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Projects at NIST on Light Elements 

A. Atomic Spectra Database 
 

B. Bibliographic Databases 
 

B. F and Ne transition probabilities; Motional Stark effect in H 
 

C. Other Light Elements 

 
D. W and other heavy elements 

 



Databases 

Atomic Spectra Database       
  Version 5.0.0 (July 2012) 
  950 spectra 
  194,000 transition wavelengths 
  106,000 energy levels 
  Auxiliary tools 
   Grotrian diagram 
   Saha-equil. radiation plot for arbitrary plasma parameters   
   Line ID plot  
   FLYCHK spectral modeling 
  ~1000 queries/day 
 
Bibliographic Databases  
  Energy Levels and Wavelengths 
  Atomic transition probabilities 
  Line shapes and shifts 











PROBLEM WITH:  “Systematic calculation of total atomic energies of ground 
state configurations,” Rodrigues, Indelicato, Santos, Patte, and Parente,  
Atomic Data and Nuclear Data Tables 86, 117-233 (2004). 
 
Assumed ground state configurations clearly incorrect for many ions (neglect 
of shell collapse at beginning of lanthanide and actinide series). 
 
Example: 
 
For W20+:        Rodrigues et al. : IP=484 eV 
 
     NIST       543.4±1.4 eV 

 
ABOUT 1000 CASES 









New in Bibliography Database 

Spectra and Energy Levels of Negative Ions 

Spectral Data for Negative Ions 
(important for neutral beam injection applications) 



H and Li 

•Non-Statistical Simulations for Neutral Beam Spectroscopy in Fusion Plasmas,O. Marchuk, 
Yu. Ralchenko, D. R. Schultz, E. Delabie, A. M. Urnov, W. Biel, R. K. Janev, and T. Schlummer, 
AIP Conf. Proc. 1438, 169–174 (2012) 
 

• A Non-Statistical Atomic Model for Beam Emission and Motional Stark Effect Diagnostics in 
Fusion Plasmas,Yu. Ralchenko, O. Marchuk, W. Biel, T. Schlummer, D. R. Schultz, and 
E. Stambulchik, Rev. Sci. Instrum. 83, p. 10D504 (2012)  
 

• Non-Statistical Population Distributions for Hydrogen Beams in Fusion Plasmas,O. Marchuk, 
Yu. Ralchenko, and D. R. Schultz, Plasma Phys. Controlled Fusion 54, 095010 (2012) 
 

• Absolute Transition Frequencies and Quantum Interference in a Frequency Comb Based 
Measurement of the 6,7Li D Lines,C. J. Sansonetti, C. E. Simien, J. D. Gillaspy, J. N. Tan, 
S. M. Brewer, R. C. Brown, S.-J. Wu, and J. V. Porto, Phys. Rev. Lett. 107, 023001 (2011) 
 

•Quantum Interference and Light Polarization Effects in Unresolvable Atomic Lines: 
Application to a Precise Measurement of the 6,7Li D2 Lines, R.C. Brown, S. Wu,  J.V. Porto, 
 C.J. Sansonetti, C.E. Simien, S.M. Brewer, J.N. Tan, and J.D. Gillaspy, Phys. Rev. A 87, 032504 
(2013). 
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F and Ne (completed to be added to ASD) 

• ‘Accurate atomic transition probabilities for fluorine,’ W. Wiese and J. Fuhr 
•F V – allowed lines – 413 
•F VI – allowed lines – 255 
•F VI– forbidden lines – 32 
•F VII – allowed lines – 18 
•F VIII – allowed lines – 76 

 
 

•‘Accurate atomic transition probabilities for neon,’ W. Wiese and J. Fuhr 
 

•Ne VI – allowed lines – 621 
•Ne VII – allowed lines – 606 
•Ne VII – forbidden lines – 32 
•Ne VIII – allowed lines – 18 
•Ne IX– allowed lines – 80 

 
 
 
 



Reports of Bibliographic References for 
 

International Bulletin on Atomic and 
Molecular Data for Fusion 

 
Alexander Kramida 
 
Last Issue:  Number 69 – January 2013 
 
Chapter 3 – Bibliography  
 
3.1 Structure and Spectra  - 196 papers on energy 

levels and spectra; 103 papers on transition 
probabilities 

 
 





New Papers for Light Elements 
 

EXPERIMENTAL 



18235 O VI Recombination Lines in Ultraviolet and Visible Spectra of RR Telescopii, P. R. Young, Astrophys. J. 749, 1 (2012)  
  
