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Evolution of High-energy Particle Distribution in Supernova Remnants

Houdun Zeng

zhd @ pmo.ac.cn, liusm @ pmo.ac.cn

B0 S BERLF 70 T R BUR LRI
# (XA, BEH)

THE ASTROPHYSICAL JOURNAL. 874:50 (12pp). 2019 March 20

- Yuliang Xin., and Siming Liu
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Table 1

The Sample of SNRs and Related Physical Information

https:,

SNR Name Other Name Radius Distance Age Density Shock Speed References for Related
(pc) (Kpe) (kyr) (em™?) (kms™") Radio X-Ray GeV TeV Physical Information
G006.4-00.1 W28 ~13 ~2.0 40(33-150) ~100 60-80 v v v 1-4
G008.7-00.1 W30 ~26 ~4.0 25(15-28) ~100 530-750 v v 56
G031.9+00.0 3C 391 ~7 ~72 ~4 ~300 620-730 v v 7-10
G033.6+00.1 Kes 79 ~9.6 ~7.0 ~4.4-6.7 ~3(1-5) 400 =5 v v 1113
G034.7-00.4 W44 ~12.5 ~3.0 ~20 ~200 100-150 v v 14-16
G043.3-00.2 W49B ~5 ~10 ~5.7(5-6) ~T700 ~400 v v v 17,18
G049.2—-00.7 WsI1C ~18 ~4.3 ~30 ~10 ~100 v T v v 19-22
G073.9+00.9 ~16/52 ~4.0/13 ~11-12 ~10 ~200-300 v T v 23,24
G074.0-08.5 Cygnus loop ~16 ~0.54 ~14 ~5.0 240-330 v v 25-28
G078.2+02.1 v Cygni ~17 ~2.0 ~8.25(6.8-10) ~2.5(0.1-20) 700-1100 v T v v 29, 30
G089.0+04.7 HB21 ~26 ~1.7 ~40(36 or 45) ~15 ~125 v T v 31-35
G109.1-1.00 CTBI109 ~16 ~3.1 ~9.0(9.0-9.2) ~1.1 ~230+5 v T v 36, 37
G120.1+01.4 Tycho ~33 ~3.0 ~0.44 ~10/0.3 4600-4800 v v v v 38,39
G132.7+01.3 HB3 ~26.4 ~22 ~30.0 ~2.0 303-377 v v 40-42
G150.3+04.5 ~94 ~0.40 ~1.5(0.5-5) ~1.0 <2500 v T v 43
G160.9+02.6 HBY9 ~15 ~.8 53@4-7) ~0.1 ~740 v T v 44, 45
G166.0+04.3 ~26 ~4.5 240 ~0.01 ~680 v v 46. 47
GI180.0-01.7 S147 ~38 ~1.3 30(20-100) ~250(100-500) ~500 v v 48. 49
GI189.1+03.0 IC 443 ~11 ~1.5 ~30 ~140 60-100 v v v 50-52
G205.5+0.50 Monoceros ~63.36 ~1.98 ~30 ~3.6 ~50 v v 53-55
G260.4-03.4 Puppis A ~15 ~22 4.45(3.75-5.20) ~4.0 700-2500 v v T 56-59
G266.2—01.2 RX J0852-4622 ~13 ~0.75 2.7(1.7-43) ~3.8 ~3000 v v v v 60, 61
G296.5+10.0 ~26 ~2.1 ~10.0 ~13.0 <1000 v v 62, 63
G304.6+00.1 Kes 17 ~10 ~10 42(2-52) ~10 150-200 v T v 64, 65
G315.4-02.3 RCW 86 ~15 ~2.5 ~1.8 ~0.1-2.0 700-2000 v v v v 66-68
G326.3-01.8 MSH 15-56 ~22.2 ~4.1 ~10.0(10-16.5) ~0.1/1.0 500-860 v v 67. 69, 70
G327.6+14.6 SN 1006 ~9.0 ~22 ~1.0 ~(0.085 3200-5800 v v v v 71,72
G332.4-00.4 RCW 103 ~5 ~33 ~2.0 ~10 ~1100 v v 73-75
G337.0-00.1 CTB 33 ~2.55 ~11.0 ~5.0 ~60 <200 v v 76-78
G347.3-00.5 RX 1713.7-3946 ~10 ~1.0 ~1.6 ~0.01 ~5000 v v v v 78-81
G348.5+00.1 CTB 37A ~10 ~79 ~30 ~100 75-100 v T v v 82-86
G348.7+00.3 CTB 37B ~20 ~13.2 ~5 ~10/0.5 ~800 v T v v 85-88
G349.7+00.2 ~33 ~1L5 ~2.8 ~35.0 700-900 v T v v 89-92
G353.6—-00.7 Hess J1731-347 ~14.0 ~32 ~2-6 ~0.01 ~2100 v v v v 93,94
G359.1-00.5 Hess J1745-303 ~16.0 ~4.6 ~70 ~100 ~300 v T v v 95-98

