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Simulation of Raman gain including anharmonic effects for a high-power BaWO,
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Abstract

The numerical simulation of Raman gain for a high-power-molecular-vibronic mode (926 cm™)
including anharmonic effects (by both three phonon processes and dephasing ones) are presented for
a high-power BaWwO, Raman laser. In comparison with these results and experimental data of a
BaWO, Raman laser, we found the BawWQ, crystal is heated due to Stokes losses, which results in
lowering of the Raman gain during the operation of a Raman laser by anharmonic effects. The
obtained results will allow us to predict the variation of Raman gain with crystal temperature during
the operation of a Raman laser.

LT U ®IZ

AR, IREARED BaWO, fEdhlE, 7~ L—WHME L U COEFICHE 1718312 b b, KL T,
B LWENF RSBSOSV T T~ a2 W TG TWA. Zverev OIFFE 7 L— 71X, BaWO,
oL E FIREE LB ERRE O T T T~ VAR5 A2 b B, 926em 1D T < 2 ALY ML TR 532nm
W23t LT o7~ RIS ED 36cm/GWIE] TH V), IKEAMEDOH TR OIFEOEVME[T]Z b2 & 2HE L
TW5. Falt, Bx X BaWOREED 7 + 7 Ny R & T~ 0 AT MVOIRERTFEDOEREZITV, 45
FAREE— R (926cm™) DT~ 2 AT NVIEDIR KM OV T, EBRE & O BA4F 7 —Bi(Fig. 2) %155 &
LBz, 3IED down-conversion(Fig.1(a)) & 4 IKIE O dephasing(Fig.1(b)) DIEFAFI 7 & A CEINT 25 = & %
WELEB] £/, ZOF—RDOT < AT MVIEOREAL OIREFE & 4 IRIA O dephasing 21X 7 + /
PNV REY v (Fig. 3) L RART 5 Z L 2B LT LT-[8].

AT, EBEOT v L—F AT AIBT 57 v FEOEFIIFE LR~ 2B E LT,
B BaWO, 7w L—HFICBIT AT~ L HBDT I 2L — a v B To - O TCHET 5.

2 fRAT 1
R THO IV AENR T + ) > OfFFIREE L 0 +oEWEES, EFIREBICBTFS2 7~ Lb—% (1 kDA
h—2 AFFHEE T ~ VHGELYE) OFIEARER 9 1Tk K(L) TH 2 55 [9].

AN do

gss =T 5 T (1)
heang AQ,  dQ

2T, NIFHEF OO, 1,& L ZFENER, Ko THE BELEOWEE, nd3BELEIZH T B BE O JE T
F, do/dQ T 7 ~ HELER, AQg L7~ U HIEFWHM)TH 5. AHFFETlE BaWO, 7+ L—H# D
FIFF IR FERAFE(LOK=T =300K) &2 (I L W #HE L7z, = 2 TR AME, 1,=532nm, 1,=926cm™ & L,
HriE AQ 13 Shell E7 VEHBEIZE D 7 4 / 30 R(Fig. 3)& FW-BEEHRIC L R 7-[8]. & HIZ, AQ,
SEOMEE IV, T~ CHELA LY RV O ERNEE R (Q2)[9]ic fitting L T, do/dQ 2k 7.

1
872N (do ) |2
Is(f) =~ | (0) exp 2|:| prpgha)s—gnz(ﬁ]} —ﬂCAQRTp y (2)



ZIT b BRVTRE L KT L= O RIE, 0,137 v CHEDEO AR, (13RO
L=V OMEITHMORESEERL, AFRTIEL=3ImMmE L

332l —a R L B

Fig.4 [ZFIfHHREL 9s DIRFERFIED R R R 2R3, FEHFIZN IR U7z g DIREE(IT T ~ U HRIED
REE(L(FIQI) LD RENWZ LD D. BaWO,MGERIZIHIT D 7 4+ / VOEFRRIZ 7 + /N R¥ ¥ »
THWRITEINT D 4 RIAD dephasing 7' v A & 3 RIAD down-conversion 7' 1B ANRFET S, Figd (2R
FRIZ, TZ130K 128\ T 3IWH DR DI A AE LI FHRAE & B L O T NN KE 2250, 3WHDOER
\Z 4 RIED dephasing 7 2 E ADEEEMZ 52 LIC LV EREZIZEHHCTX L2 LB’ bhoT. ZhbD
FEREY, I b—V0T7 <~ REORERME X, |IELLTIZEHB W T dephasing 7' & AN K& < 45
AfREMEE R LTz, 70, Ry Ialb—rva iy, ZEICI U L—FREEL TWA5E50 7~ U FlfG

DIREZEZTRITE S LEZE26ND5. 2 , ,
926 cm” peak
(a) (b) )
)\ ’ Cubic term and dephasing processes
A —~
5
A = 1t
A 2 3 Cubi |
1 )\ 1 )\ 2 % ubic term only
£
©) 4d
A Fj (w) F(j ) (w) Dephasing processes
A \
three phonon processes dephasing process 0 To0 200 300
. . TK .
Fig.1 Feymann Diagrams for anharmonic effects [8]. Fig. 2 The calculated (lines) anoﬁ experimental (dots) Raman
linewidth for a 926cm™ peak in BawO, crystal [8].
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Fig. 3 The calculated phonon dispersion relations in BawWO, [8].  Fig. 4 Raman gain coefficient gss with increasing temperature.
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