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INTENSE LASER ASTROPHYSICS I

XIA Jiang-Fan ~ ZHANG Jie
Laboratory of Optical Physics —Institute of Physics ~ Chinese Academy of Sciences  Beijing 100080 China

Abstract The use of a state-of-the-art laser facility makes it possible to produce materials in the laboratory similar to
those in astrophysical systems. The introduction of the astrophysics-related ideas in laser-plasma interaction experiments
is vital to the understanding of astrophysical phenomena. We compare the plasmas produced by intense lasers and those
produced under astrophysical conditions pointing out their inherent similarity which provides the physical grounds for
modeling astrophysical plasma by laser plasmas i.e. the similarity principle and scaling laws. Then we review the
most recent research in intense laser astrophysics including highly ionized ion spectroscopy the equations of state and
radiation opacity of astrophysical plasmas and hydrodynamic instabilities. These studies have greatly improved our un-
derstanding of the astrophysical processes in supernovae white dwarfs neutron stars giant planets and brown dwarfs

thus allowing the creation of experimental test beds where observations and models can be quantitatively compared with

laboratory data.

Key words intense laser laser-plasma astrophysics experimental modeling
20 90
CPA
1
2
20 40 60
* 2000 -06-29 2000 -09 - 11

210 -



30

2001

Fermi

34

CMB

first objects

30

CMB

Jeans

AGN

211 -



20

100keV 10keV

212 -

10MeV
18
2
1
2
3
4
3

14 15

16 17

MeV

20



20 60

X
2S2 2pn _2s2pn +1
2s2p" "' —2p"*? FeXIX FeXX
FeXXI o
2
X
X
23
24
25 26 27
~0.1pm CH
ICF
X
LTE
X

30 2001 4

29

MHD

SN

30 31

Vlasov

SNR

ISM

SNR  RT
MHD

213 -



ICF

- Rayleigh — Taylor RT
Richtmyer — Meshkov RM

Kelvin — Helmholtz KH

RT
SNR
1.02MeV

Y n

Y GRB

33

RT
70

RM

36

RM SN
30 31
RT
“ " bubbles .
RT
»
* .RT
SN1987A RT
3
ICF
.RM RT
. SN
SNR RT
SN1987A
SNR

37

10keV p=100gem >
214 -

38

MeV

238
U

39



30

-10

-5

+5

+10

+15

2001

K-H

Schwarzschild

Herzberg — Russel HR
1

90%

LTE

215 -



2
a X
41
b X

) X

c
3
4

100gem ™ 5—10keV
10M]J

Perry M'D et al . Opt. Lett. 1999 24 160
1997 26 643 ZHANG Jie. Wuli Physics 1997
26 643 in Chinese
Farley D R et al.Phy.Rev. Lett. 1999 83 1982
Takabe H et al. Plas. Phys. Control Fusion 1999 41A 75

216 -

41
42

Remingron B A et al . Science 1999 284 1488
Kaplan S A Tsytovich V. N. Plasma Astrophysics New York

Pergamon 1973

Opher R. Plas. Phys. Control Fusion 1999 41A 209
Kharchenko I F et al. Nucl.Fusion 1962 Suppl.3 1101
Veksler V1 et al. Atomic Energy 1963 19 14
Artsimovich L A. Sov. Phys. Uspekhi 1970 12 810

Fainberg Ya Bed. Interaction between Beans of charged particles in

a plasma. Moscow Naukova Dumka 1965

Demidov B A Fanchenko S D. JETP Lett. 1965 2 332

Zhang ] et al . Science 1997 276 1098

Perry M D et al.Rev. Sci.Instrum. 1999 70 265

Zhang P et al. Phys.Rev.E 1998 57 R3746

Key M H et al. Phys. of Plas. 1998 5 1966

Davies J D et al .Phys.Rev.E 1997 56 7193

Borovskij A V' Prokhorov A M. Sov.Phys. JETP 1994 79 81
Campbell EM et al. Laser & Part. Beams 1997 15 607

Chen P Tajima T. Phys. Rev. Lett. 1999 83

256

Faweetl B C Cowan R D. Mon. Not.R. Astron. Soc. 1975 171 1

Rogers F J Iglesias C A. Science 1994 263

50

Lewis C L' S Glinchey J] M. Opt. Comm. 1985 53 179

Balmer J et al. Phys.Rev.A 1989 40 330
Rose S J. Laser & Part. Beam. 1991 9 869

Davidson S J. Appl. Phys. Lett. 1988 52 847
Tallents G J et al. Phys.Rev. A 1989 40 2857

Wark J S et al. Phys of Plas. 1997 4 2004
Ripin B H et al. Laser & Part. Beams 1990

8 183

Ryutov D et al. Astrophys. J. 1999 518 821

Kane J et al. Phys.of Plas. 1999 6 2065

Arons J Lea S M. Astrophys.J. 1976 207 914
Cattaneo F Hughes D W. J.Fluids Mech. 1988 196 323

Frieman E A. Astrophys.J. 1954 120 18
Shigeyams T. Nomota K. Astrophys.J. 1990

360 242

Suzuki T et al. Astronomy & Astrophys. 1992 274 883
Borlklwshi K J et al. Astrophys.]J. 1997 477 281
Laing E P et al. Phys.Rev.Lett. 1998 81 4887

Piran T. Phys.Rept. 1999 314 575

1998 HUANG Run-

Qian. Star Physics. Beijing Science Press 1998 in Chinese
Hatchett S et al. Astrophys.J. 1976 206 847

Fabian A C et al. Mon. Not. R. Astron. Soc.

1989 238 729





