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1.Energy levels, lifetimes, and transition rates for the selenium isoelectronic sequence Pd XIII–Te XIX, Xe XXI–Nd XXVII, W XLI
K. Wang, X. Yang, Z.B. Chen, R. Si, C.Y. Chen, J. Yan, X.H. Zhao, W. Dang

Abstract

Energy levels, wavelengths, lifetimes, oscillator strengths, and electric dipole (E1), magnetic dipole (M1), electric quadrupole (E2), magnetic quadrupole (M2) transition rates among the 46 fine structure levels belonging to the 
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 configurations for the selenium isoelectronic sequence Pd XIII–Te XIX, Xe XXI–Nd XXVII, W XLI are reported. These data are determined in the multi-configuration Dirac–Fock (MCDF) approach, in which relativistic effects, main electron correlations within the [image: image3.png]


 complex, Breit interaction (BI), and quantum electrodynamic (QED) corrections are included. The many-body perturbation theory (MBPT) method is also employed as an independent calculation to confirm the present accuracy, taking W XLI as an example. Comparisons and analysis are made between the present results and available experimental and theoretical ones, and good agreements are obtained. These accurate data are expected to be useful in nuclear fusion research and astrophysical applications.
2.Calculation of levels, transition rates, and lifetimes for the arsenic isoelectronic sequence Sn XVIII-Ba XXIV, W XLII
K. Wang, Z.B. Chen, C.Y. Chen, J. Yan, W. Dang, X.H. Zhao, X. Yang

Abstract

Multi-configuration Dirac–Fock (MCDF) calculations of energy levels, wavelengths, oscillator strengths, lifetimes, and electric dipole (E1), magnetic dipole (M1), electric quadrupole (E2), magnetic quadrupole (M2) transition rates are reported for the arsenic isoelectronic sequence Sn XVIII-Ba XXIV, W XLII. Results are presented among the 86 levels of the [image: image4.png]45°4p°
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 configurations in each ion. The relativistic atomic structure package GRASP2K is adopted for the calculations, in which the contributions from the correlations within the [image: image9.png]


 complexes, Breit interaction (BI) and quantum electrodynamics (QED) effects are taking into account. The many-body perturbation theory (MBPT) method is also employed as an independent calculation for comparison purposes, taking W XLII as an example. Calculated results are compared with data from other calculations and the observed values from the Atomic Spectra Database (ASD) of the National Institute of Standards and Technology (NIST). Good agreements are obtained. i.e, the accuracy of our energy levels is assessed to be better than 0.6%. These accurate theoretical data should be useful for diagnostics of hot plasmas in fusion devices.
3.Energy levels, radiative rates and electron impact excitation rates for transitions in Si III
Kanti M. Aggarwal

Abstract

Energy levels and radiative rates ([image: image10.png]


-values) for four types of transitions (E1, E2, M1, and M2) are reported for an astrophysically important Mg-like ion Si III, whose emission lines have been observed in a variety of plasmas. For the calculations, well-known and widely-used grasp code has been adopted, and results are listed for transitions among the 141 levels of the [image: image11.png]
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 configurations. Experimental energies are available for only the lowest 58 levels but there is no major discrepancy with theoretical results. Similarly, the [image: image13.png]


-values and lifetimes show a satisfactory agreement with other available results, particularly for strong E1 transitions. Collision strengths are also calculated, with the darc code, and listed for resonance transitions over a wide energy range, up to 30 Ryd. No similar results are available in the literature for comparisons. However, comparisons are made with the more important parameter, effective collision strength ([image: image14.png]


), for which recent [image: image15.png]


-matrix results are available for a wide range of transitions, and over a large range of temperatures. To determine [image: image16.png]


, resonances have been resolved in a narrow energy mesh, although these are not observed to be as important as for other ions. Unfortunately, large discrepancies in [image: image17.png]


 values are noted for about half the transitions. The differences increase with increasing temperature and worsen as the upper level [image: image18.png]


 increases. In most cases the earlier results are overestimated, by up to (almost) two orders of magnitude, and this conclusion is consistent with the one observed earlier for Be-like ions.

4.Relativistic calculations of screening parameters and atomic radii of neutral atoms
M. Guerra, P. Amaro, J.P. Santos, P. Indelicato

Abstract

Calculations of the effective nuclear charge for elements with [image: image19.png]


 have been performed in a Dirac–Fock approach including all relativistic effects as well as contributions from quantum electrodynamics. Maximum charge density for every subshell of every element in the periodic table was also computed in the same framework as well as atomic radii based on the total charge density. Results were compared with the extensively cited works of Clementi et al., obtained in the 1960s with Roothan’s self-consistent-field method.

5.Dirac–Fock photoionization parameters for HAXPES applications
M.B. Trzhaskovskaya, V.G. Yarzhemsky

Abstract

Presented here are the photoionization cross sections and parameters of the photoelectron angular distribution for atomic subshells with binding energies lower than 1.5 keV of all elements with [image: image20.png]


 in the photon energy range 1.5–10 keV. The calculations were performed in an effort to provide handy theoretical data for experimental studies by hard X-ray photoelectron spectroscopy (HAXPES). We used the relativistic treatment of atomic photoeffect and the Dirac–Fock method with proper consideration of the electron exchange for computing the electron wave functions. The photoionization cross sections were determined including all multipoles of the radiative field while the photoelectron angular distribution parameters were obtained within the quadrupole approximation. The effect of the hole resulting in the atomic subshell after photoionization was taken into account by the use of the frozen orbital model.