17989 Stark Effect of Atomic Helium Singlet Lines,L. Windholz, T. J. Wasowicz, R. Drozdowski, and J. Kwela, J. Opt. Soc. Am. B 29, 934–943 (2012) 
 
17711 Forbidden and Intercombination Lines of RR Telescopii: Wavelength Measurements and Energy Levels, P. R. Young, U. Feldman, and A. Lobel, 
Astrophys. J., Suppl. Ser. 196, 23 (2011)  
 
17793 Energy Levels, Auger Branching Ratios, and Radiative Rates of the Core-Excited States of B-like Carbon, Y. Sun, F. Chen, and B. C. Gou, J. Chem. 
Phys. 135, 124309 (2011)  
  
17231 K-Shell X-ray Spectroscopy of Atomic Nitrogen, M. M. Sant'Anna, A. S. Schlachter, G. Öhrwall, W. C. Stolte, D. W. Lindle, and B. M. McLaughlin, 
Phys. Rev. Lett. 107, 033001 (2011)   
  
 17179  A Visible Spectral Survey from the Alcator C-Mod Tokamak, A. T. Graf, M. J. May, P. Beiersdorfer, and J. L. Terry,  Can. J. Phys. 89, 615–626 
(2011); Erratum: 89, 825 (2011)  
  
17742 Absolute Frequencies of the 6,7Li 2S 2S1/2→3S 2S1/2 Transitions, Y.-H. Lien, K.-J. Lo, H.-C. Chen, J.-R. Chen, J.-Y. Tian, J.-T. Shy, and Y.-W. Liu, Phys. 
Rev. A 84, 042511 (2011)  
 
16330 High-Resolution Photodetachment Spectroscopy from the Lowest Threshold of O-, A. Joiner, R. H. Mohr, and J. N. Yukich,  Phys. Rev. A 83, 035401 
(2011)  
  
 17701 K-Shell Photoionization of Singly Ionized Atomic Nitrogen: Experiment and Theory, M. F. Gharaibeh, J. M. Bizau, D. Cubaynes, S. Guilbaud, 
N. El Hassan, M. M. Al Shorman, C. Miron, C. Nicolas, E. Robert, C. Blancard, and B. M. McLaughlin,  J. Phys. B 44, 175208 (2011)  
  
18052 Emission Lines of Boron, Carbon, Oxygen and Iron in Tokamak Plasma, L. Di, J.-R. Shi, S.-J. Wang, Q.-L. Dong, J. Zhao, Y.-T. Li, J. Fu, F.-
D. Wang, Y.-J. Shi, B.-N. Wan, G. Zhao, and J. Zhang,  Chin. Phys. Lett. 28, 075201 (2011)  
  
15497 Saturation Spectra of Low Lying States of Nitrogen: Reconciling Experiment with Theory, T. Carette, M. Nemouchi, P. Jönsson, and M. Godefroid,  Eur. 
Phys. J. D 60, 231–242 (2010)  
 
15488 State-Resolved Valence Shell Photoionization of Be-like Ions: Experiment and Theory, A. Müller, S. Schippers, R. A. Phaneuf, A. L. D. Kilcoyne, 
H. Bräuning, A. S. Schlachter, M. Lu, and B. M. McLaughlin,  J. Phys. B 43, 225201 (2010)  
 
15262 K-Shell Photoionization of Ground-State Li-like Boron Ions [B2+]: Experiment and Theory, A. Müller, S. Schippers, R. A. Phaneuf, S. W. J. Scully, 
A. Aguilar, C. Cisneros, M. F. Gharaibeh, A. S. Schlachter, and B. M. McLaughlin,  J. Phys. B 43, 135602 (2010)  
 
 

Light Elements  - Energy Levels and Spectra - Experiment (since 2010) 
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MOTIONAL STARK EFFECT FOR  
 

DIAGNOSTICS OF LOCAL MAGNETIC FIELDS 
And 

LOCAL PLASMA CONDITIONS 



INJECT BEAMS OF NEUTRAL HYDROGEN ATOMS 
 
 NO-FIELD WAVE FUNCTIONS INCLUDE PRODUCTS 
OF SPHERICAL HARMONICS 
 
INDUCED ELECTRIC FIELD E=v x B MIXES THE 
SPHERICAL STATES AND SPLITS THE LINE MULTIPLETS 
 
NEW STATES ARE SOLVABLE IN PARABOLIC 
COORDINATES 
 
COLLISIONAL RADIATIVE MODELING WITH 
PARABOLIC STATES 



Stark effect in Balmer H alpha line of Hydrogen – 656 nm 



 
 MEASUREMENT OF SPLITTINGS GIVES 
INFORMATION ABOUT MAGNETIC FIELD 
STRENGTH 

 
PROBLEM TO REPRODUCE INTENSITIES OF 
COMPONENTS 

 
GIVES INFORMATION ABOUT POPULATIONS 
OF LEVELS IN THE n=3 CONFIGURATIONS 

 



