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A light wave induces an oscillating dipole moment in a resonant impurity; its field
in the near zone exceeds the macroscopic field and a second harmonic can be
efficiently excited on the quadratic nonlinearity of the matrix. A calculation and
estimates of the effect are given for the case in which the exciting wave propagates
in the self-induced transparency regime.

PACS numbers: 42.65.Cq, 42.65.Gv, 61.70.Rj

In order to generate the second harmonic of light, transparent crystals without a
center of symmetry, for which the tensor of quadratic polarizability y @ in the relation

Plgw(r)e—ziwt = X(ii}Ekw(r)E}w(r) gliwt (1)

differs from zero, are usually used. Here the complex amplitudes A(r) are related to
real fields by the relation A, (r,z) = 0.5[ A(r)e ~ "’ + A’(r)e”* ], P(r) is the dipole mo-
ment of the unit volume. Near the absorption bands of the medium the tensor y
undergoes a resonant increase, but the exciting radiation is strongly absorbed in the
medium.

We shall examine a special case in which the medium contains resonant impurity
centers. If the amplitude of the induced dipole moment of the impurity is denoted as
de ~ ™, then at a distance || S4 from the center of the field is a sum of macroscopic
E, ..., and dipole fields in the near zone:

+i(d-r)sr—-r2d . (2)
r

E(r) = E

macro

If we estimate d xakE,, ., where a{cm®) is the polarizability of the center at the
resonant frequency, then |Ey,|/|E uero | ~a/7, and for not very large r the dipole
field can greatly exceed the macroscopic field, since at resonance we have a>a>, where
a is an atomic dimension.

We want to point out the fact that this dipole field can efficiently excite polariza-
tion (1) at the doubled frequency in a material with a nonresonant matrix. Since the
intensity E enters quadratically in (1), the contribution of the dipole field does not
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disappear when averaging over the volume. As a result, for the case d =e,d and

x 2 #0, for example, we have for the dipole in question the contribution

2w = 4 (2) 2 N ' 3
4 Xzzz 477357 ()
where N (cm™?) is the density of impurities and the average is performed over the
volume of the matrix minus small spheres of radius p around the center. As can be
seen from (3), the main contribution comes from the immediate vicinity r~p near the
center, and for this reason the cross terms from field of different centers can be ig-
nored.

The large magnitude of the oscillating dipole moment d in (3) is induced by the
light wave only in strongly absorbing impurities with a narrow transition line. How-
ever, the self-induced transparency effect (SIT, see Refs. 1-3), i.e., passage of radiation
along the resonantly absorbing medium without loss of energy, can appear precisely in
this kind of impurity centers.

A stationary 27 pulse in the SIT regime has the form'

elfkx —wtjg  (x ) =;—2—h— elhx — wt sech [t —xfu )/ 1], 4)

macro 12 T

where d,, is the matrix element of the dipole transition moment, 7 is the duration of
the pulse, and u = u(7) is the effective velocity. The field (4) satisfies the well-known
condition d,,%"%-§E__ ... dt = 2m, while the duration 7 must be shorter than all relaxa-
tion times.

Assume that the condition for phase synchronization for generation of the second
harmonic is satisfied. After substituting the macroscopic and dipole fields into the
polarization (1) and (3) and solving the truncated equation for the amplitude E,(x,z) of
the field at the doubled frequency, we obtain

? ’ 2 ! I3
Ey(x, 1) = i% el [th(ulx-)~th(-f-—)]—i’[th3(’-i£’i)—th3(1—)} . (5)
T T 3 T T

Here B = 4m(w/c)y 2, /n, n is the index of refraction, €, = 2#/d,7,
€ =32NdL,/pPb=v, ' —u"', v, is the unperturbed group velocity of the second
harmonic, and ¢’ = ¢ — xv, — is the local time.

For bx R T expression (5) describes the increase in the pulse duration of the second
harmonic compared to the pumping duration, and 47, « bx. This is attributed to the
fact that the exciting radiation in the SIT regime moves along the medium, with a
lower velocity, while the second harmonic after excitation separates and moves with
velocity v,. Under typical conditions, however, bx«7; then 7,~7 and for the energy
coefficient of conversion into the second harmonic we have

J|E, | %at
JIE it

macro

2
4 2 €2 4 €2
- vt Brepdi- 22 e L (Eapl 6
" - (Bxer) lS(e,) S ()

Here the term o 1 describes generation of the second harmonic due to the macroscop-

104 JETP Lett., Vol. 37, No. 2, 20 January 1983 B. Ya. Zel'dovich and S. D. Kuz’michev 104



ic field and the term «(e,/€,)* describes generation due to the dipole field of the
centers, while the term «(€,/€,)* describes their interference. Let us make some nu-
merical estimates. Let d;,~107" CGSE, p~3Xx10~%cm, 7~10"%s, x =1 cm, o/
¢=10° cm™', and y®~10"° CGSE; the macroscopic contribution is 7, =4/
3(Bxe,)* = 1075, The contribution of the dipole part becomes appreciable with impuri-
ty-center concentration X 10 cm? thus, for N = 8 10" cm?, =27,

Thus the effects examined above can be observed experimentally. Their study
could give information about the properties of resonance impurities and the fields
excited by them in the near zone.
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