6. Revised analysis of the fifth spectrum of rhenium (Re V)
Vladimir I. Azarov, Robert R. Gayasov

Abstract
The spectrum of rhenium was observed in the (500–2100) Å wavelength region. A 6.65 m normal incidence VUV spectrograph has been used to record the spectrum. The [image: image21.png](5d° 4 5d“6s)-5d“6p



 transition array of four times ionized rhenium, Re V, has been investigated. The configurations 5d3, 5d26s and 5d26p had been previously studied, and all but one levels of these configurations (19, 15 and 45 levels, respectively) had been established. The previous analysis was based on 382 classified spectral lines. In the current analysis we have rejected 74 previously identified spectral lines and added 90 newly classified lines. New list of identified lines contains 398 entries. Comparing with the previous analysis, the current study is based on new spectrograms and significantly more accurate wavelength measurements. We have detected a large (up to 35 mÅ) systematic shift in wavelength measurements used in the previous analysis. In the current study, the standard deviations (by regions) of the undisturbed isolated lines from their Ritz positions are three to five times smaller and the largest deviation of strong isolated lines from their Ritz positions is about seven times smaller than in the previous work. We have confirmed identification of all but three previously found levels. One level has been rejected and two levels have been determined at new positions. One previously unidentified 5d26s level has been added. Based on the new wavelength measurements, we have corrected positions of all previously known 5d3, 5d26s and 5d26p energy levels (except for the ground level, rejected and newly determined levels) by up to [image: image22.png]


. From all 80 theoretically possible levels of the configurations 5d3, 5d26s and 5d26p, only the level 5d26s (1S)2S1/2 is still not determined. The orthogonal operators technique was used to calculate the level structure and transition probabilities. The energy parameters have been determined by the least squares fit to the observed levels. Calculated transition probabilities, energy values, as well as LS-compositions obtained from the fitted parameters are presented.
7.
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 configurations in the Lu I isoelectronic sequence (Ta III–Hg X) using orthogonal operators

Vladimir I. Azarov
Abstract
Data available on the 5d[image: image26.png]
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6s and 5d[image: image28.png]


6p configurations in the Lu I isoelectronic sequence have been critically reviewed by means of calculations with the orthogonal operators. The study included spectra from Ta III through Hg X. The calculations agree very well with the experimental data. The isoelectronic behavior of parameters and deviations of the experimental levels from the calculated positions, [image: image29.png]
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), show regular trends. Three missing 5d[image: image31.png]


6s levels have been accurately predicted theoretically and confirmed experimentally: the level ([image: image32.png]
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 in Os VI have been determined in the study. The research suggested revision of the published initial analyses of the Re V and Hg X spectra. The recently completed revised analysis of Re V has confirmed the issues noticed in the initial analysis and has resulted in the data that fit very well in the current parametric study. The isoelectronic evolution of the higher order interactions was studied for the first time in the Lu I sequence. The study included the parameters [image: image41.png]
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 describing two-particle magnetic interaction of the dd  -type, the parameter [image: image44.png]


 describing two-particle magnetic ds  -type effect, the parameter [image: image45.png]Tads



 describing 3-particle electrostatic ds  -type interaction, and the effective parameters [image: image46.png]
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 of the dp-type.

8.The fourth spectrum of rhenium (Re IV): Determination of the 5d4, 5d36s and 5d36p configurations
Vladimir I. Azarov, Robert R. Gayasov
Abstract
The spectrum of rhenium was observed in the (500–2100) Å wavelength region. The (5d4 + 5d36s) − 5d36p transition array of three times ionized rhenium, Re IV, has been investigated and 975 spectral lines have been classified in the region of (786–2063) Å. The analysis has led to the determination of the 5d4, 5d36s and 5d36p configurations. Thirty two of 34 theoretically possible 5d4 levels, 33 of 38 possible 5d36s levels and 95 of 110 possible 5d36p levels have been established. The orthogonal operators technique was used to calculate the level structure and transition probabilities. The energy parameters have been determined by the least squares fit to the observed levels. Calculated transition probability and energy values, as well as LS-compositions obtained from the fitted parameters are presented.
9.Iso-nuclear tungsten dielectronic recombination rates for use in magnetically-confined fusion plasmas
D.-H. Kwon, W. Lee, S. Preval, C.P. Ballance, E. Behar, J. Colgan, C.J. Fontes, T. 
Abstract
Under the auspices of the IAEA Atomic and Molecular Data Center and the Korean Atomic Energy Research Institute, our assembled group of authors has reviewed the current state of dielectronic recombination (DR) rate coefficients for various ion stages of tungsten (W). Subsequent recommendations were based upon available experimental data, first-principle calculations carried out in support of this paper and from available recombination data within existing atomic databases. If a recommendation was possible, data were compiled, evaluated and fitted to a functional form with associated uncertainty information retained, where available. This paper also considers the variation of the W fractional abundance due to the underlying atomic data when employing different data sets.
10.Transition rates and radiative lifetimes of Ca I
Yanmei Yu, Andrei Derevianko
Abstract
We tabulate spontaneous emission rates for all possible 811 electric-dipole-allowed transitions between the 75 lowest-energy states of Ca I. These involve the 4s[image: image48.png]
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, 3d4p, and 4s5g electronic configurations. We compile the transition rates by carrying out ab initio relativistic calculations using the combined method of configuration interaction and many-body perturbation theory. The results are compared to the available literature values. The tabulated rates can be useful in various applications, such as optimizing laser cooling in magneto-optical traps, estimating various systematic effects in optical clocks and evaluating static or dynamic polarizabilities and long-range atom–atom interaction coefficients and related atomic properties.
11.Zeeman-hyperfine structures and isotope effect in the spectrum of Tl I
Safa Bouazza, Łukasz Marek Sobolewski, Jerzy Kwela
Abstract
The Zeeman structures of seventeen lines of 205Tl I ([image: image58.png]


) covering the UV-NIR spectral range (351.92–1151.28) nm were investigated. Landé [image: image59.png]


-factors for eighteen levels were determined for the first time. Furthermore, we have performed fine structure studies for both even- and odd-configuration levels and determined the relevant parameters. For the [image: image60.png]6s6p*



 configuration we have refined the suggested level energies and predicted positions for missing levels. With regard to hyperfine structure (hfs), we have justified the surprisingly huge value of the magnetic hfs constant [image: image61.png]A(6s°10s)



