
M. J. ReinerM. J. ReinerM. J. Reiner
M. J. Reiner, 1st STEREO Workshop, March, 2002, Paris



Radio Observations Associated Radio Observations Associated Radio Observations Associated 
with Solar Transient Phenomenawith Solar Transient Phenomenawith Solar Transient Phenomena
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•• BothBoth generated by the plasma emission mechanism at 
frequency:f  =  fp(kHz)  =  9÷n(cm-3)
i.e., fundamental and/or harmonic of the plasma frequency

f  =  2  fp(kHz)or

fifi

fifi Explains the observed frequency Explains the observed frequency 
driftdrift

Radio emissions remotely Radio emissions remotely 
measuremeasure
plasma density in source plasma density in source 
regionregion•• Plasma density decreases with increasing heliocentric Plasma density decreases with increasing heliocentric 

distancedistance

M. J. Reiner, 1st STEREO Workshop, March, 2002, Paris



confined confined 
beam/beam/
radio radio 
sourcesource

wide wide 
beam/beam/
radio radio 
sourcesource

e-

e-

e- e-

e-flareflare

iso-density contour
(iso-frequency contour)

100 kHz

shock front

M. J. Reiner, 1st STEREO Workshop, March, 2002, Paris



Study characteristics Study characteristics 
of electron beams of electron beams 

andand
topological structure topological structure 

of the IMFof the IMF

Study evolution and Study evolution and 
dynamics of dynamics of CMEsCMEs,,

Sun to EarthSun to Earth
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UlysseUlysse
ss Use radio directionUse radio direction--

finding to get linefinding to get line--ofof--
sight source sight source 
direction at each direction at each 
observing frequencyobserving frequency
Use density law to Use density law to 
determine radio determine radio 
source location source location 
along line of site at along line of site at 
each frequencyeach frequency

fifi Radio source Radio source centroidcentroid
follows Archimedean follows Archimedean 
spiral pathspiral path

Radio directionRadio direction--
finding from finding from 

Ulysses gives 2Ulysses gives 2--D D 
trajectory without trajectory without 
using a density using a density 

modelmodel
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• Two s/c triangulation can give the 3-D radio source 
trajectory, without the need for a density model

(simultaneous radio source direction-finding from 
two widely separated s/c)

• plasma density profile along type III trajectory
• “true” radio source intensity
• radiation propagation times
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Source region & electron beam characteristicsSource region & electron beam characteristics
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Lift off of Lift off of CMEsCMEs and type II events are and type II events are 
usually preceded by very intense usually preceded by very intense (violent),(violent),
complex type III emissionscomplex type III emissions

These complex type These complex type IIIsIIIs
have unusual have unusual 

characteristics in the characteristics in the 
1 to 15 MHz band1 to 15 MHz band

• diminution in intensity near 7 MHz
• very narrow band features below 7 
MHz
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f   =  9÷n
n  ~  1/R2 f  ~  1/R

1/
f

time
1/f  ~  R = (v1/f  ~  R = (vss /9 /9 ÷nnoo)(t )(t -- ttoo))

CMEsCMEs propagate at ~ constant propagate at ~ constant 
speed through IPMspeed through IPM

(CME) liftoff(CME) liftoff
time,ttime,too

CME Dynamics & Evolution: 1/f trackingCME Dynamics & Evolution: 1/f tracking

harmonic emission
fundamental emission

Dynamic SpectrumDynamic Spectrum

fifi

Radio emissions organized Radio emissions organized 
along straight lines from solar along straight lines from solar 
originorigin

vvss = shock = shock 
speedspeedttoo = liftoff time= liftoff time
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Knowing the shock speed at 1 AU and by fitting the Knowing the shock speed at 1 AU and by fitting the 
radio frequency drift, we get the “true” height & radio frequency drift, we get the “true” height & 

speed profile of the CME from Sun to 1 AUspeed profile of the CME from Sun to 1 AU
R
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WhiteWhite--light images light images 
at consecutive at consecutive 
timestimes

Type II radio emissions Type II radio emissions 
at decreasing at decreasing 
frequencyfrequencyMeasure height vs. Measure height vs. 

timetime
Measure frequency driftMeasure frequency drift
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Radio Measurements
•• Radio dynamic spectra (intensities) from two viewpointsRadio dynamic spectra (intensities) from two viewpoints
•• 33--D radio source location routinely deduced by D radio source location routinely deduced by 
triangulationtriangulation•• InIn--situ esitu e-- beams, beams, LangmuirLangmuir waves and Local radiationwaves and Local radiation

New and unique physics
•• Intrinsic nature & characteristics of type II & III sourceIntrinsic nature & characteristics of type II & III source

•• Evolution & dynamics of solar transient phenomenaEvolution & dynamics of solar transient phenomena

•• Characteristics of eCharacteristics of e-- beams related to radio beams related to radio 
emissionsemissions

•• Remote radio probing of interplanetary plasma Remote radio probing of interplanetary plasma 
propertiesproperties

•• true source true source 
intensitiesintensities

•• propagation time & propagation time & 
effectseffects

•• beaming effectsbeaming effects

•• direct 3direct 3--D tracking of radio sources from Sun to D tracking of radio sources from Sun to 
EarthEarth•• relationship of radio sources to whiterelationship of radio sources to white--light light 
featuresfeatures

•• plasma density profiles along radio source trajectoriesplasma density profiles along radio source trajectories
•• global 3global 3--D reconstruction of IMF from active D reconstruction of IMF from active 
regionsregions

•• exciter speed exciter speed 
profilesprofiles•• relation to relation to LangmuirLangmuir waves & local waves & local 
radiationradiation

•• injection times & path lengthsinjection times & path lengths

•• relationship of radio source region to interplanetary relationship of radio source region to interplanetary 
structuresstructures

M. J. Reiner, 1st STEREO Workshop, March, 2002, Paris


	Dynamic Spectrum

