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Background 

Å Type IV bursts and their fine structures are 
attributed to coherent emissions by high 
energy electrons trapped due to magnetic-
mirroring within closed field lines of post-
flare loops, whose origin is believed to be 
the energy release process near the loop 
top where the magnetic reconnection 
occurs. Fiber bursts are of interest to study 
since they can provide a feasible way to 
measure the coronal magnetic fields in the 
post-flare loops. 

 



Two Popular Model under Debate 

Whistler wave model[4] interprets the observed modulation of fiber bursts 
as a whistler wave packet propagating through a region of enhanced 
Langmuir wave. The drift of fibers in the dynamic spectrum indicates a 
spatial motion of the wave packet with whistler group velocity ὺ[6]: 
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Alfvén wave model[5] assumes the motion of fiber sources as solitons 
traveling at 1-3 times of the local Alfvén speed ὺ[6]: 
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‫  : electron cyclotron frequency      ὧ  : speed of light 

 ‫  : plasma frequency     ά : mean ion mass 

  ‫  : whistler frequency     ὄḊ the magnetic field strength 
   ὼ   : ‫ Ⱦ‫      ὲ : ion density 
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(2) 



Abstract 

We report observations of fiber fine structures during type IV decimetric radio bursts 
on March 3, 2012 using the recently upgraded Karl G. Jansky Very Large Array[1] (VLA). 
For the first time, the technique of dynamic imaging spectroscopy with high temporal 
and spectral resolution allowed us to image the fiber bursts over a continuous 
frequency range from 1-2 GHz.  
 
We traced the fiber bursts in the dynamic spectrum by using an automatic tracing 
algorithm[2], and made images at the traced time and frequency. For each fiber burst in 
the dynamic spectrum, we then obtained a series of image centroids in time and 
frequency, which form a trajectory of the fiber burst in projection. We found that the 
fiber bursts originate at lower height near the footpoint, and streams upward through 
the corona along some field lines, whose trend is similar to some coronal loops seen in 
extreme ultra violet (EUV) wavelengths. Together with an exponential density model, 
we reconstructed 3D fiber burst trajectories and compare them with ambient magnetic 
field lines extrapolated from the potential field source surface model[3] (PFSS). As a 
result, we obtained the 3D source velocity of the fiber bursts at more than 2000 km/s 
above 1.1 GHz. The derived velocity can be used to discriminate between the two 
competing theories, the whistler wave model and Alfvén wave model. 



Result & Analysis 
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Slow Fibers Fast Fibers 

two samples of VLA dynamic spectrum (LCP) with 

evident fibers, appearing during the gradual rise of a C1.9 

flare starting near 18:20 

fiber drift rate (’Ⱦ’ ) histogram. Each count 

represents one detected fiber. Over 2000 

fibers of each period were tracked by the 

algorithm[2] (Aschwanden 2010). We then 

divided them into slow (blue) and fast (red) 

fibers.  



Comparison of the original spectrum with 

the tracing result. In CASA[8], we applied 

vector-based visibility  averaging in time 

for particular type of fibers in each 

region. The new visibility  datacube, 

structured in frequency, baselines and 

polarizations, was used to reconstruct 

frequency-dependent synthesis images. 

Improved SNR allowed us to follow 2D 

motion of the fiber burst centroid more 

reliably across the L band (1-2 GHz). 

Time-averaged drift rates of 

fast and slow fibers from four 

selected colored regions. 
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3D Reconstruction 

To relate the source height to fiber burst frequency, we adopted the 
exponential density model: 
 

ὲὶ ὲÅØÐ 
ὶ Ὤ Ὑṩ

ὶ
 

On the one hand, imaging observation can be used to derive the 3D 
source velocity from the deprojected fiber centroid displacement at each 
frequency and its drift rate. On the other hand, the modulator velocity of 
whistler- and Alfvén-model can be estimated from fiber drift rates  and 
local magnetic field according to Eq. (1)-(2). 



Model Fitting 

 Column 1-2 from left: the 3D source velocity (solid lines) as a function of frequency (height), and their direction from the line-of-sight 

(black dash lines). Circles and triangles represent the whistler- and Alfvén-derived velocities using Eq. (1) & (2). Column 3-4 show their 

local magnetic field from PFSS model (colored symbols) and electron density (black symbols). Note that both 3D- and model-velocity 

depend on the density model. An exponential model has been adopted during the fitting. 
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