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Supernova remnants

• End of life of massive stars, or explosion of near-
Chandrasekar mass white dwarf in a binary system with 
mass transfer (SN Ia)
• Emission nebulae visible in optical, X-rays, radio, …

• Importance:
• SN Ia
• Particle acceleration
• Elements enrichment of ISM
• Strong shock studies



Galactic   vs.   extragalactic SNRs

• ~ 300 Galactic SNRs known

• Distance problem in the Galaxy

• Galactic absorption present

• Very detailed studies possible

• Nearly 3000 extragalactic SNRs

• Samples at the same distance, 
but different environment for 
each sample

• Galactic absorption can be 
avoided

• Resolution limit



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)

• Data reduction challenges
• Low fluxes – long exposures – good tracking needed
• Continuum subtraction from emission-line filters
• Absolute calibration with non-standard narrow-band filters

• Spectroscopic or some other band confirmation needed



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



Observations from NAO Rozhen, Bulgaria and AS Vidojevica, Serbia

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

• 1.4m ASA telescope
• FOV 13’x13’
• Hα and [SII] filters (~50 A)



Observed galaxies

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

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

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



IC342 galaxy from NAO Rozhen

• November 2021
• Exposure 110 mins
• FOV 15 arcmin
• 28 SNR candidates
• 12 probable SNR candidates
(0.3<[SII]/Halpha <0.4)
• 5 not SNRs from 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, SerAJ)
• 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
• Fotometry from NAO Rozhen in 

2015

• 80 mins exposure
• 6 PNe, HII region candidates, 1 

symbiotic star, 2 SNR 
candidates

• Low and high resolution spectra 
of central region from BTA

Continuum-subtracted Hα image of the 
center (∼1.5ʹ × 1.5ʹ ) of NGC 185 with 
Herschel [CII] contours, indicating the 

location of dense gas (Vučetić et al. 2019b). 



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



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



More recent techniques

Velocity structure – spectroscopy with ∼50 km s-1 resolution is an effective way to 
separate SNRs from H II regions. Typical Gaussian velocity FWHM of the SNRs are ∼130 
km s-1, whereas the H II region lines are ∼50 km s-1 (Points et al., 2019, ApJ, 887, 66)

• Fabry-perot imaging (Lozynska, Moiseev & Podorvanyuk, 2003, Astron. Letters )

• MUSE IFU data (19 PHANGS  galaxies - Jing Li et al., 2024, A&A, 690, 161; NGC7793 -
Kopsacheili et al., 2024, MNRAS, 530, 1078)

• SITELLE imaging Fourier transform spectrometer at the Canada-France-Hawaii 
Telescope (NGC6822 and M33 - Duarte Puertas S. et al., 2024, MNRAS, 533, 2677; 
NGC4214 Vicens-Mouret S. et al., MNRAS, 2023, 524, 3623)



PHANGS-MUSE sample (Jing Li et al., 2024)



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

NGC185 galaxy ,BTA, SCORPIO (Vučetić et al. 2019)

PHANGS-MUSE
(Jing Li et al., 2024)



Possibilities with high-res spectroscopy

Two-dimensional velocity map in Hα 
line of the central 40ʹʹ × 40ʹʹ, constructed 
from three slit positions for high-
resolution spectra (SCORPIO, NGC185)

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



Serbian Astronomical journal

• International journal
• Free access, no pay charges
• Two issues per year

• Impact factor 0.80 (2023)
• JCR SCIE position 67/84 in A&A list

• https://saj.matf.bg.ac.rs/

https://saj.matf.bg.ac.rs/


Summary
• Optical photometry observations need spectral 

or other band observations for confirmation of 
SNRs

• We should obtain better samples in already 
observed galaxies, rather than survey new 
galaxies

• Improvement of statistical analysis of SNRs 
sample
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