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Distances to Supernova Remnants

e Essential to investigate the properties of SNR

* Pervious methods

* The HI or CO line velocity in combination with the Galactic rotation curve

* Uncertainty: Non-circular motion, ambiguity

. I(Izoa/fiBS)ky & Lequeux (1972), Leahy & Tian (2008a,b, 2010) and Tian & Leahy

* The empirical power-law relaticzp between the radio brightness and the
linear diameter (X,,(D) = AD™P)
* Uncertainty: the power-law index varies from about 2 to 6
* Case & Bhattacharya 1998; Guseinov et al. 2003; Pavlovic et al. 2013
e Dispersion: the index error can be as large as 40% (Zhu & Tian 2014)
e Other non-popular methods
* The distance of the associated source (Green 1984)
* Proper motion, in combination 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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Figure 8. The comparison between our results and the distances measured by
other methods for SNRs in Level A and B. Dots and squares decode SNRs in
Level A and B, respectively. Squares with left arrows are the cases with
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The extinction-distance model

At the position of a SNR, the extinction increases sharply due to its (and the
associated molecular cloud’s) higher dust density than fore- and back-ground ISM
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Key parameter- Distance

* Gaia parallax

* Large number: 1.46 billion sources (Gaia collaboration 2022)

e Optical band: relatively shallow, with a limiting magnitude of about
G~21 i.e. ~2kpc for a solar-like MS star with A;=5mag

* Red clump stars <« standard candle: constant M, ~
—1.610.03 (Alves 2000), Cjy~0.65 + 0.02 (Wang+2020)

* Bright in near-infrared: detectable at large distance, i.e. 10kpc with
A=0.5mag for m=14mag (JWST ~ 28mag)

.5 log(%) = my. — (=1.6) — 0.47X(C;gs—0.65) + 5

e Assumptions: extinction law, intrinsic color index
* The distance and extinction are determined for the RC ridge

* Difficult to separate from other red stars based only on photometry
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Selection of red clump stars

1. the branch in the J-Ks/Ks diagram from 2. exclusion of stars with obvious difference
2MASS, UKIDSS for the north and VVV for the between the RC and Gaia distance
soutp

TR F gy T 7. N O L 0 e ——
5 " |~ — Cutoff Magnitude} ] | RO
o] = RC Ollt].ines 1 " « Dwarfs | 1
8 ! « Dwarfs ] [ Giants |
i Giants =l | -
' RC Ridg
10 - e U :;.l .ge ,5\
o,
% - 4, ©
M‘ 12 A s e L T 4, T A
- ACTO I D N TR H
| e 2
14 . =
X S
16 ~
I . G22.7-0.2
18 ............................. [ — | o o L .
¢ ‘ -]
-1 0 1 : 2 " 3 4 5) 0 9 4 6 8 10
4T3 dGaia(kpC)
2024/06/13 Supernova Remnants lll: An Odysocy 11 opace arver owenan 6

Death@Greece



Key parameter — Extinction/Intrinsic color index

* Red clump stars
» Almost constant Cyj; = 0.65 £ 0.02 (Wang+2020)

* Blue-edge
* Stars with no extinction are the bluest among the stars
with the same T 4, log g and Z (wang & Jiang 2014)

* From stellar parameters determined by the spectroscopic
surveys — LAMOST for dwarf stars and APOGEE for giant
stars




Intrinsic color index: the blue-edge method
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Pan-STARRS1: optical
photometry

Zhao+2018, 2020
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The Rosetta Nebula (SNR Mon) at ten color excesses
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Fig. 3. Definition of the SNR area (the red circle) and the surrounding
area (the blue annulus) for SNR G22.7-0.2 as an example. The back-
ground image is the *CO (J=1-0) emission map overlaid with the
1.4 GHz radio continuum emission contours from Su et al. (2014).
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Question: supernova remnants or molecular clouds?

