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Mechanisms of Particle Acceleration Near the Sun

This session focused on general é

acceleration mechanisms near the 3
Sun and in the inner heliosphere. /\

2 CHiE
Because of a lack of in situ éﬁ
measurements near the Sun, no
single acceleration mechanism ‘é!’f-“m

has emerged as being dominant. IMPULSIVE GRADUAL
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Acceleration Mechanisms

Resonant Stochastic Acceleration

— J. Miller and V. Petrosian

Parallel Electric Fields

— Y. Litvinenko

Diffusive Shock Acceleration

— J.R. Jokipii

Shock Acceleration + self-excited waves
— C. Ng

A new stochastic-like model

— L. Fisk



Resonant Stochastic Acceleration
(Applied to Solar Flares)

 Assumes plasma waves are
distributed uniformly throughout a
coronal loop (0B < B )

« Successful for SHe**
enhancements in impulsive flares

 Solve a momentum-diffusion

equation
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Acceleration by Parallel Electric Fields
(Applied to Solar Flares)

Power-law comes about
because of the topology of
reconnection

Maximum energy is limited
by the size of the electric
potential that is set up

Self-consistent simulations
indicate a type of Fermi
acceleration may also take
place in collapsing
magnetic traps
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Shock Acceleration
(applied to CMEs and flares(?))

Particles diffuse across a Shock

diverging flow (a shock)
Nearly-Perpendicular 3 G
. Shock
Requires some form of

trapping near the shock
(magnetic turbulence)

Gives a power law energy
spectrum depending only
density compression across

the shock
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Log[d]/dT (flux/m? sec st MeV)]

ph/em® s keV

The observed energy spectra of cosmic rays are

remarkably similar everywhere they are observed.

\

—30

—
. 726

nﬂ.@‘:‘%ﬁ ooo All Particles
.‘:E.

-4

10

=7

|

i |

WI |

1

|

TERTIT | SR TIT BT

.

._
F
L
ol el

"
=]
o |
=
=
=X
=]

channel energy (keV)

Coma
Cluster

-1
MeV/Nucleon)

2
cm SSr

Particles (

PR - =)
10 x
Sun
10°
107!
102
103
10
1075
10
10”7 3
§ ® IMP 8 Protons
10° 5 & GOES 7 Protons
o [ O GOES 7 Alphas
10" F @ GOES 6 Alphas
C al - vl 4
1 10 100 1000 10
Energy, MeV/Nuc
10° E T T
L RS Modael*®
107 = ~ . Rg =86 AU, r=23 2
F e S
T > ~
10" = e RS =
E e, ACR
. 10° = Tl ~E
5 = e -
5 Cm Sle e
2 10" & o -
= - .
E e = o]
2 102 = HTH =] =
b o HCH i 3
» = HoH
E 100 = [ [l =
= = (o]
B F e Ho-o-F
L I B -
% 10 = o~ E
T~ [Easl
E 10° = }—?—I—@ A =
Flo H i .
106 = L ] Zz=1 [xol . —
E M, He E
o ¢ I E T
107 = | a,~ O —=
108 Ll il N I L
107" 10 10 102

Energy per nucleon {(MeV)



Acceleration time Iin shock acceleration

H* Spectra at Shock
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* The acceleration rate depends o 107
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strongly on the particle scattering : )
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* Energetic particles can excite 15 at 1.E-6 AU from Shock

low-frequency waves which can
scatter the particles and reduce
the scattering time.

— This is very important for parallel
shocks
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A new approach
(applied to Flares?)

Len Fisk started with an equation for the evolution of the
open magnetic field
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Which can be rewritten as
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V - U,. Gives rise to an energy change in
energetic particles



