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In the present work, a K isomeric state in 250No, which is more stable against fission than the ground state,
was experimentally studied. The aim was to measure the fission branch of this isomeric state. In total, 780
fission events attributed to the decay of 250No were detected. Among them 133 cases were attributed to the
ground-state decay with a half-life of 4.0(4) μs, which was populated by the deexcitation of the isomeric state via
electromagnetic transitions with a half-life of 23(4) μs. In addition, in two more cases, this long-lived isomeric
state was populated in the deexcitation of a hitherto unknown, yet higher-lying and short-lived isomeric state
with a half-life of 0.7+1.4

−0.3 μs. No direct fission from the long-lived isomeric state, i.e., with a lifetime of longer
than 40 μs, was identified. This results in an upper limit of 0.035 for the branching ratio for fission. This is
a significantly more strict limit than the previously known value of 0.5. Nonobservation of fission branching
of the long-lived isomer is discussed relative to theoretical predictions and within various semiempirical ways,
which resulted in an attribution of a lower limit of 104 for the fission-hindrance factor, caused by the K quantum
number. The presences of multiple high-K isomeric states seemingly is a widespread phenomenon in deformed
heavy nuclei.

DOI: 10.1103/PhysRevC.106.024309

I. INTRODUCTION

In the last two decades, many isomeric states have been
discovered and studied in the region of deformed heavy nu-
clei with proton and neutron numbers around Z = 100 and
N = 152, respectively [1]. Among these, so-called K-
isomeric states, which are formed by coupling of up to several
quasiparticles, are of special interest [2–5]. Because of quan-
tum selection rules for the K quantum number, which is the
projection of the total spin of the nucleus onto the axial
symmetry axis, decay of a high-K state by electromagnetic
transitions may be strongly hindered [5,6]. In turn, the cou-
pling of quasiparticles can also hinder the spontaneous fission
process [7–10].

As consequences of such hindrances, it may occur in heavy
nuclei that fission from a high-K state is strongly retarded
compared to that from the ground state, despite a high exci-
tation energy, which should favor fission. In other words, the
K-isomeric state may have a partial fission half-life longer
than that of the ground state [9]. However, this does not
necessarily mean that such an excited high-K state would live
longer than the ground state, because it may still decay via
electromagnetic transitions and/or by α decay [1–3,5,11,12].
The competition between these decay modes is governed

*J.Khuyagbaatar@gsi.de

by physical quantities that characterize the properties of an
individual nucleus, e.g., the fission barrier, the K quantum
number, excitation energy, the level density, etc.

Nevertheless, in three nuclei (270Ds [13], 250No [14–16],
and 254Rf [17]) high-K isomeric states that are more sta-
ble than the respective ground states have been identified.
Therefore, K-isomeric states, which have extra stability that
retards fission, are an intriguing topic in both experimental
and theoretical studies of the heaviest nuclei. The effect of
the K number on fission can theoretically be described within
various models [8–10]. Their results are often represented as
an increase of the fission-barrier height compared to that of
the ground state. Such results, indeed, qualitatively describe
the enhanced stability of the isomeric state against fission.
However, for a quantitative description of the properties of
the K-isomeric state, more complete experimental data, e.g.,
fission half-lives of both isomeric and ground states in a par-
ticular nucleus, are needed.

In the above mentioned three nuclei, direct fission of the
isomeric states, which would allow one to quantify the fission
hindrance of isomeric states due to their high-K quantum
numbers, has not yet been observed.

For a long time, fission events with two half-lives of
≈3.8 μs [16] and ≈34.9 μs [16] were known to occur in
250No [14–16]. Only recently, experimental evidence has been
obtained which showed that the long-lived fission activity
originates from the decay of a high K-isomeric state, which
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deexcites via electromagnetic transitions to the short-lived
spontaneously fissioning ground state [16]. A direct fission
from the isomeric state has not been identified and only an
upper limit of 0.5 for the fission branch was given, which led
to the conclusion that the probability of the isomeric state to
undergo fission is at least 19 times smaller than that of spon-
taneous fission of the ground state [16]. This boundary value,
which indicates a large hindrance, however, does not allow
one to elucidate the full strength and impact of the K quantum
number on the fission process. Therefore, the measurement of
the fission branch of the long-lived isomeric state of 250No is
still an important experimental topic in the field.

