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1.Delayed 160Tb radioactivity buildup due to 159Tb(n,2n) nuclear reaction products transformation and subsequent fusion 
Ihor M. Kadenko

Abstract: This paper deals with the formation of a bound dineutron in the outgoing channel of the 159Tb(n,n2)158gTb nuclear reaction followed by assumed transformations of the reaction products 158gTb and n2. Such nuclear processes were studied in detail from the point of view of 160Tb/160Dy/160Ho amount of nuclei versus time dependence. Some signs of fusion process between heavier nuclei (158Tb and/or 158Gd) and the deuteron, that is a bound dineutron decay product, were detected as unexpected increasing of 879.38 keV gamma-ray peak count rate due to 160Dy gamma-transitions. The mathematical model, including three systems of differential equations, was developed to describe the experimental data. This development requires a reasonable estimate of the half-life of a bound dineutron, which was found to be equal 5,877 s as an upper limit. We mathematically modelled the experimentally observed delayed in time build-up of the 160Tb radioactivity with a maximum at about 495 d since the neutron irradiation completion of the Tb sample, based on the similarity with the parent – daughter nuclei radioactivity decay and nuclear accumulation processes.

2.Novel features of nuclear structure of Z = 46 Pd isotopes
J.B. Gupta 
Abstract: The spectral features of N = 54-70, Z=46 Pd isotopes are presented through empirical studies. The unique behavior of Pd isotopes in the simultaneous increase of the quadrupole deformation β and the triaxiality parameter γ is illustrated, and the roles of valence neutrons and valence protons are highlighted. The n = 2 phonon triplet structure of Pd isotopes is studied in detail. The level spectra are well reproduced in the Interacting Boson Model. The IBM predicted interband E2 transition ratios are compared with the data.
3. Optical model and coupled reaction channels analyses of the 9Be+12C elastic scattering
Ahmed Hammad Amer, Zakaria M.M. Mahmoud, Yu.E. Penionzhkevich

Abstract: This work analyzes the elastic scattering angular distribution data of the 9Be+12C system in the energy range of 13–50 MeV using the optical model (OM). The real and imaginary parts of the optical potential (OP) are generated using the double-folding (DF) model. In the DF model, three different effective nucleon-nucleon (NN) interactions are used. These effective NN interactions are the density-dependent CDM3Y6, the latest São Paulo Potential version 2 (SPP2), and the Brazilian Nuclear Potential (BNP). In the DF calculations, the renormalization factors NR and NI of real and imaginary parts of the OP were allowed to freely vary. We considered the elastic transfer of the 3He-cluster in our calculations using the coupled reaction channels (CRC) method. We extracted the optimum values of the spectroscopic amplitudes (SA) for the dissociation 12C→9Be+3He during the CRC analysis. The energy dependencies of real and imaginary potential depths, potential volume integrals, and reaction cross sections have been studied.

4.Prerequisites for heavy quark coalescence in heavy-ion collisions
Taesoo Song, Gabriele Coci

Abstract: The coalescence model assumes instant formation of a bound state from unbound particles based on the overlapping of two states in spatial and momentum spaces and quantum numbers. Therefore, applied to the hadronization of partons, it provides a snapshot of a Quark-Gluon Plasma (QGP) just before hadronization. We use the coalescence model for the formation of the ground state of open heavy flavor and the statistical model for heavier states. Assuming that all heavy flavors in thermal equilibrium hadronize through the coalescence, we find that the QGP just before hadronization is not composed of completely randomized partons but must have strong correlations in color charges as well as in momentum and/or coordinate spaces between heavy quark and light (anti-)quark.

