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Fig. 1 Energy-evel diagram for two-photon transparency and absorption enhancement. Left is for

the bare states, and right is for the dressed states
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Fig. 2 Population density P11 in upper state | 1} is Fig. 3 Population density P11 in upper state | 1) is

as a function of detuning Ar All ¥ have
been set to unity. The dashed, dotted and

. T (2,2
solid curves indicate A7~

(2,2
e P17 e and the
sum of the two terms. respectively. Pa-
rameters are G1= G:= 0.1, G= 10, A=

0

as a function of A at the presence of
Doppler broadening when A= 0, & = 10,
Gi = G2 = 0.1. The solid curve corre—
sponds the case when av = 0: the dashed
and dotted curves correspond to the cases
when wand w are co— and counter— propa-
gating, respectively, while an = 5.0,

where wn = (ws/3)[ 8 kT In (2)/m]”*



312 b F F 1t 20 &

4 WITIR
PR OB R R e T R S AR R, HET ARG IO 1 ERIT L
LRG3 1 FD R B D51 RO J8 BR B | W) ) T AR SR 5 19 7 RER A3 31 o fBBsE st 7E4T 4R
2L T REZk | 3), MIEEIE, SXUL PR A KM R H | V(1)) WERRN

J.I'lb' I'E

W)= (- ST [[epl-ig(i- mls) V() X

exp [~ i (1= )| m) k| V() exp [~ iy (2= t)]]3deadrr,  (6)
A | 3) MIETAEE, | s AT, | m) ARRITA RN RE, e(i= s, m, 1) i
FARELL M HE b, FEASCWIITM R Y rh, I 7S] 1, B RS 8 s 7 i A
GEA |2 W 2. | 20 A| 2% BT A TS LA 45 5, W 1 oh A

2") = sin 6] 4) + cos 6] 2, w3 = (s + A + 1 a7+ 467, (7)
2 2
|2") = — cos 6] 4) + sin 6] 2), w3 = W+ g - é Ia*+ 467, (8)

j?i:.|||

2

sin B = 26
4G+ A - A AT+ 467
262+ A= A AT+ 4ac?
4GP+ A - A a7+ ag”
wos Al s JEUTAERESR | 3) — [ 27 F0|3) — | 2") Z[MBRIT A4 . BTk, 75935 X067
WEAH e (T i R B | W' (1) )

cos B =

(W20 = g [Jexp 1= i S= 11D (B exp (= i) X

Ial
(1] .h;

fexp - i3 (0= 2129 2] + exp [~ iy (n- )]2") 27)} X

uE exp (= i) exp [= i (2= to)]] 3)deader, (9)
h
BRE(T) () AU B, HHEAE | 2) M HSRETE 2,

2 E\E; pp> sin’ 0 cos’ O
(2) _
W) = L w200t - - 2] *
4h’
exp (— iwst[exp i(ws — w — w)t - l]l D
(ws— w— w - Ziyz) ’

JFUPAER Z e A2 T3 | D R JLE A

(2) 2 _ 22 sin’ © cos’ @ 5
| 500" = Gic w3 — e — 2i3’2+ wp'r — W — 2in| x

(10)




3 4] A 305 2 - L, e I 00 M 3 WD R 3 4 B i e o 313

sin’[ (@i = w — ar)t/2] 11)
[(ws = wn - {1)2}/2]2 ' |

MA | 3) B2 U RO FEGT LR AGE IR (1) XA (w0s - o - a) - o ]+ o
HEATR 433, AEMeR M, NHT

lim| sin’(xt/2)/(x/2)* — 2mé(x).
XEE, |1 30 F | 1) MERTEE A

_dP sin” cos” O P
V= a ™ ™Mo w- 227 ws- @- 20 910 (12)

Aot P ARE | 3) — | 1) MXOETRGE L. R A > ¥, WA

| ( 26 N

4(;2.{. ﬂz—_& \J‘.ﬂ2+ 4(;2 Ar + g— é m

W = 2rGiG3

267+ A - A [N+ 4%, 3
> 3 13
A + ‘%+é J'.f_\.'+ 4G (13)

TEVHSER, IR ROE IR & Av+ A= 0, B1(12) 0T LA R 458

1) Ar= - Ax= AR, XOGTRIBCRESR /S, el Euk/ D R 2 5 $hav 52, 5t
INAE 22 RO T S R R con BN o AR FF S AH A, a2, w BT w AZ00HTAH [R) 77 1) 4%
7, IXEERE T 3 b s A T2 RO VR T e, W E S SR 12] .

