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Thermal accommodation of spin-polarized hydrogen on liquid-He surfaces below 0.25 K
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We have measured the thermal accommodation of spin-polarized hydrogen gas on superfluid He
films at saturation thickness in the temperature range 0.1-0.25 K. The measurements have been
performed as a function of 'He concentration by monitoring the thermal Aux between two parallel
plates maintained at slightly differing temperatures. The measuring arrangement was designed to
secure homogeneous 'He coverages and to minimize uncontrolled thermal gradients. No depen-
dence of the accommodation coemcient on the He concentration is observed within the resolution
of the measurements of +30%%uo. The results are consistent with recent surface-sticking measure-
ments, assuming that thermal accommodation proceeds on both He and He surfaces via sticking-
evaporation collisions; i.e., inelastic surface scattering is negligible.

I. INTRODUCTION

In a recent experiment' we measured the thermaliza-
tion of atomic hydrogen on the surface of a saturated
superAuid He film, expressed in terms of the energy ac-
commodation coefficient a( T), and found it to decrease
rapidly with decreasing temperature, varying as
a=0.50T over the temperature range 0. 18 & T &0.40 K.
This result is in good agreement with Statt's calculated
a( T), which in turn is based on an earlier calculation of
H atom sticking by Zimmerman and Berlinsky. The
sticking coefficient s(T) has recently also been measured
by Berkhout et al. by monitoring the H atom flow

through a superfluid- He-film-coated glass capillary tube,
and the result s =0.33T was obtained for the temperature
interva1 0. 145& T (0.526 K. Provided that H atom
thermalization on the liquid- He surface is dominated by
sticking-evaporation collisions, then these recent mea-
surements of a(T) and s(T) are in perfect agreement,
since, for linear temperature dependencies, the two quan-
tities are related as a=3s/2. The H gas-liquid He sur-
face interaction via the sticking-evaporation channel is
mediated by the emission and absorption of a single rip-
plon. This process has been shown to be much more
efficient than inelastic nonsticking collisions by the same
energy exchange mechanism. According to Statt's esti-
mate, the inelastic contribution to thermalization only
amounts to o;;„=0.011T . It would thus appear that the
H gas-liquid He surface interactions are well under-
stood.

H atom thermalization on the liquid- He surface is not
so well understood. It is well known that propagating
low-frequency capillary waves can be excited and ob-
served on the free surface of bulk liquid He, whereas
high-frequency ripplon excitations are predicted to be
heavily damped due to the large viscosity of the normal
He. ' At first sight one might suspect that inelastic sur-

face collisions involving quasiparticle excitations could in
this situation become effective in the thermalization pro-
cess. On the other hand, it is conceivable that the long
thermal wavelength of the H atom precludes hard core
collisions with the He surface atoms and that quasiparti-
cle creation remains a relatively inefficient mechanism.
One would then expect to find a reduced accommodation
coefficient on the bulk liquid- He surface as compared to
He, primarily because of the reduction in the adsorption

energy by a factor of 3. The absence of detailed calcula-
tions for the He surface and limited experimental infor-
mation lead to a high degree of uncertainty concerning
the relative magnitudes of thermal accommodation and
sticking on the two He surfaces. This, of course, would
be valuable knowledge in selecting the most promising
environment and experimental procedure for approach-
ing the Bose-Einstein condensation limit in the spin-
polarized H

&
gas. The advantage in using a He surface

is the lower H atom adsorption energy and a reduced sur-
face recombination rate, which dominates losses and
heating in H& gas at the lowest temperatures.

The experimental information on thermal accommoda-
tion and sticking on He containing surfaces is inade-
quate and, in particular, does not include the free surface
of bulk liquid He. Jochemsen et al. have performed
NMR measurements on dissociated H atoms in a sealed
glass bulk, initially filled at room temperature with a
small charge of Hz and He or He gas. An analysis of
NMR linewidths gave s =0.046 in the presence of He at
0.2 K, while, with He at 0.1 K, s =0.016(5) was ob-
tained. Both of these results are from the temperature re-
gion in which later measurements give a sticking
coefficient s ~ T, and, thus, they could be interpreted to
yield a somewhat lower value for He than for He.
However, in this experiment the He coating is an immo-
bile film, only a few monolayers thick, while the standard
H& setup employs a saturated superAuid-He-film lining to
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reduce recombination losses. The capillary-flow measure-
ments of Berkhout et al. were conducted on such a sub-
strate and their results show that s ( T) is independent of
He concentration in the temperature range 0.073& T
(0.174 K. In order to examine these inconsistencies we
have determined a(T) at several He concentrations us-