5.Analysis of the η1(1855) as a KK¯1(1400) molecular state
Feng Yang, Hong Qiang Zhu, Yin Huang

Abstract: In this work, we study the radiative and strong decay of S-wave KK¯1(1400) molecular state within the effective Lagrangians approach and find the relation between the KK¯1(1400) molecular state and the newly observed η1(1855) state by comparing with the BESIII observation. The prediction indicates that the decay width can reach up to 195.06−5.13+5.18 MeV, which can be confronted with the experimental data. If the η1(1855) could be S-wave KK¯1(1400) molecular state, the KK¯⁎π three-body decay provides the dominant contribution, not the ηη′ channel found in the experiment. In addition, the partial width for η1(1855)→γϕ can reach up to 17.67−0.62+0.38 KeV. Those results can be measured in future experiments and used to test the nature of the η1(1855).

6.Deformation in 92−128Pd isotopes
A. Hosseinnezhad, A. Jalili Majarshin, Yan An Luo, D. Ahmadian, H. Sabri
Abstract: The purpose of the study further explores the quadrupole transition rates and effective deformation within the framework of a simple interacting boson model to the Pd isotopic chain. We used the spherical U(5) and deformed O(6) dynamical symmetry limits. Results indicate a significant relationship between the effective quadrupole deformation values and effective boson charge. Results suggest that 106Pd is a good candidate for the E(5) critical point of the U(5)-O(6) shape phase transitional region and also has the largest variation of the quadrupole shape constants. A close relationship between the ground- and excited-state quantum phase transitions is found, as evidenced by the ratios of different energy levels.

7.High-precision cross sections measurement of (n,2n) reactions on 124Xe and 78Kr isotopes in the 14 MeV region
Jun Zeng, Chuanxin Zhu, Youjin Gong, Li Jiang
Abstract: The cross sections of 124Xe(n,2n)123Xe and 78Kr(n,2n)77Kr reactions were measured at 7 neutron energies between 13 MeV and 15 MeV. A self-designed improved organic-glass gas target was introduced to reduce both the effect of γ-ray absorbing and the uncertainty of nucleus quantification. The monoenergetic neutrons were generated via the 3H(d,n)4He reaction with a solid T-Ti target, and reactions 93Nb(n,2n)92mNb were adopted as neutron flux monitors. The cross sections obtained in this work achieve the least uncertainty compared with the literatures, which are beneficial in providing better experimental constraints for the excitation curves prediction, thus improving the quality of the corresponding database. Meanwhile, these two data sets could also be used as a nuclear physics based diagnostic tool for studying properties of the deuterium-tritium plasma created in inertial confinement fusion reactions.

8.Coulomb corrections to Fermi beta decay in nuclei
Naftali Auerbach, Minh Loc Bui,
Abstract: We study the influence of the Coulomb force on the Fermi beta-decays in nuclei. This work is composed of two main parts. In the first part, we calculate the Coulomb corrections to super-allowed beta decay. We use the notion of the isovector monopole state and the self-consistent charge-exchange Random Phase Approximation to compute the correction. In the second part of this work, we examine the influence of the anti-analog state on isospin mixing in the isobaric analog state and the correction to the beta-decay Fermi transition.

9.Reaction rate of radiative p12N capture
S.B. Dubovichenko, N.A. Burkova, D.M. Zazulin

Abstract: The S-factor of radiative p12N capture at energies from 20 keV to 5 MeV was considered within the modified potential cluster model with forbidden states, considering the first resonance at Ex = 2.69(5) MeV. It was shown that one can obtain the astrophysical S-factor based on potentials consistent with the bound state energies and asymptotic constant values. According to the theoretical total cross sections, the calculation of the p12N capture reaction rate is made at temperatures from 0.001 to 10 T9. The calculated results for the reaction rate are approximated by analytical expression, which simplifies their use in applied research.