. Moreover, we have extracted the single-electron hfs constant parameter values for the lowest even-parity configurations of 205Tl I; for instance [image: image62.png]a,;.(65°10s)
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. Regarding isotope shift analysis we have observed that Dirac–Fock calculations, preferably chosen to take into account the contribution of the [image: image64.png]P12



 contact-electron, are in good agreement with experimental data for low-lying levels of each configuration under study.
12.
Converged and consistent high-resolution low-energy electron–hydrogen scattering. I. Data below  threshold for applications in stellar physics

Jakub Benda, Karel Houfek
Abstract
In this article we present converged datasets containing scattering data for collisions of electrons on the atomic hydrogen for total energies below the [image: image66.png]


 excitation threshold. The data have been obtained from an ab initio   solution of the two-electron Schrödinger equation in the B-spline basis with the exterior complex scaling boundary condition and are well converged both radially and in terms of partial waves, often to a greater accuracy than currently available data. The data consist of partial [image: image67.png]


-matrices and can be combined to various secondary quantities, most notably the differential and integral cross sections. We compare the cross sections with previously published theoretical and experimental results and with available data from on-line databases. It is demonstrated that the new data are superior to the generally available results. The consistency of the cross section datasets is checked using the theorem of detailed balance. The energy sampling is fine enough to contain all major resonances in the considered energy range.
13.Energy levels, lifetimes and radiative data of W LV
Xiao-bin Ding, Rui Sun, Fumihiro Koike, Izumi Murakami, Daiji Kato, Hiroyuki A. Sakaue, Nobuyuki Nakamura, Chen-zhong Dong
Abstract
Calculations of energy levels, radiative data and lifetimes are reported for tungsten Ca-like ion (W LV) by using multi-configuration Dirac–Fock (MCDF) method. The GRASP2K package is adopted to carry out a large-scale systematic computation with a restricted active space treatment; the Breit interaction and QED effects are included in subsequent relativistic configuration interaction calculations. The energies and lifetimes of the lowest 119 levels are listed; the main leading configuration of the levels is of the ground state configuration [Ne]3s23p63d2 and the first excited configuration [Ne]3s23p53d3. The wavelengths, radiative rates and oscillator strengths for relatively strong E1, E2, M1, and M2 transitions are listed. Comparisons with earlier experimental and theoretical values are made. The average relative deviations of energy levels from the NIST results and E1 transition wavelengths from the EBIT experimental results have turned to be only 0.20% and 0.13%, respectively. The other present results are in reasonable agreement with available data. These agreements confirm the reliability and accuracy of the current results. The present datasets may help us with the investigation of the electron–electron correlation effects in complex multi-electron highly charged heavy ions and of the diagnosis of tungsten impurity plasmas in fusion science.
14.Errata and update to “Experimental cross sections for L-shell X-ray production and ionization by protons”
J. Miranda, G. Lapicki
Abstract
A compilation of experimental L-shell X-ray production and ionization cross sections induced by proton impact was published recently (Miranda and Lapicki, 2014), collecting 15439 experimental cross sections. The database covers an energy range from 10 keV to 1 GeV, and targets from    10Ne to    95Am. A correction to several tabulated values that were in error, as well as an update including new data published after 2012 and older references not found previously are given in the present work. The updated data base increased the total number of experimental cross sections by 3.1% to 15 921. A new analysis of the total number of experimental points per year shows that the possible saturation in the cumulative total number of data is increased to 15 950 ± 110 points.
15.Atomic data and line intensities for the S V ion
C. Iorga, V. Stancalie
Abstract
The energy levels, oscillator strengths, spontaneous radiative decay rates, lifetimes and electron impact collision strengths have been obtained for the [image: image68.png]
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 configurations belonging to S V ion, with [image: image71.png]


 and [image: image72], resulting in 567 fine-structure levels. The calculations have been performed within the fully relativistic Flexible Atomic Code (FAC, Gu, 2008) framework and the distorted wave approximation. To attain the desired accuracy for the levels energy, the valence–valence and valence–core correlations have been taken care of by including 96 configuration state functions (CSFs) in the model, reaching a total of 3147 fine-structure levels. Two separate calculations have been performed with the local central potential computed for two different average configurations. A third calculation is also performed without the addition of the core-excited states in the atomic model for completeness. The effects of slightly different mean configurations and valence–core correlations on the energy levels and decay rates are investigated. The collision data have been computed employing the relativistic distorted-wave method along with the atomic model containing the 96 CSFs and corresponding to the ground state mean configuration. The collision strengths corresponding to excitation from the first four fine-structure levels are given for five energy values of the scattered electron 2.65, 6.18, 11.02, 17.36, 25.43 Rydberg, plus an additional variable small energy value near the threshold. A collisional-radiative model has been employed to solve the rate equations for the populations of the 567 fine-structure levels, for a temperature of [image: image73.png]Log T (K) =5.2



 corresponding to the maximum abundance of S V, and at densities 106–1016cm−3, assuming a Maxwellian electron energy distribution function and black body radiation of temperature 6000 K and dilution factor 0.35 for the photon distribution function. The main processes responsible for the level population variations are the electron-impact collisional excitation and the radiative decay along with their inverse processes. As a result, the level populations along with the spectral high-line intensity ratios are provided.
16.Radiative rates for E1, E2, M1, and M2 transitions in the Br-like ions Sr IV, Y V, Zr VI, Nb VII, and Mo VIII
Kanti M. Aggarwal, Francis P. Keenan
Abstract
Energies and lifetimes are reported for the lowest 375 levels of five Br-like ions, namely Sr IV, Y V, Zr VI, Nb VII, and Mo VIII, mostly belonging to the 4s24p5, 4s24p44ℓ, 4s4p6, 4s24p45ℓ, 4s24p34d2, 4s4p54ℓ, and 4s4p55ℓ configurations. Extensive configuration interaction has been included and the general-purpose relativistic atomic structure package (grasp) has been adopted for the calculations. Additionally, radiative rates are listed among these levels for all E1, E2, M1, and M2 transitions. From a comparison with the measurements, the majority of our energy levels are assessed to be accurate to better than 2%, although discrepancies between theory and experiment for a few are up to 6%. An accuracy assessment of the calculated radiative rates (and lifetimes) is more difficult, because no prior results exist for these ions.
17. 
Low-energy collisions between electrons and : Cross sections and rate coefficients for all the vibrational states of the ion