In the present work, we studied the decay of 250No us-
ing fast digital electronics, in which the sensitivity also for
the detection of conversion electrons (CEs) originating from
the deexcitation of K-isomeric states was shown to be very
high [18].

II. EXPERIMENTAL SETUP

The experiment was performed at the gas-filled Trans-
Actinide Separator and Chemistry Apparatus (TASCA) at
GSI, Darmstadt, Germany [19] in 2018. A pulsed (5-ms-long
pulses, ≈ 5/s repetition rate) 48Ca10+ beam was accelerated
by the Universal Linear Accelerator UNILAC to 218.9 MeV.
Lead targets (isotopic composition: 99.94% 204Pb; 0.04%
206Pb; 0.01% 207Pb; 0.01% 208Pb) with an average thickness
of about 0.45 mg/cm2 were evaporated on carbon foils with
a thickness of about 40 μg/cm2 and mounted on a wheel
rotating synchronously with the beam macrostructure [20].
The beam energy in the center of the targets was 215.8 MeV,
close to the energy of the maximum cross section for the
two-neutron evaporation channel of the 48Ca + 204Pb fusion
reaction [21].

For separation and collection of evaporation residues in the
focal plane detector, TASCA was operated with helium gas at
0.8 mbar pressure and with a magnetic rigidity (Bρ) of 2.08
Tm [22,23]. The efficiency of TASCA to guide evaporation
residues (ERs) to the focal plane was estimated to be 60%
[22,24]. The focal plane detector consisted of a double-sided
silicon strip implantation detector (hereafter called the stop
detector), with eight additional double-sided silicon strips de-
tectors mounted perpendicular in the backward hemisphere of
the stop detector to form a five-sided box configuration. The
stop detector comprised 144 vertical (X ) and 48 horizontal
(Y ) strips on the front and back sides, respectively. The focal
plane detector was cooled by liquid alcohol circulating at a
temperature of −20 ◦C. Signals from the X and Y strips of the
stop detector were shaped with preamplifiers with different
gains to provide two energy branches up to about 20 and 200
MeV [18]. All amplified and shaped signals were digitized
by 100-MHz-sampling FEBEX4 14-bit analog-to-digital con-
verters (ADCs) developed by the GSI experiment electronics
department [25,26]. The shape of each signal was stored in
80-μs-long traces. With such long traces, we expect to detect
most decays of both the isomeric and the ground state of 250No
within the same trace, i.e., in the trace of an implantation
signal. Such a measurement was shown to be very efficient
for the registration of CEs originating from μs-isomeric states

and less dependent on a fine tuning of the low-energy thresh-
old of the stop detector for triggering the data acquisition
system [18]. In the present experiment, we used this so-called
triggerless CE measurement with a threshold value of ≈0.3
MeV. All CEs with energies below this value will be stored
in the traces of preceding signals, which initiated the data
storage, e.g., the implantation signal of 250No.

Energy resolutions (FWHM) of both X and Y strips were
about 40 keV for measurements of external α particles with
5.8 MeV. Energy calibrations were made using α decays
of implanted nuclei produced in the “calibration” reaction
48Ca + 176Yb.

A multiwire proportional counter (MWPC) was mounted
in front of the focal plane detector and was used to dis-
criminate events passing through TASCA, e.g., evaporation
residues (ER) of the compound nucleus 252No.

The average beam intensity on the target was about
4 × 1011 particles per second, which resulted in an average
counting rate of about 40 Hz in the stop detector.

III. EXPERIMENTAL RESULTS

We identified a total of 780 fission (FI) events, which were
temporally and spatially correlated with implantation signals
of their ERs. The time distribution of these events relative
to the ER signals is shown in Fig. 1(a). Only thirteen ER-FI
events with time differences in the range of 80–250 μs were
detected as individual ER and FI signals, i.e., in separate
traces. All remaining events were detected as ER-like events
having at least two signals in their traces, corresponding to at
least the ER and FI.