10.Impact of Coulomb correction factor on rate of change of lepton fraction during presupernova evolution
Asim Ullah, Jameel-Un Nabi

Abstract: We re-examine the weak interaction nuclei having largest contribution to the lepton-to-baryon fraction (Ye) by coupling the stellar weak rates and mass abundances for post silicon burning conditions during the presupernova evolution of massive stars. The stellar weak rates were recently calculated by Nabi et al. (2021) employing the fully microscopic pn-QRPA model without invoking the Brink-Axel hypothesis. We compute the mass abundances for a total of 728 nuclei, with A = 1–100, using Saha's equation and assuming nuclear statistical equilibrium with the incorporation of Coulomb correction factor to the chemical potential. We compile a list of top 50 electron capture (ec) and β-decay (bd) nuclei, on the basis of largest contribution to Y˙e for post silicon burning conditions, where 11 ec and 6 bd nuclei debuted due to Coulomb corrections. The calculated mass abundances and corresponding Y˙e values are enhanced up to 3 orders of magnitude for heavier nuclei once Coulomb corrections were incorporated. This enhancement led to an increment in total Y˙ebd and Y˙eec values, at Ye = 0.425 (ρ = 2.20×109 g/cm3), of 80% and 91%, respectively. After incorporating the Coulomb corrections, we propose a revised interval of Ye = 0.423-0.455, where bd rates surpass the competing ec rates, and is 3.2% bigger than the one suggested by Nabi et al. (2021).

11.Exotic resonance of Zc(4100)− in B0 → ηcK+π− decay
Behnam Mohammadi

Abstract: The B0→ηcK+π− decay rate is calculated using the factorization approach, the Dalitz plot analysis technique is used to describe this process. One of the decay mechanisms involves an interesting exotic Zc(4100)− meson, besides, the non-resonant contribution and the contribution from neutral excited kaons K⁎0(892), K⁎0(1410), and K⁎0(1680) are taken into account. The overall branching fraction is obtained to be B(B0→ηcK+π−)=(5.58±1.19)×10−4. The dominant contribution to this result is the non-resonant one.

12.An improved Gamow-like formula for α-decay half-lives
Fengzhu Xing, Hao Qi, Jianpo Cui
 Abstract: An improved Gamow-like (IMGL) formula for α-decay half-lives is proposed by introducing an accurate charge radius formula, an analytic expression of assault frequency, the angular momentum taken by α-particle and the isospin effect. The parameters of the IMGL formula are obtained by fitting the experimental α-emitter data with Zp=52–118 (515 α emitters. Zp is the charge number of a parent nucleus) and those with Zp=92–118 (178 α emitters). Correspondingly, the IMGL formula with the parameters fitted the experimental data with Zp=52–118 is named as the IMGL1 formula and the other one is called as the IMGL2 formula. By using the two formulas, a large number of α-decay half-lives are calculated. It is shown that the accuracy of the IMGL1 and IMGL2 formulas is improved significantly compared to their predecessors. Moreover, the accuracy of the IMGL1 and IMGL2 formulas is higher than that of other types of empirical formulas, including the Royer formula, modified Royer (MR) formula, Viola-Seaborg-Sobiczewski (VSS) formula, modified Viola-Seaborg-Sobiczewski (MVSS) formula, formula proposed by Y. Qian and Z. Ren (YQZR) and modified YQZR (MYQZR) formula. In addition, the experimental α-decay half-lives of the synthesized newly neutron-deficient Actinide nuclei and the superheavy nuclei are reproduced well by the two formulas. Then, the α-decay half-lives of the neutron-deficient nuclei with Zp=94-119 are predicted within the IMGL2 formula because its accuracy is higher slightly than that of the IMGL1 formula. Finally, the competition between α-decay and spontaneous fission (SF) with Zp=120 α-decay chains is investigated in detail within the IMGL2 formula and the modified Swiatecki's formula. The predictions of the neutron-deficient nuclei with Zp=94-119 and the superheavy nuclei with Zp=120 are useful for identifying the new nuclides in future experiments.

