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Optical bistability and laserlike emission in a semiconductor microcavity
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We report the experimental observation of hysteresis in the optical response of a semiconductor microcavity
under normal mode coupling regime. A third resonance mode, spectrally lying at the bare cavity mode fre-
quency, suddenly appears in the reflectivity and resonant Rayleigh scattering spectra when increasing the
excitation power, resulting in a coexistence of three resonance modes. Bistability loops in both microcavity
optical response are found at the energy of this third mode. Associated to the bistability, laserlike emission
occurs at the bare cavity mode.
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[. INTRODUCTION a rich assortment of optical non-linear effects has been so far
reportec®24 On one side the attention was devoted to the
Bistability is a very general phenomenon involving a nonlinearity associated to the reduction of the NM splitting
phase transition far from thermal equilibrium, which can bewhen increasing the excitation power, producing the collapse
retrieved in many different fields of physics. Generally of the polariton modes at high intensity and the crossover
speaking, a bistable system has an output that, within a randeetween NM and WC regim@-12 These effects have been
of inputs, can assume two different values depending on thiaterpreted in terms of bleaching of the exciton absorgfion
history of the system. Optical bistabiliyfOB) requires that and excitation induced dephasithglue to exciton-exciton
both the input and the output are optical signals. Thereforenteraction. Lately, it has been shown that the transition be-
in order to obtain OB, light and matter must be closelytween NM and WC regimes can be much more complicated
coupled together in a very intriguing way and this explainsand that three modes can coexist in the optical response of
the large interest devoted to this topic. It can be shown thathe MC314The simultaneous presence of the two NMs and
OB arises from the combination of nonlinear media and posia third WC-like mode in single beam and pump-probe trans-
tive feedback mechanismdhese requirements are achieved mission experiments has been attributed to quantum correla-
in Fabry-Perot(FP) interferometers filled with non-linear tion of the electron-hole polarizatidd.More recently the
materials: The cavity field, which is enhanced by the reso€oexistence of NM emission and lasing at the WC-like mode
nance condition, strongly depends on the dielectric functiorhas been explained in terms of bound excitth©n the
of the medium inside the cavity producing the optical other side great interest has been raised by the peculiar prop-
feedback:" Since the pioneering works in the 19704, erties of the nonlinear emission from NM-M&:1° Stimu-
many different nonlinear mechanisms in FP systemdated emission, giant amplification, and lasing, above some
have been addressed, such as absorption satufétaptical  threshold in the external power have been observed both in
Kerr effect*® and soliton formatioh by using gase$, nonresonad®1”and in resonant excitation conditions with
liquid crystals! or semiconductor materi&f All the above  very peculiar angular resonanteSeveral mechanisms have
mentioned experimental observations have concerned tHmeen debated in order to interpret the experimental &dfa,
weak coupling (WC) regime, where the light-matter and finally the picture of parametric polariton amplifier has
interaction inside the optical cavity can be considered as &een largely acceptéd As a matter of fact, the relevant role
small perturbation and the photon and matter modes are naof the bosonic character of the MC polaritons has driven a
mixed. strong effort for the realization of polariton condensatton
In the last decade great interest has been devoted to a veapd polariton lasers. Recently the relevance of other
peculiar FP system, that is, quantum well semiconductor mimechanisms, such as polariton collisional broadefing,
crocavity (MC) where high quality quantum wellQW) is  electron-electrod? and electron-polariton scatteritighave
embedded in high finesse FP cavity tuned at the QW excitobeen pointed out to be effective in limiting or even in im-
absorption. The sharpness of the exciton and cavity modgsroving the polariton condensation.
results in the normal mod@NM) coupling (often referred to Following the history of the FP systems in the WC re-
as strong coupling NM coupling means that the exciton gime, this large variety of nonlinearities in NM-MC g,
mode and the cavity photon mode are in such close interagriori, expected to produce different kinds of OBs. However,
tion to give rise to two mixed polariton states. The anticrosssuch a relevant aspect of the physics of NM-MC has not yet
ing behavior and the Rabi splitting between the upper andully addressed. OB was observed in the early studies where
lower polaritons has been observed by Weisbethl® and  the MC optical quality was not high enough to reach the NM
then reported in a number of different systems and opticatoupling®® There are few theoretical papers predicting opti-
experiments. Among many interesting peculiarities of the cal bistability associated to the bleaching of the excitonic
NM-MC, in the last years particular attention has been deabsorptior?>26 Only recently OB in NM-MC has been ex-
voted to the nonlinear properties. For strong carrier injectionperimentally observed in the reflected intensity of the lower
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polariton and it has been interpreted in terms of Kerr-like _92_ et e ionWa® | b)
nonlinearity  associated to the polariton-polariton "= J \ f -0 600 mW can®
interaction?’ '\ /

