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ABSTRACT

We present recent work at NIST to develop and maintain databases for spec-

tra, transition probabilities, and energy levels of atoms that are astrophysically

important. We also describe our programs to critically compile these data as

well as the recently developed plasma population kinetics databases and online

collisional-radiative code.

The NIST Physical Measurement Laboratory provides several online atomic spectro-

scopic databases widely used in astrophysics. The data include wavelengths, energy levels,

and oscillator strengths that have been critically evaluated in the NIST Atomic Spectroscopy

Data Center. These data are important for line identification, spectra modeling, and other

astrophysical research. All databases can be accessed from the NIST Physical Reference

Data home page at http://www.nist.gov/pml/data/index.cfm.

Since the last Workshop, the databases were significantly upgraded. The NIST Atomic

Spectra Database (ASD) has been upgraded from version 3.0 to 4.0. It now contains detailed

information on more than 80,000 energy levels and almost 170,000 spectral lines for ions of

99 elements and 9 isotopes. Support for the isotopes is a new extension that appeared in the

ASD v. 4.0. New large sets of data were added for the spectrum lines and energy levels of

H, D, T, B, Ne, Na, K, Kr in all ionization stages, Hg I, 198Hg, Fe I-II, and highly-charged

ions of W. Transition probabilities for H through B in all ionization stages, C I-II, N I-II,

and Fe I-II have been updated.

ASD has been fully integrated with the NIST Atomic Spectra Bibliography Databases,

which provide complete references for each datum in ASD. These bibliography databases,

in addition to the previously existing ones on Transition Probabilities and Line Broadening,

now include the database on Energy Levels. They are implemented in the same relational

database management system with ASD. A sophisticated system for automated monitoring

of the current literature allows us to update the bibliographies on a daily basis.
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Our program to carry out critical compilations of the spectra, transition probabilities,

and energy levels of atoms of astrophysical interest also continues actively. A major re-

assessment of transition probabilities for Fe I and II (J.R. Fuhr & W.L. Wiese (2006))

and an updated compilation of transition probabilities for neutral and singly ionized C and

N (W.L. Wiese & J.R. Fuhr (2007)) were recently published. Compilations of transition

probabilities of Na, Mg, Al, and Si in all stages (D.E. Kelleher & L.I. Podobedova (2008))

were published in 2008. For wavelengths and energy levels, compilations of H, D, T (A.E.

Kramida (2010)), B I (A.E. Kramida & A.N. Ryabtsev (2007)), B III-V (A.E. Kramida

et al (2008)), Ne II-III (A.E. Kramida & G. Nave (2006)), Ne VII-VIII (A.E. Kramida &

M.-C. Bouchet-Poulizac (2006)), Hg I (E. Saloman (2006)), Fr I (J.E. Sansonetti (2007)),

Ga (T. Shirai et al (2007)), Kr (E. Saloman (2007)), Rb (J.E. Sansonetti (2006)), K (J.E.

Sansonetti (2008)), and W (A.E. Kramida & T. Shirai (2006,2009)) in all stages of ioniza-

tion were recently published. All data from these compilations have already been added to

ASD. Compilations of Cs spectra in all stages (J.E. Sansonetti (2009)), Sr I (J.E. Sansonetti

& G. Nave (2010)), Ar II-XVIII (E. Saloman (2010)) and transition probabilities for all ions

of S (L.I. Podobedova et al (2009)) were published and will soon be added to ASD. Similar

compilations for Ni I-II, Cr I-II, and Ba III-LVI are currently in progress.

The unified relational database management system used in ASD and in our biblio-

graphic databases allows a high level of data integration and consistency. Its flexible user

interface provides convenient access to various parameters. Several features of the ASD inter-

face should be especially valuable for astrophysicists. Among those is the online Saha-Local-

Thermodynamic-Equilibrium (LTE) spectrum generation tool, which allows calculation of

plasma emission spectra under Saha-LTE conditions for user-defined values of electron den-

sity and temperature. The calculated spectrum can also be Doppler-broadened for arbitrary

values of ion temperature. This may also be used for simulation of instrumental broadening.