13.The memory effects in the Langevin description of nuclear fission
F.A. Ivanyuk, S.V. Radionov, C. Ishizuka, S. Chiba

Abstract: We have calculated the fission width Γf within a one-dimensional Langevin approach with the potential energy given by simple two-parabolic (Kramers) potential and found out that for excitation energies slightly above the fission barrier the Γf(E) calculated in constant energy regime is substantially smaller than Γf(T) calculated in constant temperature regime and popular Bohr-Wheeler or Kramers approximations. At small excitations Γf(E) is by one order of magnitude smaller than Γf(T). In order to clarify the role of memory effects we have carried out the calculations of fission width within the Markovian and non-Markovian Langevin approaches. It is shown that the magnitude of memory effects depends very much on the value of the damping of collective motion parameter η. In the low damping region, the fission width Γf grows as a function of η and decreases as a function of the relaxation time τ. In the high damping region, the tendency is opposite. The fission width Γf decreases as a function of η and increases as a function of τ. Such dependence is common both for small and large excitations. For the excitation energies above 10 MeV the memory effects are negligibly small and the Markovian limit is quite accurate.

14.Temperature dependence of cluster decay
D.F. Rojas-Gamboa, N.G. Kelkar, O.L. Caballero

Abstract: A universal decay law (UDL) for light cluster decay of excited nuclei is formulated by fitting the UDL half-lives to those evaluated within an excitation energy-dependent double folding model (DFM). The half-lives are evaluated within a preformed cluster model. The excitation energy dependence is introduced both in the energy of the emitted cluster and in the interaction potential through the density distributions of the interacting nuclei. The half-lives are found to decrease when the difference between the excitation energies of the parent and daughter nuclei, ΔE⁎> 0, increases, with the reduction being a few orders of magnitude for higher values of ΔE⁎. This can be of importance for nucleosynthesis calculations of heavy elements formed in extremely hot environments, as well as in highly energetic heavy-ion collisions. The UDL for excited nuclei is used to provide an estimate of the enhancement in the cluster decay rates of thermally excited nuclei such as those produced in r-process nucleosynthesis.

15.Next-to-leading order (NLO) perturbative effects in QCD sum-rule analyses of light tetraquark systems: A case study in the scalar-isoscalar channel
B.A. Cid-Mora, T.G. Steele 
Abstract: QCD sum-rule mass predictions for tetraquark states provide insights on the interpretations and internal structure of experimentally-observed exotic mesons. However, the overwhelming majority of tetraquark QCD sum-rule analyses have been performed at leading order (LO), which raises questions about the underlying theoretical uncertainties from higher-loop corrections. The impact of next-to-leading order (NLO) perturbative effects are systematically examined in scalar (JPC=0++) isoscalar light-quark tetraquark systems where comprehensive LO sum-rule analyses have been performed and NLO perturbative corrections to the correlators have previously been calculated. Using the scalar-isoscalar state as a detailed case study to illustrate the differences between LO and NLO analyses, it is shown that NLO effects in individual Laplace sum-rules are numerically significant and have an important role in improving the reliability of the sum-rule analyses by widening the Borel window. However, ratios of sum-rules are found to be less sensitive to NLO effects with the additional advantage of cancelling the anomalous dimension that emerges from the NLO corrections. NLO mass predictions based on these sum-rule ratios are thus remarkably robust despite the slow perturbative convergence of the underlying correlator. The mass predictions 0.52GeV<mσ<0.77GeV for the lightest scalar-isoscalar σ state are in good agreement with the four-quark interpretation of the f0(500), and the relative coupling strengths of the f0(980) and f0(500) to the tetraquark current agree with the pattern found in chiral Lagrangian analyses. Effects of the σ resonance width are studied for different models, including resonance shapes inspired by chiral Lagrangians.

