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Relativistic Solar Electrons -- m
Puzzling Observations

1743

- Time profile is similar to that of GeV protons, yet
they show a spectral continuity with much lower
energy electrons

- Spectral shape is quite variable from event to
event, but a characteristic hardeninlg of the
spectrum at a few MeV is well correlated with
short duration x-ray emission from a flare

- Spectral features are independent of connection
longitude

- Some electrons are released coincident with
1c4amma ray emission in the impulsive phase of the
are, yet overall apparent “injection” times of
an hour or more are observed In the same events




- Time profile is similar to that of GeV
protons, yet electrons show a
spectral continuity with much lower
energy electrons



Time Profiles — Neutron Monitor

and Relativistic Electrons
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Solar Electron Spectrum —
Continuity Between Low and m
ngh Energy Electrons

1743

— '; I [ IIIIII| [ IIIIII| [ IIIII:\:=E_I '; [ I\IIIII| [ IIIIII| [ [ IIIII?
o - \‘\ B ICE ULEWAT ] - \ B ICE ULEWAT ]
~> E L A HELIOS 1 E E N A HELIOS 1 (/800) 5
® - n v HELIOS 2 (/ 50) O - lé§ ® ICE MEH .
= 10 & '\, ® ICE MEH = = - =
= u 3 = v =

m | g ] I \\ ]
- E " 3 3 P 3
n - AN - ~ \\ -
o 107 E 2 ERNS \ E
c - - - & -
O 3 @ ER % E
— - ¢ 5 "9 E
X 1073k .\ = = N =
2 = L E = \ 5
L _ * 1 L ¢
c U - N

— \ \
o 10 E E E N
"6 - LONG X —RAY EVENT 3 - SHORT X —RAY EVENT 3
()] E 3 APR 1979 E = 21 JUN 1980 E
Lol 107: Lol Ll | |||||||: - Ll Lol | |||||||:
0.1 1 10 100 0.1 1 10 100

Momentum (MeV/c) Momentum (MeV/c)

SHINE 2004 June 30, 2004



Aside on Low Energy
Electron Propagation:

FREQUENCY (kHz)

2
ELECTRONS/(cm -sec-ster-MeV)
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Closely Related to the
Propagation of Nuclei
Cane and Erickson

003)

Tracked by Type lll
Emission (Reiner and
Stone (1988,1989)

Can be treated by
Particle Propagation
Models

Timing of Particle Arrival
Can "Close the Loop”
and Reduce Model
Dependence



Example: Electron Density in a
Simple Model Developed for GLE’s
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- Spectral shape is quite variable, but a
characteristic hardening of the
spectrum at a few MeV is well
correlated with short duration x-ray
emission from a flare (and thus the
location of the flare in the solar
atmosphere)



Electron Spectral Shape is Related
to X-Ray Signature (aka Flare Depth
in the Solar Atmosphere)
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- Spectral features are independent of
connection longitude
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Solar Electron Spectrum at Different
Locations in the Heliosphere
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- Some electrons are released
coincident with gamma ray emission
in the impulsive phase of the flare,
yet overall injection times of an hour
or more are observed in the same
events
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Some Interplanetary Electrons
are Released “Instantly”
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Yet There is Often an Apparent %
Long Term Electron “Injection”

1743

mm T T

- 08| | '“'H ' "'i

O 06+ —

N 04 b ’ﬂ ’

o~ 0.4 LA | i” ”‘ ’/ ‘l’ “ h ’ )H _

) n Hhy _
0.2 I i IH {H i|LH{ :{H hm ‘u ': LI

©

c . { _

S ° | ISEE-3-MEH )

g 60 iH [ Universi ity of Chicago -

> i 1 {lﬂh

> 50 | Pl -

@

= f

< 40 | H _

N Ly ~

‘: 30 — i% B

§ 20 ﬁmﬂ ]

g 0 L ; MH,,;QH*#“* #**4* i :+? +m e ) 1

e
Ll L N .' ”d' 3 | | | : e Hi# %t& Hatooe ﬂmﬁf& 321 . N

05:00 05:30 06:00 06:30 0700 07:30  08:00
14 August 1982

SHINE 2004 June 30, 2004



Conclusion

39
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- Relativistic electrons exhibit many if not all the
propagation characteristics of “GLE” particles
in spite of their low rigidity.

- There is clear spectral and temporal continuity
between relativistic and non-relativistic
electrons.

- To me, this continues to suggest that there is a
mechanism for very local (in space and time)
energization of particles in solar flares, and that
most of what we see as “injection” time
structure originates in the propagation of the
particles.

ITYor
Py
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The Basic Puzzle Leading to
This Conclusion:

- If the hours long extended
production of electrons is due to a
propagating shock (for example)
how does this retain the memory of
the depth of the flare in the solar
atmosphere so as to produce a
spectrum essentially invariant in time
and in helio longitude?
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