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ABSTRACT 

LBL-8448 

We have established the viability of cohererit Raman tech-

niques in the study of acoustic phonon excitations. Using the 

Raman induced Kerr effect scheme, we have obtained the Brillouin 

spectrum of CS 2• The nonlinear polarization in this case is 

so large that the effects of Stokes gain and anti-Stokes loss 

must be included in the theoretical interpretation of the spec-

·trum. 

The submitted manuscript has been 
authored by a contractor of the U.S. 
Government under contract No. W-7405 
-ENG-48. Accordingly, the U.S. Govern
ment retains a nonexclusive, royalty
free license to publish or reproduce the 
published form of this contribution, or 
allow others to do so, for U.S. Govern~ 
ment purposes. 
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We report here the extension of coherent Raman techniques to Brillouin 

spectroscopy. The advantages of coherent Raman methods are by now well 

known: high signal-to-noise ratio, discrimination from fluorescence, and 

high spectral resolution. l These techniques are based on the four-wave 

mixing scheme with strong resonances in the third order nonlinear optical 

susceptibility x(3)(W
4 

= wI - w
2 

+ w
3

) when the difference of two laser 

frequencies IWI - w21 approaches the frequencies of material excitations. 

They can therefore be applied to Brillouin spectroscopy by tuning IWI -

I -1 w2 towards the acoustic phonon resonance at ~ 1 cm • While there are a 

number of variations in the four-wave mixing scheme, we shall consider 

here mainly the method of optical-f~eld-induced birefringence governed by 

x(3)(w = w + n - n) with Iw - nl close to the acoustic phonon resonance. 

This latter method is an analog to the Raman induced Kerr effect scheme 

2 (RIKES) in coherent Raman spectroscopy. Both the stokes and anti-Stokes 

components appear in our Brillouin. spe,ctrum. 

Consider an,isotropic fluid exposed to two counter-prop~gating opti-

cal beams:. 

= ~e &(w)ei(kz-wt) + ~e &(n)e-i(Kz+nt) + c.c. 
w n (1) 

A density wave will be coherently driven by the electrostrictive force 

through mixing of the two fields. It satisfies the driven acoustic wave 

equation (3) 

(2) 

I. 
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Here, v is the acoustic velocity, f is the acoustic damping constant, and 

ae: y = p lap is the electrostrictive constant. In the plane wave approxi-

mation, the steady-state solution of Eq. (2) at the frequency w - Q is 

2 w -
B 

c.c., 

(w - Q)2 _ 2if(w _ Q) 

(3) 

(4) 

where w = v(k + K) = nv (w + Q) is the acoustic phonon frequency with 
B c . • 

wave vector k +K. The time-varying change of the dielectric constant, 

!J.e: = (de:/ap)!J.p = y!J.p/p, is seen from Eqs. (3) and (4) to be a propagatillg 

phase grating which can diffract the input beams. Beating of E(Q) with 

!J.p(w - Q) then generates a third-order nonlinear polarization at w 

i(Kz + Qt) 

i(kz-wt) 
x e • 

From Eq. (5) we extract the Brillouin contribution to x(3): 

2 
y 

2 2 384'IT V P 

2 wB 
x --~--------~~----~-----

[w~ - (w - Q)2 - 2if(w _ Q)] 

(5) 

(6) 
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That these are the only nonzero tensor elements in ,isotropic media is a 

consequence of the polarized nature of Brillouin scattering. In terms of 

-1 2 -
the peak spontaneous Brillouin cross-section per cm (d O/dQdv)B' we 

have4 

(3) 
Imxllll(w = w + Q - Q) = (7) 

where Q - w = 6. For CS
2

, using the measured Brillouin scattering effi-

'5 6 ciency and linewidth, and correcting to our wavelength - 590 nm, we ob-

tain Id2~) = 1.2 x 10~25 esu ,and a peak nonlinear susceptibility 
, \dQdV ~ . 

of 6.5 x lO-12 esu . This is - 5 times as strong as the resonant x(3) pro-

-1 duced by the strongest 656 cm Raman mode in the'same material, and sug-

gests that coherent Brillouin signals should be easily observable. 

To demonstrate coherent Brillouin spectroscopy, we have adopted the 

2 7 RIKES scheme.' Our set-up was similar to that of Ref. 7, but used ap-

proximately counter"1>ropagating beams (angle of intersection 3°). Precisely 

positioned input and output spatial filters were placed before and after 

the sample cell in the probe beam. They were imaged on each other and on 

the focal region in the medium, to avoid alignment changes as the probe 

beam was scanned in frequency. The cell windows were .25 mm thin mirco-

slide covers. A squeezed quartz window which could be rotated and trans-

lated was placed just after the input 50 ~ spatial filter to help cancel 

the residual birefringence in the system. 

The pump laser was a 

(FSR "" 0.69 
-1 

cm finesse 

Hansch type oscillator with a solid etalon 

8 15) followed by two amplifiers. Its power 

could reach 20 kW and could be varied without affecting beam profile or 
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alignment by a polarizer-Pockel cell combination in the amplifier chain. 