16.Algebraic solutions for o(12)↔u(2)⊗u(10) quantum phase transitions in the proton-neutron interacting boson model
M.M. Hammad, Andriana Martinou, Dennis Bonatsos
Abstract: A simple systematic procedure to construct the proton-neutron unitary, usdπν(12), orthogonal, osdπν(12), and quasi-spin susdπν(1,1) algebras of the sd bosonic system is presented. New algebraic substructures of these algebras are discussed and the explicit formulae for their generators and Casimir operators are given in the spherical tensor form. The complementarity relationship of the Casimir operators of the susdπν(1,1) and osdπν(12) is derived. The exact algebraic solutions of the quantum phase transition Hamiltonian between the osdπν(12) and usπν(2)⊗udπν(10) limits have been considered, for the first time, in the framework of affine susdπν(1,1) Lie algebra. The low lying energy spectra of the 70Ge, 76−78Se, 96−98Mo, and 100−102Ru isotopes are calculated using the osdπν(12)↔usπν(2)⊗udπν(10) transition Hamiltonian. The good agreement of our computation with empirical result in these isotopes emphasizes the importance of usπν(2)⊗udπν(10) limit. With this addition, symmetry can be extended to many nuclei.

17.Study of normal deformed bands in light Lutetium isotopes
Mohd Faisal, Rani Devi, S.K. Khosa, G.H. Bhat, J.A. Sheikh
Abstract: The projected shell model has been employed to study the energy levels and alignment frequencies of the normally deformed bands of light lutetium isotopes. The calculated results are in reasonable agreement with observed ones. Band head spins and configurations have been reproduced for all the positive parity bands of 161−165Lu isotopes and negative parity bands of 163Lu. The theoretical calculated aligned angular momenta reasonably reproduced the observed backbends and their corresponding rotational frequencies for all the experimentally observed normally deformed bands. Moreover, I = 7/2− state is predicted as band head spin for negative parity yrast bands of 161,165Lu. The negative parity yrast bands of 161,165Lu are predicted to have 1π1h11/2[523]7/2− configuration. Further, the calculated B(E2) values of 165Lu show reasonable agreement with the available experimental data. The dip predicted in the B(E2) values may be interpreted due to the alignment of a pair of protons in the proton 1g7/2 orbital in positive parity bands and 1h11/2 orbital in negative parity bands.

18.Role of neutron transfer in the reaction mechanism of 9Be+169Tm, 181Ta, 187Re and 197Au systems
Prasanna M., V.V. Parkar, V. Jha, A. Parmar, Bhushan. A. Kanagalekar, B.G. Hegde
Abstract: The contribution of one neutron stripping cross section to the total reaction cross section has been studied for 9Be projectile incident on 169Tm, 181Ta, 187Re and 197Au targets around Coulomb barrier energy. The measured one neutron stripping cross sections for these systems have been compared with the coupled channel calculations. The recently developed global set of optical model potential parameters for 9Be projectile has been used in the present calculations. The cumulative of measured complete fusion (CF), incomplete fusion (ICF), one neutron stripping and calculated non-capture breakup (NCBU) cross sections is found to explain almost the reaction cross sections for all the targets. A very small contribution from target inelastic states and elastic breakup may contribute to the remaining part. The percentage fraction of cross section for CF, ICF, one neutron stripping, and NCBU over reaction cross section show the dominance of neutron transfer and NCBU at below barrier energies while CF and ICF processes have the major contribution at above barrier energies.

19.Excitation of the delta-resonance in compressed super heavy neutron-rich doubly magic U126310bh184 nucleus
Mohammed Hassen Eid Abu-Sei'leek

Abstract: By using constrained spherical Hartree-Fock approximation (CSHF), nuclear system of the super-heavy spherical U126310bh184 nucleus is investigated. CSHF is applied to no-core shell model, with an effective baryon-baryon interaction. Physical properties are affected by delta excitation under compression. It is shown when the △ resonances have occurred, the nucleus becomes more bound. Also, it can be seen that as the compression is continuous, the formation of △ increases. Under compression, the most of increment in energy of the system is gone to △-mass formation. Therefore, this appears to play a role in nuclear compression in subthreshold pion-production in heavy ions collisions. When the △ degree of freedom is created, reduced compressibility has occurred. In a ground state without nuclear compression, it is seen that the U126310bh184 nucleus is formed from the △ particles as the basic component besides nucleons. Also, there is a radial density distribution of the △ particles at the ground state for the U126310bh184 nucleus. If the nucleus was compressed to twenty-four of the ordinary density, then the △ particle would have been sharply increased to about 14.2% of all particles in the nucleus. The single particle spectra are studied under nuclear compression too. An excellent agreement was happened between the calculations and the shell model for the low levels of the single particle energies. Finally, there is a excellent consistency between the effective Hamiltonian and phenomenological shell model results for the lower single particle energy levels.

