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Parameters analyzing on laser coupling with high- Z materials

Qiang Xiwen, Tu Qinfen
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Abstract: By means of dimensional analysis, the hydrodynamic states of laserinduced plasma were
described. A ccording to the intensity distribution, the laser induced plasma can be separated into several
regions, and the every parameters of plasma, laser and target materials can be derived to demonstrate a set
of scale formulas. This result achieved the theoretical base for rapidly calculate the laser induced plasma
parameters.
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Fig. 1  Schematic representdion of the hydrodynamic
flow indued by pow erful laser heating of a solid
high- Z maerial, here T is the material temper
ature and P the density
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’T7u7v(= 1/p)7P:E7[ > B > B 7m
(dm= Pdx), P , b :
E= Po/(Y- 1) (4)
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Buckingham , L,
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1~ oo I, I,
I= oT*, (5),
(Pv)w-0= K(1/0)"*= Wy (8)
V 2
4 m, t, a, Wv, 3,
t_'oo
t,a, Wy
4 : C= mta® Wy (9)
/ &= 0, / & &, a
ma= /(ta™ W) (10)
t,a, Wv s @
w(m, t) = twa™W, U(E) = ui(t)UE) (11)
v(m, t) = taW, V(& = vi(t) V(§ (12)
p(m.t)= thaW,"P(&) = pi(1)P(E) (13)
u(m, t)?”(ma t)ap(mv t) ul( L‘),U]( t)’ Pl( t)a
U(E), V(E),P(E), g (5 T
T(m,t)= (po/K)"5(PV)""= Ti(1)T (% (14)
(7) , 1 :
I(m,t)= a(piv) v &/ m.* (PV) AV“‘laaLgl: 1(t)I(%) (15)
t Er(t) Er(t)
Er(t) = ﬁ:w D(m"f(}_”(lm'”dmz p'(é)_”'l(t) m"f PO V(YL (16)
Ei(t) = J‘mf(:nm —L’—)—dm_ J—l ’Z Uz(é)dé (17)
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Er(t) pa(t)vi(t) 2 J‘é \r' 2
B0 w1 1[ JP(YV(de\| "t de = ) (18)
1 &) Ei(t)= ui(t)me/ &= pi(t)vi(t)md G (19)
, .
Ew(t)= El(t)EaP(i)_Vl(é)+ Ui (Z")di_,_ Ei(t)E(%,) (20)
JE( ) Tv="Ti(t) T(%= 0)= Ti(t),
T(i=0)= Ty= 1 P.=pi(t)P( &= &)= pi(t)Pa ;
Qc=— 1/(B+ 1), 0= — [ A+ (B= 1)/2]/(B+ 1), Te=— W (B4 1)
au:O:(*%t: 1/27T1L:O 71
G=- (Bt 1), Q== (A 1)/(B+ 1), T, = /(B+ 1) (2
G = /(B 1), 9= (A B)/(B4 1), T =- 1/(U+ 1)
(9),(11)~ (15) c &= om/(aWy VMV ()
wi(t)= Wy? (23)
vi(t) = (W i/ a)l/(MD (24)
pi(t) = (aWd 7)Y (25)
Tit)= T,= (Ww/K)"® (26)
Ii(t) = (aW¥ D27y VD (27)
_ . _ 060%¢ Qg _ dzm dG 0¢
glm, )= g1(1) G(m), 5500 = g1 oo 50T T, 0t &g g ()
(1)~ (13) (D, (2 (7
- TV- BEdV/dE+ dU/dE= 0 (29)
AU/ dE+ dP/dE= 0 (30)
YT+ T, T - dPV) A1 d(PV)
[ e SR LT S wp 4 di— dg[(PV) 14 it ] (31)
V|;:o=+ °°,P|go= 0, (PV) |;:0= 1
Ul ¢ = Veee = 0,P|z_,:<.a= P,

