas cell temperature of 220 K. The extraction
yield of 199Pt ions was measured by detecting the de-
cay β-rays at the KISS detector station [3], and the ex-
traction efficiency for 199g+mPt2+ was determined to be
≈ 1%, the same as was seen for 198Pt2+.

The TOF spectrum for A/q = 99.5 ions undergoing
803 laps in the MRTOF-MS at that time is shown in
Fig. 10-(a). We observed weak peaks consistent with
199Pt2+ and 199Pb2+ together with strong peaks identified
as 199Hg2+ and H198Hg2+; the identification was con-
firmed by a second measurement in which A/q = 99.5
ions underwent 804 laps. The H198Hg+ was probably

9

scanning the magnetic rigidity of the KISS dipole mag-
net.

Figures 8-(a) and -(b) show the measured mass-to-
charge spectra of ions induced by the α source which
were extracted from the helium gas cell at 300 K and
70 K, respectively. At 300 K we observed many intense
ion peaks (blue spectrum in Fig. 8-(a)) during the irra-
diation. As a cross-check, the mass-to-charge spectrum
was measured at 300 K with the α source moved out of
place (black spectrum in Fig. 8-(a)) and as expected we
observed no peak, confirming that these ions are pro-
duced by the irradiation. The measurement with irradi-
ation was repeated with the gas cell cooled to 70 K. As
can be seen in Fig. 8-(b), such cooling drastically sup-
pressed formation of impurity ions of heavier molecu-
lar ions. The enhancement of some of lower A/q ions
could be the result of enhanced survival of metallic ions
emitted from the chamber wall by α-particle implanta-
tions. Of particular value for the planned future study
of N ≈ 126 and actinide nuclides, these off-line studies
confirmed that with sufficient cooling there were no ion
peaks in the region of A/q = 100–220 where we expect
to observe ions of the MNT products.

4. On-line experimental results

We conducted on-line experiments to further study
the performance of the RFWCs installed in the cryo-
genic helium gas cell. The elastically scattered
198Pt+ and the MNT product 199Pt+ were produced
by impinging a 136Xe20+ beam with an energy of
10.75 MeV/nucleon onto a rotating 198Pt target (91.63%
purity and 12.5 mg/cm2 thickness). The beam intensity
was varied to a maximum intensity of 100 pnA. Ions of
198Pt and 199Pt were identified using the KISS MRTOF-
MS and the β-decay detectors, respectively, installed at
the end of KISS beam line [3] to measure the extraction
efficiencies for these ions.

The MRTOF-MS station consists of a windowless
gas-cell-based ion cooler-buncher (GCCB) [41], a suite
of three RF ion traps, and a ∼50 cm long MRTOF-MS.
The GCCB is filled with helium gas to a typical pres-
sure of P ≈ 150 Pa at room temperature. Ions delivered
from KISS enter through a small aperture, and the col-
lisions with atoms of the diffuse helium gas efficiently
convert the 20 keV KISS beam to a thermal ion beam
amenable to ion trapping. Due to electron stripping dur-
ing the collisions with the helium gas in the GCCB, el-
ements whose second IP is below helium’s first IP [24]
have been observed to be dominantly extracted as dou-
bly charged ions (i.e. 198Pt+ is injected and 198Pt2+ ex-
tracted).

The combined efficiency of the GCCB and MRTOF-
MS was evaluated in off-line tests with 85Rb+ delivered
from the new helium gas cell prior to the online exper-
iments. It was found that the combined efficiency was
≈ 2% when the MRTOF-MS achieved a mass resolving
power of m/∆m = 400 000.

4.1. Extraction of 198Pt+

The charge state of which TLF ions will be extracted
from the helium gas cell is highly dependent on the
cleanliness of the system, which cannot be inferred by
use of the alkali Rb+ at off-line tests. To check the
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Figure 9: (a) Observed A/q spectrum measured by scanning the
magnetic rigidity of the KISS dipole magnet. (b) TOF spectrum of
A/q = 99 measured at the MRTOF-MS when the magnetic rigidity
was set to transport A/q = 198 ions. (c) Yields of 198Pt2+ measured
as a function of the primary beam intensity.
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図 4  反応⽣成粒⼦ 199Pt および同重体イオンの TOF
スペクトル 