The probe laser was a pressure scanned Hansch type oscillator9 with an air 

-1 
spaced etalon (FSR = 0.5 cm , finesse = 13). The lasers had pulsewidths 

of approximately 5 nsec and bandwidths of approximately 1 GHz. They were 

focused to a common diameter of 50 ~ in the medium, and overlapped fot 1 

rom. The pump beam was linearly polarized at 45° with respect to the probe 

beam. 

Figure 1 shows the observed Brillouin spectrum of CS
2 

for various pump 

laser intensities. Nitrogen gas was used in the pressure-scan box to vary 

the probe laser frequency. Each spectrum took approximately 5 minutes to 

-1 complete. The half peak spacing w
B 

= .23 cm in Fig. 1, obtained at w ~ 

-1 
16,980 cm , is in excellent agreement with the acoustic phonon frequency 

5 calculated from the published hypersonic velocity in CS
2

• The linewidths 

of the resonance peaks in Fig. 1 are dominated by the laser linewidths. 

The slightly dispersive shape of the resonance peaks' is due to the back-

ground optical Kerr effect arising from field-induced molecular reorienta-

tion. ' 

Figure 1 shows that as the input pump beam intensity increases, the 

ratio of the stokes peak strength to the anti-Stokes peak strength increases 

strongly. If background contributions can be ignored, ~his ratio' would 

be precisely the square of the Brillouin Stokes gain factor at each pump 

intensity as we now show. 

Let the pump beam"E(n) be polarized along (x + Y)/I:2. Ignoring pump 

depletion, the probe beam satisfies 

ae. (w) 
x 
az 
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a& (w) 
y .= 61TiWI&(Q) 12[( )& ( ) + ( + )& ()] (8) 
dZ ~ XlIII - Xl122 x W XlIII Xl122 Y W • 

E C 

If we consider only the Brillouin contribution to x(3), then the resonant 

solutions of Eqs. (8) with the boundary conditions & = & and & = 0 at x xo y 

Z = o are 

where gB' the Brillouin Stokes intensity gain (or anti-Stokes loss) 

is given by 

(9) 

(10) 

A . 1 )1 2 2 Ix O)1 2• When gBz ~ 1, we have the output &y(w,z «(gBz)« Equation 

2 (9) shows that the Stokes-anti-Stokes intensity ratio is I&y(w = Q - wB) 1 / 

I&y(w = Q +wB)1 2 is exp(2gBz). 

In our experiment on CS2, we cannot ignore the background nonresonant 

contributions to x(3). Figure 2 is a computer calculation based on the 

solution of Eqs. (8), including the background x(3) due to field-induced 

molecular reorientation and electronic contributions. For this background, 

. 4 
we used the expressions 

(J [Ill] Xlll1(w = W + Q - Q) = 8 + b(O) 18 + 18 1 + i~T 

(J [1 1 1 ] Xl122 (w = W + Q - Q) = 24 + b(O) - 36 + 24 1 + i~T 
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10 -13 
where 6 = Q - w, and 1 = 2.1 psec. The values a = 5.84 x 10 esu, 

b(O) = 4.95 x 10-12 esu were used, based on an average of the measurements 

of Refs. 11 and 12. The peak Brillouin susceptibility and linewidth were 

adjustable parameters, and the best fit occurred for r -1 = .045 cm ,about 

one laser linewidth. Figure 2 shows good agreement with the experimental 

peak Stokes and anti-Stokes intensity behavior. Detailed agreement with 

the experimental lineshapes is poor, however. This can be traced to our 

replacement of the Brillouin linewidth with the approximate laser line-

width, an approximation necessitated by our imprecise knowledge of the 

laser lineshapes. 

The 1 GHz bandwidth of our dye lasers did not permit a measurement 

of the Brillouin linewidth, nor the utilization of the maximum resonant 

enhancement in X(3). In fact, there was an additional reduction in signal 

resulting from transient excitation of the acoustic phonon because our la-

ser pulses (- 5 nsec) was comparable to the phonon lifetime of 2.2 nsec 

13 in CS2. We note here the excellent possibilities of using CW lasers 

with very narrow linewidths in these coherent Brillouin spectroscopic 

14 techniques. 

In summary, we have extended coherent Raman techniques to Brillouin 

spectroscopy. We find the ratio of stokestoanti-stokes signal to increase 

dramatically with pump intensity, in agreement with theoretical calcula-

tions. The arguments for larger S tokes than anti"':Stokes signals are gener-

alizable to the coherent spectroscopy of other material excitations, using 

the RIKES scheme. 

We wish to thank Eric G. Hanson for initial invaluable contributions to this 

experiment and J. J. Song and M. D. Levenson for useful discussions. 
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Figure Captions 

Fig. 1. Observed Brillouin spectra of CS
2

, obtained with,various:pump 

intensities. 

Fig. 2 Calculated Brillouin spectra for the pump intensities in.Fig. 1. 

(3)peak -12 
Adjustable parameters were XB '11 i = 5.3 x 10 esu and r = 

r~ ou n 
-1 .045 cm • 
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