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OUTLINE: 

Atomic Data Calculations – e.g. APAP Network (UK):    

Atomic Databases: CHIANTI  and VAMDC 

Benchmark: Full assessment against astrophysical and laboratory spectra of line 
identifications and diagnostics (densities, temperatures from line ratios) in the XUV 
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CHIANTI atomic package 

V.6 released (Dere et al.2009) contains new atomic 
data and new ionization and recombination rates  

Basic atomic data from e.g. CHIANTI are included  in 
many other spectral codes. Photoionization (XSTAR, 
CLOUDY, MOCASSIN) and others (ATOMDB, 
XSPEC, ISIS, PINTofALE). 

Ions included in 
CHIANTI 

www.chianti.rl.ac.uk 

 CHIANTI Provides all atomic data and IDL programs necessary for modelling spectra 
from collisionally-ionised plasmas for the XUV. Over 1000 citations. 
User base: solar physics, astrophysics, X-ray, EUV, UV 
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CHIANTI data (ascii) 
fe_12.elvlc Energy levels (theoretical, observed), LSJ fro Fe XII (Fe11+) 

fe_12.wgfa Transition probabilities, gf values, theoretical, observed 
wavelengths 

fe_12.splups spline fits to Maxwellian-averaged e- collision strengths. Only 
excitaton from ground+ kept. >90% of data are lost. 
Data from IP, APAP-Network, literature.  

fe_12.psplus Same but for protons. 

.diparams 

.drparams 

.rrparams 

DI, DR, RR total rates 

•  CHIANTI data and programs are distributed via  
+ a tar file (www) 
+ SolarSoft (IDL packages for Solar Physics). 
+ (testing phase) Python interface (www) 

•  CHIANTI emissivities are currently calculated for plasmas in ionization 
equilibrium. Have photo-excitation but not photo-ionization. 2 
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Calculations of basic atomic data 

  4) R-matrix electron impact excitation:  

  1) Iron Project 
  2) STFC-funded (UK) 
  APAP Network  http://www.apap-network.org/ 
  atomic structure and e- scattering data for all 
  astrophysically-important ions, sequence by sequence. 

F-like ions: Witthoeft Whiteford Badnell (2007) 
Na-like ions: Liang, Whiteford,Badnell (2009) 
Ne-like ions: Liang et al. (2010, submitted) 
Other calculations 

Dere (2007) 

1) Direct-ionization by electron impact: 
Dere (2007)  calculated ab-initio cross-sections of impact  
with ions and compared them with available experimental  
data for a large number of ions. 

2) Radiative recombination: Badnell (2006). 

3) Dielectronic recombination:  
 Badnell et al. (2003),  a number of papers. 
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Applications 

•   In optically-thin plasmas, line intensities are proportional to (e.g. Fe XII): 

•  Obtain densities, temperatures and elemental abundances from spectra  
(and broad-band data). 

•  Create synthetic spectra to be compared to observed ones (requires 
links to instrument properties) 

•  Create synthetic broad-band images (X-ray, EUV) 
•  Calculate instrument response functions 
•  Calculate radiative losses  

Ion ab. Yi A(Y) 
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First R-matrix e- scattering calculation by Witthoeft, Badnell, Del Zanna et al. (2006). 
Now available with CHIANTI v.6 

 Atomic data do make a difference!  Fe XVIII 

2s2 2p4 3d --> 2s2 2p5  3s --> 2p 

The large 
discrepancies between 
observed and 
theoretical intensities 
for the strong  
3s--> 2p  transitions 
are now resolved. 1 

2 

3 

4 
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Fe XXIII: Ne, Te  

New electron impact excitation by 
Chidichimo et al. (2005). 

Del Zanna et al. (2005):  
New diagnostics to measure electron 

temperatures and densities. 

4-->2 

4-->2 
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Hydrodynamic modelling 
HYDRAD: Bradshaw & Mason (2003) 
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 Radiative lossess 

Time-dependent 
 ion populations 

Radiative lossess in tabulated form 
are needed by modellers 

Latest (v6) CHIANTI radiative losses 
(coronal/photospheric abundances) 
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CHIANTI  & Astrogrid (VO) - 2006 
-  CHIANTI data were imported into a MySQL database.  

(Silvia Dalla & Kevin Benson). 

Tables: SpectralLines and LineEmissivities. Link to the VO: 

1. using ESAC DAL Toolkit to install a SLAP server (DMMapper can 
translate from  CHIANTI data model to Line data model)  
Data appear automatically in VOSpec, once registered. -  

2. by means of AstroGrid: www2.astrogrid.org   DSA software: user can 
build ADQL queries on the CHIANTI tables via Workbench.  

8 
G. Del Zanna  - VAMDC meeting OU 2010 



Spectral Lines table 
Result of query to spectral lines table via AstroGrid DSA: 

9 
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CHIANTI atomic data for VAMDC 

10 

-  WP4 SA1 Giulio Del Zanna  & Helen Mason (DAMTP, Univ. of Cambridge) 

-  Collaboration with  IoA  (Nic Walton, Guy Rixon) 
-                                MSSL, UCL (Len Culhane, Kevin Benson, Peter Kuen) 

-  BASIC DATA: first table: wavelength, A-value, gf-value, configuration, LSJ, 
observed, theoretical energy of upper and lower levels.  
To do: add  other basic atomic data (rates). 

      Maintain identity of each database. 
Problem of multiple calculations. CHIANTI policy is to select one. 
Problem of upgrades (main once every 1-2 years) 
Essential to provide appropriate references to original calculation in the 
literature ! Not simple to transfer info. 

-  DERIVED DATA (modelling): second table: line emissivities in a grid of 
temperatures and densities. 

-  To do: write simple scripts to call CHIANTI routines via the MSSL server (IDL 
and CHIANTI installed). Alternatively, write Python programs. 

                            See Kevin Benson’s talk on wednesday 
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User base 
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1)  Modellers, e.g. CLOUDY, XSTAR. Make ingestion of basic atomic data easier 

2)  General users that do not have IDL licence. Make the basic programs 
available via the www/ Python. 

3)  General users that are not bothered to install CHIANTI.  

4)  General users that want some derived products that are not readily available. 
Example: many users need CHIANTI radiative losses  

- AHEAD EU proposal for next generation X-ray astrophysics. Emphasis is on 
spectroscopy and need for atomic data – links to VAMDC 

- GDZ publicised VAMDC at the  X-ray 2010 workshop (Utrecht) 



END 
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Benchmarking atomic data  
 In  a series of papers, I have calculated and benchmarked atomic data for the XUV 
using a `novel’ approach: atomic structure calculations and comparisons between 

  observed and theoretical wavelengths  

  observed and theoretical line intensities for a wide range of astrophysical and 
laboratory plasmas using the emissivity ratios:  

  lifetimes (beam-foil spectroscopy) 

A large number of revised wavelengths, new identifications and new diagnostic 
applications.  
For many ions NIST energies are not up-to-date. Not easy to trace original work. 
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Te from satellites and EM approach 
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Sylvester et al. (2006) 

Satellite line 

Chifor Del Zanna et al. (2007)  

EM lines EM continuum 

CORONAS-F RESIK (solar) 
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Non-thermal electron distributions 
Calculate level population and ion 

abundances with non-Maxwellian e- 
distributions (Dzifcakova & Mason 2008) 

CORONAS-F RESIK SPECTRA 

Dzifcakova et al. (2008) 

Extreme non-
thermal 

Near-thermal 

Not implemented in 
CHIANTI yet. 
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