We report an experimental study of the optical nonlineari-g boooo \ / 2 /
ties of a NM-MC, by means of reflectivity, resonant Rayleigh'g IRV oo T :.’
scattering (RRS, and photoluminescencéPL) measure- g b ¢ 009 |
ments, demonstrating the presence of a bistable response & [rooen, ©000%0 a8 ’
der resonant excitation conditions. The bistability occurs as | A . A
the energy of the bare cavity mode and therefore it has to bg | e, 2 / - K %
related to a different nonlinear mechanism with respect to th A D s ;)\
findings of Ref. 27. The simultaneous presence of thres Vooww, -
modes is found above the bistability threshold, that is the tw¢ | vvvf’ &5
NMs and the WC mode coexist in the MC optical response
The comparison of the reflectivity with resonant secondary
emission allows us to extract further physical information on
the _nonllngar_ mechanisms drlvmg_ the OB. In partlculgr, Ia_- FIG. 1. (8 Reflectivity and(b) RRS spectra for differenP,,
serlike emission at the WC mode is observed at the bistabily,qer cw excitation.
ity threshold. We discuss the experimental findings on the
22?&? the existing theoretical models for the MC nonlin elsewhgré?‘ Preliminary results on the OB have been re-

The paper is organized as follows. In Sec. Il we describepOrtEOI in recent conference proceediffys.
the sample and the experimental details. In Sec. Il the ex-

perimental results are presented and discussed. Section 1V
contains the summary and concluding remarks. Let us first describe the main features of the observed MC
Il. SAMPLE AND EXPERIMENTAL DETAILS nonlinear response. We report in Fig. 1 the reflectivity and
the RRS spectra obtained by tuning the cw laser at different
The sample consists in a single 8.5 nm diGa.0AS  excitation power densitiegi=4° and§(4°)=0. At low exci-
quantum well(QW) embedded in a GaAs cavity with 14 tation powerP,,, NM coupling regime is found with the two
(16.5 pairs of A/4 GaAs/AlAs layers for the togbottom)  pojariton resonances separated by a Rabi splitting of
distributed Bragg mirrors. The flux asymmetry during the3 3 mev. Increasing the excitation power the spectra is
epitaxial growth has given rise to a wedged MC structurestrongly modified. First the two NMs broaden, due to exci-
with a rate of variation of the cavity modes along the direc-tation induced dephasing, and their separation slightly re-
tion of the gradient of the cavity thickness of the order ofgyces. Then a third peak, spectrally lying in between the two
11 meV/mm. . _ _ ~ normal modes, suddenly appears. Finally, for very high ex-
A tunable cw Ti-sapphire laser is used as excitationgitation power only the third peak survives in the MC optical
source, focused with a 15-cm lens to a spot of about#D  spectra just in the middle of the two normal modes, corre-
diameter. Different external incidence angie the range  sponding to the resonance of the bare cavity. The main fea-
6=0°—9° with respect to the normal have been used and ifyres of this phenomenology are well know in the literature
all cases the RRS and the reflectivity spectra have been sis due to a transition from NM to WC regime. This transition
multaneously detected. The emission at normal incidence hagys peen studied by changing the excitation density, the tem-
been also investigated_ by means of a flat 'field spectromet§jerature, or applying external electric fieRt&2 Reducing
coupled to a cooled Seharge-coupled devigeamera. We  the exciton oscillator strength, the field-matter interaction
used a computer controllexl/2 plate, placed in front of @ \veakens and eventually the two NMs collapse to the un-
polarization analyzer, in order to finely tune the excitationcoypled cavity mode. However, for intermediate power, we
power density. For the measurements with 150 fs pulsed expserve the simultaneous presence in the spectra of the two
citation Ti-sapphire laser has been also used. Spatially rgsojariton modes and of the WC-like mode. Measurements of
solved measurements have been performed by reimaging thge reflected beam after spatial filtering by a pinhole to select
laser spot on a 2@m pinhole after magnification by a factor gnly the central part show that, in this power range, the pres-
of 2. The sample was mounted in a He bath cryostat and, ignce of three resonances is not due to the spatial inhomoge-
all the measurements reported here the temperatureTwaspeity,
=1.8 K. In the following the resonance condition on the MC  The coexistence of three modes in the optical spectra of
will be described byd(6)=Eca(6)~Eex. Where Eec and  the MC cannot be directly inferred by cw measurement,
Ecal 0) are the energies of the QW exciton mode and the bargince the modes are not simultaneously excited. In order to
cavity mode at the excitation angl@), respectively. Note clarify the interplay between these modes we have also per-
that, in order to stress the exciton-photon resonance condfermed reflectivity measurements with fs laser pulses. The
tion at the experimentally used excitation angje¢he detun-  reflected beam has been spatially resolved to avoid spatial
ing &(6) is calculated by taking into account the dependenceénhomogeneity. Results are reported in Fig. 2 for different
of E.o(#) on the excitation angle. A study of the optical excitation powers and=0. On top of the laser pulse the MC
characterization of the investigated MC has been reportetesonances are clearly resolveage also the insetThe two
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In order to observe bistability, we have carefully mea-
W sured the power dependence of the reflected and RRS signals
for different fixed laser energies and different angles of inci-
denceéd. No bistability behavior is observed at the energy of
the NM resonances, contrary to the findings of Ref. 27. In-
stead when exciting at the energy of the third peak clear OB
Lz Ldw o 14% loops are observed. The reflected and RRS signals, for reso-
nant excitation at the energy of the third peak and for three
different external angles of incidence, are reported in Fig. 3,
for both increasing and decreasing power. Hysteresis loops
are observed in all the cases. It is worth stressing that the
previous findings in OBRefs. 4-7 and 27were based on
the observation of the primary emissitreflected or trans-
. . . , . mitted beany here we show that OB can be monitored also
1.48 1.49 1.50 1.51 1.52 in the resonant secondary emission. The jumps in the optical