ing a different measuring arrangement that secures well-
contro11ed stationary-state conditions for the accommo-
dation measurements below 0.25 K. We employ a
parallel-plate geometry in order to minimize thermal gra-
dients and to improve the homogeneity of the He cover-
age. Furthermore, the lower plate forms the bottom cov-
er of the H& cell, and thus this arrangement allows the
use of thick He layers on one of the active surfaces. The
upper plate, similar to all other surfaces in the cell above
the pool of liquid on the bottom plate, carries a superfluid
He film at saturation thickness with varying amounts of
He particles residing in a two-dimensional gaseous state

on the surface. The density of the He layer increases ex-
ponentially with decreasing temperature and, eventually
at about 0.1 K, will reach that of a full monolayer. Nev-
ertheless, we find that our results are very similar to those
of Berkhout et al. ; namely that, on adding He into the
H& cell, little if any change is observed in a(T) from the
behavior measured for a pure He film.

A number of different rneasurernents on the surface
properties of bulk liquid- He- He mixtures and their films
at saturation thickness have demonstrated that the ap-
pearance of a dense He coverage is prominently mani-
fested in both the static and dynamic properties below 0.3
K. For example, the surface tension decreases monoton-
ically from the pure He value with increasing He cover-
age and the increasing diffusiveness of the surface profile.
A thermal current on the saturated superfluid He film is
transmitted by a flux of ripplons, which, however, is rap-
idly attenuated in the presence of a He surface layer by
He quasiparticle excitations. This gaseous two-

dimensional Fermi system supports surface second sound
modes, which are propagating longitudinal cornpressional
waves in the He density that, in contrast to ripplons, do
not involve vertical displacements. They can be excited
and detected thermally. ' This description in terms of
submonolayer coverages of He should apply to all of our
He concentrations except for the & 6.4% solution,

which is expected to present a bulk He surface. In view
of these observations, which all underline the large
difference in the properties of the pure He surface and
the He covered surface, it appears surprising that sur-
face interactions with H atoms should be so similar. In
particular, since these interactions on the He surface are
dominated by sticking-evaporation collisions, according
to the results of the sticking and the accommodation
measurements, the most important single parameter
should be the adsorption energy E, . It has been measured
to have rather difFerent values for the He surface (-=1.0
K) and the saturated He- He film (=—0.34 K);" which
becomes distinctly apparent in any experiment with H~
from the greatly reduced surface recombination rate in
the presence of a mixture film.

The present results show that the accommodation
coefficient is He-concentration independent to within

+30%. Several factors contribute to the wide uncertain-
ty range. First, the data for the pure He and the He
covered surfaces overlap poorly. The measurement on
the He surface runs into difficulties below 0.2 K where H
adsorption and subsequent recombination in the densely
populated adsorbed H& phase produces large heat flows.
On the other hand, the measurements on the He- He
mixture films have to be conducted below 0.2 K in order
to avoid problems associated with the higher vapor pres-
sure of He and also to secure a dense enough He cover-
age on the film. Thus, the fact that this comparison has
to be performed in just the same temperature interval
where the He surface layer starts to approach monolayer
density creates obvious difficulties. For instance, all of
the recent measurements have used only nominally pure
He, in which the contamination from the natural abun-

dance of the He isotope is sufficient to produce sizable
coverages below 0.2 K. Therefore, the "pure" He sur-
face will ultimately resemble that of the He containing
films. Furthermore, the extrapolation of the existing
measurements to lower temperatures for a He surface
may not necessarily be a straightforward continuation of
the measured linear a=0.50T dependence, with an ex-
pected turnover to the a ~ &T dependence at the very
lowest temperatures. Below 0.2 K the ripplon mediated
sticking collision becomes sensitive to the long-range part
of the H-atom-He-surface potential; depending on the
choice of ansatz for the surface potential, widely varying
temperature dependencies for the calculated a(T) and
s(T) are obtained, as has been demonstrated by both
Statt and Goldman.

Nevertheless, in spite of these complications which
contribute to the wide uncertainty limits, the weak
dependence of the H atom thermalization properties on
the composition of the liquid-He adsorbate surface is
unexpected. We shall return to this question in Sec. VI.
In Secs. II-IV, we discuss the technique and the techni-
cal details of our accommodation measurements, and in
Sec. V, the experimental data are presented.

II. PRINCIPLE OF THE MEASUREMENT

The thermal accommodation measurement is per-
forrned under steady-state conditions at low gas density,
where the mean free path is longer than the cell dimen-
sions. We can then write for the heat flux conducted
from a hot point source at the temperature T, to the cold
walls at T, :

QH
= 4n( T, )U(T, )a2—ks(T, —T, ) A, .

