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The solar EUV   
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Quiet Sun - SDO EVE prototype (2008) 

SOHO/CDS/NIS  
Hinode/EIS SOHO/SUMER  

`You could spend a lifetime to understand this spectrum’ (P. Storey) 
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             Fawcett, Gabriel & Jordan (1965) 
          3pn – 3pn-13d   transitions in Fe IX to Fe XIV 

Solar corona in the EUV 

Gabriel & Fawcett (1965) 



Hinode EIS and Culham plates 

Hinode/EIS 
Unidentified lines 

in 2006 

B.Fawcett 166 – 212 Angstroms 

Resolution almost 
as good as Culham 
plates which were 

key for the 
identifications. 

 

Del Zanna (2011): 
most brightest 

coronal lines finally 
identified after 8 

years! 
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Benchmarking atomic data (Del Zanna 2003-date)  
 

  

  

1)  Find the best atomic structure. 

2)  Calculate e excitation rates (R-matrix) and build ion model to calculate 
line intensities. 

3)  Compare observed and theoretical wavelengths and intensities for low- 
and high-density plasmas. 

RESULTS: a large number of new identifications and revised wavelengths 
(with uncertainties). New Ne, Te diagnostic applications 
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•  Fe VII: Del Zanna (2009a)  new IDs, new Te diagnostics  
•  Fe VIII: Del Zanna (2009b)  new IDs, new Te diagnostics 
•  Fe X:  Del Zanna+ (2004, 2012) new IDs, new Te diagnostics  
•  Fe XI: Del Zanna (2010,2012)   new IDs, new Te diagnostics 
•  Fe XII: Del Zanna & Mason (2005); Del Zanna (2012)  new IDs 
•  Fe XIII: Del Zanna (2011a)  new IDs 
•  Fe XIV: Del Zanna (2012)  new IDs 
•  Fe XVII: Del Zanna & Ishikawa (2009)  new IDs ;  Del Zanna (2011):  new Te diagnostics 
•  Fe XVIII: Del Zanna (2006) new IDs, new Te diagnostics  
•  Fe XXIII Del Zanna et al. (2005)  new Ne,Te diagnostics 
•  Fe XXIV Del Zanna (2006) new Ne,Te diagnostics 



Atomic data calculations and distribution 
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STFC-funded UK APAP Network  http://www.apap-network.org/ 
has become the main atomic data provider. 
N. Badnell,  L Fernandez-Menchero (Strathclyde),  
P. Storey (UCL), H. Mason and G. Del Zanna (Cambridge) 
 
Electron impact excitation data have been produced 
with large-scale R-mtarix calculations for all ions  
of astrophysical importance of the   
H-, He-, F-, Na-, Ne-, Li-, and B-like isoelectronic sequences,  
as well as for a large number of individual ions, in particular  
Fe VII, Fe VIII, Fe IX, Fe X, Fe XI, Fe XII Fe XIII, 
Fe XIV, Fe XVII, Fe XVIII, Fe XX, Fe XXIII 
 
DISTRIBUTION: 
-CHIANTI (www.chiantidatabase.org) has now become  
the reference atomic database for ions, world-wide, with 
hundreds of citations per year. 
 
-VAMDC (Virtual Atomic and Molecular Data Center)  
http://portal.vamdc.eu 
 
 
  



Fe XI 
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Fe XI benchmark: Del Zanna (2010) 
31 (out of 60) new line identifications  

 

Gabriel et al.(1966) 

Hinode EIS spectrum 



G. Del Zanna  - IAS 2013 

‘Direct’ temperature diagnostics 

Ratios of lines with very different excitation energies. 
O VI SOHO CDS  GIS and SUMER  

David, Gabriel, Bely-Dubau,Fludra, Lemaire, Wilhelm (1998) 



Te from  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  atomic calculation for Mg IX 
(Del Zanna+2008) resolved significant  

discrepancies 
 

Best(?) Te diagnostic for the 1 MK corona 
(Solar Orbiter SPICE)  
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SOHO  

Grazing Incidence 
Spectrometer 

Off-limb spectrum  

Del Zanna (1999 - PhD thesis) 
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Mg IX 706 

Mg IX 749 

new 

old 

SUMER (2006) 
‘New’ Te obtained including 
photoexcitation and (small) 

density effects. 
(Del Zanna, Teriaca, Wilhelm) 

Temperatures with the new 
atomic model are higher.  

 
E.g. an inter-plume  

Te=850 000  at 1.3R revised to  
1 160 000 K (Del Zanna+2008)  

 

Te in coronal holes 



Measuring Ne in a solar active region 
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EUV 
imaging Hinode/EIS Fe XII line ratios 

provide accurate density maps 
but we sorted the atomic data 

only in 2012! 

Self-blend decay 
 to excited state 

(Del Zanna & Mason 2005) 
 

Self-blend decay 
 to ground state  

(Del Zanna & Mason 2005) 
 

Density 



Long life to Alan and all spectroscopists !	



Alan always has his priorities right !	





EXTRA SLIDES 
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Te from  Be-like Mg IX 

2s 2p 1P 1 

2s2 1So  

2p2 1D 2 

Intercombination 706 A 

Resonance 368 A 2s 2p 3P 1 

749.5 A 

Best Te diagnostic for the 1 MK corona.  
First R-matrix calculation for Be-like Mg  
(Del Zanna Rozum Badnell 2008) resolved 
significant problems:  Te in CH underestimated 
by a factor of 2 

 

G. Del Zanna  - IAS 2013 Te=1.35 MK (Feldman et al. 1999) 
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Resonance vs. intercombination 

Del Zanna (1999 - PhD thesis) 

SOHO  

Grazing Incidence 
Spectrometer 

Off-limb spectrum  
SOHO GIS 

New atomic data 

SOHO GIS 
Old atomic data 



Fe XII 

3s2 3p2 3d 2F7/2  3s2 3p2 3d 4P5/2  

3s 3p4 2D5/2  

195 Å 186.8 Å 

Del Zanna (2012): the population of the 3s2 3p3 2D5/2 is 50 % higher than 
previous models (Storey et al. 2005; Del Zanna & Mason 2005)   

3s2 3p3 4S3/2  

3s2 3p3 2D5/2  
3s2 3p3 2P1/2  

1349 Å 

3s2 3p3 2P3/2  
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