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   短寿命核グループ活動報告（2021.12.8 報告からのアップデート） 
 
短寿命核グループで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。 
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)を⽤いた世界で唯⼀の低エネ

ルギー短寿命核ビーム施設であり、CERN や TRIUMF 等の施設では困難な⾼融点元素の中性
⼦過剰核を精密分光実験に提供している。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
できるが、その取扱が困難なため、特別な技術開発が必要だった。KISS は、⽣成した短寿命核
イオンをアルゴンガス中で⼀旦中性化し、レーザーによる共鳴イオン化により元素を選択す
る。そのイオンを 20 keVに加速し、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る。その⽐類のない優位性を活かし、継続的に良い物理の成果が
上げられている（図１）。その性能をさらに１万倍に向上させる KISS-II が提案されており、
それを段階的に実現するべく努⼒を継続している。 
 

 

図 1 KISS, GARIS-II, BigRIPS-SLOWRI における WNSC の主な研究成果(星印は本報告で記述) 



 

ウランの新同位体の発見 

KISS において最初のウランビームを使
⽤したテスト実験で、中性⼦過剰の新同
位体U-241の発⾒に成功した。しかも精
密質量測定を伴うものであり画期的であ
る。近年の新同位体発⾒の多くは、⾼速イ
オンビームの検出器中でのエネルギーロ
スと⾶⾏時間によるもので、陽⼦数と中
性⼦数の確認に留まるのに対して、原⼦
核の最も基本的な特性である質量を精密
に決定した発⾒は価値が⾼い。 
ウランの中性⼦過剰同位体は元素の起源
研究に極めて重要にもかかわらず、通常
の融合反応では⽣成することが困難で、
原⼦炉中等での中性⼦捕獲反応で⽣成さ
れた物質を化学分離して同定できるもの
しか発⾒されていなかった。 
KISS では、238U ビームを 198Pt 標的に照
射し、多核⼦移⾏反応によって 238U に中性⼦を加えることができる。多種多様の反応⽣成物か
らレーザーによる共鳴イオン化でウラン元素を選択的に取り出し、質量分離器で質量数の分離
をしたあと、更に MRTOF 質量分光器で同重体を分離できるので、確実に新同位体の同定と質
量測定が可能になる。図２に⽰したのは、KISS-MRTOF で測定した⾶⾏時間スペクトルで、上
がレーザーをウランの共鳴波⻑にセットし、下はネプツニウムの波⻑にセットしたものである。
これらのデータから、ウランの新同位体 241U の発⾒と、その質量を 45 keVの誤差で決定し、ネ
プツニウムの既知同位体 241Np の質量を 31 keVの誤差で初めて決定した。 
この実験結果は、ウラン周辺の中性⼦過剰核の研究に先鞭をつけたものであり、今後の進展を⼤
いに期待させるものである。 
 
カリフォルニウム核分裂片による質量測定 

RIBF の GARIS 装置における MRTOF 装
置(SHE-Mass)で超重元素の質量測定実験
が順調に進⾏しているが、当初その試験の
ために導⼊した 252Cf 線源(9.4 MBq)の核
分裂⽚の質量測定実験も順調に進んでい
る。252Cfは核分裂の分岐⽐が 3%と⼩さく、
97%はα崩壊する。この強⼒なα線によっ
てガスセル内の不純物がイオン化し、強⼤
なバックグランド事象を⽣むため、初期段
階では⼀切核分裂⽚の測定が出来なかっ
た。ガスセルの冷凍温度を下げ、イオント
ラップによる粗質量分離機能、In-MRTOF
質量フィルター機能を導⼊することによって⾒事に核分裂⽚の測定が可能になった。このよう
な線源を⽤いた測定では、供給量が常に⼀定に保たれているため、装置の性能向上や、ビームタ
イムでのオンライン測定時の装置の調整・確認のための強⼒な武器となっている。さらに時間制
限無く測定できるため、既に 300 核種以上の精密質量測定を実施できており、それには複数個
の初測定核種も含まれている。 

