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Motivation 

¤  Our recent IR observations revealed CSM in SNRs  
¤  Pre-existing structure before SN explosion 

¤  Mass-loss through stellar wind 

¤  Diverse characteristics 

¤  Size, density, progenitor type … 

G292.0+1.8 AKARI 24:15:7um 
(Lee et al. 2009) 

G11.2-0.3 [Fe II] - H 
(Koo et al. 2007) 

3C396 H2:[Fe II]  
(Lee et al. 2009) 



If CSM shell exists,  

¤  Present SNR ejecta/shock  
¤  Interacting with CSM with velocity of 100-10,000(?) km/s  

¤  Soon after SN explosion (SNR phase?) 
¤  Light moves first 

¤  Light echo 
¤  For pc scale CSM, SN light can reach in a few years 
¤  Peak at MIR  

¤  Two epochs of interaction 
¤  Light echo 
¤  Interaction by ejecta/shock 



Example: G11.2-0.3 

¤  One of the brightest [Fe II] emission in SNRs 
¤  Southeastern shell : circumstellar materials (CSM) or ejecta 

VLA 20cm;                              Palomar K:H2:[Fe II] 
R ~ 3 pc (at d = 5 kpc) 
(data from Green 1988)             (Koo et al. 2007) 

consider that the uncertainties due to the calibration errors are
less than the statistical errors quoted in this paper (Table 2). For
the wavelength solutions of the spectra, we used theOH sky lines
(Rousselot et al. 2000).

3. RESULTS

Figure 1 (right) is our three-color image representing the NIR
[Fe ii] 1.644 !m (B), H2 2.122 !m (G ), and Br" 2.166 !m (R)
emission of the SNR G11.2!0.3. We also show for comparison

an 1.4 GHz Very Large Array (VLA) image, which was obtained
by Green et al. (1988) in 1984Y1985 with 300 resolution.
Note that the expansion rate of G11.2!0.3 at 1.4 GHz is

0:05700 " 0:01200 yr!1 (Tam & Roberts 2003), which amounts
to #100 over the last 20 years (see also x 3.1.3). The NIR emis-
sion features in Figure 1 can be summarized as follows: (1) an
extended (#2.50), bright [Fe ii] filament (blue) along the south-
eastern radio shell; (2) some faint, knotty [Fe ii] emission features
along the northwestern radio shell, as well as in the interior of
the source; (3) a small (3000), bright H2 filament (green) along the
outer boundary of the source in the southeast; and (4) another
small, faint H2 filament outside the northeastern boundary of the
source. Overall, the [Fe ii] filaments are located either within the
radio shell or inside the source, while the H2 filaments are along
the radio boundary or even outside it. We have not found any
apparent Br" filament in our rather shallow imaging observation,
although we have detected faint Br" line emission toward the
[Fe ii] peak position in our spectroscopic observation. In the fol-
lowing, we summarize the results on the [Fe ii] and H2 emission
features.

3.1. ½Fe ii% 1.644 !m Emission

3.1.1. Photometry

In order to see the [Fe ii] emission features more clearly, we
have produced a ‘‘star-subtracted’’ image (Fig. 2). We first per-
formed point-spread function (PSF) photometry of H-cont and
[Fe ii] 1.644 !m images and removed stars in the [Fe ii] 1.644 !m
image if they had corresponding ones in the H-cont image. This
PSF photometric subtraction left residuals around bright stars,
which we masked out. The faint stars, which were not removed
by the PSF subtraction, because the H-cont image is not as deep
as that of [Fe ii], were then removed by subtracting the median
value of 15 ; 15 nearby pixels. Figure 2 is the final star-subtracted
image, where we can see the detailed features of [Fe ii] emission
more clearly.
As in Figure 1 (right), the extended filament within the south-

eastern SNR shell, hereafter the [Fe ii]YSE filament, ismost prom-
inent. The filament is composed of two bright, 3000 long, elongated
segments in the middle and two clumpy segments at the ends.
The one at the southern end is a little bit apart from the other

