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Abstract. The prospects of stimulated de-excitation of nuclear isomers (SDENI) with a trigger
transition energy ∆E up to ∼ 1 keV in a plasma of a high-current electric discharge (HCED) with an
electron temperature θ ∼ ∆E are discussed. An estimate of the probability of the SDENI process
in plasma by the mechanism of nuclear excitation by electron capture (NEEC) is obtained. The
most promising for the SDENI study are isomers 229m Th (∆E ≈ 8 eV), 235m U (∆E = 76 eV),
110m
Ag (∆E = 1128 eV). To create an energy source most promising isomer is 186m Re (∆E is
unknown) with a half-life of 2 × 105 y, for which stimulated de-excitation in the laser plasma had been
already observed at θ ∼ 1 keV.
Keywords: De-excitation of nuclear isomers, Laser plasma, High-current electric discharge plasma.

1. Introduction
For more than 60 years, but so far unsuccessfully, attempts have been made to create a controllable source
of γ-radiation or an energy source based on stimulated
de-excitation of long-lived nuclear isomers (hereinafter
referred to as SDENI). Here, only a brief overview of
these studies is given, which is necessary for assessing the prospects for studying the SDENI using the
plasma of a high-current electric discharge (hereinafter
referred to as the HCED plasma). In an isomeric energy source, the stimulation of de-excitation of a large
number of isomers should be either an avalanche or
due to an external action of high efficiency. Initially,
the SDENI process was supposed to be carried out in
the form of a γ-laser, in which the direct isomeric transitions in nuclei are stimulated by resonant γ-quanta
emitted in the isomeric transitions in other nuclei of
the same kind [1–3]. Numerous studies were carried
out, but fifty years after the appearance of the idea
of a γ-laser, L. Rivlin, one of the authors of this idea,
stated that in all experiments with long-lived isomers
the SDENI effect was not observed [4]. The reason
for the lack of this effect is the difficulty of creating
the resonance conditions for stimulating the radiation
for long-lived isomers (see, e.g., [5]). Another reason
is that long-lived nuclear isomers spontaneously decay mainly due to internal electron conversion (it is
assumed that these are not bare isomeric nuclei, but
they have an electronic shell), but, as shown in [6, 7],
the conversion transition can also be resonantly stimulated by photons, as well as a transition with emission
of a γ-quantum. Therefore, in attempts to resonantly
stimulate γ-ray emission in isomeric transition of longlived isomers by photons, conversion transitions would
be stimulated first of all. As far as the author knows,
the conversion transitions stimulated by resonance
γ-quanta have not been specifically sought in experiments. However, the possibility of such stimulation

corresponds to the experimentally observed decrease
in the probability Pconv of spontaneous conversion
transitions for 235 U (transition of energy ∆E = 76 eV),
154
Eu (∆E = 910 eV), 99 Tc (∆E = 2173 eV) nuclei
which are embedding in the metal (see [8] and references therein). This effect is different from changing Pconv due to deformation of the electron shell of
atoms or due to the interaction of conversion electrons
with the environment. But on the other hand, the
effect corresponds to the idea [6, 7] that, just like
transitions with γ-quantum emission, spontaneous
conversion transitions are resonantly stimulated by
zero-point oscillations of the electromagnetic field, the
intensity of which is decreasing inside metal [9].
For the implementation of SDENI also tried to excite the isomers to the higher-lying trigger levels, from
where the nucleus can decay into the ground state
(see, e.g., reviews [10, 11]. Transitions to trigger levels have a lower multipolarity than direct isomeric
transitions and such transitions are easier to induce.
For known isomers the energy of trigger transitions
is ∆E > 1 keV. Attempts were made for nuclear excitation by electron transition (NEET) in the excited
electron shell of atoms, as well as via absorption of
photons of resonant energy ∆E by nuclei, but these
methods were not very effective. De-excitation of isomers was observed when they were irradiated with
high-energy photons. Thus, the SDENI effect was
observed on the 99m Tc isomer (T1/2 = 6 h) under the
action of bremsstrahlung radiation with an energy of
up to 15 MeV [12] and on the natural isomer 180m Ta
(excitation energy of the isomer 75 keV) under the
action of bremsstrahlung radiation with an energy of
up to 6 MeV due to the excitation of trigger states
with an energy of about 2 MeV [13]. However, the
efficiency of the SDENI process upon irradiation of
isomers with high-energy photons is very low, and this
SDENI method is not suitable for practical use. When
5

