
SSG workshop

Gemini/GNIRS spectroscopy of SNRs

2019. 2. 22

Ho-Gyu Lee

@SSG workshop/HighOne



Gemini instruments



Which is brighter?

l Same source with different aperture



Which is brighter?

l Same line with different bandwidth



Emission line source

l Continuum : one can get more flux when increasing 
basket.

l Line : same flux 

l Line signal gets relatively weaker as bandwidth increases 
and vice versa

l Spectroscopy



Finding line-emitting source in narrow 
band image 

l Kepler’s SNR

[Fe II]-band                                H-band                                      [Fe II] - H



UWIFE survey

Lee, J.-J. et al. 2014, MNRAS, 443, 2650
[Fe II] imaging survey of the Milky Way 
(gems0.kasi.re.kr/uwife)



Example spectrum of shocked gas & filter response 



[Fe II] mini-survey of nearby galaxies

Secondary product of UWIFE project
Natural track : MW -> nearby galaxies
Usage of time blocks when the MW has no/little visibility

Not always in best condition

Visibility of MW at Mauna Kea on one scheduled night 



Target galaxies

[Fe II] & H imaging : mostly 4 x 15 min. exposure



Observed region of M33

Central 13’ region

DSS 1o image
& UKIRT 13’ FoV



Extragalactic

l M33

[Fe II] – H [Fe II] H
x10 bandwidth, x1/10 exposure



[Fe II] – H
Good-scale value
Stellar residual!

Magenta circle : giant H II region
Red circle : known supernova remnant



[Fe II] – H
Over-subtraction



!
Star-subtracted [Fe II] ([Fe II]-H), [Fe II]-H:H:Hα (R:G:B), Hα, 
[S II], Spitzer 8 μm, and Herschel 160 μm images 
of SNR G98-28 and giant H II region NGC 595 in M33. 



Detected [Fe II] SNRs

Positions of 6 [Fe II] SNRs
(01:33:29.0, +30:42:17), (01:33:31.2, +30:33:33)

(01:33:35.9, +30:36:28), (01:33:54.7, +30:45:19)

(01:33:54.8, +30:33:10), (01:34:10.7, +30:42:24)

Basic data from Table 3 of Long et al. 2010

A: well defined (A’: small, bright), B: partial shell, C: poorly defined
1: isolated, 2: within nebulosity but separable, 3: confused



How bright?

[Fe II]-bright Galactic SNRs (G11.2-0.3, RCW103) & N49 in 
LMC



Comparison with prev. obs. 

Scattered …
Difference in emitting mechanism?

Hα X-ray



H2 image

Integration time (1/4 of [Fe II] image)





in erg /s /cm2 /sr 
red circle: 10”
[Fe II] - H (-1 ~ 2e-4) , H2 -
K (-1.5 ~ 3e-5)
[Fe II] - H (-2 ~ 4e-5), H2 -
K (-3 ~ 6e-5)

[Fe II] H2

Peak: 6e-5 
erg/s/cm2/sr

Interaction with molecular cloud !



Gemini/GNIRS spectroscopy

l JHK band
l R ~ 1700
l Band 3 (again)
l Blind offset



Observing reference

l Nearby H=16 mag star

Slit and ref. star positions on [Fe II] image. Invisible on H image.



Tried in (Infrared) bright sky

l Just after twilight : first fits file at UT 04:44
l 150 s x 4 



Raw spectra

l Source & telluric



Reduced spectra



Extracted spectra



Ejecta? Swept-up?

l Radial velocity
l R~1700, △Vr~200 km/s
l Less likely ejecta

l Luminosity
l A few hundreds Lsun



Not a simple environment

• Atomic line ([Fe II])
• Shocked compressed gas  
• Gas density ~ 102 -105 cm-3

• Preshock density n > 10 cm-3

• Molecular line (H2)
• Molecule formation behind shock front or Interaction 

with molecular cloud
• Preshock density > 103 cm-3



Radiative shock model

• Mappings III
• n = 1 cm-3, solar abundance 



Lesson today

l SNR in M33 is detectable
- Only exposure of 150 s x 4 
- Bright sky

l Emission line source needs blind offset
- Even though short exposure target

l If extended, positional tolerance can be large
- Blind offset but no precise accuracy 

l Bright, extended targets in MW 
- Candidate for band 4


