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Motivation 

¤  Origin of bright [Fe II] emission of G11.2-0.3 
¤  Bright clumps around shell : Circumstellar materials (CSM) 

¤   High velocity (100 km/s) knots around center : 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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Figure 1. Palomar high-resolution [Fe ii] 1.644 µm line spectra of the five knots (A–E) and the NW and SE filaments of G11.2–0.3. The values near the spectrum
peak represent the peak emission velocities. The velocities are after the subtraction of the +45 km s−1 systematic velocity of G11.2–0.3 (Green et al. 1988). The
intensities (i.e., y-axis) of the five knots are normalized by the peak intensity of the knot D, while those of the NW and SE filaments are normalized by their own peak
intensities. The central images present star-subtracted [Fe ii] 1.644 µm emission of G11.2–0.3 (Paper I), together with locations of the knots and filaments as well
as the slit positions. In the left panel the contours represent radio continuum emission, and the central cross corresponds to the pulsar J1811–1925 at (R.A., decl.) =
(18h11m29.s22, −19◦25′27.′′6) (J2000; Kaspi et al. 2001). The two arrows point to the slit positions of the NW and SE filaments. The image in the right panel presents
a magnified view of the [Fe ii] 1.644 µm emission around the center along with slit positions of the five knots. The thick solid contour represents the elongated X-ray
emission of the PWN; the dashed red contour does the boundary the PWN determined by radio tomography.

and used their line intensities to calculate the electron number
densities (see below). We also observed He i (1.083 µm) and
[S ii] (1.029–1.037 µm) lines from the knots and filaments, but
detected only the He i line emission from the SE filament. All the
knots and filaments were observed at least twice dithered along
the slit, and the sky emission, including the OH sky lines, was
subtracted using the dithered frame. In addition, we observed
the knot A with the Infrared Camera and Spectrograph (IRCS;
Kobayashi et al. 2000) of the 8 m Subaru Telescope on 2006 July
25. We obtained a spectrum covering almost the entire near-IR
atmospheric windows of zJHK bands in the range of 1.03–2.49
µm using the echelle mode with two Aladdin III 1024 × 1024
InSb arrays. The slit width of IRCS was 0.′′54 which corresponds
to the spectral resolution R % 5000.

Figure 1 presents the Palomar near-IR spectra of the [Fe ii]
1.644 µm transition of five Fe knots projected to be around the
center and two Fe filaments at the NW and SE boundaries of
G11.2–0.3 overlaid on a [Fe ii] 1.644 µm line emission image
(Paper I). The contours in the main left panel represent the VLA
radio image (Green et al. 1988). In the right panel, the thick
solid contour delineates the boundary of the strong Chandra
X-ray emission of the pulsar wind nebula (PWN) elongated in
the northeastern (NE) and southwestern (SW) direction, while
the red dashed contour represents the boundary of the PWN
from radio tomography (Kaspi et al. 2001; Tam et al. 2002).
The ejecta knots are projected to be within or close to the radio
boundary of the PWN. The [Fe ii] spectra exhibit clear velocity

differences among the knots and filaments: A, B in the east
are blueshifted by !1000 km s−1; C, D, E in the west have
relatively small blueshifts of " 60 km s−1. The NE filament,
in contrast, shows redshifts of !200 km s−1; the SW filament
has a small Doppler shift motion of –10 km s−1. The NW–SE
direction of the two filaments is almost perpendicular to the
NE–SW elongation direction of the X-ray PWN. We note that
in the spectra of the knots C and D there appear to be weak
emission components around –1000 km s−1, which are mainly
caused by the imperfect sky subtraction of the OH sky line at
1.6389 µm. The imperfect sky subtraction is also responsible
for the negative dips adjacent to the emission components in the
spectra. However, for the knot C, in addition to the contribution
from the imperfect sky subtraction, we find that there might be
additional emission from the source itself around –1000 km s−1,
although the intensity is too faint to be confirmed. Similarly the
weak emission component in the knot B around 0 km s−1 is also
caused by the imperfect sky subtraction of the OH sky line at
1.6442 µm.

