
A. Lagg ・ IRIS-9  ・  June 2018

CHROMOSPHERIC MAGNETIC FIELDS
ANDREAS LAGG  
MPI FOR SOLAR SYSTEM RESEARCH, GÖTTINGEN



A. Lagg ・ IRIS-9  ・  June 2018

ADS: IRIS + CHROMOSPHERE IN ABSTRACT

2



A. Lagg ・ IRIS-9  ・  June 2018

ADS: IRIS + CHROMOSPHERE + MAGNETIC IN ABSTRACT

3

60% of the chromospheric IRIS 
publications (2013-) 

are magnetized!
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Aschwanden et al. (2016): 
Tracing the chromospheric and coronal 
magnetic field with AIA, IRIS, IBIS and 
ROSA data  

Alignment of curvi-linear structures 
to magnetic field 
Compute free energy: 2-4 times 
higher than from coronal estimates 
Determine height range of 
chromospheric features (h≤4000 km, 
corona: up to 35 Mm) 
Determine plasma-β 10-5–10-1

Also: Wiegelmann et al. (2008): Improving NLFF Extrapolations by using H𝛼-images
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Mg II h&k model atom 

Mg II h&k formation 

Mg II h&k IRIS images 

Mg II h&k for chrom. heating 

C II 133.5nm model atom 

C II 133.5 diag. potential 

O I 135.56nm formation 

C II 133.5 IRIS observations 

C I 135.58 nm formation
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What questions do we ask 
to the chromospheric 

magnetic field?

Simulations / 
Modelling

Inversions

Observations
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Main topic: Energy transfer photosphere → chromosphere → corona

more than that in visual wavelengths. Curi-
ously, the variation in UV wavelengths (220 – 
400 nm) is discovered to be anti-correlated with 
that in visual wavelengths (400 – 700 nm) by 
the SORCE satellite. The mechanism to vary the 
solar spectral irradiance (SSI) is yet unknown. 
Models have been constructed to reproduce the 
TSI, by summing up the theoretical irradiance 
models of the components on the solar surface 
(sunspots, faculae, and quiet Sun, etc.) with the 
observations of magnetic fields. However, it has 
not been successful yet that the model predicts 
the observed SSI, as well. Since the UV spec-
tral irradiance in quiet Sun region which covers 
the largest portion of the solar surface is thought 
to mainly come from the emission of thin flux 
tubes, Solar-C will be able to see minute flux 
tube distribution on the solar surface that deter-
mine the UV spectral irradiance.

2.2  Science Goals and Detailed 
Science Cases for Solar-C

Based on the recent progress in solar physics 
described in the previous section, we set the fol-
lowing scientific objectives of the mission for 
understanding of solar magnetic activity;

I. Investigate the formation mechanisms of the 
chromosphere, the corona, and the solar wind,

II. Understand the mechanism that generates 
large-scale solar eruptions to extract the algo-
rithm for prediction, and

III. Reveal the mechanism of solar spectral irra-
diance variation that could influence the climate 
change of the earth.

In order to achieve the above three scientific 
objectives, it is essential to observe solar sur-
face spatially resolving its elementary struc-
tures with sizes of 0.1" ~ 0.3", and to observe 
magnetic fields in the chromosphere. Solar 
outer atmosphere is a system that connects the 
photosphere, the chromosphere, and the corona 
with magnetic lines of force, and plasmas are 
exchanging energies in the system. Essen-
tial understanding of magnetic activity in the 
system requires not only the understanding of 
basic structures constituting the solar atmo-
sphere, but also to understand the processes in 
these elemental structures, namely, quantitative 
observation of plasma flow energy, as well as 
variations of intensity distributions, magnetic 
field and velocity structures, temperatures, and 

Figure 5: Spicules - High spatial resolution observations necessary to identify mechanisms of generation and energy 
transport.
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JAXA, Solar-C

