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Motivation

Using remote observations, can we discern some properties of
flare acceleration regions?
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Analytical Relation
» » —|r
Initial Electron Beam fo(v,r,t=0)ccv™exp o

Beam generates Langmuir waves when its growth rate Is ﬂ
larger than the background plasma collisional absorption. oV

At instability distance Ar = dl g + ¢ Vgs’))_l
Ar =h h e

typelll — ''acceleration.

htypelll =da+h

acceleraton



Finding Suitable Events

RHESSI flare list http://hesperia.gsfc.nasa.gov/hessidata/dbase/hessi flare list.txt
PHOENIX Il burst list http://soleil.i4ds.ch/solarradio/data/BurstLists/1998-2010 Benz/

=Event had to occur between 08:00 and 16:00 UT for the PHOENIX Il Spectrograph.
»Events had to be observed by RHESSI — not in night time or the SAA.

=Type Il radio burst had to be between 4000 — 100 MHz for PHOENIX II.

14,174 flares and 1,046 type lll bursts

=Events had to have a type Il radio burst and an X-ray Flare at the same time..
*The peak of the X-ray emission had to occur at the same time as the type Il burst.

205 correlated events


http://hesperia.gsfc.nasa.gov/hessidata/dbase/hessi_flare_list.txt
http://soleil.i4ds.ch/solarradio/data/BurstLists/1998-2010_Benz/
http://soleil.i4ds.ch/solarradio/data/BurstLists/1998-2010_Benz/
http://soleil.i4ds.ch/solarradio/data/BurstLists/1998-2010_Benz/

Finding Suitable Events

=X-ray emission had to be impulsive — peak flux / duration > 0.1

159 events

We checked manually:

=X-ray emission had to be strong enough to obtain a reasonable X-ray spectrum.
=Type Il radio burst had to occur long enough for a reasonable number of points.

*Had to be an absence of decimetric emission to obtain the type Il starting frequency.

31 possible candidates
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Correlated Events

Background is the radio dynamic spectrum for the type lll burst for the five best
correlated events. The resolution has been reduced to 2 s to fit with RHESSI.
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Starting Frequency vs Photon Spectral Index

We obtained errors on the spectral index from the power-law fit to the data.

We assumed one frequency channel as the error on the starting frequency.
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Estimating Acceleration Region Parameters

Starting Frequency ------ > Starting Height with a density model.
Photon Spectra  ------ > Electron Spectral Index with the thick target model.

We use the intercept and gradient from a linear fit to the data to obtain an estimate
oN N,.celeration @Nd d respectively.
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Parameters for the acceleration regions

Correlation
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Discussion
=Acceleration region is quite high in the corona with respect to some previously
reported analysis (e.g. time-of-flight). — Extra physics?

»Size of the acceleration region is large enough for a high number of particles to
be accelerated — what would be the consequences if it was smaller?

»The simple scenario is not very common in solar flares....

"How do the assumptions hold up to reality?



Effect of the Density Model

Using an exponential density
model of the form where the
normalisation is found from
Paesold et al (2001)

n(r) = Aexp(r/r,)

Changing the density gradient affects the size linearly but the realistic density
gradients cover a small range in log space.

Changing the density gradient affects the height in a minimal way.

Changing the scale height (A) raises or lowers the height but does nothing to the
size.



Conclusions

We have used X-ray and radio observations to
predict the height and size of some flare
acceleration regions.

We found acceleration sizes around 10° cm

We found heights around 10%° cm, situated in
the high corona.

Only some events showed a simple
morphology applicable for the study.

Changing the coronal density model weakly
affects the deduced parameters.
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Example of some Type lll Solar Radio Bursts using WAVES

20 MHz
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One Dimensional Quasilinear Equations

One dimensional quasilinear equations (e.g. Drummond and
Pines, 1962) describing the kinetics of energetic electrons and

Langmuir waves (Kontar, 2001) (Reid and Kontar 2010 in press
Ap))
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One Dimensional QL equations

One dimensional quasilinear equations (e.g. Drummond and
Pines 1962, Vedenov et al 1962) describing the resonant
interaction between energetic electrons and Langmuir waves.
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One Dimensional QL equations

One dimensional quasilinear equations (e.g. Drummond and
Pines 1962, Vedenov et al 1962) describing the resonant

interaction between energetic electrons and Langmuir waves.

(e.g. Kontar 2001)
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Time dependent injection

Consider an electron cloud with size d, spectral index &
located at initial acceleration site r=0 with characteristic
Injection time T described by:

-

fo(v,r,1=0)=g,(v) eXp(TjA(T) exp(_‘t_to‘]

z'
Of (V) ~Vv

Langmuir waves are generated when their growth rate is
larger than the background Maxwellian plasma collisional
absorption.
w’ e°
TWpe 2 OF v. =—>_|nA
V > VC C 4 3
N OV M, Vre

7/:



Time dependent injection

Using the same technique as previously and assuming
the collisional absorption is small we get a relation which
causes Langmuir waves generation to be dependent
upon both the characteristic size and time

acceleration

Nyoenr = (d +V7)ar+h

Assuming a characteristic velocity of 101° cm/s we find
that time injection affects the starting frequency when it is
greater than roughly 0.2 s.