 
 PARABOLIC STATES EXPANDED IN TERMS OF 
SPHERICAL STATES 

 
COLLISIONAL RADIATIVE MODELING GIVES 
NON-BOLTZMANN POPULATIONS OF EXCITED 
STATES 

 
REPRODUCES COMPONENT RATIOS 
OBSERVED IN JET PLASMA 

 



Cross sections for parabolic states 

α 

parabolic states nikimi 

nilimi – spherical states 

Radiative channel 
nikimi→ njkjmj  
π – components with Δm=0 
σ – components with Δm= 1 

E


v
α = π/2 for MSE 

Parabolic states expanded as linear combination of spherical states 
Marchuk et al (2009), Delabie et al (2010), Marchuk et al (2011), Ralchenko et al (2012) 



Marchuk, Ralchenko, Schultz, Janev, et al. AIP Conf. Proc. 1438, 169 (2012) 



Theory vs Experiment 

(1993) 

(2010) 

• Experiment 1993 - JET 
• W. Mandl et al. Plasma Phys. Contr. Fusion 
 35,1373 (1993) 
• Solid: Zeff = 1 
• Horizontal dashed: statistical limit 
• Dashed w/ symbols: Zeff = 2 (C6+) 

• Experiment 2010 - JET 
• E. Delabie et al. Plasma Phys. Contr. Fusion 
• 53, 125008 (2010) 
• Solid: Zeff = 1 
• Horizontal dashed: statistical limit 
• NEW EXP. ALCATOR C-MOD TO TEST CONFIRM 
 PREDICTED LINE RATIOS 

Counting Photons 31 



New Papers on W 
 



 

 W Energy Levels and Spectra-Experiment  
 
18274 Interpretation of EUV Spectra in the 20 nm Region from Tungsten Ions Observed in the LHD, C. Suzuki, C. S. Harte, D. Kilbane, 
T. Kato, H. A. Sakaue, I. Murakami, D. Kato, K. Sato, N. Tamura, S. Sudo, M. Goto, R. D'Arcy, E. Sokell, and G. O'Sullivan,  AIP Conf. 
Proc. 1438, 197–200 (2012)  

  
18272  Spectroscopy of Highly Charged Tungsten Ions with Electron Beam Ion Traps, H. A. Sakaue, D. Kato, X.-B. Ding, I. Murakami, 
F. Koike, T. Nakano, N. Yamamoto, H. Ohashi, J. Yatsurugi, and N. Nakamura,  AIP Conf. Proc. 1438, 91–96 (2012)  
  
18119  Magnetic-Dipole Transitions in Tungsten and Other Heavy Elements Observed with the NIST EBIT, J. Reader, J. D. Gillaspy, 
D. Osin, and Yu. Ralchenko, AIP Conf. Proc. 1438, 86–90 (2012)  

  
18241  4f135s25p6-4f135s25p56s Transitions in the W VIII Spectrum and Spectra of Isoelectronic Hafnium, Tantalum, and Rhenium Ions, 
A. N. Ryabtsev, E. Ya. Kononov, R. R. Kildiyarova, W.-Ü. L. Tchang-Brillet, and J.-F. Wyart, Opt. Spectrosc. 113, 109–114 (2012)  
  
17995  Lines from Highly Charged Tungsten Ions Observed in the Visible Region Between 340 and 400 nm, H. Watanabe, N. Nakamura, 
D. Kato, H. A. Sakaue, and S. Ohtani, Can. J. Phys. 90, 497–501 (2012)  

  
18291  Experimental and Theoretical Study of the Ground-State M1 Transition in Ag-like Tungsten, Z. Fei, R. Zhao, Z. Shi, J. Xiao, M. Qiu, 
J. Grumer, M. Andersson, T. Brage, R. Hutton, and Y. Zou, Phys. Rev. A 86, 062501 (2012)  
  
18206  L-Shell X-ray Emission from Neonlike W64+, P. Beiersdorfer, J. K. Lepson, M. B. Schneider, and M. P. Bode, Phys. Rev. A 86, 
012509 (2012)  
  