The [Fe ii] 1.644 µm line spectra in Figure 1 show deviations
from a simple symmetric shape except for the SE filament.
It is apparent for B, C, and E with broad double-peak or
flat-top profiles, while A, D, and the NW filament appear to
have relatively weak secondary components slightly deviating
from a symmetric profile. Figure 2 compares their position–
velocity (P–V) diagrams of the [Fe ii] 1.644 µm line emission,
revealing the velocity structures more clearly. A and B in the east

Palomar long slit follow-up 
(Moon et al. 2009) 

Let’s  
observe here! 

Position of pulsar 
SN AD386? 



Early works (SNRs) 

¤  Shock model (Hollenbach & McKee 1989) 
¤  [Fe II] is strong near-IR line in shocked medium 

¤  First [Fe II] detection of SNR (Seward et al. 1983) 
¤  MSH15-52; [Fe II] intensity is comparable to Hß intensity 

¤  Graham et al. (1987, 1990) 
¤  IC443, Crab 

¤  Oliva et al. (1989) 
¤  RCW103, Kepler, N63A, N49, N103B 

¤  More observations 
¤  Cas A, Kepler (Gerardy & Fesen 2001), 3C391, W28, W44 (Reach et al. 2002, 

2005), W49B (Keohane et al. 2007), G11.2-0.3 (Koo et al. 2007, Moon et al. 
2009), 3C396 (Lee et al. 2009) 



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 reconstruction 

¤  Gaussian fit at each pixel , JH bands 

Gaussian fit Extracting 
spectrum 



Images & spectra 

¤  Line images and average spectra 



Bright structure 

¤  Long filamentary shell 
¤  Almost entire SE part of shell (a quarter of entire shell) 

¤  Clumps 1, 2, 3 

¤  Rest velocity  

¤  Velocity < 150 km/s (unresolved by R ~ 1500) 

¤  Simple structure 

¤  Bright peaks in the middle of shell 

¤  Similar morphologies at all line images 

¤  Consistent with result of SNR shock covering entire SE region 
¤  Supports CSM origin 



Properties of 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 



Properties of clump (II) 

¤  No correlation between intensity and ne (or Av) 
¤  Variation of extinction (Av) at southern area   

¤   Electron density (ne) is similar through out the clump1 

¤  High densities around the edge of clump1 

¤  Effect of Av is small for ne distribution  

¤  Average values 

Clump1 Clump2 Clump3

Visual-extinction 16-±-1 18-±-1 20-±-1

Electron-density-(cm=3) 9400-±-2100 8100-±-2800 4700-±-1000



Radiative model for radial profile 

10 

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 

(1) Fainter 
than model 

(2) broader 
than model 

Filled dot: intensity 

Open dot: line ratio 



High velocity component 

¤  Contribution by ejecta? 
¤  Flux of HV component : ~ 4 % of total flux 

¤  We detect only bright, fast, separated ones 
¤  Cannot totally exclude a possibility of CSM + ejecta 

¤  Observed velocity ~ 400 km/s 
¤  Moving speed (de-projected v) can approach to 1000 km/s 

¤    

Average spectrum 
of HV component 

High-velocity component (~-400 km/s) 



Bipolar distribution? 

¤  NW : redshifted component 

¤  SE : blueshifted component  
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Figure 1. Palomar high-resolution [Fe ii] 1.644 µm line spectra of the five knots (A–E) and the NW and SE filaments of G11.2–0.3. The values near the spectrum
peak represent the peak emission velocities. The velocities are after the subtraction of the +45 km s−1 systematic velocity of G11.2–0.3 (Green et al. 1988). The
intensities (i.e., y-axis) of the five knots are normalized by the peak intensity of the knot D, while those of the NW and SE filaments are normalized by their own peak
intensities. The central images present star-subtracted [Fe ii] 1.644 µm emission of G11.2–0.3 (Paper I), together with locations of the knots and filaments as well
as the slit positions. In the left panel the contours represent radio continuum emission, and the central cross corresponds to the pulsar J1811–1925 at (R.A., decl.) =
(18h11m29.s22, −19◦25′27.′′6) (J2000; Kaspi et al. 2001). The two arrows point to the slit positions of the NW and SE filaments. The image in the right panel presents
a magnified view of the [Fe ii] 1.644 µm emission around the center along with slit positions of the five knots. The thick solid contour represents the elongated X-ray
emission of the PWN; the dashed red contour does the boundary the PWN determined by radio tomography.