Energy (eV) response occur at a higher external power, when increasing
Pexo With respect to the case in whiéh, is decreased. For
FIG. 2. Reflected intensity for differef,,. under fs pulse ex- €xternal power in between the two thresholds, the optical
citation. The inset shows the reflectivity spectrum obtained by direésponse of the MC is bistable and depends on the history of

viding the experimental data by a Gaussian profile of the pulséhe MC photo injection. Comparing the hysteresis loops, we
spectrum. note that, as far as the angular dependence is concerned, the

most relevant experimental observations are that both the OB
NMs found at low excitation power collapse in the WC modethreshold and the width of the OB loop decrease with in-
at the highest intensity. However for intermediated excitatiorcreasing the incidence angle.
power the simultaneous coexistence of three mode is ob- The jumps in the optical response of the MC are associ-
served. Similar findings were found in transmission spectrated to the sudden appearance of the third resonance. This is

in Refs. 13; we will discuss them later on.

strikingly demonstrated by the analysis of the reflectivity and
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FIG. 3. Bistability loops of the reflected and RRS signals measured at the third peak for three different angles of icidence
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FIG. 4. (@) Reflectivity and (b) RRS spectra measured at FIG. 5. Comparison between reflectivity at normal incidence
Pexc=750 W cmi? and #=4° angle of incidence. Different symbols (solid line) and atf=8° angle of incidencédashed ling The solid
refer to the two different bistable responses. (dotted arrow shows the energy of the WC mode at normal

o ] N (6=8°) incidence. The inset reports the PL emission at normal
RRS spectra. Fixinge,. between the two bistability thresh- incidence after laser excitation at 1.4965 eV atxB°.

