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Spectral parameters

2dF Quasar Survey

Wavelength, line shift

Background,
continuumLine broadening

Line intensity

Line identification

Line splitting, EM fields

Plus:
• Cross sections
• Rate coefficients
• …



Examples of atomic numerical databases
AtomDB (CfA-Harvard)
ADAS (UK)
ALADDIN (IAEA, Austria)
CollisionDB (IAEA, Austria)
BEAMDB (Serbia)
CAMDB (China)
CCC (Australia)
CHIANTI (NASA, USA, UK)
CLOUDY (Univ.Kentucky)
Kurucz database (Harvard)

NIFS (Japan)
NIST Atomic Databases
PEARL (Korea)
Spectr-W3 (Russia)
Stark-B (France/Serbia)
TIP/TOPbase (NASA, Venezuela, UK)
TOPS (LANL)
VALD (Austria, Sweden, Russia)
…and more…



The Virtual Atomic and Molecular Data Centre
http://www.vamdc.org

• About 40 heterogeneous databases 

• The “V” of VAMDC stands for Virtual in the 

sense that the e-infrastructure does not 

contain data. The infrastructure is a 

wrapping for exposing in a unified 

interoperable way a set of heterogeneous 

databases.

• High quality scientific data come from 

different Physical/Chemical Communities

• Provides data producers with a large 

dissemination platform

• Led by astronomers and astrophysicists
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Why are these databases different?

• Different atomic parameters (structure/radiation, collisions)
• Coverage of data (species, ions,…)
• Completeness of information (quantum numbers etc)
• Sources of data
• Online tools and options
• Critical evaluation of the data



Critically-evaluated atomic databases

AtomDB (CfA-Harvard)
ADAS (UK)
ALADDIN (IAEA, Austria)
CollisionDB (IAEA, Austria)
BEAMDB (Serbia)
CAMDB (China)
CCC (Australia)
CHIANTI (NASA, USA, UK)
CLOUDY (Univ.Kentucky)
Kurucz database (Harvard)

NIFS (Japan)
NIST Atomic Databases
PEARL (Korea)
Spectr-W3 (Russia)
Stark-B (France/Serbia)
TIP/TOPbase (NASA, Venezuela, UK)
TOPS (LANL)
VALD (Austria, Sweden, Russia)
…and more…



National Institute for Fusion Science, Japan
One of the most extensive collisional databases

https://dbshino.nifs.ac.jp

https://dbshino.nifs.ac.jp/


NIFS Database output



NIST NASA Atomic Databases and Tools

https://www.nist.gov/pml/atomic-spectroscopy-databases



Workflow of critical 
evaluation of data

For the 16 energy levels of the 1s2l2l’ core-excited configurations 
of Li-like ions, 999 absolute and 35 relative experimental energy-
level measurements from 101 publications have been collected 
and analyzed. Modern statistical theory methods (e.g., “dark 
uncertainty”) were applied to derive the final uncertainties.

A. Kramida
Fus. Sci. Tech. 63, 313 (2013)



ASD v.5.12 (Dec 2024) https://physics.nist.gov/asd

Spectral lines Energy levels



ASD v.5.12 (Dec 2024)
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https://physics.nist.gov/asd

Lines: 300,833
Probabilities: 128,870

Levels: 114,283



ASD Output • Data tables in different formats 
(HTML, ASCII, XSAMS, csv,…)
• Uncertainties!!!

https://physics.nist.gov/asd

Ar+



O I
614 levels
910 lines

O I
174 lines, 380-780 nm

ASD: rich graphical options



NIST LIBS Database: 
Laser Induced Breakdown Spectroscopy

https://physics.nist.gov/LIBS

Credit: NASA

© Applied Spectra

Numerous terrestrial and extra-terrestrial applications 
(Curiosity and Perseverance rovers)



NIST LIBS Database

https://physics.nist.gov/LIBS

• Calculation of Saha/LTE spectra for 
any element or combination thereof 
in ASD

• Arbitrary plasma parameters (but 
Saha/LTE!) and spectrum resolution

• ASD-based
• Graphical services
• Problem: not all ions, A’s

Credit: NASA

𝐼 = 𝑁0
𝑔𝑖
𝑔0

𝑒− ൗ𝐸 𝑇 ∙ 𝐴 All needed data
are already in ASD

Low temperature, high density: Saha-LTE!



NIST LIBS Database https://physics.nist.gov/LIBS

Credit: NASA

5% Mn + 5% Ni + 30% Si + 60% O Te = 1 eV

Ne = 1017 cm-3

R = 3000

Direct comparison 
with measured data



New NIST-LANL Opacity Database

Credit: NASA

https://nlte.nist.gov/OPAC

K. Olsen, C.J.Fontes, C.L.Fryer, A.L. Hungerford, R.T. Wollaeger, O. Korobkin, Yu. Ralchenko

• Neutron star merger
• Kilonova event
• Rich EM spectrum in 

addition to GW
• Z = 57-71 (4f shell) and Z = 

89-102 (5f shell) 
• Lanthanide/actinide 

opacities are critically 
important for kilonova 
analysis 

©ESO/L. Calçada



NIST-LANL Lanthanide/Actinide Opacity Database

Credit: NASA

Fontes et al, Mon. Not. Roy. Astron. Soc. 493, 4143 (2020)
• LANL LTE opacities for 57  Z  70, 89  Z  102
• Temperatures: 0.01—5 eV
• Densities: 10-20—10-4 g/cm3

• Photon energy grid: 14,900 points

• Tables and graphs:
• Total opacities

• Scattering
• Absorption

• Bound-bound
• Bound-free
• Free-free

https://nlte.nist.gov/OPAC

K. Olsen, C.J.Fontes, C.L.Fryer, A.L. Hungerford, R.T. Wollaeger, O. Korobkin, Yu. Ralchenko

Fontes et al, Mon. Not. Roy. Astron. Soc. 519, 2862 (2023)



• Updated regularly (~2 weeks)
• Atomic Energy Levels and Spectra

• 23,607 references, 1802-2026

• Atomic Transition Probabilities
• 10,572 references, 1914-2025

• Atomic Lines Broadening and Shifts
• 7,237 references, 1889-2026

• Search options
• Elements/ions
• Isoelectronic sequence
• Word/pattern
• Publication years
• Publication source
• Method type
• Keywords
• General category
• Specific subjects of interest

NIST Atomic Bibliographic Databases: 
references to the latest data


	Slide 1: Atomic Databases:  General Ideas and Some Examples
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