Oslo SAM project (2011/2016) 
Which types of non-thermal energy dominate in the 
chromosphere and beyond? 
How does the chromosphere regulate mass and energy supply 
to the corona and the solar wind? 
How do magnetic flux and matter rise through the lower 
atmosphere? 
How does the chromosphere affect the free magnetic energy 
loading that leads to solar eruptions?
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Main topic: Energy transfer photosphere → chromosphere → corona 
Reveal the details of spicules 
Verify nano flare hypothesis 
Verify wave heating 
Energy build-up &  
triggers for  
flares, CMEs 
…

more than that in visual wavelengths. Curi-
ously, the variation in UV wavelengths (220 – 
400 nm) is discovered to be anti-correlated with 
that in visual wavelengths (400 – 700 nm) by 
the SORCE satellite. The mechanism to vary the 
solar spectral irradiance (SSI) is yet unknown. 
Models have been constructed to reproduce the 
TSI, by summing up the theoretical irradiance 
models of the components on the solar surface 
(sunspots, faculae, and quiet Sun, etc.) with the 
observations of magnetic fields. However, it has 
not been successful yet that the model predicts 
the observed SSI, as well. Since the UV spec-
tral irradiance in quiet Sun region which covers 
the largest portion of the solar surface is thought 
to mainly come from the emission of thin flux 
tubes, Solar-C will be able to see minute flux 
tube distribution on the solar surface that deter-
mine the UV spectral irradiance.

2.2  Science Goals and Detailed 
Science Cases for Solar-C

Based on the recent progress in solar physics 
described in the previous section, we set the fol-
lowing scientific objectives of the mission for 
understanding of solar magnetic activity;

I. Investigate the formation mechanisms of the 
chromosphere, the corona, and the solar wind,

II. Understand the mechanism that generates 
large-scale solar eruptions to extract the algo-
rithm for prediction, and

III. Reveal the mechanism of solar spectral irra-
diance variation that could influence the climate 
change of the earth.

In order to achieve the above three scientific 
objectives, it is essential to observe solar sur-
face spatially resolving its elementary struc-
tures with sizes of 0.1" ~ 0.3", and to observe 
magnetic fields in the chromosphere. Solar 
outer atmosphere is a system that connects the 
photosphere, the chromosphere, and the corona 
with magnetic lines of force, and plasmas are 
exchanging energies in the system. Essen-
tial understanding of magnetic activity in the 
system requires not only the understanding of 
basic structures constituting the solar atmo-
sphere, but also to understand the processes in 
these elemental structures, namely, quantitative 
observation of plasma flow energy, as well as 
variations of intensity distributions, magnetic 
field and velocity structures, temperatures, and 

Figure 5: Spicules - High spatial resolution observations necessary to identify mechanisms of generation and energy 
transport.
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Talks

1. Fundamental physical processes and modeling

Tue 09:45 J. Martinez-Sykora Chromospheric modeling on ion-neutral interaction e↵ects and
non-equilibrium ionization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Tue 10:15 J. Leenaarts Studying radiation-MHD simulations in the Lagrangian frame . . . 2
Tue 10:30 A. Sukhorukov Simulating CLASP-IRIS co-observations in H I Ly-↵ and Mg II h 3
Tue 11:45 L. Ni Magnetic reconnection in strongly magnetized regions around the

solar TMR. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Tue 12:15 L. Guo Statistical studies of IRIS data towards better understanding of

small-scale reconnection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Tue 12:30 P. Testa Constraints on active region coronal heating properties from ob-

servations and modeling of chromospheric, transition region, and
coronal emission . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Tue 12:45 T. Ayres The Curious Conundrum of the Corona of the Mid-F Subgiant
Procyon: a Lesson for IRIS? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Tue 14:30 T. Van Doorsselaere Turbulence generated by transverse waves in coronal loops . . . . . . 8
Tue 15:00 J. Warnecke Twisted currents of coronal loops in 3D MHD simulations . . . . . . . 9
Tue 15:15 C. Gontikakis Resonant scattering processes at work in an active region as de-

tected in the transition region Si IV lines near 140 nm with IRIS 10
Tue 15:30 J. Dud́ık Transition-Region lines with strong wings: Non-Maxwellian anal-

ysis of line profiles and intensities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2. Chromospheric heating and dynamics

Tue 16:45 A. Lagg Magnetic field in the chromosphere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Tue 17:15 M. Gosic Emergence of internetwork magnetic fields through the solar at-

mosphere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Tue 17:30 D. Tripathi Coronal Holes and Quiet Sun in Mg II lines observed by IRIS . . . 14
Wed 09:30 S. Danilovic A modeler’s perspective on UV bursts . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Wed 10:00 M. Kubo Recurrent chromospheric jets at a magnetic flux cancellation site 16
Wed 10:15 S. Tiwari Observations of Large Penumbral Jets from IRIS and Hinode . . . . 17
Wed 10:30 J. Zhang Nature of surge-like activity above sunspot light bridges: Magnetic

