
LA-uR--84-635

DE84 007466

TITLE: EFFICIENTFORWARDCONVERSIONIN A RAMANGENERATOR

*

AUTHON8) J. L. Carlsten,J. M. Telle,and R. G. Wenzel

SUBMITTEOTO:“ Journalof QuantumElectronics

DBCLMMER

~~~!!~~~ Los.la.os,.ew.exico8754~
Los.lames NationalLaborator

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



. ,.

EFFICIENTFORWARD

J. L. Carlsten,

CONVERSIONIN A RAJ4ANGENSRATOR”

J. M. Telle,and R. G. Wenzel

ChemistryDivision,Los AlamosNationalLaboratory
Los Alamo8,New Mexioo 87545

AbeLraot.—

StimulatedRamanscatteringof an XeCl laoerat 302 nm in a

.Hz oell showsanomalouslyhigh conversionintofirstStokes(S1)

geometrywith a Freanelnumbernear unityia uamd. Speoifioally

high pressure

when a pumping

a quantumef-

ficiencyof 88$ 18 obtainedintoS1. :omparlaonwith a plane-wavemodel incli-

cateathat a theoryinoludlnsdlffraotionand 4-wavemixingmay be neoesaaryto

understandthe anomalousholdoffof the aeoondStokesoanpcnent.
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One of the most efficientmethodsfor shiftinga laserto lorgerwave-

lengthsis by StimulatedRemanScattering(SRS). Tne conversionefficiencyis

generallymuch higherfor firstStokes(S1)generationwhen the gain for the
.

seoondStokes (S2)wave is considerablylowerallowingS1 to growwithout

competitionfromS2. For examplein SRS of visibleor uv lasersin metal

vapors,generallya systemcan be chosenwhere the scatteringto S1 is more

resonantthan for S2, leadingto quantumefficienciesas high as 70-80%.1P2 If

the S2 frequency18 considerablylowerthanS1, as ig the case of rotational

SRS of infraredlaaera,largequantumefficienciesof S1 t:analso been3een3~4

when optioalloseesare fcldedout. This is

erationdeoreaseswith Stokeswavelengthand

erablylower.

becausethe gain for Stokes.gen-

henoethe gainfor S2 1s consid

Howeverfor scatteringof visibleand uv lasersin gaseasuchas H2 or

CH4, the gain for S2 generationis not aubatantiallylowerthan thatfor S1

sinoethe Remanshift ia smalloanparedto the laaerfre.luenoyand the laaer

frequenoyis far from beingnear the lowesteleotronioreaonanceawhiohgener-

ally lie in tt.eregionof 80,000- 100,000

additionet low preaaurea4-wavemixingof

can ‘sued”tt?epureRamanaoatteringof S1

effioienoyintoS1 otlllmore. Henoeeven

em-l abovethe groundstate. In

the pump anu S1 oan produceS2 which

intoS2, and limitthe conversion

at high pressure,whlohminimizes

the 4-wavemixing,the quantumeffioienoyfor S1 is generallylimitedto ’501

due to the onnetof S? when one uaea a simplealnglefoouageneratordeeign,s

The effioienoyoan be raisedaubatantlallyby utilizinga generator-amplifier

aystem6whionattenuate the higher-orderStok@aoomponento

lng the amplifierand therafo:’eenhanoeethe S1 oonveralon.

baokwardSR!3one oan ralaethe quantumOfflolenoyto ‘851s7

beforeenter-

By utilizi)v

ainoe 4-wav~mixing
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oounter-pro~gatingwaves.

SRS the lineuidthof the laaer❑ust be smallerthm the

is oftena severerequirementon the laaer.

In this letterwe reporton vibrationalSRS on the

a XeCl laaerat 3c18nm. We have attemptedto limitthe

However for backward

Ramanbandwidth,whioh

QoI(l)tranaltionusing

S2 generationdue to

4-wavemixingby operatingat high pressuresto reduoethe ooherencelengthfor

the 4-waveprooesaand also by utilizinga pumpinggeometrywith a Fresnel

numbercloseto unityto reduoethe angleewhiohalso

for 4-wavemixing.

Initiallyit wee expectedthat at high preasuree

lead to phaeematohing

where 4-wave❑ixingIS

smalldue to the shortooherenoelengthand at low an81eewhere the beam la

olosetc planewave,that a modelwhiohnegleotadiffractionand have mixing

would be auffioient. In thi8 case the eouation8of motionfor the PUP inten-

al:y lP, the firstSt,okeainteneity1s1 and seoondStoke8intensity192 in

eteady ~ta:eare given by:s~g

+ lS1 *S1
- aPIP1sl- aslhi 1s21s1

:1= = as, 1s11s2

‘P*Ip.-~TI I
s, SI P