A. Decays of the long-lived isomeric
and the ground states in 250No

Traces of one such ER-like event measured in the X and
Y strips are shown in Fig. 2. In this particular case, a small-
energy signal between the ER and FI was detected, which we
attribute to a CE. A trace from the X strip, which was pro-
cessed via a high-gain pre-amplifier shows a well-pronounced
and well-shaped CE signal, while the high-energy fission sig-
nal is saturated. At the same time, a trace from the Y strip
shows occurrences of the same signals but with significantly
reduced amplitudes because of the low-gain of the pream-
plifiers, which allows measurement of the full energy of the
FI signal. It is important to note that the CE signal is also
visible in the Y trace and its time position is the same as
in the X trace. This confirms that this small-energy signal
is truly associated with the decay of an implanted nucleus,
which then fissioned; i.e., it belongs to 250No. Thus, such
small energy signals occurring in the same pixel of the stop
detector, where 250No was observed to decay by fission, were
attributed to originate from the decay of an isomeric state via
electromagnetic transitions [18].

In total, 126 ER-FI events were detected with one such a
small-energy signal in between the ER and the FI. The time
distribution of all ER-FI events detected without and with CE
are shown in Figs. 1(b) and 1(c), respectively. It is obvious
that the number of counts without CE is significantly reduced
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FIG. 1. Time distributions of radioactive decays of species as-
sociated with 250No produced in the 48Ca +204Pb reaction. Time
distributions of fission events relative to their implantation signals:
(a) all ER-FI, (b) ER-FI events without CE, and (c) ER-FI events with
CE (i.e., ER-CE-FI). The number of identified events of each type is
given parentheses. Time distributions of (d) CEs relative to preceding
ER-signal and (e) FI’s relative to CEs, which were observed as ER-
CE-FI sequences. Curves represent the calculated time distributions
of events according to Ref. [27]. Half-lives extracted from each time
distribution are given.

in the longer time range, which indicates that the contribution
of the longer-lived ER-FI component is small. Apparently, this
time distribution can be attributed to a single radioactivity and
can be described by a time-density function of the radioactive
decay curve as given in Ref. [27]. The fit result is shown in
Fig. 1(b) and a half-life of 4.3(2) μs was deduced. We note
that by comparing shapes of the experimental and the fitted
time distributions one can find that some ER-FI events in the

8

10

12

14

16

0 2000 4000 6000 8000

2

4

6

8

A
m
p
li
tu
d
e
(a
rb
.
u
n
it
s)

FI

ER

ER

FI

CE

CE

X strip

Y strip

Time (10 ns/ch)

(a)

(b)

FIG. 2. An example of traces of the implantation signal (ER)
correlated with decays of a long-lived isomeric state and ground
state in 250No. Signals from X and Y strips are shown in (a) and (b),
respectively. Insets show the expanded view of traces in time regions,
where low-energy electron signals attributed to decay of an isomeric
state were detected.

time range of 0.2–1.0 μs may be missing. This may be due to
missing signals from a few nonfunctioning Y strips. Without
traces from the Y strip, the identification relies exclusively on
the X trace, where signals from ER and FI events often result
in a single saturated signal. Such a signal cannot be identified
as an ER-FI sequence. In the present work, such a full satura-
tion seemingly occurred preferentially within ≈ 1 μs [28,29].
We also note that almost no event was detected between 75
and 100 μs. This could be due to the busy time of the data
acquisition system, which is needed to store a large amount of
80-μs-trace data. However, such “missing” events in the time
distributions will not affect the extracted physics quantities
and discussions substantially.

The time distribution of ER-FI events with CE [see
Fig. 1(c)] shows the presence of a long-lived activity, which
has to be disentangled into two ER-CE and CE-FI compo-
nents. Accordingly, the time distributions of CE and FI signals
relative to their preceding (ER and CE, respectively) ones
are shown in Figs. 1(d) and 1(e). These time distributions
clearly reveal two different radioactive decays with different
half-lives. Decay of the longer-lived state is strongly associ-
ated with the emission of CEs and with the population of a
short-lived state, which fissions.