20.Kinetic mass shifts of ρ(770) and K⁎(892) in Au+Au reactions at Ebeam = 1.23 AGeV
Tom Reichert, Marcus Bleicher
Abstract: We explore the properties of the last generation of ρ(770) and K⁎(892) resonances created in Au+Au reactions at Elab=1.23 AGeV via the reconstruction in the hadronic channel using the UrQMD model. Such resonance studies allow to obtain detailed information on the emission source in such reactions in a complementary way to di-lepton or HBT studies. We observe a freeze-out hierarchy and predict mass shifts for the ρ(770) resonance (Δmρ≈−330 MeV) and the K⁎(892) resonance (ΔmK⁎≈−30 MeV). These mass shifts are related to the regeneration cycles of each resonance species and are of purely kinetic origin. Experimentally our predictions can be tested using the GSI-HADES experiment or the lowest RHIC-BES energy.

21.Effect of entrance channel parameters on the elastic scattering of light nuclei
H.C. Manjunatha, Y.S. Vidya, K.N. Sridhar, L. Seenappa, P.S. Damodara Gupta

Abstract: The sensitivity of dependency of entrance channel parameters on the elastic scattering cross section of Hydrogen, Helium, Lithium, Beryllium, Boron, Carbon, Nitrogen, Oxygen and Fluorine with other nuclei is investigated in detail. We have identified the optimal scattering angle and energies corresponding to light nuclei elastic scattering. Based on the optimal scattering energy and optimal scattering angle, for the first time, we have constructed an empirical formula for the elastic scattering cross section as a function of entrance channel parameters. The proposed formula produces the maximum elastic scattering cross sections of almost all available experimental data. The percentage of deviation of present formula is also estimated.

22.Reaction rate of radiative n6Li capture in the temperature range from 0.01 to 10 T9
S.B. Dubovichenko, N.A. Burkova, A.S. Tkachenko 
Abstract: We consider the rate of radiative n6Li capture reaction in the temperature range from 0.01 to 10 T9 within the framework of the modified potential cluster model with forbidden states. The total cross sections are calculated for capture to the ground, and the first excited states of the 7Li nucleus in the n6Li channel in the energy range from 10 meV to 5 MeV. Analytical expressions approximate the total cross-section at low energies and the reaction rate over the entire considered temperature range.

23.Photonuclear reactions natNi(γ,xn)57Ni and natNi(γ,xn)56Ni in the energy range Eγmax = 35–94 MeV
O.S. Deiev, I.S. Timchenko 
Abstract: The total bremsstrahlung flux-averaged cross-sections 〈σ(Eγmax)〉 for the photonuclear reactions natNi(γ,xn)57Ni and natNi(γ,xn)56Ni have been measured in the range of end-point energies Eγmax = 35–94 MeV. The experiments were performed with the beam from the NSC KIPT electron linear accelerator LUE-40 with the use of the activation and off-line γ-ray spectrometric technique. The calculation of the flux-average cross-sections 〈σ(Eγmax)〉th was carried out using the partial cross-section values σ(E) computed with the TALYS1.95 code for the level density models LD1-6 and bremsstrahlung γ-flux calculated by GEANT4.9.2. The obtained experimental results are compared both with the theoretical calculation 〈σ(Eγmax)〉th and with the data available in the literature. The obtained 〈σ(Eγmax)〉 values expand the energy range of previously known experimental data.
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