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Diagnostics from EUV 
and Forbidden Lines



Coronal Fe ions produce many emission lines
across the solar spectrum:

▪ Allowed lines
mostly in EUV (at about 200 – 400 Å)
observed by Hinode/EIS

▪ Forbidden lines
located at larger wavelengths (UV, visible, IR)

Fe XII 1349 Å:  IRIS   ( talk by Giulio Del Zanna)

Fe XIII 10747 & 10801 Å in near-infrared
observed by COMP

▪ Requires coordinated observing campaigns:
IHOPs 246 and 316 

Allowed and forbidden lines

EUV               UV                visible IR

IRIS

images from Dudík et al. (2014) A&A, 570, A124
see also Del Zanna & DeLuca (2018)  ApJ, 852, 52  

Fe XII

Fe XIII

https://ui.adsabs.harvard.edu/abs/2014A%26A...570A.124D/abstract
https://ui.adsabs.harvard.edu/abs/2018ApJ...852...52D/abstract


Corona in forbidden lines

Habbal et al. (2021), ApJL, 911, L4

https://ui.adsabs.harvard.edu/abs/2021ApJ...911L...4H/abstract


Coronal Multichannel Polarimeter  (COMP)
▪ Ground-based coronagraph and polarimeter  @ MLSO, Hawaii

▪ 20 cm f/11 singlet objective

▪ Tunable birefringent filter + beam splitter,  1.3 Å FWHM

▪ Fe XIII 10747 Å  and 10801 Å lines

Tian et al. (2013), SoPh, 288, 637

Tomczyk et al. (2008), SoPh, 247, 411

https://ui.adsabs.harvard.edu/abs/2013SoPh..288..637T/abstract
https://ui.adsabs.harvard.edu/abs/2008SoPh..247..411T/abstract


IHOP 316 target:    2016–08–30



Fe XIII:  Hinode/EIS and COMP

▪ IHOP 316,    2016 August 30

▪ EIS resolution 2–3”
▪ COMP resolution >5”, much coarser than EIS
▪ COMP line-center intensities I0 not affected by 

stray light: Use instead of integrated line profiles

Dudík et al. (2021), ApJ, 906, 118

https://ui.adsabs.harvard.edu/abs/2021ApJ...906..118D/abstract


COMP: Alignment
▪ Tracking inaccuracies, 

seeing deformations

▪ Chosen first 10747 Å
image as reference

▪ i+1 image to i-th one

▪ Shifted, rotated,
and  s t r e t c h e d

▪ 10801 Å processed
same way as 10747 Å

▪ The COMP is rotated 
with respect to AIA by 
about 0.5°



COMP: Uncertainties
▪ 3-point fits: Standard measurements

▪ We measured 7-points per profile,
which allows us to derive uncertainties

▪ Consistent with scatter in time

▪ Stray light?

▪ Line center I0 not sensitive to stray light



Fe XIII:  Electron density diagnostics

Judge et al. (2013), SoPh, 288, 467

Dudík et al. (2021), ApJ, 906, 118 Fe XIII produces
both EUV and IR lines

▪ Three strong EUV 
lines

▪ 2 IR lines
(forbidden)

▪ IR lines can be
photoexcited

▪ Knock-on effects for
EUV lines
Young et al. (2009),
ApJ, 495, 587 

https://link.springer.com/article/10.1007/s11207-013-0309-5
https://ui.adsabs.harvard.edu/abs/2021ApJ...906..118D/abstract
https://ui.adsabs.harvard.edu/abs/2009A%26A...495..587Y/abstract


Electron density maps

EIS                  COMP avg



Background subtraction
We chose several 8” x 8” boxes
to improve the S/N
▪ About 2x2 COMP pixels
▪ Many EIS pixels, whose size is 

2”x1”

▪ EIS: Photon noise uncertainties
▪ COMP: Uncertainties estimated 

to be about 5%
(3-point vs 7-point fits)

▪ BG subtraction increases 
densities significantly  (factor 2)

▪ BG contributes >75% of signal
for the forbidden lines

▪ Least affected are the 196.5 and 
203.8 Å, where BG is <60%



Electron densities from Fe XIII and XII
EIS observes several Fe XII lines that 
can be used for density diagnostics

▪ Fe XII with Fe XIII densities
are in good agreement

▪ EM loci plots indicate isothermal 
plasmas with logT = 6.25





Coronal Fe ions produce many emission lines
across the solar spectrum:

▪ Allowed lines
mostly in EUV (around 200 Å)
observed by Hinode/EIS

▪ Forbidden lines
located at larger wavelengths (UV, visible, IR)

Fe XII 1349 Å:  IRIS   ( talk by Giulio Del Zanna)

Fe XIII 10747 & 10801 Å in near-infrared
observed by COMP

▪ Requires coordinated observing campaigns:
IHOPs 246 and 316 

Allowed and forbidden lines

EUV               UV                visible IR

IRIS

images from Dudík et al. (2014) A&A, 570, A124
see also Del Zanna & DeLuca (2018)  ApJ, 852, 52  

Fe XII

Fe XIII

https://ui.adsabs.harvard.edu/abs/2014A%26A...570A.124D/abstract
https://ui.adsabs.harvard.edu/abs/2018ApJ...852...52D/abstract


Diagnostics from Fe XII

▪ Forbidden lines are excited by electrons with much lower E
▪ This allows for diagnostics of the electron distribution

(in equilibrium this is the same as diagnostics of Te )





Co-spatial EIS and IRIS observations of Fe XII

EIS

IRIS
Del Zanna et al. (2022),

ApJ, 930, 61 

https://ui.adsabs.harvard.edu/abs/2022ApJ...930...61D/abstract
https://ui.adsabs.harvard.edu/abs/2022ApJ...930...61D/abstract




Co-spatial EIS and IRIS observations of Fe XII

EIS

IRIS
Del Zanna et al. (2022),

ApJ, 930, 61 

https://ui.adsabs.harvard.edu/abs/2022ApJ...930...61D/abstract
https://ui.adsabs.harvard.edu/abs/2022ApJ...930...61D/abstract




Ad:  The KAPPA package
▪ Maxwellian (equilibrium) spectra 

calculated with CHIANTI v10

▪ KAPPA package based on CHIANTI 
v10 allows for calculation of 
NMED spectra for κ-distributions

https://kappa.asu.cas.cz

Dzifčáková, Dudík et al. (2023),
ApJS, accepted

https://kappa.asu.cas.cz/
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