Appl. Phys. B 64, 451-458 (1997)

Applied
PhYSiCS Ia-ralcsieor:tics

© Springer-Verlag 1997

Study of non-linear optical phase conjugation inCa
by resonant degenerate four-wave mixing via bound excited states

A. Bolovinos!, S. Coher, A. Lyras?, C. Skordoulist, T. Mikropoulos?, S. Assimopoulo$

1 Atomic & Molecular Physics Laboratory, Dept. of Physics, Univ. of loannina, 45110 loannina, Greece
(Fax: +30-65¥45631, E-mail: abolovin@cc.uoi.gr)

2Dept. of Primary Education, Univ. of loannina, 45 110 loannina, Greece

3Institut de Physique Nucléaire, Université de Paris-Sud, 91406 Orsay Cedex, Orsay, France

Received: 11 June 1996

Abstract. We have studied the optical phase conjugation It has been well established for some time now that metal
(OPC) effect inCavapour by using the resonant degeneratezapours are suitable media for studying non-linear optical
four-wave mixing (DFWM) technique. The effect was studiedphenomena [6]. Up to now the studies of OPC by DFWM in
through the first excited state of Cas4p'P;1. The depen- metal vapours have been performed mostly in alkalis [2], con-
dence of the reflectivity on the vapour density, the buffer gasidered to be ideal for the comparison between experimental
pressure and the pump beams intensity was investigated. Thesults and the predictions of simple theoretical models [7].
influence of the strong linear absorption was taken into accounost of the existing theoretical models refer mainly to two- or
in a theoretical model that led to a satisfactory interpretatioithree-level systems [7, 8] and steady state conditions, taking
of the experimental results. A maximum reflectivity of 46% also into account the possible saturation of the atomic transi-
was measured under optimized conditions. The effect watons [8], the effect of collisions with the buffer gas [9], the
also studied through the high-lying bound sta4pé3Pg1,.  effect of absorption and depletion of the beams [10] and their
The maximum measured reflectivity was as high as for th@ropagation in the non-linear medium [11].

first excited state. The effect of the oscillator strength on the The alkaline earths are systems with two valence electrons
reflectivity was demonstrated experimentally and interpretednd as a result their bound energy spectra are more complex

with the help of a simple theoretical model. than the corresponding ones in the alkalis. In the literature
there exist few reports on the study of OPC by DFWM in al-
PACS: 42.65F:; 42.65M: 32.80K kaline earth atoms as, for example, in [12] where the effect was

observed via thBaresonance transition. The same technique
has also been applied i@a vapour [13], via the transition
45215 — 4s4p Py, aiming at the spectroscopic detection of
Optical Phase Conjugation (OPC) is a non-linear optical phethe natural isotopes @fa In the alkaline earths Rydberg series
nomenon, interesting for fundamental scientific reasons axf quasi-bound doubly excited states can be found above the
well as for various applications [1]. Inducing OPC by thefirst ionization threshold. These autoionizing states (AlS), as
technique of Degenerate Four-Wave Mixing (DFWM) has ahey are usually called, have been the subject of intense spec-
number of specific advantages over other techniques, the mdsbscopic study in the last ten years [14]. Certain properties of
notable of which is the automatic satisfaction of the phasegreat importance, e.g. their lifetimes, are rarely measured di-
matching requirement [2] due to its particular geometry. Theectly and can only be inferred by indirect and often not highly
DFWM technique is based on the interaction of two counteraccurate measurements. The DFWM technique is suitable for
propagating pump beams, crossed by a probe beam, withtle direct measurement of such spectroscopic properties with
medium, whose non-linear response leads to the generatisnfficient accuracy [1]. Other non-linear effects, e.g. harmon-
of a fourth beam. The generated beam has unique propertiés.generation [2] and laser-induced continuum structure [15],
Specifically, it has the same frequency as the input beams,hiave been studied in the vicinity of AIS but OPC by resonant
propagates exactly opposite to the probe one, and is its phaB&WM when an AlS is involved has not been reported so far.
conjugate. Additional properties of the phase conjugated beaktowever, before one could proceed in such a demanding ex-
are its good directionality, the absence of an intensity thresholgeriment more information on the non-linear response of the
for its generation and the quadratic dependence of its intensinedium (in our cas€a) when highly excited states are in-