where z is the distanoeof propagati~nthroughthe oello

planewave gain ooeffloientofor sdatte~ingof P intoS1

respectivelyand the U“e are the freqdenoieaof the pump

(1)

(2)

(3)

ap and %1 ●re the

and S1 into8Z,9J10

and Stokeswavee.
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The experimentalapparatusis shown in Fig. 1. A LamMa-PhysikEMG 150

injection-lockedXeCl laserat 308 nm was clippedby apertureAl beforebeing

focusedwith a 2 m lens into the center~~fa 50 cm H2 cell. The beamwas then

recollimatedby L2 and separatedinto t’levariousfrequencycomponentsby n

brewster-angleprim P1.

It was foundthat varyingthe size of the apertureAl had a very dramatic

effectupon the conversionefficiencyof ‘~othS1 and S2. Figure2 shows the

variationin quantumefficiencyas a functionof aperturediameterwhen the

fluenoeincidenton the aperturewas -44mJ/cm2. The quantumefficiencywas

takenaa the photonconversionefficiencywith the low intensitytransmission

lossesfoldedout. AIiinventoryof the energyintoand out of the cell bal-

ancedto within5$ when Fresnelreflectionlogaesand the energydepositedin

the gas were takenintoaccount. As seen in Fig. 2, as the aperturediameter

is increased,InjtiallyS1 risesrapidlyto a maximumof’-88Snear 4.5 mm and

then fallsas the diameteris increasedfurtherwhereS2 conversionbecomes

signlfioant.One mightsuspectthat the growthof S2 at largeaperturesis due

solelyto a largeramountof energybeingtransmittedby a largeraperture,

Howeverour experimentshave shownthat at largeraperturesS2 geileration1s

considerablymore significanteven if the beam IS attenuatedto the same energy

incidenton the cell.

We also foundthatas the pressureof the Hz was lowered,the quantum

effioiennyof S1 droppedwhile the conversionto S2 and otherhigherorder

Stokescomponentslnoreamd.

Figure3 shows the quantumeffioienoyvs pump energyincidenton the Raman

oell with ?430 pal of H2 and with the apertureset to a diameterof 4.5 mm

whiohoorreapondst@ the peak for S1 conversionin Fig. 2. The solid linen
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show She expectedgrowthof S1 and S2 by the plane-wavemodel givenby eqs.

1“”3. A predictor-correctorintegrationscheme

the experimentalpulseshapegivenIn Fig. 4.

arbitrarilychosento be the averageintensity

was used in this calculationfor

The pump intensitywas scnnewhat

at one Rayleighrangeaway from

focuswherethe Rayleighrangewas calculatedfor a Gaussianbeam

equalto thg diameter4.5 mm of apertureAl.

As can he seen In Fig. 3, the onsetof S1 Is predictedquite

with 3 q)

well by the

modelbut the growthof S2 is much differentthan seen experimentally.The

model (solidline)predictsthat S2 shouldstartto be significantat ‘2 mJ,

whileexperimentallyS2 is just startingto be observableat -8.5mJ. The

dashedcurveshowswhat the model predictswhen the gain for S2 ia eet to zero

(aSl- O) whichsurprisinglyfitsquitewell. The implicationis that for some

depletionfor an aperturediameterof

6.5 mJ. The solid linesshow the experi-

reasontne S2 generationis somehowpreventedby the pumpinggeometry.

Figure4 showsthe observedpump

4.5 mm and an incidentpump energyof

mentalInputand outputpuise. The inputpulseshapewas takenwith the oell

removed. Integrationof thesepulseshapesshoweda pumpdepletionof 86% in

closeagreementwith the quantumefficiencyobservedin Figs.2 und 3. The

dottedlineshowsthe pumpdepletionprediotedfrom eqs. 1-3 with the gain for

S2 set to zero. The agreementof the thresholdis quitegood but the experi-

mf-,al depletion1s not as aubatantialas prediotedby the planewave model,Me

believethis is due to,thelow oonverslonin the low-intensityspatialwingsof

the pumpbeam at :OOUS.

In oonoluaic~we have substantiallyreduoed:ha productionof aeoond

Stokes(S2)generationand henoeenhanoedthe firstStokes ( ~ genaratlonin a

high pressureRamanoell with a low anglebeam. Quantumet.ioienoleeas high

