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Stimulated rotational and vibrational Raman scattering by elliptical polarized pump radiation
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Stimulated rotational and vibrational Raman scattering is investigated with a XeCl excimer laser by varying
either the ellipticity degree of the pump radiation polarization and the pump beam quality fhttprapd
divergencd 6). It is shown that the dependence of stimulated rotational Raman scattering upon pump radiation
polarization is substantially influenced by the optical properéd and 6) of the pump beam. Gain suppres-
sion effects on stimulated vibrational Raman scattering and their dependence on pump beam optical properties
have been evaluated to support experimental results. Introducing the effective vibrational Raman gain provides
a good understanding of the experimental results.
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[. INTRODUCTION angle focusing geometries and it was shown that gain sup-
pression effects on SVRS have to be considered in
Stimulated Raman scatteririg] in gases may occur for understanding the experimental results.
both stimulated vibrational Raman scatterif@§VRS and Further experimental investigations are reported in this
stimulated rotational Raman scatteritf§RRS transitions ~ paper to gain a better understanding of theory. In particular,
and has been widely used as a method of generating tunealkRS has been investigated by varying the optical properties
radiation. A large amount of research has mainly been deof the pump radiation and the ellipticity degree of the pump
voted to SVRS since the threshold is generally more easilyadiation polarization. SRRS is sensitive to the pump radia-
reached, SRRS being more difficult to obsef2é At high  tion polarization, whereas gain suppression on SVRS is af-
pressures, vibrational Raman scattering, for whom thdected by the diffraction angle propagating within the pump
threshold falls with rising pressure, suppresses SRRJocal zone that depends on the pump beam optical properties.
whereas the threshold for rotational scattering is not pressuf@hen a pump beam is focused in the Raman medium, gain is
dependent above one bar. Moreover, rotational energy leveRxpected to be suppressed if the phase-matched angles of the
are degenerate in angular momentum, and therefore, the sc&tokes and anti-Stokes waves are well contained within the
tering is sensitive to pump polarization and circularly polar-diffraction angle occurring in the pump focal zone.
ized pump beams are generally used to eliminate Stokes- This systematic study may provide a better knowledge of
anti-Stokes interactions and observe SRRS. The SVRS gatheé main conditions favoring rotational scattering with re-
is polarization independent. spect to vibrational scattering when high-power, broadband,
A growing interest toward SRRS has been observed in thgwltimode laser beams are focused in a Raman medium.
last years[3—7] in view of extending the tuning range of Information taken both from the literature and in the course
several laser sources. Single-pass conversion efficiencies @ our work has been collected to provide a good understand-
the first rotational Stokes as high as 80% have been reportdédg of theory and experiments. The main points of the theory
in [7] by pumping B with a Q switched, frequency doubled on vibrational and rotational Raman scattering are reviewed
Nd-YAG laser. Nevertheless, few theoretical treatments andén Sec. Il. Experimental details and results are given in Sec.
still less experimental verification have been reported orll. Discussion and conclusion are reported in Sec. IV.
SRRS, and the conditions that favor the Raman conversion
to rotational lines with respect to vibrational lines are still
not well defined. We have recently repor{&9] on SRRS in
H, pumped by XeCl excimer lasers to investigate the depen- A detailed account of the steady-state theory of stimulated
dence of rotational scattering on pump polarization and fovibrational Raman scattering has been given in 1965 by Shen
cusing geometry. It was shown [B] that, with a circularly —and Bloembergehl0]. They showed that the stimulated Ra-
polarized pump beam, a high-angle focusing geometry alman radiation would grow as a mixed mode containing both
lows us to get only rotational Raman scattering, whereas 8tokes and anti-Stokes components in the presence of
low-angle focusing geometry provides only vibrational Ra-Stokes/anti-Stokes coupling. In particular, they have shown
man scattering for gain suppression effects. Moreover, it wathat for nonzero values of the linear momentum mismatch
shown in[9] that the dependence of SRRS on pump radiaAk in the direction of beam propagatian the Stokes and
tion polarization is affected by the focusing geometry, i.e.,anti-Stokes field amplitude have exponential growth of the
whether low- or high-angle focusing is applied. Experimen-form exp('z), where the Raman gain coefficient per unit
tal results were in accordance with theory mainly at high-lengthT is given by[11]