TOF spectra of 241, 242U and 241Np at KISS (NP1912-RRC63)

241U   Mass excess : 56,182(45) keV/c2
241Np Mass excess : 54,321(31) keV/c2

242U2+

(241PuH)2+

242Pu2+

242Np2+

Laser off
Laser on
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where traw,i is the uncorrected TOF of each ion in subset
i, while t85Rb and t85Rb,i are the standard TOF of 85Rb
and the fitted TOF center of the ith spectral subset, re-
spectively. This correction method was applied to all the
data presented here.

To determine the masses of observed nuclides, the sin-
gle reference method was adopted. In this method mX,
the ionic mass of nuclide X, is given by Eq. 3:

mX = ρ2mref =

(
tX − t0
tref − t0

)2

mref , (3)

where ρ is the TOF ratio, tX and tref are the TOF of
nuclide X and the reference ion, respectively, mref is the
mass of the reference ion, t0 is the constant time off-
set within the measurement system mentioned above.
The systematic mass error resulting from the uncer-
tainty of the constant time offset δt0 is estimated to be
δ(ρ2)/ρ2 ∼ 10−9 when employing isobaric references [15]
and is negligible in the present study.

The fitting routine of the ROOT package [16] was used
to determine ρ. There is an ambiguity come from the
degree of freedom in the binning process to fit: width and
offset of center. In order to take account their influence,
the systematic error of δρsys,bin = 10−8 [13] was included
as an additional error of each ρ.

Measurements were performed with two different num-
ber of laps, 602 and 604, for each A/q series. The final
results of two measurements belonging to the same A/q
series were obtained as their weighted average,

ρ2 =
w2

602ρ
2
602 + w2

604ρ
2
604

w2
602 + w2

604

, (4)

δ(ρ2) =
1√

w2
602 + w2

604

, (5)

where wi is a weight of each measurement and is defined
by wi ≡ 1/δ(ρ2i ).

The atomic mass of nuclide X, MX, observed as the
qX+ ions, is given by

MX = qX(mrefρ2 +me), (6)

where mref and me are the ionic masses of the references
and the electron rest mass, respectively. For mass values
of the references, AME20 were adopted. The error of the
atomic mass δMX was calculated with

δMX = qXmrefρ2

√√√√
(
Srefδmref

mref

)2

+

(
δ(ρ2)

ρ2

)2

, (7)

where the uncertainty of electron rest mass is ignored.
The coefficient Sref is a scaling factor of δmref for recov-
ering the consistency between the measured mass values
of the ions belonging to the same A/q series. The details
of Sref will be discussed in the later section.

A phenomenological fitting function, based on an
exponential-Gaussian hybrid function [14, 17, 18], was
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FIG. 3. TOF spectra of A/q = 77.5 series. Red lines show
the fit results with the phenomenological fitting function. The
enlarged spectra around the predicted positions of 155Ce are
indicated in the top-left panels.

developed for accurate fits of non-Gaussian-shape peaks.
In the present study, we employed the function:

f(τ) =






(κ/σ) exp
[
ts1(ts1−2τ)

2σ2

]
(for τ < ts1) ,

(κ/σ) exp
[
− τ2

2σ2

]
(for ts1 ≤ τ < ts2)

(κ/σ) exp
[
ts2(ts2−2τ)

2σ2

]
(for τ ≥ ts2) ,

(8)

where tsi indicate the range of each sub-function. The
variable τ is defined as: τ ≡ t − µ, where µ is the peak
center used in the mass determinations. The function of
f(τ) is insufficient to reproduce the shape of peaks, es-
pecially the low-statics parts. To compensate for this, an
additional Gaussian having the parameters being inde-
pendent on tsi, g(τ,κ′, µ′,σ′), was introduced; The phe-
nomenological fitting function for single peak was

