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SNRs in FIR (≥25 µm) 

Spitzer 24 um + Herschel 70 and 160 um  

gl=10.6 to 13.8 deg 



FIR Emission from SNRs   

•  Thermal emission from dust collisionally 
heated by X-ray emitting hot plasma  

– Td~40-80 K   (cf) ISM dust Td~20 K 

Equilibrium dust T (Dwek 1987)


λ (µm)
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Wide range  
•  Dust destruction 
•  Low Dust-To-Gas  ratio 
•  Extra heating   
•  Line contribution 

•  IRAS era 
–  Dwek 1981; Draine 1981; Dwek+ 1987; Graham+ 1987;

 Arendt+ 1990, 1992 
–  Infrared to X-ray (IRX)  flux ratio > 1                   
à IR dust cooling is more efficient than the gas cooling 

IR Cooling of SNRs   


𝐼𝑅𝑋 𝑟𝑎𝑡𝑖𝑜 = ​​Λ↓𝐼𝑅  (𝑇)/​Λ↓.𝑋  (𝑇) 


where ​Λ↓𝐼𝑅  (𝑇) and ​Λ↓𝑋  (𝑇) ar
e  dust IR and gas X-ray (0.
2-4.0 keV) cooling functions
 (cm3 s-1)


IRX Diagram 



•  Post IRAS era 
–  Spitzer MIPSGAL, AKARI FIS All Sky, Herschel Hi-GAL  

•  18/95 (Reach+06), 39/121 (Goncalves+11), 59/294 (Jeong+ 15 PhD thesis)  
à  IRX flux ratios: 1987A (Dwek+ 2008), Puppis A (Arendt+ 2010; Dubner+ 2013), 

RCW 86 (Williams+ 2011), 13 SNRs (Pinheiro Goncalves+ 2011) , … 

In this work, we present an IRX diagram for a sample 
of 20 Galactic SNRs and explore how the natural and/
or environmental properties of SNRs affect the IRX flu
x ratios. 

IRAS

Spitzer


AKARI
 Herschel




20 Target SNRs
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Red= Spitzer 24 um; WISE 22 um 
Green=Chandra 0.3-2.1 keV; ROSAT; XMM




IR to X-ray correlation


r 50 = 0.76
r 50 =-0.59


•  Correlation coefficient r50 
– Bright pixels contributing 50% of either IR or X-ray fluxes 
– r50=-0.59 to 0.76 



IR/X-ray parameters of SNRs


•  Infrared: FIR, Td 
–  Spitzer MIPS 24 um flux, Herschel                     PAC

S 70 um flux + others  
–  7 SNRs from previous studies 

•  Kepler, Cygnus Loop, Cas A, Tycho, MSH 11-54, Kes 17, RCW 86 

–  Caveat: MIR line emission 
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•  X-ray: FX, Te, ​𝝉↓𝒊𝒐𝒏  
–  Chandra 0.3-2.1 keV + others 
–  Either all parameters are from previous works or onl

y FX is derived in this work, except 3 SNRs for which 
we derived improved fit parameters 

•  G11.2-0.3, Kes 73, RCW 103 

β=2 



IRX Diagram


•  IRX flux ratio   ​𝑹↓𝑰𝑹𝑿 = ​​𝑭↓𝑰𝑹 /​𝑭↓𝑿   (=0.32-204) 
– SNRs with RIRX>30 are the ones with large negative r50 

Dwek+ 1987


​​𝚲↓𝒅 /​𝚲
↓𝟎.𝟑−𝟐
.𝟏 𝒌𝒆𝑽     

in equilibrium without dust destruction




Time-dependent Collisional Heating    


Dust cooling 𝚲𝒅

 Gas cooling 𝚲𝑿



𝜏𝑖𝑜𝑛 (c (c
m-3 s) 
    =108 

•  Plane shock model   
–  Dust cooling 

•  Dust destruction by sputtering  
•  ISM dust model (Weingartner & Draine 2001)  
•  MRN size distribution (Mathis et al. 1977)   

–  NEI X-ray cooling  with abundance variation 
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IRX flux ratio due to collisional cooling 

Theoretical IRX flux ratio


•  Even if we consider the dust destruction an
d NEI cooling, most SNRs are below the the
oretical curve.  (𝝉𝒊𝒐𝒏 from X-ray~1011 cm-3 s)  from X-ray~1011 cm-3 s) 



Obs. vs Theoretical IRX Flux Ratios  


Young SNRs with X-ray e
mission from SN ejecta


Low DTG ratio? 


RIRX,obs=0.1 RIRX,coll 


RIRX,obs= RIRX,coll 




•  SNRs interacting with dense ambient mediu
m  & shock is radiative. 

 UWIFE [Fe II]+UWISH2 H2                     CO


SNRs with High RIRX,obs/RIRX,coll


3C 391


Wilner+ (1998) 

Chen+ (2004) 

   AKARI/Spitzer                    X-ray             


X-ray emitt
ing hot gas


ISM


SNR  
blast wave


Dense  
cloud


Lee, J.-J.+ (2012) 

IC 443


          [Fe II]+H2                       


   AKARI/Spitzer                    X-ray             


IR emission from
 dust heated by s
hock radiation 




•  SNRs with high RIRX,obs/RIRX,coll  have low (4
0-50 K) dust temperature


à The SNRs with high IRX flux ratios are the ones int
eracting with dense environment and their IR emissio
n is probably from radiatively heated dust.  



IRX Diagram of LMC SNRs


Seok+ 2015 


•  Similar trend in IRX flux ratios 
•  IRX ratios of  LMC SNRs are systematically l

ower than those of the Galactic SNRs  
–  DTG ratio of LMC = 0.0017 (cf) Milky Way = 0.0062  

     definite 

     partial  

     lack of  
 
resemblance betw
een IR and X-ray 
morphologies




Summary

•  IRX diagram can be helpful in understanding 

the natural and/or environmental properties 
of SNRs. 

Koo et al. 2016 




LMC SNRs  (Seok+ 08,13) 

Image:  MCELS  Ha, [SII], [OIII]  

29  out of 47 SNRs 

AKARI LMC su
rvey (Ita+08) 
 
SAGE survey (M
eixner+06) 

O: N/MIR SNR 
O: MIR SNR 

O: No IR SNR 