olds we find that the third peak is randomly present in the
spectra. The bistable reflectivity and RRS spectra obtained &1.4952 eV modes are observed in the emission spectrum,
the same excitation power are reported in Figa) 4nd 4b),  while the sharp peak at 1.4965 eV is the elastic scattering of
respectively. In both cases the two spectra are almost identine laser excitation.
cal except for the appearance of the third resonance. In fact, The MC emission spectrum is dramatically modified at
when scanning the laser frequency for performing the speahe onset of the OB. This is shown in Fig. 6 where emission
tra, the history of the MC photo injection is not well defined spectra are reported for three different excitation power. Here
and the two MC bistable states are therefore randomly obthe laser is tuned at 1.4938 eV, corresponding to the WC
served. The two bistable states of the NM-MC are the presmode with 8° angle of incidence, which is the energy at
ence or the lack of the WC peak in the optical response. It isvhich OB is observed. The loweBf,. in Fig. 6 is just below
worth noticing that the sudden decrease of the reflecte¢he threshold of the ORBP,,.=535 W cm?) and the spec-
power is associated to a strong increase of the RRS signal. laum only shows the emission at the NMs and the Rayleigh
other words, part of the photons that enter into the cavity, agcattering from the laser. The next spectrum is taken with an
a consequence of the photoinduced transparency of the Mgxcitation power just above the OB threshold
associated to the OB threshold, are elastically scattered intg, =550 W cm?) and, in fact, the intensity of the laser
different directions by the structural disorder inside the MC.pegk is almost unchanged. However the emission spectrum is
This involves dephasing-free scattering mechanisms Whicﬁ
are in competition with exciton absorption. From a phenom- ,
enological point of view, this also means that the RRS be - i3 /;f
comes strongly nonlinear with respect to the external excita N ~ cubic 3
tion power. Finally note that the appearance in the RRS /
spectra of a well separated third peak spectrally lying beg /'
tween the two NMs is much more clear with respect to re-g |- i
I
.I
]

flectivity spectra, due to the lack of background in RRS mea.s
surement.
We have also investigated the NM-MC emission at nor-Z
mal incidence at the onset of the OB when using an excita
tion angle of#=8°. A white light from a halogen lamp has
been used to probe the reflectivity spectrum at normal inci A
dence(6=0) exactly at the same spot on the sample. Com- | o et
parison between the reflectivity spectrum obtained by scar "L'L' L ———
ning the laser wavelengt{#=8°) and the reflectivity 1.490 1.492 1.494 1.496 1.498
spectrum of the white lightnormal incidencgis reported in
Fig. 5a), where the arrows indicate the energy of the bare
cavity modes in the two cases. The resonance condition was G, 6. Emission spectra at normal incidence after laser excita-
5(8°)=0 for the excitation aty=8° which corresponds to tjon with g=8° angle of incidence at 1.4938 §WC mode energy
80)=-1.6 meV at normal incidence. The inset repdits  at 89 for three different excitation powers: 545 W chtriangles,
semilogarithmic scalethe NM-MC emission spectrum. Both 552 W cm? (circles, and 680 W cri (squarey respectively. The
the lower polariton(1.4918 eV and the upper polariton inset shows the power dependence of the WC emission.
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energy shift towards negative cavity-exciton detuning at high
optical pumping. This effect was explained in terms of po-
lariton Kerr-like nonlinearity within a fully polaritonic pic-
ture. A similar picture cannot be applied to our data because
we find OB at the WC mode. More generally we believe that
the appearance of the third peak is behind any polaritonic
model. It is also worth stressing that different kinds of OB
are expected in NM-MC, depending on which nonlinear
mechanism dominates under the experimental excitation
conditions and MC parameterge., Rabi splitting, mode
9 . broadenings, etg.As already stated previously, in our case
AA/\W%W the geqer_al features of thglobserved non-linearity possess
1,490 492 494 1496 498 some similarity to the transition from normal mode to weak
Energy (eV) coupll_ng, reported in the literature in a number of d|ﬁgrent
experimental condition¥:}? A theoretical model for OB in
FIG. 7. Emission spectra at normal incidence after laser excitaNM-MC associated to this transition was reported few years
tion with #=8° angle of incidence at 1.4938 €WC mode energy ado in Ref. 25 and therefore we compare our data with those
at 89. Solid line corresponds to 550 W cf(just below the bista- ~ predictions. In Ref. 25 OB was predicted to occur on the
bility threshold. The experimental data above the thresholdwing of the two polariton modes, assuming that the exciton
(552 W cm®) are reported by showing the Gaussian(flashed absorptiona saturates, for increasing excitonic dendity,,
region to the laserlike emission and the spectr(aoty obtained  following the relationship:
by subtracting this fit to the experimental data. a(Noyd) = (1 + N /N, 1)