Reconnection or Shocks? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
Wed 11:45 M. Carlsson An IRIS Optically Thin View of the Dynamics of the Solar Chro-

mosphere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
Wed 12:00 J. Bjørgen Three-dimensional modeling of chromospheric spectral lines in a

simulated active region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
Wed 12:15 K. Barczynski A disturbance propagating from the chromosphere into a heated

coronal loop . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3. Magnetic coupling and mass flux through the atmosphere

Wed 12:30 L. Chitta Magnetic coupling through the atmosphere . . . . . . . . . . . . . . . . . . . . . . 22
Wed 14:30 S. Guglielmino Interactions between emerging and pre-existing magnetic fields ob-

served with IRIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
Wed 14:45 A. Cilla Photospheric connection of a transition region brightening. . . . . . . 24
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Based on Bifrost 
(Gudiksen et al. 
2011) 
Compute line 
profiles 
Compare with hi-
res observations 
(CHROMIS/SST, 
Scharmer et al. 
2018)

A&A 611, A62 (2018)

Fig. 15. Maximum formation heights, max z(⌧⌫ = 1), of the Ca II K (blue), Ca II H (white), infrared Ca II triplet 8542 Å (black solid), and Mg II h
(gray) lines in Model 2, sliced vertically along the main diagonal, where max z(⌧⌫ = 1) is taken over all wavelength positions of the respective
spectral line profile. The zero point is defined as the average height where the optical depth at 5000 Å is unity. Upper panel: gas temperature is
indicated. Middle panel: mass density is shown. Lower panel: magnetic field strength is shown. The plasma � parameter is less than unity above
and bigger than unity below the dotted line.

6.3. Diagnostic properties of the H and K lines

Following Leenaarts et al. (2013b) we investigated what kind
of diagnostic the H and K lines can provide for the chromo-
sphere. We studied how intensities, wavelength positions, and
other derived properties of the vertically emergent (µ = 1.00)
synthetic profile features are related to the physical properties of
the individual columns of the 3D model atmosphere at the corre-
sponding heights. We present results for the K line only as they
are similar for the H line.

We use the following notations. The speed of light is c. The
vertical velocity is 3Z(z) and it depends on height z. The central
wavelength of the K line is �0. For K2V, K3, and K2R, we denote
their wavelengths �(K2V), �(K3), and �(K2R). The same notation
in parentheses is used for the emergent intensity I and the corre-
sponding brightness temperature Tb. The formation height of K3
is z3 ⌘ z(K3). Similarly, the averaged formation height of K2 is

z2 =
1
2
⇥
z2V + z2R

⇤ ⌘ 1
2
⇥
z(K2V) + z(K2R)

⇤
. (4)

The Doppler shift of K3 is

33 = c
��3

�0
⌘ c
�0 � �(K3)
�0

. (5)

The averaged Doppler shift of K2 is

32 = c
�0 � 1

2
⇥
�(K2V) + �(K2R)

⇤

�0
. (6)

The peak-to-peak distance or the peak separation is

�32 = c
��2

�0
⌘ c
�(K2R) � �(K2V)

�0
. (7)

The averaged vertical velocity at peaks is

h3Zi2 = 1
2
⇥
3Z(z2V) + 3Z(z2R)

⇤
. (8)

The maximum amplitude of the vertical velocity

�3Z = max
z2zz3

vZ(z) � min
z2zz3

vZ(z) (9)

is measured between z2 and z3, that is, the range of heights where
the central part of the profile between the emission peaks is
formed. In the same range of heights we define the mean vertical
velocity

h3Zi2�3 =
1

z3 � z2

Z
z3

z2

3Z(⇣) d⇣. (10)

The peak asymmetry A is the same as in Eq. (2).

6.3.1. Velocities

Leenaarts et al. (2013b) showed that the Mg II h and k lines are
good for tracing the line-of-sight velocities in the chromosphere
through the h3/k3 or the h2/k2 features. We test whether the same
is true for the Ca II H and K lines.