/10.3847/1538-4357 /aaf392
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Table 2 .
Spectral Fitting Parameters (Continued)
Ene u Ep e B W We n Epe Ee cu Ep.an B W W n
. log log log loglo— logio— — R . 5 . log logip— —
Source Name a oy . “’ \: Ry UG "erg W, cm—? Source Name @ I%“'Gc\" k""lo(‘ oV logio GeV EloﬂG )gm“_ W, cm'
- oo ey o0 0 ; - -
w28 1762503 018Zg11 163 372 194%g0  49-36Z00; 3000 100 RCW 103° 21250 NA 3.92 >4.77 1443058 50.042006 041 10
w30 1633019 02403 206 >4.29 1.862913 49.69%0 736 100 2 N 7
o1 038 03 0 CTB 33 1.89%93¢ 346 >4.66 1.500%% 49.50209 0.17 600
30391 1.997583 LISZ0E 1.86 >3.81 2312904 4903700 619 300 — - — —
RX J1713.7-3946* 310203 4897000 >5.57 1.2920008 49.4620% 6.0 0.01
Kes79° 200755 NA Ep o 1072518 1.702083 49.47200% 213 100.0 —
_ CTB 37A 147302 0362015 10 25.96 49.827002 607 100 24 _ 146
W44 160200 0.7350%8 123 1.87208 228208 49.43709) 1480 200
— — = CTB 37B 1497011 240793} 0.81 >534 2847013 50.512008 1.04 x 10° 10 LB
W49B —0.217] 1.55 370203 2401386 49.435003 235 700 - = 1.00 i 14
- 7 19 2 <5137 +0.06 =0.04 ” 5 4 _
wsIC 031208 1.64 439203 208508 49.83300! 708 100 21206 CTB 378 3.06%020 247 >5.32 19706 S1.60Z00s 283 05 o = 1o
ws1C? 1.64752 032208 1.57 >5.78 202208 49797081 201 100 22120 G349.740.2 2827030 270 >5.00 2005313 50,0970 1.30 35 :—J =052
G73.9+0.9° 0782313 NA Epen 096203 L7208 4934208 393 10 Hess J1731-347 3.657910 427302 >5.19 146308 49.427004 45.1 0.01
~ < +0.08 - +0.1 ~003 +0.02
Cygnus Loop' 1.86008 NA Ep.cn 1.09%313 1.462003 48.7210% 197 50 Hess 11745-303 164700 2.03 ~537 1.66:0%8 167 100
~ Cygni 200238 263 >4.97 1782083 61.5 25
HB2I° NA Epcu 0.69200% 1712861 564 15
CTB109 2.66203} 328 >4.82 147308 4984703 196 11 22 =261 3 L LI ER P L EA 13,53 | T L A L TR 5 FLE | Y Y T L] T T E
Tycho 414205 >5.04 215558 49,0128 235 03 o 1 03 ( ; o
Tycho 3362011 406248 493 229304 487825 922 10.0 L2126 @ JE @ 3
HB3* NA Epan 1.085317 1.043004 5004303 6.4 20 =086 - E
7L L 3 )
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MNRAS 482, 5268-5274 (2019) doi:10.1093/mnras/sty3136
Advance Access publication 2018 November 19

Global constraints on diffusive particle acceleration by strong
non-relativistic shocks
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Consider different:

1)Progenitor mass
2)Stellar wind and proper motion
3)Magnetic field(direction and strength)

Stellar wind Supernova
density and magnetic remnant

g 1 1 N L . |

Supernova
remnant
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SNR evolves in normal and strong magmatic fields

4500yr 10000yr

1)The strong magnetic field of 1
mG will align the motion of
ejecta in a way similar to a jet.

2)Most of ejecta will propagate
parallel to the magnetic field.
And the ejecta propagating
perpendicular to the magnetic
field will be reflected and
generate strong reverse shock.

3)When the reverse shock
converge in the explosion
center, it will more or less flow
along the central magnetic field.
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pp interaction model

Liu et al. 2019
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Modelling the SED

Liu et al. 2019, PRD
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DEC--STG

Fermi 9 years of data —unbinned
likelihood analysis (0.2-100 GeV)

TABLE 1. Unbinned likelihood analysis results for energy band 200 MeV-300 GeV.

Photon flux Energy flux
0 Spatial model (x107~ phem™s7")  (x107 ergem™s7!)  Power-law index TS
ws  Disk 3.14 £0.54 2.52+£0.59 2.05+0.25 38.9
Core 3.08 £0.52 2.50 £0.59 2,64 £0.25 40.1
50 Radio 2.74 £ 048 2.11+043 270+0.24 42.9
X-ray 239+0.44 1.70 £0.35 2.81£0.28 37.2
w5 Point Source A (peeyer) 1944042 1124043 3244094 234
Point Source B (pl) 1924043 1.4540.26 2.73£0.19 413
" Disk+pl 245+ 065 178 +0.81 2784053 53.4
s 0.67 £0.35 0.82 £0.31 230£0.26
Core + pl 24340.63 1.82+0.76 2.73+0.46 54.3
> 0.65+£0.35 0.80 £ 0.30 2.3040.27
. Radio+pl 2254055 1.6 +0.49 2764036 565
0.53+£0.30 0.75+0.30 2224027
B3 1961 1943 1538 1926 X-ray +pl 1.79 £0.53 1.23£0.44 2.81£0.28 52.9
0724037 0.85£0.29 2334027
Pecnr + P 1134051 0,654 1.08 334400 457
1.14 £ 042 1.08 £ 0.38 249 40.27

Xi et al. 2018, PRD, arXiv:1709.08319



https://arxiv.org/abs/1709.08319

Interpreting the correlation
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gamma-ray data is
well consistent with
such a steepening

The steepenin
suggests that CR
escape is important
in low-SFR galaxies

Zhang, Peng & Wang 2019
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