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SOHO/CDS forward modeling 

Del Zanna (1999) 

Black: observed solar spectrum (SOHO/CDS); blue: theoretical model spectrum 



Hinode EIS SW  

Unidentified 
lines 

B.Fawcett 166 – 212 Angstroms 

Almost as good as 
B.Fawcett’s plates. 
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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 (follows one idea from Brunella):  

 Result:  a large number of revised wavelengths (with uncertainties), new 
identifications, new level energies and new diagnostic applications.  

Appropriate references ! 

Typically, one ion in 2-5 years.. 



Fe X 
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Del Zanna, Berrington, Mason (2004) 



Fe XII 

From Flower (1977) until  
Storey et al. (2005) serious  

problems. Solved ? 

EUV 

4S3/2, 2D3/2, 2D5/2, 2P1/2, 2P3/2 

2D3/2 
4P1/2 
 4P3/2 
2P1/2 

SO 



Fe XII 

21/58 new transitions identified/revised 

 (Del Zanna & Mason 2005) 
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R-matrix and Fe XXIII  1 year !  

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

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

temperatures and densities. 

Chandra HETG (3-->2)+ 
EUVE (2-->2) 

4-->2 

4-->2 



Be-like Mg IX: 1 year 

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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Preliminary benchmarks for the X-rays 

(SMM/FCS) 
A lot of benchmark work went into the preparation  
of CHIANTI v.4, released in 2003 
 (e.g. Del Zanna G. 2002) and for v.5  
(cf. Chifor, Del Zanna et al. 2007).  
Significant work still needed. 

CORONAS-F RESIK  

Chandra 

EM lines EM continuum 



R-matrix !  Fe XVIII 

3s --> 2p 

The large discrepancies for the strong  
3s--> 2p  transitions have been resolved with the  
first R-matrix e- scattering calculation by Witthoeft, Badnell, Del Zanna et al. (2006). 

2 

3 

4 
Peak of EM 

4 (not 6) 
MK 

New diagnostics to measure electron temperatures and densities (Del Zanna 2006). 
Same issues with Fe XVII. In 30 years dozen of papers with speculations…  

DW: 

R-matrix: 



SAGE (ESA CV) 
Consortium 6 ESA nations (M.Barstow)  

J-PEX Spectrometer (NRL) 



EM loci  

)()( TeGjiYAb
IobsRe-introduced the EM loci  method (Strong 1978)  

to AR loops. Isothermal ! 

Del Zanna (2003) 

SOHO CDS Ne VII (blue - 0.7 MK) Ca X   (green – 1 MK)  Si XII (red – 2 MK)  

(Del Zanna et al. 2006) 

Del Zanna & Mason (2003) 



FIP effect overestimated in AR loops ! 

 The Widing & Feldman (1993) diagnostic
 method assumes that the DEM has a
 continuous distribution, and gives high
 FIP (14). 

 However, the EM Loci curves are
 consistent with an FIP bias of 3.7, 4
 times lower ! (Del Zanna 2003) 



The problem of the ‘anomalous’ ions 
Anomalous EM for lines of the  Li and  Na isoelectronic 
sequences (from Burton et al. 1971). 

See Del Zanna (1999) and Del Zanna et al. 
(2001,2002) 

Li-like  N V and C IV are underestimated by factors of 3  
and 10, while those of  Ne VIII and Mg X  are   
overestimated by  factors of 5 and 10,respectively.  

The problem is common to stellar coronae 
(Del Zanna et al. 2002).   

Dupree 
(1972) 



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. 



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. 



Fe XI – 6 years ! 
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Ekefors (1931): K IV, Ca V  best paper ! 
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Del Zanna (2010) 

New Te diagnostics 



Good things come to those who wait… 
•  Fe VII: Witthoeft et al. (2008) S 

Del Zanna (2010) ID 
•  Fe VIII: Griffin et al. (2000) S 

Del Zanna (2010) ID 
•  Fe IX: Storey et al. (2002) S 
•  Fe X:  Del Zanna, Berrington, Mason (2004) S, ID 
•  Fe XI: Del Zanna, Storey, Mason & Del Zanna 2010 S, ID 

•  Fe XII: Storey et al. 2005 (S); Del Zanna & Mason (2005) S, ID 
•  Fe XIII: Storey & Zeippen (2010) S 
•  Fe XIV: Storey et al. (2000); Liang et al. (2010) S 
•  Fe XV Berrington et al. (2005) 

•  Fe XVII: Loch et al. (2006), Liang et al. (2010). 
 ID: Del Zanna & Ishikawa (2009). 

•  Fe XVIII: Witthoeft et al.(2006). Del Zanna (2006). 
•  Fe XX:  Witthoeft, Del Zanna, Badnell (2007)  

•  Fe XXIII Chidichimo et al. (2005) S; Del Zanna et al. (2005) ID 
•  Fe XXIV Whiteford et al. (2002) S; Del Zanna (2006) ID 
•    
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Atomic Data 
   APAP Network  http://www.apap-network.org/ 

   CHIANTI  database  (not funded by STFC) 
SolarSoft distribution, GUI programs,  
documentation, www pages. 

  Basic atomic data and spectral line emissivities for plasma modelling  
were imported from CHIANTI into a MySQL database accessible via 
AstroGrid: www2.astrogrid.org. Unfortunately, AstroGrid is not funded by STFC. 

    Del Zanna & Mason  are part of the Virtual Atomic and Molecular Data Centre 
(VAMDC) www.vamdc.eu, an EU-funded international collaboration 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. 

We have made a great progress, but after 40 years, some problems are 
still with us..  A daunting amount of work is still needed (who ?) 

CDS meeting 1998 

Thank you 
Helen	



