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Unlocking the driver of the dynamics in the upper solar atmosphere
v The Sun is the only star close enough to resolve details in its atmosphere.
v The outer solar atmosphere is permeated by magnetic field that energetically dominates the gas.
v The magnetic field
§ modulates radiative output through activity cycle,
§ governs emission from the UV to X-ray radiation,
§ ejects particles and fields from corona,
§ drives space weather effects.
→ Activity of the Sun directly impacts Earth and human life.
→ The same is true for other host stars and their planets.
v Good measurements of magnetic field on solar surface.
v Very sparse direct measurements
of magnetic field in the outer atmosphere,
§ mainly due to instrumental limitations.
§ This is major hindrance
to our understanding of the physics in this region.
We are blind to the main driver of solar activity,
the magnetic field,
in the critical layers of the solar atmosphere.
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The solar atmosphere
The chromosphere is the interface between the cool surface and hot corona
It is the most interesting region in terms of physics:
v equipartition of magnetic, thermal and kinetic energy (b ≈1),
v non-equilibrium ionisation,
v non-LTE radiative processes,
v multi-fluid effects and extended Ohm’s law.
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v at base of steep temperature rise into corona,

Interaction of magnetic field and plasma
We miss access to the magnetic field
in the chromosphere at high temporal
and spatial resolution to fully characterize
the interaction of the magnetic field
and plasma.

Observation: dynamic fine structure of the solar chromosphere

v This is required to understand formation
of small-scale features (fibrils, spicules, etc.)
and their magnetic driver.
v This provides access to numerous
basic plasma physics processes like
reconnection, transport processes, etc.
v High-resolution observations required:
Ø 0.1” resolution or better to
resolve chromospheric fine structure
Ø high-cadence observations (1 s)

Model: Zoom into reconnection in the upper chromosphere

Peter et al. (2019) A&A 628, A8 Okamoto et al (2007) Science 318, 1577

How does the magnetic field couple the different layers of the atmosphere, and how does it transport energy?

Magnetic coupling in the atmosphere
How does magnetic field structure, drive and interact with plasma in the chromosphere and upper atmosphere?
v We have a good understanding of the
magnetism at the solar surface (magneto-convection)
observationally and in terms of models.

Observation of outer solar atmosphere at ~ 1−5 MK

v We see a clear response of outer atmosphere
to magnetic driving at the base.
v Models show crucial role of magnetic field
to channel energy from the surface to outer atmosphere.
v We need to measure
magnetic field in
chromosphere and corona
to trace the energy.
v We need combination of
Ø high resolution (0.1”)
to see driver and
Ø large field-of-view
to cover active region:
300”x300”

3D MHD model: convection
Rempel (2014) ApJ 789, 132
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Destabilising the outer solar atmosphere

How does magnetic field destabilise the outer solar atmosphere and thus affect the interplanetary environment?
Changes of the magnetic configuration on small scales
at the base of the corona drive large-scale features unstable.
→ Flares and
coronal mass ejection (CMEs)

Observation of outer solar atmosphere at ~ 0.1−2 MK

v Measure magnetic field
in the chromosphere
to understand trigger.
v Measure magnetic field
in the corona to understand
evolution of eruption
v We have solid information
on the thermal evolution.
v But we miss
the key observable:
the magnetic field
in the outer atmosphere,
locally and globally.
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Magnetic field in the outer atmosphere: spectro-polarisation
v Measurement of the magnetic field
through the polarisation signal
with the Zeeman and Hanle effects.
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v For diagnostics
of the outer solar atmosphere
we need to cover wavelengths
from the far UV to IR.
Ø UV: Proof of concept through
suborbital rockets.
Ø IR: Concepts established for
ground-based observations.
For the first time we would
perform regular
solar polarisation observations
from the far UV to the IR
in space.

CLASP I
Observed far-UV polarisation
Kano et al. (2017) ApJ, 839, L10

The integral role of realistic atmospheric models
v The polarisation signal depends on the structure
and dynamics of the solar atmosphere.

3D MHD simulation of outer solar atmosphere

Proper interpretation of data requires
Ø realistic 3D modelling
of the outer solar atmosphere,
Ø non-equilibrium 3D radiative transfer
of polarised light.
v Significant progress achieved
in theory and numerical simulations.

view from top

We will be ready to interpret
the polarisation observations
to measure the magnetic field
in the outer atmosphere.

171 Å ~1 MK

view from side
Cheung et al. (2019) Nature Astron. 3, 160

key lines

Required instrumentation
Large-aperture 3m class
UV-to-IR telescope

Extreme-UV
imaging polarimeter

Extreme-UV-to-IR
coronagraphic polarimeter

Spectro-polarimetry to measure
chromospheric magnetic fields.

High-throughput EUV telescope
for coronal magnetism.

Large-scale coronal magnetic field.

v 0.1” resolution
v 1 s time cadence
v 300”x300” field-of-view

v ~1” resolution
v 3 s fastest cadence
v full Sun field-of-view

Ø
Ø
Ø
Ø
Ø

Mg II (280 nm)
C IV (155 nm)
H I Ly-α (121 nm)
Ca II IR (854 nm)
He I (1083 nm)

Ø Fe X (17.4 nm)

v 2” best resolution
v 5s fastest cadence
v corona out to 3 solar radii
Ø
Ø
Ø
Ø

H I Ly-α (121 nm)
visible light (broad band)
Fe XIII (1075 nm)
He I (1083 nm)
eclipse
(visible light)

Jafarzadeh et al. (2017) ApJS, 229, 11

EUV observation (17.1 nm)
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Ca II H (397 nm) observation

Possible de-scoping of mission scenario from L to M class
v The main cost driver of the mission is the
large-aperture high-resolution telescope
to measure chromospheric magnetic fields.
Ø obvious option to down-size mission:
de-scope 3 m class telescope
to a 1 m class telescope
Ø
Ø
Ø
Ø

lower spatial resolution,
reduced sensitivity to magnetic field,
restricted to bright regions on the Sun,
no longer able to characterize the
whole outer atmosphere of the Sun.

v Still, a 1 m class telescope would significantly outperform
existing or planned solar space telescopes.
v New opportunities for smaller telescope:
Ø Other vantage points might be possible,
e.g. L4 or L5:
Together with Earth-based observations
this offers possibility of
stereoscopic observations.

solar eclipse, 2008, H & M Druckmüller

v Significant cuts to science return:

Conclusions
v Knowing the magnetic field
in the chromosphere and corona
is the missing link to understand the
dynamics, structure and heating
of the outer solar atmosphere of the Sun.
v We have the theory and modeling tools
to interpret the data.
v We have proven the concepts of the
measurement principles.
We are now ready to develop and build
the telescope(s) to perform
the required polarimetric measurements
from the far UV to the IR.
v These are a key to understand solar activity
and how it impacts Earth and human life.
v This is a stepping stone to understand
the impact of host stars on their planets in general.
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