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What relation between coronal
source and footpoint sources?
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Predictions of Toy Model

Relation between coronal source and footpoints 
- simultaneous evolution
- soft-hard-soft behavior in coronal source
- difference in spectral index = 2
- same spectral index in two footpoints

Expect tight relation !
If not

- transport effect: Coulomb collisions, electric field
- particle containment in coronal source:

anomalous collisions, electric field
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Results

Coronal source

- dominant thermal component

- weak and soft non-thermal component

- soft-hard-soft behavior

- evolves nearly simultaneously to footpoints



Results

Footpoint sources

- γ between 0 and 4 harder
than in coronal source

- same spectral index in footpoints 
in 4 of 5 flares



Footpoint sources: 
- between 0 and 4 harder than in coronal source
- same spectral index in 4 footpoint pairs of 5 flares



One case out of 5 !

Footpoint 1 – 2

Coronal source –
Footpoint 1 

Coronal source –
Footpoint 1 

Footpoint 1 is softer, 
larger in flux
and area



Source area

Source flux

Flux density
= flux/area
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1.   Same flux density
within factor of 2 at peak

2.  Softer footpoint (1)
has smaller flux density later in flare

ph
ot

on
sc

m
-2

s-1
ar

cs
ec

-2
   

   
   

   
   

  Flux density =   flux / area



je =  - e nprec <ve>     =  - e Ffp / A

Ffp = ∫∫∫f(v,x,y)dv dx dy = A nprec <ve>       [electrons s-1]

1. Footpoints have similar flux densities
(in one case)

Electron flux at one footpoint:

Current produced by electrons (neglect ions):



je =  - e nprec <ve>     

=    - jret =   e nth Δv   <   e nth cis

Ffp = ∫∫∫f(v,x,y)dv dx dy = A nprec <ve>       [electrons s-1]

1. Footpoints have similar flux densities
(in one case)

Electron flux at one footpoint:

Current produced by electrons (neglect ions):

where Δv = <vi> - <ve>  and  cis = √kTe/mi.

Ffp/A  <  nth cis [electrons s-1 cm-2]

Using Δv ≈ <v>,  the flux density is limited by

je =  - e nprec <ve>   =  - e Ffp / A

=    - jret =   e nth Δv   <   e nth cis
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2. Larger footpoint has more flux, 
lower flux density and is softer

Interpretation:
• Lower flux density means smaller je
• Smaller je suggests smaller return current and 

smaller electric field (Ohm's law).
• Less less electric field, less hardening, softer 

source. 



2. Larger footpoint has more flux, 
lower flux density and is softer

BUT alternative interpretation:

• Lower flux density suggests smaller evaporation.

• Less evaporation means less dense loop, fewer 
Coulomb collisions in transport.

• Less collisions, less spectral hardening.

• Less hardening, softer source. 





Transition from corona to footpoint?

• Can we distinguish the coronal source
(accelerator?), propagation in loop, and 
thick target footpoint?

• Where is the transition from the soft coronal
source to the hard footpoints?



Transition
region (3)
has nearly
coronal
spectral
index

Transition
is close to 
chromosphereγ = 2.67 ± 0.04

γ = 5.8 ± 0.7
γ = 6.3 ± 0.1



Results
Coronal source

soft-hard-soft behavior
simultaneous to footpoints

Footpoint sources
between 0 and 4 smaller than in coronal source
same spectral index in 4 of 5 flares
one exception is consistent with collisional transport effect

Transition from coronal source to footpoints 
near footpoints (consistent with electric field effect)



Comparison with Predictions

Relation between coronal source and footpoints 
- simultaneous evolution Yes
- soft-hard-soft behavior Yes (not transport effect)

- difference in spectral index = 2    NO (transport effect)

- same spectral index in two footpoints  NO (transport
effect)
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Observations consistent with

• Accelerator in coronal source (shs)
• Transport effects (both collisions and electric field) 

• Limitation of return current
• If return current, then electric field ║B changing

transport properties
• Electric field strongest in very low corona
• Transition to thick target very low in corona
• But also Coulomb collisions in loop







Method
Selection of 5 events with

3 sources
near limb (R > 700“)
larger than M1
no pile up and no terrestrial electrons

Coronal source
one source is softer and larger R



10 – 12 keV

34 -38 keV



What relation between sources?
• Use imaging spectroscopy
• Define regions of interest



What relation between sources?
• Use imaging spectroscopy
• Define regions of interest
• Spectral fitting of regions in time
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