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Benchmarking atomic data for astrophysics 

A novel approach: atomic structure (and occasionally R-matrix scattering) 
calculations with comparisons between  

1)  observed and theoretical wavelengths; 

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

Maxwellian e,p, stationary, collisionally-excited, optically thin. 

Result:  a large number of revised wavelengths (with uncertainties), new 
identifications, level energies and new diagnostic lines to measure Ne, Te.  

Typically, one ion in 2-5 years.. 

Will give examples on how to measure Te in solar corona. 
 We had SOHO SUMER, CDS spectroscopy. 
Now we have Hinode/EIS for coronal diagnostics.  
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EM, DEM  methods to obtain Te 
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However, large discrepancies are present 
(also in stars, as first shown in  
 Del Zanna et al. 2002) 

Depend on accuracy of excitation/ radiative data, 
mostly on ionization equilibrium. 
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Del Zanna & Mason 
 (2003) 



Direct measurement: Mg IX 

2s 2p 1P 1 

2s2 1So  

2p2 1D 2 

Intercombination 706 A 

Resonance 368 A 2s 2p 3P 1 

749.5 A 

First R-matrix calculation for Be-like Mg  
(Del Zanna Rozum Badnell 2008) resolved 

significant problems.  

Best Te diagnostic for the 1 MK corona.  
Te in CH underestimated by a factor of 2 

SOHO/CDS GIS 
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Mg IX: excellent agreement 

Direct line ratios from Mg IX 
(Del Zanna Rozum Badnell 2008). 

EM modeling: Isothermal plasma at 

Te=1.35 MK (Feldman et al. 1999) 
(SOHO/SUMER off-limb QS) 
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 Fe XVIII 

3s --> 2p 

The large discrepancies for the strong  
3s--> 2p  transitions have been resolved. 
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4 
Peak of EM 

4 (not 6) 
MK 

New diagnostics to measure electron temperatures and densities (Del Zanna 2006). 
Same issues with Fe XVII.  

DW: 

R-matrix: 
Witthoeft et 
al. (2006) 
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Hinode EIS SW  

Unidentified 
lines 

166 – 212 A. 
Almost as good as B.Fawcett’s plates. 
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Benchmark structure – Fe XI 

Bhatia, Doschek (1996); 4 conf. green 

Fawcett (1986): 8 conf. green+blue 

Aggarwal and Keenan (2003): green+ red 
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Fe XI (Iron Project) 
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    Ekefors (1931): 
 K IV, Ca V  
 best paper ! 
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Del Zanna (2010) 

New Te diagnostics 
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Fe VII – Te diagnostics 

 Del Zanna (2009):  
benchmarked   
Witthoeft & Badnell (2008) against 
laboratory (Fawcett’s plates) and solar 
(Hinode EIS) data.  

After two years: Many identifications 
from Ekberg are wrong (!?). Good 
agreement with new identifications. 

Also identified the decays of the 3d 4s 
3Dj (lines n.7,8, 9,10) and 1D2:  Te 
diagnostics. 
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Fe VIII – Te diagnostic 
•  Very complex target. 

•  IP R-matrix calculation  
gives good agreement  
when collision strengths are scaled 
(Del Zanna 2009).  

•  First identifications of the lowest 
levels of the 3s2 3p5 3d2. The 
decays from the 4Dj are strong-ish 
lines in Hinode EUV spectra. The 
ratio with any of the other EUV lines 
is a temperature diagnostic (Del 
Zanna 2009). 

. 
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Te out of eq. for sunspot loops 

Del Zanna (2009a,b): 
Te lower than To (ioniz. Eq.). 

First (?) direct measurements after Skylab. 

CHIANTI v.6 ioniz. Eq. 
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Atomic Data 
   APAP Network  http://www.apap-network.org/ 

  Scattering calculation -> ADAS  

   CHIANTI  database  (not funded in UK) 
RAS award in 2010 ! 
main database for XUV solar physics. 
New format to be introduced in 2011 

  I imported basic atomic data and spectral line emissivities for plasma 
modelling from CHIANTI into a MySQL database accessible via 
AstroGrid: www2.astrogrid.org.    (AstroGrid is not funded by STFC). 

    Del Zanna & Mason: Virtual Atomic and Molecular Data Centre (VAMDC) 
www.vamdc.eu   EU-funded for the provision of atomic and molecular data.  
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Conclusions 

Excellent agreement (within 10%) between theoretical and observed line 
intensities for stellar coronae. 

A novel benchmark work has established a large number of new line 
identifications and spectral diagnostics. 

Future: high-resolution EUV (Solar Orbiter, Solar-C) and X-ray solar 
spectroscopy -> need for ever more accurate atomic data! 

Thank you	
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