Fits of these time distributions describe the experimental
data well and result in half-lives of 23(4) and 4.0(4) μs. A
half-life of 4.0(4) μs of the CE-FI events agrees perfectly
with the one deduced from ER-FI events without CE. Thus,
these two activities belong to the decay of the same, i.e.,
ground state in 250No. The longer-lived activity corresponds
to the decay of the isomeric state. These assignments are
in fine agreement with previously reported results [14–16].
However, the presently measured half-life of 23(4) μs for
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FIG. 3. Energy spectrum of CE signals found in the ER-CE-FI
sequences.

the isomeric state is somewhat shorter than any other previ-
ously reported one: 43+22

−15 μs from Ref. [14], 36(3) μs from
Ref. [15], 34.9+3.9

−3.2 μs from Ref. [16]. By taking into account
our measured time distributions of radioactive decays and the
fine results of the fits (see Fig. 1), we do not find a reason-
able explanation for this. Thus, we attribute it to a statistical
fluctuation. The present half-lives of 23(4) and 4.0(4) μs
were deduced from the time distributions of ER-CE-FI events,
which should exclude any disturbance due to the presence of
contamination.

The energy spectrum of CEs registered in between ER and
FI is shown in Fig. 3. Most CEs have energies below the
threshold value of ≈0.3 MeV and were recorded in traces of
ERs. In addition, some CEs with energies larger than the ≈0.3
MeV which initiated the data storage have also been detected.
The present energy spectrum is in agreement with previously
measured data [16].

B. Evidence for a higher-lying second isomeric state

In addition to 126 ER-CE-FI sequences, two FI events with
two CEs between the ER and FI signals were found. Traces of
the X strips of these two ER-CE1-CE2-FI events are shown in
Fig. 4. In both cases, all four signals were stored in a single
80 μs trace and are also seen in the corresponding traces from
the Y strips, which shows that they are all spatially correlated.

10

12

14

16

1000 2000 3000 4000

10

12

14

16

CE1

CE2
CE1 CE2

ER

FI

CE1 CE2

0.26 MeV 0.23 MeV

0.35 MeV 0.27 MeV

(a)

(b)

A
m
p
li
tu
d
e
(a
rb
.
u
n
it
s)

Time (10 ns/ch)

CE1

CE2 FI
ER

FIG. 4. X -strip traces of two ER-CE1-CE2-FI events. Insets show
close look of regions where CEs were detected. Energies of CEs are
given.

0.0

0.5

1.0

1.5

10-7 10-6 10-5 10-4 10-3
0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5
ER-CE1

C
o
u
n
ts

T1/2=0.7
+1.4
-0.3 �s

T1/2=10
+20
- 4 �s

T1/2=4
+7
-2 �s

(b)

(c)

(a)

CE2-FI

CE1-CE2 T1/2=23 �s

T1/2=4 �s

correlation time (s)

FIG. 5. Correlation times of the CE1, CE2, and FI events relative
to the preceding events. Curves represent the calculated time distribu-
tions of each pair according to Ref. [27]. Shaded curves correspond
to the calculated time distributions of the long-lived isomeric state
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Such ER-CE1-CE2-FI events were observed in our previous
works [18,30], e.g., in 256Rf. There they were attributed to
the deexcitation of a higher-lying K isomeric state that pro-
ceeds via the population of a lower-lying K isomeric state.
Accordingly, the present two events are also attributed to such
a case.