II. THEORY

I'=Re{(1/2)(K3—Ky)|Ay|>—(i/2)[ AKk?
*Corresponding author: FAX: +39 0832 320505. Email ad- AV (Ks= Ky p| (2t
dress: perrone@le.infn.it +2i AK(K3+Kp)|Ap|2— (K1 = K3)?[Ap 1T (D)
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A, is the pump field amplitudelX; = —iK ssxas and K= I'v=Reg —i(2mNws/nsC) xz |Ay|%] (5)
—iKsx§, whereys and yas are the nonlinear susceptibili-
ties for stimulated growth of the Stokes and anti-Stokedn the presence of anti-Stokes emission, the Stokes amplifi-
waves, respectivelyKgag=2mNwgag/(NgagC), Where cation approaches its unsuppresdgdvalue as the wave-
N is the number densitywgag is the Stokeganti-Stokey  vector mismatch becomes large enough to allow the Stokes
frequency, andngag is the linear index of refraction at and anti-Stokes waves to decouple, and this is predicted to
W5(AY- occur whenAk=2T"y,.

Equation(1) leads to the quite surprising result that the Let us introduce the more commonly used steady-state
coupled gainl” vanishes in the limit of perfect phase match- Raman gain coefficiergy that for a laser pulse of energy,
ing (Ak=0), condition under which the Stokes and anti- and time widthAt is given by
Stokes waves grow nonexponentially. Indeed, the growth of

the Stokes and anti-Stokes amplitudesand A,s, respec- gv=TV(AUE). (6)
tively, is initially linear inz at phase matching. Then, it slows
down asz increases until the condition It can be showr8] that at H pressures larger than 10 bar
and at the XeCl laser wavelength =308 nm) it takes the
Ag(2)= = (K1/K3)Apg(2) (2 valuegy=7.6x10"%cm/W.

) S ) A detailed theoretical account of the influence of the anti-
is asymptotically approached at largein which limit nei-  giokes radiation on the rotational Raman gain coeffioggnt
ther the Stokes nor the anti-Stokes wave grows furthain =~ pas peen given by Venkin, llinskii, and Mikhegi5]. Let us
suppressiop whereK,= —iK og(xasx%) "> mention that the largest gain results from counter rotating

Experimental evidence of gain suppression effects hagijrcularly polarized beams for pure rotational transitions. As
taken the form of unexpectedly high thresholds, of dark req consequence, the generation of anti-Stokes lines is not ex-
gions in the Stokes emission, of anti-Stokes emission abected to occur, since the transfer of angular momentum im-
angles offset from the phase-matching direction, and :glies that the four-wave-mixing processes disappear when
Stokes amplification below theoretical expectations. It iSpump and Stokes photons copropagate and are circularly po-
worth noting that the conditions allowing perfect phasejarized in opposite senses. However, elliptical polarized
matching between pump, Stokes, and anti-Stokes fields arglimp radiation allows the anti-Stokes line to occur and, as a
then gain suppression effects are affected by focusing geongonsequence, gain suppression effects on rotational Stokes
etry and pump beam optical characteristics. When a pumgre also expected. The wave mismatch is rather small for
beam is focused in the Raman medium, gain is expected t@tational scattering, as a result of the small frequency shift
be suppressed if the phase-matched angles of Stokes agfld then, the perfect phase-matching condition can be easily
anti-Stokes waves are well contained within the diffractionreached. Following the work of Venkin, llinskii, and
angle é propagating within the pump focal zone. The phase-\ikheev one gets for a zero wave mismatch that the rota-

matched angles of Stokes and anti-Stokes waves may Bpynal Raman gain coefficient of tH&y, line is given by
computed for the simple angle phase-matching diagram of

Fig. 1 of [12], and one getsps=5.15mrad andeag ={AN[873C(J)( _ )2]/[15cnsh shA v]
=3.98 mrad for the phase-matched angles of the vibrational 9r=1 . Ty divdiz Sts I
Stokes and anti-Stokes wave, respectively, by using pub- X(6 sin2y), (7

lished measurements offefractive indexe$13] and 15 bar
of H,. Whereas, the diffraction angle may be computed bywhere
the following relation[ 8]
C(IH)=[(I+1)(I+2)][(2I+1)(23+3)]. (8)

o=\ ,M? (27t 9), ©)
A
wheref is the focal length of the focusing lens, aktf and O e
0 are the beam quality factor and the full-angle divergence of - g/
the pump radiation of wavelengtty,. The optical beam pa- 6| Y (M2 = 6.6, 8 = 0.80 mrad)
rametersM? and 6 are linked by the following relatiofi14] g
£ a4 =37 0=

b= (2hp/ )M, @ g g NN iy A
wherew,, is the pump beam radius. As it has previously been ® 2p g ME=27.6=013mrad)
mentioned, gain on vibrational scattering is expected to be -
suppressed b= ¢5 and as a consequence, the optical beam 0 . | . . Lo
parameterdV? and 6, besides, affect gain suppression on ° 10 20 % o 50
SVRS. Widea)