図 5  360 度⽅向を受容できる新しいヘリウムガスセル 

2.2.3. Helium gas cell  
The reaction products from the 

target are injected into a 
doughnut-shaped helium gas cell 
through a polyimide window. 
Figure 9 shows a schematic view 
of the gas cell. They are 
decelerated by ionizing the 
helium gas, and thermalized as 
ions because the high ionization 
potential of 24.6 eV of the helium atom. Those ions are quickly transported by a static electric 
field, radio-frequency wire carpet (RFWC), and radio-frequency carpet (RFC) to the exit. The 
incident beam is transported downstream through a beam pipe to prevent helium gas from being 
ionized by the incident beam. As a result, it becomes possible to input a beam with an intensity 
of about 100 pnA with the elastic scattering particle incidence of about 107 pps into the helium 
gas cell, corresponding to generation of He2+ ions at the density rate of 10ଵସ cmିଷsିଵ. We have 
been developing a helium gas cell, and the extraction efficiency of 1% was achieved for 
thermalized ions with a prototype gas cell using 100-pnA 136Xe beam.  
2.2.4. Ion extraction system with MRTOF-MS 

Ions, which are extracted from the gas cell as a continuous beam at a voltage as low as 10 V, 
are transported by radio-frequency quadrupole ion guides and a quadruple mass analyzer, which 
avoids dense light ions to be transported to the downstream. Those ions are bunched in a radio-
frequency quadrupole trap (RFQ) as a pulsed beam, and accumulated in a flat trap with thin 
helium gas. They can be ejected in two directions perpendicular to the incident direction. On one 
side, they are accelerated with a voltage of 2 kV by a pulsed drift tube and subjected to immediate 
mass measurement using an MRTOF-MS. On the other side, they are accelerated by a pulse drift 
tube at a voltage of 20 kV and transported to the downstream beamline through an electrostatic 
deflector. We have accumulated know-how on handling technology for slow radioisotope (RI) 
beams at the existing facilities of KISS, SLOWRI, and GARIS-II. 
2.2.5. Variable mass range separator 

We will develop a variable mass range separator that can select and transport multiple mass 
numbers simultaneously, and measure various produced nuclides at once by combining it with 
isobaric identification using high-precision mass spectroscopy using an MRTOF-MS for effective 
use of valuable beam time. The device consists of two electric quadrupoles, two dipole 
electromagnets (deflection angle of 45°, radius of 1.3 m), and five quadrupole electromagnets. It 
achieves a mass resolution of about 600 and a mass dispersion of about 14 mm/% at the mass-

 
Figure 9. Schematic view of helium gas cell. 

高周波カーペット

高周波ワイヤカーテン



このように、⾼周波ワイヤーカーテンを⽤いたヘリウムガスセルは、より⾼いビーム強度で運
⽤できると同時に効率も⾼く、従来に⽐べて遥かに⾼収量が得られることが⽰せた。レーザー
イオン化のような元素による分離ができていないが、MRTOF と組み合わせることで同重体を
分離・識別することができるので、質量測定などの実験では同時にすべての同重体を測定でき
ることが可能になり、⾼い能率が期待できる。現在、360 度の全周⽅位に⾼周波ワイヤーカー
テン張り巡らしたドーナツ型 He ガスセルを製作中であり(図 5)、いよいよ r-過程研究の核⼼
部である中性⼦数N=126 近傍の中性⼦過剰核の測定に向かう計画である。 
 
2. キュリウム標的を⽤いた多核⼦移⾏反応のパイロット実験 
r-過程の終焉やウランの起源を探査
する上で、アクチノイドの中性⼦過
剰核の研究は⽋くことができないに
もかかわらず、従来の反応では到底
アクセスすることはできなかった。
KISS の発展計画では、⾼強度のウラ
ンビームとアクチノイド標的を⽤い
た多核⼦移⾏反応によって、この領
域を⼀気に開拓することを計画して
いる。そのパイロット実験として、
GARIS 装置において固定キュリウム標的を使⽤
した実験を準備している（図６）。ガスセル直前
に標的を置き、多核⼦移⾏反応⽣成物を直接ヘリ
ウムガスセルに⼊射して、MRTOF で測定するこ
とで、微弱な⼀次ビームでも相当数のアクチノイ
ドの中性⼦過剰核の発⾒と精密質量測定が期待
できる（図７）。この実験の準備として、natPb 標
的とXe ビームを使⽤した試験実験を遂⾏した(S. 
Kimura et al., NP2212-RRC78)。 
図８は、MRTOF で観測された鉛の安定同位体
207Pb の標的反跳粒⼦のビーム強度依存性を調べ
た測定で、 1 pnA 程度の⼊射ビームでは効率の
劣化無しに実験できることがわかった。図９は、
核⼦移⾏反応で⽣成された 209Bi が TOF スペク

