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. ock acceleration in the
— ESP events

— Observations vs theory é
— Observations driving theory /\
* Flare acceleration §

— Impulsive SEP event characteristics },_é s m/yms

— Shocks in flares? L SE SRADUAL

« Time of Flight studies
— Technique
— Usefulness and questions




» Bryant 1962, Explorer 12, 9/30/61

— Associated with Forbush decrease
and geomagnetic storm — ‘Energetic
Storm Particles’

* Determined that they are ‘locally’
shock accelerated particles (1970s)

— 2 categories: classic and spike
— 2 acceleration mechanisms

* Nice because can also measure
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. Spike (LESP) . ESP

— Duration of 5-20 minutes — Duration of several hours

— Arrival within 5-10 — Arrival maybe ahead or
minutes of shock behind shock

— Rarely exceeds 5 MeV — May extend to ~20 MeV

— Shock drift acceleration at — Diffusive shock

quasi-perpendicular acceleration at oblique or
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 Lee 2005 is currently the definitive work on
shock acceleration for gradual SEP events (and
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One prediction is a simple
relationship between SEP
spectral index and shock
e compression ratio
AT et (regardless of species)
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» Although Lee (1983) cautioned against blindly
applying this to all energies, experimenters did
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» Although Lee (1983) cautioned against blindly
applying this to all energies and all events,
experimenters did anyway...

— And found agreement was not so good

— Lee has suggestions as to why (as any good
theorist would)

Shock Th.



 ESP events are extremely variable
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. ESP events are extremely variable and we
aren’t careful about which ones the theory
applies to
— Not initially hard spectra

— Not quasi-perpendicular shocks
— Not being transported (rather than accelerated)

» Correct frame of mind
— Need to evaluate the compression ratio in the wave

Shock Th.




Kinatic Energy {MeVinucleon)

« Complications with SEP events
— Effects of escaping the shock region
— Effects of transport (diffusion)
— Evolution of the shock (orientation, strength, etc)

Shock Th.




predicts this
« We often see thi
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predicts this
« We often see this
« Signature of diffusion
k=1/3VvA
« Assume A is a power-
law In rigidity
Kk ~ (M/Q)x Elo*1)2

« Break energies should
occur at same value
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and H, He and vary from
event to event

« Values of a can be related
to turbulence spectrum ~k-

q

« Wave indices < 5/3
suggest there is an

o = 2-q
(Droege, 1994)

Diffusion Coefficient Index

Wave Spectral Index

Kolmogorov |




and H, He and vary from
event to event

« Values of a can be related
to turbulence spectrum ~k-

q
o = 2-q
(Droege, 1994)

« Wave indices < 5/3
suggest there is an

—
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numerical model which

Incorporates

— waves and turbulence o swongstock | f weak shock

— evolution of shock -
100 F 10°F — CNO

— Iron

— transport away from shock
— heavy ion response

* |lon spectra have breaks i
them due to escape J Fe

X 100F

reRtive number density

| | 2

— Break points should scale 7750 Y 0t a0 a0k 0 10
aS Q/ M 2 Kinetic energy (MeV/Nucleon)
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Q for several elements
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» Can shock acceleration explain the
observatlons of Fe enrlched (energy dependent
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These two events
had similar solar
signatures...why
are they so

different at >10
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» Can shock acceleration explain the
observations of Fe-enriched (energy dependent
com pOS|t| on )? quas-parallel injection

T
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L Idea Of Tylka et al \ solar-wind suprathermals ggz

— seed population is
energy dependent

— injection energy is
higher for Q-perp
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 Characteristics

— 3He/*He enhanced by large factors (x10%)

— Enhanced Ne-Si and Fe over CNO as compared to
gradual SEP events

— Enhancement of ‘ultra heavy’ ions (Z = 30)
— electron rich
— small intensities and short duration (flares and

Impulsive



« ACEcan . T
resolve
events
with much
lower

SHe/*He
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« Ultraheavy ions are enhanced greatly
(although hard to observe because still very
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Ultraheavy ions are enhanced greatly
(although hard to observe because still very

. |+ Roughly scales as
T . Q/M, but...
Bl \\ | = Unclear what Q/M to
- ' \\ | use (particularly if
" g i there is stripping)
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« Can make spectra of °He, “He, and heavy |0r1‘”§“"'
 3He is often quite different

Only 3He SHe & Fe
broken rounded

All similar
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* Can make spectra of °He,
« SHe is often quite different

* But on average ultraheavies
are similar in shape
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- General model involves resonance between
waves and ions which cascades to higher Q/M
values
— Fe with lowest Q/M gets enhanced first
— Ne-Si gets enhanced next

« \Wave energy may be used up before reaches
highest Q/M values

 3He is done separately through special heating

flare th.
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- General model involves resonance between
waves and ions which cascades to higher Q/M
values
— Fe with lowest Q/M gets enhanced first
— Ne-Si gets enhanced next

« \Wave energy may be used up before reaches
highest Q/M values

 3He is done separately through special heating

flare th.
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 General model involves resonance between
waves and ions which cascades to higher Q/M
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* Can match the data fairly well .,

o Stochastic model of Petrosian
can even reproduce complex
3SHe and 4He spectra

MeV/n)

Fluence (particles/cm2 sr

e But doesn’t do
heavy ions

Fluence (particles/cm2 sr MeV/n)
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« But can cascading waves enhance
ultraheavies with their much smaller

. @{%?run out of

energy before
getting to Fe...

e So far unable to S
match observations

0.5 ey

Temperature (MK)
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— Solar wind is supposed to be seed for gradual SEPs
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. What? e
— Solar wind is supposed to be seed for gradual SEPs
— Coronal (?) material seed for impulsive SEPs

=
e ACE SEPICA
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What? e
— Solar wind is supposed to be seed for gradual SEPs
— Coronal (?) material seed for impulsive SEPs

Where?

— How low can a shock form in corona and accelerate ions?
« How?

— Flare mechanism is still unclear for all circumstances

— Do quasi-perp shocks have high injection energy?

Can we tell?
— Maybe by looking

at extremes

Questions
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