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Key questions of particle acceleration at the

Sun

 How to accelerate such a large number of particles?
Well known number problem:10 39 electrons > 20 keV

if ambient corona 10 °® cm-3 , this implies a volume for the acceleration region of 10 30
cm3 !l

Energetics: a significant fraction of the free magnetic energy must be converted to
accelerated particles

Currents in e.g. thick target models of X-ray emissions 10 18 A : discussion of return
currents since the SMM era.

 How to accelerate particles to very high energies?
* Energetic electrons vs Energetic lons?

e Same population at low and high energies??
 Abundances of energetic particles??

« BUT Main Issue:

 How to integrate the dynamics of the large scale magne  tic
field (which governs the magnetic energy) and the parti cle
acceleration processes!! (not the same spatial nor
temporal scales)



Subtopics:

I Reconnection and acceleration: general
characteristics

lI: Temporal characteristics of particle
acceleration: When? How fast? How long?
Time scales? etc.

l1l: Spatial characteristics of particle
acceleration: Where? Spatial scales? etc.

I\VV: Energy/velocity space characteristics
of particle acceleration: What is the
angular/energy distribution of particles?
Spectral indices? etc. A: Electrons

B: lons




Acceleration Iin the magnetosphere
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Hall magnetic fields in the diffusion region
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« Smooth transition from earthward to tailward flow:
- Wind stayed inside the reconnection layer

* Hall magnetic field observed
in the ion diffusion region,
in 3 out of 4 quadrants




Budpet estimates (The Standard Model — Magnetic Recon

The acceleration takes place in regions with large
Alfven speeds

of about 4900 km/s.

In the acceleration region, there are typical
electron number densities

of about 2.65 - 10 °cm- and magnetic fields of
about 100 G

In the framework of magnetic reconnection,
enough electrons are

generated if the inflow Alfven-Mach number is of
about 0.8.

or in other words

Only a fast inflow leads to the flux and power of
accelerated electrons

as requested by RHESSI observations.

A fast inflow also leads to a fast outflow jet with
Alfven-Mach numbers
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emporal characteristics  of
particle acceleration: When?

How fast? How long? Time
scales? etc.



Timescales — simple
considerations

e Slow drift in to null point/current sheet — time of the
order L

~
E CEO / BO alfven

 Rapid acceleration of unmagnetised particles. For
2D null, acceleration time

[ acc - 61/31. E

It 3D spine reconnection, strong acceleration of
particles rotating round spine, close to spine

[acc ['00227 mde%



Timescales — 3D test particle
results

“Standard conditions”: protons, B = 100
G, L=10 km, initial T 300 eV, E; = 1.5
kv/m

Time to reach steady-state energy

spectrum time for particles to reach
spine/fan 10000t,, 65 ms.

Scales with E/B - more rapid acceleration
for stronger E/weaker B

L ocal accelerationtime 6 X 10 s.



Physical model for PIC
(Siverskyi & Zharkova, 2008)

Simulation region-.__

B.(z) = By tanh (%)

by, By, B, = const




 Number of particles in acceleration
region

 Hard X-ray intensity I(e) Is proportional
to the rate of injection of electrons at
energy E, > €

dN/dt (> €) ~ 1034 I(e)
« Specific acceleration rate
g= dN/dt (particles s per partic

OSU




Conclusions from Emslie:

 For extended coronal source events, the variation of
source size with energy supports a nonthermal model
with an extended acceleration region

 The size and density of the acceleration region, plus
the hard X-ray brightness, can be used to determine
the specific acceleration rate (particles s particlel) —
values are ~ (0.1 -5) " 103

 Consistency with sub-Dreicer models require a very
narrow range of accelerating electric fields

 For super-Dreicer current sheet acceleration, the
specific acceleration rate Is determined by the aspect
ratio of the current sheet

 For stochastic acceleration models, values for the
specific acceleration rate are generally consistent
with the data, but more simulations are needed

OSU
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l1l: Spatial characteristics of
particle acceleration: Where?
Spatial scales? etc.



Final distance from null, r

Jets — trapped and escaping

particles

 The majority of
particles near fan
plane are trapped

-IDDE:, ------------------ ]

Dalla & Browning ApJL, 2006
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I\VV: Energy/velocity space
characteristics of particle
acceleration: What is the
angular/energy distribution of
particles? Spectral indices? etc.
A: Electrons
B: lons



Electric Circuit Model
— The Idea — (1V)
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n . resistivity
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Spitzer resistivity

flare

e resistivity
depends on
the
temperature

e COrona.
— low resistivity
— high
conductivity

* high currents
through the
corona



Summary

« plasma flow velocity x magnetic flux
density Is the important parameter

e energy gain by acceleration along the loop

and electron acceleration time
Wacc < 240 keV tacc < 809 ms

 calculated flare power and fluxes fit
observations

1Al
Leibniz
Gemeinschaft
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SMISSIONS
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log S
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T (MK)

High temperature required

Sy = Lth/Lff

Inverse Compton scattering
Could be significant in low-
density regions (Korchak
1971)

Determine electron and
positron distributions at the
Sun



Low energy cubff if present should be below k&V

A number of weak events with hard X-ray spectra

18 events with clear low energy cut-off have beamf®

Solar flare with low energy cut-off are located

close to the disk centre (conS|stent Wlth the

___________

|sotropic albedo

correction removes low . “p {1
energy cut-off in all but 7 2o} ’ !
one case :
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PIC — higher density SZ08
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Neutron-capture line fluence (corrected) (ph cm™)
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lon acceleration >30 MeV
IS correlated with
relativistic electron
acceleration >300 keV

lon acceleration >30 MeV
IS poorly correlated with
electron acceleration >50
keV, with the possibility of
two separate classes of
flares
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Key questions of particle acceleration at the

Sun

 How to accelerate such a large number of particles?
Well known number problem:10 39 electrons > 20 keV

if ambient corona 10 °® cm-3 , this implies a volume for the acceleration region of 10 30
cm3 !l

Energetics: a significant fraction of the free magnetic energy must be converted to
accelerated particles

Currents in e.g. thick target models of X-ray emissions 10 18 A : discussion of return
currents since the SMM era.

 How to accelerate particles to very high energies?
* Energetic electrons vs Energetic lons?

e Same population at low and high energies??
 Abundances of energetic particles??

« BUT Main Issue:

 How to integrate the dynamics of the large scale magne  tic
field (which governs the magnetic energy) and the parti cle
acceleration processes!! (not the same spatial nor
temporal scales)



