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The ever-lasting problem of low S/N

The problem of reconstructing magnetic fields:
o Larger telescopes collect more photons but resolve smaller scales

 The number of photons per resolution element is relatively constant

* The solar surface evolves rapidly

The usual solutions:
* Longer integration times (while the solar surface keeps evolving!)

o Spatio-temporal binning (affects all model parameters)

 Filtering of Q,U&V (makes them inconsistent with Stokes |)
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Solution: use prior information!

In the chromosphere, magnetic fields are expected to evolve slower than
other physical parameters (temperature, density, velocity)

We need the high S/N ratio for the reconstruction of the magnetic field but
not necessarily for the other parameters

|deal case for the use of regularization techniques

Regularization operates on the model parameters and not on the data
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Our prior knowledge
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Spatio-temporal reqularization in Milne-Eddington inversions
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Reconstruction with physics-informed neural hetworks
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Reconstruction with physics-informed neural hetworks
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Plage photospheres

An explanation for the Stokes } asymmetry in solar faculae

J. Sanchez Almeida, M. Collados, and J. C. del Toro Iniesta

Instituto de Astrofisica de Canarias, E-38200 La Laguna, Tenerife, Spain

Received May 19, accepted June 2, 1988

Summary: The asymmetry in the Stokes V profile observed in
solar faculae can be explained by assuming that the magnetic
field increases with height while downflow speed decreases. The
MHD compatibility of such a solution is briefly discussed to-
gether with an observational test for that possibility.
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1. Introduction

It seems well established that the Stokes V' profile (circular
polarization versus wavelength) of lines observed in solar faculae

show several asymmetric features (Stenflo et al.,1984). Figure
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show several asymmetric features (Stenflo et al.,1984). Figure Lambda-5249(A)
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Early observational indications of the canopy effect imprinted in the Stokes V profiles!
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Plage photospheres
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 The magnetic field is confined to inter granular lanes

* (Gas pressure drops with height and the field can expand
horizontally

* Flux emergence can occur inside plage (Chitta et al. 2019
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Plage chromospheres

Based on Clasp-2 data

Stokes I (kyy) Stokes V (hy,)
1 2 3 —-20 0 20

Distance from slit center [arcsec]

Li et al. (2024)



Distance from slit center [arcsec]

Plage chromospheres

Based on Clasp-2 data

Stokes I (kyy) Stokes V (hy,)

400
75
9 50
L 200 O
|
— (v}
|t =
2 t40 8 2
ol | =
- )
) < =
{ 3 = 0
e c
: S
(@)] Y— __
3 = —25
@)
—200 =
-
L —-50
s
—75
—400 =
5 10 15

scanning direction scanning direction scanning direction scanning direction

Li et al. (2024)



Plage

A
~2500 km _| Corona
~800 km _| M\ |Chromosphere
Photosphere
~0 km_|
Granulation

de la Cruz Rodriguez & van Noort in prep.



Emerging-flux regions

——~

SDO/HMI magnetogram



Emerging-flux regions

——~

SDO/HMI magnetogram



[arcsec]

Photosphere

Emerging-flux regions

GREGOR/GRIS data

F e

(continuum)
o \

AN

- 1.1

=
o

Intensity [I/los]

Chromosphere

(

He | 10830)

O
©

O
oo

Intensity [I/1.]

o
~



[arcsec]
= = N N W
@) o @) o @) o

o

N N W
o Ul o

=
U1

[arcsec]

Emerging-flux regions

Photosphere (continuum) GREGOR/GRIS data Chromosphere (He | 10830)

= | B h.. - Q.
L ‘r'h - 1.1

T
O
(o)

=
o

Intensity [I/1os]

[arcsec] [arcsec]

Yadav et al. (2019)

Intensity [I/1.]

Inclination angle [°]



Ay [arcsec]

Ay [arcsec]

Emerging-flux regions

]UIFUUUIIIUUIUUIUIIUU‘]U'

-100 -50 O 50 100 -100 -50 O 50 100
Av [km/s] Av [km/s]

0 5 10 15 20 25 2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2

SST/CHROMIS/CRISP 11-Aug-2020 AR12770 Ax [arcsec] Ax [arcsec] ax [arcsec]

Rouppe van der Voort et al. (2024)



Ay [arcsec]

Ay [arcsec]

Emerging-flux regions

]UIFUUUIIIUUIUUIUIIUU‘]U'

-100 -50 O 50 100 -100 -50 O 50 100
Av [km/s] Av [km/s]

0 5 10 15 20 25 2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2

SST/CHROMIS/CRISP 11-Aug-2020 AR12770 Ax [arcsec] Ax [arcsec] ax [arcsec]

Rouppe van der Voort et al. (2024)



Emerging-flux regions

| |Og1o<ObS<B>> [GOUSIS] U, [km/s]_ <|tot [W/mz/sr]y:w |Og1o<Jz/Bz> |
0.0 0.5 1.8 5.5 25. 0. —25. 0.0 6.4 12.9 0.0 1.2 2.0