—.— Laser-like emission

Intensity (arb. units)

completely different, with the presence of a third peak inwherea; is the unsaturated exciton absorption &hds the
between the two NMs. The last spectrum corresponds t§aturation density, which is of the order of the inverse of the
Pec=680 W cm2 and here the third peak largely dominates €Xciton Bohr area. This simple saturation formula, which is
the MC emission. In the inset of Fig. 6 the excitation powerdue to both phase space filling and exchange efféctsis
dependence of this emission is reported. At the OB threshol@ommonly accepted to nicely reproduce the exciton bleach-
the emission jumps abruptly, denoting a strong stimulatedng in bulk and confined semiconductor structute$:
emission associated to the observed bistability in the MANithin this assumption, the OB is predicted only on the wing
optical response. Then it increases nonlinearly and tends #f the polariton resonances and only in the case of quite
saturate to a linear power dependence around 1 K\W.cm sharp NM resonancéé.Considering realistic broadenings in
The peak energy of this emission slightly shifts increasingorder to reproduce the experimental spectra of our NM-MC,
the excitation power and saturates at the WC mode energye find that the model of Ref. 25 does not predict any bista-
for normal incidence. Let us note that similar sudden jumpdility. In any case, this model does not predict a bistable
of the MC emission are commonly denominated in the lit-behavior at the WC mode even in case of very small broad-
erature as laserlike emissidror lasing actiort? in the fol- ~ €nings and therefore does not agree at all with our experi-
lowing we also will use this terminology for a better com- mental data.
parison with previous findings. As a matter of fact the model of Ref. 25 predicts

A further important information is that the coexistence & soft OB. This result, not even commented in Ref. 25, is
of the NMs and WC mode is retrieved in the emissionsurprising since the saturation of the absorption is well
spectra. This is more clearly shown in Fig. 7 where theknown to give OB exactly at the bare cavity mode in
two spectra just below and just above the OB onset ar@omiclike systens and also MC in WC regime®
reported in semilogarithmic scale. The spectrum above th¥e believe that the reason for this discrepancy is related
threshold has been decomposed in the stimulated emissid@ the fact that Eq(1) gives rise to a quite smooth nonlin-
and in the NM-PL, the latter obtained by subtracting a€arity of the excitonic absorption as a function of the
Gaussian fit of the stimulated emission from the experimeninternal field intensityl. Assuming steady state excitation, it
tal spectrum. Comparing the NM-PL before and after thefollows thatNe,.=a(Ney)! 7, with 7 the exciton recombina-
threshold, we find that even the emission at the NM istion time and a(Ne) given by Eg. (1). Then it is
strongly enhanced above the threshold. This clearly discardguite simple to show that the dependence of the
the possibility that the presence of a Gaussian laseexciton absorption on the field intensity is given by
profile plays a relevant role in the coexistence of the threex(l)=2a,/[1+(1+81/15)°%], where 1;=2Ng/(a,7). On the
modes. We also conclude that the appearance of the thircbntrary, in the case of old results for WC-M&Sthe theo-
peak in the MC emission spectrum produces an efficient inretical description used for the absorption saturation was the
jection at the NMs. derived from a two level system, which gives

Let us now discuss the data presented. The OB here re- _
ported is certainly of a different kind with respect to the all) = ag/(1+1/1y). 2)
recent findings in Ref. 27. In Ref. 27 the hysteresis was This formula, which producefor | >1,) a stronger non-
observed at the lower polariton mode, which undergoes afinearity than the one associated with Ed), describes the
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fact that the bleaching of the atomic transition does noftstrong modification of the dielectric response of the NM-MC
occur when most of the atoms are in the excited state, ast the OB and laserlike threshold. We believe that this obser-
required by the Pauli exclusion principle, but insteadvation rules out the possibility of using the extrinsic picture
when absorption and stimulated emission balance. A similagf localized exciton proposed in Ref. 14 to explain our re-
requirement is not usually included for the case of excitonsylts. This data also shows the relevance of measuring and

bleaching in semiconductor structures. Assuming @3in-  comparing reflectivity and secondary emission under the
stead of Eq.(1) within the same approximation used in same experimental condition.