F (τ) = f(τ,κ, µ,σ, ts1, ts2) + g(τ,κ′, µ′,σ′). (9)

Herein we set an assumption about the peak shape: the
peaks of the ions belonging to same A/q series have an

図 2 241U2+及び 241Np2+の TOF スペクトル 

図 3 252Cf の核分裂片(A/q = 75.5)の ToF スペクトル 



図３は、質量荷電⽐ A/q=75.5の MRTOF における⾶⾏時間スペクトルで、155Ce は初質量測定
に相当する。このスペクトルには、A=155の同重体の２価イオンに加えて、⽔素付着の A=154
同重体、N2付着の A=127同重体、Ar付着の A=115同位体の２価分⼦イオンが全く同じ条件で
同時に測定できており、その相互⽐較から⾼い確度で質量を決定できている。この⾼確度性から、
⾼精度で報告されている⽂献値の中に、明らかな誤りも複数個⾒出している。 
現在、ToF検出器にβ崩壊を同時に測定できる機能を組み込んだβToF を MRTOF に仕込んで
おり、β崩壊との相関測定をすることで S/N⽐を上げ、現在の測定限界を 1-2 層、より中性⼦
過剰な短寿命原⼦核の測定が可能になることが期待されている。 
 
中性子過剰 Ti, V 同位体質量測定の解析 

RIBF の BigRIPS-SLOWRI 施設の末端に整
備した ZD-MRTOF 装置では、主実験におい
てビームダンプに導かれるパラサイトビー
ムを利⽤した質量測定実験が進⾏している。
2020 年の暮から 2021 年にかけて実施した
実験では、約 70 核種の精密質量測定を実施
し、３核種の初質量測定と１０数核種の質量
測定精度の⼤幅向上が実現できた（図１の紫
印の原⼦核）。それぞれの解析は順調に進ん
でおり、順次出版される予定である。 
図４は、58Ti, 58Vの⽔酸化物イオンの⾶⾏時間
スペクトルであり、それぞれ 3.7 keV, 5.6 keV
の誤差で質量が決定できた。これは従来の測
定データを 50 倍、20 倍⾼精度化したことに相
当する。同様の結果が 55Sc, 56,58Ti, 56-59V にお
いて得られており、この領域の殻構造の理解
を⼤きく変える結果となった。図５に⽰すの
は、質量の２階差分から得られる現象論的殻
空隙エネルギーΔ2n を魔法数および準魔法数
である中性⼦数N=28, 32, 34について、陽⼦
数 18-26 の範囲でプロットしたものである。
Δ2n は、閉殻構造を⽰す良い指標とされてお
り、従来の理解では、Ca 同位体において⾒ら
れていた N=34 の準魔法数性が Ti, V 同位体
でも存在するとされていたことを完全に覆す
結果が得られた。 
この結果は、⾼い中性⼦軌道νd5/2, νg9/2
を含めたモンテカルロ殻模型計算によって⽀
持され、Ti, V同位体で N=34の魔法数性が消
えるのは、これらの⾼い軌道への存在⽐が⾼く
なっていることに起因することが⽰唆された。 
(S. Iimura, M. Rosenbusch et al., arXive :2208.06621) 
 

KISS の段階的アップグレードへ向けて 

KISS の性能を１万倍に向上させて、前⼈未到のウランの起源の解明に向かうべく、KISS-II計画
を⽴案した。詳細なデザインレポート(KEK-Report 2022-2で出版予定)を 2021 年 12⽉に完成
させ、この分野の実験・理論の世界的権威による評価委員会による審査を 2022 年 1⽉ 12⽇、
21⽇に開催し、⾼い評価を得、技術的にも「found no shortfalls in it」と⾼い実現性が担保され
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kurtosis in addition to the location and width parameters
(see the inset of Fig. 2 (a)). An un-binned maximum log-
likelihood method was used to perform TOF fits (using
the RooFit package [43] of the ROOT library [44]), and
a global fitting was performed simultaneously for several
analyte peaks and the mass reference.

