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ISOMERIC CROSS-SECTION
RATIOS FOR 93,95 Tc AND 95 Nb NUCLEI
Isomeric cross-section ratios have been measured for 93Tc𝑚,𝑔 nuclei in the (d, n) and (p, 𝛾)
reactions, for 95Tc𝑚,𝑔 nuclei in the (d, n) reaction, and for 95Nb𝑚,𝑔 nuclei in the (d, 𝛼) reaction for deuterons and protons with maximum energies of about 4.5 and 6.8 MeV, respectively. Experimental values of isomeric cross-section ratios are compared with theoretical values
calculated using the codes TALYS-1.4 and EMPIRE-3.2. A high influence of non-statistical effects is observed.
K e y w o r d s: isomeric ratio, activation method, 𝛾-spectroscopy, statistical model.

1. Introduction
Nuclear reactions with various projectiles comprise an
important source of information on both the mechanisms of nuclear reactions and the properties of the
excited states of atomic nuclei. Information of this
kind has been accumulated experimentally for many
years using various methods. One of the directions
of those researches is the measurement of isomeric
ratios (IRs), i.e. the measurement of isomeric crosssections ratios (ICSRs) or isomeric yield ratios (IYRs)
between the reactions of formation of a final nucleus
in the isomeric and ground states. Those ratios depend on the target nucleus spin and the inserted angular momentum, which is determined by the projectile mass and energy, as well as on the mechanism of a specific reaction and the properties of excited states in both continuous and discrete energy
intervals [1]. Hence, the data on IRs can be used to
study both the mechanisms of nuclear reactions and
the statistical properties of atomic nuclei in excited
states.
The obtained information is less ambiguous for simple nuclear reactions, such as (𝛾, n), (n, 𝛾), (d, p),
(p, 𝛾), (d, n), and (d, 𝛼). In all those reactions, if
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the projectile energy is low, a small angular momentum of (1/2÷1)~ is inserted into the nucleus, and
the momentum dispersion after the particle departure changes from ~ to 2~.
Reactions with charged particles remain less studied, especially in the near-threshold interval of projectile energies. However, this is the energy interval, in which the non-statistical mechanisms and the
influence of the structure of excited levels in the
residual nucleus can make a substantial contribution to the population of the ground and isomeric
states. Therefore, the reactions with low-energy protons and deuterons are used in our researches. In all
examined residual nuclei, i.e. 95 Nb and 93,95 Tc, the
isomeric and ground states have inversed spin values:
the ground state is spin-up, and the isomeric one is
spin-down, with the magic number 𝑁 = 50 (93 Tc) is
summed up with 2 (95 Tc) or 4 (95 Nb) neutrons.
At present, those nuclei have not been studied
enough. For the nuclear reaction 92 Mo (d, n) 93 Tc,
the numerical values of ICSRs were obtained only
in two works [2, 3] (in work [2], for 4-MeV
deuterons). A similar situation is observed for the
reactions 94 Mo (d, n) 95 Tc and 92 Mo (p, 𝛾) 93 Tc. The
ICSRs for the first reaction were measured only in
work [2] (also for 4-MeV deuterons), and for the sec-
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technique is sensitive to the products of nuclear reactions that are characterized by a low yield and to
excited low-energy isomeric levels. Since both the isomeric and ground states are formed simultaneously
and under the same experimental conditions, the corresponding measurements can be performed with a
high accuracy.
2.1. Specimens and irradiation procedure