トルに明瞭に観測されていることを⽰す。この実験で得られた⽣成量 0.21 cps は、期待してい
た値と相違なく、本実験への期待が⾼まった。この原⼦核の領域では、⾃発核分裂の寿命から
Cf, Fm, No において中性⼦数N=152 に強い魔法数性が⽰唆されているが、より軽い Cm やよ
り重い Rf ではそれが消失しているという問題がある。この魔法数は r-過程によるウラン⽣成
経路に重要な意味を持つものであり、本実験による質量測定で Cm, Pu, Np, U同位体での魔法
数性の盛衰を解き明かすことが期待されている。 
 
3. KISS の段階的発展計画(KISS-1.5) 
KISS において⽰された多核⼦移⾏反応の中性⼦過剰原⼦核⽣成に対する有効性と、MRTOF の 
質量測定および核種同定能⼒の⾼さは世界の注⽬を集めており、世界中の相当数の加速器施設

Experimental setup
GARIS-II will be used as a beam transport line with vacuum condition.
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Brief description of the experimental method and setup. Please include potential difficulties 

if any. 

 
To access the neutron-rich actinoid isotopes we will use the multi-nucleon transfer 
reaction of a 248Cm target. A large neutron number of 248Cm enable to produce the 
neutron-rich actinoid isotopes beyond the N = 152 line with a reasonable production 
rate. The experiment will be performed with a cryogenic He gas cell (GC) setup and a 
multi-reflection time-of-flight mass spectrometer (MRTOF-MS) at the E6 experimental 
room located on the downstream side of the RRC. The schematic view of the setup is 
shown in Fig 1. The GC has installed the focal plane of GARIS-II; we will use GARIS-II 
as a beamline with vacuum condition and will need an additional beam monitor just 
before the GC.  
 

 
Figure 1. Schematic view of the experimental setup 

 

The result of yield estimation of the isotopes of interest is shown in Fig. 2, which is 
based on the GRZING calculation and assumed the condition of 1 pnA 238U beam and 
500 µg/cm2 248Cm target. To confirm the existence of N = 152 deformed subshell closure, 
the precision of δm~100 keV is required. Considering the mass resolving power of the 
MRTOF-MS, Rm = 500,000, more than 20 counts for each isotope are needed to satisfy 
the requirement. Thus, we need an 6-day beam time for the mass measurements.  
The commissioning experiment was carried out with a multi-nucleon transfer reaction of 
136Xe+natPb. The doubly charge ions of A=207 and 209 series were successfully extracted 
the GC. Figure 3 shows the time-of-flight spectrum of A=207 and the primary beam 
dependence of its counting rate. The linear trend is observed up to 0.9 pnA at the FC 
and indicates that the experimental setup can accept the primary beam intensity we 
need. 

He GC

Target cassette（target ＋ 2 × degrader）

Beam dump

Slit

FC

GARIS-II 
Focal plane chmaber GC chamber

MNT products

Primary beam
MRTOF-MS

Slit
GARIS-II  
bulkhead

248Cm標的
RFカーペット

図 6 キュリウム標的使⽤の多核⼦移⾏反応パイロット実験装置概念 

Yield estimation of 238U+248Cm reaction

<latexit sha1_base64="HorlhRgRMeZpUPnbOsP6ggmQJCQ="></latexit>

YMRTOF = � ⇥ I238U ⇥ T248Cm ⇥ CSFL ⇥ "ColStop ⇥ "Overall
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図 7 1pnA の微弱 238U ビームと 248Cm により⽣
成される中性⼦過剰アクチノイド同位体 

NP2212-RRC78

 

Figure 2. 	 Nuclear chart around the isotopes of interests. Color-contour and a number 
written in each isotope represent the estimated yield at the MRTOF-MS. The 
boundaries of the known mass, known isotope, and accessible isotope are represented 
by dashed-, bold-, and dotted lines, respectively. The isotopes with the red- and 
black-colored ellipses are the main measurement targets. The black-colored ellipse 
means that there remains difficulty in the event identification via mass only.  
 