TABLE 2

Detected Lines and Their Strengths

Relative Strengthb

Wavelengtha Transition Observed Dereddened

[Fe ii]Ypk1c

1.2567............... [Fe ii] a 4D7/2!a 6D9/2 0.314 (0.010) 1.04

1.5335............... [Fe ii] a 4D5/2!a 4F9/2 0.116 (0.004) 0.151 (0.005)

1.5995............... [Fe ii] a 4D3/2!a 4F7/2 0.102 (0.003) 0.113 (0.003)
1.6436............... [Fe ii] a 4D7/2!a 4F9/2 1.0 1.0

1.6638............... [Fe ii] a 4D1/2!a 4F5/2 0.052 (0.002) 0.050 (0.002)

2.1661............... H 4Y7 Br" 0.030 (0.004) 0.013 (0.002)

H2Ypk1
d

2.0735............... H2 (2Y1) S(3) 0.13 (0.01) 0.14 (0.01)
2.1218............... H2 (1Y0) S(1) 1.0 1.0

a Rest wavelengths of the identified lines.
b Line fluxes relative to the [Fe ii ] 1.644!mflux for [Fe ii]Ypk1 and relative to

the H2 2.122 !m flux for H2Ypk1. The numbers in parentheses are 1 # statistical
errors. The observed [Fe ii ] 1.644 !m surface brightness at [Fe ii]Ypk1 is
1:9(0:2) ; 10!3 ergs cm!2 s!1 sr!1, and the H2 2.122 !m surface brightness at
H2Ypk1 is 3:0(0:3) ; 10!4 ergs cm!2 s!1 sr!1, according to our narrowband im-
aging photometry.

c The coordinate of the [Fe ii] 1.644 !m peak position is (18h11m34.76s,
!19&26030.000). The slit was slightly off from the peak position, and the spectrum
was extracted from a 300 ; 100 area (P:A: ¼ 38&) centered at (!$; !% ) ¼
(þ1:400 " 0:200; !0:800 " 0:200) from the peak position (see Fig. 3).

d The coordinate of the H2 2.122 !m peak position is (18h11m32.26s,
!19&27010.500). The slit was slightly off from the peak position, and the spec-
trum was extracted from a 300 ; 100 area (P:A: ¼ 59&) centered at (!$; !% ) ¼
(þ 0:500 " 0:500; !0:500 " 0:500) from the peak position (see Fig. 9).

Fig. 1.—Near-infrared image compared with radio map of G11.2!0.3. Left: VLA 1.4 GHz map from Green et al. (1988). The cross marks the position of the pulsar.
Contour levels are 0.5, 1, 2, 3, 4, 6, and 8mJy pixel!1, where the pixel size is 1:400 ; 1:400. Right: Three-color image generated from [Fe ii] 1.644 !m (B), H2 2.122!m (G ),
and Br" 2.166 !m (R). The 2 mJy pixel!1 radio contours are overlaid to mark the SNR shell.
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Let’s  
observe here! 

Position of pulsar 
SN AD386? 



Integral field unit (IFU) observations of 
G11.2-0.3  

¤  IFU observations 
¤  FISICA + FLAMINGOS on Kitt peak 4m telescope 

¤  Image slicer : FISICA (works like 21 long-slit spectrographs at 
a single exposure) 

¤  FoV = 16″x 33″! 

 
 

 
 

 

As noted above, FISICA has some significant differences from previous image-slicing IFU instruments.  Most 
prominently, the “slice” optics in three mirror arrays (slicer array, pupil array, and field mirror array) are manufactured 
from just 3 pieces of aluminum – one for each mirror array.  The details of the design strategy for this approach are 
detailed in a companion paper in these proceedings (Glenn et al., 2004).  However, the basic philosophy behind this is 
that monolithic mirror arrays are mechanically very robust and cryogenically reliable (as compared to clamping together 
22 delicate individually-fabricated mirrors for each array), and they are MUCH easier to align.  Essentially, all between-
slice alignments are offloaded to the manufacturing process, so that only 3 moving parts exist for all 66 “slice” mirrors.  
Secondly, the mirrors are all diamond-turned from the same billet of 6061-T6 aluminum and the same alloy as the IFU 
structural elements.  As a consequence of this precise CTE-matching, the entire IFU contracts homologously, so that 
alignments done at room temperature will remain valid at cryogenic temperatures. 

