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Propagation and Amplification Process of X-ray Laser in
Cylindrical Plasma-column

WANG Qi ZHANG Xin-lu CHENG Yuan-li

National Key Laboratory of Tunable Laser Technology Harbin Institute of Technology Harbin 150001
Abstract By a simplified model of gain region the propagation and amplification of capillary discharge X-ray within the
cylindrical plasma with linear eletron density profile are studied with the geometrical optics approximation. The angle of

refraction and the relation between out-put intensity and deflection angle are given. The saturation length of X-ray is
given too.

Key words X-ray laser geometrical optics plasma propagation gain

X 1 X
J. J. Rocca
J =0-1 X 12 X
X 1 2
2
a a<<L X
X X z 2
X L r
X %
7 = r,(; + 22 2 {(3 z 2z
‘5 x 0 3
X X 66 Pa
45
n,=mn, 1—r a 1
2001-04-13 2001-06-14
1942— X E-

mail qiwang(@hope. hit. edu. cn



538 29
", a &r_ d
N a2 drln i 8
d d7 n, < n, 1
ds 7ds ~ Vi
ds 7 &r dz? = n, 2na 9
7 6
o ¢ = n,2n, '? L, =a2n n '*=a ¢
n = 1-n, n '? 10
n, . 10 9
drdz?=¢, L, 11
7, mTme” e A2 X
m, c A r= ¢ 2L, 2?4+ Ciz+C, 12
C, G,
_ dp- L r 12
| C1 = ¢2 - ¢rL Lr 13
Cy=1r,— $L + ¢L%> 2L, 14
2
X
e w4
d=2 " dx dr n
QCL@ + ﬁ =0 I ¢2 - 27‘([[ () ¢2 T2COS¢2d7’2 15
dz dz d=? 0
r 0
X
dI »  gl+s 1
&~ 7 0
s 7
g=c*Ay 8m? n, 1= hm hm, ¢ v 17
s = 2m® 21— hm hn, 18
A21 hu hl n, ny
u l Y
optimal ray S 772 16
ol 1 G =5 ¢ —1 19
non optimal ray
G = | gds
6
X g=g, 1—7ra 20
Fig.1 A typical X-ray trajectory within the cylindrical 20 G - [g ds
plasma-column . ’
G:g().f 1—7r a dz =
0
gL 1—L%*6L%2+ ¢,L 2a —ry a 21
21 19
6 7 I G =s exp gl 1—-L 6L +
$L 2a—r a -1 22



539

ey = exp g()L 1 - L2 6L% goL goL 2 A=46.9ntm a =175 prm gy

=1 CII171 ng =6X 1018 CH’173

ey — exp gollzﬁﬁz 2a
n, =5x10%em™® L, =7 em ¢, =2.4 mrad

I G =5 epegexp — golr, a —1 23

23 15 24 2
F ¢, =2ma’scos$, ¢ exp goL 1 — L? 6L, + 2
goL?$5 2a —12 24

c = epa’ 1 —exp — goL — goLexp —

1.0 1.¢
B 08¢ 20 Sl»
[ il
g g k
E 0-6f L=1, / Z0.6 L=zl
3 /g
e / I OV
d | i = i
g ! 2 i
Z oozt / 73 0.2’~
0. 0L o 1 I f f D.Gi_] 1 i 3
1.6 1.8 2.0 2.2 2.4 1.8 1.9 2.0 2.2 2.3 24
mrad mrad

Fig.2 Angular distribution of intensity
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Fig.3 Graph of intensity that changed with the length of amplification section
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Fig.4 Cross sections of the far-field laser intensity
distribution patterns that correspond to the capillary
plasma column lengths indicated. The two-
dimensional far-field laser intensity distribution pattern

for the 34. 5-cm-long amplifier is shown as an inset
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