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The solar corona has temperatures of millions of K. 



Stellar interiors and atmospheres are natural laboratories  

for plasma physics: 

• Physical processes: magnetohydrodynamic turbulence, par?cle 
accelera?on, transport mechanisms in plasmas, magne?c reconnec?on, 
magne?sed shocks, (magneto)convec?on in highly stra?fied & rota?ng 
bodies, MHD instabili?es, mul?-fluid effects, radia?ve transfer, dynamo 
ac?on, conserva?on of topological invariants. 

• Astrophysical manifesta?ons: Sun/star-spots, flares, coronal mass 
ejec?ons, solar/stellar ac?vity cycles, winds, accre?ng flows, space 
weather, exoplanet habitability.  

• Mul?-wavelength (and mul?-messenger) observa?ons needed to reveal 
the richness of the underlying physics. 

Science Motivation



Most Salient Observa?onal Features about the Sun 

• It rotates, but not as a solid body. The equator rotates faster than 
the poles (use helioseismology to probe the interior). 

• It has sunspots. The number of sunspots waxes and wanes with an 
eleven year cycle.  

• Magne?c fields pervade the en?re Sun 

• The Sun is a panchromatic astrophysical object.

Solar Astronomy 101
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Most Salient Observa?onal Features about the Sun 

• It rotates, but not as a solid body. The equator rotates faster than 
the poles (use helioseismology to probe the interior). 

• It has sunspots. The number of sunspots waxes and wanes with an 
eleven year cycle.  

• Magne?c fields pervade the en?re Sun. 

• The Sun is a panchromatic astrophysical object. 

• The hot corona consists of loops anchored at/near sunspots. 

• Total eclipses are awesome (par?al eclipses less so). 😎

Solar Astronomy 101
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Sunspots are like planet-sized MRI machines



Credit: Solar Dynamics Observatory / Stanford
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ESA/NASA Solar Orbiter





NASA’s Solar Dynamics Observatory



SDO in a Nutshell
3 instruments monitoring the Sun all the time 
since May 2010. 

• Atmospheric Imaging Assembly: visible, UV, 
and EUV full disk images of the photosphere, 
chromosphere, transition region and corona at 
4096x4096 pixels. 

• Helioseismic & Magnetic Imager: visible light 
full disk dopplergrams and magnetograms at 
4096x4096 pixels. 

• EUV Variability Experiment:  disk-integrated 
EUV irradiance spectra at 1 Å resolution. 
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http://svs.gsfc.nasa.gov/4008 
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EUV constraints on  
solar/stellar coronal models

• Fully-compressible MHD 
equations + Alfvén wave 
p r o p a g a t i o n a n d 
dissipation (van der Holst 
et al. 2014ApJ…782…
81V). 

• Used AIA (and STEREO) 
EUV images to calibrate 
the Alfvén wave heating 
mode. 

• See Alvarado-Gómez et al. 
(2016) for application to 
stellar winds of exoplanet 
host stars: HD 1237, HD 
22049, and HD 147513.



Space Weather at Trappist-1

Dong + (PNAS, 2018)



Violent Events on the surface give rise 
to Coronal Mass Ejections

SOHO / LASCO



Problem: Space

svs.gsfc.nasa.gov: computer model of a coronal mass ejec?on and resul?ng geomagne?c storm



1266 L.J. Lanzerotti

Therefore, at typical airline altitudes space-originating radiation is a concern for its ef-
fects on aircraft avionics, for RF communications links, and for human exposure (e.g., Jones
et al. 2005; Bennett et al. 2013; Tobiska et al. 2016). Airline companies and national security
entities have incorporated aircraft radiation forecasts and warnings in their control centers.
A great circle route can be altered if a solar particle event is expected over the polar region.
The altered, lower latitude, longer duration route, which can often involve a re-fueling, adds
considerably to the operational cost of a flight.

5 Summary

As Fig. 10 illustrates, enormous advances in technologies and technological systems have
occurred since the development of the telegraph in the middle of the 19th century. Solar-
terrestrial occurrences can affect the design and operations of many of these systems as
is illustrated schematically. Ground- and space-based systems are now ubiquitous not only
for communications, but for navigation, weather, and critical national security purposes.
Contemporary understanding of Earth’s space weather environment, from the sun to the top
of the atmosphere, has little comparison to Carrington’s solar research.

Research on Earth’s space environment has of necessity become more sophisticated in
order to provide the “space weather” data required to design and operate the ground-based
and satellite systems that use contemporary cutting edge technologies (Baker and Lanzerotti
2016). Because of its critical importance, frontier space environment research continues to
be of high relevance and importance, and is supported by national governments and industry.

