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Observation of SNRs
Radio SNR survey: selection biases

Overlook low-surface-brightness SNRs
Overlook small-angular-size SNRs
Absence of uniform coverage of sky

Distances to SNRs
Positional coincidences with HI, HII and 
molecular clouds, OB associations, or pulsars 
or from measuring optical velocities and proper 
motions

Case & Battacharya, ApJ 504, 761, 1998
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Σ-D relation for SNRs
Σν = AD-β

⇒ d ∝ Σν1/βθ-1 ∝ Sν
1/βθ-(1+2/β)

Σν: radio surface brightness (W m-2Hz-1sr-1)
Instrinsic property of SNR (Shklovsky 1960)

D: diameter (pc)
Sν: flux density
θ: angular diameter, Sν ∝ Σνθ2

Clark & Caswell 1976,…
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Theoretical Σ-D relation (1)
Urosevic, PASRB 4, 113, 2005



5

Theoretical Σ-D relation (2)
Shklovsky (1960)

Σν = AD-6

Lequeux (1962)
Σν = AD-5.8

Poveda & Woltjer (1968)
Σν = AD-3

Kesteven (1968)
Σν = AD-4.5

Duric & Seaquist (1986)
Σν = AD-2.75~3.5

Urosevic (2005) 
Σν = AD-2 (evolved) / AD-3.5 (young)

Urosevic, PASRB 4, 113, 2005
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Case & Battacharya, ApJ 504, 761, 1998
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Σ-D relation (1)

Cas A

Case & Battacharya, ApJ 504, 761, 1998
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Σ-D relation (2)

With LMC + SMC 
samples

Case & Battacharya, ApJ 504, 761, 1998
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Surface brightness distribution
Case & Battacharya, ApJ 504, 761, 1998



10

Fractional error of distance
Case & Battacharya, ApJ 504, 761, 1998
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Galactic SNR distribution
Case & Battacharya, ApJ 504, 761, 1998
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Radial distribution
Case & Battacharya, A&AS 120, 437, 1996
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Radial distribution function (1)
Case & Battacharya, A&AS 120, 437, 1996
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Radial distribution function (2)
Case & Battacharya, ApJ 504, 761, 1998

Total number of SNRs (<16kpc, Σ>5×10-23Wm-2Hz-1sr-1) 
~ 336/fz (fz: completeness factor, 0.85-0.99)
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SNRs in nearby galaxies
Urosevic et al., AA 435, 437, 2005

…data sets made up of extragalactic SNRs do not suffer from 
Malmquist bias because all SNRs are at the same distance and are 
therefore sampled from the same volume. …they do suffer from 
other selection effects from limitations in sensitivity and 
resolution, as well as from source confusion.



16

SNR surveys in nearby galaxies
Urosevic et al., AA 435, 437, 2005
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Σ-D relation in nearby galaxies (1)
Urosevic et al., AA 435, 437, 2005
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Σ-D relation in nearby galaxies (2)
Urosevic et al., AA 435, 437, 2005
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35 New SNRs discovered by VLA
VLA (90cm), 2002-2004 
l=4.5° -22°, |b|<1.25°
Resolved(>42”), spectrum α<0, bright IR

Brogan et al., astro-ph/060145

S ∝ να
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Distribution on the Galactic plane
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Longitudinal distribution

Green 2004

Brogan et al. 2006
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Evolution of SNRs
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CR energetics & SNR: How many TeV SNRs?
Number of active SNRs in Galaxy

SN rate ~ 1/30yr, accelerating particles during ~ 104yr
⇒ ~300 active SNRs
⇒ ~3 SNRs within 1kpc (assuming Case &

Battacharya distribution [A&AS 120, 437,1996])

We have two SNRs (RXJ1713, RXJ0852) emitting 
~1Crab TeV gamma-rays, both at ~1 kpc

Lγ ~ 6×1035erg/s (>GeV, assuming E-2.6dE)
300 SNRs ⇒ Wγ(Galaxy) ~ 2×1038erg/s

Cosmic ray power in Galaxy
1 eV/cm3, V~1066-67cm3, τ~1014-15s ⇒ WCR ~1040erg/s

∴ Wγ ~ 0.02WCR : low efficiency!? Or more SNRs?


	Distribution of Supernova Remnants
	Observation of SNRs
	-D relation for SNRs
	Theoretical -D relation (1)
	Theoretical -D relation (2)
	-D relation (1)
	-D relation (2)
	Surface brightness distribution
	Fractional error of distance
	Galactic SNR distribution
	Radial distribution
	Radial distribution function (1)
	Radial distribution function (2)
	SNRs in nearby galaxies
	SNR surveys in nearby galaxies
	-D relation in nearby galaxies (1)
	-D relation in nearby galaxies (2)
	35 New SNRs discovered by VLA
	Distribution on the Galactic plane
	Longitudinal distribution
	Evolution of SNRs
	CR energetics & SNR: How many TeV SNRs?