V. Koltsov
isomers were irradiated with photons of lower energies,
the SDENI effect was not observed. For example, such
studies were widely carried out with the 178m Hf isomer
T1/2 = 31 y , the stimulated de-excitation of which
under soft X-ray irradiation was announced in [14–16],
but more careful experiments (see [17] and references
there) and more thorough theoretical analysis [18] did
not confirm the observation of the SDENI effect on the
178m2
Hf isomer. The absence of a strong SDENI effect
upon irradiation of isomeric nuclei with low-energy
photons is caused by the low efficiency of this method
for exciting trigger levels, as well as by the fact that
there were no isomers with trigger transitions that
can be effectively excited by such photons — trigger
transitions of low multipolarity and low energy are
needed. Such convenient isomers are currently unknown, but it cannot be argued that such isomers do
not exist at all. The point is that it is impossible to
accurately determine the parameters of nuclear levels
only by calculation, and only those energy levels that
are populated in known nuclear reactions are well
known. In different nuclear reactions the same nuclei
are formed in different excited states, and during the
decay of these states in cascades of electromagnetic
transitions, different energy levels of these nuclei can
appear. As for the excitation of isomers, this is a
poorly studied type of nuclear reactions, and new nuclear levels may appear in such reactions, including
new trigger levels convenient for de-excitation of isomers. This is especially true for deformed odd-odd
nuclei with a complex level structure, for example,
the 186 Re nucleus discussed below. For some isomers, experiments are complicated by the difficulty
of obtaining them in sufficiently large quantities. For
instance, the 178m2 Hf isomer was produced only in
small amounts of ∼ 1015 nuclei in accelerators, since
usually the most efficient method for producing radionuclides in a reactor is not suitable for the 178m2 Hf
isomer, the neutron cross section for the formation of
an isomer from natural hafnium in a reactor is very
small — about 2 microbarn [19, 20]. In addition, it
is difficult to prepare targets with a high enrichment
in the 178m2 Hf isomer, since radiochemistry cannot
separate the isomeric 178 Hf nuclei from the nuclei in
ground state that are predominantly formed in nuclear
reactions.
At present, the most promising is the search for the
SDENI process for isomers in a high-density plasma
with an electron temperature of the order of the trigger
transition energy θ ∼ ∆E (hereinafter, the temperature θ in energy units). Such plasma simultaneously
contains intense X-ray radiation, intense fluxes of
electrons and ions, and a high degree of ionization
of atoms with isomeric nuclei. In plasma, the most
efficient mechanism of the SDENI is the nuclear excitation by electron capture (NEEC), proposed in 1976
by Goldanskii and Namiot [21] for transitions of 235 U
nuclei to the first excited state. Subsequently, the
NEEC mechanism was investigated in many works
6
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(see, e.g., [21–23] and references therein). Recently,
in the experiment [24], the NEEC process was observed during deceleration in a metal of fast ions with
isomeric nuclei 93m Mo (the trigger transition energy
∆E = 4.8 keV). In the NEEC process a free electron
of the plasma is captured by an ionized atom with
an isomeric nucleus, the excess energy of the electron
goes not only to the emission of a photon or Auger
electron, but with the probability of PNEEC can go to
excite the nucleus. NEEC is the inverse process with
respect to direct internal electronic nuclear conversion
and occurs with the participation of a virtual photon.
According to [25], in order of magnitude PNEEC can
be estimated from the formula
PNEEC ∼ λ̄2res τ nE,res Γ,