Let us mention that in absence of anti-Stokes emissions, FIG. 1. Rotational Raman gaigg versus the ellipticity angle

Eq. (1) provides the steady-state gain per unit length of purgsolid ling). The noncontinuous lines represegtand different val-
Stokes generatiohy, that is given by ues of the effective vibrational gai, o .
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FIG. 2. Layout of the experimental setup.
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¥, 30042 IS the off-diagonal element of the molecular an- beams are focused by a lens of 21-cm focal length) (n a
isotropic polarizability;\ s is the wavelength of the Stokes 27-cm long Raman cell filled with Hat a total pressure of
beam;Av is the Raman line widtfihalf width at half maxi- 15 bar. Full-angle beam divergengand beam quality factor
mum (HWHM)]; AN is the number density difference be- values of all tested laser beams are reported on Table | be-
tween the initial statd and the final statd’=J+2; ¢ isthe  sides the corresponding diffraction angle values computed by
ellipticity angle that varies betweeh45 and 0°, as the pump Ed. (3). All laser pulses are characterized by a time width
radiation polarization changes from circuld{=45°) to ~ At=13ns duration(FWHM, full width at half maximum.
linear (y|=0°). Figure 1 showsyy (solid line) versusy. ~ The XeCl laser spectrufil9] mainly consists of two rela-

We have used pub“shed data to Ca|cuwmt 15 bar of |—i tlvely narrow isolated lines due to the two StrongeSt 0-1 and
|ndeed’ we have set the number density differedds 0-2 electronic transitions at 3079.9 A and at 3082.1 A hav-

=2.1X 1020CITI_3, the linewidth Av»=0.75GHz and Ing a SpeCtral width of 0.4 AKV: 126 GHZ) and of 0.2 A,
(¥y 30 342)2=15.7x10"%cm® according to[8,16], and respectively. So, SRS is investigated in this work by a mul-

[17]. One observes from Fig. 1 thgk reaches its maximum timode pump beam with a bandwidth much larger than the
value of 2.86<10 9cm/W for circularly polarized pump bandwidth of the rotational and vibrational transitii@].

beams (/=45°) whereas, it reaches a null value for linearly ~ Neutral density filtersNd) are used to vary pump beam
polarized beams#=0°). Thevibrational Raman gaig,,  €NergyE,. Laser beams at the exit of the gas cell are colli-
which is ¢ independent is also shown for comparison on Fig.mated by the len&, and dispersed by a grating Dg. Pyro-

1 and one observes thgt,=2.6gx at #/=45° and that the electric detectors are used to sample beam energies and fast
ratio gr/gy increases withy. Hence, the competition be- Photodiodes and a storage oscilloscope are used to monitor

tween rotational and vibrational scattering is expected to dePulse evolutions in time. High purit$99,9999% H; is used
pend upon. in all measurements.

Let us present the main experimental results that will be
discussed in the following section. Raman conversions to the
lll. EXPERIMENTAL SETUP AND RESULTS first rotational Stokes linegy;) of orthohydrogen at 313.7

. . . _..nm (r=0,J=1—v=0, J=3), to the first vibrational line
The layout of the experimental apparatus is shown in FlgS at 353.2 nm(y=0, J=1—v=1, J=1), and t0S,, at
2. A locally made, discharge-excited XeCl laser is used a§i,~ am(v=1, =1 —v=1, J=3) have only been ob-

radiation source. The laser is fitted with unstable cavities tQ . . e
erved. Figure 4 shows the energy conversion efficiencies to

get low-divergence laser radiation as required in SRS stud: o .
ies. Indeed, three different unstable cavitiegy. 3) are ap- aman radiation as a function of pump beam energy and at

plied to the XeCl laser to get laser beams characterized by

different beam quality factorM?) and divergencéé) val- M1 (Rq = -100 em) Mz(PU)

ues. The laser beam with lowest divergence Brdparam- .
eter is obtained by an unstable cavi#) of magnification a) ) / \ H cavity A
factor Fy,=4.7 made of an aluminised convex mirror with