* SNRs associated with MCs
 |dentified in literatures, e.g. Jiang+2010, Froebrich+2015
* Level A

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

e Otherwise, Level C
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Distances of SNRs in Level A

SNR D hiswork Diiterature Method References
Names (kpc) (kpe) 1 5A
G78.242.1 0.98 1.7-2.6, 1.5 £ 04 associated object 1,2
G89.0+4.7 23+£03 1.9703. 0.80 £+ 0.07, 1.0-1.6 RCs", associated object, ¥ — D 3-8
G93.7-0.2 2.16 £ 0.02 1.5+ 0.2 kinematics 9
G94.0+1.0 253 £ 1.08 4.5 associated object 10
G109.1-1.0 2.79 £ 0.04 3.0,4.0 £ 0.8, 6.0 kinematics, RCs 11-13
G152.4-2.1 0.59 £+ 0.09 1.1 £ 0.1, <1.0 kinematics, extinction 14, 32
G156.245.7 0.68 £+ 0.20 03, 1-3, 13,3 associated object, kinematics, Sedov estimate 15-18
G160.94+-2.6 0.54 + 0.10 0.8 04, .1, kinematics, Sedov estimate, 19, 20,
1.3-1.8, >1.1, 0.6 > — D, associated object, extinction 7,21, 32
G166.0+4.3 3.24 £ 0.03 45+1.5 kinematics 22
G182.4+4.3 1.05 £ 0.24 >3, ~1.1 Sedov estimate, extinction 23,32
G189.14+3.0 1.80 £ 0.05 0.7-1.5, 1.9, kinematics, 21, 24,
1.5, 173708 >, — D, associated object, extinction 7. 8, 25, 32
G190.9-2.2 1.03 + 0.01 1.0 + 0.3, 1.037)7 kinematics, extinction 26, 32
G205.5+0.5 1.13 + 0.01 1.6 + 0.3, 1.6, 1.5, 0.937093/1.26 7 5. — D, extinction 27-29, 32
G206.9+2.3 0.89 + 0.02 3-5,. 1.6 Y — D, kinematics 28, 30
G213.0-0.6 1.09 £+ 0.29 ~1.0, 2.4, 1.15 £ 0.08 kinematics, associated object, extinction 30, 31, 32
Distances of SNRs in Level B
SNR D piswork D ierature 7 B Method References
Names (kpc) (kpe)
G65.3+5.7 1.51 = 0.04 0.77 £ 0.20 proper motion 1
G74.0-8.5 <1.0 0.77, 0.5470 00s» 0.735 £ 0.025 kinematic, shock velocity, associated object 24
G82.2+453 1.34 £ 0.13 1.6-3.3,1.6,32 £ 04 Sedov estimate, expansion velocity, RCs 5-7
G108.2-0.6 1.02 + 0.01 324+ 06 kinematics 8
G113.0+0.2 <3.8 3.1 kinematics 9
G116.9+0.2 43 £ 0.2 1.6, 4.2 kinematics 10, 11
G127.14+0.5 <29 0.3/1.3, .15 associated object, kinematics
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Table 1. Distance and extinction otl 35 SNRs measured by UKIDSS data. Table 2. Distance and extinction ofl 34 SNRs measured by VVV data.

