
Overview of Radio 
Coronal Magnetography 



OUTLINE (PART 1) 

The uses and abuses of various emission 
mechanisms 
 

Ò  Thermal free-free radiation 
Ò  Thermal gyroresonance radiaton (SW) 
Ò  Nonthermal gyrosynchrotron radiation  
Ò  Radio bursts 



OUTLINE (PART 2) 

Propagation phenomena and related 
 

Ò  Ray tracing  
Ò  Scattering phenomena 
Ò  Faraday rotation 
Ò  QT propagation 



VLA: 4.9 GHz NoRH: 17 GHz 

THERMAL SUN AT RADIO WAVELENGTHS 



IMAGE 

         230 GHz – Band 6 

 
 

Magnetogram 

18 Feb 2011 

THERMAL SUN AT RADIO WAVELENGTHS 



FREE-FREE ABSORPTION 

Ò  The two magnetoionic modes correspond to orthogonal circular 
polarizations (σ=+1 o-mode, σ=-1 x-mode) 

Ò  Free-free emission favors low frequencies, low temperatures, high 
number densities 

Ò  The brightness temperature spectrum of optically thin emission is flat 
(ignoring the Gaunt factor) 

Ò  Polarization ρc = (TR-TL)/(TR+TL) ≈2(νΒΕ/ν) |cosθ|      (τ << 1) 
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Another example 

Joint VLA/CoMP observations of a coronal cavity on the disk and at the limb.  
 
For VLA: observations across the 1-2 GHz band, dual-pol’n, 1024 channels.  
 
 
 
Complementary to CoMP IR measurements of POS linearly polarized emission.  
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FREE-FREE EMISSION 

To 

Optically thick case 
 
Ò  With no magnetic field, both 

modes have same opacity & 
reach τ = 1 at same height and 
hence, no polarized emission. 

Ò  Even with |B| > 0, no polarized 
emission unless temperture 
gradients are present.  

Ò  If so, x-mode becomes optically 
thick slightly higher in the 
chromosphere & has a higher 
brightness temperature. 

Ò  O-mode is optically thick at 
slightly lower temperature. 

Ò  Non-zero pol’n provides magnetic 
field signature. 

Fontenla, Avrett & Loeser (1993) 
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Strengths:  
ü ubiquitous 
ü can be used to constrain fields of any strength (ν>>νΒε) 
ü both optically thin and optically thick emission can be 
exploited 
ü technique can be employed on the disk or the limb 
 

Weaknesses/complications: 
ü provides measure of longitudinal component of B only  
ü optically thin measure is a weighted line of sight integral 
through the medium (sensitive to Te, ne, Bl) 
ü limited angular resolution  

Free-Free Emission 



Aschwanden & Benz 1997 

STANDARD MODEL 



Nobeyama Radioheliograph 17 GHz 

34 GHz 

EUV 

SXR 

13 July 2005 LDE: 0230-0500 UT 



 
 

1992 June 26 

Joint OVSA/BATSE 
observations of a C7.2 
flare 

Radio: 

Loop top 

Footpoint 

BATSE 

Spectral slope inferred from 
HXR a good match to the 
(optically thin) footpoint 
microwave spectrum only.  

Conditions in loop top 
appeared different from 
those in footpoint. 

 



 
 

B=300 G 

Nrel=107 cm-3 

θ=45o 

Nth=1010 

δ=3 

x mode 

o mode 

For positive magnetic polarity, 
x-mode radiation is RCP and o-
mode is LCP 

ν ~ 10s – 100s νBe 

νBe = 2.8 B MHz 





 
 

B=100 G 

B=200 G 

B=500 G 

B=1000 G 

νpk ~ B 3/4	


ην ~ B2.5 



Nrel=1 x 107 cm-3 

Nrel=5 x 106 cm-3 

Nrel=2 x 106 cm-3 

Nrel=1 x 106 cm-3 

νpk~ Nrel
1/4	


ην ~ Nrel 



θ=20o 

θ=40o 

θ=60o 

θ=80o 
νpk~ θ1/2	


ην ~ θ3/2 



 
 