The RIs were measured either as direct products from
the incoming beam or as decay products with the beam
components as precursors. For example, in the case of
A = 55, 55Sc was the major beam component (47 %)
while 55Ti, and 55V were produced from �-decay of 55Sc
inside RFGC. The beam composition for the measure-
ments of A = 56 and A = 57 contained 56Ti (50 %) and
57Ti (1%), and for A = 58, 59 the major components
were 58Ti (22 %) and 59V (72 %).

The ions of interest were extracted from the gas cell as
atomic ions and as molecular compounds upon chemical
reactions, depending on the conditions of the RFGC dur-
ing the online commissioning tests. The presence of iso-
baric molecules in almost all spectra has been exploited
for isobaric referencing, and for mass accuracy bench-
marks if two or more well-known molecules were identi-
fied in the same spectrum. In the case of 55ScOH+, no
stable isobaric molecule was available, and 55TiOH+ ions
produced by �-decay have been used as a reference (55Ti
was recently measured at TITAN [2]). The experiment
resulted in the determination of 15 atomic masses, which
are listed in Table. I, and shown with a TOF spectrum
containing the most exotic species in Fig. 2 (a). Our ex-
perimentally determined values of 56�59Cr and 57�58Mn
are consistent with the precisely known values of the
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FIG. 2. (a) TOF spectrum including the most exotic species.
The inset shows a magnified-view of the 58TiOH+ peak to-
gether with the fitting function. The mass resolving power
achieved for the ions of interest was ⇡ 820 000. (b) Mass-
di↵erences between our experimental values (red points) and
the ones from AME2020 (grey bands).

TABLE I. Results of the mass measurements: ion species of
analyte and reference ions, TOF ratio for mass calibrations,
measured atomic mass excess of each RIs, and the mass excess
from AME2020 [45]. The chemical components refer to the
most abundant stable isotope of the element.

Ionx Ionr ⇢t MEexp.[keV] MEAME[keV]
55ScOH+ 55TiOH+ 1.00008196(17) -30853(28) -30840(60)

56Ti+ N+
4 0.999512461(71) -39408.2(7.4) -39420(100)

58TiOH+ C2FO+
2 0.999871654(31) -31442.0(3.7) -30920(180)

55VOH+ 55TiOH+ 0.99994550(68) -49146(92) -49125(27)
56V+ N+

4 0.999446769(59) -46259.6(6.2) -46180(180)
57V+ ArOH+ 0.99988791(14) -44383(15) -44440(80)
58V+ C2H2S

+ 0.999732737(82)
-40306.1(5.6) -40430(100)58VOH+ C2FO+

2 0.999808205(66)
59V+ 59Cr+ 1.00009378(10)

-37802.2(2.8) -37610(140)59VO+ C2FO+
2 0.999773864(47)

59VOH+ CS+
2 1.000118625(24)

56Cr+ N+
4 0.999360129(51) -55295.0(5.3) -55285.1(0.6)

57Cr+ ArOH+ 0.99981107(11) -52536(12) -52525.0(1.9)
58Cr+ C2H2S

+ 0.999624418(45)
-51999.5(3.7) -51991.8(3.0)58CrOH+ C2FO+

2 0.999724521(55)
59CrOH+ CS+

2 1.000045786(33) -48105.0(4.6) -48115.9(0.7)
57Mn+ ArOH+ 0.99976432(14) -57496(15) -57486.3(1.5)
58Mn+ C2H2S

+ 0.999588996(69) -55829.0(5.9) -55827.6(2.7)
59Mn+ 59Cr+ 0.999932535(69) -55524.7(5.0) -55525.3(2.3)

AME2020 as shown in Fig. 2 (b). The mass precision
of six cases, i.e. 56,58Ti, 56�59V have been improved sig-
nificantly in this measurement. All previously precisely
measured atomic masses, using either Penning traps or
the MRTOF-MS technique, are well reproduced by the
new measurements reported in this work.