Name @ Other name  RA  Dec Radius RC ridge ™| (dox)p @ (Aggp  (dex)s™  Name Other name  RA  Dec Radius RC ridge®| (dex)p @ (Mgglp  (dex)s @ (AAgg)s  Reliability dig dotner (Agg)snr  Dust mass
(deg) (deg) (deg) (kpc) (magkpe™") (kpc) (deg) (deg) (deg) (kpc) mag kpc") (kpe) (mag kpc") (kpe)  (kpe) (mag) (Mg)
G5.4-12¢  Milne 56 27054 —2490 029  Normal | 3.89£091 | 0.5 0 G3.8+0.3 26823 -2547 0.5  Normal |4.14£0.29 | 032 0 0 A 6.4 0399 8257310
G6.1+1.2 268.73 —23.08 025  Normal | 3.27+0.73 0.10 0 G5.4-1.2¢  Milne 56 270.54 -2490 0.29  Normal | 3.89+0.37 0.14 0 0 A >4.3 0.235 16,2253
G6.4-0.17 W28 270.13 —2343 0.40 KDE | 3.55+0.90 040 0 G6.1+1.2 26873 —23.08 0.25  Normal | 3.67+0.36 | 0.12 0 0 A 6.7 0.197 77135
G8.9+04 27099 -21.05 020 KDE | 3.54+0.62 027 0 | G6.4-0.14 W28 27013 2343 040 KDE | 3.55£0.34 | 0.56 0 0 A 19 0772 83308312
G13.3-13 274.83 ~18.00 058  Normal | 476£093 | 0.0 0 G6.5-0.4 270.55 -23.57 015  Normal |3.72x021 | 070 0 0 A 41 0.578  9.607360
Gl15.1-1.6 27600 -1657 025  Normal [F2.91£0.681 0.16 0 G8.7-01% W30 27138 2143 038  KDE | 415019 | 0.62 0 0 B 19 45" 0573 74.37°7%
GI8.9-11¢ 27746 -1297 028  Normal |EEEEEEEREEN] 025 308 0.6 |GS.9+().-L 270.99 2105 020  KDE [3.51+041 | 0.21 0 0 A 43 0338 89173
G19.1+0.2 27623 -1212 023 Normal | 3.57£067 | 0.5 0 6296.1-0.5 17779 6257 031  KDE |380%0.50 | 009 0 0 C 3.0 1.0° 0.195  9.68°363
G21.8-0.6°  Kes 69 27819 —10.43 017 Normal | 4872029 | 081 3562024 301410 189.48 —63.82 031  Normal | 2742055 | o012 o 0 A 52 0254 60427
G22.7-0.2¢ 7831 =922 022 Normal | 4722026 | 133 3112020 g3gg0 20563 6238 025  Normal | 3.92£0.60 | 028 0 0 A 6.9*81 0.885 303071136
2 - a b — ) i 27
6233037 W4l 78.69 -850 023 Normal | 3382026 | 133 4142027 395,09 20763 ~6208 021 Normal |32£022 | 038  561+042 03 A 4 0497 85232
24.740.6" 278.54 7. 25 73 £0. 3 5.87 £0.
(247406 78347080 Normal | 273068 | 031 872071 63124040 21325 6173 032 Normal |441£0.50 | 025 0 0 C 24 614605507 0600  62.507734
G25.1-23 28129 800 067  Normal | 3.45+083 |  0.05 0 ' -
orm G315.4-0.3 21898 —60.60 020  Normal |331£028 | 026 594036 025 C 0.351  4.48°)88
G27.8+0.6° 27996 —4.40 042 KDE | 399055 | 021 0 g
G315.9+0.0 219.60 —60.18  0.21 KDE |3.71£0.18 | o6l 0 0 A 8.2 0.517 9257347
G30.741.0 281.00 153 020  Normal | 3.64£093 | 0.3 0 '
G316.3+0.0 MSH 14-57 220.38 —60.00 0.24  Normal | 3.84%0.30 | 055 0 0 C 41 >7272+06% 0810 18.04%578
G32.1-0.9¢ 283.29 —113 033  KDE | 465056 | 0.1 0 o
G318.2+0.1 22371 -59.07 033  KDE |[327+044 | 045 0 0 A 0.870  48.25°1%1
G34.7-0.4° W44, 28400 137 029 Normal | 2.66£0.71 | 049 0 ;
30392 G318.9+0.4 224.63 -5848 025  Normal [3.50+0.32 | 028 0 0 A 0401 7.687358