Fig. 1. Fragments of the spectrum (a) and decay schemes for
the 93 Tc𝑚,𝑔 nucleus (b)

ond one in works [4–6] (for various proton energies).
The ICSRs for the reaction 97 Mo (d, 𝛼) 95 Nb𝑚,𝑔 were
not studied at all.
From all the mentioned, this work is aimed (i) at
measuring the isomeric cross-section ratios for the
93
Tc𝑚,𝑔 nuclei in the (d, n) and (p, 𝛾) reactions, for
the 95 Tc𝑚,𝑔 nuclei in the (d, n) reaction, and for
the 95 Nb𝑚,𝑔 nuclei in the (d, 𝛼) reaction at proton and deuteron energies of 6.8 and 4.5 MeV, respectively; (ii) at calculating theoretically the isomeric cross-section ratios for the indicated proton and
deuteron energies with the help of the software packages TALYS-1.4 and EMPIRE-3.2; and (iii) at comparing the theoretical and experimental ICSR values
and analyzing the mechanisms of nuclear reactions
and the structure of excited levels.
2. Experimental Part
The isomeric cross-section ratios were calculated using the activation method by directly measuring the
induced activity of nuclear reaction products. This
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Ths ISCR measurements in the (d, n) and (d, 𝛼) reactions were carried out, by using deuteron beams
obtained on a tandem-generator EGP-10K at the Department of electrostatic accelerators of the Institute
for Nuclear Research (INR) of the National Academy
of Sciences of Ukraine. An accelerator U-120 at the
Department of accelerator U-120 was used as a source
of protons. The energies of deuterons and protons
were equal to 4.5 and 6.8 MeV, respectively. The current was about 3 𝜇A. Molybdenum foils with the natural isotopic composition were used as targets. They
had a rectangular shape with an area of approximately 2 cm2 and a thickness of 100 𝜇m. Several irradiations series were performed. Specimens were irradiated for 1.5–4 h, which provided a sufficient decay
activity for both the ground and isomeric states.
2.2. Activity measurement
After the irradiation, the activated specimens were
transferred into a separate room with a spectroscopic
installation. The gamma spectra of reaction products
were measured on 𝛾-spectrometers, which included
CANBERRA and ORTEC HPGe detectors with a
registration efficiency of 15–30% in comparison with
the NaI(Tl) detector 3 × 3 in2 in size and an energy
resolution of 1.8–2 keV for 𝛾-lines of 60 Co, amplifiers,
and multichannel analyzers connected to computers
for the information accumulation and storage.
93
Tc nucleus has one isomeric state, and its ground
state is unstable [7]. The 93 Tc isomeric state has 𝐼 𝜋 =
= 1/2− , and the ground one 𝐼 𝜋 = 9/2+ [7]. In order
to find the population cross-section for the isomeric
level of 93 Tc, we determined the photopeak intensity
of 𝛾-line at 0.392 MeV, which is inherent to the decay
of 93 Tc isomeric state only (𝑇1/2 = 43.5 min) [7] (see
Fig. 1). In order to determine the population of the
93
Tc ground state (𝑇1/2 = 2.75 h), we used the 𝛾transition at 1363 keV that occurs after the decay
of the second 93 Mo excited state, which is populated
ISSN 2071-0194. Ukr. J. Phys. 2016. Vol. 61, No. 4
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owing to the electron capture from the 93 Tc ground
state only (see Fig. 1).
The 95 Tc nucleus has one isomeric state, and its
ground state is also unstable [7]. The 95 Tc isomeric
state has 𝐼 𝜋 = 1/2− , and the ground one 𝐼 𝜋 = 9/2+
[7]. In order to find the population cross-section for
the isomeric level of 95 Tc, we determined the photopeak intensity of the 𝛾-line at 835 keV, which is
inherent to the decay of the excited 95 Mo level with
an energy of 1039 keV, which is populated owing to
the electron capture from the 95 Tc isomeric state only
(𝑇1/2 = 61 day) [7] (see Fig. 2). In order to determine
the population of the 95 Tc ground state, we used the
𝛾-transition at 766 keV from the 93 Mo excited state
with the given excitation energy, which is populated
at the electron capture from the 95 Tc ground state
only (𝑇1/2 = 20 h) (see Fig. 2).
95
Nb nucleus has one isomeric state and an unstable ground state [7]. The 95 Nb isomeric state has
𝐼 𝜋 = 1/2− , and the ground one 𝐼 𝜋 = 9/2+ [7]. In
order to find the population cross-section for the iso-