ty on the concentration of the non-linear medium. As a resultyolved should be obtained. This goal is served by the study of
the DFWM technique has been considered as a powerful to@PC via the manifold of thdp?3Py 1 » states. This is one of
not only for spectroscopic [3] and analytical [4] investiga-the very few studies of OPC via highly excited bound atom-
tions, but also for applications in optical signal and imagec states [16]. Moreover, it should be noted that measuring
processing [5]. lifetimes of bound Rydberg states is far from trivial and the
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DFWM technique could be particularly useful in this respect A
as well. Also it can be helpful in studying the properties of
atomic states whose fluorescence yield is particularly smal
e.g. excited states @fathat are forbidden to decay to the lower
states by dipole transitions. A second goal is to check to whe
extent the OPC signal generated by resonant DFWM in a
atomic species could be used reliably for non-intrusive mon —
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o

)

itoring of the conditions in a hostile environment (e.g. oven, é
flame, chemical reactor, etc.) in which the particular species iw —
embedded. Most of the studies so far have dealt with molect £
lar systems (e.gdH) in flame environments [17]. Given the 5

fact that the energy spectra and dynamics of molecular sy:
tems are quite different from the corresponding ones in atom
it is reasonable to expect that even if similar trends coulc
be identified, the conditions under which they would appea 3
could be quite different. % 454p "By 12
In the following we present results from the study of the o
OPC phenomenon by DFWM i@avapour via theds4p P, ,»* discharge
and 4p?°Po,1,» bound excited states. The study through the .
resonance transitiord§ 1Py — 4s4p'P,) is focused on the 0 4 4s2150
efflg:lency of the OPC phenomenon and its depende_nce q:qg.l.Schematic energy level diagram fGa The transitions employed in
various eXtema”y controllable parameters such as the 'menﬁh'e DFWM scheme are indicated by arrows. The discharge used to populate
ty of the pump beams, the pressure of the buffer gas ar@ighe the metastable levels is indicated by the dashed line
concentration in the vapour. A simple theoretical model tak-
ing into account the absorption of the beams from the medium
is shown to satisfactorily reproduce most of the experimental
results. Through these results it is possible to assess the ughe three beams in the interaction region. The phase conju-
fulness of the OPC signal as a reliable diagnostic gauge afated beam, after being appropriately deflected, was detected
various quantities of interest, such as @econcentrationin by a photodiode (PD 1) and was recorded with the assistance
the vapour, and identify the range of parameters within whiclof a boxcar integrator (BC) connected to an analogue recorder
such an application is possible. The study through the man{X-Y).
fold of the high-lying4p?3Pg 1 » is focused on the efficiency The HPO used for the production of ti@a vapour was
of the phenomenon and the effect of the atomic properties dquipped with a temperature stabilisation system, capable
each resonance (e.g. its excitation cross section and lifetimef producing temperatures up t01000°C and maintaining
on the strength and lineshape of the OPC signal. A simpléhem constant to withif.5%. For the reduction of the strong
model is adequate for the interpretation of the results, sincabsorption by th&€avapour at the resonance frequency, the
beam absorption is not significant in this case. These resultsPO was designed in such a way that the length of the vapour
are an encouraging first step towards an observation of ttelumn was not much longer than the beam overlap region,
OPC phenomenon by resonant DFWM through an AIS. estimated to be on the order®f3 cm When the OPC effect
is observed via highly excited stais* 3Py 1 » (see Fig. 1) the
experimental scheme could become quite complicated since
1 Experimental set-up additional laser beams are required for the excitation of the
atoms from the ground state. In order to avoid this complica-
In Fig. 1 a simplified energy diagram of t@matom is drawn  tion, appropriate electrodes had been fitted in the HPO set-up
and the atomic transitions employed in our experiment are into generate an electric discharge that collisionally excited the
dicated. The experimental set-up was typical of the DFWMCa atoms to their metastable states. From these metastable
technique and is shown in Fig. 2. The light source was a dystates a realisation of the DFWM technique similar to the one
laser system (the stilbed@0 dygExciton) was used) pumped described above was used. Thg-pumped dye laser system
by aN; laser, producing pulses bhsdurationand- 0.4 cnt?  (the stilbene420 dye(Exciton) was used) was tuned on and
linewidth. For the resonance transitiésf 'S — 4s4p'P; the  around the wavelengths corresponding to the six possible tran-
laser wavelength was scanned aroundthe- 42279 nm in sitions from the metastable statésﬂfp3Po,1,2 to the manifold
order to obtain the OPC lineshape in the neighbourhood of thef the 4p?3P, 1 » states. Additionally, this set-up offers the
resonant state. The laser beam was splitted in three, generpbssibility for the simultaneous recording of an optogalvan-
ing two pump beams (one forward pump beam, FP, and orie signal, that can be used as a reference for the measurement
backward pump beam, BP) propagating in opposite directionsf the conjugate wave characteristics. The wavelength of the
and one probe beam (PB), propagating at an argle with  laser beams is periodically checked by-aneter.
respect to the FP. The three beams overlapped at the centre
of the heat-pipe oven (HPO). As a result of their interaction
with the Cavapour a fourth beam, the phase conjugated (PC2 Theoretical model
one, was generated propagating in the opposite direction with
respect to the PB. Special attention was given to the set-ujp order to take into account the effect of absorption we as-
geometry in order to achieve spatial and temporal overlap cdume exponential attenuation of the two pump beams as they
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Fig. 2. Experimental set-up. BS: beam splitter, M: mir-
ror, PD1 & PD2: photodiodes, HPO: Heat-Pipe Oven,
OG: optogalvanic device, BC: boxcar averager, X-Y:
chart recorder, BP: backward pump beam, FP: forward
pump beam, PB: probe beam, PC: phase conjugated
beam

