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Distances to Supernova Remnants
• Essen%al to inves%gate the proper%es of SNR
• Pervious methods
• The HI or CO line velocity in combina%on with the Galac%c rota%on curve
• Uncertainty: Non-circular mo%on, ambiguity
• Ilovaisky & Lequeux (1972) , Leahy & Tian (2008a,b, 2010) and Tian & Leahy 

(2013)
• The empirical power-law rela%on between the radio brightness and the 

linear diameter (Σ" # = %#&') 
• Uncertainty:  the power-law index varies from about 2 to 6 
• Case & BhaWacharya 1998; Guseinov et al. 2003; Pavlovic et al.  2013
• Dispersion: the index error can be as large as 40% (Zhu & Tian 2014)

• Other non-popular methods
• The distance of the associated source  (Green 1984)
• Proper mo%on, in combina%on with expansion velocity  (Green 1984). 
• The X-ray flux  (Kassim et al. 1994): the X-ray temperature is an indictor of the 

shock velocity in the Sedov phase
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The ex&nc&on-distance model
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At the posiDon of a SNR, the exDncDon increases sharply due to its (and the 
associated molecular cloud’s) higher dust density than fore- and back-ground ISM



Key parameter - Distance
•Gaia parallax
• Large number: 1.46 billion sources  (Gaia collabora9on 2022)
• Op9cal band: rela9vely shallow, with a limi9ng magnitude of about 
G~21  i.e.  ~2kpc for a solar-like MS star with AG=5mag

•Red clump stars ¬ standard candle: constant MK ~
-1.6±0.03 (Alves 2000), !"#$% ~0.65 ± 0.02 (Wang+2020)
• Bright in near-infrared: detectable at large distance, i.e. 10kpc with 
AK=0.5mag for mK=14mag (JWST ~ 28mag)
• 5 log( 123) = 6#7 − −1.6 − 0.47×(!"#$−0.65) + 5

• Assump9ons: ex9nc9on law, intrinsic color index 
• The distance and ex9nc9on are determined for the RC ridge

• Difficult to separate from other red stars based only on photometry
2024/06/13 Supernova Remnants III: An Odyssey in Space a\er Stellar Death@Greece 5



2024/06/13
Supernova Remnants III: An Odyssey in Space a>er Stellar 

Death@Greece
6

Selec%on of red clump stars
1. the branch in the J-Ks/Ks diagram from 
2MASS, UKIDSS for the north and VVV for the 
south

2. exclusion of stars with obvious difference 
between the RC and Gaia distance 



Key parameter – Ex-nc-on/Intrinsic color index

•Red clump stars 
• Almost constant !"#$ ≅ 0.65 ± 0.02 (Wang+2020)

• Blue-edge
• Stars with no ex?nc?on are the bluest among the stars 

with the same Teff, log g and Z  (Wang & Jiang 2014)

• From stellar parameters determined by the spectroscopic 
surveys – LAMOST for dwarf stars and APOGEE for giant 
stars 
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Intrinsic color index: the blue-edge method
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Zhao+2018, 2020

LAMOST: opKcal low-
resoluKon spectrum of >107

stars with Vmag< 18 mag

APOGEE: H-band high-
resoluKon spectrum for 6´105

stars with Hmag<12.5mag

Pan-STARRS1: opKcal 
photometry

Dwarfs Giants



Distance (kpc)

Gaia/GBP G GRP
APASS/gri
Pan-STARRS1/gri
2MASS JHKS
WISE/W1,W2

Distance: the average of 
the fiEed distances from 
the reddenings in five IR 
bands relaJve to gP1

The RoseEa Nebula (SNR Mon) at ten color excesses
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32 supernova remnants

Level A

Level B

Level C



Wang+2020



Ques%on: supernova remnants or molecular clouds?

• SNRs associated with MCs 
• Identified in literatures, e.g. Jiang+2010, Froebrich+2015
• Level A

• Consistent with previous results, e.g. from kinematics
• Level B

• Otherwise, Level C
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Distance 
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Wang+2020

34A
9B



Comparison of the ex0nc0on distance with the radio-surface-brightness distance (le:)  of 
27 SNRs, and the distances obtained by other methods (right) of 20 SNRs.

Wang+2020



Distribu(on of the 64 SNRs consisted of 34+15 in Group A (red) and 9+7 in Group B 
(blue), respec(vely in the disk superimposed on the Robert Hurt’s sketch of our 
Galaxy.