. , Ca= 0. 65, Pa= 0. 76,
1(%)=1.68 M y= 8= 3/2, V=5, 1=2, A= 3,a= 5.7x 100 s'g'em” ",
K= 7.4x10°em’s °K™ 7%, ko= 16M:/3, A1= 8. 6x 10° °g’em K °

P‘da ma, r.na’ Is
P.o= Po(aWy /)Y = g 22x 1077 7¥2 13 [Pa] (32)
m, = g(aWVN(u_l)/ztu)l/(mn - 817 x 107877423 [g/cmz] (33)
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ma= & W (H+ 1)](aWy /1) = 5.4x10°°7” [¢/em’*s] (34)
L= I(Sy)(aWy D/ HVORD 56 x 107 0B/~ 13 [W/em?] (35)
Pi= (aW'/7e)" ™V = 1.46x 107014 V3 [g/em’]  (36)
LTt [K], [s] T=(1/0)""=6.46x 10°1"*
\ I [ W/ em?], ¢ o I,
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2.2
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: 1~ o
oI/ 0m = — kulL. (37)
kL (5 .
by o= 16]TZi3e6ln[\ ( )— 3/26 ’%/26|:1 212 2:|_1/2 (38)
LE 203mi2(2ﬂmekﬁ)© P ®
N p— (4JT€ ne/ me) 12 . @ , C , Ne (5
9 mi7 me 7Zi (")p<< @ ” kL PU
v . kL= ku(pr)% a=-3/(28)=-1,B=-1
1677 3e%n A 23128 2042 ,,3 7-2-2
ki = NK" = 2.28x 107°N.Z;
"7 2 mi( 2mumeks) Y Lemg s 7]
’ A ) = }L/(O.44l~lm),zi= Zil 25 y q qg= qoX
v) %", ¢=1/10, &= - 1, 21 go= 6.35 x
p q
100%™ Y°an”’ , 1 oo 2 qo(pv) W= kLO(pv)avB]L (39)
(39) Iu (37 (3)
: A (po)* " 1/0m =~ ki (pv)° (40)
(D)~ (2) .
X I, IO aqo(pv)(bvqum = Iy, (41)
(D,(2),(40) (41) 4 m, t, kv, qo/ I ,
b ¢ :
0, = k_ij(qo/lLo)_ S2-V2_ )% 10725 9/11?\—6/1113(/)222—1/2 [g/cm3] (42)
2/11 -15/22 1/2 —4 6/ 11 ;4 11 ,1522,1/2 2
ma= ki, (qo/IL) (= 41 x 10z AT T [g/em’]  (43)
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Tl o= K;2/3ki(;/33((]0/[L0)_20/33: 30 x 107Zi20”1?\40/33if?)/33 (K] (44)

ma= 2.05x 10"z A 1Y 2 V2 [g/em” = 5] (45)

1= (t/ns), fr,= (1,/10"Weem™?)

3
Phipps 1988 171,
Pa: 0. 395M7/ 1613/4/( 7+ 1) 3/16Z3/8 )\,]/4t1/8 [ Pa]
To= 2.96% 10°M VS [V2 N2 730414y (7, 15138 [K]
p: 6.01x 10” 13M21/161 1/4/( 7+ 1)9/16Z9/8}\3/4t3/8 [g/cm3]
I, Nt [W/cmz],[cm],[s],M , 197 Fabbro
1982 1. 06Hm, 0. 530m, 0. 26Mm ,
2, | 1/3
(8, m= 1.10 x 10{[ Wlf(/)&m } X [g/cm® * 5]
10"~ 10"W/ em’
10°K  10'K,
.17 10K;
) 3 -1 3
1.2x 10" “g/cm [.5x 10" "g/em”,
[7] 2~ 3.6x 10 “g/em’, ,
, / ©
. 8] 10°g/ em’* s,
; 0. 4lmg/cm® 3. 5mg/
cmz,
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