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1-1. Previous NIR Studies – (1) 

■ Strong emission lines of [Fe II] and/or H2 from shocked 

circumstellar medium or molecular cloud around the 

Galactic supernova remnants 

(see below: NIR spectrum of RCW 103) 
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1-1. Previous NIR Studies – (2) 

1. Excitation mechanism of NIR [Fe II] around SNRs 

  => mainly excited by electron collision in a 

   “partially ionized region” where Fe+ and e- coexist. 

  => Post shock cooling region behind fast, J-shock 

2. Excitation mechanism of H2 around SNRs 

   => collisional excitation by SN shock 

   => “slow” (<50 km/s), non-dissociative C-shock  
 

=> Useful tools for investigating the evolution and 

environment of SNRs. 
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1-1. Previous NIR Studies – (3) 

■ [Fe II] and H2 trace fast J-shock 

  and slow C-shocks, respectively. 

 => [Fe II] should be ahead of H2 
 

■ In observations, H2 emission 

extends the outside of the radio 

and [Fe II] emission line boundary. 

=> “[Fe II]-H2 reversal” problem! 

 (e.g., Koo et al. 2007, Oliva et al. 1990) 

=> it is not well known so far… 
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* IRAS 12μm background 
1-2. UWIFE & UWISH2 

I. Introduction 

■ UKIRT Widefield Infrared Survey for [FeII] / H2 
(UWIFE/UWISH2) 
=> 1st Galactic plane ( 7 < l < 65; -1.3 < b < +1.3 ) 
=> Narrow-band filters: [Fe II]-1.644 / H2-2.122 μm 
=> 79 SNRs are fully covered by the Field Coverage 
=> 5 SNRs show “[Fe II]-H2 reversals”     (Lee et al. 2017, in prep.) 



1-3. “[Fe II]-H2 reversal” - (1) 

I. Introduction 

W49B – [Fe II]                             H2                                           

3C 396 – [Fe II]                            H2                                           



SNR G11.2-0.3 
 

Fig. 1 – The continuum-
subtracted [Fe II] and H2 
image of G11.2-0.3. The 
black contours represent 
the VLA 1.4GHz radio 
continuum. The bright 
donut-like features in the 
right panel are the 
diffraction pattern of the 
saturated star arising from 
the WFCAM. 

[Fe II] – 1.64um                              H2 – 2.12um 

■ H2 emission extends the outside of the radio and 
[Fe II] emission line boundary →“[Fe II]-H2 reversal” 
=> How can the H2 be excited so far beyond the 
SNR itself? 

 

=> We have to check the excitation mechanism first. 

1-3. “[Fe II]-H2 reversal” - (2) 

I. Introduction 



From flux ratios of H2 and their line widths 
 

■ To find the excitation mechanism of the H2 emission 
 

■ To explain the “[Fe II]-H2 reversal” in SNRs 

 
■ Excitation mechanism of H2 around SNRs 

(1) Collisionally excitation by (SN) shock 
   => thermal line ratios (Boltzmann distribution) 
   => ortho:para ~ 3:1 
   => broad line width (> a few 10 km/s) 
(2) Radiatively excitation by FUV photons 
   => stronger high vibrational lines (v>3) 
   => ortho/para < 3 (empirically, 1--2) 
   => narrow line width (a few km/s) 
 

1-4. Purpose of this study 

I. Introduction 



2-1. IGRINS Observations 

II. Observations & Data Reduction 

■ We observed NIR spectra at a few slit positions 

per SNR along the extended H2 filaments using 

IGRINS in 2015 June and 2016 July.  

 

■ One slit position, G11.2-0.3 - SE, was observed 

during the “IGRINS Test Run” in 2014 May. 



