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We have measured the 3He concentration dependence of the thermal boundary resistance RB between 3He4He dilute mixtures and submicron sintered silver between 10 and 150 mK. For concentrations greater than
one percent, the results for the boundary resistance per inverse volume are insensitive to the concentration
and have a magnitude similar to that predicted by the acoustic mismatch theory. For concentrations less than
one percent, we observe an increase of RB for decreasing concentrations.
1. I N T R O D U C T I O N
In experiments[i] using silver sinters of different
thicknesses ~ (cross-sectional area A), we identified
the role playe~l by the poor conductivity of a mixture inside the submicronic pores of a sinter. When
the mixture resistance RM~/A is large compared to
the boundary resistance RB/A~, i.e. at high temperature, only an outer layer of the sinter is active,
of thickness A = ~j~-B-/RM. Within the ladder
model[I,2], the actual boundary resistance is only
seen in the low temperature limit of A >> ~. Unfortunately, this point was missed in most of the previous experiments on mixtures which were performed
in the regime A < ~, where the true temperature
and concentration dependencies of the boundary resistance are obscured. We present in this paper thermal resistance measurements in the temperature region 10-150 mK, over a wide range of concentrations
and extract what we believe is the true boundary
resistance.
We prepared three different sinters by packing
Silbest C-8 silver powder[3] (nominal size 700/~) on
to three very well annealed 1 mm thick 16x16 mm 2
silver plates, another similar bare plate being kept
as a reference for bulk silver measurements. Each
sinter forms a square of 10.3x10.3 mm 2 having respective thicknesses 0.262, 0.862 and 2.575 mm and
a packing fraction of 53%. Sintered for one hour
at 140 ~ in a 50 mbar H2 pressure, the final sinters
have typical surface areas of about 2 m2/g. The 3He4He mixtures are prepared from room temperature
by successive addition of 3He. Starting from pure
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4He, the concentrations x used were 0.25%, 0.42%,
0.95%, 6.00% and the dilute phase of a 9% saturated
solution.
2. RESULTS
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Figure 1: Measured thermal resistance between the bare
plate and mixtures of various concentrations as indicated.
The full line is obtained from acoustic mismatch theory.

The measured resistances for the bare plate in
contact with various mixtures in figure 1 are independant of 3He concentration and the same as for
pure 4He. The solid line represents the resistance
expected from acoustic mismatch theory[4] using ' F '
parameters FI + F2 = 1.54. The good agreement
with our results emphasises the role of good anneal] 5.5

ing on increasing the Kapitza resistance to near the
expected acoustic mismatch theory value.
In the case of sinters, one might expect from
the very large surface area per unit volume of the
sinter-helium composite (,,, 107m -z) a Kapitza resistance three orders of magnitude lower with Rn ",
1.7 x 10-9T -3 K W - l m 3 and concentration independent. Below 50 mK the measured thermal resistances
increase by one order of magnitude while x decreases
from 6.4% to 0.25%, whereas above 100 mK they
converge to similar values as shown on figure 2 for a
0.262 mm sinter. Furthermore, a parallel path to the
ladder model is manifest from the finite resistance R4
measured in pure 4He. Thus the measured resistance
R is a combination of R4 and of the resistance Rladder
so that 1 / R = 1/Rladder -I- l/R4.
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Figure 2: Thermal resistance between a 0.262 mm thick
sinter and various mixtures. The full (dashed) lines from
top to bottom correspond to constant R ~ T 3 values for
each concentration : pure 4He, 0.25%, 0.42%, 0.95%,
6.00%, and saturated solution.
3. D I S C U S S I O N
In order to extract the true boundary resistance RB from the measured resistance, we
fit the measurements to the equation R l a d d e r =
A-1 RBv/~--~coth(l/A). To do this we compute the
resistance of the mixture within the pores of the sinter assuming the mean free path A for the quasiparticles is given by 1/)~ = 1/)~b+ 1/a with Ab the value in
the bulk and a tile pore size with a Gaussian distribution. The temperature independent values we obtain for R B T 3 are shown in figure 3 as a function of x
for the three sinters. The continuous lines on figure 2
are obtained from the values inferred from the model
for each concentration. The result is a rather strong
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Figure 3: Amplitude of the boundary resistance xT 3 as
a function of the concentration as extracted from the ladder model. The continuous curve corresponds to having
a series resistance (see text).

._~

"~ 10 5

io=I-',,'I

loo

concentration dependence below 1% that saturates
for higher x values. Such a concentration dependence suggests that the boundary resistance has one
concentration dependent and one concentration independent component. If we take the concentration
dependent term to be given by the boundary limited
quasiparticle resistance RpQp as given by McMullen
[5] then we find that our results are consistent with
-/{B = Ro + 0.03 • R p q p as shown by the solid line
in figure 3. Interestingly, the concentration independent term/to is then found to have a similar magnitude to that expected by acoustic mismatch theory.
4. C O N C L U S I O N
In conclusion, we have measured the concentration dependence of the boundary resistance between
3He-aHe mixtures and silver sinters. If the phononto-quasiparticle thermal resistance is assumed responsible for the concentration dependence, then we
find that its magnitude would have to be some 30
times less than expected from theory.
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