A62, page 14 of 19

Three-dimensional modelling of the Ca II H and K lines in the solar atmosphere, 
Bjørgen et al. 2018
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A&A 611, A62 (2018)

Fig. 13. Observed and simulated Ca II K images of the quiet Sun at the disk center (µ = 1). Upper row: line wing at �� = �0.528 Å is shown.
Lower row: line center at �� = 0 Å is shown. SST/CHROMIS images (first column) are compared with simulated images using Model 3, 2, and 1
(second, third, and fourth columns). Images are given in brightness temperature units with scales common for each row, specified at the right. The
rms contrast R is provided in the upper right corner above each image. The red line indicates the slice through Model 2 shown in Fig. 15.

emergence in the simulations and also larger size granules. All
the simulations show higher contrast compared to the obser-
vations. On average, Model 2 and Model 3 are darker and
Model 1 is brighter than the observations. The typical size of
magnetic field concentrations in intergranular lanes is also larger
in the synthetic images: they appear as bright tiny dots of 4.8–
5.1 kK in the observations while in the simulations they look
like bright, diffuse, and elongated spots of 5.0–5.2 kK. Cold
granular patches can be very dark in the simulations, with val-
ues below 4.0 kK, while in the observations they are somewhat
higher, typically 4.1–4.2 kK.

The line core images in Fig. 13 show images at the nomi-
nal line center. The observations show a rather diffuse pattern
of reversed granulation and subcanopy shock waves away from
magnetic field concentrations; the superimposed fibrillar struc-
ture appears semi-transparent. The fibrils are thin (less than
0.3 Mm wide), typically 5–10 Mm long, and many originate at
bright patches of magnetic concentrations seen in the observed
line-wing image. The observed fibrils cover the whole field of
view, and they are typically only slightly curved.

The synthetic images have a higher contrast than the obser-
vations. The areas above the photospheric magnetic elements are
bright. The 96 km resolution Model 1 shows only a few fibrils,
Model 2 with 48 km resolution shows more, and Model 3 with
31 km resolution shows most. The fine fibrils in Model 3 are
very reminiscent of the observed fibrils. Still all models show
too few fibrils and too strong visibility of the underlying shocks
and reversed granulation. The numerical simulations have a hor-
izontal grid spacing of 31 or 48 km. The smallest structures that
can be formed in the simulation are roughly four times the grid
spacing and are thus of comparable size or larger than the spatial
resolution of CHROMIS/SST. Simulations with higher spatial

resolution are thus required to resolve the smallest observable
scales.

The hottest network structures are brighter than 5 kK in
the simulations and have only 4.7–4.9 kK in the observations.
The coldest internetwork patches are colder than 4.1 kK in the
simulations and are 4.1–4.2 kK in the observations.

We conclude that visually Model 3 shows more fine details
than Model 1 or Model 2, and the structures in Model 3 are more
similar to the observed chromospheric structures than those in
Models 1 and 2.

In terms of the root-mean-square contrast of the intensity, all
Bifrost models produce a factor of 1.8–2.0 higher contrast in the
line wing and a factor of 2.9–3.4 higher contrast in the line core
in comparison with the observations. This discrepancy is at least
partially caused by the straylight contamination, which we did
not correct for in the reduction procedure.

6. Diagnostic potential of the H and K lines

We used undegraded synthetic K-line spectrograms to demon-
strate which properties of the line profile are useful for diagnos-
ing the chromosphere. We only discuss the results for the K line,
because the H line is formed in the same way. In some sections
we employed only one model atmosphere out of three because
the other models show similar results.

6.1. Formation heights of the profile features

We identified the K-line profile features in all three model atmo-
spheres and measured corresponding formation heights. The
zero point for the formation height is defined as the average
height where the optical depth at 5000 Å is unity. Using the

A62, page 12 of 19
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He 10830 line formation
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He images show fine structure at the resolution limit (<100km) 
Result of the complex 3D structure of the chromosphere and corona 
2 sources of ionising radiation: coronal (0.5-2 MK) & TR (80-200 kK)

The cause of spatial structure in solar He I 1083 images (Leenaarts et al., 2016) 
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Comparison 
He 10830 ↔ Si IV 139.38 

Samples 80 kK 
→ TR source for ionisation 
Good correlation of small-
scale He patches with Si IV 
emission 
Correlation absent in AR 
filament

