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prelude 

mixed bag of optical/IR IFS tidbits
Seitenzahl+ 2011, MNRAS, 414, 2709
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Tanaka & Takahara (2013) MNRAS, 429, 2945

SNR B0540-69.3



B0540–69.3

Chandra ACIS RGB   Credit: NASA/CXC/SAO



B0540–69.3 
PWN sweeping up ejecta

UT4 VLT Sinfoni [Fe II], Vogt, Seitenzahl et al., unpublished
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supernova remnant tomography  
 with 

coronal lines in the shocked ejecta
Seitenzahl+ 2011, MNRAS, 414, 2709



Coronal lines
Voulgaris et al. 2012, Solar Physics, 278, 187



Coronal lines
Voulgaris et al. 2012, Solar Physics, 278, 187

Low lying forbidden 
transitions, collisional 

excited, of highly ionised 
atoms emitting in the optical.  

[Fe XIV] 5303 
[Fe X] 6374 

T ~ 10 - 20 MK
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SNR 0509-67.5 
R: X-ray, G: Fe XIV, B:Ha
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N103B 
R: X-ray, G: Fe XIV, B:Ha



N103B 
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N103B 
R: X-ray, G: Fe XIV, B:Ha



Type Ia (thermonuclear) supernova 
remnants 

Accelerate CRs at forward and reverse shocks! 
(but probably most are TeV dark) 

What’s the mass  
of the exploding WD?

Seitenzahl+ 2011, MNRAS, 414, 2709
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Back of the  
envelope estimates 

➡ Collisionless shock, from strong shock jump conditions:

➡ kT = 3 /16 m (vsh)2 

➡ Behind the shock, ideal gas law

➡ 3/2 kT = 1/2 m (vth)2

➡ Combining both equations, we get

➡ vsh = 4/3 vth

➡ This relates the measured FWHM to the shock velocity

➡ Ion-ion equilibration would modify 



[S XII] 7613.1 (red) 
[Fe IX] 8236.8 (blue)



BLASPHEMER models 
BLASt Propagation in Highly EMitting EnviRonment 

by Martin Laming 
 



BLASPHEMER models 
BLASt Propagation in Highly EMitting EnviRonment 

by Martin Laming 
 

Different lines probe different  
depths of the ejecta: 

SNR tomography!



Shock velocities 
time-dependent  

Leahy & Williams, ascl:1703.006 



Shock velocities 
time-dependent  

Leahy & Williams, ascl:1703.006 

SNR tomography has the  
potential to probe the time-
evolution history of the RS
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Final thoughts 

➡ Optical IFU observations of SNRs & PWNe

➡ Broad coronal lines in ejecta behind RS in three young Type 

Ia SNRs in the LMC: NEW DIAGNOSTIC

➡ Gives direct handle on reverse shock speed (history)

➡ If ages are known we constrain explosion parameters via 

SNR evolution models

➡ (mass, ambient density, explosion energy)

➡ 0519-69.0 (normal SN Ia) well matched by 1.4 Msun

➡ 0509-67.5 (1991T-like) best matched by 1.0 Msun 
(Seitenzahl, Ghavamian, Laming & Vogt, PRL 123, 041101)
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Figure 1: Type Ia supernova remnant N 103B with coronal [Fexiv] emission showing up as a fluorescent green triangle.
This image was generated using a new tomographical technique, based on a spectrum extracted from the position of
the yellow dot. See Seitenzahl et al., 2019, Phys. Rev. Lett. 123, 041101.
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PRL and MCN 
covers 
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