(1)

where nE,res is the energy density of electronic states
at the electrons energy Eres resonant with the nuclear
1
trigger transition: Eres = me ve,res
/2 = ∆E − J; me
and ve,res are the mass and the velocity of the plasma
electrons; J is the ionization potential of the atomic
level at which the plasma election is captured; τ is the
plasma lifetime; λ̄res = ~/me ve,res is the de Broglie
wavelength; ~ — Planck’s constant divided by 2π;
Γ is the width of the conversion transition from the
excited nuclear level to the ground state of the nucleus,
associated with the half-life T1/2 of the excited level
by the ratio Γ ∼ ~/T1/2 . Formula (1) takes into
account the maximum cross section of the NEEC
process, which is equal at exact resonance, and the
integration of the cross section over the electron energy
is approximately represented as the product of the
cross section σres and the flux of plasma electrons with
energy near the resonance within the energy width
of the transition. Formula (1) was obtained for the
transition of the nucleus to the first excited state. If
we are talking about the excitation of an isomeric
nucleus to a trigger level, which can decay not only
back to the isomer, but also via other decay channels,
then the width of the trigger level Γtrigg > Γ, where
the width Γ is still determined by the probability of
transition from the trigger level to the isomer. In this
case, the maximum cross section of the NEEC process
turns out to be Γtrigg /Γ times less than in formula (1)
(see, e.g., [23, 26]). However, in this case, the energy
range in which the plasma electrons are resonant for
the NEEC process increases by the same factor. Thus,
the probability of the NEEC process for the excitation
of the isomer to the trigger level can still be estimated
by formula (1).
Until now, the SDENI process has been mainly
studied in laser plasma. In these experiments, a light
pulse is directed to a target — a backing with isomeric
nuclei deposited on it, as a result a part of the target is
converted into plasma. Stimulation of nuclear transitions of energy of tens keV is possible in a plasma with
a temperature of θ ∼ 10 keV, created by laser pulses
with a duration of about 1 ps and an energy of tens
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joules, focused on a target into a spot with a diameter of about 100 µm, with an intensity of more than
1018 W cm−2 . In such plasma X-rays of a temperature
of tens keV and the intense fluxes of electrons and protons of energies up to 10 MeV are excited, and there
can be nuclear reactions such as (γ, n), (p,n) ((see, e.g.,
review [27]), and the excitation of nuclear isomers, for
example, the 1034m Rh isomer (∆E = 39 keV) [28, 29]
or the 181m Ta isomer (∆E = 6 keV) [27, 30]. In such
plasma the SDENI process was studied for the 110m Ag
isomers (T1/2 = 250 d) [31] (see Section 3.1). For nuclear transitions of energy no more than a few keV,
laser pulses of lower intensity but longer duration and
grater energy, which form plasma with a temperature of θ ∼ 1 keV, are more efficient, in this case the
plasma lifetime τ can increase up to nanoseconds. In
such plasma, the SDENI effect was observed on the
186m
Re isomers [32] (see Section 3.2). In contrast to
experiments with irradiation of isomers with photons,
in plasma experiments it is necessary to have not only
a sufficient number of isomeric nuclei, but also a high
concentration of the isomer in the target, since the
plasma mass is limited.
In experiments with laser plasma, the SDENI effect
was observed to be very weak, primarily due to the
short plasma lifetime, which is determined only by
the duration of the laser pulse and the free expansion
velocity of the plasma. It is desirable to increase the
plasma lifetime, and here an alternative can be the
plasma of a high-current electric discharge (HCED),
in particular, the plasma of the electric explosion of
conductors [33], for which the lifetime increases due
to its magnetic confinement. In the present work, we
discuss the prospects of using the HCED plasma for
studying the SDENI process.