The most significant impact on new nuclear data from
this work will be briefly summarized in the following. The
atomic mass of 55Sc has been improved by a factor of two,
where the value published in [3] was confirmed. Compar-
ing with AME2020, for 56�59V, major improvements of
the mass uncertainties have been achieved, where 56,57V
have been found to be in agreement to the previously
known values with an improvement of the mass preci-
sion by factor twenty and six, respectively. The new
mass values for 58,59V agree with the previous measure-
ments [26] within two standard deviations � and have
been improved in precision by more than an order of
magnitude. A similar improvement of the uncertainties
has been achieved for 56,58Ti where, however, a sizable
deviation of 2.5 � from the recently reported values was
found for 58Ti. Due to this deviation, the correct identi-
fication of 58TiOH+ as an RI-molecule was additionally
confirmed by time-of-flight spectra using a di↵erent beam
with similar intensity but no content of 58Ti. Only very
recently, high-precision mass measurements of 56Ti and
56�58V were published [5], and agree with our new val-
ues. In the present work, we finalize the study at N = 34
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3

(see the inset of Fig. 2 (a)). An un-binned maximum log-160

likelihood method was used to perform TOF fits (using161

the RooFit package [39] of the ROOT library [40]), and162

a global fitting was performed simultaneously for several163

analyte peaks and the mass reference.164

The RIs were measured either as direct products from165

the incoming beam or as decay products with the beam166

components as precursors. For example in the case of167

A = 55, 55Sc was the major beam component (47%)168

while 55Ti, and 55V were produced from �-decay of 55Sc169

inside RFGC. The beam composition for the measure-170

ments of A = 56 and A = 57 contained 56Ti (50%) and171
57Ti (1%), and for A = 58, 59 the major components172

were 58Ti (22%) and 59V (72%).173

The ions of interest were extracted from the gas cell as174

atomic ions and as molecular compounds upon chemical175

reactions, depending on the conditions of the RFGC dur-176

ing the online commissioning tests. The presence of iso-177

baric molecules in almost all spectra has been exploited178

for isobaric referencing, and for mass accuracy bench-179

marks if two or more well-known molecules were identi-180

fied in the same spectrum. In the case of 55ScOH+, no181

stable isobaric molecule was available, and 55TiOH+ ions182

produced by �-decay has been used as a reference (55Ti183

was recently measured at TITAN [2]). The experiment184

resulted in the determination of 15 atomic masses, which185

are listed in Table. I, and shown with a TOF spectrum186

containing the most exotic species in Fig. 2 (a). Our ex-187

perimentally determined values of 56�59Cr and 57�58Mn188

are consistent with the precisely known values of the189

AME2020 as shown in Fig. 2 (b). The mass precision of190
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FIG. 2. (a) TOF spectrum including the most exotic species.
The inset shows a magnified-view of the 58TiOH+ peak to-
gether with the fitting function. The mass resolving power
achieved for the ions of interest was ⇡ 820 000. (b) Mass-
differences between our experimental values (red points) and
the ones from AME2020 (grey bands).

TABLE I. Results of the mass measurements: ion species of
analyte and reference ions, TOF ratio for mass calibrations,
measured atomic mass excess of each RIs, and the mass excess
from AME2020 [41]. The chemical components refer to the
most abundant stable isotope of the element.