propagate through the medium along the z-axis. The attenuathere thez-averaged non-linear coupling coefficief, is
tion coefficienta, will in general have a spatial dependence,given by the expression

whose exact form will be determined by, among other factors, .

the density distribution o€aatoms in the vapour column. To i1o 1 L 2(tlh)2.

simplify the model we introduce [18] zaveraged attenua- S8 =ag —/ lsat 7 dz (5)
tion coefficient,a, and write for the spatial evolution of the 1+2L 0 [(1+ M)2,4ﬂ} 2

forward and backward pump intensities the expressions lsat 1Zat

I¢(2) = lioexp(—202), ) evaluated for the value @f obtained by solving equation (3).

In(2) = loexp[—2a(L—2)] (2 _ _
3 Results and discussion

wherelso andlyg are, respectively, the forward and backward
pump intensities before attenuation, ahds the interac- |n Fig. 3 the dependence of the maximum of the PC signal
tion length. The average attenuation coefficient is determinegh the total input laser intensitls, is shown. The relative in-
through the equation tensities of the interacting beams were adjusted so as to have
e Ifo = Ipo = 5lpo. The maximum input intensity employed inthe
1+ experiment was- 20 kW/cnm?. The ground-stat€aconcen-
2 13 dz () tration was kept very low, roughlg x 10 crm3, in order to
(1+ %) — 4|f2—b} minimize the effects of absorption. The buffer gas pressure was
sat kept t00.66 kPa For low inputintensities<{ 0.5 kW/cn?) the
whereag is the unperturbed line-center absorption coeffi-signal exhibits a power law dependence with expored4,
cient [19], 0 is the normalised detuning from resonance roughly corresponding to a cubic intensity dependence [7].
0 = (w—w2)/y2, wherey; is the coherence decay rate, andFor higher input intensities the dependence clearly deviates
Isatis the frequency-dependent saturation intensity [19]. Thefrom the cubic power law and the onset of saturation is evi-
the intensity of the phase conjugated beam at the end efent in the upper end of the intensity range employed in our
the interaction regionis(L), can be calculated. Equivalent- experiments. The results of our model calculations reproduce
ly, one obtains the reflectivitiR = Is(L)/Ipo, Wherelp is the  this behaviour. The experimentally determined intensities had
probe beam intensity before attenuation. Without going intao be scaled down by a fact0rl6 in order to obtain the fit be-
the details of the derivation (see [18]), we quote the final resuliveen theory and experiment. This takes into account the fact
that from the spectrally distributed input laser intensity only
B the fraction lying within the atomic linewidth contributes to the
R=-—— [1—exp(—2aL)] (4) effect[18]. All other parameters employed in the calculations
4| were as determined experimentally.
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Fig. 3.PC signal (maximum) vs. total input intensity. The symbols correspondkig 4 pc signal (spectrally integrated) vs. probe beam intensity. The contin-
to the experimental points and their associated error bars. The continuous ling) ;s jine is the best linear fit to the data. The slop@.@s as shown on the

