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B-field 
amplification 

Radiative cooling 
Photo-heating 

etc

Ejecta 
model 

(SNe sim.)

1-D Model Infrastructure
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Iterative 
Work Flow

CR-hydro 
Model

Dynamics, DSA,  
B-field, ionization, radiation

Multi-λ  
Data

Constraints!

Nucleosynthesis 
Element mixing 

Mass loss

Initial conditions

SN ejecta 
Model

Nozawa+

Radio

X
GeV

TeV
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Hydro + Spectral Model  
of Young SNRs
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e.g. HL+ (2013) Vela Jr.  
Slane, HL+ (2014) Tycho’s SNR

Size and Expansion Rate

Radio

X
GeV

TeV

Hadronic 
ECR = 0.16 ESN

Leptonic 
ECR = 0.15 ESN

Radio

X GeV TeV

Vela Jr.
Tycho

H.E.S.S.

LAT



Non-thermal Emission of Middle-aged SNRs
Radio Synch π0 Gamma

VLA
LAT

sec. e
+e- 

pri. e- 

π0
LATVLA

Energy flux vs time

SNR W44 
Radio (VLA)  
IR (Spitzer) 
+ OH masers

~ 2.9 kpc 
~10,000 yr old

LAT

W44

Preliminary 
HL+ in prep



Thermal X-rays
Thermal X-rays of young SNRs tell us 
many things 

Ejecta and CSM chemical composition 

Temperatures and motions (ions, e-) 

Ionization states 

Even CR acceleration history 

Non-equilibrium ionization and 
temperature evolution of 152 ion species 
in ejecta and CSM  

Detailed thermal X-ray spectrum            
(self-consistently with non-thermal)
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Future X-ray spectroscopy by Astro-H
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RX J1713

Vela Jr.
ΔE = 7 eV

Suzaku Non-thermal PL only

12keV0.3keV

12keV0.3keV

prediction for SXS ASCA

Our broadband models make robust predictions for Astro-H 

prediction for SXS

e.g. HL+ 2013



Part II 
M. Ono’s talk this afternoon
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All these cool features will eventually be migrated to 
or combined with a 3-D MHD platform

Closer link between multi-D SN simulations and SNR 
models will become possible!

3 pc
M. Ono (Kyushu Univ)

B-fieldDensity



Summary
SNRs never end to challenge us with puzzling phenomena 

High astrophysical significance  

Origin of CRs, chemical enrichment and turbulence in ISM, late evolution of 
massive stars, SN explosion geometry, nucleosynthesis, etc… 

Treasure troves of fundamental physics 

Collisionless shocks, DSA, wave-particle interactions, MHD/HD instabilities, and 
other plasma physics 

A true understanding of SNRs from engine to remnant requires 
confrontation of new data with improving models 

We need close connection among stellar, SN, SNR, plasma and 
nuclear physics communities in Japan to fulfill our ambition
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