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In most nonlinear optical phenomena, phase matching 
is essential for achieving maximum efficiency. This is 

usually accomplished by choosing appropriate directions 
and/or polarizations for the input and output beams in an 
anisotropic medium. We have been exploring alternative 
means to achieve phase matching of coherent transient 
phenomena. By applying time-varying, spatially inhomo
geneous fields under conditions in which the optical 
beams are resonant or near-resonant with transitions of 
optical centers in the medium. We have thus far been suc
cessful, with acoustic1 and magnetic2 fields, in the en
hancement of phase matching in the case of photon echo 
signals. Although phase matching has previously been ac
complished with acoustic fields,3 the mechanism in this 
optically resonant case is quite different. 

In a photon echo experiment, two resonant optical 
pulses, separated by time Т, prepare the optical centers in a 
coherent superposition of their ground and excited states. 
At time 2T , the ions rephase and emit a coherent burst of 
light at the resonant frequency, called the photon echo. 
Normally these experiments are conducted with non-col-
linear input beams to allow for spatial separation of the 
echo from the input pulses. As a result, ions at different 
positions along the beam are not properly phase-matched 
at 2T. 

However, by applying spatially inhomogeneous time-
varying fields that modulate the transition frequencies of 
the optical center with the correct temporal histories, an 
additional spatially varying phase accumulation can be 
generated, bringing all the ions into a phase-matched con
dition for generating the echo at 2T . For example, we 
show in the figure the time dependence of the intensity of a 
photon echo signal in ruby at 1.5K in the presence of an 
acoustic wave produced by applying a short voltage pulse 
to a piezoelectric transducer attached on the sample sur
face. The time axis refers to the time delay between the 
launching of the acoustic wave packet and the first of the 
optical preparation pulses. Note the large amplitude mod
ulation episodes of the echo intensity, which exhibit pri
marily enhancements, as the acoustic wave packet periodi
cally traverses the echo generating region due to reflec
tions of the acoustic waves at the crystal surfaces. Such 
modulations in the echo intensity were predicted in the 
presence of coherent optical phonons.4 

Echo intensity modulations have also been observed in 
the presence of standing acoustic waves.1 While the modu-

Intensity of the photon echo signal in the presence of an 
acoustic wave packet generated by appling a 7 volt pulse 
to a piezoelectric transducer attached to the crystal sur
face. The time delay is that between the launching of the 
acoustic wave and the first two optical preparation 
pulses. The pulses are separated by 40 ns and cross at 
an angle of 2.6°. 

lation patterns are consistent with calculations, the abso
lute magnitude of the modulates are not as large as pre
dicted because of the non-idealized acoustic wave pat
terns. 

However, even larger phase matching enhancements 
have been produced with small pulsed inhomogeneous 
magnetic fields using the Zeeman effect2 to modulate the 
ion resonant frequencies. In that case, the intensity modu
lations are quantitatively in agreement with calculations. 

In addition to providing a means to achieve improved 
phase matching, such experiments allow for the sensitive 
detection of acoustic, magnetic and electric fields in the 
bulk of a medium. Although strains as small as 10-6 have 
been detected in ruby, in materials with larger strain-in
duced frequency shifts, detection of strains as small as 10-8 

should be possible. In addition, fast pulsed magnetic fields 
or field fluctuations as small as 0.1 Gauss are easily ob
served in these experiments. A useful feature of this tech
nique is its ability to provide spatial resolution within the 
bulk since the optical pulses interrogate only a small re
gion (>100 µm). 
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