S. Niyonzima, S. Ilie, N. Pop, J. Zs. Mezei, K. Chakrabarti, V. Morel, B. Peres, D.A. Little, K. Hassouni, Å. Larson, A.E. Orel, D. Benredjem, A. Bultel, J. Tennyson, D. Reiter, I.F. Schneider
Abstract
We provide cross sections and Maxwell rate coefficients for reactive collisions of slow electrons with [image: image75.png]


 ions on all the eighteen vibrational levels ([image: image76.png]


) using a Multichannel Quantum Defect Theory (MQDT)—type approach. These data on dissociative recombination, vibrational excitation and vibrational de-excitation are relevant for magnetic confinement fusion edge plasma modeling and spectroscopy, in devices with beryllium based main chamber materials, such as the International Thermonuclear Experimental Reactor (ITER) and the Joint European Torus (JET). Our results are presented in graphical form and as fitted analytical functions, the parameters of which are organized in tables.
18.The sixth spectrum of platinum (Pt VI)
Vladimir I. Azarov, Robert R. Gayasov
Abstract
The spectrum of platinum was observed in the (300–2100) Å wavelength region. The [image: image77.png](5d° 4 5d“6s)-5d“6p



 transition array of five times ionized platinum, Pt VI, has been investigated and 1390 spectral lines have been classified in the region of (399–1564) Å. The analysis has led to the determination of the [image: image78.png]5d°
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 configurations. All 37 theoretically possible [image: image81.png]5d°



 levels, 46 of 63 possible [image: image82.png]5d%6s



 levels and 167 of 180 possible [image: image83.png]5d“6p



 levels have been established. The orthogonal operators technique was used to calculate the level structure and transition probabilities. The energy parameters have been determined by the least squares fit to the observed levels. Calculated transition probability and energy values, as well as LS-compositions obtained from the fitted parameters are presented. The uncertainties of the established energy levels and calculated (Ritz) wavenumbers are included.
19.
The seventh spectrum of platinum (Pt VII): Analysis of the – transition array

Vladimir I. Azarov, Robert R. Gayasov
Abstract
The spectrum of platinum was observed in the (300–2100) Å wavelength region. The (5d4+5d36s)–5d36p transition array of six times ionized platinum, Pt VII, has been investigated and 759 spectral lines have been classified in the region of (337–1273) Å. The analysis has led to the determination of the 5d4, 5d36s and 5d36p configurations. All 34 theoretically possible 5d4 levels, 35 of 38 possible 5d36s levels and 108 of 110 possible 5d36p levels have been established. The orthogonal operators technique was used to calculate the level structure and transition probabilities. The energy parameters have been determined by the least squares fit to the observed levels. Calculated transition probability and energy values, as well as LS-compositions obtained from the fitted parameters are presented.
20.Revised and extended analysis of the eighth spectrum of platinum (Pt VIII)
Vladimir I. Azarov, Robert R. Gayasov
Abstract
The spectrum of platinum was observed in the 300–2100 Å wavelength region. Grazing and normal incidence VUV spectrographs have been used to record the spectrum. The (5d3+5d26s)−5d26p transition array of seven times ionized platinum, Pt VIII, has been investigated. The configurations 5d3and 5d26p had been previously studied, and all levels of these configurations (19 and 45 levels, respectively) had been established. The previous analysis was based on 178 classified spectral lines. In the current analysis we have confirmed identification of all previously found levels and all but 10 previously assigned spectral lines, although we have detected a large (up to 35 mÅ) systematic shift in wavelength measurements used in the previous analysis. Based on new wavelength measurements, we have corrected the 5d3 and 5d26p energy level values (by up to 55 cm−1) and established for the first time 14 out of 16 theoretically possible 5d26s levels in Pt VIII. The total list of identified lines (including 180 new lines) contains 349 entries. The orthogonal operators technique was used to calculate the level structure and transition probabilities. The energy parameters have been determined by the least squares fit to the observed levels. Calculated transition probability and energy values, as well as LS-compositions obtained from the fitted parameters are presented.
21.Theoretical level energies and transition data for 4p64d4, 4p64d34f and 4p54d5 configurations of W34+ ion
R. Karpuškienė, P. Bogdanovich, R. Kisielius
Abstract
The ab initio quasirelativistic approach developed specifically for the calculation of spectral parameters of highly charged ions was used to derive transition data for the tungsten ion W34+. The configuration interaction method was applied to include electron correlation effects. The relativistic effects were taken into account in the Breit–Pauli approximation. The level energies, radiative lifetimes [image: image85.png]


, Landé [image: image86]-factors are determined for the ground configuration 4p64d4 and two excited configurations 4p64d34f and 4p54d5. The radiative transition wavelengths [image: image87.png]


 and emission transition probabilities [image: image88] for the electric dipole, electric quadrupole, electric octupole, magnetic dipole, and magnetic quadrupole transitions among the levels of these configurations are produced.
22.Energy levels and radiative rates for transitions in Fe V, Co VI and Ni VII
K.M. Aggarwal, P. Bogdanovich, F.P. Keenan, R. Kisielius
Abstract
Energy levels, Landé [image: image89.png]


-factors and radiative lifetimes are reported for the lowest 182 levels of the 3d4, 3d34s and 3d34p configurations of Fe V, Co VI and Ni VII. Additionally, radiative rates ([image: image90.png]