A&A 594, A104 (2016)

Fig. 12. Co-spatial and co-temporal observations of active region NOAA 12393 with the SST, IRIS and SDO/AIA. a) TRIPPEL raster scan image
in the continuum at 1081.971 nm. b) TRIPPEL raster scan image of the profile minimum of He i 1083 nm. c) TRIPPEL raster scan image of the
equivalent width of He i 1083 nm. d) Artificial raster scan constructed from the IRIS 140 nm SJI images which are dominated by Si iv emission.
e) same as d), but now smoothed to AIA resolution. f)�i) artificial raster scans for the AIA band given in the panels. j)�k): same as c), d), and f),
but now with contours of local maxima in the EW overplotted in red. The blue box outlines the area discussed in the text.

brightness. The di↵erence in appearance is not only caused by
di↵erences in spatial resolution between the IRS and SDO data.
The large-scale patches of high EW in panel c correlate roughly
with the high-brightness patches in 171 and 193, and to a lesser
extent to the 304 and 335 images.

The bottom row (panels j�l) show the EW, Si iv, and 304 im-
age again, but now overlaid with contours enclosing areas of
local maxima in EW. These contours where created by thresh-
olding a high-pass-filtered EW image, designed to pick up local
maxima in EW, and serve to guide the eye. Inspection of panels k

and l shows that the contours of local maxima in EW match the
Si iv image much better than the 304 image.

Figure 13 compares the joint probability density function of
the He i 1083 nm equivalent width and the Si iv brightness. For
the observations we computed it from the area where x < 2000
and y < 500 in Fig. 12. For the simulation we degraded the syn-
thetic Si iv image to the spatial resolution of the observations.
The observed correlation clearly shows the correlation between
high equivalent width and Si iv brightness. For the simulations
this correlation is not as strong. The correlation appears as the

A104, page 12 of 14
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in the continuum at 1081.971 nm. b) TRIPPEL raster scan image of the profile minimum of He i 1083 nm. c) TRIPPEL raster scan image of the
equivalent width of He i 1083 nm. d) Artificial raster scan constructed from the IRIS 140 nm SJI images which are dominated by Si iv emission.
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brightness. The di↵erence in appearance is not only caused by
di↵erences in spatial resolution between the IRS and SDO data.
The large-scale patches of high EW in panel c correlate roughly
with the high-brightness patches in 171 and 193, and to a lesser
extent to the 304 and 335 images.

The bottom row (panels j�l) show the EW, Si iv, and 304 im-
age again, but now overlaid with contours enclosing areas of
local maxima in EW. These contours where created by thresh-
olding a high-pass-filtered EW image, designed to pick up local
maxima in EW, and serve to guide the eye. Inspection of panels k

and l shows that the contours of local maxima in EW match the
Si iv image much better than the 304 image.

Figure 13 compares the joint probability density function of
the He i 1083 nm equivalent width and the Si iv brightness. For
the observations we computed it from the area where x < 2000
and y < 500 in Fig. 12. For the simulation we degraded the syn-
thetic Si iv image to the spatial resolution of the observations.
The observed correlation clearly shows the correlation between
high equivalent width and Si iv brightness. For the simulations
this correlation is not as strong. The correlation appears as the
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Fig. 12. Co-spatial and co-temporal observations of active region NOAA 12393 with the SST, IRIS and SDO/AIA. a) TRIPPEL raster scan image
in the continuum at 1081.971 nm. b) TRIPPEL raster scan image of the profile minimum of He i 1083 nm. c) TRIPPEL raster scan image of the
equivalent width of He i 1083 nm. d) Artificial raster scan constructed from the IRIS 140 nm SJI images which are dominated by Si iv emission.
e) same as d), but now smoothed to AIA resolution. f)�i) artificial raster scans for the AIA band given in the panels. j)�k): same as c), d), and f),
but now with contours of local maxima in the EW overplotted in red. The blue box outlines the area discussed in the text.
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The cause of spatial structure in solar He I 1083 images (Leenaarts et al., 2016) 
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TOOLS FOR CHROM. B-DIAGNOSTIC: SIM/MOD
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Small-Scale Flux Emergence in the Quiet Sun 
(Moreno-Insertis et al. 2018) 

