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Thermalization in Magnetar X-ray Flares



Direct Emission of Strong Radio Pulses 
during Magnetar Flares

C. Thompson     CITA

Relativistic outflow dominated by large-scale (𝐵!,𝐸")

𝜔 Δ𝑡 ~ 4×10#(𝜈/GHz)(Δ𝑡/msec)

⟹ Small-scale structure in expanding EM field:   

Shock   +    Frozen Turbulence / Current Sheets

arXiv:2209.11136



Direct Emission of Strong Radio Pulses 
during Magnetar Flares
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Relativistic outflow dominated by large-scale (𝐵!,𝐸")

𝜔 Δ𝑡 ~ 4×10#(𝜈/GHz)(Δ𝑡/msec)

⟹ Small-scale structure in expanding EM field:   

Indirect emission:   particle bunching + maser emission

Direct emission:   magnetic islands à X-mode

frozen turbulence + shock  à O-mode  (X-mode)
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Favored Polarization:   

Freezing:
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Radio emission feeds off mismatch in 𝐵! at separatrix –
dynamic current, charge starvation, longitudinal e+- excitation
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Green Function Solution for 
Expanding Thin EM Shell
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1. Linear transformation
Subluminal à Superluminal

2. Reflection of (variable)
ambient B-field

E = Bex

E = - Bex



Linear Interaction of 
Zero-Frequency Modes with Shock



Linear Interaction of 
Zero-Frequency Modes with Shock



Linear Interaction of 
Zero-Frequency Modes with Shock



Collision of two uniform shells

(Limitation:   shell expansion strongly inhomogeneous  if  LP4 >> LP1
peak Lorentz factor underestimated)



Modes Excited Downstream
of Forward Shock



Comparison with Electromagnetic Maser Shock Instability (X-mode)

Energy-dependence:
frozen modes linearly damped
at smaller r in higher-E bursts


