Wosd W b B/ B b Vol. A25. No. 1
1998 % 1 H CHINESE JOURNAL OF LASERS January, 1998

WOGHE R A S 1) 06 L
) 15 R 5T
Wit TEL  NAR W

(W TR R st 100084)

RE W0 T #OLTE A b A fr R v LA RSB0 5 AR AR b B . #ES T =P B
(3% 75 AL AN I 1A s % REH P R e o5 T AR ARG 00 F AL LR S0 2 80 &R R
o WABFIE T WOCLE IE A Brb A 4 5 RS B0 2 500 A8 4K, BLRSOE Dh A kb TEAR ks 5 1 ==
AL 1Y IR ) A [ 26 068 Wit 25 L2 FR) 5 0 o

RERIA G, kP TR, ki g

1 5 5

LR R I FEHOE S Jal 1 AH AR H ) i )oK 22 BOCE h, # A R AR 7, LAEHE S
YA S5y 28U OEAN R B S A AR, BOE ARAE S A AU AR ALK,
A, BOt— 15 B A AR, — e A 0P A B, 6 A 1 i b AN I b X
— IR o IR, W STIOAE A 5 (10 e ], A e AL RO S Iy B A AR, T 22
5G4 G R

1 O AR B FE OGRS A 5T N A i) SCRE AR, — OIS W90 — BORIOG A — REZ )5 A i
() EHRNE W] "BLSR, A G T WO P PR SE AR 5 Ty A A 306 381 B 322 B 424 1) ) 2L
IR, X I A O R B (A VLIS) S AT 58— RO R 5 DU e 4 R 2 I Al L
TEFI A B AR A IRA R Y, G H R 2.

2 TRERHES
2.1 pAHIESE

A SCR L 22 RS E 50O IR A AR T, D63 i 2 s R R, T I T
B 1 R IR S R O R AL R, AF AVLIS bR, ey — i S A AER, — i
Aetan, PR 22 50 =5 O R ELRD 38 S B FR 4L R RS O — 2. 2T Wn 5 Rl i &, 18
AR Y g UT AL HE S 3% FH T 5 (0 3 7 R

*OlEfEEERN .
Weks H I 0 1996—08—29; Wi #4Z 0k H I ¢ 1997—01—20



66 L. 25 %

FE 1Pk 35
= ] 4 = - I
o ¢ a Ho 52 (1)

SR b, 63 93 o E AR S 43
E(z,0) = B (z,0) + B (2,0)
E'" ' (z,0) = E"(z.t)
E“](Z,I) = {x + i}’}el"”“"‘“”l

E[—](ZSI) - {x _ L-:F}el—r'[ﬁ-:—dull

(2)

2ot hbBE( 1) a8 25l mT 15

FE ) (z,0) _ 1 FE“ (z.1) ‘_%’aﬁ 1y

+

72 & oca
& A
plz,0) = p"'(z,0) + p'"(z,1)
p Nz = pbtt (2 )M (4
Hdt pb ) (z,0) AR, (1) XA40G
§p1+‘;gz'£} ~wp' " (z,0) " = = WN da(pa = ) et (5)

b N BT AL, doy BT A B — ORI BT A B, T A T Ao 5

/fj‘ff’?ff“ &514_ l &I__ ]. . Nrd
& . a = 4-:U|(,_uu 21Vv21
z' + i ayal = 611olJu{:_r.!mi"':'r 'darpan
% + % % = - iuhcpnf\-" 'd3ava
N (6)
Elzh + o a“ = szc;!nﬁ'r 'd2p3
% + % % = - iuhcpnf\-" 'dazva
%}; + ?1 %5 = iwr.acpnN d sy a3
T 22 BEEESRE
As N I FuP o - 5 A [
S P TR T 0 3K 5 O A 25 1 45
o i — 13> AR ROt R WE 1) R
taser» | o E(z,t}=ﬁr(2=i)+ E‘{L‘)Jr E‘:{z,t):
" J-ﬂ-\. 12> EH(Z, t)E’_ i i—- -E':Je_”'_{_ E.E(Z., E}E_ iy t— ﬁ':]e_r,}+
] T_ - e(z,t)e " el (7)
e Grs T L AR LR 5k S R 8
‘ _ Qi= Rji+ il ‘
B 1 ROt S RE L R G 14 L . Q
F 0 = 2500t 3 A s I o
Fig. 1 The three-step photoionization process P> .,-'.1 ..f = 1,2,3