2. Probability of the SDENI process in
a plasma of a high-current electric
discharge (HCED)
The most powerful HCED facilities, such as the
“Angara-5” facility at the Troitsk Institute for Innovation and Thermonuclear Research (TRINITI)
(in Moscow, Russia) with a maximum discharge current Imax = 6 MA and a pulse duration up to τ =
150 ns [34] or the “Z-machine” of Sandia National Laboratories (in Albuquerque, USA) with Imax = 26 MA,
τ = 100 ns [35] make it possible to obtain an HCED
plasma with a temperature of θ ∼ 1 keV. This temperature is lower than the record temperatures in
the laser plasma, and it can be expected that the
temperature of the HCED plasma will be lower than
the energy of nuclear trigger transitions ∆E. In this
case, the dependence of the probability PSDENI of the
SDENI process on the plasma temperature becomes
very important. The use of modern computer codes
describing the plasma parameters, in principle makes
it possible to calculate with high accuracy the PSDENI
depending on the plasma parameters (see, e.g., [36]).

But for many cases such calculations have not yet
been made, and here we will give only a rough estimate of the PSDENI . We will assume that the HCED
plasma is close to equilibrium [37], the distribution of
nE electrons over their energy E is described by the
Maxwell-Boltzmann distribution, and the probability
PJ of ionization of a level with an ionization potential
J in an atom with an isomeric nucleus is described by
the Saha formula under the assumption of one-step
ionization of this level (see, e.g., [38], page 94):
√
2 n E −E/θ
e
,
nE = √
π θ3/2
(2)
3/2 3/2

2gi me
θ
−J/θ
PJ =
e
.
ga 2π~2
n
Here n — is the concentration of electrons in the
plasma, gi ≈ ga — are the statistical weights of states
of an ion and a neutral atom with an isomeric nucleus.
From formulas (1), (2), we obtain the following simple
estimate for the probability PSDENI of de-excitation
of the isomeric nucleus
PSDENI = PNEEC PJ ∼

1 Γτ −∆E/θ
e
.
π2 ~

(3)

In the approximation used, the probability PSDENI
is proportional to the plasma lifetime τ and does
not depend on the electron concentration. For the
highest efficiency of the SDENI process, θ ≈ ∆E is
necessary, although the process is possible at a much
lower plasma temperature. This estimate describes
well the result of the experiment [39] on the excitation of the 236m U isomer (∆E = 76 eV). The 235m U
isomeric transition occurs totally via electronic conversion and the half-life of the isomer T1/2 = 26 min
corresponds to the width of the isomeric transition
Γ ∼ ~/T1/2 . This experiment was carried out at the
“Triton” facility at the Troitsk Institute for Innovative
Thermonuclear Research (TRINITI). A plasma with
a temperature of θ ≈ 20 eV, containing 235 U ions, was
created by irradiating 235 U oxide with 500 keV electrons with a 150 kA current pulse of 30 ns duration.
The probability of excitation of the 235m U isomer in
such a plasma was PSDENI ∼ 10−14 , which is close to
the calculated value by formula (3).