100 cm radius of curvatureM;) and a flat phase-unifying

(PU) mirror set 73 cm apart\l,). The PU mirror is charac-

terized by a high reflectivityRy=0.67) central spot of 3.5 M1 (R1 = -150 cm) Mz(PU)

mm diametefFig. 3(@)]. A discussion on the benefits of PU

output couplers in unstable cavities is reportedli6]. The T .
largest divergence anld? laser beam is delivered by cavity b) ) / \ H cavity B
C that is obtained by replacing the PU mirror with a flat

quartz[Fig. 3(c)]. The third unstable cavityB) of magnifi-

cation factorF,,=3.65 is obtained by replacinigl, with a

convex mirror of 150 cm radius of curvatureig. 3(b)]. The M1 (R1 = -100 cm) M2(Q)

randomly polarized laser beam with a cross section of about

20 mmx 10 mm is collimated and demagnified by two lenses  ¢) ) / I \ |:| cavity C
L, andL, and is elliptical polarized by means of a polarizing

beam splitter cub® and a\/4 plate(Fig. 2). The degree of

ellipticity of the pump radiation is varied smoothly between  F|G. 3. Layout of the unstable cavities applied to the XeCl laser:
circular (|=45°) and linear (i|=0°) by rotating the\/4  pu, phase unifying mirror®, quartz window,a PU unstable cav-
plate whose optical axis is perpendicular to the incident raity of magnification factorF,,=4.7; (b) PU unstable cavity with
diation and then, by changing the ellipticity angteAll laser  Fy=3.65; (c) conventional unstable cavity withy=4.7.
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TABLE I. Laser beam optical parametdid 2 and6), diffraction  the conversion efficiency t&,; reduces asy and M2 in-
angles, energy threshold for vibrational scatterifig  and effec-  crease, whereas the conversionSg increases withy and
tive vibrational Raman gaigy.es- M?2. Indeed, the Raman conversion3g, and S, that at the
highest pump energies of the circular polarized pump beam
delivered by cavityA is of about 30% and few percent, re-
spectively[Fig. 4(a)], gets few percent and 20%, respec-

0 6 Ev.th Ov-eff
Cavity  M? (mrad (mrad (mJ (cm/GW)

A 2.7 0.13 7.2 3.3 2.7 tively, with the beam delivered by cavi@ [Fig. 4(c)]. The
B 3.7 0.35 6.7 4.2 3.0 dependence uporr of the energy conversion to the Stokes
C 6.6 0.80 5.4 4.4 5.2 lines is also substantially influenced by the pump beam op-

tical properties: the conversion efficiency $g, reduces to
about 1% ati,| = 13° with the beam delivered by cavity
different s angles, for the pump beam provided by cavity and at|¢;,|=30° with the highest divergence and beam
B, and C. The energy conversion efficiencies for circular quality factor radiation(C-cavity). It is worth mentioning
polarized pump radiation|{|=45°) and for the elliptical that the energy conversion &, is no longer detectable at
polarized radiation providing conversion efficiencies§g  angles|{ that are about 10% smaller thag,|. On the
of about 1% at the highest pump energies, are reported otontrary, the conversion 18,4 that increases g8 is reduced
Fig. 4.y, represents the ellipticity angle at which the energyfrom 45° to|¢,|, is not influenced by the ellipticity of the
conversion efficiency t&; reduces to about 1% at the high- pump radiation polarization ag is reduced from ;| to 0°
est pump energies. (almost linear polarization

The highest conversion efficiencies $g, have been ob- The dependence of rotational Raman scattering upon the
tained for circular polarized pump radiation under all testedoump beam optical properties and| is more clearly re-
experimental conditions, accordingly to the$®}. However, vealed by Fig. 5(symbolg, that shows the threshold pump
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o. S0 Py, = 13
o © o © o
(a) 30} o 30 |- S1o
-]
%0
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10 - ° d 10 |- e s
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b
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'g o ® o larized radiation providing, at
g ol °o°°. ol . highest pump energies, conversion
s . nﬁ-“'n:-ra - efficiencies t0Sy; of about 1%,
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FIG. 5. Experimental threshold energies of t&gq line (sym-
bols versus the ellipticity angle for all tested laser beams. The (b)
energy conversion t8y,; is not longer detectable at angles that
are about 10% smaller thdu,|. The lines showEgy, versusy
obtained by Eq(9) and the threshold conditioB = 24.