of a fourdevel ladder system 585 AR B 90 0 Ak R Se8
i

interacting with three lasers



1 1 WS 2% WOCLE A AL S ch 0 da 5 80 2 3 R E ST 67
i = Pi+ P
vi=— i(Pi— P) (9)
> j, )= 123
B B KA =
Ar= = Wy, A2= wWn—- w, Az= ws—- W ( 10)
Hrp a1, sz, (s 43 0 R AH RS HEZ 1) fig bk
U o M R B L T
aIgI: - Awviz— Ti2(P2- )+ ;{Razvs|+ [32u31)
a;l= Avpar + Ria( P2 = Pu) = é(REEHEI— 132v31)
a‘é“: (A + Az)wsi — é(ffumz+ Topsn = Rawi 4+ [nun)
a§l= (A + A2)pn + é(RIE.UBZ— Tovia = Raopa + o)
ag“= - (Ar+ Arx+ As)va - :.lZ(Rlzw,2+ Topar = Rasva = Taapan)
a;”: (A + A2+ As)pa + é(RIZ.UaIZ— Tove = Rapa + Taav)
&52= - Movo+ (Pun— Pn)ln- ;{R:|w|+ I2ps = Rasvar — Taspa)
81;2: Acpz + (Paz— Pn)Ran+ é(REI[JSI— Ioivii = Raupa + o)
Cu 1 (1)
a‘L: - (A2 + As)va - 2(REIV4I+ Tapa + Rawas + Taspas — Rsavia — [aaps)
Ovs2 1
3 = (A2 + As)pan + Q(Rzma— Taovi + Rupas — Tz — Raapse + i)
a‘é“: - Nsvis + (P — Pu)la— ;{R33v42+ [32p42)
f};_@: Aspsz + (Paa— Pu)Ra + é(RszLMz— [ 32v12)
a‘;“ = é(HEIVfLI = Tipn)
agn= - :.lZ(R2|‘v2|+ f:l.h’:l - Rawva + 1'23.(4'32}
ag'u= - :.lz(Rszw,:+ Tpsn = Ruws + [apas)
agm= - é(R43V43+ 143.(-!'43)
4
F|:I4|J_TJ-L:%£ Pi-m(ﬂ) = I - ;pu(t)



68 i £ i i 25 &

3 AR S0

VHSLIE, R R (3) ~ (6) FI(11) KGR, FHBOE i AEHI 4G I 20 AL 13645, B
.9||| =0= 1
Pil 0= 0 (i #1) (12)
VOO I RTAAT 2 2, {17540 4f 5 37 100 i35 A 32, 33K IR iz Ll A3 0 BT AR Y 016 1) %
I( RO BK R

R = 2,'1;{ -.I'II Efc!
PTG I 0635 R e 57 43 A1 = BBOR G FRER 208 . = 2m X 510860 GHz, i, = 2m
X 518910 GHz, wn = 21 X 472890 GHz.

A28 M Z Z 0 AW, B2 TEEN=0.5X10"em L, HEEE Y= 1.0
GHz, Ji 120 = RO % ne = o= ne= 101 BRI da = 0.25X10° " C -
m, d2=0.20X10° " Com, dis= 0. 11 X107 C * m. &%iEht A= A= As= 0.5 GHz.
3.1 HABERSNSHAEEEEILRSMN

P 2 & 73 = I [i) [ SO 7 D7 28 0P AR A IS, 56 FEE R ik 5 B A i . 26 00 Bk i) ) A
Ao AR M, B A B 2 T, 5 S AR 0 1 T sk B A P T (B 1) 38 K, R A R A
WL T O REE 2 A 2R B (i s fh A % . th P 3 T RLE S, FEAS Rl b, =k
B SR T, B (A [R) D B %, 55 -ﬂifﬁﬁtfﬂfﬁﬁﬁ%ﬁ{ Lb ) P SR I A

(13)

= E (b)
o -
2 2,

9,
= S Ce
g i,

9

s 3 <

2 S a1 ARAA SRR O O el \i?
& g Q. %
2 [=
|E I

P 2 O g R B I ) A4 ] 2R Ak
(@) WG 1 ISR {: () W06 2 MSRIEAE: (o) BOE 3 M9/EE

Fig. 2 Evolution of the laser intensity with time and space

(a) Intensity evolution of laser 1; (b) Intensity evolution of laser 2; (¢) Intensity evolution of laser 3
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Fiz. 3 Evolution of the ionizing probability and the laser intensity with time and space

(a) lonization of different points: (b) Laser intensity evolution at 0.3 m: (¢) Laser intensity evolution at 6.0 m:

(d) Laser intensity evolution at 10. 5 m: (¢) Laser intensity evolution at 15.0 m: (f) Laser intensity evolution at 19.5 m
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Fig. 4 When laser 2 is about 10 ns ahead of laser 1. evolution of the ionizing probability and

the laser strength with time

{«) lonization of different points: (b) Laser intensity evolution at 0.3 m
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(@) lonization of different points: (b) Laser intensity evolution at 0. 6 m:

(¢) Laser intensity evolution at 21. 0 m: (d) Laser intensity evolution at 39. 0 m
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Research of the Dynamical Photoionization Process of Laser
Traveling in a Thick Medium

Xie Shiling Wang Dewu Ying Chuntong Zhu Xuhui
(Department of Engineering Physics, Tsinghua University, Beijing 100084)

Abstract T his paper reports researches on the property of laser traveling in a thick
medium and photoionization of laser-atom interaction. The equation of three-step
photoionization for deseribing the field and the density matrix as well as the atomic
population was derived. The ionization probability evolution with laser parameters
is calculated in different cases. It was found that the laser transfer in a long dis—
tance causes evolution of laser parameters. Laser power, laser pulse shape, pulse
width and time stepout of three laser bunches are the main factors of affecting the
photoionization probability.
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