G36.6-0.7 28515 2.93 021  Normal | 8.66+1.17 0.10 0 G320.4-12  MSH 15-52, 228.63 -59.13 0.29  Normal | 3.00+0.45 0.08 5.85 +0.22 0.05 C 5.2 0.185  7.58*2%
G38.7-1.3¢ 28667 447 027  KDE | 4.11£088 | 008 0 RCW 89
40.5.0.5¢ %679 652 otz KDE | 5128032 | 044 0 G320.6-1.6 22946 5927 050  KDE |3.18%0.62 | 0.06 0 0 c 0150 10.1373%)
o - o ' ’ ’ ' +3.5% +11.31
28406 swess o0z ow xpop NEEEE oo o G321.9-0.3 2307 -57.57 026  KDE | 546x039 | 022 0 0 A 38 654 0.382 30.16;5_32
21.9- 2 4 — Pk +3.26
139416 28646 1050 050  KDE | 1524060 | 007  556s05: G321l 23094 -5822 023  Normal | 329075 | 0.09 0 0 c 0276 8.6973%
G45.7-0.4 28900 1115 018  Normal | 6.04%0.33 031 0 G327.1-1.1 23860 -55.15 0.5  Normal |4.52+0.84 | 009 0 0 A 0310 7.6373%¢
6492074 W5 20096 1410 025 Normal HEEEEEE o4 0 G327.4404  Kes 27 237.08 -53.82 018  Normal | 2.8120.16 | 0.64 0 0 A 37 4354 0562 7307274
G54.4-0.3¢  HC40 29333 1893 033  Normal | 6.64+1.25 013 v as063 G329.7+04 24033 5230 033 Normal |280x0.28 | 028 0 0 A 0.464  17.877572
G55.0+0.3 20300 1983 007  Normal | 1018 +1.28| 009 67410 G335.2+401 24694 4878 018  Normal [3.91x049 | 049 0 0 C 42 18" 1035 25957903
G59.8+1.2 20473 2432 017  Normal | 543+ 111 0.06 0 G341.2+0.9 25190 -43.78  0.18 KDE |4.30£043 | 028 0 0 A 0.544 1307535
G65.140.6° 20867 2858 075  KDE | 416£061 | o1l 0 G343.1-0.7 25510 —43.23 023 KDE | 3.11x022 | 086 0 0 A 45 0.835  17.02%638
G66.0+0.0 29946 29.05 026  Normal | 3.93+0.71 0.09 0 G347.3-0.5 RXJI713.7- 25846 —39.75 0.54 KDE | 4.56+0.58 0.09 0 0 B 1376+ 1" 0216 59.66*7231
G73.9+0.9° 303.56 3620 023 Normal | 400£069 [ 0.4 0 3946 )
G351.7+0.8 26025 3545 0.5  Normal |335£0.11 | 0.64 0 0 A 54 132%05° 0323 33871%
G85.4+0.7¢ 312.67 4537 020  Normal | 3.80+1.05 |  0.08 0 0.60
G353.6-0.7 263.00 -3473 025  Normal |3.49+0.22 | 035 0 0 A 49 32+ 0388  15.83%3%
G85.9-0.6 314.67 4488 020  Normal | 327£097 | 005 0 20
) 3 _3 ) +7.93
693702  CTBIO4A. 32233 5083 067  KDE | 4295045 | o7 199503 03334407 26283 -3243 021 Normal | 416032 | 036 0 0 A 4.8 0526 2116779
DA 551 G357.7+0.3¢ 26465 -30.73 020  KDE | 379021 | 0.6 0 0 B 42
G359.0-0.9¢ 26671 -3027 009  Normal | 3.49%0.36 0.60 0 G359.0-0.9¢ 26671 -3027 019  Normal | 3.29x0.20(| 096 0 0 A 37 W a n g+ 2 O 2 O
G359.1-0.5¢ 266.38 —29.95 020  Normal | 3.29+0.47 1.03 0 G359.1-0.5 26638 -29.95 020  Normal | 3.18+0.32]| o081 0 0 B 4
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Distribution of the 64 SNRs consisted of 34+15 in Group A (red) and 9+7 in Group B
(blue), respectively in the disk superimposed on the Robert Hurt’s sketch of our
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Dust properties