Fig. 10 Solar-terrestrial effects on contemporary technologies

Lanzerotti 2017, in Space Science Reviews

Check out 
sws.bom.gov.au

Space  
Weather



ASKAP observations

● Probe between 7 and 12 degrees solar 
elongations, beyond those studied by white 
light coronagraphs and before reaching 
MWA observations (~20 - 40 degrees)

● Very high density of sources (5 sources/sq 
deg, Chhetri et al. 2022), MWA (<1 
source/sq deg, Chhetri et al. 2018)

● Target-of-opportunity triggered by dedicated 
facilities s e.g. Computer Aided CME 
Tracking algorithm (CACTus)

Chhetri et al. 2022

• Japanese Solar Wind Imaging Facility (SWIFT; Tokumaru et al. 2011) 
observes dozens of IPS sources per day.  

• MWA: Probe between ~20 and 30 degrees solar elongation with < 
1 source per sq deg; Chhetri et al. 2018) 

• ASKAP: Probe between 7 and 12 degrees solar elongation with a 
very high density of sources (5 per sq deg; Chhetri et al. 2022).

Interplanetary Scintillation Observations



Current status: Passed PDR, KDPc 
Launch date: Mid 2027 
Mission: 2-year prime mission 
Cost cap: ~200M USD 
Orbit: sun-synchronous orbit at 600 km for 
continuous observations 

Flight heritage: extensive heritage from IRIS, 
SDO, Hinode ensures low risk for cost or 
schedule and high TRL for instrument, 
spacecraft and mission operations. 

Spacecraft: 3-axis stabilised, fine pointing 
(subarcsecond) using guide telescope, based 
on IRIS design.
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MUSE’s high-throughput, multi-slit spectroscopy reveals processes invisible to imagers (AIA) or single-slit 
spectrographs (IRIS, EUVST), allowing detailed studies of multi-scale processes driving coronal heating and activity: 
- - full spatial and simultaneous coverage of hot plasma in current sheets, flare loops and CMEs as well as cooler 

plasma in coronal loops and flare ribbons, including conjugate footpoints.  
- - nominal observing mode with 12 step rasters to densely cover 170”x170” at raster cadence of 12s 
- - special observing modes at very high cadence (<1s)  of the impulsive phase of flares and initial stage of 

coronal mass ejections (CMEs)



      MUSE: the Multi-Slit Solar Explorer 28

MUSE Science Goals

1. Determine which 
mechanism(s) heat the 
solar corona and drive 

the solar wind

2. Understand the origin 
and evolution of the 

unstable solar 
atmosphere

3. Investigate 
fundamental physical 

plasma processes

MUSE Diagnostics: I. Coronal Heating 17

Figure 10. MUSE emission for AR core hot loops in non-flaring conditions (from model MURaM plE; see Table 2, and
Appendix A). Multiple slit configurations can simultaneously sample the footpoint brightenings in TR lines caused by the
short-lived heating events (see also Figure 11 for the corresponding 1D RADYN simulations) and the flows and heating in the
coronal portion of the loops. Synthetic MUSE observations of Fe XIX 108Å at two di↵erent times (top two rows show Fe XIX

moments), reveal rapidly evolving hot loops, and the Fe IX 171Å intensity map (bottom left panel) shows brightenings at the
loop footpoints at the beginning of the heating event. We also provide two examples of MUSE Fe XIX spectra as a function of
time (bottom middle panels) showing the dynamic nature of the Fe XIX emission. The bottom right panel displays the vertical
magnetic field in the chromosphere (black and white plate) with overplotted magnetic field lines of the hot loop shown in blue.
We assume an exposure time of 6 s for Fe XIX and 1 s for Fe IX. Count rates are calculated as described in Appendix B.



Cheung et al. (2019)
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What is unique about MUSE?
MHD Simulation of Flare  Multi-slit Solar Explorer                      Hinode/EIS

Top view

Side view

- Breakthrough in: 
- cadence: 20x-100x faster & larger 2-D FOV than current/planned spectrographs — will, for the first time, freeze “coronal 

evolution” under spectrograph slits 
- spatial resolution: 10x higher than AIA, 25x better than Hinode/EIS or SOLO/SPICE 
- field-of-view: captures, for the first time, the multi-scale nature of solar atmosphere from sub-granular to active region size scales

Intensity

Cheung et al., 2019



• The Sun is a natural laboratory for plasma and 
astrophysical processes. 
• Multi-wavelength observations crucial for testing many of 

the processes. 
• A 99% partial solar eclipse is not close to being a total 

solar eclipse. Prepare for 2028 (path of totality passing 
through Sydney). 
• Australia can make unique contributions to space 

weather science and forecasting, and space optics.

Take home messages