-values) have been calculated for the E1, E2 and M1 transitions among these levels. The calculations have been performed in a quasi-relativistic approach (QR) with a very large configuration interaction   (CI) wavefunction expansion, which has been found to be necessary for these ions. Our calculated energies for all ions are in excellent agreement with the available measurements, for most levels. Discrepancies among various calculations for the radiative rates of E1 transitions in Fe V are up to a factor of two for stronger transitions ([image: image91.png]


), and larger (over an order of magnitude) for weaker ones. The reasons for these discrepancies have been discussed and mainly are due to the differing amount of CI and methodologies adopted. However, there are no appreciable discrepancies in similar data for M1 and E2 transitions, or the [image: image92.png]


-factors for the levels of Fe V, the only ion for which comparisons are feasible.
23.
Relativistic Dirac–Fock atom properties for  to [image: image94]


Z. Zhou, J.J. Kas, J.J. Rehr, W.C. Ermler
Abstract
We present relativistic Dirac–Fock calculations of atomic properties for atomic numbers [image: image95.png]


, extending a previous tabulation of Desclaux. The calculations assume a single LS ground state configuration and include a correction for finite nuclear size, with an approximation for the mean nuclear mass [image: image96.png]


 based on the liquid-drop model.

24.Systematics of capture and fusion dynamics in heavy-ion collisions
Bing Wang, Kai Wen, Wei-Juan Zhao, En-Guang Zhao, Shan-Gui Zhou
Abstract
We perform a systematic study of capture excitation functions by using an empirical coupled-channel (ECC) model. In this model, a barrier distribution is used to take effectively into account the effects of couplings between the relative motion and intrinsic degrees of freedom. The shape of the barrier distribution is of an asymmetric Gaussian form. The effect of neutron transfer channels is also included in the barrier distribution. Based on the interaction potential between the projectile and the target, empirical formulas are proposed to determine the parameters of the barrier distribution. Theoretical estimates for barrier distributions and calculated capture cross sections together with experimental cross sections of 220 reaction systems with [image: image97.png]182 < ZpZt < 10640



 are tabulated. The results show that the ECC model together with the empirical formulas for parameters of the barrier distribution work quite well in the energy region around the Coulomb barrier. This ECC model can provide prediction of capture cross sections for the synthesis of superheavy nuclei as well as valuable information on capture and fusion dynamics.
25.Ionization of molecular hydrogen and stripping of oxygen atoms and ions in collisions of Oq++H2: Data for secondary electron production from ion precipitation at Jupiter
D.R. Schultz, N. Ozak, T.E. Cravens, H. Gharibnejad
Abstract
Energetic oxygen and sulfur ion precipitation into the atmosphere of Jupiter is thought to produce an X-ray aurora as well as to contribute to ionization, heating, and dissociation of the molecules of the atmosphere. At high energy, stripping of electrons from these ions by atmospheric gas molecules results in the production of high charge states throughout a portion of this passage through the atmosphere. Therefore, to enable modeling of the effects of secondary electrons produced by this ion precipitation, from either the solar wind or magnetospheric sources such as the Galilean moons, a large range of ionization and stripping data is calculated and tabulated here that otherwise is not available. The present data are for the abundant precipitating species, oxygen, colliding with the dominant upper atmosphere gas, molecular hydrogen, and cover the principal reaction channels leading to secondary electron production (single and double ionization, transfer ionization, and double capture followed by autoionization, and single and double stripping of electrons from the projectile). Since the ions possess initial energies at the upper atmosphere in the keV to MeV range, and are then slowed as they pass through the atmosphere, results are calculated for 1–2000 keV/u Oq++H2 ([image: image98.png]


). In addition to the total cross sections for ionization and stripping processes, models require the distribution in energy and angle of the ejected electrons, so cross sections differential in these parameters are also calculated. The data may be used to model the energy deposited by ion precipitation in Jupiter’s atmosphere and thereby contribute to the elucidation of the ionosphere–atmosphere coupling.
26.
Atomic data for doubly-excited states of He-like ions and  of Li-like ions  

F.F. Goryaev, L.A. Vainshtein, A.M. Urnov
Abstract
The wave length sand radiative transition probabilities for transitions [image: image100.png]2nl’ — 1snl”
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, and the autoionization decay probabilities for doubly-excited states , [image: image104.png]1s2Inl’



 were calculated in He-like and Li-like ions with atomic numbers  for the principal quantum number  and the orbital quantum one [image: image105.png]


. The calculations were carried out by means of the MZ code based on the [image: image106.png]


-expansion method. Relativistic corrections were taken into account within the framework of the Breit operator. The main difference with previous calculations by MZ code consists in accounting for the first order corrections in powers of [image: image107.png]


, corresponding to the screening effects, in calculations of autoionization rates. New data for comparatively large rates are of about 20%–50% less as compared to previous ones and are in an agreement within 10% with the results of calculations made by the methods based on multi-configuration wave functions with non-relativistic and relativistic orbitals. Some refinements and corrections concerning the energies and radiative transition probabilities were also introduced in the MZ code. In this paper the main formulas used in a modified MZ code and the data needed for the description of dielectronic satellites with  are given.
27.
Relativistic distorted-wave collision strengths for  transitions in the 67 Li-like, F-like and Na-like ions with [image: image109.png]





Christopher J. Fontes, Hong Lin Zhang
Abstract
Relativistic distorted-wave collision strengths have been calculated for all possible [image: image110.png]


 transitions, where [image: image111.png]


 denotes the valence shell of the ground level, in the 67 Li-like, F-like and Na-like ions with [image: image112.png]


 in the range [image: image113.png]


. This choice produces 3 transitions with [image: image114.png]


 in the Li-like and F-like ions, and 10 transitions with [image: image115.png]


 in the Na-like ions. For the Li-like and F-like ions, the calculations were made for the six final, or scattered, electron energies [image: image116.png]008, 0.04, 0.10, 0.21, 0.41
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 is in units of [image: image118.png]Z5
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 for Li-like ions and [image: image120.png]Lo = £ — DB.OG/



 for F-like ions. For the Na-like ions, the calculations were made for the six final electron energies [image: image121.png]0025, 0.015, 0.04, 0.10, 0.21