3. Detecting the SDENI process in
pulsed plasma
It is convenient to consider the method of detecting
the SDENI process in pulsed plasma using the experi
mentally studied isomers 110m Ag T1/2 = 250 d and
186m
Re T1/2 = 2 × 105 y (Figures 1, 2). The SDENI
process can be detected by the emission of “prompt”
γ-quanta directly upon de-excitation of the isomer.
In view of the intense X-ray radiation of the plasma,
these “prompt” γ-quanta can be detected with high
sensitivity only for those isomers for which during
the de-exciting the intermediate levels with a half-life
T1/2 longer than the plasma lifetime are populating.
7
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If the plasma lifetime is less than T1/2 = 36 ns for
the 118 keV trigger level in the 110m Ag isomer or
T1/2 = 25 ns for the intermediate 99 keV level in the
186m
Re isomer, then upon detection of “prompt” γquanta it is possible to detune from the plasma X-ray
background in time. Also, the SDENI process can be
detected by “delayed” γ-quanta emitted in the decay
of an intermediate long-lived states of the nucleus,
which are formed after de-excitation of the isomers.
For the 110m Ag and the 186m Re isomers, the longlived intermediate states are the ground states of the
nuclei. It is just by the time variation of the intensity
of “delayed” γ-quanta after a laser shots to their equilibrium value in experiments [31, 32], the SDENI process was detected on the 110m Ag and 186m Re isomers.
The intensity of “delayed” γ-quanta can be measured
in low-background conditions, however analysis [40]
shows that the sensitivity to the SDENI process can be
much higher when the process is detected by “prompt”
quanta due to their higher intensity. So, when detecting the SDENI for the 110m Ag isomer by a mediumsized γ-detector located at a distance of ∼ 10 cm from
the plasma bunch, the minimum detectable probability
PSDENI,min by “prompt” γ-quanta with time detuning from the plasma background X-ray radiation is
determined only by the number of isomeric nuclei in
the plasma and the efficiency of registration of their
γ-quanta and is equal to PSDENI,min - promt ∼ 10−12 .
And PSDENI,min - delay ∼ 10−4 when the SDENI process is detecting by “delayed” γ-quanta. The very
large value of PSDENI,min - delay is due to the difficulty of separating γ-quanta with energies of about
657 keV in decay from the ground and from the
isomeric states of the 110 Ag nucleus. For the detection of the SDENI process on the 186m Re isomer, respectively, the PSDENI,min - promt ∼ 10−12 and
PSDENI,min - delay ∼ 10−8 .

Figure 2. Diagram of the energy levels of the 186 Re
nucleus [42], the energies are in keV. The dotted lines
denotes the trigger level through which the
 de-excitation
of the 186m Re isomer T1/2 = 2 × 105 y is assumed in
the plasma, and the new 186m Re isomer level T1/2 ∼

10 d which was introduced in [32] to explain the time
dependence of the radiation intensity of 137 keV γquanta from the substance of the 186m Re isomeric
target after its stay in plasma. The energies of these
dotted levels are unknown. The first known level above
the 186m Re isomer is the 173 keV level. To avoid
cluttering the figure, the reverse transition from the
trigger level to the 186m Re isomer is not shown.

4. Nuclear isomers for studies in
HCED plasma

Figure 1. Diagram of the energy levels of the
nucleus [41]. Levels energies are in keV
8
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At present, the study of the SDENI process in the
HCED plasma is possible on nuclear isomers with a
trigger transition energy up to ∼ 1 keV, comparable
to the attainable plasma temperature. Excitation
of nuclear levels in plasma can be studied on the
235m
U isomer (∆E = 76 eV) or on the 229m Th isomer
(∆E ≈ 8 eV), its excitation from the ground state
of the nucleus was recently observed in an electrical
discharge plasma with a temperature of θ ≈ 10 eV [43].
However, the 110m Ag and 186m Re isomers seem to be
the most promising for research, since de-excitation of
these isomers releases a large energy — on the order
of 1 MeV, and they may be of interest for practical
use.
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4.1. Prospects for research on the
isomer (T1/2 = 250 d)
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110m

