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CARS STUDY OF DEUTERIUM CLUSTERS STABILIZEDIN SOLID HELIUME. B. Gordon *Institute of Problems of Chemial Physis, Russian Aademy of Sienes142432, Chernogolovka, Mosow region, RussiaT. Kumada, M. Ishiguro, Ya. AratonoAdvaned Siene Researh Center, Japan Atomi Energy Researh Institute319-1195, Tokai, Ibaraki, JapanSubmitted 27 April 2004Solid deuterium lusters for the �rst time isolated in a matrix of solid Helium have been investigated at T = 1:3 Kand P = 3 MPa by oherent anti-Stokes Raman spetrosopy (CARS) tehnique. The vibroni Q1(J = 0) andQ1(J = 1) line intensity, shape, and positions have been studied as funtions of ortho- and para-ontent inthe solid, as well as of the luster size. The strong e�et of Raman sattering ross setion sensitivity to themoleular environment nulear spin state has been found in CARS: the ratio of probabilities for the satteringby para (J = 1)- and ortho (J = 0)-deuterium being equal to 1 in a gas is as high as 10000 in nearly pureortho-deuterium, whereas it is about 50 in spontaneous Raman sattering. This e�et has been shown to ourstarting from the luster size orresponding to the phonon band onset.PACS: 33.20.Fb, 33.70.Jg, 67.80.Mg1. INTRODUCTIONThe most inert matrix ever applied in the matrixisolation spetrosopy is para-hydrogen [1℄, only he-lium should be more inert than hydrogen in the sym-metri J = 0 state (J is the rotational number). Be-ause helium annot be solid at ambient pressure, theonventional tehnique of matrix-isolation spetrosopyis inappliable. Instead, the spetrosopi studies ofmoleules and lusters surrounded by helium were per-formed by the very interesting tehnique of their ap-ture into old liquid helium droplets. Although themoleule densities in the droplet experiments do notexeed those in the gas phase, the result of a photo-indued proess ould be deteted with very high sen-sitivity by the depletion tehnique � the energy of visi-ble and even infrared light photons released in a dropletindues evaporation of several thousand helium atoms,whih is readily detetable if the droplet is su�ientlysmall. Although the �nite size of a droplet, of ourse,auses some small distortion in the spetra observed,*E-mail: gordon�binep.a.ru

the approah allows obtaining very interesting infor-mation, mainly on quantum helium liquid interationwith miroinlusions [2℄.Meanwhile, the argument underlying the prinipalsuggestions in [2℄, in partiular, the e�et of 4He super-�uidity on rotation of moleules and lusters embeddedin liquid helium has been restrited by experimentalimpossibility to vary the matrix temperature and pres-sure in the framework of the droplet tehnique. Thesimplest solution ould be the experiments at high pres-sure in a helium rystal doped by speies under study,but just that has been widely aepted as impossible.Nevertheless, the method of an impurity embed-ding into solid helium has been reently reated [3, 4℄.Among its �rst appliations was the problem of matrixisolation spetrosopy of hydrogen; being the best ma-terial for isolation, hydrogen itself ould not so far havebeen plaed in a matrix more inert than it represents.Beause of the high mobility of hydrogen moleules insolid helium [5℄, only moleular lusters an be stabi-lized in a helium rystal.There is a very pronouned e�et in the low-tem-perature vibrational v = 0 ! v = 1 Raman spetra of898