is the result of theoretical calculations, for which the parameters used Werggure
Nca= 3x 10" cm 3, Pye = 0.66 kPa

For the sake of completeness the dependence of the PC slgy our model calculations that take into account explicitly,
nal on the probe beam intensity was studied under the sanatbeit in an average way, the effect of absorption. All three
experimental conditions as for the results in Fig. 3. The experitheoretical spectra shown in Fig. 5 have been obtained using
mental results are shown in Fig. 4 along with a line of slopghe experimentally measured values for @@&number den-

0.9, representing the best linear fit to the data. This is in faisity and the buffer gas pressure. The only exception iCte
agreement with the expected linear intensity dependence [fiumber density for the spectrumin Fig. 5a that was taken to be
when a weak probe is employed in DFWM in a non-absorbind..13 x 103 cn3 or 45% lower compared to the experimental-
medium. These conditions are nearly met in our experimerly determined value. It is conceivable that at relatively IO&
since the highest intensity used wiag ~ 4 kW/cn? and the  concentrations, where absorption is rather weak, an average
Caconcentration was sufficiently low to consider absorptiorattenuation coefficient might overestimate the effect of ab-
negligible. sorption on the spectra. The buffer gas pressure, determining

Figure 5 shows typical spectra of the PC beam intensity athe dephasing rate through an appropriate cross section for
a function of laser frequency, in the vicinity of tde4p'P;  dephasing collisions (see below), had only minor influence
state ofCa, for three different values of th@aconcentration. on the details of the spectra when varied betw@d3 kPa
Tabulated values of th€a vapour pressure were used [20] and1.3 kP3 i.e. in the pressure range around the actual val-
for the evaluation of th€a concentration. The temperature ue used in the experiment. In all three cases the theoretical
was measured at the center of the HPO with an approprspectra were adjusted to the maximum of the experimental
ately attached thermocouple. The spectra were taken atdata through an appropriate scaling factor. Our main concern
constant buffer gas pressure @P3 kPa We usedHe as a  at this point was the reliable reproduction of the spectral fea-
buffer gas. The intensities of the input beams before entetures. To this end we have also convoluted the theoretical
ing the HPO were measured tolgg= Ipo ~ 25 kW/crn2 and  spectra with a normalised Gaussiar0d cnm! width to take
lo ~ 5 kW/cn?. As theCaconcentration was increased, aninto account the finite resolution because of the specific laser
increase of the phase conjugated signal was observed accolineshape.
panied by the appearance of a dip at line center, giving rise to It is also interesting, however, to know the dependence of
a symmetrical double peak structure. The slight asymmetry ithe PC signal on the number density in a wide range of values
the peak heights is probably due to propagation effects othdor this parameter. In Fig. 6 the experimental results for the
than the linear absorption. Further increasing@a@aumber maximum PC signal vs. th€a number density are shown,
density to values higher that06 cn 2 resulted in a low- together with a curve obtained with our theoretical model.
er peak intensity for the phase conjugated beam but also ifihe agreement between the two is satisfactory in the rising
a wider dip that has virtually eliminated any generated intenpart of the curve, corresponding to low and medium number
sity within a wide frequency range ¢nm!) around the line  densities. The slope of the log-log plot in this range-i4.8,
center and has shifted further apart the two peaks of the gequite close to the result expected on the basis of theoretical
erated signal. This is clearly due to the effect of saturategredictions for a quadratic concentration dependence of the
absorption at line center. This conclusion is further supporte®C signal in an optically thin medium interacting with low
by the reproduction of the experimentally observed featuremitensity beams [2]. Since the intensities employed in our
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experiment were above the saturation intensity and the onsAtsimilar behavior has been observed when a cell of iodine
of significant absorption is evident f@adensities on the order vapor was used in a DFWM experiment [18]. However, signal
of 4 x 10" cm 3, an exact quadratic dependence is not to besaturation sets in at number densities almost two orders of
expected. The PC signal reaches a maximunClmnumber  magnitude higher than those encountered in @aresults,
densities betweehx 104 cm 3 and10*® cm3, while for still  despite the fact that iodine is considered to be a strongly
higher concentrations it gradually decreases as the absorptiabsorbing molecular gas.