Based on Bifrost (Gudiksen et al., 2011) 
Two types of flux emergence: sheets & tubes 
Tubes: observed since 10 years 
Sheets only recently confirmed by observations (Sunrise-II 
quiet-sun granule-covering flux sheets, Centeno et al.2017)

Small-scale magnetic flux emergence in the quiet Sun 3

Figure 1. Panels A-D: magnetic sheet-like configurations revealed through fieldline tracing. A: sheet in the GMFE model, with
(B) two orthogonal field-strength maps showing vertical cross sections. (See also the accompanying animation). C: sheet in the
BPS, with (D) an accompanying field strength map. Panels E-G: emergence of an individual flux tube (perspective from above
and below, respectively), with (G) corresponding B map. Grayscale maps: uz at z = 0; panel F also shows uz at 2.5 Mm depth.
The time tag indicates the simulation used. (An animation of this figure is available.)

we count at least six clear episodes of magnetic sheet for-
mation, i.e., of orderly blanket-like magnetic field struc-
tures overarching a whole granule. The sheets reach ba-
sically only up to a few to several hundred km above the
photosphere, hence like standard rising plasma elements
in granules (see Cheung et al. 2007b; Tortosa-Andreu
& Moreno-Insertis 2009). In most cases the magnetic
sheet, after rising a few hundred km above z = 0, just
disappears as a coherent structure and does not outlive
the granule that it covers; in at least one case, how-
ever, the flux continues rising to the chromosphere. In
the BPS run, we have identified three sheet formation
episodes.

Tubes: to try to spot emerging-tube cases inside
granules via fieldline linkage, we restrict the seeds for the
tracing to emerging regions exclusively (uz > 0). An in-
stance of emerging micro flux tube in the GMFE model

is shown in Figure 1 (bottom row): viewed from above
the surface (panel E), a tube is seen emerging within
a granule. Viewed from below (panel F), a tube-like
concentration is seen down to depths of at least several
100 km. Using a field-strength map on a vertical plane
(panel G), we ascertain that the tube is not part of a
sheet, and that it just grazes the photosphere, where it
has B ⇠ 300 G: the tube does not rise beyond the first
100 km above the photosphere.

The identification of rising tubes via fieldline linkage is
often laborious. As an alternative, we next follow a semi-
observational approach using synthetic Stokes profiles.
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TOOLS FOR CHROM. B-DIAGNOSTIC: INVERSIONS
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Milic 2018: SNAPI 

De la Cruz Rodríguez: STiC 

Socas-Navarro: NICOLE

Required: High-quality observations. 
What makes it so difficult?

Inversions are the bridge between 
simulations / modelling and observations.
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TOOLS FOR CHROM. B-DIAGNOSTIC: MEASUREMENTS
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Courtesy: Mats Carlsson
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THE CHALLENGES FOR SPECTROPOLARIMETRY
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THE CHALLENGES: PHOTON BUDGET
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-429mÅ

-235mÅ
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Stokes I

-1787mÅ
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THE DILEMMA: SPATIAL RESOLUTION VS. TIME
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Maximum integration time  
allowed by solar evolution: 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THE SOLUTION: IMPROVE INSTRUMENTATION
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Existing instruments / 
observatories 

IRIS 
FISS@GST 
GRIS@GREGOR 
CRISP & CHROMIS 
@SST 
FIRS @DST 
ALMA: See special 
session on Thursday

This year 

GRIS+ @GREGOR 
HeSP @SST

Future 

DKIST: whole suite of 
instruments dedicated 
to chromosphere 
Sunrise-III



A. Lagg ・ IRIS-9  ・  June 2018

SPECTRAL RESTORATION: VAN NOORT (2017)
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M. van Noort: Image restoration of solar spectra

Fig. 7. Restored spectra of 23 seconds of data obtained without moving the 0.11” wide slit. Horizontal and vertical axes are in arcseconds. Although
the AO and CT were both in closed loop operation, the variation of the PSF in the 23 seconds covered by the data was su�cient to recover the
spectra over a 1” wide strip. The highest S/N of about 500 was found to be concentrated in the central 4 pixel rows, whereas the S/N in the outer
few pixel rows is approaching unity, which is clearly visible in the image.