ÆÝÒÔ, òîì 126, âûï. 4 (10), 2004 CARS study of deuterium lusters stabilized in solid heliumondensed moleular hydrogen, espeially expressed fordeuterium [6℄: the ratio of the Raman sattering rosssetions orresponding to the Q1(J = 1) andQ1(J = 0)transitions, whih is equal to 1 in the gas phase, hasbeen found to be strongly dependent on the onen-tration of moleules in the J = 1 state in ondensedphases; this ratio varies from 5 for nearly pure para(J = 1)-deuterium (p = D2) to 50 for nearly pure or-tho deuterium (o = D2) (J = 0). This unexpetedlystrong ooperative e�et has been reliably explained forsolid hydrogen and deuterium in [6℄ as aused by thedeloalization of the v = 1 impurity states in a rys-tal. However, at least two questions remain unansweredhere: �rst, how this e�et manifests itself in stimulatedRaman sattering (RS) (while in spontaneous Ramansattering the transition probability is proportional tothe square of the polarizability, the probability of oher-ent anti-Stokes Raman Sattering (CARS) is propor-tional to the square of the third-order suseptibility),and seond, starting from what size of the mirorystalthe ratio of the ross setions beomes large.Although the size e�et in Raman sattering bysolid hydrogen should obviously exist and should bestrong, nobody has disussed it, to our knowledge, pos-sibly due to experimental impossibility to isolate smallhydrogen lusters in a su�iently inert matrix. Be-ause the same e�et has also been observed for liquidhydrogen and deuterium [7℄, it should not be too sen-sitive to rystal struture faults. Two luster sizes maytherefore be ritial for the e�et: �rst, that when thephonon band appears (it orresponds to about 10 lay-ers of moleules in a rystallite and to the number ofmoleules in it about N � 103), and seond, that whenthe rystallite size beomes omparable with the sat-tered light wavelength, i.e., when N � 109 (an ideal in-�nite rystal was onsidered in the alulations in [6℄).2. TECHNIQUESUnlike in the ase of heavier rare gases ommonlyused for matrix isolation, the introdution of impuri-ties into solid helium represents a very sophistiatedproblem. Both liquid and solid helium are self-puri�edspeies beause the solubility of any other substanes isnegligibly small in them. Epitaxial growth of a dopedrystal from the gas phase is also impossible beausehelium is the only substane possessing no triple pointand even no oexistene of gas and solid phases in equi-librium. Moreover, due to high plastiity of solid he-lium, a notieable pressure gradient does not exist in itand the position of the liquid�solid interfae in helium

