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Invited Talk
2. Chromospheric heating and dynamics
Magnetic field in the chromosphere
Andreas Lagg"

v Maz Planck Institute for Solar System Research, Géttingen, Germany

Measuring the chromospheric magnetic field is a challenging endeavor. In this layer, the fields are
typically weak and require highly sensitive spectropolarimetric observations; the gas and plasma motions
occur at very high velocities and demand for a high temporal cadence, and the fine structure, visible
for example in the Ha filaments, a high spatial resolution. In addition, low plasma densities and the
anisotropy of the radiation field lead to a high level of complexity in the physics of the chromosphere.
Sophisticated instrumentation installed in ground-based and space observatories, here especially the
IRIS mission, have led to a significant improvement of the understanding of the chromosphere during
the last decade. In this talk I will highlight some of the recent advances, based on measurements in the
He 10830A triplet and the Ca infrared lines, the Mg data of the IRIS and the Sunrise missions, and
give an outlook to future observatories and instruments aimed for improving the understanding this
important layer connecting the photosphere and the corona.
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CHROMOSPHERIC IMAGES FOR CHROMOSPHERIC FIELD? 418

Aschwanden et al. (2016): 016yl i
Tracing the chromospheric and coronal (/" o e i
‘magnetic field with AIA, IRIS, IBIS and g AU |

- ROSA data

- O Alignment of curvi-linear structures
to magnetic field

O Compute free energy: 2-4 times
higher than from coronal estimates

0.10

NS distance [solar radii]

O Determine height range of
chromospheric features (h=4000 km,
corona: up to 35 Mm)

O Determine plasma-p 10->-10-"
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| Also: Wiegelrr;ann et al. (2008): Improving NLFF xtraolation by using Ha-images |
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J. LEENAARTS', T. M. D. PEreirA 2%, M. CarLsson', H. UrteEnBroek®, AND B. DE PoNTIEU
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| O Which types of non-thermal energy dominate in the
chromosphere and beyond?

How does the chromosphere regulate mass and energy supply

O AM ect /

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
O Reveal the details of spicules
O Verify nano flare hypothesis

O Verity wave heating JAXA, Solar-C §
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1. Fundamental physical processes and modeling

Talks \

Tue 09:45 J. Martinez-Sykora Chromospheric modeling on ion-neutral interaction effects and
non-equilibrium ionization ............ ... .. i ... 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-aa and Mg Il h 3
Tue 11:45 L. Ni Magnetic reconnection in strongly magnetized regions around the
colowe MDD A —
Tu
Wed 11:45 M. Carlsson An IRIS Optically Thin View of the Dynamics of the Solar Chro- \
NOSPNETE . .. 19
Wed 12:00 J. Bjgrgen Three-dimensional modeling of chromospheric spectral lines in a |
simulated active region......... ...t 20 |
Wed 12:15 K. Barczynski A disturbance propagating from the chromosphere into a heated
IR DY sco000000000005 0008000005000 0008058000T000850808900 21
1 e
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. Dudik Transition-Region lines with strong wings: Non-Maxwellian anal-
ysis of line profiles and intensities .................cciiiiiii.... 11
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TooLS FOR CHROM. B-DIAGNOSTIC: SIM/MOD SMPS)

e ——

Three-dimensional modelling of the Ca ll H and K lines in the solar atmosphere,
Bjorgen et al. 2018

Can K Catt H — 8542 A Mg it h s oE ooy

;

O Based on Bifrost g+ :

(Gudiksen et al. %Z .

2011) 5
O Compute line ;

profiles %;‘ i

O Compare with hi- fj E?z
res observations 0]
(CHROMIS/SST, =
Scharmer et al. %:
2018) i

' C : i .-1.-5-: T R e
Width [Mm]
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BJORGEN ET AL. 2018

CHROMIS R:29.73% Model 3 R: 60.51% Model 2 R: 59.34% Model 1 R: 54.12%

10 15
X [Mm]
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TOOLS FOR CHROM. B-DIAGNOSTIC: SIM/MOD

PARA-HELIUM ORTHO-HELIUM

He 10830 line formation
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red: coronal emissivity (Eq. 4)

blue: He | 10830 lower level population




HE 10830 LINE FORMATION MES) [

The cause of spatial structure in solar He | 1083 images (Leenaarts et al., 2016)