Ionx Ionr ⇢t MEexp.[keV] MEAME[keV]
55ScOH+ 55TiOH+ 1.00008196(17) -30853(28) -30840(60)

56Ti+ N+
4 0.999512461(71) -39408.2(7.4) -39420(100)

58TiOH+ C2FO+
2 0.999871654(31) -31442.0(3.7) -30920(180)

55VOH+ 55TiOH+ 0.99994550(68) -49146(92) -49125(27)
56V+ N+

4 0.999446769(59) -46259.6(6.2) -46180(180)
57V+ ArOH+ 0.99988791(14) -44383(15) -44440(80)
58V+ C2H2S+ 0.999732737(82) -40306.1(5.6) -40430(100)58VOH+ C2FO+

2 0.999808205(66)
59V+ 59Cr+ 1.00009378(10)

-37802.2(2.8) -37610(140)59VO+ C2FO+
2 0.999773864(47)

59VOH+ CS+
2 1.000118625(24)

56Cr+ N+
4 0.999360129(51) -55295.0(5.3) -55285.1(0.6)

57Cr+ ArOH+ 0.99981107(11) -52536(12) -52525.0(1.9)
58Cr+ C2H2S+ 0.999624418(45) -51999.5(3.7) -51991.8(3.0)58CrOH+ C2FO+

2 0.999724521(55)
59CrOH+ CS+

2 1.000045786(33) -48105.0(4.6) -48115.9(0.7)
57Mn+ ArOH+ 0.99976432(14) -57496(15) -57486.3(1.5)
58Mn+ C2H2S+ 0.999588996(69) -55829.0(5.9) -55827.6(2.7)
59Mn+ 59Cr+ 0.999932535(69) -55524.7(5.0) -55525.3(2.3)

six cases, i.e. 56,58Ti, 56�59V have been improved signif-191

icantly in this online campaign. All previously precisely192

measured atomic masses, using either Penning traps or193

the MRTOF-MS technique, are well reproduced by the194

new measurements reported in this work.195

The most significant impact on new nuclear data from196

this work will be briefly concluded in the following. The197

atomic mass of 55Sc has been improved by a factor of198

two, where the value published in [2] was confirmed. For199
56�59V, major improvements of the mass uncertainties200

have been achieved, where 56,57V have been found to be201

in agreement to the previously known values with an im-202

provement of the mass precision by factor twenty and203

six, respectively. The new mass values for 57,58V agree204

with the previous measurements [17] within two stan-205

dard deviations � and has been improved in precision by206

more than an order of magnitude. A similar improve-207

ment of the uncertainties has been achieved for 56,58Ti208

where, however, a sizable deviation of 2.5 � from the re-209

cently reported values was found. Due to this deviation,210

the correct identification of 58TiOH+ as an RI-molecule211

was additionally confirmed by time-of-flight spectra us-212

ing a different beam with similar intensity but no content213

of 58Ti.214

mlit.(N � 2) � mlit.(N) + 2mn215

mexp.(N � 2) � mexp.(N) + 2mn216

mexp.(N � 2) � mlit.(N) + 2mn217

mlit.(N � 2) � mexp.(N) + 2mn218

Neutron number

FIG. 3. Two neutron separation energies of neutron-rich
Ca, Sc, Ti, V, and Cr isotopes as a function of the neu-
tron number. Black open circles are experimental values from
AME2020 [45] including recent mass measurements [26, 27].
The red filled circles are updated values from this work, where
a split circle denotes the combination of the new data with
values from AME2020 (see legend).

providing an improvement of factor eight to the mass
precision of 58V and adding the key isotopes 58Ti and
59V.

The present results allow for new insights into the
structure of Ti, and V at N = 32, 34 isotopes using two-
neutron separation energies S2n(N, Z) = m(N � 2, Z) �
m(N, Z) + 2mn, where m(N, Z) is the atomic mass of
the nucleus with Z protons and N neutrons, and mn the
mass of a neutron. Figure 3 shows the S2n of the iso-
topic chains with N = 30�41 and Z = 20�24 including
our new results. A pronounced steep decrease at neu-
tron number 32 is visible for Ca, and Sc, this decrease is
weaker for Ti isotopes as previously reported. For Ti, a
larger binding energy has been measured at N = 36 and
suggests an earlier onset of the deformation recently dis-
covered toward N = 40 [27]. Comparing the previously
reported data with the new results, the negative slope
after N = 34 decreases, which is similar to the recent
findings in the Sc chain, but now confirmed for the even-
proton number Z = 22. It seems that the steep drop of
S2n for N > 34 is restricted to the Ca chain and possibly
to systems with less protons (as observed for K isotopes
at N = 32 [46]) and vanishes for isotopes with Z > 20.