is governed only by the temperature pro�le, and henethe growth of a rystal from a liquid layer, whih shouldbe aompanied by the interfae motion, is impossible.Only by using laser ablation from a target plaed insidesolid helium have the metalli lusters been stabilizedtrapped in solid helium in the very viinity of a tar-get [8, 9℄.The tehnique that we use allows reating largedoped helium rystals with impurities uniformly dis-tributed in a bulk. The permanent growth of the rys-tal from its upper edge has been arried out under on-tinuously moving the rystal body down at the aountof helium exhaust from the rystal bottom; beause ofsmall frition of helium solid on a ell wall, even a verysmall pressure gradient is already su�ient for that mo-tion. As a result, helium gas enters the ell from thegas supply system to restore the former rystal surfaeposition by ondensation. Thus, although both the po-sition and shape of the rystal are visually unhangedwith time, its ontents permanently moves down withthe veloity determined by the helium mass out�ow.As shown in Fig. 1, the experimental setup on-sists of an optial ell submerged into a liquid heliumbath of the optial helium ryostat and a stainless steelgas-handling system. The body of the optial ell is aylindrial sapphire tube (20 mm o.d., 17 mm i.d., and80 mm length) put between indium-sealed brass �angesonneted with the gas soure at the top and with theoutlet tube at the bottom. Sapphire has been hosenas simultaneously possessing the neessary strength forhigh-pressure operation, the optial transpareny, anda reasonable thermal ondutivity at low temperature.The gas soure represents two oaxial thin-wall stain-less tubes of 10 and 4 mm o.d., the inner one had anori�e 0.25 mm in diameter at its bottom to form thegas jet entering the optial ell. For thermal insulation,the spae between the tubes has been pumped out andthe lower end of the tubes was overed with te�on apwith an ori�e in its enter to allow the jet passage.The heater has been wired and glued to the surfae ofthe inner tube along all its length inserted into the ryo-stat to keep the temperature in the tube well above thedew point temperature of dopant D2; the temperaturenear the ori�e was measured by a Cu-onstantan ther-moouple. Several layers of alumina mesh have beeninterposed to the bottom of the ell to provide unifor-mity of the out�ow and to reate a pressure gradientbetween solid helium in the optial ell and liquid he-lium in the outlet tube. To stabilize the position of thehelium rystal upper interfae, it was found useful toinsert a onstantan heater inside the outlet tube (theheating prevents the solidi�ation of helium in the tube899 9*
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Fig. 1. Diagram of the optial ell, the He ryostat, and the stainless gas-handling system: 1 � ryostat, 2 � sapphireell, 3 � brass �anges, 4 � double-walled inlet tube (a onstantan heater and a thermoouple are glued to the inner tube),5 � outlet tube (a onstantan heater is inside), 6 � te�on ap, 7 � alumina mesh, 8 � gas ylinders, 9 � para�orthoonverter, 10 � pressure regulators, 11 � pressure gauges, 12 � mass �ow meters, 13 � needle valve
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solidFig. 2. Photos of a He rystal doped by 700 ppm of nitrogen: a � the proedure of sample preparation, � = 200 sm,P = 3:15 MPa, T = 1:5 K, the temperature of the ori�e is around 250 K; b � rystal frontal melting by pressure dereasingto 2:6 MPaviolating stability of the out�ow). The ell as a wholean be moved up and down by Wilson sealing at theap of the ryostat, allowing study of the whole heightof the grown sample.Deuterium with enhaned abundane of o-D2 wasprepared by mixing normal deuterium (n-D2) witho-D2 produed in a ryoooler (Nagase & Co. Ltd.Model UV204SC) �lled up by ferri oxide (FeO(OH))
atalyst at a temperature lose to the D2 triple point.Deuterium was then premixed with helium in the ra-tio 1 : 500 � 1000 in a stainless steel ylinder at thepressure 6.0 MPa.The proedure of sample preparation was as fol-lows. During the pouring of the optial ryostat withliquid helium, the pure helium gas from the outer high-pressure ylinder was allowed to ondensate in the ell900
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2:29:01 PMFig. 3. Motion of the liquid�solid interfae under diminishing helium pressure in real time for solid He doped by N2 (upper)and by D2 (lower), the window diameter is 3 mat the pressure about 1 MPa up to the �lling of theentire ell by liquid helium and subsequent in�ow ter-mination; the ylinder was kept onneted with the ellafter that. Then the main helium bath of the ryo-stat was ooled by pumping with the booster (ShinkoSMB-C60) and rotary (Alatel T2063SD) pumps downto 1.2 K. The pressure of pure helium in the gas sup-ply system was then inreased to 2.8 MPa, the rystalwas seen to grow in a few minutes after the pressuresequalization (it was sometimes notieable that a solid�solid transition ourred at the beginning, the mov-ing up interfae was learly seen; that proeeded at arather small pressure when, as follows from the phasediagram [10℄, the b phase of solid helium is formedpreviously and is then onverted to the hp phase un-der further ooling). After that, the needle valve at theend of the outlet tube was opened to start helium gasexhaust from the bottom of the optial ell, the out�owusually kept at 200�400 sm (this orresponds to (0.9�1:8) � 1020 atoms per seond). In steady onditions, thearising in�ow was equal to the out�ow; however, peri-odial jumps of the �ows ourred, espeially when thepressure in the ell was high enough. We believe thatthis happened when the pressure in the ell was morethan 2.8 MPa (beause of the impedane aused bythe ori�e, we annot aurately determine that pres-sure in �ow onditions) and the �lm of liquid helium