Nth=1 x 1011 cm-3 

Nth=5 x 1010 cm-3 

Nth=2 x 1010 cm-3 
Nth=1 x 1010 cm-3 

Razin suppression 

νR~20 Nth/Bperp 









 
 

1 1.81 1.45 234 2.5 x 107 1.47 330 

2 0.54 2.05 218.5 1.35 x 107 1.03 265 

3 0.03 2.4 219.5 6.5 x 106 0.69 190 

4 -1.07 2.8 221 5 x 105 0.33 30 

LoS      α       Rsun      φ (deg)      ne (cm-3)       B(G)     νRT (MHz) 

Bastian et al. 2001 



15 Apr 2001

13:51:06 UT 13:51:46 UT 13:52:26 UT

13:53:06 UT 13:53:46 UT 13:53:26 UT

Maia et al. (2007) Nancay RH: 327 MHz Tylka et al. (2002) 

Detection of synchrotron radiation from MeV 
electrons interacting with magnetic field 
entrained by fast CME. 
 
2001 April 15: X14.4 flare, partial halo CME 
>1200 km/s, major SEP event 



 
 

Bastian 2005 

Coronal 
Magnetography via 

GSR Inversion  

General method to 
invert both GR and 
GSR spectra. 

Proceed via χ2- 
minimization 

Physics embodied in 
model in flexible 
manner 

Much work needed to 
establish robust and 
efficient algorithms 



Fleishman et al. 2009 

Fast 
Spectral 
Inversion 

Fast gyrosynch. 
codes required! 
 
Fleishman & 
Kuznetsov 2010 











Strengths:  
ü Diagnostic of magnetic fields in flares/CMEs 

ü can be used to constrain fields of any strength (s >>1) 

ü both optically thin and optically thick emission can be 
exploited 

ü technique can be employed on the disk or above the limb 

Weaknesses/complications: 
ü Requires source modeling to disentangle electron energy 
distribution function from magnetic field  
 

Non-thermal Gyrosynchrotron Emission 



from Benz, 2004 



Dulk 1985 





ground 

space 

ionosphere 

               Dulk et al. 2001 

SA type IIIs 

type II 

type IV 

type III 

WIND/WAVES 

Culgoora 



 
 

Type IV “slow drift 
continuum” 

Type II bursts 

Type III bursts 

Dulk & McLean 1978 

Estimates of coronal 
magnetic fields using 

radio bursts 

2/3)1(5.0~ −−RB
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Very Large Array 
5 November 

2011 
 
•  D configuration 
•  17 antennas 
•  1-2 GHz 
•  1024 channels 
•  Δt = 100 ms 
•  Dual polarization 
 

An image is available for 
each integration time and 
frequency: 
 

>20000 snapshots/sec ! 
 
A number of decimetric type III 
radio bursts (type IIIdm) were 
observed in association with an 
EUV jet observed by SDO/AIA.  
 



20-23 Nov 2012 Solar Physics with Radio Observations 
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20-23 Nov 2012 Solar Physics with Radio Observations 
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20-23 Nov 2012 Solar Physics with Radio Observations 
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20-23 Nov 2012 Solar Physics with Radio Observations 
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14 December 2006 

X1.5 flare in AR 10930 at 
S06W46 
 

The flare was accompanied 
by a fast CME and a particle 
event 
 

AR 10930 was the site of 
an X3.4 flare the previous 
day 
 

Both flares studied by Su et 
al. (2007) using Hinode 
data 
 
Data used for this study: 
 

• FST 
• RSTN, GOES 
• Hinode XRT & SOT/SP 
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Double Plasma Resonance (DPR) model  



NLFFF extrapolation performed by Ju 
Jing using SOT/SP data. Details given 
in the paper.   

We are interested in constraining the source position within the 3D 
magnetic field. The “X” and triangle symbols denote possible de-projected 
positions of the continuum and zebra components, respectively. 



 

Strengths:  
ü Ubiquitous during flares (type IIIs) 
ü can be used to constrain field connectivity/topology in 
energy release site (and in the wider corona!) 
ü Can be used as probe of a large range of coronal 
heights 
ü technique can be employed on the disk or the limb 

Weaknesses/complications: 
ü propagation issues 
ü measurements specific to burst source regions 

RADIO BURSTS 