aa 88$ have beenokaervedfor S1. The thresholdfor the growthof the S1
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componentis foundto be accuratelypredictedby a plane-wavemodel. However,

the onsetof S2 is not obs.rvedto occurwhere ~redictedby the simpleplane-

wavemodel whichalso neglects4-wavemixingas a sourcetermfor S2 genera-

tion. We concludethat both diffractionand 4-wavemixingmay be importantIn

developingan understandingof theseunexpectedresults.

The authorswould like to thankJ. R. Ackerhalt,I. J. ~iRio,K. Druhl,

R. A. Fisher,and N. A. Kurnitfor numerousdlsCU59iOn9abouttheseresults.

The authorswouldalso like to thankD. L. Barkerand H. E. Weberror their

exoellentteohnioalhelp on this experiment.
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Fig. 1. ExperimentalApparatus.The IncidentXeCl beam at 308 nm 1s clipped
by apertureAl ●nd thenfocusedwith a 2-m lentL1 into● 50-cm cell
containingtypically1500psi of H2. The prismPI separatesthe
pIJmpP, firstStokesS1, ●nd secondStokesS2 for ●nersyand power
measurements.
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APERTURE DIAMETER (mm)

CMM-VG-4390

,

Fig. 2. Variationof quantumefficiencyof firstStokesS1 and secondStokes
S2 as ● funotionof ●parturediameterfor an incidentfluenceof
’44 mJ/cm2.S1 is seen to peak ●t 88% quantumefficiencybeforedrop-
ping as S2 increas~s●t large●perturediameters.
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Fi8. 3. Quantumex”flciencyof S1 and S2 ●s a functionof incidentpump energy
with the apertureset to 4.S mm diameter. The H2 pressurein the cell
was 1430psi. The solid l~nes show the expectedgrowthof S1 ●nd S2
for a planewavemrdelusingeqs. 1-3 ●nd the temporalpulseshape
shown in Fig. 4. ‘ft,edashedline showsthe,isrowthof S1 if the gain
for S2 1s set arbitrarilyto zero. ;)(ei;L:LL
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Fig. 4. Experimentalpulseshapeshowingpumpdepletionfor an aperturediame-
ter of 4.5 mm and an incidentpump energy of 6.5 mJ. Solldlinesshow
the experimentallyobservedinputpulseand outputpulse.Dottedline
showsthe pumpdepletionpredictedfrom eqs. 1-3.
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rightaide of equation(1)shouldbe ap. This is only truewhen the fre-

quencydependenceof the polarizabilityis negligible,so that ap = WI

and asl = %2. Accordingto Ref. [10] ap w 6.8 x 10-9 cmlw and as~ - 5.4

x 10-9cm/w,whiohgive aSl(uS1/uS2)- 6.5 x 10-9+ ap. This lF due to

the resonantenhancementof the polarizability.
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orosssectionsfrom 200-600run,”in ExcimerLasers- 1983, C. K. Rhodes,
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Fi8ureCaptions

Fig. t. ExperimentalApperatus. The incident XeCl beam at 308 nm is olipped

by aperture Al and then foousea with a 2-m lens L1 into a 50-om oell

containing typioally 1500 psi of H2. The prismP1 separatesthe

pump P, firstStokesS1, and secondStokesS2 for energy and power

measurements,

Fig. 2. Variation of quan:um efficiency of first Stokes S1 and seoond Stokes

S2 as a funotion of aperture diameter fv an inoident fluenoeof

-44mJ/om2.S1 is seen to peakat 88% quantumeffioienoy before drop-

ping as S2 increases nt large aperture diameters.

Fig, 3. Quantum efflcienoy of S1 and S2 ae 8 funotionof lnoidentpumpenergy

with the apertureset to 4.5 mmdiameter. The H2 pressurein the oell

was 1430 psi, The solidlinesshow the expeotedgrowthofSl and S2

for a planewavemodel usingEqs. (1)-(3) and the temporalpulseshape

ahownin Fig. 4. The dfiahed line showe the growth of S1 if the gain

for S2 is aet arbitraril.v to zero,

Fig. 4. Experimerltal pulse shape showing pump depletion for an ●perture diame-

ter of 4.5 mmand an inoident pump ener~y of 6.5 W, Solid lines 8hOW

the experimentally observed input pulse and output pulse. Dotted line

shows the pump depl~tion predioted from Eqs. (1)-(3).


