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The FIP effect can allow us to trace back
the source of heliospheric plasma
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Measuring relative abundances

In the coronal approximation, the radiance of the transition line from level i to j of ion X™ is :

S :[Ab Xna] [ICxom iyi(me, T)]PEM]dT

Coronal abundance Contribution Differential Emission
of element X function Measure

Simplified notation : Ix ij = )Igias AI;I(CX, i, DEM)



Measuring relative abundances
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Measuring relative abundances

Ix ij = fYos AR (Cx ij, DEM)

bias ph —1
‘fXLF _ Iip (AXLF (CrrF, DEM>)

fhs T ARt (Car, DEM)




Measuring relative abundances

Ix,ij = f¥ A% (Cx,i;, DEM)

bias Aph —1
Fxpp I ( x p |(CrF, DEM>)

fp ~ Iyr \ g |(Cur,| DEM)

Two Line Ratio

Fast and simple

Easy to automate

Inaccurate unless contribution
functions match perfectly
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Measuring relative abundances
Ix,ij = f{* A% (Cx,ij, DEM)

bias ph —1
Fxpp _ Iir (AXLF <CLF,|DEM>|>

bias T ph C DEM
f e\ AR (Crr | )]

XHp

Two Line Ratio Following DEM inversion
Fast and simple % Inverse problem difficult to constrain
Easy to automate ® Complicated to automate
® Inaccurate unless contribution More accurate

functions match perfectly
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What we have

The game plan

Spectroscopic
observations

How

A new FIP bias measuring method with:
% No DEM Inversion

* Optimized linear combinations of
spectral lines

What we want to do

* Create accurate FIP bias maps
systematically and semi-automatically
Re-analyze past observations

Design observations : which lines
should we use ?

* %




The Linear Combination Ratio (LCR) method
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The Linear Combination Ratio (LCR) method

Spectral lines of low FIP elements Spectral lines of high FIP elements
I;
Sr= Y o - I = Y B; ph
iewr) A icmr)  A4;
Gr(T)= ) o; Ci(T) Gur(T)= > Bi C
ie(LF) ic(HF)

The relative FIP bias is

fE° Ar ((‘fLF,DENU)_l .

bias — Fue |\ (GF, DEM)

2

—1 for a set of reference DEMs

We minimize ¢ («,8) = J Z ‘ (¢Lr, DEM;)

(¢huF, DEM;)

JE(DEM;);
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Contribution functions of the spectral lines that we use

Normalized C(n, T)

Two Line Ratio
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Linear Combination Ratio

S X 264.2306 A
Si X 261.056 A
Fe XIV 264.7889 A
Fe XV 284.163 A
Fe X11195.119 A
Fe X111 201.126 A
Fe XIV 274.2037 A
Si X 258.374 A

Fe Xl 202.044 A
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Fe X1 180.401 A

107

10
Temperature in K

low FIP



Tests on uniform
FIP bias maps

Maps for relative FIP bias

(ground truth: uniform,
~ 1.8)
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Sources of error - remaining non uniformity
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Sources of error
Specific to the LCR method :

* Minimized cost function is not

equal to zero. 6

* The DEMs in the map are different
from the ones we used for the
optimization.

* Mixing of elements with different
FIP biases
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Sources of error
Specific to the LCR method :

* Minimized cost function is not
equal to zero.

* The DEMs in the map are different
from the ones we used for the
optimization.

* Mixing of elements with different
FIP biases

Other sources of error :
* Radiometry

*  Atomic physics

* Radiative transfer
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In practice : Hinode/EIS

Application of the LCR method to
spectroscopic  observations of a
sigmoidal anemone-like Active Region
inside an equatorial Coronal Hole,
previously studied in Baker et al. (2013).
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Following DEM Linear
inversion combinations
fsi fsi & Fe

fs fs
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In practice : Hinode/EIS

Application of the LCR method to
spectroscopic  observations of a
sigmoidal anemone-like Active Region
inside an equatorial Coronal Hole,
previously studied in Baker et al. (2013).

Following DEM Linear
inversion combinations
fsi fsi & Fe

fs fs

% Similar structures with enhanced
or depleted relative FIP bias in
both maps.
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Conclusions

* The tests show that the LCR method performs well, and does not
require prior DEM inversion.

* The LCR method could be useful to re-analyze past observations
that were not intended for abundance measurements.

% It could help us prepare future observations.
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Conclusions

* The tests show that the LCR method performs well, and does not
require prior DEM inversion.

* The LCR method could be useful to re-analyze past observations
that were not intended for abundance measurements.

% It could help us prepare future observations.

Future work

* Assessment of linear combinations of lines for the UV spectrometer
SPICE on board Solar Orbiter to help connect remote and in-situ
measurements from SWA/HIS.

* Could become a SPICE level 3 data product.
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