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Dynamics of three-level atoms excited by optical pulses

and its influence on resonant ionization

Jiang Mengheng, Lin F'uchzng
(Sbanghai Tnstitute of Optics and Fine Mechanics, Academia Binica, Shanghai)

Abstraet: Based on the density matrix, wo derived the Bloch-like dynamic equations of
three-level atoms driven by two optical pulses, then analyzad them with numerical solutions.
We have also examined the time dependences of the atomic populations and jon produection.
Particular attention has been paid fo the relationships between the ion production and the
dynamic parameters, such as pulse amplitude, relatively retarded time, frequency detunning
and ionization rate,

Key words: resonant excitation, ion production

i

-, 5l

EABER, RFHZERRUEEABIRERE, HERESTR, METREN,
AR RS HEFORBR T ENH, &40k, AHX—FEMHR TR EZEHQRE
H R T RRER Ty 24 Schrod inger 77 B M B EFEE W™, EREMPREKHIIERT,
N EAS M ERTELAENESALSERMERZ, B W. Shore™ HF AN
Schrodinger AR M &, HFEM I T SRR THEELEMR DT RSER TRISI I ETH, IF
SR THREENSHEICRK LS, EXBITESD, BEAHEWRAOEKNWE R, BEEL
W SRR BB o A X~ NS R FEEEE TREE, 8T
HERIRER AL G Bloch 7B, JFFIMBERM, FET BRI, MxER, FRR

WORGH . 19904E 4 R 10 H,



372 H & i b 19 #

i AR EESSE BFAI R FEENEmW, S H TR OEER THSEER R,

=, BRRERAE
F BT BB (Cascade) ZRER RE, BB 1D, 12>, 13> RMERRN B1. B4 B4 HE

H o, o MFHEERKSFE (1> f (2>, |2) 1 |3) sEgRdt fk 1F /.F‘
L, 864 (250 (3> FEFEET (15,2 WEH AR 4. 4, FHE 1
RIDHFADELSNBEREF, WA 1w,
RAVELSHRIE L 0H 0=1, 2) LRMERN Q% e h
B,(z, 4) =£6.(z, 1) €expl—i(wit-+$)] +o.c. (1) /
Hi e BEEPASTHRR, & HEHGMHE T, NEEERE p M I
BIE AT TR Fig. 1 Model of
shp=[H, p] --i,é-p (2) three-level atom
it Hob BB HREN . ERES S EN BB RANT, BEXESRFOER
{UR AR A B L
Hi=—pE(z, 1) '3)
HAPWRiRERETGH
Ap|2y=p,%0 (4)
2 p[3)=p:%0 (5)
{1ip!3>=0 (6)
R 5 7 Hamilton &3
Bf —u, B, O
H“( o E3 "‘ﬁszz) (7)
0 — b3 E3
W B TR, b 3t oA BR B AT AR AT 4, BR iR
Pa= .';21 ~exp[—1% (wit+ 951)] (8)
Ps2= paz+6xp [ — 4 (wst+ ¢b2) ] 9)
P31=.531‘93P‘[_'5{(“’1+"’2)£+ (f1+2)]1} (10)
o BNEXRFERS A& ER.
Adn= (B3 —Ei)/hi—oy (11)
dgo= (B4—E%) /h—w, (12)
43 = (E‘é"E‘I’)/ﬁ— (WI‘FWS) (13)
ol b CRABAR@ S, HEIA
Q: = ps By /b (14)
0, = 1o o/ (15)

BT 3477 45 ) 4 BE JE B T 7 7



3 ¥ =HER TR B B ATy B iR e R e 373

Opnn/ O =idppun+ 5 il (Pra—pur) 21— pexd]] (16)

0psa/ 04— i dnpra— 5 il (paa—pus) O — p1os] an

8pus/ 0= dsupan-t 55 i (pss—p2s) Qo+ peni] (18)
Opas/ 0t = — 4 Agopag —_};. i [(pss— pa2) Q3+ p1524] (19)
Opss/ 0= i dus oy + - 4 [Prau — ps2s] (20)

0 p1a/0t= —ida1pra— .é'- i [ P23} — p12623] (21)
“Op11/0t= —é* i [ p12021— p2if2i] (22)
Opes/ 0= % i1~ prolu+ praldi+ pesa— pusCi] (23)

Dpas /0t = -}2— [ = o€zt pe:23] (24)

KO RGRT 752, BATR Y.

Uy = Pi.f"+_f'!£ B (25)

viy=—4(py~ Px) (26)

¥ wy vy RATRA6) ~Q) 1, FFINBEXRF RARBROE R, BEH3)

Oter /Ot — Ay - 05205 = At @7
001 /0t = ::IﬂumF—lz— Uus12s+ (22— p11) 531—-%— Agyov (28}
Duss/ 0t = — dugvog— 5 V522~ 5 (Angt Ayt P (29)
B0/t = Bxgting+ 5. U+ (pss—p2z) Qa5 (Asg t Azt F) s (30)
Dus,/ 0t = — A31v41 — -12- fu,-ng?l-I"% V91820 — % (Aso+ F)ug, (31)
Dvgs /01 = Ay + 5 s~ -5 s 0= (Asa-F) v (32)
%ﬂ&z%wﬁﬁﬂmm (33)
B /Ot = — 5 v+ 5 1520~ Ao+ Aopas (34)
Boas/ Dt = — 2 V52— (Asa+ F) pas (35)

=, HETESR
BLERAVIES T =% BTN sl TR B Bloch 7 RB4, WEHEHTIEE



374 th 8 . 3 19 %

R R B ETR.

— i Bk v G480 ¥ HH BT 228 Gluass &Y, X BURUE XUk 27 Guass Y, K5 10 ns,
FEWSRGT, RATE ZZR P IRE X SR, il MR R SEREEN T KL B 7= e
WX R, XD SRIRATT T ARSEWEL THRH RTRRE xR SHLAFR
RS E ML, LMEIEERITOS R,

1. pkipiaEayZm

Xt T = RELE JEF, 4y eI W SREOG R R, N RRRER S, XA AXERFE,
R ER RAE A RITSIABK O E B A 4F 45 B OGIREE AR &,

a=Bfletexp] - - /(L2 ) ]}as
~Le (¥z,) (36)
BAR, TR (Guass Z)  BRoP B 8] T's — E AL T, Bk ol T80 BR 5 Tk w0 2 22 ) 4 4 —

'_‘X‘jﬁ}:?)i‘:%\o
BH2g, Z{NEHTRMNERBPELTAAERRSGHBETHRESN. RETES

] (@ | 1 (6)
1
4
1 4
or——s 0
2
2
— ‘—l/_ L | 1 1
12 24 t(ns) 12 24 tins

| L
) 1z 2 {(ns) 12 24 t(ns

Fig. 3 Level populations and ion produection as a funection of time. Line 1, 2, 3
are populations on |1}, |2),]3) respectively. Line 4 is the total population T on
the threa level
Tbe ion production #=1-T, F=0.5; (a)dy=4,=2.5a; (b)4d;=2.5z, d;=5x; (c)d;=~5m, A=
26w (d)d;j=d;=5bm,
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Fig, 3 The effect of pulses delay on the Fig. 4 The effect of frequency detuning ow
ion production. F=0.5 the ion production. F=0.5
(1) dy=dy=2.5w, Lt=0; (1) dy=dy=2.5m, dpy=L5=0;
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Fig. 5 Th: effect of ionization rate and incoherent desay on the ion production
Ay=Ay=2.57, (VF=0.35; (2)F=0.5; (3)F=1.0; (&)F==0.5, g Aggm=0.05,
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