overing the rystal surfae was not onsequently su-per�uid anymore (both normal liquid and solid heliumhave rather low thermal di�usivity [10℄). Indeed, theliquid�solid interfae was onave in the ase showingthat the main impedane for ondensation heat removalis inside the ell. By dereasing the pressure, one ouldahieve the onditions when the interfae beame �at(the main impedane is the heat transfer through asapphire wall) and stable. The photo in Fig. 2 demon-strates suh a pattern. For growing a doped rystal, the�ow of pure helium from the ylinder was replaed bythat of a He-impurity mixture preliminarily prepared inthe storage vessel. The typial rate of the D2-doped he-lium rystal growth was 1 mm per minute. The pump-ing rate was high enough to keep the temperature ofthe bath less than 1.7 K during the sample preparationproedure when the heat release due to both the inletheating and the gas mixture ondensation was about3 W. In all ases, the doped rystals were niely trans-parent. After the sample preparation, the in�ow of theHe-impurity mixture was again replaed by the �ow ofpure helium for several minutes and then, keeping thepure helium supply system onneted with the ell, theout�ow was terminated and the inlet heater swithedo�. The sample thus prepared ould be investigated fora long time without any notieable hanges.The slow derease of the pressure inside the ell901



E. B. Gordon, T. Kumada, M. Ishiguro, Ya. Aratono ÆÝÒÔ, òîì 126, âûï. 4 (10), 2004
Dye Laser 1

CARS
PM

DM

BS

DM

L

Monochromator

Dye Laser 1

Nd:YAG Laser

DM
Optical cell

DF
L

DiaphragmFig. 4. Sheme of CARS detetion: DM � dihroimirror, BS � beam splitter, DF � dihroi �lter, L �lense, PM � photomultiplierby introduing a small out�ow without any in�ow ledto frontal melting of the sample starting from its up-per edge, as demonstrated in Fig. 3. The impurityfrom melted part of the rystal was then onentratedat the liquid�solid interfae, forming a semitranspar-ent sediment if the impurity ontent in the gas mixturewas large. The interfae and sediment motion ould beeased at a given position by stopping the out�ow andopening the in�ow to solidify the whole sample again.By vertial shift of the ell as a whole, the plae withthe enhaned impurity density ould be plaed into theobservation zone.The vibroni spetrum of oherent anti-Stokes Ra-man sattering of deuterium at our temperatures(around 1.5 K) onsists of Q1(1) and Q1(0) transitions,the �rst of whih belongs to p-D2 and the seond too-D2. The sheme of CARS measurements is presentedin Fig. 4. Two light beams with the wavelengths 566(green) and about 670�675 nm (red) from the tunablepulsed dye lasers (Lambdaphysik Sanmate and Lu-monis Hyperdye-300) pumped by the seond harmoniof a pulsed Nd:YAG laser with the 5 ns pulse durationand 10 Hz repetition rate (Continuum Powerlite 7000)were foused in one spot, usually near the axis of theoptial ell. The CARS signal generated at the foalpoint was deteted by a photomultiplier (HamamatsuR-4220). Laser light and parasite luminesene wereattenuated by dihroi �lters and a monohromator(Nikon P-250) tuned to the wavelength of CARS emis-sion. After integration by Boxar (Stanford SR250),the CARS signal was digitized by an AD onverter (In-terfae PCI3133) and was then aumulated in a per-sonal omputer. Using this tehnique, we ould detetthe Q1(1) and Q1(0) lines of gaseous deuterium even atthe pressure 10�4 MPa with the frequeny resolutionabout 0.5 m�1. As is known, the intensity of CARSsignal ICARS is