4. FISICA FABRICATION RESULTS 
All component fabrication for FISICA was completed in early 2004.  In Figure 3, we show each of the three key mirror 
arrays for FISICA – the slicer mirror array, pupil mirror array, and field mirror array. 

  

  
 

Figure 3 – Fabricated mirror arrays for FISICA prior to integration with the IFU structure.  (Top left) monolithic slicer 
mirror array and base.  (Top right) close-up of the slicer array; (Bottom left) monolithic pupil mirror array with 2x11 
geometry.  (Bottom right) monolithic field mirror array. 

 



Image construction 

¤  Gaussian fit at each pixel , JH bands 

Gaussian fit Extracting 
spectrum 



Images & spectra 

¤  Line images and average spectra 



Brightest Clump1 

¤  Bright enough to provide distributions in several transitions 

(Transition diagram 
  Oliva et al. 1990) 

I(1.26)/I(1.64um) 

I(1.53)/I(1.64um) 

T = 5000 – 10000 K 



Radiative shock model for radial 
profile 

9 

Near-IR IFU line images of G11.2-0.3 
(Lee et al. in preparation) 

 
Dense pre-supernova CSM medium: 
(1) localized (2) multi-shells 
 

Single component         

Radial cut 

¤  Results of shock model 
¤  Vs = 150 km/s, no = 300 cm-3  

(1) Fainter 
than model 

(2) broader 
than model 

Filled dot: intensity 

Open dot: line ratio 



CSM shell in G11.2-0.3 

¤  Southeastern CSM shell 
¤  Sum of thin filaments 

¤  Episodic mass loss from a progenitor star? 

¤  Other SNe/SNRs? 
¤  There may be similarity/dissimilarity 

¤  e.g. ring of 1987A  



SN 2002hh in NGC6946 (6Mpc) 

¤  Barlow et al. 2005 
¤  Spitzer   

¤  Day: 590, 758 

¤  Gemini North 11.2um (d) 

¤  2004 Sep. 26 

¤  900 s  

5.8um 

8um 

24um 

11.2um 



Dust shell or formation? 

¤  Likely dust shell 

¤  1.6x107 L¤, 290 K  

¤  R ~ 107 cm (~2 yr) 

¤  Md = 0.10-0.15M¤, M ~10 M¤   

 

¤  Unable to completely rule out dust formation in ejecta 



Our observations I: H, [Fe II] imaging 
of SNe in M51 and M101 

¤  About 1 year after explosion 
¤  UKIRT 3.8 m WFCAM 

¤  Plan: this summer 2013. 6 

 



M101 : SN Ia 2011fe 

[Fe II] – H          [Fe II]    H 



M51 : SN IIP 2011dh 

[Fe II] – H          [Fe II]    H 



Our observations II: 
near-IR HK spectroscopy 

¤  HK high-resolution spectroscopy on 2.7m  
¤  Korean Astronomy & Space Institute (with U. of Texas) 

¤  Operation: scheduled to start from late 2013  

¤  Submitted to one of scientific interests  



SNe bright at the time of detection 

¤    

IAU list of supernovae 



Summary 

¤  SNe/SNRs with dense shell 
¤  May have two interactions 

¤  Light 
¤  Shock 

¤  Our study focused on shocked shell 

¤  Interaction by light (light echo) is interesting 
¤  Ejecta/light echo (second interaction is expected) 
¤  Characteristic of shell (size, mass, …) 

¤  Proposal: Monitoring of known SNe 