8
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Dust mass from extinction

Kexty = 3— = 2.8x10*mag cm?g~* (WDO1) ™ Wang+2020
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Summary

* The distances and extinctions with high accuracy are determined for
e 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 (Ry)

* 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 extinction and CO map
* Morphological agreement
* Application to more SNRs

 Optically too thin/thick SNR
e Ultraviolet/infrared bands

* JWST data for distant/high extinction SNRs
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Variation of E(B-V) with distance at several clumps
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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

Thank you
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Lutz et al. (1999)

= «==\Nang et al. (2015a)
e RV = 3.1 (WDO01)
—R,, = 5.5 (WD01)

OO0 ¢

1. Consistent in 3-8urﬁ, flat

2. Smaller than others

3. Agree with Rv=5.5
(WDOY)
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Part Il: Distances to the
Supernova Remnants



he extinction distance

* Basic principle
* At the position of a SNR, where the extinction increases

sharply due to its higher dust density than the average
foreground ISM

* With the known extinction of a target - its distance
can be derived by measuring the distribution of
extinction along the distance towards the sightline.

* the distance to the neutron star in 4U 1608-52 by Guver et
al. (2010)

* Advantage
* Applicable to almost all the SNRs
* Apparent |mprovement on the preC|S|on

ella ath@Gre
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Region of SNR and stars superposed on the radio image

6.5 1 1 1 1 1 6_5 1 1 2 1 1 1 L
G82.2+5.3 G89.0+4.7 G93.7-0.2
g 6.0
14 ﬂ
5.5 -
=
3 5.0 4 0 -
O
4.5 4
. =14 L
3.5 T T T ‘-2 T ul T T T
90.0 89.5 89.0 88.5 88.0 95.0 945 940 935 93.0 925 92.0
1_0 Il 1 Il 1 1 1 ! 1 1 ; 1
G1082-0.6 —0.6] G109.1-1.0 . I
0.5 - . i !
\
0.0 4 - —0.8- L
& —0.5 1 .
ﬁ -1.0- -
Z 10 L
—-1.54 i' L —1.2 - L
L ]
-2.01 . ]
0.6 - . -1.4 .
T Ll 1 T T _2'5 I T 1 T 1 T T T T T
94.4 94.2 94.0 93.8 93.6 109.5 109.0 108.5 108.0 107.5 107.0 106.5 109.4 109.2 109.0 108.8 108.6
GLON GLON GLON

Figure 5. The selected stars and the SNR regions. The background gray image is the radio map. The green dashed circles represent the reference regions of SNRs from
Green (2019), with green crosses indicating the centers. If the referred regions are used, they will be in solid lines. The magenta solid lines are manually defined
regions, which follow some contour lines enclosing the SNRs. The blue and red squares denote the dwarfs and giants, respectively. All of the subpanels are in Galactic
coordinates.



Extinction along/and distance

T T r r 6 T T T r 6

G93.7—-0.2 R e - —"

G82.2+5.3 G89.0+4.7

Distance [kpc] Distance [kpc] Distance [kpc|

Figure 6. Color excess values E(gp, — Ks) vs. distances (in kpc) in the selected regions for all 32 SNRs. The blue and red dots represent dwarf and giant stars,
respectively. The black dashed line is the derived R6niiaoi ISV reddering ip%ﬁdeiﬁ&Md m%lsaegia:f.tamétgﬂéaﬁ solid lines are the best-fitting reddening profiles

2024/06/13 based on the sample stars. The green dashed lines decodes the ISM conuributign derived:from the extinction-distance model.



Comparison with Green et al. (2019)
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Figure 7. The comparison between our results (black dots and red lines) and the reddening profiles (blue lines) retrieved from the dust map by Green et al. (2019). The
black dots and red lines are the same as the blue/red dots and green lines in Figure 6, respectively.
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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)
e 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
4

G2055+05 g

Distance [kpc]



Distance

SNR D thiswork D literature Method
Names (kpc) (kpc)
G78.2+2.1 0.98 1.7-2.6, 1.5 = 04 associated object
G89.0+4.7 23+03 1.9703, 0.80 + 0.07, 1.0-1.6 RCs? associated object, ¥ — D
G93.7-0.2 2.16 = 0.02 1.5 +0.2 kinematics
G9%4.0+1.0 2.53 £ 1.08 4.5 associated object
G109.1-1.0 2.79 + 0.04 3.0,4.0 = 0.8, 6.0 kinematics, RCs
G152.4-2.1 0.59 + 0.09 1.1 £0.1, <1.0 kinematics, extinction
G156.2+5.7 0.68 + 0.20 03,1-3,13,3 associated object, kinematics, Sedov estimate
G160.9+2.6 0.54 £ 0.10 0.8 +£04, 1.1, kinematics, Sedov estimate,