Fig. 3. The same as in Fig. 1, but for the

95 Nb𝑚,𝑔

nucleus

meric level of 95 Nb, we determined the photopeak
area of the 𝛾-line at 0.235 MeV, which is inherent to
the decay of 95 Nb isomeric state only (𝑇1/2 = 86.6 h)
[7] (see Fig. 3). In order to determine the population
of the 95 Nb ground state (𝑇1/2 = 35 day), we used the
𝛾-transition at 766 keV from the 93 Mo excited state
with the given excitation energy, which is populated
at the 𝛽-decay from the 95 Nb ground state only (see
Fig. 3). Since this transition also accompanies the decay of 95 Tc𝑔 , its contribution to the intensity of the
𝛾-peak at 766 keV was taken into account, by using
the 𝛾-transition with an energy of 1074 keV, which is
inherent to the decay of 95 Tc𝑔 only and is observed
with a good statistical accuracy in the 𝛾-spectrum
(see Fig. 3). The method of proportions was used at
that.

mm

3. Results
Fig. 2. The same as in Fig. 1, but for the

95 Tc𝑚,𝑔

nucleus
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Experimental 𝛾-spectra were used to determine the
isomeric cross-section ratios 𝜎m /𝜎g for 93 Tc𝑚,𝑔 ,
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Experimental and theoretical (model) values of isomeric cross-section ratios and model parameters: 𝜎ℎ is
the cross-section of high-spin level population, 𝜎𝑙 the cross-section of low-spin state population, 𝐸 *1 the energy
of residual nucleus excitation, 𝐸 *2 the energy of the last discrete level of the residual nucleus used in calculations
𝜎ℎ /𝜎𝑙
Reaction

92 Mo(d,n)93 Tc𝑚,𝑔
94 Mo(d,n)95 Tc𝑚,𝑔
92 Mo(p,𝛾)93 Tc𝑚,𝑔
97 Mo(d,𝛼)95 Nb𝑚,𝑔

Energy, MeV

4.5
4.5
6.8
4.5

Experiment

Talys-1.4

Empire-3.2

1.13 ± 0.1
1.07 ± 0.11
0.29 ± 0.03
3.64 ± 0.3

2.0
2.1
2.0
2.9

5.1
3.5
1.6
31

𝐸 1* , MeV

𝐸 2* , MeV

6.3
7.1
10.9
14.5

6.0
2.8
6.0
5.8*

*

In the case of EMPIRE-3.2, only discrete levels with the excitation energy below the neutron binding energy in the nucleus
were made allowance for. Therefore, only 57 levels were taken into consideration for 95 Nb nucleus.

95

Tc𝑚,𝑔 , and 95 Nb𝑚,𝑔 nuclei by the formula [8]
[︃
(︂
)︂
𝜎m
𝜆g 𝑓m (𝑡) 𝜉m 𝑘m 𝛼m 𝑁g
𝑝𝜆g
𝑑=
+
=
−
𝜎g
𝜆m 𝑓g (𝑡) 𝜉g 𝑘g 𝛼g 𝑁m
𝜆g − 𝜆m
]︃−1
𝑝𝜆m
,
(1)
+
𝜆g − 𝜆m
where
𝑓m (𝑡) = [1 − exp(−𝜆m 𝑡irr )] exp(−𝜆m 𝑡cool ) ×
× [1 − exp(−𝜆m 𝑡meas )],
𝑓g (𝑡) = [1 − exp(−𝜆g 𝑡irr )] exp(−𝜆g 𝑡cool ) ×

(2)

× [1 − exp(−𝜆g 𝑡meas )],

(3)

