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non-LTE inversions: NICOLE

 One atom can be treated in non-LTE (statistical equilibrium).
 1.5D, each pixel is treated as a plane-parallel atmosphere.

e Hydrostatic equilibrium to derive pressure scales given a tau
scale and a temperature profile.

 Complete redistribution of scattered photons (CRD).
o Fortran/MPI.
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The Ca ll 8542 line
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The Ca ll 8542 line
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The Ca ll 8542

o

(.

r:‘s.

o

l

. " <
$a
L

il

4

y [arcsec]

- -
o 0 .
e -
- - .
7
1T Teedl

Q 1 2 a o 1 2 3 0 1 2 3 ] 1 2 ] Q 1 2 3
x |arcsec) ¥ |arcsec) ¥ larcsac) X |arcssc| ¥ |arcsec)

—_HlllllllIlllllllll&lIlllll]lllllllt;—_lllllllllllllllllllAlllllllll ll[llll-l-il
= Ty = *1.9 % Ts = 3.0
35 a5 =5

7 E g = £

O p— ¥ e aad

1 = ——

a 2 " = ' —+

X = == = =

>~ E F ar = B =
15 A -3 =
- . = ==
0E = | | ‘l ==

o
—_
R
78
L=
-

2

e
o
-

2 3
% |arcsac) ¥ |arcssc ¥ |arcsec)

LI

4

llmll{lll—ﬂlﬂllmIlllﬂllllll
—
llJJALI.LIJJJ.LLI.Ln'JlLlJJ LLu.lLlJ_Illl

-

y [arcsec)
N>

-

=
O ot
%

2
¥ |arcsac] de la Cruz Rodriguez et al. (2015)

7



The Ca ll 8542
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H & K lines (CRD vs PRD)

RIS and CHROMIS

FALC (modified)
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The solar atmosphere
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Courtesy of J. Leenaarts (Stockholm University)

Motivations:

e Multi-line / multi-atom inversions.

 New observations with IRIS and CHROMIS in the H & K lines
of Mg Il and Ca Il.



INTertace Region INverSlon Code (INTRINSIC)

n-house Milne-Eddington and LTE implementations.
NLTE forward module based on RH (Uitenbroek 2001).
Vliultiple atoms can be treated in non-LTE (statistical equilibrium).

1.5D, each pixel is treated as a plane-parallel atmosphere.

Hydrostatic equilibrium to derive pressure scales.

Complete and partial redistribution of scattered photons (CRD, PRD).
New possibilities with Ca || H & K and Mg |l h & k along with Ca Il IR lines.
Written in C/C++ / MPI / netCDF4.
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Basic setup: Mg Il h & k + triplet lines

Aim: Complete coverage from the photosphere to the transition region.
Leenaarts et al. (2013)
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Basic setup: Mg Il h & k + triplet lines

Aim: Complete coverage from the photosphere to the transition region.
Leenaarts et al. (2013)
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Basic setup: Mg Il h & k + triplet lines

Aim: Complete coverage from the photosphere to the transition region.
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Basic setup: Mg Il h & k + triplet lines

Aim: Complete coverage from the photosphere to the transition region.

Leenaarts et al. (2013)
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1.5D vs 3D radiative transfer

Mg Il k2v

courtesy of Sukhorukov & Leenaarts (submitted to A&A)




1.5D vs 3D radiative transfer

Synthetic slitjaw in Mg |l k at disk center

courtesy of Sukhorukov & Leenaarts (submitted to A&A)
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1.5D vs 3D radiative transfer

Synthetic slitjaw in Mg |l k at disk center

courtesy of Sukhorukov & Leenaarts (submitted to A&A)
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First tests with a modified FALC atmosphere
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Bitfrost atmosphere
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Bifrost atmosphere
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Bifrost atmosphere

0-8 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 | 1

N — Mean |-

. — BP |- |
0.7 |-
06 [ f

Intensity
Temperature [kK]

Il Il Il Il | Il Il Il | Il Il Il | I_
2798 2800 2802 2804

Wavelength z [Mm]

Il Il Il Il |
2794

2796




quiet Sun, plage and sunspot profiles from [RIS
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quiet Sun, plage and sunspot profiles from [RIS
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quiet Sun, plage and sunspot profiles from [RIS
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quiet Sun, plage and sunspot profiles from [RIS

Response functions as in Fossum & Carlsson 2005
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What comes next?



Nodes inversion

10;I - :
< 8F - :
<, ] -
@ E [
5 T7F E :
g8 :
S 6F E :
s L |
= SEF E i
4t . :
= HSRA :
3E| L L L | O'l

8 6 4 2 0 8 6 4 2 0

log 7, log 7,

Model: Depth-stratified atmosphere (working in optical-depth at 500 nm).

Parameters: temperature, Vies, Bz, Bx, By, Viurbulent, Pgas, Pel.

nversion :temperature, Vies, Bz, Bx, By, Viturbulent. (Nydrostatic eq. for Pgas).



Node-less inversion

Temperature [kK]

log

log =

500 500

Nodes define the locations where the model is perturbed and modified.
The number of nodes can be different for each parameter.

We need the entire atmosphere to integrate the RT equation.
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Node-less inversion

Temperature [kK]
Vl.o.s [km S-1]

log Teo0 log Teo0

Nodes define the locations where the model is perturbed and modified.
The number of nodes can be different for each parameter.
We need the entire atmosphere to integrate the RT equation.

The nodes are connected with a non-overshooting cubic Bezier splines.



Microturbulence [km/s]
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Node-less inversion
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y [arcsec]

Line-of-sight velocity [km s™']

Spatially coupled inversion

Magnetic field strength [G]
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| The parameters of the model atmosphere can

be coupled using a spatial PSF or by imposing
“ sparsity in a transformed basis (wavelet):

* Asensio-Ramos & de la Cruz Rodriguez



Spatially coupled inversion
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Magnetic field strength [G]
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| The parameters of the model atmosphere can

be coupled using a spatial PSF or by imposing
“ sparsity in a transformed basis (wavelet):

« van Noort (2012)

* Asensio-Ramos & de la Cruz Rodriguez

(2015)




 1.5D (coupled) inversions including PRD eftects
are now possible: Ca Il H & K, Mg Il h & k.

e [RIS, CHROMIS (@Swedish 1-m Solar Telescope).