, and 0.40, with [image: image122.png]=/ —08.34
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. In the present calculations, an improved “top-up” method, which employs relativistic plane waves, was used to obtain the high partial-wave contribution for each transition, in contrast to the partial-relativistic Coulomb–Bethe approximation used in previous works by Zhang, Sampson and Fontes [H.L. Zhang, D.H. Sampson, C.J. Fontes, At. Data Nucl. Data Tables 44 (1990) 31; H.L. Zhang, D.H. Sampson, C.J. Fontes, At. Data Nucl. Data Tables 48 (1991) 25; D.H. Sampson, H.L. Zhang, C.J. Fontes, At. Data Nucl. Data Tables 44 (1990) 209]. In those previous works, collision strengths were also provided for Li-, F- and Na-like ions, but for a more comprehensive set of transitions. The collision strengths covered in the present work should be more accurate than the corresponding data given in those previous works and are presented here to replace those earlier results.

28.Magnetic-dipole-to-electric-quadrupole cross-susceptibilities for relativistic hydrogenlike atoms in some low-lying discrete energy eigenstates
Patrycja Stefańska
Abstract
In this paper we present tabulated data for magnetic-dipole-to-electric-quadrupole cross-susceptibilities ([image: image123.png]A M1 —=E2



) for Dirac one-electron atoms with a pointlike, spinless and motionless nucleus of charge [image: image124.png]


. Numerical values of this susceptibility for the hydrogen atom ([image: image125.png]


) and for hydrogenic ions with [image: image126.png]


 are computed from the general analytical formula, recently derived by us (Stefanska, 2016), valid for an arbitrary discrete energy eigenstate. In this work we provide 30 tables with the values of [image: image127.png]A M1 —=E2



 for the ground state, and also for the first, the second and the third set of excited states (i.e.: 2s1/2, 2p1/2, 2p3/2, 3s1/2, 3p1/2, 3p3/2, 3d3/2, 3d5/2, 4s1/2, 4p1/2, 4p3/2, 4d3/2, 4d5/2, 4f5/2 and 4f7/2) of the relativistic hydrogenlike atoms. The value of the inverse of the fine-structure constant used in the calculations is [image: image128.png]37 035999139



, and was taken from CODATA 2014.
29.Dependence of nuclear quadrupole resonance transitions on the electric field gradient asymmetry parameter for nuclides with half-integer spins
Herman Cho
Abstract
Allowed transition energies and eigenstate expansions have been calculated and tabulated in numerical form as functions of the electric field gradient asymmetry parameter for the zero field Hamiltonian of quadrupolar nuclides with [image: image129.png]


, and [image: image130.png]


. These results are essential to interpret nuclear quadrupole resonance (NQR) spectra and extract accurate values of the electric field gradient tensors. Applications of NQR methods to studies of electronic structure in heavy element systems are proposed.
30.Vanadium fine-structure K-shell electron impact ionization cross sections for fast-electron diagnostic in laser–solid experiments
P. Palmeri, P. Quinet, D. Batani

Abstract

The K-shell electron impact ionization (EII) cross section, along with the K-shell fluorescence yield, is one of the key atomic parameters for fast-electron diagnostic in laser–solid experiments through the K-shell emission cross section. In addition, in a campaign dedicated to the modeling of the K lines of astrophysical interest (Palmeri et al. (2012)), the K-shell fluorescence yields for the K-vacancy fine-structure atomic levels of all the vanadium isonuclear ions have been calculated.In this study, the K-shell EII cross sections connecting the ground and the metastable levels of the         parent vanadium ions to the daughter ions K-vacancy levels considered in Palmeri et al. (2012) have been determined. The relativistic distorted-wave (DW) approximation implemented in the FAC atomic code has been used for the incident electron kinetic energies up to 20 times the K-shell threshold energies. Moreover, the resulting DW cross sections have been extrapolated at higher energies using the asymptotic behavior of the modified relativistic binary encounter Bethe model (MRBEB) of Guerra et al. (2012) with the density-effect correction proposed by Davies et al. (2013).
31.Dependence of nuclear quadrupole resonance transitions on the electric field gradient asymmetry parameter for nuclides with half-integer spins
Herman Cho
Abstract
Allowed transition energies and eigenstate expansions have been calculated and tabulated in numerical form as functions of the electric field gradient asymmetry parameter for the zero field Hamiltonian of quadrupolar nuclides with [image: image131.png]


, and [image: image132.png]


. These results are essential to interpret nuclear quadrupole resonance (NQR) spectra and extract accurate values of the electric field gradient tensors. Applications of NQR methods to studies of electronic structure in heavy element systems are proposed.
32.Static electric and magnetic multipole susceptibilities for Dirac one-electron atoms in the ground state
Radosław Szmytkowski, Grzegorz Łukasik
Abstract
We present tabulated data for several families of static electric and magnetic multipole susceptibilities for hydrogenic atoms with nuclear charge numbers from the range [image: image133.png]


. Atomic nuclei are assumed to be point-like and spinless. The susceptibilities considered include the multipole electric polarizabilities [image: image134.png]YEr L FI



 and magnetizabilities (magnetic susceptibilities) [image: image135.png]A MI—MIL



 with [image: image136.png]


 (i.e., the dipole, quadrupole, octupole and hexadecapole ones), the electric-to-magnetic cross-susceptibilities [image: image137.png]CEL-M(L-1)



 with [image: image138.png]


 and [image: image139.png]CEL—-M(L+1)



 with [image: image140.png]


, the magnetic-to-electric cross-susceptibilities  [image: image141.png]AML—E(L-1)
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 with [image: image144.png]


  

(it holds that [image: image145.png]AML—E(LT1) = YE(LF1)—-ML



), and the electric-to-toroidal-magnetic cross-susceptibilities [image: image146.png]YEr .T1



 with [image: image147.png]