Ag

The 110m Ag isomer for studying the SDENI process in
plasma was proposed in paper [40] due to the low trigger transition energy — only 1128±50 eV (hereinafter,
the error is indicated at the level of one standard deviation). Other advantages of this isomer are its long
lifetime and the relative ease of isomer preparation.
In large amounts the isomer is produced in nuclear
reactors, in small amounts it can be obtained at a
cyclotron, for example, in the (p, n) reaction on 110 Pd
and subsequent separation of silver from palladium
on an ion-exchange column [40]. The disadvantage
of this isomer is the large multipolarity of the trigger
M 3 transition, which leads to a low probability of
de-excitation of the isomer in plasma.
The specific features of the search technique for
the SDENI process on the 110m Ag isomer were studied experimentally [31] using the laser plasma of the
"Progress" facility of the Scientific Research Institute
of Optical-Electronic Instruments (Sosnovy Bor, LO,
Russia). In these experiments, the laser pulse duration was 1.5 ps, the pulse energy was about 20 J, and
the intensity varied from 1016 to 1018 W cm−2 . In
laser targets, the 110m Ag isomer was deposited onto
backings of three different metals — lead, platinum,
and tungsten. A semiconductor γ-detector with an
energy resolution of 1.8 keV for 650 keV γ-quanta was
located at 10 cm from the targets. During laser shots,
part of the target material converted into plasma with
a temperature θ up to 10 keV and then was deposited
on the surface of structural elements of the target
chamber near the γ-detector. One second after the
laser shots, the measurement of the 657 keV γ-quanta
intensity began. The idea of this experiment was
that upon de-excitation of 110m Ag isomers in plasma,
the population of the ground state of nuclei increases
abruptly, which after a laser shot should lead to an
exponential decay with a period of T1/2 = 25 s of the
intensity I657 of 657 keV γ-quanta emitted in the βdecay of the ground state of 110 Ag nuclei with the
highest intensity. In the experiment, such a decrease
in the I657 intensity was indeed observed, but only
for targets on platinum backings. The cause for this
effect still need to be clarified.
When determining the prospects of studies with
the 110m Ag isomer in the HCED plasma, it is necessary to take into account the probability of the
SDENI process, obtained from the estimate of the
width Γ ≈ 4 × 10−24 eV for the transition from the
110m
Ag isomeric level to the trigger level of 118.7
keV. This estimate of the width Γ was obtained in
paper [40] from the one-particle probability of a trigger M 3 transition and the value of the hindrance
factor for this transition, obtained from the systematics of hindrance factors for similar transitions in
neighboring nuclei. Taking into account this estimated value of the width Γ, in an HCED plasma
with a temperature θ = 1 ÷ 10 keV and a lifetime

τ = 100 ns, the probability of the SDENI process on
Ag isomers by the NEEC mechanism, according
to estimate (3), is equal to PSDENI ∼ 10−17 . This
probability is much less the threshold value of the
probability PSDENI, min - promt ∼ 10−12 for the possible detecting the SDENI effect on the 110m Ag isomer
(see Section 2) and it would seem that the 110m Ag
isomer is not suitable for experiments. However, for
such a final conclusion, it is desirable to clarify the
value of Γ, which probably will be possible to do according to the results of the planned experiment on
observing the NEEC process during deceleration of
fast ions with 110m Ag isomeric nuclei [44].
It should be taken into account that for 110m Ag
isomeric nuclei in plasma, the probability of PSDENI
can be increased due to resonant irradiation of the
plasma by photons with an energy equal to the trigger
transition energy. The transition energy is known
with an accuracy of 50 eV and the source of resonant
photon radiation can be found. Under resonance irradiation of a plasma containing nuclear isomers, the
probability of the SDENI process by the NEEC mechanism increases due to an increase in the concentration
of resonant electrons in the plasma via ionization
by resonant photons of atoms with isomeric nuclei
or with nuclei of their isotopes [45]. An increase in
the probability of PSDENI may also occur due to the
stimulation by resonant photons of the emission of
a virtual photon participating in the NEEC process,
similarly to the resonant stimulation of the emission
of a virtual photon during a direct nuclear conversion
transition discussed in paper [7]. In paper [45], it was
proposed to use the radiation of the plasma itself as a
source of resonant radiation when chemical elements
with energy of characteristic X-rays equal to the energy of the trigger transition are introduced into the
plasma. Such near-monoenergetic radiation source is
very efficient. For example, when plasma with the
temperature of θ ∼ 1 keV is formed by the action of a
0.5 ns laser pulse on the surface of metallic tungsten,
about 0.5% of the laser pulse energy is converted into
the characteristic radiation of tungsten with energy
of 2.2 keV [46]. The prospect of studying the effect of
plasma resonance irradiation with 110m Ag isomers on
the SDENI process makes this isomer interesting for
experiments.
110m

