54 1 2005 1 Vol.54 No.1 January 2005

1000-3290/2005/54 01 /0186-06 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
*
1+ 123 1 2 1
12 12 1 1
! 621900
2 610065
3 641112
2003 12 23 2004 2 25
3TW -
206keV
PACC 5250]
1. -

ultrashort ultra-intense
1 _ . 10
. I =107 Wem™> 7 ~42fs

ICF ¢ " E.u=2T, T,
fast ignitor ° -
DT . 11
r~60fs R*>10°W cm™? pm’

4—15 . _ Th _10.5 .
3TW -
16 17 18
Vx B T 0 ) 70—1250keV
* 200070206 10275056

+ E-mail yqGu@ VIP. sina. com.



187

2.
CAEP
3TW
CPA 300m]
800nm 60fs 10Hz
2% .
1:107° 2ns .
1
BRI
b SNAPITEN
E]
EFFLARML
T MR
KRR A TR

A

2
3.
130mJ
60fs 800nm 1:10°¢
4’ F 7.0 x

115
130mJ 40mm
20pm Cu 45 P
X
X CCD charge coupled
diode array camera
2. 20pm FWHM
7.0x 10" Wem ™.
600Gs 70—1250keV .
2% .
LiF Mg Cu P TLD 3.2
x3.2x0.38mm 2% .
LiF TLD 2
1.55%x 10 sr.
!
150 - 1
100 - i 20 pm
100 Ié5 1%0 1'175 2(1)0 255
B
10" Wem™” 20pm Cu
X LiF
TLD LiF
TLD

3mm


Absent Image
File: 0


188 54
SMeV . . . . . .
2MeV" .3 P 10°¢
20 '%
6x 10°keV 'em™2. g 10° |
s
s ;
10 i
=/ 10%t
IE 0 200 400 600 800 1000 1200 1400
S 10 T AR £/ keV
=
g \ aYa o 5 B=6x10"2T
-\' .»/l\»\/ /-/ Ta—" \-//
\ 20 350keV
10 0 200 400 600 800 1000 1200 1400 plateau 3.7%x 10°2T
el E/keV 3
, 1.20x 10°keV ™" em™?
350keV
4 1200keV 1.00 x
20 150keV  10'keV 'em™’
hot electron fluence 1.15 x 350keV
10 keV ™' em ™2 170keV.  70—1250keV
1200keV
4.95x 10°keV "'em ™2 5.54x 10%cm ™2
. 1.83x 10°sr™"
206keV . 70—
1250keV
3.61x 10°cm™> 4.
1.19 x 10"
s’ -
w 107F
5 / T,=206keV
T> . »
s Lo (Ldn)
] "\ ndx
% 10° ’
0 200 400 600 800 1000 1200 1400
HTHE E/keV
ASE ASE
4 B=6x10-2T 0.5—8ns 1077—10°°¢

10" Wem ™ ASE



189

10

1=7.0x 10" Wem™> 1:10°° ASE
I ~10"Wem™>
10
L= 1—2 1 2
E, V/m 2L 5 75 % 10° 1" 1
ggcC
1 € c
[1=7.0x10"Wem ™ E,=2.3x10"
V/m.
E
X, = <= _0.12 2
mewo
e m, w, =27l
A
L%XUSC L>>
X 25 L —
1— A L= 10—20 X,. .
6
T, = a R*/107 "—a R*/107 " 3
n normalized intensity
W‘umzcmf2 a
30 100 "
n*>10" Wypm’em ™ 12° .
60fs
4.48 x 10" Wym’em™> a 100 1/
3. 3 165keV
206keV
) L
= 10—20 X,. L>X,,
12 3
1/2 212keV

10" W;imz cm”?
1/3 1/2

a = ,fc = mciwzc =8.53x 10 N> " 4
P, A pm . 1=
7.0x 10"Wem™ A =0.8um
a=0.57 <1 5
VxB
’ a<l F,
= —(e/2m,wy) A, < E >
%
(vale)? > 2/kyL 6
Voo = eEy/m,w,
ko
(vle)? ~0.33 -2 =032 7
ko L