Ref. 25 we have found that OB occurs at the WC mode for The simultaneous presence of the normal modes and

realistic vzlues of thle broadenkingh of the exciton a”dlthe WC-like resonance in the intrinsic optical response of a
cavity modes. We also remark that our experimental; nic has been reported in Ref. 13 by means single beam
observation of a strong stimulated emission at the b'Stab'“tXransmission spectra and pump and probe experiments

onset suggests that the “atomiclike” E) can be more : : - .
: ! ..~ When increasing the excitation power, besides the two NMs,
appropriate than the standard Ef). for exciton bleaching in a third peak emerged in the spectrum and grew with inten-

the case of NM-MC. However, simple models for exciton . ) ;
bleaching, both using Eg$l) and (2), predict a collapse S|ty.. The th|rd pgak showed a WC character .and, at.h|gh
of the two normal modes into the WC mode and not€Xcitation intensity, the spectra collapsed in a single

the coexistence of three resonances in the optical response Rfak denoting the transition to WC regime. The observation
the MC. was explained within a fully quantum theory based on a

findings, let us discuss the previous observations on laserlikdifferent photon modes. The experimental data of Ref. 13
emission in NM-MC. Stimulated polariton scattering, a concerning the observation of the coexistence of NMs and
clear signature of the bosonic character of the polariton"VC mode in the intrinsic optical response of the MC are in

angles,” where the phase matching conditions ardiancementof the NM-PL at the threshold for the appearance,

fulfilled. 81 Within these conditions, strong nonlinear emis- Feported in Fig. 7, of the third peak denotes a coupling be-
sion and parametric polariton amplification have beerfWeen different cavity modes, which is at th_e basis of the
reportedt® These observations have suggested to exploitingheory of Ref. 13. Unfortunately the theoretical model re-
the possibility of polariton lasét and even polariton Bose- Ported in Ref. 13 is quite complicated and it is not simple to
Einstein condensatioft. At the same time a fully bosonic 9Uess if O_B and stimulated emission can be attributed to this
picture of the MC polariton is questionable at very high den-non-linearity.
sity where the fermionic nature of the electron and hole
forming the exciton should play a rolé For example it was
found that, at least for GaAs based MC and nonresonant V. CONCLUSIONS
excitation, the onset of the optical gain corresponds to tran- We have reported a detailed analysis of optical nonlinear-
sition from strong to weak coupling regiméThis result is ity in NM-MC. Four are the main features of our experimen-
strictly linked to the physics of vertical cavity surface emit- tal results:(i) the simultaneous presence of NMs and WC
ting lasers where the emission of QW excitons is enhancethode in the MC optical response, including reflectivity)
by the WC resonance with the cavity mode, but NM cou-OB at the WC modefiii) stimulated emission at the WC
pling is not reached. More recently laserlike emission at thenode simultaneously to the OB onset; ghd enhancement
WC cavity mode without the collapse of the NM has beenof the NM emission at the WC laserlike threshold. Most of
observed? under nonresonant excitation condition. Notethese aspects can be referred to previous findings and possi-
also that at high excitation power, the NM to WC transitionbly attributed to existing theoretical predictions. The simul-
was eventually observed in Ref. 14. The coexistence of lowtaneous presence of the NMs and WC mode is fully ex-
threshold lasing at the WC mode and NM emission has beeplained within the model presented in Ref. 13. The coupling
attributed, in Ref. 14, to the presence of low density local-between different photon modes arising from quantum cor-
ized states. This localized excitons are assumed to be weakiglation predicted by the theory of Ref. 13 could also
coupled to the cavity mode and to be optically inverted ataccount for the enhancement of the NM emission at the
high excitation, leading to the appearance of stimulatedhreshold. OB could be possibly inferred to the exciton
emissiont* bleaching assuming that E) describes, in agreement with
The findings in Ref. 14 concerning the lasing at the WC,the very simple atomiclike modefsthe absorption satura-
the coexistence of three modes and the final transition to W@on. The stimulated emission at the WC mode without the
regime are, at a first glance, quite similar to ours, even if theyollapse of the NMs agrees with the findings of Ref. 14 and
use nonresonant excitation and do not observe OB. Nevefellowing their interpretation it could be attributed to the
theless, in the reports of Ref. 14, the threshold is muchinversion of a population of localized exciton states.
smoother with respect to our observation, possibly due to th®bviously a theory that includes all points to (iv) in a
lack of OB in case of nonresonant excitation. In addition weunified picture is needed for a comprehensive understanding
observe that NM emission is enhanced at the OB thresholdnd this is a challenging task for theoreticians. As a matter of
which is not present in the findings in Ref. 14. A final and fact the variety of nonlinear effects in NM-MC is very rich
very important difference is the fact that we do observe thébut also quite complicated and puzzling. A very large assort-
third peak also in the reflectivity spectrum demonstrating ament of experimental results exists so far in the literature and
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