4.2. Prospects for research on the
isomer (T1/2 = 2x105 y)

186m

Re

The SDENI process on the 186m Re isomer in plasma
has already been observed in the experiment [32] on
the “Iskra-5” laser facility of the Russian Federal
Nuclear Centre “Institute of Experimental Physics”
(Sarov, Russia). In the experiment [32], the 300 J
laser pulses with duration of τ ≈ 0.3 ns hit a targets with the 186m Re isomer, and plasma with the
temperature of θ ∼ 1 keV was formed. The targets
consisted of a thin layer of metallic rhenium with a
10−3 % content of the 186m Re isomer deposited on
9
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backings of metallic tungsten or stainless steel. The
SDENI effect was sought from the time variation of
the intensity I137 of 137 keV γ-quanta emitted after
β-decay of the ground state of 186 Re nuclei by substance of the target after its stay in the plasma. It
was expected that if the SDENI process takes place
in the plasma, the population of the ground state of
186
Re nuclei in the plasma will increase abruptly and
then after the laser shot for these 186 Re nuclei there
should be an exponential decrease of the I137 intensity
to the equilibrium value with a period of 90 h. In the
experiment, the I137 intensity began to measure after
placing the ampoules with material from the plasma
into the low-background γ-spectrometer a day after
the laser shots, and the time dependence of the I137
intensity was really found. If this time dependence of
the I137 intensity was caused by the SDENI process
for the 186m Re isomer in plasma, then ∼ 10−5 % of
the 186m Re isomers were de-excited in the plasma.
However, this dependence of I137 was not a smoothly
decreasing exponential, but had a maximum, which
indicated the de-excitation of 186m Re in plasma via
a previously unknown isomeric level, the half-life of
which is T1/2, m2 ∼ 10 d. This hypothetical new isomeric level 186m2 Re is shown by the dotted line in
Figure 2.
In experiment [32], a search was also carried out
for the de-excitation of the 186m Re isomer under its
irradiation with bremsstrahlung photons of energy up
to 40 keV and electrons of energy 10 keV with integral
fluxes much higher than in the laser plasma of the
“Iskra-5” facility. In these experiments without plasma
formation, no stimulated de-excitation of 186m Re was
found, which indicates the de-excitation of 186m Re
in plasma precisely by nuclear excitation by capture
of plasma electrons (NEEC), and for example, not
due to the excitation of the trigger level in inelastic
scattering of plasma electrons or due to X-ray absorption by 186m Re nuclei. Then, for the probability
of the SDENI process on 186m Re isomers in plasma,
one can use the estimate (3) obtained on the basis
of the NEEC mechanism, and this estimate shows
that for the conversion transition from the new isomeric level 186m2 Re to the 186m Re isomer the width
Γ < ~/T1/2, m2 ∼ 1×−21 eV is very small to give the
observed SDENI probability of the order of 10−5 %.
Thus, the new isomeric level of 186m2 Re cannot be a
trigger level for de-excitation of the 186m Re isomer,
and this means that there is another unknown level
in the 186 Re nucleus, which acts as a trigger one. In
Figure 2 this hypothetical trigger level is indicated by
a dotted line. The energy of this level is unknown, but
for the possibility of its excitation in plasma with the
temperature of θ ∼ 1 keV, the energy of the trigger
transition must be no more than a few keV. Thus, the
scheme of the de-excitation of 186m Re isomer in the
experiment [32] remains unclear at present. However,
the assumption of the existence of a new isomeric level
186m2
Re has received confirmation on the study of the
10