i | 1 —
energy for rotational scatterin§r, as a function of, l —
whereEg ., represents the pump energy required to get 1% - Sns Time
of energy conversion efficiency t6,,. One observes from . ) . o
F|g 5 that the energy conversion &1 is no |Onger detect- FIG. 6. Time evolutions of the Stokes ||n$1 (SOlld ||ne) and

able at angle$y|<13°, <22°, and<30° as the beam qual- Sio (dotted_ Iir_le) at E,=9 mJ for:(a) circular a_nd(b) eIIipti<_:aI po-

ity factor (divergence is varied fromM?=2.7, 3.7, and larized radiation. The pulses have been monitored by using different

6.6(6=0.13, 0.35,0.8 mrad), respectively. oscilloscope vertical scales. The pump radiation was characterized
Ellipticity degree and optical properties of the pump ra-Py M?=2.7 and¢=0.13 mrad.

diation also influence the time evolution of vibrational and ) )

rotational Stokes pulses. Figuréaband Gb) show the tem-  eters. In particular, Fig. 5 shows the dependencéqof,(¢)

poral evolution of theSy; (solid line) and S;, pulse(dotted ~ UPONM? and 6. Let us analytically retrievé&Er (1) under

line) generated by using the circularly and elliptical polar- Steady-state conditions, being the dephasing timeXg) ~*

ized (4| =13°) laser radiation delivered by cavityat a ~ much smaller than the pump pulse widtht{= 13 ns) under

pump beam energf,=9 mJ. We have used different oscil- OUr exper_lmental cond|t|0r[58_,20]. The comparison between

loscope vertical scales during the monitoring of the pulses ihe experimental and analytical dependenc&gf, upony,

Fig. 6. One observes from Fig(# that the Raman conver- may allow a better understanding of experimental results.

sion occurs nearly simultaneously to both lines, but $he Under steady-state conditions and for a focused multimode

pulse ends before th,, pulse terminates. Then, the vibra- laser pulse with beam quality factd4?, the Stokes power

tional line pulse has a width of only 3 fEWHM), whereas  Will grow as exp() where the cumulative gain coefficieGt

the rotational line pulse is 8 ns long. On the contrary, ondS given by[8,21]

observes from Fig. ®) that the Raman conversion ® _ 9 _

occurs ~ 5 ns before the generation of the rotationally G=[4gr(Ep/(AtMT))tan “(I/b)J/(As+ Np), ©)

shifted Sy; emission and lasts longer [at;,| = 13°. The time

evolutions of the Stokes pulses obtained with the pump bea

having the highesM? and ¢ values(C cavity) are less de-

pendent upony. Figures Ta) and b) show theS, (solid The onset of a steady-state threshold for stimulated scat-

line) oand S10 (dottet(j) ling Stokes pulses monitored &b ering processef2?] is usually defined in terms of a thresh-
=45° and afy| =35°, respectively, for a pump beam energy o4 hump energyE, ., representing the energy at which the
of 7.5 mJ. One observes at first that tBg, emission IS gnergy conversion efficiency to Stokes radiation reaches 1%.
delayed of about 10 ns from the onset of B line and  rqj1owing Laubereau and Kais23], we takeG =24 as the
lasts shorter at.’/’|:45°’ and secondly, that the rotational appropriate condition, leading to a pump3g-Stokes’ con-
Stokes pulse width reduces with. version efficiency of 1%. Then, the threshold energy of the
IV. DISCUSSION AND CONCLUSION Soy line Egy(#), can be detgrmined by intrqduping in Eq.
(9) the parameters characterizing pump radiation, cell, and
The experimental results of Figs. 4—7 reveal that the degr that depends uport. The results are shown in Fig. 5 as
pendence of SRRS upahis affected by pump beam param- lines, whereas the experimentak , values are shown by

| is the length of the Raman ceth=2mw}/(\,M?) is the
"Yonfocal parameter, anal,, is the pump beam radius at the
focus.
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A ing. Experimentally, this effect has most often been observed

| [V |=45° as increased Raman thresho[@&3}. Hence, we can use the

. threshold condition for stimulated scattering processes to es-

timate the “effective vibrational Raman gain” that we indi-

(@) cate byg\_,_eﬁ. Following Laubereau and Kais€23] and in
accord with the arguments presented above, we take