and used their line intensities to calculate the electron number
densities (see below). We also observed He i (1.083 µm) and
[S ii] (1.029–1.037 µm) lines from the knots and filaments, but
detected only the He i line emission from the SE filament. All the
knots and filaments were observed at least twice dithered along
the slit, and the sky emission, including the OH sky lines, was
subtracted using the dithered frame. In addition, we observed
the knot A with the Infrared Camera and Spectrograph (IRCS;
Kobayashi et al. 2000) of the 8 m Subaru Telescope on 2006 July
25. We obtained a spectrum covering almost the entire near-IR
atmospheric windows of zJHK bands in the range of 1.03–2.49
µm using the echelle mode with two Aladdin III 1024 × 1024
InSb arrays. The slit width of IRCS was 0.′′54 which corresponds
to the spectral resolution R % 5000.

Figure 1 presents the Palomar near-IR spectra of the [Fe ii]
1.644 µm transition of five Fe knots projected to be around the
center and two Fe filaments at the NW and SE boundaries of
G11.2–0.3 overlaid on a [Fe ii] 1.644 µm line emission image
(Paper I). The contours in the main left panel represent the VLA
radio image (Green et al. 1988). In the right panel, the thick
solid contour delineates the boundary of the strong Chandra
X-ray emission of the pulsar wind nebula (PWN) elongated in
the northeastern (NE) and southwestern (SW) direction, while
the red dashed contour represents the boundary of the PWN
from radio tomography (Kaspi et al. 2001; Tam et al. 2002).
The ejecta knots are projected to be within or close to the radio
boundary of the PWN. The [Fe ii] spectra exhibit clear velocity

differences among the knots and filaments: A, B in the east
are blueshifted by !1000 km s−1; C, D, E in the west have
relatively small blueshifts of " 60 km s−1. The NE filament,
in contrast, shows redshifts of !200 km s−1; the SW filament
has a small Doppler shift motion of –10 km s−1. The NW–SE
direction of the two filaments is almost perpendicular to the
NE–SW elongation direction of the X-ray PWN. We note that
in the spectra of the knots C and D there appear to be weak
emission components around –1000 km s−1, which are mainly
caused by the imperfect sky subtraction of the OH sky line at
1.6389 µm. The imperfect sky subtraction is also responsible
for the negative dips adjacent to the emission components in the
spectra. However, for the knot C, in addition to the contribution
from the imperfect sky subtraction, we find that there might be
additional emission from the source itself around –1000 km s−1,
although the intensity is too faint to be confirmed. Similarly the
weak emission component in the knot B around 0 km s−1 is also
caused by the imperfect sky subtraction of the OH sky line at
1.6442 µm.

The [Fe ii] 1.644 µm line spectra in Figure 1 show deviations
from a simple symmetric shape except for the SE filament.
It is apparent for B, C, and E with broad double-peak or
flat-top profiles, while A, D, and the NW filament appear to
have relatively weak secondary components slightly deviating
from a symmetric profile. Figure 2 compares their position–
velocity (P–V) diagrams of the [Fe ii] 1.644 µm line emission,
revealing the velocity structures more clearly. A and B in the east

(Moon et al. 2009) 

Detection of -400 km/s 
SE HV component 

Hint for bipolarity of SN explosion? 



Summary 

¤  Spectral cube data of southeastern filament of G11.2-0.3 
¤  Line images 
¤  Spectra 

¤  We obtain ne & Av maps 
¤  Their distributions are different from those of line images 

¤  Comparison with model calculation of bright structure : CSM  

¤  High velocity component : ejecta 
¤  Hint for bipolarity of SN ejecta distribution 

¤  è We want to know chemistry!!! 
¤  MiniTAO imaging of Paα (, Paβ) 


