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Sudy on Hot Electron Generation
From Solid Target Irradiated by Utrashort Laser

TAO Yezheng, SHAN Yusheng, LI Yejun,
TAN G Xiu-zhang, ZHAN G Ha-feng, WAN G Nai-yan
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Abstract : The temperature of hot electron generated from the slid target irradiated by ultra
short pulse laser has been studied experimentaly. The method isto measure the hard X-ray
continuum generated by the high energy electron bremsstrahlung process in lid region.
When moderate intendty , pre-pulsefree, P-polarized light irradiates 5 mm Cu dab with 45°,
the hard X-ray with energy up to 400 keV is detected. Fitting the experiment data by
Maxwellian distribution, the temperature of hot electron is 85 keV , the main absrption
mechanism for high energy electron generation is* vacuum heating” .

Key words: ultrashort laser ; =olid target ; hot eectron

(<1ps ,
[1]
(ICF) (Fy @ ,
ICF “ ” ,
:2002-01-07, :2002-04-07
. 863 (863-804-06-01 ,863  2000-04)

(19709 ,



482 36
, X
! (10 : ,
), X
( [8] X
). ICF ,
[3] « ”
DT , 1
(Ti Sopphire) ,
Ti  Sgpphire
, (Tsunami) Ti Sapphire
, ICF Ti Sapphire )
, 6 mJ 120 fs 744 nm
“ " : 10 Hz 10 mm
C :
) , (248 nm/ 440 f</ 50
mJ/ 10 Hz/ 104" W-cm™ ?) ,
la
/7.5 ,
( Te) CCD
) 1b, 104 m,
, , ‘ " 10" W/ cm?, 10 %
[4]
ASE
; Th = ( ) Tsunami
6x10" (A% V3 ” ,
T (ABY2 Y20 o1 A Tsunami (>2
P9 10°, (1p9)
keV W/cm?  Um 10,
( , , ,
) 10° (> 2 ps)
S 10*(1 p9) 1!
, (10" w/em?) , 102 Pa,
Bagtiani!®! 61 4 ; 10U m,
x10® W/em?> 5 x 10" W/cm? 5 mm ,
19 keV 18 keV ; [10]
, 5 10 keV X
[6] 304 m Al PIN X
42 kev!"! : , PIN



6 483
% 2
* : 400 keV 2
Maxwdlian
(exp(- E/ Thn) , 45
85 keV , 85 keV
10°
10+
®
0l
1L
0 00 200 300 400 500
/v
1 (€) 2
(b) X

Fig.1 Auto-corrdator waveform of laser pulse(a)
and gatid intendty distribution of focal ot (b)
a—FWHM =120 fs;b —FWHM =104 m

X 30 keV
X HPGe

6x10° 5, 2410 1 0,

2 | =10 W/cm?® P
45° 5 mm Cu
30 kevV X
(0.2 mm)

6 000 (30
keV) 990,
0. 165, 3%
, 500 keV :

1 200

Fg.2 Hard X-ray continuum
from olid target irradiated by ultrashort laser
45 keV

85 keV  Maxwdlian

keV
X :
(2 mm Al ,5 mm Cu,10 mm Fe)
lof 1 =1e )
200 kev
200 keV

10 mm Fe
10 mm Fe

200 keV

400 keV ,

Th=11.7 keV ,



484 36
L/A (L ,
)\ ) V = Vog = ?nefx)_ )
L/A yos::m: 2:0.029>L:
L/A Wo Mo
’ 0.008\ , ,
3 3 L/)\ 3
PIC
X Bastiani ’
2D
PIC ,
4 x 3
10 W/ cm? ,
6ps 1% , X ’
19 keV 182 kev!®! " ,
(10 W/ cm")
1010 W/ sz Cu s 400 keV X
(>2p9 102 W/ cm?(1p9 , ; Th
Maxwelian , 85
L/A 1 ps keV,
T. Engers [
[12] , 1012 ’
10" W/ cm? ,
kB Te 1
, HPGe ,
kg T
200 eV = T - PIN
I
(z , M; Z ! !
=8), Cs 3.5 x10°
5x10°cm/ s,
L =ct=3.5
6 nm ’ ! [1] Perry MD, Mourou G. Terawatt to Petawatt Subr
)J\‘ =0.008 picossoond Lasers[J]. Science, 1994, 264:917
PIC [13] 924.
104 10 W/ or? LN <0.1 ’ [2] Tabak M, Hammer J, dinsky, et d. Ignition and
cm , <0. ,

High Gan With Ultrgoowerful Lasers[J].
Plasmas, 1994 ,1(5) :1 626 1 634.
Bodner SE, Colombant , Denis G, et d. Direct
drive Laser Fuson: Satus and Progects[J]. Phys
) Pasmas, 1998 ,5(5) :1 901 1 918.

, [4] Gbbon P, Foser E. Short-pulse Laser-plasma In-

Phys

; (3]



485

[5]

(6]

[7]

(8]

teraction Pasma[J]. Phys Control Fuson, 1996,
38:7 769 7 793.

Bagtiani S, Rouse A, Gandre JP, et d. BExperi-
ment Study of the Interaction of Sulpicosecond
Laser Pulses With Solid Targets of Varying Initia
ScadelLengths[J]. PhysRev E, 1997 ,56(6) :7 179

7 185.

Zhang P, HeJT, Chen DB, et d. Hfectsof a Pre
pulse onyY -ray Radiation Produced by a Femtosec
ond Laser With Only 5 mJ Energy[J]. Phys Rev
E, 1998, 57(4) :R3 746 3 748.

ChenLM , ZhangJ, Dong QL , et d. Hot Hectron
Generation via Vacuum Heating Process in Fenmr
tosecond Laser-lid Interaction[J]. Phys Plasmas,
2001,8(6) :1 5.

McCdl GH. Cdculation of X-ray Bremsstrahlung
and Characterigtic Line Emisson Produced by a
Maxwellian Hectron Digtribution[J]. J Phys D:

(9]

[10]

[11]

[12]

[13]

Appl Phys, 1982, 15:823 831.

[D].
2001.

X [J]. )
2002 ,36(1) :1 4.
Engers T, Fendd W, Schuler H, et d. Second
harmonic Generation in PFlasmas Produced by Fenr
toseoond Laser Pulses[J]. Phys Rev A, 1991 ,43
(8) :4564 4567.
Edmann K, Meyer-ter-Vehn J, Shlegd T. Hy-
drodynamic Smulation of Sulpicosecond Laser In-
teraction With Solictdensty Matter[J]. Phys Rev
E, 2000, 62(1) :1 202 1 214.
Gbbon P, Bdl AR. Collisonless Absomption in
Sharp-edged Pasmas[J]. Phys Rev Lett, 1992 ,68
(10) :1535 1538.