dominates the generation of the phase conjugated beam. This In the environment of the HPO the presence of the buffer
behaviour is qualitatively reproduced by our theoretical modelgas is important (it isHe in our case) for creating, main-
that clearly overestimates the degree of absorption, probabtgining and controlling &avapour column. Its influence on
because of the average way in which it is taken into accounthe generation of the PC signal @ais mainly due to de-

phasing collisions between buffer gas atoms @adtoms in
the excited state. Collisional quenching has also been known
to strongly affect the PC signal especially in molecular me-

= dia [21] but is negligible under our conditions. We, therefore,
1 introduce for the dephasing rate the expression
2 ] Vnat | (0
E 1- y2= "2+ yOp (6)
£ ]
2 i where ynat IS the spontaneous decay rate [22] of the
E ] 4s4p Py state, yf;o) is the appropriate collisional rate [23]
2 05 7 at line-center, angh the pressure. We have used the value
9 | /9 = 3.13x 108skPa’ in all theoretical calculations. In
1 Fig. 7 spectra of the PC signal at various buffer gas pressures
] . .o o are shown. The chosen values of buffer gas pressure cover
a) O G eSSt the entire range investigated at the experiment. Caaum-
ber density was- 3 x 104 cm3; at this density absorption
150 is significant but not saturated. The measured pump inten-
] sities werelig ~ 20 kW/cn? and lpg ~ 30 kW/cn?, while
_ ] lpo ~ 10 kW/c?. The effect of absorption at line center is
2 1 again evident in the symmetrical double-peaked structure of
g 100 the spectra. However, unlike the spectra in Fig. 5, the signal
8 7 maxima are detuned by not more tH2BGHzfrom resonance
8 1 and the detuning is nearly pressure independent within the en-
"g 4
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| .
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Fig.5a—c. PC signal vs.laser frequency for three differe@a con-
(b) Nca=4.6x10%cm3,
The intensities of the input beams were points, the continuous line is the theoretical result. The input beam intensities

centrations &) Nca=2.5x10%3cnr3,
(6) Nca=1.37x10%cm 3,

N (atoms/cm 3)

Fig. 6.PC signal (maximum) v€Caconcentration. The dots are experimental

lto = lpo ~ 25 kW/cmZ. The dots are experimental points, the continuouswerelig = lpp ~ 25 kW/cmZ. For the calculations the length of the medium
was taken to b& = 5 cmand the buffer gas pressupge = 0.66 kPa