Dust model (25 SNRs)  Zhao+2020



Dust properties
• Fitting the extinction curve from 

about 0.6µm to 4.5µm
• Gaia, Pan-STARRS1, 2MASS, WISE

• Model 
• graphite and silicate
• Msil/Mgra = 2:1.
• MRN size distribution ! " ∝ "$%

• CCM89

• 22 SNRs (Level A+B)
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• RV ranges from about 2.4 to 6.7
• ! "#$%&'() ~0.008 μm

comparable to the diffuse ISM
• ! *'+',$() ~ 0.02–0.03 μm, 

significantly bigger than the 
diffuse ISM

• Nozawa et al. (2007) suggested 
that silicate dust is more easily 
destroyed by SN explosion than 
carbonaceous dust

Zhao+2020
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Dust mass from extinction
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Summary

• The distances and extinctions with high accuracy are determined for

• 22 (+10)  Zhao+2020

• 43 (+20)  Wang+2020

• 4 (+3) Yu+2019

• 22+43(-1)+4(-4)=64 Galactic SNRs from their sharp increase of extinction 
• 7 for the first time

• The extinction law is determined towards 22 SNRs, found to have bigger 

total-to-selective extinction ratio (RV)

• The size of silicate dust in SNRs is found to be bigger than in the diffuse ISM, 

which agrees with the model result

• The dust mass is estimated for the SNR in Wang+2020, ranging from several 

to a few tens solar mass
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To be done
• Improvement of the method
• Distance-sliced ex6nc6on and CO map
• Morphological agreement

•Applica6on to more SNRs 
• Op6cally too thin/thick SNR
• Ultraviolet/infrared bands

• JWST data for distant/high ex6nc6on SNRs
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Li+2022

IC443
Varia)on of E(B-V) with distance at several clumps

Sliced ex)nc)on map at four distance intervals
Comparison with the CO intensity map (c)



Thank you
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Poster S6.12 Zhe Zhang

Estimation of the Dust Mass with Infrared Emission and Extinction of the Supernova 

Remnants: G156.2+5.7, G109.1-1.0, G166.0+4.3, G93.7-0.2
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1. Consistent in 3-8um, flat
2. Smaller than others
3. Agree with Rv=5.5 

(WD01)

Xue+2016



Part II: Distances to the 
Supernova Remnants
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The ex&nc&on distance
•Basic principle
• At the posi0on of a SNR, where the ex0nc0on increases 

sharply due to its higher dust density than the average 
foreground ISM
•With the known ex0nc0on of a target →  its distance 

can be derived by measuring the distribu0on of 
ex0nc0on along the distance towards the sightline. 
• the distance to the neutron star in 4U 1608-52 by Güver et 

al. (2010)
•Advantage
• Applicable to almost all the SNRs
• Apparent improvement on the precision
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Region of SNR and stars superposed on the radio image



Extinction along/and distance
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Comparison with Green et al. (2019)



IC 443



Examination

• Potential risk: the extinction jump could be made by any molecular 
cloud in the sightline other than the supernova remnant itself
• Confirmation
• Association with MC by references (Zhao et al. 2020)
• Comparison with radio maps  (Yu et al. 2019)
• Comparison with surrounding regions (Wang et al. 2020)
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The Monoceros SNR: jumps at ~1.0 kpc and ~2.2 kpc



Distance
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Distance and extinction of 35 SNRs measured by UKIDSS data
Based on the red clump stars identified in the J-K/K diagram

Wang+(2020)



Distance and ex,nc,on of 34 SNRs measured by VVV data
Wang+(2020)



Ex#nc#on law
• Supernovae: 1051 erg 
• Strong shock destroys the ambient interstellar dust and alters 

the size of the dust grains (Lakićević et al. 2015)
•Whether the grains become smaller or bigger is unclear
• Sputtering: the energetic particles (v > 150 km/s)  knock atoms off 

the grain surface (Dwek et al. 1996),  a deficit of small grains in SNRs
• Shattering: dominant in slow shocks (v~50-80 km/s) mainly destroys 

big grains, a deficit of big grains (Jones et al. 1994). 
• Nozawa et al. (2007) modeled the process of dust evolution in SNRs
• The survival of dust in SNRs depends on the density of the ambient medium
• Silicate dust may be more easily influenced than carbonaceous dust
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Dust model: graphite and silicate,  Msil/Mgra = 2:1. ! " ∝ "$%
Band: &'(, *(+, &, ,(+, &-(, J, H, Ks, W1, W2 ./ = 1. 3456

789:

787;
<=;> /, 7

?@
?7 ?7



Part III: Distances to the 
Molecular Clouds
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UV bands: GALEX/FUV and NUV
Low extinction at high latitude



• In the UV bands, the 
color index is highly 
sensitive to metallicity

• Numerical solution to 
the intrinsic color 
indexes by the blue-
edge method

Sun+2021a

BP-RP

NUV-BP

FUV-BP



E(GBP-GRP) E(NUV-GBP)

Sun+2021b

• Distances to 66 MBM 
molecular clouds

• Slightly larger than 
Schlafly+2014’s, more 
close to  
Zucker+2019’s

• Derived scale height 
of dust disk ~50-250 
pc, consistent with 
the gaseous disk, and 
increasing with 
distance at the anti-
Galactic-center 
direction expected 
from the flaring 
model



Structure of nearby molecular clouds (Cao+2023)



Summary

• The ex&nc&on derived from spectroscopy 
• Independent of any priors on the Galac&c structure
• Useful to trace the ex&nc&on law
• high accuracy that can detect low-ex&nc&on

• Mul&ple applica&on
• Determina&on of the distances to extended objects
• Structures of the extended objects and the Galaxy
• Study of dust proper&es in various environments 
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