. Numerical values are computed from general exact analytical formulas, derived by us elsewhere within the framework of the Dirac relativistic quantum mechanics, and involving generalized hypergeometric functions [image: image148.png]3F



 of the unit argument.
33.Calculations of photo-induced X-ray production cross-sections in the energy range 1–150 keV and average fluorescence yields for Zn, Cd and Hg
M. Sampaio, M. Guerra, F. Parente, T.I. Madeira
Abstract
In this paper, we calculate the [image: image149.png]
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- and [image: image151.png]


-shells X-ray production, and X-ray fluorescence cross-sections after photo-induced ionization, for Zn, Cd, and Hg, and for incident photon energy range from 1 to 150 keV. For this purpose, the corresponding average fluorescence yields for Zn, Cd, and Hg as well as the photoionization cross-sections were calculated using the Dirac–Fock method. Subshell fluorescence, intrashell and intershell yields are obtained consistently from radiative and radiationless transitions calculated in the exact same method. A comprehensive account of the relations between the X-ray production, X-ray fluorescence cross-sections and the photoionization cross-sections and these yields is presented. Comparisons are made with results from other authors. The obtained values for the photoionization cross-sections are in good agreement with the widely used data of Scofield in the studied energy range. However our results for the X-ray fluorescence cross sections seem to favor some data relatively to others. The energy dependence of the average fluorescence yields is discussed, in particular, the reliability of extrapolated data for lighter elements from measurements and calculations in heavier elements above the inner shell absorption edges is questioned. Tabulated data on photoionization and X-ray production cross-sections are presented for the incident photon energy range 1–150 keV in steps of 1 keV.
34.Relativistic MR-MP energy levels: Low-lying states in the Mg isoelectronic sequence
Juan A. Santana
Abstract
The relativistic Multi-Reference Møller–Plesset (MR-MP) many-body perturbation theory was applied to calculate the energies of all excited states within the 3s3p, [image: image152.png]


, 3s3d, 3p3d and [image: image153.png]244



 configurations for every ion of the Mg isoelectronic sequence ([image: image154.png]


). The results are compared with previous calculations and available experimental data. The MR-MP excitation energies agree with experiment typically within 100 ppm over a wide range of [image: image155.png]


, particularly for mid- and high-range [image: image156.png]


. Experimental data for highly charged ions in this isoelectronic sequence are limited and the complete and accurate dataset presented here is expected to ease the identification process upon measurements.
35.Energy levels and radiative rates for Cr-like Cu VI and Zn VII
K.M. Aggarwal, P. Bogdanovich, F.P. Keenan, R. Kisielius
Abstract
Energy levels and radiative rates ([image: image157.png]


-values) for transitions in Cr-like Cu VI and Zn VII are reported. These data are determined in the quasi-relativistic approach (QR), by employing a very large configuration interaction   (CI) expansion which is highly important for these ions. No radiative rates are available in the literature to compare with our results, but our calculated energies are in close agreement with those compiled by NIST and other available theoretical data, for a majority of the levels. The [image: image158.png]


-values (and resultant lifetimes) are listed for all significantly contributing E1, E2 and M1 radiative transitions among the energetically lowest 322 levels of each ion.
36.Nuclear ground-state masses and deformations: FRDM(2012)
P. Möller, A.J. Sierk, T. Ichikawa, H. Sagawa
We tabulate the atomic mass excesses and binding energies, ground-state shell-plus-pairing corrections, ground-state microscopic corrections, and nuclear ground-state deformations of 9318 nuclei ranging from 16O to [image: image159.png]


. The calculations are based on the finite-range droplet macroscopic and the folded-Yukawa single-particle microscopic nuclear-structure models, which are completely specified. Relative to our FRDM(1992) mass table in Möller et al. (1995), the results are obtained in the same model, but with considerably improved treatment of deformation and fewer of the approximations that were necessary earlier, due to limitations in computer power. The more accurate execution of the model and the more extensive and more accurate experimental mass data base now available allow us to determine one additional macroscopic-model parameter, the density-symmetry coefficient [image: image160.png]


, which was not varied in the previous calculation, but set to zero. Because we now realize that the FRDM is inaccurate for some highly deformed shapes occurring in fission, because some effects are derived in terms of perturbations around a sphere, we only adjust its macroscopic parameters to ground-state masses.
37.


Radiative rates for E1, E2, M1, and M2 transitions in F-like ions with 
Kanti M. Aggarwal, Francis P. Keenan
Abstract
Calculations of energy levels, radiative rates and lifetimes are reported for 17 F-like ions with 37≤Z≤53. For brevity, results are only presented among the lowest 113 levels of the 2s22p5, 2s2p6, 2s22p43[image: image162], 2s2p53[image: image163], and 2p63[image: image164] configurations, although the calculations have been performed for up to 501 levels in each ion. The general-purpose relativistic atomic structure package (grasp) has been adopted for the calculations, and radiative rates (along with oscillator strengths and line strengths) are listed for all E1, E2, M1, and M2 transitions of the ions. Comparisons are made with earlier available experimental and theoretical energies, although these are limited to only a few levels for most ions. Therefore for additional accuracy assessments, particularly for energy levels, analogous calculations have been performed with the Flexible Atomic Code (fac), for up to 72 259 levels. Limited previous results are available for radiative rates for comparison purposes, and no large discrepancy is observed for any transition and/or ion.
38.
Sensitivity study for  process nucleosynthesis in AGB stars

A. Koloczek, B. Thomas, J. Glorius, R. Plag, M.
Abstract
In this paper we present a large-scale sensitivity study of reaction rates in the main component of the [image: image166.png]


 process. The aim of this study is to identify all rates, which have a global effect on the [image: image167.png]


 process abundance distribution and the three most important rates for the production of each isotope. We have performed a sensitivity study on the radiative 13C-pocket and on the convective thermal pulse, sites of the [image: image168.png]


 process in AGB stars. We identified 22 rates, which have the highest impact on the [image: image169.png]


