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Abstract Second-order susceptibility which vanishes in the electric-dipole approximation for an atom is induced by

the spontaneously generated coherence (SGC). The SGC considered in a lambda-type atomic system causes an
indirect coupling between the lower two levels which acts equivalently as a direct current (DC) field and therefore

makes possible the existence of second-order susceptibility.
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Second-order susceptibility for an atom should
vanish in the electric-dipole approximation because

1-2] " However, the second harmonic

of symmetry
generation ( SHG) in atomic vapors has been
observed by exerting laser pulses® . The
symmetry of the medium has been broken during
the laser excitation. Among all the mechanisms,
the most plausible one is direct current (DC) field
induced SHG*~*'. In these investigations, a DC
field was either applied or created by the focused
pump beam via multi-photon
processes '), The coherent

ionization
emission of a
coherent excitation induced by a two-photon
resonance was allowed in the presence of the DC
field. Besides, Ficek et al.P* obtained the
features of spontaneously generated coherence
(SGC) from a Vee-type three-level system without
In this
scheme, the ground state interacts with one of the
upper two states by a laser field and the upper two
states are coupled by a DC field. This system has
been demonstrated to be equivalent to the usual

three-level atomic system of Vee-type with parallel
[13]

the need for parallel dipole moments.

dipole moments. Subsequently, Joshi et al.
suggested realization of dark-state polaritons using
SGC and also DC field without parallel dipole
moments for substitution. In this paper, we
consider the second-order
susceptibility in a general discussed lambda-type
three-level system in the presence of SGC.

Considering a lambda-type system shown in

generation of the
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Fig. 1, a resonant coupling field Q. drives the
transition between levels | 1) and |2) while a probe
field 2, is applied to the transitions |1) and |3).
2y, and 2y, are the spontaneous decay rates of the
excited state |1) to the ground states | 2) and |3).

[2>

3>

Fig.1 Schematic energy-level diagram of the lambda-type
system with the coupling field Q., the probe field
0, , and decay rates 2y, and 2y;

When the two lower levels [2) and |3) are
closely spaced such that the two transitions to the
excited state interact with the same vacuum mode,
spontaneously generated could be
present. Under the rotating wave approximation,

coherence

the systematic density matrix in the interaction
picture involving the SGC can be written as
,511 =—2(r:+ 7 )Pll + iQp((OSI - pls) +
ch (p21 P12 )
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Equation (1) constrained by pi; + 22 + ps3 = 1 and
oi = pi. A, = w1z — w, means the detuning of the
probe field from the optical transition. The effect of
SGC is very sensitive to the orientations of the
Here, the
parameter p denotes the alignment of the two

atomic dipole moments pi; and ;.

dipole moments and is defined as p = pp -
i/ |« wy | = cos 0, with 0 being the angle
between the two dipole moments. The term with

p/7.vs represents the
resulting from the cross

quantum interference
coupling between
spontaneous emission paths |[1) = [2) and |1) -
|3). With the restriction that each field acts only
on one transition, Rabi frequencies Q. and (3, are

connected to the angle 0 and represented by Q., =

Qpsind = /1 — p*. Tt is stressed that only for
small energy spacing between the two lower levels
are the interference terms in Eq. (1) significant,
otherwise the oscillatory terms average out to zero
and thereby SGC effect vanishes.

It is known that the response of the atomic
medium to the probe field is governed by its
polarization, P = ¢, (E,y + E; ¥")/2 with y being

the susceptibility of the atomic medium. By
performing a quantum average of the dipole moment
over an ensemble of N atoms, we have P = N(p 015 +
wmsen ). In order to derive the linear and nonlinear
susceptibilities, we need to obtain the steady-state
solution of the density matrix equations. In the
present approach, an iterative method is used and
the density matrix elements under the weak-probe
approximation are expressed as
o 1A,0,
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From the above equations, we can see that the

occurrence of SGC gives rise to an extra coherence
between the lower two levels |2) and |3) as long
as the linear susceptibility exists. This term p53

accordingly makes pii’ become nonzero. Therefore,
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To present an intuitionistic impression, % is
displayed as a function of the probe detuning A, in
Fig.2 (solid curves). In the case of p = 0, that no
coherence is generated by spontaneous emission,
although the linear susceptibility exists, the second-
order susceptibility is always zero [ Fig. 2 (a)].
However, when SGC is taken into account, the second-

order susceptibility appears. as shown in Fig.2(b).

(a) p=0
04
Zo2{  Impgl

\I ’!’ @ \\\
LY g [Xl:i RV
0.0 — —

-10 0 10
A

P

In the above system with SGC where the dipole
moments are nonorthogonal, in addition to the
direct decay process, the spontaneous emission
interference leads to an indirect coupling between
the lower two states. This indirect interaction acts
equivalently as a DC-field and therefore leads to the
presence of the second-order susceptibility which
has been utilized for generation of the second-

(b) p=0.99
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Fig.2 Second-order susceptibility | Xﬁ? | (solid curves) and linear absorption Im[ pat ] (dashed curves) as functions

of the probe detuning A,. 2! = 4.0¥%,, 73 = 7»
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harmonic generation

[7-81 " The investigation shows

that this feature also occurs in the ladder and Vee-
type three-level systems with SGC.
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