The correlation times of the CE1, CE2, and FI events rela-
tive to their preceding signals in the ER-CE1-CE2-FI sequence
are shown in Fig. 5. The time distribution curves calculated
with the average values of each pair are also shown. Since
the last two members of the sequences might correspond to
the decays of the ground and long-lived isomeric states of
250No, the calculated time distributions of these states are
also shown in Fig. 5. The average half-lives of the FI and the
CE2 events agree well with the presently measured half-lives
of the ground and the long-lived isomeric states of 250No,
respectively. Accordingly, the last two members in both ER-
CE1-CE2-FI sequences are attributed to the decays of the
long-lived isomeric state, which was populated in the decay of
another, higher-lying isomeric state, the deexcitation of which
is detected by its CE1. A half-life of 0.7+1.4

−0.3 μs was deduced
for this second isomeric state, shorter than the other two states
in 250No and comparable with the flight time (≈0.6 μs) of
ERs through TASCA. The latter leads to the expectation of
in-flight decay of at least two further cases, in which CE1 was
not detected. However, these cases will still be detected as a
ER-CE2-FI sequence, thus they will be identified in Fig. 1(c)
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and attributed to the decay of the long-lived isomeric state
(hereafter 250m1No).

On the other hand, this short-lived and higher-lying iso-
meric state (hereafter 250m2No) may have other de-excitation
branches. Let us consider two scenarios by assuming that the
short-lived isomer has survived the flight through TASCA.
First, it may fission directly, which will result in ER-FI cor-
relations with a half-life of ≈0.7 μs that may be found in
Fig. 1(b). However, the presence of such ER-FI events cannot
be examined because of the large contribution of ER-FI events
of the ground state.

The second scenario is that 250m2No decays to the ground
state without passing through 250m1No. In such a case its decay
will be detected as ER-CE1-FI events in the data shown in
Fig. 1(c). The potential presence of such events can only be
examined in Fig. 1(d), where the CEs with an average half-
life of ≈0.7 μs would be found. We observed six CEs with
correlation times of shorter than 2 μs, which, however, fit well
in the time distribution of 250m1No. Therefore, these six events
were not attributed to the decay of the higher-lying isomeric
state.

Finally, based on the present data and analyses, we attribute
only the deexcitation via the lower-lying 250m1No state to the
decay of the higher-lying isomeric state. For the population
probability of this higher-lying isomeric state we give an
upper limit of 1%.

C. Search for direct fission from 250m1No

In the present data, an ER-FI event corresponding to the di-
rect fission of 250m1No should be detected without CE and with
a long correlation time. Such events have to be sought in the
data shown in Fig. 1(b), in the region where the contribution
of the short-lived ground-state component is negligible.

In order to exclude an effect of the short-lived ground-state
component, we consider the fission events with relatively long
correlation times, i.e., > 40 μs, where only one fission event
from the ground state is expected. This was calculated with
the fitted time-density function of the 4.3-μs activity and with
the number of events within the range of up to 40 μs which
were attributed to the 4.3-μs activity [see Fig. 1(b)].

Six ER-FI events with correlation times in the range 40–
200 μs were observed. One of these six events, which has
the shortest correlation time (<100 μs), is attributed to it
belonging to the short-lived component. At the same time,
the time range of 40–200 μs covers about 30% of the full
time-density function of the 23-μs activity [cf. Figs. 1(b) and
1(d)]. Accordingly, the remaining five ER-FI events could
originate from the direct fission of 250m1No.

On the other hand, these events still could belong to the
electromagnetic decay of 250m1No, i.e., to the data shown in
Fig. 1(c) if their CE signals remained undetected.

These five events were stored in the data as an individual
fission signal with no CE signal prior to the FI signal up to
≈4.7 μs, which is the time prior to the trigger (see Fig. 2).
However, if the CE from 250m1No is emitted with an energy
that is smaller than the threshold value of 0.3 MeV and with
lifetimes longer than 4.7 μs before the detection of the FI
signal, then such a CE will not be detected in the trace of the
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CE was detected prior to the FI signal. The inset shows the expanded
view of the trace in the time region where the CE signal was detected.

FI signal. Therefore, in the present data the pretrigger time of
≈4.7 μs is the main reason for the loss of CEs for these cases.
Accordingly, the above-mentioned five ER-FI events could be
misassigned if their CE signals were not recorded. To examine
this possibility, we have to estimate the expected number of
ER-CE-FI events detected without their CEs, which could be
falsely assigned to be long-lived ER-FI events.