𝑁g and 𝑁m are the intensities of photopeaks accompanying the decay of daughter nuclei in the isomeric
(m) and ground (g) states; 𝛼𝑚,𝑔 are the yields of
𝛾-quanta at the decay of the isomeric and ground
states; 𝜉𝑚,𝑔 the efficiencies of 𝛾-quantum registration; 𝑡irr , 𝑡cool , and 𝑡meas are the irradiation, cooling, and measurement time intervals, respectively (in
seconds); 𝑘𝑚,𝑔 are the self-absorption coefficients of
decay 𝛾-quanta; 𝑝 is the branching coefficient (the ratio between the probability of the transition from the
isomeric level on the ground one and the total probability of the isomeric level decay); and 𝜆m and 𝜆g
are the decay constants of the isomeric and ground
states, respectively (in s−1 units).
The 𝛾-spectra were analyzed with the help of
the software program Winspectrum [9]. The program
makes it possible to register spectra after definite time
intervals. This means that the corresponding nuclides
were identified by both the energy and the half-life
period. The registration efficiency of decay 𝛾-quanta
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was determined in the energy interval from 32 to
1408 keV with the help of the standard calibration
sources 133 Ba, 137 Cs, 152,154 Eu, and 60 Co. The calibration was tested, by using the software package
GEANT4 [10], in which the calculations were carried out by applying the Monte Carlo method. The
simulation results coincided with the experimental efficiency values to within the experiment error. The
values for 𝜆m , 𝜆g , 𝑝, 𝑘𝑚,𝑔 , and 𝛼𝑚,𝑔 were taken from
work [7].
The ICSR data obtained for various projectiles are
quoted in Table. Other analytical lines with sufficient
intensities were also used for the calculation of isomeric ratios. The values of those ratios coincide with
the tabulated data within the calculation errors. The
ICSR values for the reaction 97 Mo (d, 𝛼) 95 Nb𝑚,𝑔 were
obtained for the first time. The data for other reactions at indicated projectile energies were also obtained for the first time.
4. Simulation and Discussion
The isomeric cross-section ratios were calculated with
the use of the software packages TALYS-1.4 [11]
and EMPIRE-3.2 [12]. In order to provide identical
calculation conditions, 70 discrete low-energy excited
levels were used in the automatic regime in both codes
after compilation. Spectroscopic parameters for the
levels and the schemes of their decay were taken from
the library RIPL-3 [13]. In both packages, several nuclear reaction scenarios can be analyzed.
In the framework of the code TALYS-1.4
for the nuclear reactions 94 Mo (d, n) 95 Tc and
97
Mo (d, 𝛼) 95 Nb𝑚,𝑔 , the main contributions to the
population cross-sections of the isomeric and ground
ISSN 2071-0194. Ukr. J. Phys. 2016. Vol. 61, No. 4
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states are given by the pre-equilibrium mechanism
based on the excitonic model [14–16]. For the nuclear
reactions 92 Mo (d, n) 93 Tc and 92 Mo (p, 𝛾) 93 Tc, the
main contributions to the population cross-sections
of the isomeric and ground states are given by the
statistical mechanism based on the Hauser–Feshbach
theory [17]. At the same time, in the framework of
the code EMPIRE-3.2, the same statistical mechanism makes the whole contribution to the population
cross-sections of the ground and isomeric level for all
reactions [17].
The penetration coefficients were calculated on the
basis of the spherical optical model with the help of
the computer code ECIS06 [18]. The set of global parameters for neutrons and protons was taken from
work [19], for deuterons from works [20, 21], and for
alpha-particles from work [22]. The penetration coefficients for photons are also of great importance
for the calculation of isomeric ratios. They were determined from the strength functions. In the case of
TALYS-1.4, the Kopecky–Uhl Lorentzian [23] was
used for the E1 transition, and the Brink–Axel function [24] for the M1, E2, and M2 ones. In EMPIRE3.2, in the cases of E1, M1, and E2 radiation, the
modified Lorentzian (model No. 1) was used [25]. The
parameters for this Lorentzian were taken from the
following sources: in the case of E1 transitions, from
the experimental database or, in its absence, from
the theoretical one [13]; for E2 radiation, from works
[26, 27], and for M1 transition from work [28]. In the
model EMPIRE-3.2, M2 transitions were not taken
into account.
The package TALYS-1.4 includes five model variants for the description of level density, and the
EMPIRE-3.2 does four ones. The choice of any of
those variants is determined with the help of the following input keywords: “ldmodel” in TALYS-1.4 and
“LEVDEN” in EMPIRE-3.2. At the further analysis
of the simulation results obtained for the description
of a level density in the continuous excitation energy interval, the model of constant temperature and
Fermi gas (CT + FG) is used in both models [29]. The
application of other models for the description of a
level density and radiative strength functions, which
were realized in both packets, did not result in a considerably better agreement between the theory and
the experiment.
The
isomeric
ratios
for
the
reactions
92
97
Mo (d, n) 93 Tc𝑚,𝑔 ,
Mo (d, 𝛼) 95 Nb𝑚,𝑔 ,
and
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Fig. 4. Experimental and theoretical ICSRs for the nuclear
reaction 92 Mo(p,𝛾)93 Tc𝑚,𝑔 . To describe the level density, the
following models were used: ldmodel = 1 and levden = 2 correspond to the model of constant temperature (CT) and Fermi
gas (FG) (CT + FG) [29]; levden = 3 to the microscopic combinatorial model (HFBM) [30]; levden = 1 to the generalized
superfluid model (GSM) [31, 32]; levden = 0 to the improved
superfluid model (EGSM) [33]; ldmodel = 2 to the back-shifted
Fermi gas model (BFM) [34]; ldmodel = 3 to the generalized superfluid model (GSM) [35, 36]; ldmodel = 4 to the microscopic
model [37]; and ldmodel = 5 to the microscopic model [38]
94