Plasma Physics and Technology
decay curve from the 186 Re source which was obtained
by irradiating a 186 W tungsten target with 15 MeV
protons [47]. The deviation of this decay curve from
the exponential showed that in (p, n) reaction on the
186
W nucleus with a probability of ∼ 1% a new isomer
with a half-life of about 10 d is populated in the 186 Re
nucleus. By measuring the spectrum of conversion
electrons from the source with the thus obtained new
isomer, it is possible to estimate the energy of the
trigger transition for the 186m Re isomer.
Results of the laser experiment [32] show the
promise of studding the SDENI process on the 186m Re
isomer in the HCED plasma. Taking into account the
increase by two orders of magnitude in the lifetime of
the HCED plasma as compared to the laser plasma,
it turns out that the probability of de-excitation
of the 186m Re isomer in the HCED plasma with
a temperature of θ ∼ 1 keV can reach a value of
PSDENI ∼ 10−3 %. With a decrease in temperature
θ, according to estimate (3), the probability PSDENI
decreases. The minimum value of θ, at which the
SDENI effect can still be detected, depends on the
currently unknown trigger transition energy ∆E. At
∆E ∼ 1 keV, it can be expected that up to a temperature of θ ∼ 100 eV the SDENI effect in the discharge
plasma will remain measurable, since, according to
estimate (3), at this temperature, PSDENI ∼ 10−7 ,
which still remains within the sensitivity range measurements of the SDENI effect by non-equilibrium γray emission from the isomeric substance with 186m Re
after its stay in the plasma. An increase in the probability of SDENI due to the irradiation of plasma
with isomeric 186m Re nuclei by resonance photons is
still impossible, since the trigger transition energy for
186m
Re is unknown.
In a single electric discharge, the probability of deexcitation of the 186m Re isomer will always be very
small for practical use, but the process of the stimulated de-excitation of the isomer can be done multiple
times if use the pulsed discharges in an atmosphere
of rhenium hexafluoride. Rhenium hexafluoride is a
highly volatile compound with a boiling point of only
33.7 °C. Rhenium hexafluoride is formed from elements at 125 °C. In plasma, rhenium hexafluoride will
decompose into elemental rhenium and fluorine, but
after the discharge, all rhenium can again be converted
into gaseous hexafluoride and the discharge can be
repeated. Using such a periodic discharge in 186m Re
plasma, it is possible to stimulate the de-excitation of
most of the isomers in the discharge chamber. The possibility of the efficient SDENI process on the 186m Re
isomer opens the way for the creation of energy sources
based on this isomer [48]. The very long half-life of
the isomer provides its low specific activity during
storage. After stimulation of 186m Re de-excitation,
the half-life of the ground state of the nucleus of 90 h
provides a high energy release of about 0.4 kW g−1 ,
which will make it possible to use 186m Re as an energy
source in many technical devices. It is essential that
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Re can be obtained as a pure isomeric substance.
When 186m Re is produced from natural rhenium in a
nuclear reactor, the isomer is formed in 0.3% of cases
of neutron capture by the 185 Re isotope [49, 50]. A
mixture of rhenium isotopes can be chemically isolated
from the irradiated material. From this mixture an
isotope with a mass number A = 186 can be isolated
by the gas-centrifugal separation using gaseous rhenium hexofluoride [49]. This will be an almost pure
isomer of 186m Re, since 186 Re nuclei in the ground
state decay rapidly. It is interesting to note that a
metal from a pure isomer will in fact be a new state
of matter. The cost of obtaining the 186m Re isomer
is comparable to the cost of obtaining an equal mass
of 238 Pu, which is widely used in radionuclide energy
sources.
186m

5. Conclusions
The carried out consideration of various variants of
the implementation of the SDENI process shows the
promising prospects of studying the SDENI on isomers
with a trigger transition energy ∆E up to ∼ 1 keV
in the plasma of a high-current electric discharge
(HCED) with an electron temperature θ ∼ ∆E. In
particular, these are isomers 229m Th(∆E = 8 eV),
235m
U (∆E = 76 eV), 110m Ag (∆E = 1128 eV). The
most promising for creating an energy source is the
186m
Re isomer (∆E is unknown) with a decay half-life
of 2 × 105 y, for which stimulated de-excitation in laser
plasma at temperature θ ∼ 1 keV has already been observed. Isomer 186m Re can be obtained by irradiation
of natural rhenium with neutrons in a nuclear reactor
and can be isolated in pure form by gas-centrifugal
separation of rhenium isotopes.
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