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[1] Direct Current (DC) Heating:

Magnetic Reconnectian, i.e. dissipation of currents

Nanoflares Heating; First developed by Eugene Parker (1972)

ere and travel up to the corona
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Governing MHD Equations
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Other recent significant efforts on detecting Alfvenic Modes are™:

[1] Tomzchyk et al. (2003; Science), “Alfven Waves in the Solar Corona”.

[2] Richard Morton-et al. (2007; Nat Com), “Investigating Alfvénic wave propagation in
coronal open-field regions.

[3]Martinez-Sykora, J. et al. (2017, Science), “On the generation of solar spicules and

Alfvénic waves”.

[4] Tian, Hui et al. (2012, ApJ), “Persistent Doppler Shift Oscillations Observed with
Hinode/EIS in the Solar Corona: Spectroscopic Signatures of Alfvénic Waves and
Recurring Upflows.”

[5] De Pontieu, B. et al. (2014, Science), “On the prevalence of small-scale twist in the

solar chromosphere and transition region”.

[6] Okamoto et al. (ApJ, 2015), “Resonant Absorption of Transverse Oscillations and

Associated Heating in a Solar Prominence. |. Observational Aspects”
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-frequency Alfven Waves
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Chromosphere

A
MASS and ENERGY TRANSPORT

Srivastava et al. 2017, Nature Scientific Reports

The Sun's heated corona on 10 June 2014 consists of fine
structured flux tubes in the underlying chromosphere as
observed by CRISP on the 1-m Swedish Solar Telescope
{(SST) at La Paima. The high-requency torsional Alfvén
wawves {12-42 mHz) are discovered for the first time in these
tubes channeling sufficient energy flux 10° W m~ to heat the
solarcorona.
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[1] Alfven waves are considered as an energy source that can possess and transport significant
energy through the solar atmosphere.

[2] After 1995, especially in the SOHO era, the spectroscopic signature of these waves in the Sun's
atmosphere was obtained. However, there were some early reports on line-width variations by
Hassler, D. The signature of velocity and magnetic field fluctuations in solar wind were also already
observed since a decade back by /n situ observations.

[3] It was known that these waves.may carry substantial energy, but there was no direct detection
In the solar atmosphere. Classical theories were not constrained.

[4] In Hinode and Post-Hinode era, the “Alfvenic modes have been discovered through high-
resolution ground based observations, while>its theory was significantly developed by Marcel
Goossens and colleagues. Their capabilities as anenergy source, diagnostics agent, and probing on
various physical processes (e.g., resonant absorption)

came in to reality in observational line.

[5] However, the direct detection of true incompressible Alfven waves in localized fluxtubes
(torsional waves) were still illusive until the detection by David s et al. (2009) who used SST H-
alpha observations over bright points and found the opposite phase variation of FWHM on either
edges of the fluxtube (128-400 s).

[6] State-of-art further went to the recent detection (in 2017) of the high-frequency oscillations in
form of asymmetric Doppler-shift of H-alpha line over the surface of fine-structuxed tubes in the
chromosphere. It was found that these waves possess substantial energy carrying upward.
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