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ABSTRACT

We describe here an effect which occurs when a first laser is tuned near a
dipole allowed three-photon resonance and a second laser is used to complete
a dipole allowed four-photon resonance between the ground state |0 > and an
excited state |2 >. In this process three photons are absorbed from the firsi
laser aad one photon from the second; so that if the |0 > to |2 > transition
is two-photon allowed the transition is also pumped resonantly by the third
harmonic field due to the first laser and the second laser field. When the second
laser is strong enough to cause strong absorption of the third harmonic light,
and the phase mismatch, Ak is large and dominated by the nearby resonance,
a destructive interference occurs between the pumping of the |0 > to |2 >
transition by two- and four-photon processes.

I. INTRODUCTION

Blazewicz and Miller! studied five-photon ionization in the region near
several three-photon resonances in Xe and Kr. These three-photon resonances
were J = 0 to J = 1 transitions, which are also dipole allowed in one photon.
Two colors of light were used, with the first laser being tuned through the phase
matching region for third harmonic generation while the second was fixed at a
frequency such that four-photon resonance was achieved for some preselected
frequency for the first laser. Even without the second laser considerable ioniza-
tion was seen in this situation, with the ionization lineshape being similar to the
phase matching curve for the third harmonic generation. For several different
transitions, and for a wide range of pressures, they observed that when the four-
photon resonance occurred on the side of the peak of the phase matching curve
closest to three-photon resonance a dip in ionization coincided with four-photon
resonance. On the other hand, when resonance occurred on the side of the peak
with —Akb < 4 a peak was observed in the ionization. The observed dips were
found to occur only when the power density of the second laser was sufficiently
high so that observations of the third harmonic photons showed a deep dip at
the resonance. We suggest here that the dips are due to an interference between
four- and two-photon pumping of the |0 >+ |2 > transition which with a broad

bandwidth laser is pumped at a rate R ~ |Q;£f91,2|2/(6,2\/3f‘il +TI'%,). Here,




Qf,ﬁf is half the Rabi frequency for |0 > to |1 > (including both channels) and
) 2 is half of the Rabi frequency between |1 > and |2 > due to the second laser.
4, is the detuning of the second laser from the three-photon resonance, I'; and
I'; are the laser bandwidths. When the cancellation occurs Q;'flf =~ 0, thereby
leading to no population in |2 >. The four-photon resonant cancellation to
be described here is closely related to the odd-photon resonance cancellation
effect first observed by Miller et al® and treated theoretically by Payne and
Garrett>~> and others.®”’

II. SUMMARY OF RESULTS

We treat this problem as a three state problem, with states |0 >> and |1 >
being coupled coherently by both a three-photon Rabi frequency, 29&), due to

the laser and by a one-photon Rabi frequency, 2Sl({,1} , due to third harmonic light
generated in the medium. The states |1 > and |2 > are coupled by a one-photon
Rabi frequency 292‘% due to the second laser. In dealing with the generation of
third harmonic light we assume that the nonlinear susceptibility is dominated
by the near resonant terms due to the nearby three-photon resonance. The
latter can be related to the three-photon Rabi frequency and 6,. Since |0 >
and |1 > are coupled by both three-photon and one-photon Rabi frequencies
we write an effective coupling parameter as

Q(e),flf — e—3ik(w“)zng~"2 +e—ik(3w“)zngl'l), (1)

where wp; is the frequency of the first laser and k(w) is the length of the
propagation vector for an electromagnetic wave with frequency w. It is this
coupling parameter which enters the equations of motion for the density matrix
when both coupling channels are included.

We find for the polarization at 3wy, :

eff
P =-—-ND Ql'o et ] 4y << |Ql,2|2 22 + cc (2)
dwr 0,1 6 2 .

where the quantity Dy ; is the dipole matrix element between states |0 > and
{1 > and N is the concentration of the active gas.

This polarization can now be combined with Maxwell’s equations in order
to determine the third harmonic field. As a consequence of our few state ap-
proximation Eq. (2) contaius only one term linear in the third harmonic field.
To properly deal with the dispersive properties of the mediwn we add on linear
polarization terms at 3w;, due to all other dipole allowed transitions in both
the active atoms and any buffer gas atoms that may be present.




We let xyy = 27(3wr)N| Do [*/(he), A, =< < |4 »> /o, and

Ko, As
(¥ = N "
O V3F2Ll + Ty
3 , ‘
Ak = ‘“L_“ (n(3wr1) — n(wry)) = _';’-‘ + Ay, (3)
0y

2a 1s the absorption coeflicient for the third harmonic light due to two-photon
absorption, A, is the a.c. Stark shift in level |2 > due to the second laser, and
Akg is what needs to be added to the near resonant |0 >— |1 > contribution
to the phase mismatch in order to get Ak. Using the slowly varying amplitude
and phase approximation with Maxwell's equations and the nonlinear part of
the polarization from Eq. (2) (Q(ll& = DLOE:(‘?_,)“ /(2R))
Akg Ak
QU) — ‘_Q(:‘) 1 - , Ak _ o—azy 4
1,0 1,0 Ak +ia ( ) ( )

If az >> 1 and VAR + a? >> |Ako| Eq.(4) yields Q') ~ —Q{%e=2% 1n
this limit Eq. (1) becomes Qfl‘flf = 0. Thus, no population transfer to state
|2 > occurs for z such that az >> 1.
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