Mo (d, n) 95 Tc𝑚,𝑔 were calculated theoretically
in the energy interval from the threshold value to
4.5 MeV with a step of 0.5 MeV. For the reaction
92
Mo (p, 𝛾) 93 Tc𝑚,𝑔 , the ICSRs were simulated
at energies from the threshold value to 6.8 MeV
with a step of 0.5 MeV. The results obtained give
rise to the following conclusions. In the case of
the 92 Mo (p, 𝛾) 93 Tc𝑚,𝑔 reaction, the ICSR values
practically do not change with the growth of the
proton energy and remain at the level 𝜎ℎ /𝜎𝑙 = 2.0 for
TALYS-1.4 and 𝜎ℎ /𝜎𝑙 = 1.6 in the EMPIRE-3.2 case,
exceeding the experimental value by approximately
a factor of 6.9 or 5.5, respectively (see Table).
For this reaction, experimental data are available
in a wide range of proton energies. Those experimental ICSRs together with the values of level density
theoretically calculated for various models are depicted in Fig. 4. None of the used models improves
the agreement between the theoretical and experimental data for the level density at proton energies
from 3.0 to 8.9 MeV. However, at the lowest proton energies, the difference between the experimental and theoretical ICSRs decreases and vanishes at
𝐸𝑝 = 1.84 MeV. The excitation energy of the residual
nucleus at 𝐸𝑝 = 1.84 MeV equals 5.94 MeV and prac-
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Fig. 5. The same as in Fig. 4, but for the nuclear reaction
92 Mo(d,n)93 Tc𝑚,𝑔