Another feature of the graphical interface is the availability of Grotrian diagrams. These

diagrams provide an intuitive visualization of the atomic energy level structure and transi-

tions, as well as direct access to the fundamental atomic data (energy levels, wavelengths,

transition probabilities).

Work continues on our bibliographic databases for atomic energy levels, transition prob-

abilities and spectral line broadening. We monitor the current literature on atomic spec-

troscopy and insert references to new articles once in 3-4 weeks.

We also developed two plasma population kinetics databases that contain benchmark

results from the 3rd and 4th Non-LTE Code Comparison Workshops. These databases cover

data for such diagnostically important elements as, e.g., carbon, argon and gold. Parameters

available for comparisons include mean ion charge, ion populations, synthetic spectra, rates
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of collisional and radiative processes, radiative power losses and others.

A fully time-dependent collisional-radiative online code FLYCHK (H.-K. Chung et al

(2005)) developed in collaboration with Lawrence Livermore National Laboratory is freely

available for simulations at http://nlte.nist.gov/FLY. This code allows fast and reliable cal-

culation of major population kinetics parameters such as ionization distributions, radiative

power losses and synthetic spectra. The input parameters may include different types of

particle density, arbitrary electron energy distribution function, plasma size, external radi-

ation field and so on. This online code is currently used by almost 400 researchers working

in astrophysics, laser-produced plasmas, and z-pinches.

Work on these databases and critical compilations is supported in part by the National

Aeronautics and Space Administration and by the Office of Fusion Energy Sciences of the

U. S. Department of Energy.

REFERENCES

Chung, H.-K., Chen, M.H., Morgan, W.L, Ralchenko, Yu. & Lee, R.W 2005, High En. Dens.

Phys., 1, 3

Fuhr, J.R. & Wiese, W.L. 2006, J. Phys. Chem. Ref. Data, 35, 1669

Kelleher, D.E. & Podobedova, L.I. 2008, J. Phys. Chem. Ref. Data, 37, 267; 37, 709; 37,

1285

Kramida, A.E. 2010, At. Data Nucl. Data Tables 96, 586

Kramida, A.E. et al 2008, Phys. Scr. 78, 025301; 78, 025302

Kramida, A.E. & Ryabtsev, A.N. 2007, Phys. Scr. 76, 544

Kramida, A.E. & Bouchet-Poulizac, M.-C. 2006, Eur. Phys. J. D 38, 265; 39, 173

Kramida, A.E. & Nave, G. 2006, Eur. Phys. J. D 37, 1; 39, 331

Kramida, A.E. & Shirai, T. 2006, J. Phys. Chem. Ref. Data 35, 423; 2009, At. Data Nucl.

Data Tables 95, 305

Podobedova, L.I, Kelleher, D.E. & Wiese, W.L. 2009, J. Phys. Chem. Ref. Data, 38, 171

Saloman, E. 2006, J. Phys. Chem. Ref. Data, 37, 267



– 4 –

Saloman, E. 2007, J. Phys. Chem. Ref. Data, 36, 215

Saloman, E. 2010, J. Phys. Chem. Ref. Data, 39, 033101

Sansonetti, J.E. 2006, J. Phys. Chem. Ref. Data, 35, 301

Sansonetti, J.E. 2007, J. Phys. Chem. Ref. Data, 36, 497

Sansonetti, J.E. 2008, J. Phys. Chem. Ref. Data, 37, 7

Sansonetti, J.E. 2009, J. Phys. Chem. Ref. Data, 38, 761

Sansonetti, J.E. & Nave, G. 2010, J. Phys. Chem. Ref. Data, 39, 033103

Shirai, T., Reader, J., Kramida, A.E. & Sugar, J. 2007, J. Phys. Chem. Ref. Data, 36, 509

Wiese, W.L. & Fuhr, J.R. 2007, J. Phys. Chem. Ref. Data, 36, 1287

This preprint was prepared with the AAS LATEX macros v5.2.