8 10 12 14
y [Mm]

Hansteen et al. (2019)



Emerging-flux regions

T [x10% K] AT [x10% K] Vios [km s71]
6 8 0 2 4 0 20

20
— [ —

y [arcsec]

log T =[-0.9,-1.3]

y [arcsec]

log T =[-1.9,-2.3]

y [arcsec]

log T =[-2.9,-3.3]

y [arcsec]

log T =[-3.9,-4.3]

44 45 46 44 45 46 44 45 46
X [arcsec] X [arcsec] X [arcsec] VISSGI’ S et al. ( 2 02 0)



Y [arcsec]

T¥ 34
WA

5

IPh 7
;.-11/!2_ .

Emerging-flux regions

-

Stbkes V Fe

’J

16301.5 —0.08A

vy W N

30 A

25 1

Y [arcsec]
N
o

=
(6]
1

10 A

35

30

25

N
o

Y [arcsec]

=
w

10

Ha —1.00A

0 10 20 30 40
X [arcsec]

Diaz Baso et al. (2021)

50

10

20

X [arcsec]

30

40

50




Y [arcsec]

Y [arcsec]

Y [arcsec]

Emerging-flux regions

10

8
SR :‘?

"3 4 (
*9

,ﬂ@'
g ﬁ%‘nﬂ@ iﬁo

N P -
f’.ﬁ 2!

Cross Cut Profile

T [kK]

10.0

w
o
1

N
(6]
1

N
o
1

=
(6]
1

7.5

5.0

2.5

0.0

Vios [km/s]

-2.5

-5.0

—-7.5

—10.0

Ha —1.00A

0.4

0.2

0.0

By [kG]

-0.2

-0.4

0 10 20 30 40 50 0 10
X [arcsec]

Diaz Baso et al. (2021)

X [arcsec]

50 X [arcsec]



Y [arcsec]

Y [arcsec]

Y [arcsec]

Emerging-flux regions

Cross Cut Profile

10

N 4 i’ . T
P*wm 3% h .ﬁ‘v.fﬁ { I
“.’4’ w -’
0-
T =1 %
"" *w-'; :‘"n "«
mt i 'i'qh‘ih " i
Q"‘" - P B e
NS R ﬁ.@‘
g s_uﬁ : v
g Ay AR =
\ \\, , -
'Lf(-m
"3\3 ( .
: “ b ;:'9('; _, ]
im at 4000A \ g )
g 3
i al“i” %btf') iﬁ 4! ‘!
10.0
7.5
30 1 50
a 25 & - + -
&
20 0.0 il
g
15 - -25 >
-5.0
10 -
-7.5
5_
-10.0
0
I
35 I 0.4
I
30 :
I - 0.2
25 ! PUSSHE
| -~ <~ ‘ 0
20 JI ] - 0.0 i"—
I m
15 !
I - —0.2
I
10 |
: —0.4
5
Ha —1.00A | B O i . EE.
10 15
0o 10 20 30 40 50 0 10 20 30 40 50 X [arcsec]

X [arcsec] X [arcsec]

Diaz Baso et al. (2021)



Emerging-flux regions

Cross Cut Profile

[,_Ww A] S9SSO| @ARRIpes pajelbalul

— 160

— 10

(o))

D] L

(e} M~ O N

o o o

< N o o o o o

— — — (o0) O < N o
1

X [arcsec]

1
—
o o) o N o
P ~ — —
[Dasaue] A
[s/wx] SOTA
[o3] g
o
o n o n o N
o n o N © To} ~ — < ™~ o o
— ~ Te) o~ o | | | | o o o |
1 1

I [N — |

X [arcsec]

—4 pEN-== 5

=
o
o
M
o
o

50

40

30

20

10

[D9sdue] A

_ _ _ _ _
O 5 O 5 0 5 0 5 0 5 O 5 O 5
m N N — — m m o (o] — —

[Dasdue] A [Dasdue] A

X [arcsec]

X [arcsec]

Diaz Baso et al. (2021)



Emerging-flux regions

Corona

~2500 km

~500km | N\ ] Joo VN Chyomosphere
EB EB hotosphere
e e
~0 km

Sunspot B

Sunspot A
Granulation

de la Cruz Rodriguez & van Noort in prep.



y [arcsec]

y [arcsec]

Magnetic fields in the quiet-Sun

SST/CHROMIS & CRISP data

al

Ea_ Il K line cénter

0 10 20 30 40 50
X [arcsec]



Magnetic fields in the quiet-Sun
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Magnetic fields in the quiet-Sun
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Magnetlc fields in the quiet-Sun
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Magnetic fields in the quiet-Sun
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Magnetic fields in the quiet-Sun
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We have improved enormously our interpretation capacity and understanding
of chromospheric data (especially in active regions)
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