5. Results

The data was first corrected for dark current, and multiplied with
a gain correction table, derived from a large number of frames
obtained with the telescope moving in a circle around the cen-
ter of the solar disc. The slit on the slit-jaw camera was masked
out and linearly interpolated in the direction perpendicular to
the slit. The slit-jaw frames were then organized in bursts of 500
frames, spanning a period of 5 seconds, and reduced using the
MOMFBD code (van Noort et al. 2005), using a patch size of 96
pixels (2.9”) and 44 orthogonalized Zernike modes. The PSFs
obtained in this way were then processed using the method de-
scribed above, yielding the results shown in Fig. 6. The first,

Fig. 8. Comparison of detailed sections of each scan shown in Figs. 5
and 6, in the order they appear in those Figures. The wavelengths are
all in the continuum, with the exception of the top-right and the bottom-
left panels, where the red wing of the FeI 6302.5 line was selected to
present examples that have a more favorable contrast.

striking observation is that the seeing-variation-induced blur-
ring, obviously visible in the summed scans, is not visible in
the restored scans. In addition, the contrast is significantly en-
hanced.

5.1. Monochromatic image data

On the spatial scale of Figs. 5 & 6, the di↵erence between re-
stored and unrestored data is already clearly visible, with en-
hanced contrast and an increased brightness of magnetic ele-
ments. In particular, the blurred vertical stripes, clearly visible
in several places in the unrestored scans, caused by persistent

degradation of the seeing conditions over periods of tens of sec-
onds at a time, are apparently absent from the restored scans.

The di↵erence becomes more obvious when we zoom in to
an image scale where we can discern the smallest image details
present in the data. A specific detail was selected from each scan,
where these di↵erences are most obviously visible, and shown,
paired with the corresponding area from the unrestored scan, in
Fig. 8. Although some of the raw scans could by themselves be
described as being of reasonable quality, they do not compare
favorably to their restored counterparts in terms of spatial reso-
lution and consistency.

From Figs. 5 & 6, and from the top right scan in partic-
ular, it is also clearly visible that the raw scan, that relies on
the scan rate as an absolutely reliable horizontal coordinate, has
an image scale that clearly di↵ers from that of the restored scan.
Not so clearly visible in the scans is that the scan direction of the
tip-tilt mirror was not exactly perpendicular to the slit, causing
the raw scans to be skewed. Since the restoration process tracks
the true position of the slit on the Sun, not only are errors due
to the scanning direction removed, but also deformations caused
by rotation of the solar image on the table can be corrected.

5.2. Spectral data

Since the image contrast is clearly significantly changed by the
restoration, one would expect the spectra to show a similar be-
havior. In Fig. 9, we plotted the spectra for two locations in the
data, one of a bright feature on the edge of the umbra and one of
a dark feature in the midst of granulation.

Fig. 9. Comparison of some line profiles from the unrestored (red) and
restored (green) data. The top profile is from a penumbral filament pro-
truding into the umbra of the spot in the top-left scan, the bottom profile
is from a micropore from the bottom-left scan.

Clearly, the change in the continuum level is significant,
mostly due to the inherently large e↵ect that the image degra-
dation has in areas of enhanced contrast. In particular, the di↵er-
ence in the shape of the FeI line at 6302.5Å in the top panel is

9
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SPECTRAL RESTORATION: NA I STOKES V (SST)

23Van Noort et al., MPS 2018
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SPECTRAL RESTORATION: HE 10830 (GREGOR)
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VERY PRELIMINARY DATA REDUCTION!!!

Doerr et al., MPS 2018
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FUTURE OF CHROMOSPHERIC OBSERVATIONS: 3D

25

Chromospheric Loop 

Slice in 𝝺-direction  Slice in spatial direction 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3D SPECTROPOLARIMETER MIHI (SOON HESP)

26Van Noort et al., MPS 2018
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SUNRISE-III: SEAMLESS PHOT -> CHROM. MEASUREMENTS

27

Riethmueller, Manso-Sainz, MPS 2018
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SUMMARY
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The chromospheric diagnostics of IRIS significantly deepened our 
understanding of the chromosphere 
Important side-effect: huge benefit for numerical simulations (MHD, 
radiative transfer) 
→ essential prerequisite to understand the chromosphere 
Only now available: Instrumentation allowing for hi-res (temporal, 
spatial, spectral) reliable chromospheric magnetic field measurements