 
Figure 3. (Left) Time-of-flight spectrum of A=207 series. The dashed lines show the 
expected position of each isotope based on the Atomic Mass Evaluation 2022. (Right) 
The primary beam dependence of A=207 series counting rate. The primary beam 
dependence of A=207 series counting rate. The dotted line is a linear fit for a guide to 
the eye. 
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• Dependence of the gas cell extraction efficiency on beam intensity 
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図 8 標的反跳粒⼦ 207Pb の⽣成量の⼀次ビーム強度依存性 

 
図 9 核⼦移⾏反応⽣成物 209Bi の ToF スペクトル 

NP2212-RRC78
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209Bi2+



において同様の計画が進みつつある。現在のリードを保ち、r-過程の終焉の解明に⼤きな寄与
するべく、KISS の発展計画をすすめている。当初、KISS-II計画として、超電導ソレノイドに
よる⼀次ビーム強度の増強、⼤型⾼周波ガスセルによる効率の⼤幅向上、複数質量数選択型同
位体分離器および MRTOF による測定能率の向上から、１万倍強の性能向上を⽬指していた。
しかし、科研費等の外部資⾦では届かない計画なので、まずは、超伝導ソレノイド無しで、KISS
の 100-1000倍の性能を⽬指した計画、通称 KISS-1.5 計画を実現するべく、特別推進研究（代
表：渡邉裕）に申請している。図 10 は、KISS-1.5 計画の装置配置図を⽰す。現在の KISS 装置
の隣のビームラインを利⽤することで新しい装置の開発と並⾏して実験を実施することがで
きる。 

 
 

4. KISS の発展計画で期待される新同位体 
多核⼦移⾏反応と独⾃の⾼効率・⾼能率の精密質

量測定とそれによる同位体の同定により、アクチ
ノイドの中性⼦過剰側だけでも、200 核種以上の新
同位体の発⾒が期待できる（図 11）。この領域はこ
れまで他所でアクセスできなかった「ブルーオー
シャン」たる所以である。網羅的精密質量測定から
様々な核構造の指標が得られるが、とりわけ質量
の⼆階差分から勘定できる⼆中性⼦殻空隙エネル
ギーは、中性⼦魔法数の良い指標となっており、そ
れは r-過程経路解明の鍵となる性質である（図 12）。 
 

E2 Lab.

E3 Lab.

KISS

Decay spectrometer

MRTOF-MS

(3) Helium gas cell
(4) Ion extraction system with MRTOF-MS

Dipole electromagnet

Argon gas cell

(2) Target system

(1) Beam dump

KISS-1.5: Staging towards KISS-II

Primary beam Overall efficiency Simultaneous measurements Efficacy
KISS 𝟏𝟎 𝐩𝐧𝐀 <0.1% 1 1

KISS-1.5 𝟏𝟎𝟎 𝐩𝐧𝐀 >1% > 10 𝟏𝟎𝟎 ∼ 𝟏𝟎𝟎𝟎

(2) Target system
(3) RF He gas cell (3)RF He gas cell

(4) Ion extraction system & 
MRTOF-MS

(5) Variable mass range separator

(1) Primary beamline
(2) Target system

• Large rotating U target
(3) RF He gas cell

• High-intensity beam 
tolerance

• Collection and rapid 
transportation of reaction 
products as ions

(4) Ion extraction system 
and MRTOF-MS
• Beam bunching and 
acceleration

• Mass measurement
(5) Variable mass range 

separator
• Transport of ions with 
different mass numbers

(6) Secondary beamline
• Beam transport to existing 
measurement systems

Aiming to improve efficacy by 100 to 1000 times without gas-filled solenoid
Applying for Grants-in-Aid for Scientific Research: Specially Promoted Research
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図 10  KISS-1.5 計画の装置構成・配置案 

KEKの旗を100本以上立てる！

https://www.nishina.riken.jp/nuclides/new_isotope.html
2030

KEK?

238U

KISS-II (full spec:ウラン、キュリウム標的使用）
では、アクチノイド領域だけで200核種以上の発
見と精密質量測定が可能。N=152, 162魔法数の
衰勢がウランの生成過程やr過程の終焉に重要な鍵
となる。

※　２中性子殻間隙エネルギーは
質量の２階差分から勘定できる量
で、魔法数性の良い指標である

多核子移行反応と独自の高効率・高能率測定法
により、これまで他所でアクセスできなかった
ウランの中性子過剰側の同位体を開拓する。

図 11  世界トップ５の研究所における１０年ごとの原
⼦核発⾒数（仁科センターWeb サイトより）に加筆 

KEKの旗を100本以上立てる！

238U

KISS-II (full spec:ウラン、キュリウム標的使用）では、ア
クチノイド領域だけで200核種以上の発見と精密質量測定
が可能。N=152, 162魔法数の衰勢がウランの生成過程やr
過程の終焉の重要な鍵となる。

※　２中性子殻間隙エネルギーは
質量の２階差分から勘定できる量
で、魔法数性の良い指標である

r-過程の予測経路

図 12 KISS 発展計画で発⾒が期待できるアクチノイドの新同位体と、核図表全体のΔ2n プロット 


