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�� Method: Method: 
•• Use heating scalingUse heating scaling--laws to calculate laws to calculate 

thermodynamics for whole active regionthermodynamics for whole active region
•• Create synthetic emission imageCreate synthetic emission image

�� Results from Active Region 8210Results from Active Region 8210
�� Additional applications germane to coronal Additional applications germane to coronal 

heating studiesheating studies

Does any theory predict emission correctly?Does any theory predict emission correctly?



Method for creating synthetic emission imagesMethod for creating synthetic emission images

Calculate coronal field from
photospheric magnetogram

non-constant alpha FFF 
model of McTiernan, 

using method of 
Wheatland et al. 2000
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Method for creating synthetic emission imagesMethod for creating synthetic emission images

Calculate coronal field from
photospheric magnetogram

Assume a form for the 
loop heating function

Associate fieldlines with loops
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emitted from 

active region to 
observed energy

Heating rates are 
volumetric
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Solve steady-state 
energy/momentum equations 

along each fieldline

Method for creating synthetic emission imagesMethod for creating synthetic emission images

Calculate coronal field from
photospheric magnetogram

Assume a form for the 
loop heating function

Associate fieldlines with loops

� Gravity
� Cross-sectional area 

variations (varies with B 
to conserve flux) 

� Radiative losses from 
Chianti atomic database

� Arbitrary heat distribution 
along loop

� Steady-state flows, 
driven by heating 
asymmetries

� � � � � � � � � 	 � 
 � � 
 �



Energy Calculation ResultsEnergy Calculation Results

�� Energy equation Energy equation 
gives temperature & gives temperature & 
density along every density along every 
fieldlinefieldline

Energy wellEnergy well--conserved conserved 
even in transition regioneven in transition region
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Method for creating synthetic emission imagesMethod for creating synthetic emission images

Interpolate to a regular 3-d 
grid

Calculate coronal field from
photospheric magnetogram

Assume a form for the 
loop heating function

Associate fieldlines with loops Plot emissivity, integrated 
over line of sight and over 
known satellite wavelength 

band pass
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Data cubeData cube

Simulate instrumental Simulate instrumental 
observationobservation

Integrate over Integrate over 
line of sightline of sight

Convolve with instrument 
response function



Solve steady-state 
energy/momentum equations 

along each fieldline

Method for creating synthetic emission imagesMethod for creating synthetic emission images

Interpolate to a regular 3-d 
grid

Calculate coronal field from
photospheric magnetogram

Assume a form for the 
loop heating function

Associate fieldlines with loops Plot emissivity, integrated 
over line of sight and over 
known satellite wavelength 

band pass

Compare with observations

Yohkoh SXT
image
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Yohkoh SXT

Observed Emission
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Very Sensitive to Very Sensitive to 
Proportionality ConstantProportionality Constant

Scaled to total energy 
of active region

Scaled so average loop 
is 3 million degrees

B2

L



The “The “ Pevtsov Pevtsov Law”Law”
�� Relationship between Relationship between 

XX--ray luminosity and ray luminosity and 
flux appears to imply flux appears to imply 
B/L scalingB/L scaling

�� EM proportionality EM proportionality 
constant works, but constant works, but 
not EM distribution not EM distribution 

Quiet 
Sun

X-Ray 
Bright 
Points

Solar 
Active 
Regions

G, K, M 
dwarfs

T-Tauri 
stars

Solar 
Disc 
Averages

ObservedB/L Synthetic



Additional ApplicationsAdditional Applications

“Coronal Seismology”

Loop Resonance FrequenciesWave Speeds

0     1  2x104 km/s 0.01     0.1   1        10 Hz



ConclusionsConclusions

�� Scaling laws dramatically affect the Scaling laws dramatically affect the 
distribution of synthetic emissiondistribution of synthetic emission

�� Total synthetic emission is a strong Total synthetic emission is a strong 
function of proportionality constantfunction of proportionality constant

�� Many exciting applicationsMany exciting applications

A promising observational constraintA promising observational constraint