1.3-1.8, >1.1, 0.6 Y. — D, associated object, extinction
G166.0+4.3 3.24 + 0.03 45+ 15 kinematics
G182.4+4.3 1.05 + 0.24 >3, ~1.1 Sedov estimate, extinction
G189.1+3.0 1.80 4+ 0.05 0.7-1.5, 1.9, kinematics,

1.5, 1.731043 >} — D, associated object, extinction

G190.9-2.2 1.03 + 0.01 1.0 + 0.3, 1.035992 kinematics, extinction
G205.5+0.5 1.13 £ 0.01 1.6 + 0.3, 1.6, 1.5, 0937092 /1.26 3% > — D, extinction
G206.9+2.3 0.89 £+ 0.02 3-5,1.6 > — D, kinematics
G213.0-0.6 1.09 = 0.29 ~1.0, 2.4, 1.15 £+ 0.08 kinematics, associated object, extinction

2024/06/13
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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

Table 1. Distance and extinction of 35 SNRs measured by UKIDSS data.

Name @ Other name  RA  Dec Radius RC ridge®  (dex)p (AAgq)p (dex)s @D (AAgg)s  Reliability dpg'®  dogper (Agg)snr  Dust mass
(deg) (deg) (deg) (kpc) (mag kpc'l ) (kpe) (mag kpc" ) (kpc) (kpc) (mag) (Mgy)

G5.4-1.29  Milne 56  270.54 -2490 0.29  Normal  3.89+0.91 0.15 0 0 A >4.3 0.275  18.941110
G6.1+1.2 268.73 -23.08 0.25  Normal  3.27+0.73 0.10 0 0 A 6.7 0.138 427415
G6.4-0.12 W28 270.13 -23.43  0.40 KDE 3.55+0.90 0.40 0 0 A 1.9 0.742  79.96+2%
G8.9+0.4 27099 -21.05 0.20 KDE 3.54 £0.62 0.27 0 0 A 4.3 0.376  10.06*3]%
G13.3-1.3 274.83 —18.00 0.58 Normal  4.76 +0.93 0.10 0 0 C 2.0-4.0 0.214  50.65*3%%°
G15.1-1.6 276.00 —16.57 0.25  Normal  2.91+0.68 0.16 0 0 c 45 229 0.186  4.21%53%
G18.9-1.1¢ 27746 —-12.97 028  Normal 547+0.79 0.25 3.08 + 0.65 0.13 B 1.8*/2.0° 0.175  6.70*7%
G19.1+0.2 276.23 —12.12  0.23 Normal  3.57 £0.67 0.15 0 0 C 4.0 0.269  9.29*34%
G21.8-0.6  Kes 69 278.19 —10.13  0.17 Normal  4.87 £0.29 0.81 3.56 + (.24 0.4 A 32 5.2°/5.6° 0.586  20.64*774
G22.7-0.27 27831 =922 022  Normal  4.72+0.26 1.33 3.11+0.29 0.49 A 32 4.4/47° 0.841  47.09*17.6
G23.3-0.3° W4l 278.69 —8.80  0.23 Normal  3.38+0.26 1.34 4.14 +0.27 0.93 A 2.7 4.2°/48° 0.799  24.70*73¢
G24.7+40.6° 278.54 -7.08  0.25 Normal — 2.73+0.68 0.31 5.87 +0.71 0.26 B 3.5° 0.483  6.03*22
G25.1-2.3 281.29 —-8.00 0.67  Normal  3.45+0.83 0.05 0 0 C 2.9 0.100  10.66%1%
G27.8+0.67 279.96 —4.40 042 KDE 3.99 + (.55 0.21 0 0 A 2_3@ 0275 24 43t3:;€,
G30.7+1.0 281.00 —1.53 020  Normal  3.64+0.93 0.13 0 0 C 5.1 0.242  5.16%%3
G32.1-0.9° 283.29 -1.13  0.33 KDE 4.65 +0.56 0.11 0 0 A 4.6° 0.131  16.93*53
G34.7-04° W44, 284.00 1.37 0.29  Normal  2.66+0.71 0.49 0 0 B 2.1*/2.8°/3.0° 0713 17.71*$%

Wang+(2020)



Distance and extinction of 34 SNRs measured by VVV data
Wang+(2020)

Table 2. Distance and extinction of 34 SNRs measured by VVV data.