Andreev
.Sentoku ~ * PIC particle in cell
MeV
self-
focusing
Schlegel 4% 10°Wem ™
120fs 45 P 1 % PIC
E = 5—40 keV

29



190 54
5 350keV 1.83x 10sr™
170keV . T, =
a R*107 "P—a R*/107 1 a =100 5.
1/3 T, = 165keV
3TW CPA
Landau damping
wave breaking
206keV
260keV
170keV
350keV
198keV
1.19
x 10¥sr™!
1 Perry M D and Mourou G 1994 Science 264 917 17 Brunel F 1987 Phys. Rev. Lett. 59 52
2 Gibbon P and Forster E 1996 Plasma Physics and Controlled Fusion 18  Brunel F 1988 Phys. Fluids 31 2714
38 769 19 LiuSB Zhang J and Yu W 1999 Phys. Rev. E 60 3279
3 Tabak M et al 1994 Phys. Plasmas 1 1626 20  Sprangle P et al 1988 Appl. Phys. Leti. 53 2146
4 Wilks S C et al 1992 Phys. Rev. Leit. 69 1383 21 Amiranoff F et al 1998 Phys. Rev. Leit. 81 995
5 Malka G and Miquel J L. 1996 Phys. Rev. Lett. 7775 22 Cai DF et al 2003 High Power Laser and Particle Beams 15 141 in
6 Beg F N et al 1997 Phys. Plasmas 4 447 Chinese 2003 15 141
7 Malka G et al 1997 Phys. Rev. Lett. 79 2053 23 Cai DF et al 2003 High Power Laser and Particle Beams 15 575 in
8 Malka G Lefebvre E and Miquel J L 1997 Phys. Rev. Leit. 78 Chinese 2003 15 575
3314 24 Bastiani S et al 1997 Phys. Rev. E 56 7179
9 Schlegel Th et al 1999 Phys. Rev. E 60 2209 25  Grimes M K et al 1999 Phys. Rev. Leit. 82 4010
10 Zhidkov A et al 2000 Phys. Rev. E 62 7232 26  Kruer W L 1988 The physics of Laser Plasma Interactions MA
11 Zhidkov A G et al 2001 Phys. Plasmas 8 3718 Addison-wesley p74
12 Chen LM et al 2001 Phys. Plasmas 8 6 2925 27  Andreev A A . Platonov K Yu and Salomaa R R E 2002 Phys.
13 Dong Q L and Zhang J 2001 Phys. Plasmas 8 1025 Plasmas . 9 581
14 Chen L' M et al 2001 Phys. Rev. E 63 036403 28  Sentoku Y et al 1999 Phys. Plasmas 6 2855
15  Bastiani S et al 1999 Phys. Rev. E 60 3439 29  Catto P J and More Richard M 1977 Phys. Fluids 20 704
16 Forslund D W et al 1975 Phys. Rev. A 11 679



1 - 191

Experimental study on energy distribution of the hot
electrons generated by femtosecond laser
interacting with solid targets ™

Gu Yu-Qiu' ©  Cai Da-Feng' > Zheng Zhi-Jian'  Yang Xiang-Dong®  Zhou Wei-Min'
Jiao Chun-Ye' > Chen Hao' > Wen Tian-Shu'  Chunyu Shu-Tai'
Research Center of Laser Fusion China Academy of Engineering Physics Mianyang 621900 China

2

= Atom and Molecule Physics Institute ~ Sichuan University ~ Chengdu 610065 China

3 Department of Physics Neijiang Teachers College Neijiang 641112 China

Received 23 December 2003  revised manuscript received 25 February 2004

Abstract
This paper reports the results of the experiment of hot electron energy distribution during the femtosecond laser-solid target
interaction. The hot electrons formed an anisotropic energy distribution. In the direction of the target normal the energy
spectrum of the hot electron was a Maxwellian-like distribution with an effective temperature of 206keV  which was due to the
resonance absorption. In the direction of the specular reflection of laser there appeared a local plateau of hot electron energy
spectrum at the beginning and then it was decreased gradually which maybe produced by several acceleration mechanisms. The
effective temperature and the yield of hot electrons in the direction of the target normal is larger than those in the direction of the

specular reflection of laser which proves that the resonance absorption mechanism is more effective than others.
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