ICARS / I2g Irn2; (1)where Ig and Ir are the respetive intensities of greenand red laser light and n is the density of deuteriummoleules at the foal point.3. EXPERIMENTAL RESULTSThe presene of solid helium in the ell resultedin the appearane of a rather intensive nonresonantblue signal, whose intensity was approximately propor-tional to I2g and to Ir and the wavelength was equal to2!g � !r. The signal shown in Fig. 5 orresponds tononresonant 4-wave sattering by helium. The proba-bility of suh a proess is known to be proportional tothe square of the nonresonant third-order suseptibil-ity, whih is 10 times less for helium than for deuteriumand is equal to 4 � 10�39 m6=erg � moleule [11℄. Thepresene of an impurity in the helium rystal grownby ondensation of the gas mixture ontaining rathersmall (less than 1000 ppm) amount of deuterium didnot ause any signi�ant hange of this spetrum ineither shape or intensity.But if a part of the sample has been temporarilymelted, the intensive narrow resonant deuterium sig-nal is observed under fousing the laser beams to theformer border between melted and nonmelted solid he-lium. The signal is stable in time (see Fig. 6).Under the ondensation of the gas mixture withlarge deuterium ontent, the resonant signal at a wave-length lose to the deuterium line position exists fromthe very beginning (without preliminary melting) atthe bakground of the nonresonant CARS signal. Its
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Fig. 6. CARS signal from D2-doped solid He with thedoped D2 moleules (with di�erent ontent of p-D2 �2, 10, and 33%) onentrated by rystal temporal melt-ing. The large left and small right peaks orrespond toQ1(1) and Q1(0) transitions of D2, respetivelyshape shown in Fig. 5 is typial of the resonane CARSsignal superimposed on the intensive nonresonant bak-ground [12, 13℄; the interferene of these satteringsforms a so-alled modulation dip distorting the line and�eating away� the bakground. The depth of the mod-ulation dip shows that a signi�ant part of nonreso-nant sattering originates from the foal point of laserbeams, i.e., is aused by solid helium; the rest may pro-eed from the sapphire tube, optial windows, et. It isworth mentioning that the CARS signal intensity wasfound to be independent of the fous point moving upand down or along the ell radius, thereby proving theuniformity of the stabilized luster distribution in solidhelium.The impurity onentrating near the bottom of the�melted� zone during the rystal temporal melting evi-denes a large size of free inlusions formed by this pro-edure in ondensed helium. Indeed, the height h of theregion of the impurity luster preipitation by gravityin liquid helium an be evaluated from the Boltzmanndistribution NmghkT �D2 � �He�He � 1; (2)where m is the deuterium mass, N is the number ofmoleules in a luster, and �D2 and �He are the respe-tive densities of solid deuterium and liquid helium. Theheight of the region with large luster onentration es-timated by the existene of an intensive CARS resonantsignal is about 0.3 mm. This estimate gives N = 108,whih orresponds to the luster size 100 nm. The re-sults of X-ray analysis of lusters formed by helium�deuterium jet injetion diretly to super�uid heliumgave the size 3�6 nm [14℄. But this estimate, made from
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E. B. Gordon, T. Kumada, M. Ishiguro, Ya. Aratono ÆÝÒÔ, òîì 126, âûï. 4 (10), 2004The ratios of probabilities of the Q1(1) andQ1(0) tran-sitions for di�erent ontents of para-D2 in a solid; forspontaneous RS, data were taken from [6℄, the CARSdata are our results100% 33% 10% 2%RS 5 10 30 50CARS ? 150 1260 10000sediment modeling a massive deuterium sample. Inthis ase, the Q1(0) and Q1(1) line positions for dif-ferent o-D2 ontents presented in Fig. 7 display a good�t to the literature data available for solid deuteriumwith o-D2 ontent more than 20% [6℄ and orretlyre�et superlinear derease of the Q1(0)�Q1(1) split-ting at small o-D2 ontent observed reently [16℄ (theFabri�Perrot resonator tehnique used in this work al-lows determining only splitting but not line positions).It is immediately seen from Fig. 6 that even at thep-D2 ontent as low as 2%, the Q1(1) line is still muhmore intensive than the Q1(0) one (in the CARS spe-trum of that mixture in a gas, we did not observe theQ1(1) line at all beause it should be more than threeorders of magnitude less intensive than the Q1(0) line).Taking into aount that aording to (1), the CARSsignal intensity is proportional to the square of the sat-terer onentration, we alulated the ratio of the pro-babilities of the Q1(1) and Q1(0) transitions in stimu-lated Raman sattering for deuterium rystallites withdi�erent ortho�para ratios. CARS line pro�les both ina gas and in a solid were found to be niely approxi-mated by a Gaussian 0.62 m�1 width, whih probablyrepresented the frequeny resolution of our tehnique,and we simulated the line shape by this form in allases. These probability ratios are ompared in the Ta-ble with those known for ommon Raman sattering.One may easily notie that the rystal-�eld e�et un-der onsideration is muh more pronouned in CARS:in deuterium ontaining 2% of para modi�ation, thatratio is as large as 10000, although it is only about 50in Raman sattering [6℄.For deuterium lusters isolated in solid helium (seeFig. 5), line distortion by a oherent interation withthe bakground does not allow preisely determiningthe position of the resonant CARS line. However, thepeak of the ungarbled line should be positioned aroundhalf the distane between the maximum and the mini-mum of the distorted line [17℄, and as seen from Fig. 7,the signals for lusters with 10% and 33% p-D2 on-tent onsist mainly of the Q1(1) lines. This means
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Raman shift, cm−1Fig. 8. Q1(1) and Q1(0) lines for He: n-D2 rystal(T = 1:3 K, P = 3:15 MPa). Solid line � onden-sation of He gas ontaining 200 ppm of D2. Dashedline � the same sample after fast annealing by de-reasing the pressure to 2:6 MPa. Dotted line � solidobtained by ondensation of He ontaining 1000 ppmof D2that for these lusters, presumably ontaining 103�104moleules, the e�et of the Q1(1) line predominane al-ready exists: assuming the equal probabilities of Q1(0)and Q1(1) transitions, as is the ase for the gas phase,the Q1(0) line intensity should be 10 and 100 timeslarger for n-D2 and D2 ontaining 10% of para modi�-ation orrespondingly. This e�et seems to be anywayweaker than in a massive sample: in deuterium lustersontaining 2% of para modi�ation, both the spetralwidth of the signal (muh broader) and its positionevidene that it atually onsists of both Q1(1) andQ1(0) lines with omparable intensities, whereas in asediment, the intensity of the Q1(1) line is still muhhigher than that of Q1(0) (see Fig. 6). This onlusionhas been proved diretly by omparing the line pro�lesbefore and after solid helium sample temporary mel-ting; for a reliable line resolution, we then used n-D2,where the Q1(0) and Q1(1) splitting is large enough.The results of suh experiments presented in Fig. 8learly demonstrate that in smaller lusters, the linesare signi�antly more broadened and the ratio of theirintensities is smaller.4. DISCUSSIONIn spite of the obvious presene of deuterium in solidhelium bulk, no signal has been found for low deuteriumontent in a mixture when the smallest lusters are sup-posed to be stabilized. The low deuterium densities904



