Flare Loops

Emission lines & diagnostics
Lecture 11
Feb. 27, 2017
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F..: local heating Fo <F_ : gentle evaporation
exceeds radiation  F; > F_ : explosive evaporation
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Observing the flare plasma

EVE data from
X1.7 flare

2012-01-27

Emission spectrum: many highly
ionized states of iron: Fe VIII — Fe XIII.
Can tell us about n_, T, and u in flare
plasma — How?
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Photons from collisional excitation

Assumption I: es have
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Yy production rate

per Z nucleus
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Volume V @ temperature T, emits power

5 Emission
P,=Q[e,dV=QG,(T)[n}(X)dV| easure -
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Aperture A observing from a distance
d =1 AU intercepts solid angle Q = A/d?
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Plasma w/ temp. Volume differential

distribution emission measure — DEM,/(T)
T
= f ( ) v = 22 G (T)( dV]dT
> e dr
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DEM,,(T,) from 1d model of a single loop:
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Filter-graph: Photon flux: @, for A
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Filter-graph:
* |mages over
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SDO/AIA — coronal Swiss Army knife
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It’s all in G, (T) -

10726

G(T) [ erg ¢m

What we assumed to derive it:

e Optically thin radiation (no absorption)

* Collisional excitation by Maxwellian e's: T,

* De-excitation only by spont’s emission

e Known atomic physics: etc.

* Equilibrium ionization —fractions F, ((T,)
from Saha eq.

* Known abundances: A,




Summary

Diagnose flare plasma using emission lines —
mostly in EUV (but some UV)

Typical line provides information about:
— EM & T, (combined) — integrated power

— Bulk flow — centroid position

— T. & u, (mixed) — line width

Two lines (or bands) fix both EM & T,
Multiple lines to determine DEM(T,)

Filter-graph images characterized by R(T)