18315  Rest-Wavelength Fiducials for the ITER Core Imaging X-ray Spectrometer, P. Beiersdorfer, G. V. Brown, A. T. Graf, M. Bitter, 
K. W. Hill, R. L. Kelley, C. A. Kilbourne, M. A. Leutenegger, and F. S. Porter,  Rev. Sci. Instrum. 83, p. 10E111 (2012)  
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New NIST Papers on W 
 



Tungsten and Related Heavy Elements – new NIST papers 

• EUV Spectra of Rb-like to Cu-like Gadolinium Ions in an Electron-Beam Ion 
Trap,D. Kilbane, G. O'Sullivan, J. D. Gillaspy, Yu. Ralchenko, and J. Reader, Phys. Rev. A 
86, 042503 (2012) 
 

•EUV Magnetic-Dipole Lines from Highly-Charged High-Z Ions with an Open 3d 
Shell,D. Osin, J. D. Gillaspy, J. Reader, and Yu. Ralchenko, Eur. Phys. J. D 66, 286 (2012) 
 

•Extreme Ultraviolet Spectra of Highly Charged Xenon Observed with an Electron Beam 
Ion Trap,D. Osin, J. Reader, J. D. Gillaspy, and Yu. Ralchenko, J. Phys. B 45, 245001 
(2012) 
 

•Recent Progress in Spectroscopy of Tungsten,A. Kramida, Can. J. Phys. 89, 551–570 
(2011) 
 

•Spectroscopy of Diagnostically Important Magnetic-Dipole Lines in Highly Charged 3dn 
Ions of Tungsten,Yu. Ralchenko, I. N. Draganić, D. Osin, J. D. Gillaspy, and J. Reader, Phys. 
Rev. A 83, 032517 (2011)  
 

•Multiconfiguration Dirac-Hartree-Fock energy levels and transition probabilities for 
W XXXVIII, C. Froese Fischer and G. Gaigalas, Phys. Rev. A 85, 042501 (2012) 
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NIST ELECTRON BEAM ION 

TRAP “EBIT” 



NIST EBIT: 

•Maximum beam energy: 
33 keV (ionize uranium 
to U90+)  

•Energy width: 0.05 eV  

•Electron density: 
~1011/cm3  

INJECTED ATOMS ARE TRAPPED, IONIZED, 
& EXCITED IN BEAM OF ELECTRONS 
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New M1 lines observed – uncertainty 0.002 nm 
 
 
Hf-  42 lines   Hf45+ to Hf54+ 
 

Ta-  49 lines   Ta45+ to Ta57+ 
 

Au-  41 lines   Au51+ to Au60+ 
 



 
MODELING DIELECTRONIC RECOMBINATION IN 

TOKAMAKS 
 

LMN DIELECTRONIC RESONANCES IN 3dn IONS 
OF TUNGSTEN 

 
“Magnetic-dipole lines in 3dn ions of high-Z elements: 
identification, diagnostic potential, and dielectronic 

resonances,” Yu. Ralchenko, J.D. Gillaspy, J. Reader, D. Osin, J.J. 
Curry, and Y.A. Podpaly, Phys. Scr. (2013), to be published 



DIELECTRONIC CAPTURE INTO CONTINUUM 
 
K-like W (2p63s23p63d) + (EBIT)e-→Ca-like W(2p53s23p63d24l) 
           (discrete states in the continuum)  

RADIATIVE STABILIZATION 
 

Ca-like W(2p53s23p63d24l) → 
 

Ca-like W(2p63s23p63d4l) + hν (~9 keV) 
Ca-like W(2p63s3p63d24l) + hν (~8 keV) 
Ca-like W(2p63s23p63d2) + hν (~11 keV) 

AUTOIONIZATION to K-like W with EMISSION OF ELECTRON 
 

Ca-like W(2p53s23p63d24l) →K-like W(2p63s23p63d)  + e- 

  

DR 



• Use intensity ratios of M1 lines in 3dn ions to 
analyze modifications of the ionization balance due 
to dielectronic recombination 
• Simultaneous measurement for several ions: Sc/Ca 
• Large-scale CR modeling shows importance of 
anisotropic effects  
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Support 

  

U.S. Department of Energy 
Office of Fusion Energy Sciences 

(DATABASE & EXPERIMENT) 
 

U.S. National Aeronautics 
 and Space Administration 

(DATABASE) 
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