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R6sumB.- L1attBnuation ultrasonore a btd mesurbe au voisinage du point lambda de 4 ~ e  sous pression, 
en dtendant les travaux de Carey et al., dans le domaine de la frgquence plus haute jusqu'a 90 MHz. 
Les comportements du temps de relaxation qui donnent le sommet de 11att6nuation sont inexplicables 
par la thborie de Pokrovskii-Khalatnikov. 11 semble que l1hypothSse de la similaritb dynamique 
s'applique aussi sous la pression. 

Abstract.- Ultrasonic attenuation was measured near the lambda line of " ~ e  under pressure, extending 
the work of Carey et al. below I MHz to higher frequencies up to 90 MHz. The behaviours of the 
relaxation time for the attenuation peak cannot be explained by the Pokrovskii-Khalatnikov theory. 
The dynamic scaling hypothesis seems to work also well under pressure. 

This paper is to report an experimental work 

on the ultrasonic attenuation near the lambda line 

of '~e under pressure. This is an extension of the 

work of Carey et al. /I/ below 1 MHz to higher fre- 

quencies up to 90 MHz. 

First-sound attenuation and dispersion have 

been employed as useful to study dynamic aspects of 

the lambda transition, and many works have been 

done /]-lo/. However, as fundamental problems, are 

still remaining '; what: the mechanism of the profound 

attenuation peak and the corresponding dispersion 

near TA, whether the dynamic scaling hypothesis 

holds well, and, whether the universality concept 

holds well. 

A method of analysing the attenuation data 

has been a model /2/ applied first to pure 'He under 

the saturated vapour pressure, in which two separa- 

te mechanisms contribute to the critical attenua- 

tion. The first mechanism is caused by a relaxation 

process attributed to coupling between first and 

second sounds, ans occurs only below TA. The second 

one comes from the critical order parameter fluctua- 

tion, and was assumed to have equal strength above 

and below TA. The analysis seemed to succeed at 

lower frequencies yielding the relaxation time for 

arel approximately equal to T' = S1/u2 as the 

Pokrovskii-Khalatnikov theory /]I/ has given, where 

E;' is the correlation length and u the second-sound 

speed. However, this model was later on found not to 

work properly at least at higher frequencies / 4 / ,  

and the mechanism for the attenuation peak has again 

been a problem. 

On the other hand, afl above T was recogni- X 
zed /5/ to be useful to get directly the characte- 

ristic parameter z in the expression of the dynamic 

scaling /12/, 

R(K,~) = K'F(~/K), (1) 

where $2 is the characteristic frequency of the 

order parameter fluctuation, F(x) a scaling func- 

tion, and K and k the inverse correlation length 

and the wave number respectively. 

The universality seems to hold rather well 

in the attenuation in mixtures with respect to the 

addition of 3 ~ e ,  although some minor discrepancies 

would still exist in experimental results 18-lo/. 

Whether the time T' = <'/up is really the 

characteristic time for the attenuation peak can 

be checked by looking at the pressure dependence 

of the peak position, since up as a function of 

pressure has been determined, and the correlation 

length as a function of pressure can also be dedu- 

ced from the well known expression, 

5 '  = ~ . m ~ k ~ ~ /  (hppS) , (2) 

vhere m is the helium atom mass, ps the superfluid 

density, and kgT and h have usual meanings. 

Figure 1 is the plot'of & the reduced max' 
temperature corresponding to the maximum attenua- 

tion, versus sound frequency at various pressures. 

This type of plot should be a straight line of slo- 

pe unity if the relaxation time of the peak is gi- 

ven by the above-mentioned T' and UT' = 1 at 

& (1) max 

(1) See reference /7/ .  UT' is not exactly equal to 
unity at the maximum attenuation but depende some- 
what on the frequency. 
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Fig. 1 : Plot of cmax, the reduced temperature cor- 
responding to the maximum attenuation, versus fre- 
quency at various pressures. Closed marks are the 
present data, and open marks are from reference/]/.. 
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Fig. 2 : Plot of E ~ ~ ~ ( P ) ~ E ~ ~ ~  (SVP) versus pressure 
at various frequencles. Crosses are from reference 
111. The theoretical curve corresponds to T' = S1/u2 

Figure 2 is then showing Emax/Emax (SVP) vs. pres- 

sure at some frequencies together with T' calculated 

from the experimental u2 and eq. (2). General trends 

of the experimental points and the calculated curve 

do not agree at all with each other. This trend has 

also been recognized even at lower frequencies /I/. 

One may think that direct experimental determination 

of 5' is required instead of using eq. (2). However, 

the mechanism proposed by the theory seems to be in 

a more serious doubt. 

For the fluctuation attenuation afl above T A' 
a scaling representation of the form 1131, 

af 1(~,~) = w G(m) (3) 

has usually been adopted, where T = T E - ~  is the 

characteristic time constant of the fluctuation. 

Experiment then gives the parameter x, and the expo- 

nent z in eq. (1) can be obtained by z = x/v, where 

v is the critical exponent for the correlation len- 

ght. The values of z deduced in this way in the pre- 

sent study are listed in table I. 

Table I 

The dynamic scaling parameter z as a function of 
pressure. 

Pressure 0 5 15 25 
(bar) 

The value of V was here assumed to be 0.667 irres- 

pective of the pressure. z seems to be universal 

with respect to pressure. 

The extension of this work to higher frequen- 

cies is being made, and will be reported in the near 

future. 

ACKNOWLEDGEMENTS.- The present authors acknowledge 

Dr. K. Tozaki and Dr. Y. Hiki for their assistances. 

References 

/I/ Carey, R., Buchal, C. and Pobell, F., Phys. 
Rev. 16 (1977) 3133 

/2/ Williams, R.D. and Rudnick, I., Phys. 
Rev. Lett. 2 (1970) 276 

/3/ Thomlinson, W.C. and Pobell, F., Phys. 
Rev. Lett. 31 (1973) 283 

141 Ikushima, A. and Tozaki, K., Proc. LT 14 (1975) 
Vol. 1 

/5/ Tozaki,  an and Ikushima, A., Phys. Lett. 
(1977) 458 

/6/ Tozaki, K. and Ikushima, A., J. Low Temp. Phys. 
33 (1978) in press - 

/7/ Buchal, C. and Pobell, F., Phys. Rev. B14 (1976) 
1103 

/8/ Ikushima, A., Roe, D.B. and Meyer, H., Proc. 
2nd Int. Conf. on "Phonon Scattering in Solids" 
(Nottingham) 1975 

/9/  Ikushima, A., Roe, D.B. and Meyer, H., Proc. 
ICIFUAS-6 (Tokyo) 1977 

/D/~o.e, D.B., Meyer, H. and Ikushima, A., J. Low 
Temp. Phys. (1978) in press 

/ll/Pokrovskii, V. and Khalatnikov, JETP Lett. 2 
(1969) 149 

/12/Halperin, B.I. and Hohenberg, P.C., Phys. Rev. 
177 (1969) 952 

/13/Gasaki, K., Int. J. Magn. 1 (1971) 171 