2-2. Slit Positions 

II. Observations & Data Reduction 

(a) G11.2-0.3             (b) KES 73                  (c) W44 
 
 
 
 
 
 
 

(d) 3C 396                  (e) W49B 



2-3. Data Reduction & Analysis 

II. Observations & Data Reduction 

■ Data reduction pipeline, v2.1 alpha 

developed by J.-J. Lee 

=> one-dimensional spectrum with variance 

 

■ We detected H2 1-0 S(1) 2.12um and H2  1-0 S(0) 

2.22 um, and performed a single Gaussian fitting 

for the lines (See next slide in more detail) 

 

■ Photometric calibration was done 



3-1. Three Physical Paramenters 

III. (preliminary) Results 



3-2. Radial Velocity at LSR  

III. (preliminary) Results 

■ Systematic velocity of the SNRs from radio observations 
*  G11.2-0.3: +45 km/s (Green et al. 1988) 

*  KES 73: +84 < vLSR < +110 km/s (Tian and Leahy 2008) 

*  W44: +42 km/s 

*  3C 396: +60 km/s (Caswell et al. 1975) 

*  W49B: +40 < vLSR < +70 km/s  

■ vLSR we derived are well consistent with their vsys. 

=> H2 we detected are indeed associated with the SNRs. 



3-3. Flux Ratio 

III. (preliminary) Results 

■ Line ratio of  H2 1-0 S(0) 2.223um to 1-0 S(1) 2.122um 
* The typical ratios in PDR:    0.4 < Ratio < 0.6 (Luhman et al. 1998) 

* In thermal condition at T=2000 K, Ratio ~ 0.2 (Black & van Dishoeck 1987) 

■ The extinction-corrected ratios range from 0.14 to 0.24. 

=> Collisionally excited H2, rather than FUV florescence. 



3-4. Level Population Diagram 

III. (preliminary) Results 

■ We detected a dozen of H2 

lines within the waveband in 

the SE knot of G11.2-0.3 

 

=> The H2 level population 

diagram (see left) implies 

that the emissions are arising 

from the collisionally excited 

H2 gas with a temperature of 

2500--3000 K. 



3-5. Line Width 

III. (preliminary) Results 

■ Intrinsic Line width in FWHM 
=> Intrinsic line widths are ranging from 11 to 13 km/s. 
     : Collisionally excited by Shock! 
=> Themal broadening: Tthermal = 5000 ~ 8000 K 
     : Some portion of the broadening is from its turbulence. 



4-1. Finding Origin of Shock 

■ Are those H2 lines collisionally excited by “Shock”? 

=> Thermal line ratio with a few 1000 K 

=> Broad line profile with >10 km/s 

 

■ Origin of the shock 

=> What kind of shock is exciting the circumstellar/ 

interstellar H2 gas? 

1) Magnetic precursor of SN shock 

2) Projection effects by complex structure of SN shock 

3) non-dissociative C-type, pre-SN wind shock 

IV. Discussions 



4-2. Possible Solution - Precursor 

■ Length scale of precursor extended from the shock front 
1) magnetic precursor: 1015 – 1017 cm (Draine & McKee 1993) 

=> For KES 73, the separations between [Fe II] and H2 are ~3--5” 

     corresponding to a few 1017 cm. 

=> For other SNRs, it is ~1018 cm, so the magnetic precursor is 

not likely to explain their extended H2 filaments. 

IV. Discussions 

H2 

[Fe II] 

Pre-shock 
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4-3. Possible Solution – Projection 

■ Two different shocks propagating into different ways 

=> this picture shows “[Fe II]-H2 reversal” in our sight. 
 

■ “[Fe II]-H2 reversal” in all the SNRs (except G11.2-0.3) can be 

explained by the projection effect. 

IV. Discussions 
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■ For G11.2-0.3, it is hard to explain the large separation 

between [Fe II] and H2 by projection effect . 

=> 5 pc / 1600 years ~ >3000 km/s =>  Non-Radiative 

=> No X-ray and Radio emission inside of the H2 filaments 

■ Need additional Solutions for this SNR? 

4-4. Possible Solution – G11-0.3 

IV. Discussions 

5 pc 

AD 386: 1600 yrs old 

X-ray                                                NIR H2                                              Radio 



5. Summary 

V. Summary 

■ vLSR of H2 line is well consistent with the vsys of the SNR. 

=> The H2 line is indeed associated with the SNR. 
 

■ H2 lines are collisionally excited by Shock. 

=> Thermal line ratios and broad line widths 
 

■ Two Possible Solutions explaining the “[Fe II]-H2 reversal” 

(1) Magnetic Precursors of SN Shock 

   => KES 73 can be explained by this solution 

(2) Projection Effect by complex structure of SN shock 

   => Possible, but not for G11.2-0.3 

   => Need additional solutions for G11.2-0.3? 


