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Optical detection of SNRs

• Mathewson & Clarke (1973) – SNRs in LMC 
(combination of radio and optical observations) 

• [SII]/Hα emission line ratio
– Shock heated SNRs > 0.4

– Photoionized nebulae - HII regions < 0.4 (0.2)

– (D’Odorico et al. 1978; Matonick & Fesen 1997; Blair & Long 
1997)



SNR and HII region spectra comparison
(from Matonick & Fesen 1997)

• Spectroscopic, or some other band confirmation needed
• Data reduction difficulties

• Low fluxes – long exposures – tracking problems
• Continuum subtraction from emission-line filters
• Absolute calibration with non-standard narrow-band filters



Galaxies observed for optical SNRs  (Vučetić et al. 2015a)



Number of detected SNRs (Vučetić et al. 2015a)



Observations from NAO Rozhen, Bulgaria

• 2 m RCC telescope, 
FOV 5.45” × 5.35”, with 
FORERO 15” × 15” 
• Narrowband photometry 
through Hα, [SII] and continuum
filters (~30 A)

• Three joint projects between Serbian and Bulgarian 
Academies of Sciences “Optical search for supernova 
remnants and HII regions in nearby galaxies” since 2013
(PIs Urošević D., Arbutina B, Vučetić M.)



Observed galaxies

• Holmberg IX – ULX source Ho IX X-1 (Arbutina et al. 2009; 
Andjelić 2011)

• IC342 – 203 HII regions (Vučetić et al. 2013); 16 new 
SNR candidates (Vučetić et al. 2015b); 28 new SNR 
candidates and 12 probable SNRs (Vučetić et al. in prep.)

• NGC 3077 – 12 new HII regions (Andjelić et al. 2011)
• NGC 1156 – 59 HII regions (Vučetić et al. 2018)

• NGC 2366 – 2 SNRs, 3 superbubles, 64 HII regions 
(Vučetić et al. 2019a)

• NGC 185 – 3 SNR candidates (Vučetić et al. 2019b)



Holmberg IX galaxy

• Observed from NAO 
Rozhen (Arbutina et al.

2009)

• 140 mins exposure

• 21 Hα emission line 

objects detected, 10 for the 
first time

• HoIX X-1 – ULX object



IC342 galaxy from NAO Rozhen

• November 2011
• Exposure 45 mins
• Face-on spiral
• d = 3.4 Mpc
• Low Galactic latitude



IC342 galaxy from NAO Rozhen



IC342 galaxy from NAO Rozhen



IC342 galaxy from NAO Rozhen

• November 2011
• Exposure 45 mins
• 16 SNR candidates
• 203 HII regions



IC342 galaxy from NAO Rozhen

• November 2021
• Exposure 110 mins
• FORERO FOV 15 arcmin
• 28 are SNR candidates
• 12 are probable SNR 
candidates
(0.3<[SII]/Halpha <0.4)
• 5 not SNRs in Vučetić et al. (2015)

• 4 are SII sources



IC342 – archival radio and X-ray data
• X-rays

– XMM Newton: 60ks exposure, energy band 0.4-5keV
– Chandra: merged dataset has a total exposure of 149 ks

• Radio data: 
VLA observations
A configuration
20 cm (L band)

6 radio+optical+X
11 radio+optical
4 radio+X



NGC 2366 dwarf galaxy
• Dwarf galaxy, d=3.4 Mpc
• Previous VLA radio and 

XMM observations
• Observed from NAO Rozhen 

in 2015 and 2016
• 2 SNRs, 3 superbubbles, 64 

HII regions (Vučetić et al. 2019a)
• 2 SNRs optical detected also in 

radio and X-rays
• 1 SNR in radio and X-rays



Comparison of HST and 2m telescope at NAO Rozhen :) 



NGC 185 galaxy

• Dwarf elliptical
• d=620 kpc
• Observed from NAO 

Rozhen, November 2015
• 80 mins exposure
• 6 PNe, 2 HII region

candidates, 1 symbiotic 
star

• 2 SNR candidates
• Low and high resolution 

spectra of central region 
from 6m BTA at Special 
Astrophysical 
Observatory (Russia)



Why there are SNR(s) in dwarf elliptical galaxy?

Continuum-subtracted 
Hα image of the center 
(∼1.5′ × 1.5′ ) of NGC 185 
with Herschel [CII] 
contours, indicating the 
location of dense gas. 



Low (δλ=14 A) and high (δλ=3.6 A) resolution spectra



Possibilities with high-res spectroscopy

Two-dimensional velocity map in the 
Hα line of the central 40′′ × 40′′, 
constructed from three slit positions 
for high-resolution spectra 

- estimation of electron density
- estimation of shell expansion 
- age of an SNR
- construction of BPT diagrams



Summary
• Optical photometry observations need spectral or other 

band observations for confirmation of SNRs

• Obtaining better samples in already observed galaxies, 
rather than observing new galaxies

• Improvement of statistical analysis of SNRs sample