2)&%%%%@&%%&&?&:‘?&1 I+ 467 4b. WWEME Y a%+ 467,

B 4 g Rt (12) RF I W, ek, ekt di(2) iR oA k.
T ey E BT T LR, RIS A —
AEH, hERTRAE H, P KB 107 |10
(1400 BE AL AR AL — B0, X B (12) 2AE Rk
Ve A(12) HHE T IR R BUE L
67 6% W b Tk PR AN JE IE ) X067
W A T A b, i WA AT i D) A PR
HZ RO BRI 65 a) fig 24 2 1)
RAET IR, 1A AR ST AT I R AR v )
) B g S AEAH T3 1EH F, BT Fig. 4 Population density in | 1} state (solid curve)

4&?":1;& | 2%) 'F”| Y Eﬁuﬁﬂiﬁlﬁ'ﬂﬁ-Tiﬁ and the two-photon transition rate ( dashed
ﬂ@%&ﬁﬁ;%lli‘tiﬁ ”Iuﬁﬁmj‘ ﬂ{]ﬂﬁlﬁ?‘ﬂ},ﬁqﬂ{ curve) as functions of A, whena= - 10, G =

10, Gi= Ga= 0.3

TR CLE ], R AE IR X6 T RO ik
Hr, MG ARLENE A 5 AR A R S T A LR AR N

B3 ASCAEAA R ISHES R, HE S D B4 R 5P XU T P R 7 37 W S
SRR B AT e 0 PR B T A E A SRR B3, BB T 30006 T o i 3 1
FSER TN SR OB SR, 306 T RS0 2 S .



314 ) F F 1t 20 &

Z % X W
[ 1] Harris S E, Field J E, Imamoglu A.  Nonlinear optical processes using electromagnetically induced
transparency. Phys. Rev. Lett., 1990, 64(10) 2 1107~ 1110
[ 2] Zhang G Z, Hakuta K, Stoicheff B P.  Nonlinear optical generation using electromagnetically induced

transparency in atomic hydrogen. Phys. Rev. Lett., 1993, 71(19) @ 3099~ 3102

[ 3] Hakuta K, Marmet L, Stoicheff B P.  Electrie-field-induced second-harmonie generation with reduced
absorption in atomic hydrogen. Phys. Rev. Lett., 1991, 66(5) : 596~ 599

[ 4] Seully M O, Zhu S'Y, Gavrielides A. Degenerate quantum-beat laser: Lasing without inversion and in-
version without lasing. Phys. Rev. Lett., 1989, 62(24) [ 2813~ 2816

[ 5] Kocharovskaya O, Mondel P.  Amplification without inversion: The double=scheme. Phys. Rev. (A).
1990, 42(1) : 523~ 535

[6] Gao J Y. Cuo C., Guo X Zet al..  Observision of light amplification without population inversion in
sodium. Opt. Commun., 1992, 93(5, 6) : 323~ 327

[7] Gao J Y. Zhang H Z, Cui H F et al.. Inversionless light amplification in sodium. Opt. Commun. ,
1994, 110(5, 6) . 590~ 594

[8] Fry E S, Li X, Nikonov Det al.. Atomic coherence effects within the sodium D line: Lasing without
inversion via population trapping. Phys. Rev. Lett., 1993, 70(21) I 3235~ 3238

[9] Chang T J, Gao J Y, Qiao Y Jet al..  The calculation and analysis for the light amplification without

inversion in semiconductor quantum well. Opt. Commun., 1997, 135(4~ 6) @ 315~ 320

[ 10] Agarwal G S, Harshawardhan W. Inhibition and enhancement of two-photon absorption. Phys. Rewv.

Lett., 1996, 77(6) : 1039~ 1042

[ 11] Bjorkholm J E, Liao P F. Resonance enhancement of two-photon absorption in sodium vapor. Phys.
Rev. Letr., 1974, 33(3) © 128~ 132
[ 12] Wang D Z, Gao J Y. Effect of Doppler broadening on optical gain without inversion in a fourdevel

model. Phys. Rev. (A), 1995, 52(1) : 3201~ 3208

Electromagnetically Induced Two-Photon Transparency
and Absorption Enhancement

Yang Suhui Guo Xiuzhen Wang Dong Gao Jinyue
(Physics Dep artment, Jilin University, Changchun 130023)
(Received 13 September 1998; revised 7 December 1998)

Abstract The electromagnetically induced two-photon transparency (EITT)
under the control of coherent field is investigated. The effect of external coher—
ent field on the features of two-photon absorption is discussed and the physical
mechanism of eletromagnatically induced two-photon transparency and resonance
absorption enhancement is analyzed. The analytical expression of second order
approximation of population in the up energy level of two-photon absorption un-
der the control of coherent field is derived from the equation of motion for the
atomic density matrix. At the same time, the analytical expression of two-pho-—
ton transition rate is derived by the way of perturbation theory in the dressed
states representation. The effect of Doppler broadening on two-photon absorp-
tion profile is duscussed.

Key words two-photon, electromagnetically induced transparency, density

matrix., dressed states.