line is the result of theoretical calculations
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tire range of buffer gas pressures investiga®893.3kPg.  indicates that the buffer gas a@dvapour were not mixed ho-
This behaviour is reproduced by our theoretical model, almogeneously for the whole interaction length, with a possible
though theCavapour densities employed in the calculationsexception for the highest pressures. In addition, the interac-
were lower compared to the experimentally determined onesipn length was assumed constant while it is well known that
especially for the high-pressure spectra. Theoretical fits ah HPO devices a low buffer gas pressure leads to an increased
equally good quality could be obtained by decreasing the valvapour column and larger spatial inhomogeneities. Thus the
ue ofyéo) by the same factor (see the caption of Fig. 7). Thidowering of the vapour density in the calculation correctly re-
flects this behaviour. As in Fig. 5 earlier, the theoretical spectra
in Fig. 7 were fitted by a scaling factor to the maximum of the
experimental data and were convoluted with a Gaussian of
0.5 cntt width.

40 3 The global dependence of the maximum of the PC sig-
] nal on the buffer gas pressure, for giveaconcentration and
= q pump beam intensities, is shown in Fig. 8. The experimen-
= ] tal data show a steep decrease of the PC signal as the buffer
= 3 gas pressure is increased up to a valug3® kPa For higher
g pressures the decrease is considerably slower and the signal
~ 20 can easily be detected, although less intense, for pressures
E up to 93.3kPa This behaviour is analogous to the one ob-
20 ] served inBa [12] a system quite similar t€a as far as the
5 3 electronic structure is concerned. The theoretical curve repro-
A ] duces the observed behaviour. The agreement is excellent for
. buffer gas pressures abo#@ kPa The model fails to predict
a) 0 4 , the signal behaviour at pressures be@kPa In this range,
1 T S AL B R B B I . . . .
the theoretical value shows a steep increase that is qualita-
15 tively different from the experimental observation. For low
] pressures the medium broadening is no longer dominated by
] collisions [21] and other mechanisms, e.g. Doppler broaden-
= . ing, may dominate. However, these mechanisms are not taken
=2 1 into account in our modelling. Also not taken into account is
g 10 B the effect of pump depletion [10]. All of the above in addition
o ] to possible inhomogeneitiesin the vapour density necessitate a
3 ] far more detailed modelling than the one attempted here [24].
é ]
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Fig. 7a—c.PC signal vs. frequency for three different buffer gas pressures:

(8) Pre = 1.33kPa (b) Phe = 26.66 kPa () Phe = 933 kPa The dots are  Fig. 8.PC signal (maximum) vs. buffer gas pressure. The symbols correspond
experimental points, the continuous line is the theoretical result. For the thee the experimental points and their associated error bars. The input beam
oretical calculations th€avapour density was reduced By, 0.05 and0.04 intensities werdsg ~ 20 KW/cn?, o ~ 30 kW/cn?, andlgo ~ 10 kW/cn?.
compared to the experimental values for cas@s(b) and €) respectively.  The continuous line is the result of theoretical calculations, for whigh=

The medium length was taken to be= 5 cmin all cases 3x 10 cm3
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Fig. 9. PC signal vs. frequency and optogalvanic signal vs. frequency for all six allowed trangisgm@; — 4p%3P;, J = 0,1,2. The optogalvanic signal
peak characterizes the transition frequency, whose value is also shown. In the plot correspondidgdpe— 4p? 3P, transition the PC signal has been
scaled down by a factor &to fit in the same vertical scale as the rest

