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From stars …  

G. Del Zanna 

Del Zanna (1995): 
first (?) time-
resolved EUV 
spectroscopy of a 
stellar flare 
(EUVE satellite)  



.. to the Sun .. 
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To understand active stellar coronae we need to understand solar flares. 
We have a long way (cf. chromospheric evaporation, Del Zanna et al. 2011, A&A)  
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to atoms. 

 To understand what powers stellar coronae and TRs 
we need spectroscopy (Jordan) 

In optically-thin plasmas (stellar coronae): 

Ion 
abundance 

Cross-
sections 

A(X) 
Level population 

Cross-sections 

A-value 
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•  Good measurements of  Ne, Te,  A(X), line profiles tied with good 
modeling. 
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NASA Solar Dynamics Observatory (SDO) AIA 

EUV images every 12s 
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At the footpoints of loops, more than half of 
the photons in the 211 A band come from 

unidentified lines !  
(Del Zanna O’Dwyer & Mason 2011)  



SAGE (ESA CV) 
C.Jordan and myself co-I of consortium 6 
ESA nations (M.Barstow) based on J-PEX 

Spectrometer (NRL) 
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Missed 
opportunity to 
study active 

stellar coronae 



Hinode EIS and B.Fawcett’s plates 

Hinode/EIS 
Unidentified 
lines in 2006 

B.Fawcett 166 – 212 Angstroms 

Resolution almost as good 
as B.Fawcett’s plates. 

5 m Angstroms accuracy in 
wavelengths. 
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Del Zanna (2011): most brightest coronal lines now identified 



Transition region powered by downflows 

G. Del Zanna  - CLW - Mallorca 2011 

Radiatively cooling and losses supported by an enthalpy flux (Bradshaw 2008).  

Hinode/EIS: In the TR, line profiles are red-shifted in both legs of all loops 
 and velocities increase towards the footpoints, at lower T.  

(Del Zanna 2007, 2008, confirmed by SOHO/SUMER, Dammasch et al.  
2008) 

7 



R-matrix e-ion scattering calculations 

•  Fe VII: Witthoeft et al. (2008) 
•  Fe VIII: Griffin et al. (2000)  

Del Zanna (2009) 
•  Fe IX: Storey et al. (2002)  
•  Fe X:  Del Zanna, Berrington, Mason (2004) 
•  Fe XI: Del Zanna, Storey, Mason  (2010) 
•  Fe XII: Storey et al. (2005) 
•  Fe XIII: Storey & Zeippen (2010)  
•  Fe XIV: Storey et al. (2000); Liang et al. (2010)  
•  Fe XVIII: Witthoeft et al.(2006).  
•  Fe XX:  Witthoeft, Del Zanna, & Badnell (2007)  
•  Fe XXIII Chidichimo et al. (2005) 
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F-like: Witthoeft Whiteford Badnell (2007) 
Na-like: Liang, Whiteford,Badnell (2009) 
Ne-like: Liang et al. (2010) 
Li-like: Liang & Badnell (2010) 

R-matrix electron impact excitation: (UCL,QUB): Seaton, Burke, Burgess, Storey, 
Eissner, Berrington, Badnell, etc. 
STFC-funded APAP Network  http://www.apap-network.org/ 
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CHIANTI atomic package 

V.6 (Dere et al.2009) contained new ionization and recombination rates. 
V.7 (Landi et al. 2011), Aug 2011, new atomic data for many ions.  
V.8 will introduce new format. 
Atomic data included other spectral codes. (XSTAR, CLOUDY, MOCASSIN, 
ATOMDB, XSPEC, ISIS, PINTofALE). Over 1000 direct citations, few 100s/year 

Have we made it too easy ?  `CHIANTI does not have a line therefore there is 
no blend’ 
.  

~ 300 ion models  
www.chianti.rl.ac.uk 

 CHIANTI Provides all atomic data and programs for collisionally-ionised plasmas. 
C. Jordan has always been very supportive – But no UK funding for last 7 years   

G. Del Zanna  - Oxford, 26 Jul 2011 
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- Giulio Del Zanna  & Helen Mason  (Cambridge) with  IoA and MSSL collaboration 

- All the BASIC CHIANTI DATA in MySQL, queried via a web portal or workbench. 
- DERIVED DATA (modelling): Python scripts to read the  CHIANTI VAMDC 

How can different databases be easily compared ? 
Multiple calculations. CHIANTI policy is to select one. 

Appropriate references to original calculation lost. 

G. Del Zanna  - Oxford, 26 Jul 2011 

www.vamdc.eu 
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Benchmarking atomic data (Del Zanna 2003-)  

1)  Find the best atomic structure with appropriate CI  
(and semi-empirical corrections) 

2)  Compare observed (beam-foil spectroscopy, Elmar Traebert et al.)  
and theoretical lifetimes and branching ratios. 