ÆÝÒÔ, òîì 126, âûï. 4 (10), 2004 CARS study of deuterium lusters stabilized in solid heliumshould be not the only reason for the CARS observationfailure. Indeed, we have reliably deteted the CARSsignal from gas deuterium at the density 3 � 1017 m�3.In the experiments with solid helium, there was an ex-tra noise onneted with the instability of nonresonantsattering by solid helium, aused as usual by �utu-ation of laser energies from pulse to pulse. But withthe same line width, we should easily detet deuteriumlines at the D2 density about 3 �1018 m�3 (100 ppm ofdeuterium in gas mixture). That means the deuteriumlines from small lusters should be notieably broad-ened, either by multiple faults of rystalline strutureor due to large ontribution from moleules loated at aluster surfae where the matrix shift should be abouthalf that in a bulk; both reasons should be valid onlyfor small moleular lusters onsisting of few layers. Inpriniple, small lusters ould be studied by using thedelayed CARS [18℄: beause the helium third-order sus-eptibility should already be formed in femtoseondsand hydrogen CARS harateristi times are about ananoseond even in a nonideal rystal, the nonresonantbakground may be removed there.The modulation dip we have observed for largerdeuterium lusters stabilized in solid helium an beused for measurement of the helium nonresonant third-order suseptibility (3)non by the proedure proposedin [19℄ and applied there for the argon (3)non determi-nation from the analysis of the modulation dip shapeof the nitrogen CARS signal. Although the (3)non valueof helium is of general interest [12℄, the auray of itsliterature value is far from being satisfatory. Owingto a small (3)non value, it is di�ult to measure it ina helium gas; this has been impossible unless by em-bedding small (less than �) separated optially ativeimpurities into ondensed helium.Surprisingly, although the Q1(0) and Q1(1) lines inondensed hydrogen and deuterium have been exten-sively studied by Raman sattering, the CARS teh-nique has not been used for that. Our results for deu-terium sediment in re-melted solid helium should there-fore be onsidered the �rst study of a large e�et of thesurrounding nulear spin modi�ation on the Q1(0) andQ1(1) transition probability ratio in solid deuterium bythe CARS tehnique. From a general standpoint, suhan e�et should be muh stronger in CARS than inRaman sattering. Indeed, in the harmoni osillatorapproximation valid for simple moleules, (3)res / �2,where � is the polarizability and (3)res is the third-ordersuseptibility at a resonane [20℄, and there is a simplerelation between the ratios of the Q1(1) and Q1(0) line