In total, eight out of thirteen events where ER and FI
signals were stored in individual traces were found to be
ER-CE-FI events [see Figs. 1(c) and (d)] with the CE and
FI signals in the same traces. One example of such a CE-FI
case is shown in Fig. 6. The time distribution of these eight FI
events relative to their CE is shown in Fig. 7. Among them, in
one case with a correlation time of 5.43 μs the CE energy was
sufficient to trigger data storage. The other seven CE energies
were smaller than 0.3 MeV, thus they were detected within
the ≈4.7 μs pretrigger time of FI traces. Since all these FI
events should belong to the decay of the ground state in 250No,
their time distribution should reveal the 4.0-μs activity as in
Fig. 1(e).

Based on the observed seven CE-FI events with correlation
times smaller than 4.7 μs and the calculated time distribution
of a 4.0-μs activity [27], we estimated that six CE-FI events
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FIG. 7. The time distribution of eight FI events relative to the
preceding CE signal in their traces. The time-density function curve
for the 4.0-μs activity, which describes the time distribution of ER-FI
events without CE shown in Fig. 1(b), is given, and its shaded region
corresponds to ≈50% probability nof observing the FI events with
correlation times up to ≈4.7 μs. See text for details.
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are expected to be detected with correlation times longer than
4.7 μs. We observed only one event with a correlation time
of longer than 4.7 μs, which would mean that the five CE-
FI events should be stored in the data as single FI events.
Accordingly, in the data we should observe five FI events,
which are artificially forming the long-lived ER-FI correlation
without CE, while their true origin is the ER-CE-FI sequence.
This expected number is in perfect agreement with the above-
discussed five long-lived ER-FI events detected without CE
[see Fig. 1(b)]. Therefore, they are attributed to originate from
the decay of the ground state, fed from 250m1No via electro-
magnetic transition.

Finally, we conclude that in the present data no unambigu-
ous evidence for a direct fission of the long-lived isomeric
state within 40–200 μs is observed. However, we do not
exclude that the direct fission may have occurred in the
time range of shorter than 40 μs, where the probability to
observe the 23-μs activity is two times larger than in the
above-used time range. We attribute two of all ER-FI events,
which were assigned to ground-state decay of 250No and with
correlation times up to 40 μs, to this scenario, i.e., as being
ER-FI(250m1No).

Accordingly, this results in two ER-FI events out of in total
133 (126 + 2 + 5; see above and previous paragraphs) decays
from 250m1No. This results in a direct fission branching of
250m1No of 0.015+0.020

−0.005. Asymmetric errors corresponding to
two events were calculated according to Ref. [27] and they
cover a confidence interval of 68%. However, experimentally
no ER-FI event that can be unambiguously assigned to fission
from 250m1No was observed. Thus, as a final result, only an
upper limit of 0.035 from the above value can be attributed to
the direct fission branching of 250m1No.

IV. DISCUSSION OF THE EXPERIMENTAL RESULTS

From a total of 780 ER-FI events, a total production cross
section of 32(2) nb is deduced. Out of these, <1%, 17(3)%,
and 83(3)% populate the higher-lying 250m2No, the lower-
lying 250m1No, and the ground state, respectively.

A. Fission from the long-lived isomeric state

From our data, a fission branch of the long-lived K-
isomeric state 250m1No was found to be a factor of at least
164 times smaller than that of the ground state. This value is
significantly larger than the previously given one of 19 [16].

Such an enhanced fission stability should originate from
the configuration of quasiparticles (qps) and the level density
of the nucleus, which in turn determines the decay of the
high-K state via electromagnetic transitions. The exact qp
configuration of the long-lived K-isomeric state in 250No is
still unknown. According to most theoretical predictions (e.g.,
[12,14,16] and references therein), this state is most probably
formed by the coupling of the spin-up ν5/2+[622] and the
spin-down ν7/2+[624] orbitals, which results in Kπ = 6+.
Such a state is known to occur in the lighter 242Pu and 244Cm
isotones. Moreover, recently, an experimental signature for
Kπ = 6+ has been obtained for 250No in Ref. [31] and an ex-
citation energy of ≈1.25 MeV was estimated for 250m1No. Our

measured population probability value of 17(3)% is similar to
values known for the 2-qp K-isomeric states in 252No (≈ 50%
[32]), 254No (28(2)% [33]), 254Rf (≈ 25% [17], 16(5)% [34])
and 256Rf (≈ 18% [18]), which supports a 2-qp origin of
250m1No.