G={49y el Ev1n/(AtM?)Jtan™ *(1/b)}/ (\y+\,) =24

(10)
i 1 1 | 1 1 >
5ns Time as the appropriate condition leading to a pum®{gStokes’
> - conversion efficiency of 1%, whetg, .y is the pump energy

required to get 1% of energy conversion efficiencystg of
wavelength\,,. The threshold pump energy valu&s,
needed to retrievg,..¢ by Eqg.(10), may be retrieved by the
energy conversion efficiency measurement$Sig obtained
with the elliptical polarized pump radiation providing con-
version efficiencies t®;;=<1%, at the highest pump ener-
gies. As has been mentioned, we found with linearly polar-
ized pump radiation(rotational scattering is no longer
detectablgthat theS,q-line threshold energg,, ;, was equal
to that obtained a#y= ¢,;,. One gets from Fig. @) that the
threshold pump energy of th® -Stokes line isEy = (3.3
+0.3) mJ aty,,= 13°, when the beam delivered by caviy
is used. Whereas, one gebs, ,=(4.2+0.4) mJ at i,
=22°, and Ey ,=(4.4£0.4) mJ at 4,=30°, when the
- - beams delivered by thg [Fig. 4(b)] andC cavity [Fig. 4(c)]
) . ) o are used, respectively. The “effective vibrational Raman
FIG. 7. Tl_me evolutions of the Stokt_es lin&g, (solid I|n_e) find ain” gy can then be determined by introducing in Eq.
Sio (dotted ling at E,=7.5mJ for(a) circular and(b) elliptical (1) experimental energy threshold vaiues and pump radia-
polarized radiation. The beam witd”=6.6 and#=0.80mrad is  inn and cell parameters. Thgy. o values obtained are re-
gzimoﬁggg\%rle 22;: have been monitored by using OI'ﬁereBtorted on Table I, besides the correspondig;, values and
' are shown on Fig. 1 as dashed/dotted lines. One observes
symbols. One observes, from Fig. 5, a satisfactory accoifrom Table | that the vibrational Raman gaigp,=7.6
dance between theory and experimental data up to angle$10 °cm/W is reduced of-65% as a consequence of gain
||>13°, for the pump radiation with the lowebt? and@  suppression effects, when the beam delivered by cakity
values(dotted lind. Whereas, the experimentally determined (M?=2.7, #=0.13mrad is used to excite the Raman me-
threshold energies get quite larger than theoretical values @ium, whereas a gain reduction lower than 30% is observed
angles|y|<25° for the laser beam wittM2=3.7 and¢  with the beam characterized B?=6.6 and¢=0.8 mrad.
=0.35mrad(solid line). The experimental energy threshold Figure 8 showsyy. ey versusé (dots and one observes in
values measured with the beam delivered by @heavity = accord with the arguments presented above, that the vibra-
(M?=6.6 andg=0.8 mrad are instead quite larger than the- tional Raman gain reduces fast for diffraction angleses
oretical values at every (dashed ling =5.15mrad. In particular, the vibrational gain reduces of
Gain suppression effects on vibrational Raman scattering0% whens=1.05p5 and of about 65% wheA=1.4¢s.
and their influence on the competition between rotational and Let us use the “effective vibrational gain” valugy e
vibrational scattering must be invoked to understand the dif=2.7xX10"° cm/W to support at first the experimental results
ferences between analytical and experimental data of Fig. fbtained with the pump beam delivered by cawtyFigure 1
As has been mentioned, the vibrational gain is expected to beveals thag,._.;z=0.99g when the circular polarized pump
suppressed if the phase-matched angles of Stokes and amtdiation is used, and as a consequence, rotational scattering
Stokes wavesps=5.15 andg,s=3.98 mrad, respectively, is favored with respect to vibrational scatterifigig. 3(a)]
are well contained within the diffraction angépropagating and higher conversion efficiencies 8, are measured. In-
within the pump focal zoned= ¢g). One gets from Table | deed, the Raman conversion$g, and S, is of about 30%
that 6=1.4¢5 when the beam delivered by cavifyis fo-  and few percent, respectively, at the highest pump energies.
cused in the Raman cell, whereés 1.05¢05 when the beam As has been stated Fig(e shows that the Raman conver-
delivered by cavityC is used. Then, gain suppression effectssion to rotational and vibrational lines occurs nearly simul-
on SVRS are expected to occur under all tested experimenténeously aE,=9 mJ but, theS,, pulse ends before th8;
conditions. As has been stated, the gain coefficient for th@ulse terminates. We believe that the fast termination of the
S, vibrational linegy,, should reduce as a consequence ofS;; pulse is due to the Stokes amplitude reduction vath
the Stokes-anti-Stokes coupling originating from the focus-until condition(2) is approached, which occurs in the limit of