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

4)  compare observed and theoretical wavelengths 
and intensities for low- and high-densities  
using the emissivity ratios:  

5)  Try to identify all the brightest lines, using laboratory and  
astrophysical spectra (best solar before 1973). 

RESULTS: 
a large number of new identifications, new level energies, revised wavelengths (with 
uncertainties). 
New Ne, Te diagnostic applications 

Werner 
Eissner 

G. Del Zanna  - Oxford, 26 Jul 2011 



Fe XI  
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Most 3d  levels were not known.  
Difficulty in the structure calculations. 



Fe XI – after 6 years..  
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 Target: 13 configurations,145 LS terms 
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New Te diagnostics 



Fe XI  

Main problems with three very mixed J=1 levels, giving rise to 
the strongest spectral lines observed in the EUV by Hinode  
Found significant problems with all previous calculations. 
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Needed to study all ions along the sequence. 
Ekefors (1931): K IV, Ca V  best paper ! 



Fe XI 
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31 (out of 60) new line identifications  
Benchmark:Del Zanna (2010) 
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Measuring Te in stellar coronae -  Fe XVIII 
First R-matrix e- scattering calculation by Witthoeft, Badnell, 
Del Zanna et al. (2006) solved the problem with the strong  
3s--> 2p  transitions . 

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

2 4 

3 

Peak of EM 

4 (not 6) 
MK 

Same issues with Fe XVII (Del Zanna 2011, A&A) 



Benchmarking atomic data for Iron ions 

•  Fe VII: Del Zanna (2009a) 31/ 53 new EUV (160-300 A) IDs,  
new Te diagnostics  

•  Fe VIII: Del Zanna (2009b) 9/34 new EUV IDs, new Te diagnostics 

•  Fe X:  Del Zanna, Berrington, Mason (2004) 9/45 new IDs 
•  Fe XI: Del Zanna (2010) 31/60 new IDs, new Te diagnostics 
•  Fe XII: Del Zanna & Mason (2005) 21/58  new IDs 
•  Fe XIII: Del Zanna (2011a) 13/41 new EUV IDs 

•  Fe XIV: Del Zanna (2011b) 
•  Fe XVII: Del Zanna & Ishikawa (2009) 16/50 new IDs (40-400 A),  

Del Zanna (2011): `new’ Te diagnostics 

•  Fe XVIII: Del Zanna (2006) new IDs, new Te diagnostics 
•  Fe XX:  Witthoeft, Del Zanna, Badnell (2007)  

•  Fe XXIII Del Zanna et al. (2005)  new Ne,Te diagnostics 
•  Fe XXIV Del Zanna (2006) new Ne,Te diagnostics 
•    
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Ionization equilibrium 
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Jordan (1969), largely based on Seaton & Burgess 

CHIANTI v.6 (Dere et al. 2009) based on ab-initio calculations of cross-sections: 
1)  Direct-ionization by electron impact: Dere (2007) 
2)  Radiative recombination: Badnell (2006). 
3) Dielectronic recombination: Badnell et al. (2003+ a number of papers). 

However, density and time-dependent ionization effects still to be properly included 
(Cambridge, Armagh, also see Jaroslav’s talk) 



EM loci  

)()( TeGjiYAb
Iobs

Del Zanna (2003) re-introduced the EM loci  
method (Strong 1978) to AR loops. Isothermal ! 

Del Zanna (2003) 

€ 

Iji = f Ab(Y )∫ Gji(Te) Ne
2 dh ≅

Ab(Y ) ∫ Gji(Te)dT < ∫ Ne
2 dh /dT >

dhhNEM e
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C2 

Jordan et al. 
(1987) 
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ARs are organised into isothermal structures. 
 Warmer and cooler loops are intermingled (Del Zanna et al. 2006) 



The problem of the ‘anomalous’ ions 
Anomalous EM in Li and  Na isoelectronic  
sequences (e.g. Burton et al. 1971, Dupree 1972, 
Judge et al. 1995; Del Zanna 1999;Del Zanna et al. 
2001,2002). 

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

Li-, Na-like 
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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.  

Pottasch
(1967) 



 FIP effect in AR loops ? 

 Work using Skylab data overestimated (~4) the Mg/Ne FIP bias.  
 The Widing & Feldman (1993) method assumes a continuous  DEM  
 (Del Zanna 2003) 

)()( TeGjiYAb
Iobs

dTTeGji
Iobs

)(∫

Potentially an important diagnostic (M. Laming). 

CDS: Mg/Ne  photospheric abundances  
(EM loci, Del Zanna 2003). 

D2 
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Conclusions 
We now often have excellent agreement (within 10%) between theoretical and 
observed line intensities for stellar coronae. 

We have made a great progress, but we are still faced with many old issues.. 

To understand what powers stellar coronae and TR we need more 
spectroscopy and meetings like this one !  

Long life to all - Thank you	
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