The reflectivity R, which measures the efficiency of improved, if that was necessary, by changing a number of de-
the phenomenon, was measured under various experimesign parametersin our set-up. One such parameteris the actual
tal conditions. The highest value measured waé6% for  length of the vapour column of the active medium, which if
lto = lpo = Slpo, Nca= 4 x 105 cm3andPye = 1.3kPaThis  further reduced to match exactly the length of the beam over-
reflectivity, although higher than the corresponding one ifdap region would lead to appreciable increase of the reflectivity
Ba[12], is not considered to be particularly large. It could beby reducing the absorption of the generated beam.
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The final step in our study was the investigation ofical model. However, a number of serious limitations exist,
OPC via the highly excited bound statdp’3P1, of  strong absorption being one of them, that restrict the appli-
Ca These states were laser excited from the metastabtability of the technique in a reliable way outside certain
4s4p°Po 1, ones, efficiently populated by collisional ex- ranges for the externally controlled parameters (concentration,
citation in the electric discharge environment created irpump intensity, buffer gas pressure). Ingenious experimen-
the HPO. In Fig.9 the PC spectra of the six allowedtal arrangements would have to be made to overcome these
transitions,4s4p3Po,1,2 — 4p23P0,1,2, together with the si- limitations. In addition, our results have shown promise for
multaneously recorded corresponding optogalvanic spectraxtending the study of OPC by DFWM in the vicinity of AIS.
are shown. The experimental conditions during the recordfhe short lifetimes of AIS (normally a fews or even sub-
ing of these spectra wetg; ~ 50 kW/cn?, ljo = lpp = S5lp,  ps) necessitate the use of comparably short excitation pulses.
Nca = 3 x 10 cm 2 andPhe = 0.66 kPa A simple theoreti-  Moreover, large photon energies (in the VUV) are needed
cal model [19] predicts that the spectrally integrated PC signaf one attempts to reach AIS from the ground atomic state
under strong pumping scales according to the relation by one-photon processes. Recent progress has led to the de-

velopment of a new source of high-energy (VUV to XUV),
. short duration (sulps), coherent, partly tunable photons that
Ipc~u§2r;2 (7) could be ideal for such applications. We refer to the high-
order harmonics generated from a gas medium (usually a rare
, ) . gas) when irradiated by strong, short laser pulses in the opti-
where/i; is the dipole moment for the transition from the cq| or infrared frequency range [25]. Alternatively, one might
4s4p*P; manifold to thedp®°P; one andr the spontaneous yse coherent or incoherent processes to excite the atomic sys-
decay lifetime of the final state. Using the atomic parameem to a bound long-lived state (e.g. a metastable one like the
ters for the specific states and transitions _[22] we find thaas4p3pJ of Ca) and then apply optical photons to reach select-
the dependence predicted by theory is in fair agreement witgy A|S by resonant DFWM. In both potential configurations
the experimental data, although our experimental conditionge experimental complexity is evident; also evident is the im-
do not exactly correspond to the assumptions of the modeportance of the successful demonstration of the OPC effect

The reflectivity for these transitions was measured under vagy resonant DFWM via AlS, particularly when XUV photons
ious experimental conditions. Since the population of theyre involved. Towards this goal we are currently working.

metastablé€Castates, the initial states of the DFWM scheme,
strongly depends on the electric discharge parameters, so does

the PC signal. For the highest attainable discharge current iﬁeferences

our set-up the highest reflectivity measured wag6% for
the transitiords4p3P, — 4p?3P,. This result is qualitatively
consistent with the cubic dependence onglevalue shown 2
in (7) given the fact that for the above mentioned transition
the2 value is the highest among the allowed six. This result 3-
is encouraging for extending the study of the phenomenonin -
the energy range where AlS can be found. However, a number™
of non-trivial difficulties have to be resolved before one could .
proceed in such an experiment and we comment on these in
the following section.

4 Conclusions 9.
10
The OPC phenomenon was studiedGa vapour via the 17

bound stateds4p'P; and4p?3Py 1 », using the DFWM tech- _
nique. In both cases by optimizing the experimental conditions; 4,
the efficiency of the phenomenon reached6%, providing  15.
additional evidence that the alkaline earths are suitable as nod$-
linear media. The dependence of the signal as a functi@aof
concentration, buffer gas pressure and total pump intensity,
was recorded. Strong absorption affected the experimental rets.
sults and a theoretical model taking absorption into account irt.9.
an average way was employed in order to interpret the results,
The agreement between theory and experiment was satisfaé®
tory for most of the data. The few discrepancies were clearly,;
attributable to the lack of sufficient detail in our model. 22.
Our results suggest that in a rather complicated environ-
ment like the one found in a HPO, the DFWM technique can
lead to a strong PC signal reflecting the behaviour of a non-
linear material in such an environment. The results can be
understood almost quantitatively by a rather simple theoret25.
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