tically coincides with the energy of the 70-th discrete
level of 93 Tc.
A hypothesis can be put forward that the difference between the experimental and theoretical ICSRs may probably result from the presence of unidentified high- and low-energy 𝛾-transitions with a low
multipolarity in 93 Tc nuclei from the region of residual nucleus excitation energy (6.5–13 MeV) on lowenergy excited levels in the discrete spectrum, with
their subsequent decay onto an isomeric spin-down
level of 93 Tc. This circumstance was not taken into
consideration at the theoretical modeling. The decay
scheme is also unknown for many highly excited discrete levels of 93 Tc, and they decay in the models
onto the ground spin-up level, which also can insert
an additional error.
In the case of the 92 Mo(d,n)93 Tc𝑚,𝑔 reaction, the
ICSR practically does not change with the growth
of the deuteron energy and remains at the level
𝜎ℎ /𝜎𝑙 = 2.0 for TALYS-1.4 and 𝜎ℎ /𝜎𝑙 = 5.1 for
EMPIRE-3.2, exceeding the experimental value by
approximately a factor of 1.8 or 4.5, respectively. In
the code TALYS-1.4, there is a possibility to consider
an increase of the contribution by direct mechanisms,
namely, the stripping reactions (d, n) [39]. However,
by varying the keywords that regulate the contributions of the direct and pre-equilibrium mechanisms,
we did not improve the agreement between the experimental and theoretical values for the isomeric crosssection ratios. For this reaction, there are experimental data in a wide interval of deuteron energies. Those
experimental ICSRs together with the level densities
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theoretically calculated for various models are shown
in Fig. 5. In this case, the excitation energy of the
residual nucleus amounts to 5.7 MeV at a deuteron
energy of 3.9 MeV, which is lower than the energy
of the 70-th discrete level. However, even in the case
concerned, the difference between the theoretical and
experimental ICSR values is rather substantial, although it is absent in the case of (p, 𝛾) reaction at a
close excitation energy of the residual nucleus. Hence,
in this case, the difference between the experimental
and theoretical ICSR values at deuteron energies of
3.9–4.5 MeV can be explained by a different structure and different decay schemes of the excited levels,
which are populated in the course of the (d, n) reaction, unlike the (p, 𝛾) one. At higher deuteron energies, the difference can also originate, as was in the
case of the (p, 𝛾) reaction, from the presence of highand low-energy 𝛾-transitions with a low multipolarity
in 93 Tc nuclei from the interval of residual nucleus excitation energies (7–14 MeV) onto low-energy excited
levels in the discrete spectrum, which, in turn, decay
onto the isomeric level of 93 Tc, and from the absence
of complete information concerning the decay scheme
of the discrete highly excited levels of this nucleus.
A similar situation also takes place for the reaction 94 Mo (d, n) 95 Tc𝑚,𝑔 . The ICSR remains at the
level 𝜎ℎ /𝜎𝑙 = 2.1 for TALYS-1.4, but, in the case
of EMPIRE-3.2, 𝜎ℎ /𝜎𝑙 = 3.5, by exceeding the experimental value by approximately 2 and 3.3 times,
respectively. In the case of TALYS-1.4, if the default parameters are used, the pre-equilibrium mechanism dominates [14–16], whereas the direct mechanism is not taken into account at all. As a result of
taking the contribution of the pre-equilibrium mechanism into account, the results for TALYS-1.4 are
in better agreement with the experiment. Therefore,
the presence of high-energy 𝛾-transitions with a low
multipolarity in 95 Tc nuclei from the interval of the
residual nucleus excitation energies (6–7 MeV) onto
low-energy excited levels in the discrete spectrum
with their subsequent decay onto the isomeric lowspin level of 95 Tc can be responsible for those discrepancies.
