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Goals

•Overview of AR heating problem

•Highlight recent progress on AR heating from Hinode and IRIS

•What next?



Why active region 
heating?

Active regions are a subset of 
coronal heating.

• Closed coronal structures
• Strong magnetic field



Why active region 
heating?

Tiwari et al, ApJ, 843, 20, 2017 

Heating is:

• proportionate to magnetic field
• inversely proportionate to freedom of 

footpoint



Active regions 
contain a broad 
temperature 
regime

Winebarger et al, ApJL, 746, L17, 2012 

Higher temperature 
observations are 
required



Active regions 
suffer from 
significant 
line-of-sight effects

Higher spatial resolution observations
Statistical studies
Spectral observations



Lots of Ideas

Cranmer & Winebarger, Annual Review of Astronomy and Astrophysics, vol. 57, p.157-187, 2019 

Difficult or impossible to measure 
quantities

Discriminating 
Observations

Several models predict very similar 
observations



Determining Discriminating Observations

Theory Discriminating Observations
Examples:
• Morphology
• Temperature
• Density
• Abundance state
• Ionization equilibrium state
• Evolution of all above parameters

See Patrick Antolin’s talk from Tuesday

3D MHD Models

Properties of energy 
release:
• Location
• Duration
• Frequency
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Progress not perfection.



Direct Discriminating Observations

Very few direct observations of 
braiding.

Hi-C 1 observation is the 
exception.

Limited evidence that braiding at 
this scale is prevalent. 



Chromospheric 
Response to 
Reconnection from 
IRIS

• Chromospheric response can be used to 
determine heating parameters.

• Consistent with short term heating in 
corona.

Testa et al, 2014, Science, 346, 6207
Testa et al. 2020, ApJ, 889, 124



Nanojets in IRIS

Antolin et al, 2021, Nature Astronomy, 5, 54

Observations support magnetic 
reconnection in corona.



Heating frequency heating related to EM slope

Athiray et al., ApJ, 2019, 884, 24

High Frequency
Larger alpha and beta

Low Frequency
Smaller alpha and beta



Cool EM slope from EIS

Del Zanna et al., A&A 573, A104 (2015)

• Single active region, two rotations
• Emission Measure fit from 1-3 MK
• Consistent with high frequency heating



High Temperature EM slope 
from EIS

Warren, Winebarger, & Brooks 2012 ApJ, 759 141.

• 15 active regions
• Emission Measure fit from 6.0 – 6.6 and 6.6-7.0
• Consistent with high frequency heating



Nonthermal Velocity from EIS

Brooks & Warren, 2016, ApJ, 820, 63

• Survey of 15 active regions
• Modest NT velocities
• No temperature or magnetic field dependence
• Inconsistent with most coronal heating models



What’s next?

•Higher spatial resolution (IRIS/Hi-C like)

•Broader temperature coverage

•More (larger FOV) spectral coverage

Future missions:
•EUVST (funded)

•MUSE (proposal)

•EUNIS, MaGIXS, FOXSI -type mission (pre-formulation)



MUSE

De Pontieu et al, ApJ, accepted, 2021



MUSE

De Pontieu et al, ApJ, accepted, 2021



MaGIXS 
Ion Wavelength (A) Log Max 

Temperature
FeXVII 15.01 6.6

FeXVIII 14.21 6.8

FeXIX 13.53 6.95

Ne IX 13.45 6.6

O VII 21.60 6.3

Relative high temperature emission discriminates 
the heating frequency

Athiray et al., ApJ, 2019, 884, 24



FOXSI 

Athiray et al., ApJ, 2019, 884, 24

FOXSI-2 intensity ratio is  insensitive 
to α, strongly vary with β . 

The intensity ratios of the two XRT 
channels are insensitive to β. 