intensities in spontaneous RS and in CARS,ICARS(1)ICARS(0) = � IRS(1)IRS(0)�2 : (3)The data in the Table show that this is nearly true.Nevertheless, one may notie that the e�et is anywaystronger than it follows from (3): for example, in Ra-man sattering experiments [6℄ for deuterium rystalsontaining 2% of para modi�ation, the intensities ofQ1(1) and Q1(0) lines are nearly the same, whereas inCARS, as is seen from Fig. 6, the Q1(0) line is signif-iantly weaker. By the way, this e�et may be usedfor determination of ompleteness of the para�orthoonversion in deuterium with a sensitivity better than10�3%.The impossibility to detet the resonant CARS sig-nal in small lusters does not allow us to fully trae sizedependene of the e�et � it already exists when theresonant deuterium peak appears in our experiments.That is the evidene that the e�et of huge predomi-nane of the CARS aompanied by Q1(1) transitiondevelops together with phonon band formation in adeuterium luster. But the transfer to a large prob-ability ratio proeeds gradually: we have managed toobserve the enhanement of the e�et as the luster sizegrows further (see Fig. 5), synhronously with the linenarrowing. 5. CONCLUSIONThe promises of the new tehnique of embeddingimpurities into solid helium have been demonstratedwith the example of deuterium luster stabilizationin that matrix, more inert than hydrogen. It wasexperimentally shown that the impurity lusters aredistributed homogeneously in the helium rystal; thisopens the possibility to use laser irradiation to evapo-rate the separate moleules from the lusters prelim-inarily stabilized in solid helium, as has been donein [8; 9℄ for metalli atoms.The extremely strong dependene of the third-orderresonant suseptibility related to Q1(0) andQ1(1) tran-sitions in solid deuterium on the ratio of ortho�paramodi�ations has been found. Of ourse, this e�etmust exist in a massive deuterium rystal and also inhydrogen. It is signi�ant that in spontaneous Ramansattering, the e�et of the J = 1 transition dominaneonsists of a redistribution of the probabilities of sat-tering by ortho and para states, with the total rosssetion being independent of their ontent [6℄. Thisshould not be true for stimulated Raman sattering905
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