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ISM & (massive) Stars

2

Single massive star
¤ Theoretical scenarios (Maynet et al.)
¤ Mass loss!

SNRs -> Shocked gas
-> [Fe II] lines in NIR
¤ Forbidden emission from Fe+ (singly ionized Fe)
¤ Partially ionized region

Ionization energy
1st : 7.9 eV
2nd: 16.2 eV
cf. H : 13.6 eV
wiki page

Two distinct lines at 1.26 & 1.64 um
(Oliva et al. 1990)

NIR [Fe II] as a shock tracer :
SNR G98-28 vs. giant H II region NGC 595 in M33

Star-subtracted [Fe II] ([Fe II]-H)

[Fe II]-H:H:Hα (R:G:B)

Example spectrum of Galactic SNR G11.2-0.3

UWIFE survey
(Lee, J.-J. et al. 2014)
¤ UKIRT Widefield Infrared survey for Fe+ (UWIFE)
¤ Galactic Plane (7∘ < l < 62∘; -1.5∘ < b < +1.5∘)
¤ WFCAM at UKIRT
¤ [Fe II] 1.644 μm narrow band filter
¤ Integration time of 720 s

¤ complement the UWISH2 survey
¤ Almost same area with H2 2.12 filter

UWIFE page & gallery
¤ gems0.kasi.re.kr/UWIFE/

Examples of detected SNRS in UWIFE/
UWISH2 (Lee, Y.-H.)
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Rest wavelengths of the identified lines.
b
Line fluxes relative to the [ Fe ii ] 1.644 !m flux for [ Fe ii]Ypk1 and relative to
the H2 2.122 !m flux for H2 Ypk1. 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
H2 Ypk1 is 3:0(0:3) ; 10!4 ergs cm!2 s!1 sr!1, according to our narrowband imaging photometry.
c
The coordinate of the [ Fe ii] 1.644 !m peak position is (18h11m34.76s,
!19& 260 30.000 ). The slit was slightly off from the peak position, and the spectrum
was extracted from a 3 00 ; 1 00 area ( P:A: ¼ 38& ) centered at (!$; !% ) ¼
(þ1:4 00 " 0:2 00 ; !0:8 00 " 0:2 00 ) from the peak position (see Fig. 3).
d
The coordinate of the H2 2.122 !m peak position is (18h11m32.26s,
!19& 270 10.500 ). The slit was slightly off from the peak position, and the spectrum was extracted from a 3 00 ; 1 00 area ( P:A: ¼ 59& ) centered at (!$; !% ) ¼
(þ 0:5 00 " 0:5 00 ; !0:5 00 " 0:5 00 ) from the peak position (see Fig. 9).

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 following, 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 performed 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 southeastern SNR shell, hereafter the [Fe ii]YSE filament, is most prominent. 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

NIR Mayall/IFU observation of G11.2-0.3
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 the OH 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
Position
of pulsar

SN AD386?

Let’s
observe here!
VLA 20cm;
R ~ 2’ (3pc at d = 5 kpc)
(data from Green 1988)

Palomar K : H2 : [Fe II]

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 8 mJy pixel!1, where the pixel size is 1:4 00 ; 1:4 00 . 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.

(Koo et al. 2007)

UKIRT [Fe II] & H2

Wide-field Integral field unit (IFU)
¤ Wide field IFU
¤ FISICA + FLAMINGOS on Kitt peak 4m telescope
¤ Image slicer : FISICA
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 betweenslice 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.

¤ working like 21 long-slit spectrographs at a single exposure
¤ FoV = 16″x 33″!
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

Images & spectra
¤ Line images and average spectra

(Lee et al. 2013)

Properties of clump1
¤ Bright enough to provide distributions in several transitions

(Transition diagram
Oliva et al. 1990)

I(1.26)/I(1.64um)

T = 5000 – 10000 K

I(1.53)/I(1.64um)

Radiative model for radial profile
¤ Results of shock model

Filled dot: intensity
Radial cut

Open dot: line ratio
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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
L82

Hint for bipolarity of SN explosion?

MOON ET AL.

Vol. 703

Detection of -400 km/s
SE HV component

(Moon et al. 2009)
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
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[Fe II]/H?

Av > 10

TAO/SWIM can do similar works using
one band (H) only

+ Paα

NIR AAT/IRIS2-MOS observation of
RCW103
¤ One of brightest [Fe II]-emitting SNRs
Offset between X-ray
center and [Fe II] center
Compact Central Object

+

d ~ 3.3 kpc
Age < 4000 yrs
AAT [Fe II] & Chandra X-ray

MOS slit positions

FoV~7.7’
cf. TAO/SWIMS~9.6’

Stacking (two different sky positions)

Sky 1

Sky 2

Stacking & masking

Extraction & wavelength calibration
¤ idl + ds9

Example spectra

Measured [Fe II] velocity distribution

+

[Fe II] Velocity vs. distance from CCO
E (-) and W (+)

Systemic velocity is
known to ~60km/s
(Oliva et al 1999)

Velocity ellipse assuming
expending shell of
v=400km/s & r=250”

Two different [Fe II] origins?
¤ Fast moving (~400 km/s) [Fe II] expelled at the position of
CCO
¤ Either ejecta or CSM

¤ Slow moving dense wind from the center of [Fe II] shell
¤ CSM

Possible scenario
(1) Dense shell made
by stellar wind of the
progenitor
(2) Moving to CCO position (shape
of dense shell can be elongated)
(3) Fast wind (or ejecta) at
the time of explosion

~1’ moving at 3.3kpc=1pc
Assuming 30km/s motion
-> 105 yrs

Future plan?
¤ Telescopes
¤ 4 m -> 6.5 - 8 m -> 25 m

¤ Targets
¤ Our galaxy -> Magellanic Clouds, nearby galaxies
¤ First priority?
¤ Cas A , 1987A

¤ Features
¤ Bright shell -> faint knots

Summary
¤ NIR [Fe II] is good to trace “shocking” phenomena in sky
¤ We are doing extensive study using NIR [Fe II]
¤ Galactic plane survey (first quarter)
¤ Individual imaging and spectroscopy

¤ Using IFU and MOS, we can find 3D view of SNR :
¤ Velocity structure
¤ Distribution of faint structure of SNR

¤ Current and past condition of SNR/SN explosion
¤ Understanding for the final stage of massive stars