Name @ Othername  RA  Dec Radius RCridge®  (dex)p'”  (AAgglp  (dex)s P (AAgg)s  Reliability dpg ' doper " (Akg)snr  Dust mass
(deg) (deg) (deg) (kpc) (magkpe™h) (kpe) (magkpe™") (kpe) (kpe) (mag) (Mg)

G3.8+0.3 268.23 2547 015  Normal 414029 032 0 0 A 6.4 0.399 8254310
G54-129  Milne56 27054 -24.90 029  Normal 3.89+037  0.14 0 0 A >4.3 0235  16.2275%
G6.1+1.2 26873 -23.08 0.25  Normal 3.67+0.36 0.2 0 0 A 6.7 0197  7.71%93%
G6.4-0.1 W28 27013 -23.43  0.40 KDE  355+0.34 056 0 0 A 1.9 0772 83.30%1%
G6.5-0.4 27055 -23.57 0.5  Normal 372+021  0.70 0 0 A 4.1 0.578  9.60735
G8.7-0.1° W30 27138 -2143  0.38 KDE  4.15+0.19  0.62 0 0 B 1.9 45" 0.573 74374714
G8.9+0.4 270.99 -21.05  0.20 KDE  3.51%041 0.21 0 0 A 4.3 0338  8.91%}3
G296.1-0.5 177.79 -62.57 0.3 KDE  380+0.50  0.09 0 0 C 3.0+ 1.0* 0.195  9.68:3¢3
G301.4-1.0 189.48 —63.82 031  Normal 274+055 0.2 0 0 A 5.2 0.254  6.04*327
G308.8-0.1 205.63 —62.38 0.25  Normal 3.92+0.60  0.28 0 0 A 6.9154" 0.885 30307143
G309.8+0.0 20763 —62.08 021  Normal 3.12+022 038  561+042 0.3 A 4 0497 852432
G312.4-0.4° 21325 —61.73 032 Normal 441+050 025 0 0 C 24 >6/>14/6.0550"  0.600  62.501%4
G315.4-0.3 21898 —60.60 020  Normal 331028 026 594036  0.25 C 0.351 4487758
G315.9+40.0 219.60 -60.18  0.21 KDE  371+0.18 0.6l 0 0 A 8.2 0.517  9.25+341
G316.3+0.0 MSH 14-57 22038 -60.00 024  Normal 3.84+030 055 0 0 C 41 >7272+06° 0810 18.04757¢
G318.2+0.1 22371 -59.07 0.33 KDE  327+044 045 0 0 A 0.870  48.25%%)°
G318.9+0.4 22463 -58.48 025  Normal 350+032 028 0 0 A 0401  7.6877%%
G320.4-12  MSH 15-52, 22863 -59.13 029  Normal 3.00+045 008  585+022 005 C 5.2 0.185  7.58*7%

RCW 89



Extinction law

* Supernovae: 10! erg

 Strong shock destroys the ambient interstellar dust and alters
the size of the dust grains (Lakicevic 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. n(a) x a ¢

Band: Ggp, Tp1,G,1ip1,Grp, J, H, Ks, W1, W2 A, = 1.086f

L

Z

| G108.2—0.6 Ry= 6.74T
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Part Ill: Distances to the
Molecular Clouds



UV bands: GALEX/FUV and NUV
Low extinction at high latitude

LAMOST DR7: GAIA EDR3: GALAH DR3:
6,199,917 1,811,709,771 588,571
LAMOST+GALEX: GALEX GR6/7: GALAH+GELEX:

LG 6,142,479 82,992,086 588,553 G G
LAMOST + GALEX GALAH + GALEX +

+ GAIA : 1,985,278 GAIA : 279,604

LGG

GGG
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Summary

* The extinction derived from spectroscopy
* Independent of any priors on the Galactic structure
* Useful to trace the extinction law
* high accuracy that can detect low-extinction

* Multiple application
* Determination of the distances to extended objects
 Structures of the extended objects and the Galaxy
* Study of dust properties in various environments
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