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Relating remote observations of electron beams and inpsitticle obser-
vations
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The electron acceleration problem:

Krucker (1998) and Haggerty and Roelof (2002) observedibat-relativistic
electrons had inferred release times about 10 mn later thsereed for type
[l emissions at 100s MHz.
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The electron acceleration problem:

Krucker (1998) and Haggerty and Roelof (2002) observedibat-relativistic
electrons had inferred release times about 10 mn later thsereed for type
[l emissions at 100s MHz.
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The electron acceleration problem:

Krucker (1998) and Haggerty and Roelof (2002) observedibat-relativistic
electrons had inferred release times about 10 mn later thsereed for type
[l emissions at 100s MHz.

Several possibilities raised to explain phenomenon:
1. related to coronal features (EIT waves, Krucker 1998),
2. CME driven shocks (Haggerty and Roelof 2002),
3. Coronal restructuring (Maia et al 2004),
4. particle propagation issues (Cane 2003).

The “delay” is there even when propagation is taken into id@mation
(Maia et al 2007).



Onset time approach

102IIIII|IIIII|IIIII|IIIII|IIIII|IIIII|IIIII

100|||||||||||I|||||I|||||||||||I|||||I|||||
13:30 14:.00 14:30 15:00 15:30 16:00 16:30 17:00
UT (2002 October 20)

Onset time determined from time when event reaches a ceheeshold
above background (4. Then linear extrapolation used.



Onset times at dierent energies are then compared with type 11l emissions.
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WIND/WAVES dynamic spectrum (RAD2).
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Onset times, WINEIBDP electron data. Thick line: time type Il burst.
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What does this mean? Do we have a mix of discrete injectiotisdii erent
spectra, or an evolving continuous accleleration process?

Need to go further than simple inferred release time deteatiun. Need
for injection function determination.
Modeling particle propagation to recover the injectiondtion.

Use Monte-Carlo code to generate pro les adequate to itet@ous
release at the Sun (Green functions).

Use model pro les to obtain injection function by deconwviibm.

Compare predicted and observed anisotropies to selectlwwbakzh
best ts data.
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Electron ux, WIND/3DP data from 229.8 to 391.6 keV.
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Injection function from 229.8 to 391.6 keV.
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Electron ux, WIND/3DP data from 23.2 to 30.0 keV.
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Injection function from 23.2 to 30.0 keV.
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Type lll related releases are somewhat softer. The “delagmissions are
harder and are often related to type IV and other “long-dom&emissions,
and to changes seen in continuum radio sources.



Nancay Radioheliograph image.
164 MHz, eld of view: 12 solar
radii. Image scaled from -50,000
K to 2.5 million K, then multi-
plied by radial Iter.

Time of imagel0:00 UT.



Nancay Radioheliograph image.
164 MHz, eld of view: 12 solar
radii. Image scaled from -50,000
K to 2.5 million K, then multi-
plied by radial Iter.

Time of imagel0:12 UT.



Nancay Radioheliograph image.
164 MHz, eld of view: 12 solar
radii. Image scaled from -50,000
K to 2.5 million K, then multi-
plied by radial Iter.

Time of imagel0:24 UT.



Nancay Radioheliograph image.
164 MHz, eld of view: 12 solar
radii. Image scaled from -50,000
K to 2.5 million K, then multi-
plied by radial Iter.

$ Time of imagel0:12 UT.

Gyrosynchrotron emission, from
electronsinthe 100s keV to few
MeV, inside a magnetic loop from
a few tenth to a few Gauss.

Ref: Bastian et al. (2001), ApJ 558:L65-L69.



This radio event is related to a particle event seen by EPAMe Tst 30
minutes of this event can be modeled.
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Another, example. 2001 April 15, AGEPAM electron observations.
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2001 April 15, Nancay observations at 410 MHz. Gyrosynaimoemis-
sion from expanding CME loops.

Ref: Maia et al (2007). ApJ 660:874-881.
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The low-frequency part of the 2001 April 15 event has beempregsed or
absorbed.

This could be due to a variety of mechanisms: the Razétg free-free ab-
sorption, self-absorption, cyclotron resonance absamptir a combination
of these.

The observed spectral index in this part of the spectrum tsoag indica-
tor that the cuto mechanism is most likely Razin-Tsytovich suppression
(emission in a plasma, not in vacuum).



Model results for the Nancay observations, at 2 Rs from Satecel1:54
UT, assuming for a range of Razin suppression peaks. RefaBgi095).
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Comparison between electron injection function and rdodap lightcurve.



Relation with remote observations is complex. Radio sigregtare tracers
of magnetic restructuring in the wake of the CME. The “latgéctions are
related to changes seen in typgd@ntinua emissions.



Summary of deconvolution studies

modeling of electron propagation including theeets of pitch angle
scattering and adiabatic focusing and deceleration casédxto infer
the injection pro le close to the Sun

Lower energy electrons (tens of keV) tend to have a “mesggttion
history, with two or more injections

These injections show derent spectra

The injections related to simple type Il bursts tend to bigesghan
the injection often seen about 10 mn after the type Il burst

higher energy electrons tend to be seen only in the latectinjg on
average 10 mn after the type Il burst.

The “late” injection is associated with type IV bursts andtioua be-
hind the CME leading edge, and in some cases with gyro-syraino
emissions inside expanding CME loops.