An even larger difference between the theoretical
and experimental values for isomeric cross-section ratios for the 97 Mo (d, 𝛼) 95 Nb𝑚,𝑔 reaction takes place
in the case of EMPIRE-3.2. The ICSR values for both
codes practically are not changed with the growth of
the deuteron energy and remain at the level 𝜎ℎ /𝜎𝑙 =
ISSN 2071-0194. Ukr. J. Phys. 2016. Vol. 61, No. 4
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= 2.9 for TALYS-1.4 and 𝜎ℎ /𝜎𝑙 = 31 for EMPIRE3.2, which is approximately 1.26 times lower than
the experimental value for TALYS-1.4 and 8.5 times
larger for EMPIRE-3.2. In this case, a possible origin
of better results for TALYS-1.4 can be the contribution of the pre-equilibrium mechanism. It results
in the escape of an alpha-particle with a higher angular momentum in comparison with the statistical mechanism, so that the residual 95 Nb𝑚,𝑔 nucleus
has a lower angular momentum and, accordingly, a
lower cross-section of spin-up ground state population. However, it is also insufficient to explain the
discrepancies. Therefore, an additional inconsistency
can arise owing to a certain insignificant contribution
of the statistical mechanism, which increases the experimental ICSR value. It should also be taken into
account that, among all studied nuclei, the decay
scheme for 95 Nb𝑚,𝑔 was the least studied. Of 70 excited levels, which we took into consideration, the
decay schemes are known experimentally only for the
lowest three transitions. This circumstance can insert
an additional inconsistency.
5. Conclusions
The isomeric cross-section ratios for 93 Tc𝑚,𝑔 nuclei
in the (d, n) and (p, 𝛾) reactions, for 95 Tc𝑚,𝑔 nuclei in the (d, n) reaction, and, for the first time,
for 95 Nb𝑚,𝑔 nuclei in the (d, 𝛼) reaction have been
measured for deuterons and protons with maximum
energies of 4.5 and 6.8 MeV, respectively. For theoretical calculations of isomeric ratios, the software codes
TALYS-1.4 and EMPIRE-3.2 were used. The theoretical values of isomeric cross-section ratios were shown
to considerably exceed the experimental ones, except for the nuclear reaction 97 Mo (d, 𝛼) 95 Nb𝑚,𝑔 simulated, by using Talys-1.4. According to EMPIRE3.2, in all nuclear reactions with default parameters,
the statistical model, which is based on the Hauser–
Feshbach mechanism, dominates. At the same time,
according to TALYS-1.4, the statistical model makes
the major contribution for the nuclear reactions
92
Mo (d, n) 93 Tc𝑚,𝑔 and 92 Mo (p, 𝛾) 93 Tc𝑚,𝑔 , whereas
the pre-equilibrium model prevails for the reactions
94
Mo (p, 𝛾) 95 Tc𝑚,𝑔 and 97 Mo (d, 𝛼) 95 Nb𝑚,𝑔 . However, both those models badly describe experimental ICSR values, although, in general, the software
package TALYS-1.4 describes the aforementioned nuclear reactions better at the examined projectile enerISSN 2071-0194. Ukr. J. Phys. 2016. Vol. 61, No. 4
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gies than EMPIRE-3 does. A general origin of the inconsistency may probably be scarce information concerning the decay schemes for highly excited discrete
levels, especially for 95 Nb. The contributions of nonstatistical effects can be an additional origin of discrepancies at the examined projectile energies for all
nuclear reactions.
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A.M. Саврасов
IЗОМЕРНI ВIДНОШЕННЯ
ПЕРЕРIЗIВ В ЯДРАХ 93,95 Tc ТА

95 Nb

Резюме
Вимiряно iзомернi вiдношення перерiзiв в ядрах 93 Tc𝑚,𝑔
в (d,n) i (p,𝛾)-реакцiях, в ядрах 95 Tc𝑚,𝑔 в (d,n)-реакцiї, в
ядрах 95 Nb𝑚,𝑔 в (d,𝛼)-реакцiї для дейтронiв та протонiв з
максимальними величинами енергiй 4,5 MeВ i 6,8 MeВ, вiдповiдно. Експериментальнi значення iзомерних вiдношень
перерiзiв порiвнюються з теоретичними, розрахованими за
допомогою пакетiв TALYS-1.4 та EMPIRE-3.2. Спостерiгається значний вплив нестатистичних ефектiв.
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