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Analysing electron beam velocities

Type III 
bursts

Type J (or U) bursts

• Exciter velocities of type III bursts from 0.15c to 

0.3c (where c is the speed of light). (e.g.

Poquerusse (1994) ; Klassen et al. (2003) )

• Exciter velocities of type III bursts from 0.2 to 

0.25c (e.g. Labrum & Stewart (1970); Reid & 

Kontar (2017)) 

• It is generally considered that type J and U’s 

exciter velocities has the same order as type III 

bursts.

• No statistical analysis of type III and type J 

bursts exciter velocities during one solar 

radio noise storm.

• Question: Whether the electron acceleration 

properties are different in ’open’ and closed 

flux tubes?Reid and Kontar, 2017



Analysing electron beam velocities
Type III burst Type J burst

(Vratislav Krupar)

(Jinge Zhang)

Type J bursts and type III bursts have similar average exciter 
velocities.

This means both type III and J electron beams experienced 
very similar acceleration process during the same solar 
activity.
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Deriving loop parameters

• Aschwanden et al. (1992) determined coronal 
loop physical parameters and electron beam 
properties from three type U bursts observed by 
the Very-Large-Array (VLA) between 1300 to 1700 
MHz. Therefore, loop height is relatively low, at 

around 0.18 𝑅⨀.

• We determined large coronal loop’s (with 
loop heights around 1.2 𝑅⨀) physical 
parameters by analysing type J bursts 
observed by the Low-Frequency-ARray
(LOFAR) between 20-80 MHz.

Aschwanden loop height: 0.18 𝑅⨀

Aschwanden et al. (1992) 



Deriving loop parameters
Type J burst

𝐴
𝐵

We analysed 17 type J bursts in this burst storm and we derived exponential 
density models for each of them in form : 

𝑁𝑒(ℎ) = 𝑁0 × 𝑒−ℎ/𝐻

We use the Ideal gas law to estimate pressure:
𝑃 = 𝑛𝑒𝑘𝑏𝑇𝐸

We use plasma beta to estimate minimum magnetic field strength 

in solar corona： 𝛽 = 3.47 × 10−15
𝑛𝑒𝑇

𝐵2
< 1

We use the density scale height for the coronal plasma in thermal equilibria,
(Aschwanden et al 1992) given by: 

𝐻 =
(1 + 𝛼)

𝛽

𝑘𝑏𝑇𝐸
𝑚𝑝𝑔𝑠𝑢𝑛

(NASA Astronomy Picture of the Day, 8TH Sep 2000)

Average loop top pressure:0.002 𝑑𝑦𝑛 𝑐𝑚−2

Average loop top MF strength:> 0.22 G

Average loop top temperature:1.3 MK 7.0 MK

6.1 𝑑𝑦𝑛 𝑐𝑚−2

> 12 G

VS

VS

VS

0.18 𝑅⨀Average loop height:1.2 𝑅⨀ VS

Loop physical parameters we determined from 17 
type J bursts are smaller in magnitude compared to 
Aschwanden et al. (1992) ’s estimation for smaller 
loops:

• We observe type J bursts in the lower frequency range, 

reflecting coronal loops in the higher solar corona.

Average density scale height:2.4 × 1010𝑐𝑚 3.6 × 1010𝑐𝑚VS

• Loop temperature is lower in higher corona.

• We have higher loop height/scale height ratio. Therefore, 

we use ideal gas law to estimate loop pressure.

• Loop pressure is lower in higher corona.

• Loop magnitude strength is lower in higher corona.



Deriving loop parameters

• Loop top temperature between 0.8 to 2.0 MK.

• Loop top pressure between 0.0005 to 0.005 𝑑𝑦𝑛 𝑐𝑚−2.

• Minimum loop top magnetic field strength between 0.1 to 

0.25 G.

• Loop temperature, pressure and magnetic field strength 
decrease while altitude increase.



Summary

• Electron beams travel along open or closed flux tubes have very similar 
acceleration properties during the same solar activity.

• We derived large coronal loops’ (loop height around 1.2 𝑅⨀) physical 
parameters from 17 type J bursts, we found:

➢Average loop top temperature:1.3 MK
➢Average loop top pressure:0.002 dyn cm−2

➢Average loop top minimum magnetic field strength:> 0.22 G

• Loop temperature, pressure and magnetic field strength decrease while 
altitude increase.
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