-process abundances in AGB stars.
39.Transition probabilities of the low-lying levels of Kr XXIV
Chuanke Wang, Hao Liu, Feng Hu, Jin Li, Shenye Liu, Yongkun Ding, Jiamin Yang, Gang Jiang
Abstract
Energy levels, radiative rates, and wavelengths are calculated for all levels of 3s23p, 3s3p2, 3s23d, 3p3, 3s3p3d, 3p23d and 3s3d2 configurations of Al-like krypton ion (Kr XXIV). Multiconfigurational Dirac–Hartree–Fock (MCDHF) method is adopted for calculating energy levels and radiative rates. Transition probabilities are reported for E1 and M2 transitions from the ground level. The valence–valence and core–valence correlation effects are accounted for in a systematic way. Breit interactions and quantum electrodynamics effects are estimated in subsequent relativistic configuration interaction calculations. Comparisons are made with the available data in the literature and good agreement has been found which confirms the reliability of our results.
40.The fourth spectrum of iridium (Ir IV)
Vladimir I. Azarov, Robert R. Gayasov
Abstract
The spectrum of three times ionized iridium, Ir IV, was investigated in the 650–2045 Å wavelength region. The analysis has led to the determination of the [image: image170.png]5d4°



, [image: image171.png]5d°6s



 and [image: image172.png]5d°6p



 configurations. Twenty-nine of 34 theoretically possible [image: image173.png]5d4°



 levels, 44 of 74 possible [image: image174.png]5d°6s



 levels and 150 of 214 possible [image: image175.png]5d°6p



 levels have been established. The levels are based on 1348 classified spectral lines. The level structure and transition probabilities were calculated using the orthogonal operators technique. The energy parameters have been determined by the least squares fit to the observed levels. Calculated energy values and LS-compositions obtained from the fitted parameter values are given. The level optimization procedure and the determination of uncertainties of the obtained energy level values are discussed.
41.
The fourth spectrum of platinum (Pt IV): Determination of the , [image: image177.png]5d°6s



 and [image: image178.png]5d"6p



 configurations

Vladimir I. Azarov, Robert R. Gayasov
Abstract
The spectrum of three times ionized platinum, Pt IV, was investigated in the 530–1800 Å wavelength region. The analysis has resulted in the determination of the 5d7, 5d66s and 5d66p configurations. Seventeen of 19 theoretically possible 5d7 levels, 58 of 63 possible 5d66s levels and 162 of 180 possible 5d66p levels have been established. The levels are based on 1478 classified spectral lines. The level structure and transition probabilities were calculated by means of the orthogonal operators method. The energy parameters have been determined by the least squares fit to the observed levels. Calculated energy values and LS-compositions, as well as gA values obtained from the fitted parameter values are presented.
42.
The fifth spectrum of platinum (PtV): Analysis of the  transition array

Vladimir I. Azarov, Robert R. Gayasov
Abstract
The spectrum of platinum was observed in the 300–2100 Å wavelength region. The [image: image180.png](5d° 4 5d°6s) — 5d°6p



 transition array of four times ionized platinum, Pt V, has been investigated and 1659 spectral lines have been classified in the region of 460–1730 Å. The analysis has led to the determination of the [image: image181.png]5d4°
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 and [image: image183.png]5d°6p



 configurations. Thirty two of 34 theoretically possible [image: image184.png]5d4°



 levels, 45 of 74 possible [image: image185.png]5d°6s



 levels and 181 of 214 possible [image: image186.png]5d°6p



 levels have been established. The orthogonal operators technique was used to calculate the level structure and transition probabilities. The energy parameters have been determined by the least squares fit to the observed levels. Calculated transition probability and energy values, as well as LS-compositions obtained from the fitted parameters are presented.

43.Energy levels and radiative rates for transitions in Cr-like Co IV and Ni V
K.M. Aggarwal, P. Bogdanovich, R. Karpuškienė, F.P. Keenan, R. Kisielius, V. Stancalie
Abstract
We report calculations of energy levels and radiative rates ([image: image187.png]


-values) for transitions in Cr-like Co IV and Ni V. The quasi-relativistic Hartree–Fock (QRHF) code is adopted for calculating the data although grasp (general-purpose relativistic atomic structure package) and flexible atomic code (fac) have also been employed for comparison purposes. No radiative rates are available in the literature to compare with our results, but our calculated energies are in close agreement with those compiled by NIST for a majority of the levels. However, there are discrepancies for a few levels of up to 3%. The [image: image188.png]


-values are listed for all significantly contributing E1, E2 and M1 transitions, and the corresponding lifetimes reported, although unfortunately no previous theoretical or experimental results exist to compare with our data.
44.


Radiative rates for E1, E2, M1, and M2 transitions in Br-like ions with 
Kanti M. Aggarwal, Francis P. Keenan
Abstract
Energies and lifetimes are reported for the eight Br-like ions with [image: image190.png]


, namely Tc IX, Ru X, Rh XI, Pd XII, Ag XIII, Cd XIV, In XV, and Sn XVI. Results are listed for the lowest 375 levels, which mostly belong to the 4s24p5, 4s24p44ℓ, 4s4p6,4s24p45ℓ, 4s24p34d2, 4s4p54ℓ, and 4s4p55ℓ configurations. Extensive configuration interaction among 39 configurations (generating 3990 levels) has been considered and the general-purpose relativistic atomic structure package (grasp) has been adopted for the calculations. Radiative rates are listed for all E1, E2, M1, and M2 transitions involving the lowest 375 levels. Previous experimental and theoretical energies are available for only a few levels of three, namely Ru X, Rh XI and Pd XII. Differences with the measured energies are up to 4% but the present results are an improvement (by up to 0.3 Ryd) in comparison to other recently reported theoretical data. Similarly for radiative rates and lifetimes, prior results are limited to those involving only 31 levels of the 4s24p5, 4s24p44d, and 4s4p6 configurations for the last four ions. Moreover, there are generally no discrepancies with our results, although the larger calculations reported here differ by up to two orders of magnitude for a few transitions.
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