We further investigate the empirical neutron shell gaps
defined by the di↵erences of two-neutron separation en-
ergies �2n(N, Z) = S2n(Z, N)�S2n(Z, N +2). The two-
neutron shell gap measures the changes of the slope of S2n

and compares the two-neutron binding energy at chosen
neutron number with that of the next two neutrons. The
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FIG. 4. Empirical shell gaps (�2n) for isotones with the
canonical magic number of N = 28, and the new magic num-
bers of N = 32 and 34. Data are from the AME2020 with
recent measurements as in Fig. 3 (black open circles), and
our experimental values (red partly filled circles).

�2n for the isotopes in this study are shown in Fig. 4
as a function of proton number. For Ca, the height of
the experimental �2n peak at N = 28 measures close to
6 MeV while about 3.8 MeV are also observed at N = 32
[18] and still 2.6 MeV at N = 34 [20], which is due to the
pronounced splitting between ⌫p3/2, ⌫p1/2, and ⌫f5/2 in-
duced by the reduction of the tensor interactions [47, 48].
For Sc isotopes, experimental �2n are confirmed and up-
dated with higher precision for N = 32, while for N > 32
the present results have been combined with the existing
data. For N = 32, the hill of enhanced shell gaps (being
maximum in Ca) gradually decreases when adding pro-
tons to the ⇡f7/2 shell, similar to—but weaker than—the
e↵ect in the N = 28 isotones.

In turn, for the N = 34 isotones a new picture is ob-
tained including our results. An increase of the shell gap
from Sc to Ti was seen in the �2n from AME2020 (black
line), whereas a vanishing of this trend for Ti and V is
observed when the new high-precision data is included.
In contrast to what is observed for N = 28 and 32, the
pronounced N = 34 gap turns out to be a unique feature
for the Ca isotopes and shows no significant e↵ect in the
isotopes above. For V isotopes, the new studies reveal
a similarly low shell gap at both N = 32 and N = 34,
and confirm that both shell e↵ects have no impact for
Z = 23.

We have performed advanced Monte Carlo shell model
(MCSM) calculations [49] for the even-Z isotopic chains

図 4 A=75 同重体分子イオンの TOF スペクトル 

図 5 現象論的殻空隙エネルギーΔ2n 



た。国際競争においても「KISS-II is the only realistic project in the world to access to the unknown 
regions of nuclei in the actinide region responsible for creating heavy natural elements including 
uranium.」と、優位性が認められた。 
これを受けて KEK の SAC(2022 年 3⽉ 7,8)に計画を提案し、同じく⾼い評価を得たものの「The 
SAC recommends KEK search for all funding possibilities in order to keep its leadership in this 
research area and to reinforce further the collaboration with RIKEN for their mutual benefit.」と
いう結語をもって Category-III に位置付けされた。これを基に策定された KEK-PIP2022 では、
優先順位をもって予算獲得を進める 4 件のプロジェクトには選出されなかった。 
KISS-II は、初段の気体充填形ソレノイド磁⽯によって⼀次ビーム強度を 100 倍（1 pμA）に増
強する計画であったが、そこの経費が建設経費の半分近くを占める。外部資⾦等を利⽤して段階
的にアップグレードを進めるために、ソレノイド以降の部分（⼤型⾼周波ガスセル、MRTOF、
複数質量数選択形同位体分離器、分光⽤装置）の整備を先に実現させ、KISS の 100 倍以上の性
能を持つ KISS-1.5計画を⼀刻も早く実施できるよう準備を進めている。 
 
 


