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Key points

ALMA can help to answer important open questions about prominences and filaments

¸ What is their thermal structure?

¸ What is their spatial fine-structure?

¸ Can we constrain the magnetic field structure?

ALMA will

- provide precise temperature estimates at high cadence 

- benefit from the support from other instruments (HŬ, HMI, ...)
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Prominence 101

Above figure from Mackay et al (2010)

See also Labrosse et al (2010), Parenti (2014), Vial & Engvold (2015)

¸ Range of scales

¸ Respond to heating 

processes

¸ Magnetic field

¸ Eruptions,  flares, CMEs

¸ Cool, dense plasma at 

chromospheric temperatures
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Some questions to be addressed by ALMA

The thermal structure of solar prominences at millimetre wavelengths

What is the fine¸ -scale thermal structure of solar prominences and filaments at high 

spatial resolution in their main body and in the prominence-corona transition region?

How does the prominence plasma react to various heating processes?¸

How is the dynamics of the plasma related on small scales and on large scales to the ¸

structure in temperature of solar prominences?

The spatial structure of solar prominences at millimetre wavelengths

How is the fine¸ -scale structure of prominences shaped by the magnetic field?

How do Active Region and Quiet Sun prominences differ in millimetre wavelengths?¸

- height dependence of thermal emission

- wave power versus period

- flow magnitudes

- timescale / range of temperature changes

- onset of prominence activation

- distribution and sizes of the fine structures

- dynamics and temporal evolution of the fine

structures

- filling factor, corresponding to the fraction 

occupied by the fine structures

Observables provided by ALMA
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Powerful combination: ALMA, SDO, HŬobservations (e.g., 
Kanzelhöhe, Paris-Meudon)

How is the fine-scale structure of filaments 

shaped and what is their role in erupting 

filaments? 

Observational study by Su et al. 
(2014)and simulations by 
Wedemeyer-Böhmet al. (2012) 
ǎƘƻǿŜŘ ƳŀƎƴŜǘƛȊŜŘ άǘƻǊƴŀŘƻέ 
structures at the basis of 
filament formation. Those 
structures are assumed to play a 
role in the eruption of a 
filament.

ALMA high-resolution data of 
such fine structures will enable 
us to thoroughly study their 
physical characteristics (mass 
flows, oscillations, relations to 
magnetic field) and association 
to mass eruptions. 
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Enhancement

of densityatthe

edges

Tornado

Prominence
( Parenti)

Corona

Plasma structure of prominence legs

Levens et al 2015
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(Schmieder et al 2015, Levens et al 2016)

The magneticfieldisbetween25 -60 G

The inclination is90 degrees: 

horizontal field

Magnetic field 

structure and 

orientation
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Ɉ Ubiquitous transverse MHD waves
Ɉ Heating: Fading in cool line (104 K), 

subsequent appearance in hot line (105 K)
Ɉ Out-of-phase POS motion & LOS velocity
Ɉ Thread-like structure
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Motion of prominence plasma crossing the slit
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Numerical model
Prominence thread
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Cross-section

Transverse 

oscillation

Resonant 

flow

Instability 

(turbulence)
Heating
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Kelvin -Helmholtz 
instability converts 
energy from resonance 
into heat through 
turbulent dissipation
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Density cross-section of prominence thread


