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Introduction - Observing CMEs in radio

• Observing CMEs in decimetric domain can 
show evidence for (gyro)synchrotron 
emission 

• Allows for rare diagnostic of CME magnetic 
field 

• Bastian et al. (2001): 0.3-1.5 G 
Maia et al. (2007): 0.1-1.0 G 
Raja et al. (2014): 1.4-2.4 G 
Bain et al. (2014): 3-5 G 
Tun & Vourlidas (2013): 15 G 

Bastian et al. (2001)

Maia et al. (2007)

Bain et al. (2004)



2014-September-01 Event - Radio event
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2014-September-01 Event - Radio event
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2014-September-01 Event

• AIA 21.1 nm (red), AIA 19.3 nm 
(green), AIA 17.1 nm (blue) 

• Eruption off the east limb 

• EUV wave propagating both 
north and South 

• X2.1 flare 36 degrees beyond 
east limb. CME of ~2000 km s-1 
(Pesce-Rollins et al. 2015)



2014-September-01 Event - EUV + Radio Imaging

• Eruption off the east limb 
• Large radio sources ~0.7 Rsun along major axis.



2014-September-01 Event - EUV + Radio Imaging
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• Eruption off the east limb 
• Large radio sources ~0.7 Rsun along major axis. 
• Nearly all frequencies at same position.



2014-September-01 Event - Brightness Temperatures
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150 MHz
173 MHz
228 MHz
270 MHz
298 MHz
327 MHz
408 MHz
432 MHz
445 MHz

• Eruption off the east limb 
• Large radio sources ~0.7 Rsun along major axis. 
• Separate emission mechanism above 173 MHz?



2014-September-01 Event - Flux Densities (NRH)

• Low NRH frequencies: higher SFU, bursty. 

• High NRH frequencies: lower SFU, smooth.
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2014-September-01 Event - Flux Densities (RSTN, San Vito)
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• F lux inc rease in Rad io So la r 
Telescope Network (RSTN) San Vito 
site at time of event. 

• 3 flux density measurements from 1.4 
- 5.0 GHz 

• N R H + R S T N : F l u x d e n s i t y 
measurements from 150 - 5000 MHz.



2014-September-01 Event - Flux Density Spectrum
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2014-September-01 Event - Flux Density Spectrum
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2014-September-01 Event - Flux Density Spectrum



2014-September-01 Event - Flux Densities Spectrum
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2014-September-01 Event - Flux Densities Spectrum
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αthin= 1.8

𝛿 = 3.3  
𝜈peak = 1.1 GHz  

• 𝜃 ~ 80 degrees: Very low polarization -> 
assume high LOS angle.

L ~0.5-0.6 Rsun : estimated from radio source 
size.

N : No independent estimate with radio

(Dulk & Marsh, 1982)

αthinαthick

𝜈peak



2014-September-01 Event - FERMI GBM
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• From behind the limb flare: Fit FERMI GBM 
spectrum thermal + thin target source 
model.



2014-September-01 Event - FERMI GBM
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EX FERMI GBM Count Flux vs Energy with Fit Function
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• Possibility radio and X-ray are from 
same energetic electron distribution? 

• From behind the limb flare: Fit FERMI GBM 
spectrum thermal + thin target source 
model.



2014-September-01 Event - FERMI GBM
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40.8 to 50.5 keV (Data-Bk)
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Orfées 445 MHz
(arbitrary flux)

• 𝜉 = 2.2x1045  cm-3 

𝛿 = 3.1

[n0V0F] = 1.0x1054 electrons s-1

E0 = Emin = 9.1 keV
m = electron mass 
V0 = ? Distribution of volumes from  
Warmth and Mann (2013). Estimate of 
1027 cm3

Vnth = ? Assumed the same as V0
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thin2 0.109,3.44,362.,14.4,12.2,3.20e+04 
vth 0.000430,2.15,1.00  full chian 1.26e-04
vth+thin2

Fit Interval 84   Chi-square = 1.27

1-Sep-2014 10:59:57-11:00:01 (Data-Bk) —
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19.5 to 30.3 keV (Data-Bk)

21-Jul-2016 12:14 

 

 

 

Detectors: NAI_05
30.3 to 40.8 keV (Data-Bk)
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30.3 to 40.8 keV (Data-Bk)
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Detectors: NAI_05
40.8 to 50.5 keV (Data-Bk)
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4.3 to 9.6 keV (Data-Bk)
9.6 to 14.7 keV (Data-Bk)
14.7 to 19.5 keV (Data-Bk)
19.5 to 30.3 keV (Data-Bk)
30.3 to 40.8 keV (Data-Bk)
40.8 to 50.5 keV (Data-Bk)
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Orfées 445 MHz
(arbitrary flux)

• 𝜉 = 2.2x1045  cm-3 

𝛿 = 3.1 

[n0V0F] = 1.0x1054 electrons s-1 

E0 = Emin = 9.1 keV 
m = electron mass  
V0 = 1027 cm3, Vnth = 1027 cm3 
N = 9.0x107 cm-3 (6% of background density). 
𝛳 = 80°, L = 0.5 Rsun, 𝜈peak = 1.1 GHz  

B = 5 G at 1.2 Rsun



Conclusions

• Eruption off the east limb with large radio 
sources. 

• Type IV with a gyrosynchrotron spectrum 

• FERMI GBM burst detected 

• X-ray and radio both give same non-thermal 
electron spectral index of 3.1-3.3  

• Estimate of non-thermal electron number 
density from X-ray 

• X-ray and radio parameters allow for CME B-
field strength of 5 G

eoincarley@gmail.com

mailto:eoincarley@gmail.com?subject=


2014-September-01 Event

• Pesce-Rollins et al. (2015): Study of 
FERMI-GBM observat ions of 
behind the limb events



2014-September-01 Event - SFU ‘burstiness’
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