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Supernovae and Supernova Remnants in the 
IXO Era 

Discussions here with Jacco Vink and others. Contact 
me if you want to contribute or help review. 
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In SNe Ia C-O burns at high P and T to nuclear statistical equilibrium (NSE) 

In CC SNe, Fe-group elements form explosively at temperatures of 4-5x109 K 
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Nucleosynthesis in nuclear statistical equilibrium (NSE) depends 
on temperature, density, and Ye (neutron excess) 

Increasing neutron excess From Frank Timmes 



Cassiopeia A 

Chandra image 



Cassiopeia A 

Chandra image convolved with IXO beam 

Complete census (mapping and 
dynamics) of 44Ti production 



Tycho Supernova Remnant 

Chandra image 

Delayed detonation model 
XMM data 



Tamagawa et al. 09, PASJ, in press  

Suzaku detection of secondary 
peak Fe-group elements: 

Cr (>10σ) and Mn (>7σ) Kα 
emission lines from Tycho SNR 

ejecta  

Mn/Cr mass ratio in SNIa 
explosions is a strong function of 

the progenitor’s metallicity 
(Badenes, Bravo, & Hughes 

2008) 





Badenes, Bravo, & JPH 2008, ApJL, 680, L33 



Chandra image convolved with IXO beam 

Chandra image 

IXO can detect the 
Mn and Cr Kα lines in 

Tycho  on spatial 
scales of 15”  in 

exposures of 200 ks 
or less. (How did the 

Fe-rich knots on 
eastern limb form?) 

IXO will map the 
spatial distribution of 

Fe-group trace 
elements in ~10 

remnants of SN Ia’s  



This image plots the deep 
Chandra images of M33 
(Plucinsky et al. 2008) convolved 
with IXO’s PSF, showing that 
most X-ray sources are cleanly 
resolved. M33 and M31 will be 
fertile ground for X-ray spectral 
studies of many  source 
populations, especially SNRs.   

2 arcmin 



There is growing evidence that 
bright and dim Type Ia SNe 
have different progenitors 
(Scannapieco & Bildsten 2005). 
X-ray spectra of the remnants 
can distinguish between SN Ia 
subtypes (Badenes at al. 2006, 
2008). IXO simulations (left) 
show obvious differences 
between bright (Fe-rich) 
subtypes (red curve) and dim   
(Fe-poor) ones (blue) in 100 ks 
long observations of 400-yr old 
SNRs.   

An example science project, once young SN Ia remnants are found in M33: 

 IXO will allow a statistical study of SN 
Ia progenitor properties in relation to 
stellar populations in M33 (and M31).  



X-ray Polarization 
SNRs like RXJ 1713.7-3946 (below left) and pulsar wind nebulae like the Crab 
Nebula (below right) are dominated by nonthermal synchrotron X-ray emission 
and therefore are prime targets for X-ray polarization studies.  

By examining how the polarization fraction varies across the shock in RXJ 
1713.7-3946 we may be able to test whether the amplified magnetic field 
(turbulent) decays away post-shock (Pohl et al. 2005). The polarization 
fraction as a function of energy may help identify the thermal emission. 



Early time emission from SNe 



The Physics of Shocks 