Intensity (a.u.)

(b)
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A the threshold energies are significantly larger than theoretical
values(dashed linewhen the beam delivered by cavi§is
— focused in the Raman medium. In fact, Fig. 1 reveals that
Ov.ei=1.8gr at everyy value when the beam delivered by
cavity C is used. Thus, the vibrational scattering is more
efficient for the high value of the “effective vibrational gain”
with respect to the rotational gain value. The vibrational gain
o is less affected by gain suppression effects when the beam
delivered by cavityC is used, since the value of diffraction
angleédis quite close to that of the phase matching angde
(Table ). Figure 4b) also reveals that the Raman conversion
® to Sy, that was of about 22% at=45° andE,=9 mJ, re-
o duces to about 1% af,=22°, as the ratiogy..¢/gr in-
creases from about 1 to about 1.5.

In conclusion, it has been show that the Raman conver-
sion to rotational Stokes lines by elliptical polarized laser
radiation is quite dependent on the “effective vibrational Ra-
man gain,” which in turn depends on the optical beam pa-
rametersM? and 6, as well as on the focal length of the

& (mrad) focusing lens. The cumulative gain coefficie@t and the

FIG. 8. Effective vibrational Raman gaidots versus the dif- EhreShpld Cendlt_lorG=24, have .b?en used to compute the
fraction angled. The solid line shows thgy value. The dashed line effective Vlbratlon.al Raman gain Ov.er and evaluate the
has been drawn at=5.15 mrad. dependence of gain suppression effects on SVRS upon the

ratio 6/ ¢5. It has been found that the vibrational Raman
perfect phase matching. Then, we believe that the time evagain reduces fast as the diffraction andlgets larger than
lution of the S pulse shown in Fig. @) is a clear experi- the phase matching angle;. Indeedg, reduced of 30% for
mental evidence of gain suppression effects on SVRS, whiclh=1.05p and of about 65% fos=1.4¢g. It has then, been
may be observed when the vibrational gain is significantlyfound that rotational Raman scattering is more favored than
reduced by gain suppression, as it happens under our expetviforational scattering wheg,,_.+<0g but, the energy conver-
mental conditions. sion efficiency to rotational Stokes radiation reduces to few

Figure 1 shows that the ratig,/gr increases with the percent whemw, _.+=1.5gR as it is revealed by Figs. 3—7. So,
ellipticity degree of the pump radiation and one gets thata good understanding of theory and experiments has been
Ov-eff=2.20r at Yy, =13° with the laser beam delivered by provided in this paper and the conditions that maximise
cavity A. Then, vibrational scattering is more favored thanSRRS have clearly been defined.
rotational scattering ap;,=13°, and as a consequences the Finally, it has been shown in this paper, that the experi-
conversion efficiency t&,is significantly larger than that to mental evidence of gain suppression effects on SVRS may
So1 [Fig. 4@] and the Raman conversion 8, occurs~5  take the form of a fast termination of th®,, pulse [Fig.
ns before the generation dfy; and lasts longer aE,  6(a)], accordingly to Eq(2).
=9 mJ[Fig. 6(b)]. Hence, rotational scattering is more fa- We believe that the experimental results reported in this
vored when gain suppression effects on SVRS make the epaper can be of support in view of extending the tuning
fective vibrational Raman gain lower thag. This conclu- range of laser sources by means of the stimulated Raman
sion is further supported by the experimental results of Figsscattering technique since simple rules that allow maximiz-
4-7. Figures &) and 5(open dots show that the energy ing the Raman conversion to rotational or vibrational lines
conversion efficiencies t8y, are quite low (1-2%) and that have been derived.

Gv.err (cMIGW)
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