We note that the above deduced factor of greater than 164
is just the ratio of fission branches of the K-isomeric state
and of the ground state, which, however, does not quantify
and reflect the true physical process that retards fission from
an excited state. It is well known that the fission probability
increases as a function of excitation energy [7]. In the absence
of a hindrance caused by the K quantum number, fission
from a highly excited state, e.g., at a typical energy above
1 MeV, should be faster than fission from the ground state
[35]. Accordingly, the effect of the K quantum number on
fission would better be discussed relative to fission of a virtual
K = 0 state at the same excitation energy. For this, one should
calculate the fission half-life of the virtual K = 0 state by
taking into account only the excitation energy and the fission
barrier height. However, such values are missing in theoretical
works, where the fission process is qualitatively described
on the multidimensional potential energy surface. Therefore,
here, we will use a simple semiempirical approach.

Recently, it has been shown that fission of an excited nu-
cleus can be described with a different fission-barrier shape
compared to that at its ground state [35]. Nuclei around
250No still have a double-humped fission barrier [7,36,37].
In a recent analysis of the effective width, i.e., the curvature
energy of the fission barriers based on all known sponta-
neous fission half-lives of even-even nuclei [30], it has been
suggested that 250No seemingly has no outer barrier, which
in contrast is present in the heavier isotopes with neutron
numbers around 152 [37]. Accordingly, one can assume that
the fission-barrier shape in this nucleus does not significantly
change with an increase of the excitation energy, i.e., it re-
mains singly humped [35]. In this case, a parabolic barrier
should be a good approximation for 250No, and one can esti-
mate the fission half-life of the virtual K = 0 state by using
the Hill-Wheeler formula [38]. According to Ref. [30], by
using the fission-barrier height of 5.83 MeV from Ref. [36]
for 250No, an effective fission-barrier width of 1.82 MeV, and
an excitation energy of ≈1.25 MeV, the fission half-life of
the virtual K = 0 state is calculated to be ≈0.05 μs. Now,
by comparing this value with the present experimental lower
limit of the fission half-life of 657 μs, a factor of larger than
1.3 × 104 can be attributed as hindrance of the fission process
due to the K = 6 qp configuration in 250m1No. Indeed, this
(arguably theory-dependent) estimate appears reasonable in
this case of a likely singly humped barrier. However, such
an estimate is not much effected by the chosen value of the
fission barrier height if the corresponding theoretical approach
describes the experimental fission half-life tendencies well, as
discussed in Ref. [30]. For instance, by taking the different
theoretical fission barrier height value of 6.14 MeV from
Ref. [39] one calculates an effective parabolic fission-barrier
width of 1.91 MeV for the ground state of 250No. Then, the
fission half-life of the virtual K = 0 state, calculated similarly
as above, is 0.07 μs, which results in a hindrance factor of
larger than 0.94 × 104. As one can see, the variation of the
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absolute value of the fission barrier height does not affect the
order of magnitude of the estimated fission hindrance.

On the other hand, recently [40,41], the measured fission
half-lives from the 1/2+[631] and 7/2+[624] states in 253Rf
have allowed isolation of the fission hindrance due to the
single-particle-orbital effect. In Ref. [40], the fission half-lives
of these states are different by a factor of ≈ 330, which has
been attributed to an effect of �K = 3 on the fission pro-
cess. Simply, by assuming that the present isomeric state has
K = 6, the rough estimate of 330 × 330 ≈ 105 follows, which
is of a similar order of magnitude as the above value. Recently,
a fission hindrance of 120 due to the effect of �K = 3 has
been extracted similarly in 247Md [42]. The use of this value
results in ≈1.4 × 104, which is again in line with the above
discussion. Therefore, such an estimate also seems to be a
reasonable way of discussing fission hindrance.