- R | 0.06
= 9.6

Comparison

:n |
He 10830 <= Si IV 139.38 o5 0.05 &
O Samples 80 kK - 10.9 /\E
— TR source for ionisation § 20 WAL
- O ' g V=
O Good correlation of small- £ 15 _ \&
scale He patches with SilV = —
emiSSiOH 10 poo ' 8?3 %
O Correlation absent in AR %4 o
tilament 53 0'@2
0 0.5
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Small-Scale Flux Emergence in the Quiet Sun
(Moreno-Insertis et al. 2018)

O Based on Bifrost (Gudiksen et al., 2011)
O Two types of flux emergence: sheets & tubes

O Tubes: observed since 10 years

O Sheets only recently confirmed by observations (Sunrise-I|
quiet-sun granule-covering flux sheets, Centeno et al.2017)

= 80.2 min = t ovpg = 80-2 min

E tGMFE_

CMFE -~ 80.2 min
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1ROM. B-DIAGNOSTIC: INVERSIONS <iiFS

Spectropolarimetric NLTE inversion code SNAPI
I. Mili¢! and M. van Noort!

Max-Planck-Institut fiir Sonnersystemforschung, Justus-von-Liebig-Weg 3, 37077 Gottingen, Germany
e-mail: milic@mps.mpg.de; vannoort&nps mpg.de

Inversions are the brldge between
QMGZ'SImUhtIOnS / modelllng and observations.

Insutute for Solar Physus Dept. of Astronomy Stockholm Umvensnty AlbaNova Umva'slty Centre, SE-106 91 Stockholm Sweden
2 Instituto de Astrofisica de Canarias, E-38205, La Laguna, Tenerife, Spain
mento de Astrofisica, Universidad de La Laguna, E-38205 La Laguna, Tenenfe Spain

Required: ngh quallty observations. :
What makes it so difficult?

- An open-source masswely parallelcode for non-LTE synthesis
and inversion of spectral lines and Zeeman-induced

3

Stokes profiles*

H. Socas-Navarro'-2, J. de la Cruz Rodriguez®, A. Asensio Ramos!-2, J. Trujillo Bueno'->*, and B. Ruiz Cobo!-?
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THE CHALLENGES FOR SPECTROPOLARIMETRY “mes)
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THE DILEMMA: SPATIAL RESOLUTION VS. TIME MPS)

O Maximum integration time

allowed by solar evolution:

2 Ax

Vv

At

O Minimum integration time
to reach a given required
rms noise level

1
At =
Fo?Ax?

TR [s]
'

30

20

1{

Chromosphere

At

S

Flux: 5.e+07 phot/(s arcsec’)
noise lev: 1.e—04

spegid: 35km/s

Ailagg - IRIS-9 - June 2018
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THE SOLUTION: IMPROVE INSTRUMENTATION MES)

Existing instruments/ | Thisyear | i - i -
observatories Future | o
| |O GRIS+ @GREGOR
O IRIS | “0 HeSP @SST O DKIST: whole suite of
| | instruments dedicated
(SHASEEEST | to chromosphere
O GRIS@QGREGOR O Sunrise-lll
O CRISP & CHROMIS _ -y S
- @SST -
O FIRS @DST | | IR &

O ALMA: See special |
session on Thursday |

A:Lagg : IRIS-9 - June 2018



Y arcsec]

i

|2 Il (I) i 2 3—-3—-2—-10 1 2 33-2—-10 1 2 3
X |arcsec| X |arcsec| X |arcsec] X |arcsec| |

A.lagg * IRIS-9 - June2018 e e b S e e e D))



r

r«‘

{‘()

«Q

(C

X

>,
o —
]
c
Q
4
=
c
©
@
=

(Vs |

O

0.5

o
o

(o's 18

—_

|

Rt RIl a 1 € winy
Ne INA 1 O1C
)\ AT PN BT B\ Tl PP, 4T B :

T e oo - — T

Intensity

=, = g—— -v:'——;A.-:--— -

tVan Noot

L el




Slit position (pixels)

>>>>>>>

-

GRISP 6June2018 obs2
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FUTURE OF CHROMOSPHERIC OBSERVATIONS: 3D <u®
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Chromospheric Loop

Slice in A\-direction Slice in spatial direction
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e The chromopherlc dlagnostlcs of IRIS 5|gn|f|cant|y deepened our
understanding of the chromosphere

= Important side-effect: huge benefit for numerical simulations (MHD,
| radiative transfer)
— essential prerequisite to understand the chromosphere

s Only now available: Instrumentation allowing for hi-res (temporal,
spatial, spectral) reliable chromospheric magnetic field measurements
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