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Open Questions:

■ What is the origin of X-rays detected by the Chandra 
from young type IIP supernovae?

■ How fast was the progenitor losing mass via winds in 
the final phase before explosion?

■ How efficiently does the supernova accelerate cosmic 
ray electrons in its forward shock?

■ What is the extent of turbulent magnetic field 
amplification in the post-shock material?

■ Are synchrotron and inverse Compton losses important 
in explaining the radio light-curves?



Observations of SN 2004dj

■ Chandra X-Ray Observatory



Observations
of SN 2004dj

■ Radio
Observations



A Tale of Two Shocks

■ Reverse Shocked Material
■ Forward Shocked Material



A Tale of Two Shocks

■ X-ray Spectral Fitting
■ Model = wabs(powerlaw+apec)



A Tale of Two Shocks

■ Blastwave Velocity



A Tale of Two Shocks

■ Circumstellar Density
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■ Circumstellar Density



A Tale of Two Shocks

■ Forward-Shocked
material
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■ Forward-Shocked
material



A Tale of Two Shocks

■ Forward-Shocked
material X-Ray from Reverse Shock

Radio from Forward Shock



Time Evolution

■ Inverse Compton



Spectral Evolution

    High+Hard                           Low+Soft



Conclusions:

■ X-rays from both thermal and nonthermal processes
■ Progenitors lose around a solar mass per mega-year
■ Cosmic ray electron acceleration is very efficient
■ Lesser but comparable energy put into magnetic fields
■ Inverse Compton losses important for radio supernovae



Thanks

Catch up with me at:
schakrborti@fas.harvard.edu
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Time Evolution

■ Thermal X-Rays



Implications

■ Progenitors of type IIP Supernovae



Implications

■ Ionization Equilibrium



Implications

■ Particles and Magnetic Fields



A Tale of Two Shocks

Supernova bursts
Hot gas emits xray photons
Chandra catches them