As conclusion of the above discussions, we extracted a
hindrance factor of greater than 104 for fission of 250m1No due
to the K quantum number. Such a large hindrance value is also
supported by theoretical predictions in which the influence of
the K quantum number on fission is usually expressed via an
increase of the fission-barrier height and a change in shape
compared to the ground state [8,43]. For instance according
to the theoretical calculations made in Ref. [43], the fission-
barrier height of the K-isomeric state in 250No, i.e., 250m1No,
was predicted to be increased by 1.44 MeV compared to
the height of the ground-state fission barrier. By taking into
account the excitation energy of ≈1.25 MeV (<1.44 MeV)
[31], 250m1No is still predicted to overcome a larger fission
barrier, i.e., to be more stable against fission than the ground
state.

B. The short-lived isomeric state

Despite the limited experimental data on the short-lived
isomeric state, some rough discussion of its properties can be
made.

First, the deexcitation of 250m2No into 250m1No indicates
that its origin is also due to a high-K quantum number. This
isomer should be located at an excitation energy, which is at
least 0.3 MeV above 250m1No. This value is the average energy
of the two CEs (see Fig. 4). Similarly to the discussions made
above for 250m1No, a fission half-life of 0.02 μs is calculated
for a virtual K = 0 state in 250No with a fission barrier height
of 5.83 MeV from Ref. [36] but with an excitation energy of
1.55 MeV. Now, if we apply the fission-hindrance lower limit
of 104 extracted from 250m1No, then a fission half-life of longer
than 200 μs is expected for 250m2No. In this case, direct fission
of 250m2No, which we sought in the data (see Sec. III B) should
not be detected within the present low statistics.

The population probability of 250m2No is found to be much
lower than the one for the 2-qp 250m1No state. This can be due

to a significantly higher excitation energy and significantly
different qp configuration of 250m2No compared to 250m1No.
These are typically associated with K isomeric states, which
are formed in couplings of 4 qps [18]. Isomeric states having
presumably 4-qp origin and thus being located above the
2-qp ones are known in the heavier isotope 254No [33]. It
seems that occurrences of multiple high-K isomeric states in
a particular nucleus, which are also known in 254Rf [17] and
256Rf [18,44,45], are a widespread phenomenon in this region
of deformed heavy nuclei.

V. SUMMARY AND CONCLUSION

In the present work, we detected and investigated 780
decays of 250No. In 126 cases, decay of the long-lived iso-
meric state via electromagnetic transitions with a half-life of
23(4) μs was measured by detecting conversion electrons. No
fission from this isomeric state was observed. Rather, it de-
excites into the spontaneously fissioning ground state, which
has a half-life of 4.0(4) μs. An upper limit of 0.035 for the
fission branching of the long-lived isomeric state in 250No was
obtained, corresponding to a fission half-life of longer than
657 μs. This is more than 164 times longer than the one of
the ground state. It is evident that the high K quantum number
strongly retards the fission process. The effect of the high-K
value was discussed in connection with semi-empirical cal-
culations and related experimental observations. According to
these discussions, a suggested assignment of K = 6 [31] of
the long-lived isomeric state in 250No should hinder its fission
by a large factor, i.e., at least by a factor of 104.

We observed evidence of a hitherto unknown higher-lying
short-lived isomeric state with a half-life of 0.7+1.4

−0.3 μs. Two
events were attributed to the decay of this isomeric state. They
deexcite via the population of the lower-lying and longer-lived
isomeric state.

Occurrences of multi-quasiparticle high-K isomeric states,
as predicted by theory, seem to be a widespread feature in
the heavy nuclei in this region, but their production rates
are low. The presently used triggerless conversion electron
measurement based on fast digital electronics is well suited
for the search of similar states in neighboring and heavier
even-even nuclei.
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