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Laboratory study of hydrodynamic processes
during the evolution of supernova remnants
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Abstract The hydrodynamic processes during the evolution of supernova remnants are discussed. High pow-
er laser systems are used to simulate and explore the flow — driven shocks and instability within shocked struc-
tures that occur during the evolution of the remnants. This is significance for the investigation of the hydrody-
namics of the remnants evolution of SN1987A

Keywords supernova remnants laser — produced plasmas shock wave radiation

SNR

1—6 7
1—20M,,
10 erg
ISM
SNR
* 10374116 10433010 10573024
2005 -03 -01 2005 -06 - 17
T . Email jzhang@ aphy. iphy. ac. cn

34 2005 12 - 903



ISM
ISM
8
1
SN1987A .1 a 1994
SN1987A
9 10
10000km/s
ISM .
10—20km/s 1
5—10
200—400km/'s
100—300eV
X

1 SN1987A
a 1994 SNI1987A b
1994 1997 SN1987A
1 b 1994 1997
SN1987A
1997
SN1987A
-a
80% 12
SNR
SNR
SNR
SN1987A
SNR
1
2 Sedov — Talor ST

. 904

3 snowplow PDS " .

SNR
5000—10000km/s

SNR
Sedov
— Taylor
SNR Sedov
. SNR
<300km/s
Rt =p"
o a=Vi/R V. R
14
Rt ot
a=1. Sedov — Tay-
lor
Ranki — Hugonio . Li-
ang  Keilty " ST
R=[4y=-1l v+l 2]”4(ﬁ)1/4t1/2 1
T 3y -1 Po
Y E, Po
t
a=1/2. Sedov — Taylor
a=2/5 .
SNR
. SNR
Sedov — Taylor
L2
-



SNR Snowplow MCS .
R - (18E0d0)'/6t1/3 )
TPo!
d, .
a=1/3. a=1/4 .
ST
2 SNR
2.1 SNR
SNR )
Remington B A 510 Nova
SN1987A
20k]J 0.35um
Ins 3mm 1. 6mm
220eV . X
Br CH Br
X
~50Mbar CH
CH CH
30eV Mach
10 . 150 pm
700 pm 40mg/cm’  SiO,
2ns CH
Br Ins CH

34 2005 12

il
i CH ¥
T
B
2 SN1987A
3
3
(a)
3.5 o
3o PEE 4 ! ®
L 3 G T
o 23 1oy
2 ,
ﬁ 1.5
10
0.5
0 1 1
300 400 500 600 700 800
7 AT fum
800
(c)
i 1]
it N /
. 600 |
g
= :
Eal
i‘:__
Z 400 [
# y i
¥ 2
200 - w \.ﬁm
| |
2 4 6 8 1 12
M} [ fns
3 SNR
a b 6ns

- 905-



R CD contact discontinuity 7 Drake R P SN1987A

F R/CD/F Ins—1yr
1 100km/s—10*km/s  100um—0. 03lt-yr It
. Drake R P 16 —yr
LASNEX 3
2.2
4 .
2
. 5
:.E“ ' F Edwards M ]
=2 § 1819 Ne Ar
o s =
% = Xe
5 a b c
k]
z "i’i
£ E
g - 10 g Abel
h‘huh"-‘J 5
] | | i a
300 400 500 600
2] fit B fum
20 21
4 R/CD/F
5 a
4
b c
VA VA
CD ”
6
CD
t<<4ns
SNR
ST . t >4ns
2
SNR X
$i +6ns 1, +=6ns

]
wf)
=
=
o i
3 TR TR
e
Ol 1 1 |
0 50 100 150 200 250 0 100 200 300 Q 00 200 00

A AT B - R um

- 906-



R oct®
ST

.ST

300 2
e

Xe(r-104%) s

]
=
=

7  GrunJ*

100
90

B0 T
70
60

50

ST .
ST 7
a Z
3 4 Sedov — Taylor 7 b

TR B TR AR fum

a ST a=1/2
ST

. 30ns a=0.
43 +0.010 a=1/2
a=1/3

7 Sedov — Taylor a b

ST
2.3 SNR . Vishniac ET %

ST
ST vy<1.2
) ST . ST
SN1987A _Ripin B H 26
ST : 1.3+0.1
ST Rayleigh — Taylor RT 1.06 +0.02.

Richtmyer — Meshkov RM . RT
. RM RT

RM RT
ST

1 Drake R P et al. Appl. Phys. J. 1998 500 L157

34 2005 12 - 907



2 Ripin B H et al. Laser Part. Beams 1990 8 183 15
3 Rose S J. Phys. World 1994 7 56 16
4 Remington B A et al. Science 1999 248 1488 17
5 Takabe H et al. Plasma Phys. Controlled Fusion 1999 41 18
A75 19
6 Woolsey N C. Phys. Plasmas 2001 8 2439 20
7 Borrows A. Nature 2000 403 727 21
8 Chevalier R A. Astrophys. J. 1982 258 790 22
9 Wang L et al. Astron. Astrophys. 1992 262 19
10 Jacobsen P R et al. Appl. Phys. J. 1991 369 163 23
11 . 2001 30 340 Xia J ' Zhang J. Wuli 24
Physics 2001 30 340 in Chinese 25
12 Liang E et al. Appl. Phys. J. 2000 533 890 26

13 Cioffi D F et al. Appl. Phys. J.
14 Ryutov D et al. Appl. Phys. J.

1988 334 252
1999 518 821

C@00S00S00S00S00S00S00S00S00S00SC0S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00

EPRI

Pelizzari C

Pelizzari C

GPS

Brasileiro de Geografia e Estatistica ~ Nacional de Pesquisas da Amazonas

kil
1mm 9mm.

2—10mm/

Geophysical Research Letters

908-

Remington B A et al. Phys. Plasmas 1997 4 1994

Drake R P er al. Phys. Rev. Lett . 1998 81 2068
Chevalier R A. Appl. Phys. J. 1982 258 790

Edwards M J et al. Phys. Rev. Lett. 2001 87 085004-14
Shigemori K et al. Appl. Phys. J. 2000 533 L159
Keiter P A et al. Phys. Rev. Lett. 2002 89 165003-14
Hoarty D et al. Phys. Rev. Lett. 1999 82 3070

Keilty K A Liang E P Drimire T et al. Appl. Phys. J.
2000 538 645

Keilty K A et al. Appl. Phys. J.
Grun J et al. Phys. Rev. Lett.
Vishniac E T et al. Appl. Phys. J.
Ripin B H et al.
nomena. Hora H Miley G H. New York Plenum 1986 7
857—877

2000 538 645
1991 27 2738
1989 337 917

In laser interaction and related plasma phe-

SELEER EER Y TER EER TER SRR LR TR TER R EERER TER EELTEL 1L TER 1)

Physics News Update 738 21 July 2005

GPS

50—75mm/ . “ K

Manaus

15 September 2005