Here

U( T, ) =(8k' T, /~mH )'"
is the mean atomic speed, and 40= —,'nv is the H atom

flux per unit area hitting the hot surface, while 2k& T, is

the average kinetic energy delivered by this flux with a
Maxwellian velocity distribution centered at the cell tem-
perature T, . Thus, the thermal accommodation
coefficient a is defined as the ratio of the actual heat flux

QH to the maximum possible flux 402k& ( T, —T, ) A, . It



42 THERMAL ACCOMMODATION OF SPIN-POLARIZED HYDROGEN. . . 2005

Q~ CX~

+ ff
o,, +a, —a,a,

(2)

In the present situation the hot and cold surfaces are gen-
erally identical, except for their temperatures, and more-
over, given the linear temperature dependence of a(T)
according to Ref. 1, we may write a=aoT (with all=con-
stant) within a narrow temperature span T, & T & T, .
With good accuracy it then follows that

G
jef (3)

where a =aoT and T is the arithmetic mean
T =(T, +T, )/2. Thus by measuring the amount of
heat QH, which is carried from the hot sensor plate per
unit time via H atom conduction,

QH= —,'a, trn(T, )u(T, )k&(T, —T, )A, , (4)

we obtain a,lr and from Eq. (3) the corresponding accom-
modation coefficient a, which is assigned the temperature
T . In Eq. (4) we have used the fact that, in a gaseous
system in the ballistic flight regime, and in the presence
of an inhomogeneous temperature distribution, the con-
served quantity is the Aux; and therefore

n(TH)U(TH)=n(T, )u(T, ) .

From a practical point of view Eq. (4) is now expressed in
suitable form, directly amenable to measurement: QH is
the additional electrical heating that has to be supplied to
the sensor plate in order to maintain its temperature at
T, when the H gas charge is admitted into the H& cell;
the cell temperature T, is measured with a He melting
pressure gauge, the sensor temperature T, with a resis-
tance thermometer glued to the sensor plate, and the gas
density n ( T, ) with a manometer.

Only in the case when the hot sensor plate on the bot-
tom of the cell is covered with a phase-separated layer of
concentrated He liquid are the two surfaces of dissimilar
nature. We then obtain from Eq. (2) the unknown a, for
the bulk He surface by inserting the measured a,ff and
the appropriate value for a„given by measurements with
a small amount of He in the cell.

is assumed that all incident atoms have been thermalized
to the cell temperature, which means that the surface
area A, of the hot point-source-like sensor has to be
much smaller than that of the surrounding cell.

In order to secure an equilibrium He film coverage, we
chose to employ a parallel-plate configuration instead.
Nevertheless, Eq. (1) is still valid if we replace a with an
effective accommodation coefficient a,ff and express the
particle flux

4H =
—,'n ( T)u( T)

at an average gas temperature T .
Kennard' has shown, for the parallel-plate geometry,

that

III. DETAILS OF THE MEASUREMENT PROCEDURE

An important consideration in the parallel-plate ar-
rangement is the need to minimize lateral heat flow while
each of the two plates is still kept isothermal. As shown
in Fig. 1, this requirement is accomplished by dividing
the lower, heated plate into a central sensor area and a
surrounding concentric annular guard ring. Both sensor
and guard have been prepared from 25-pm-thick copper
foil, epoxy laminated onto a 25-pm Kapton foil support,
which also forms the vacuum-tight bottom cover of the
H~ cell. Separate resistive heater and thermometer ele-
ments have been glued to the back sides of the sensor and
the guard where they face a vacuum space. Prior to in-
troducing H

&
the sensor plate can be maintained at T, en-

tirely by the guard heater, but, in the presence of a H&

sample, additional heating Q,„hasto be supplied to the
sensor heater in order to compensate for the gas conduc-
tion:

Q,„=QH(T,) —Q„„(T,), with H& and T =T, .

Here Q„,is an unknown amount of recombination heat-
ing. Q, „

is recorded as a function of time while the H&
sample is decaying, typically by a factor of 4 in density
around n = 1 X 10' H/cm . The measurement is next re-
peated with a new H& sample decaying over the same
density range, but in the absence of any external heating
applied to either the guard or the sensor. In this case the
energy balance for the sensor reads

QH(T,')+Ql„(T,'T&) =Q«, (T,'), with H~ and Q,„=O,

where T,
'

and Tg are the measured sensor and guard tem-
peratures, raised by the recombination heating slightly
above T, , The lateral heat flow from the sensor
Q„,(T,', Tg ) is measured by monitoring the heating Q,'„
required to maintain the sensor at T,

'
in the empty cell

Mounting Flange

gyp //
Manometer ///+&/+&/ ////&H Gas Inlet

PrF/XNÃ//NXXVM/~p

I II & Lower Plate, Guard Ring
Heater and Thermometer~Lower Plate, Center
Heater and Thermometer

'He Melting Pressure
Thermometer

FIG. 1. H~ sample chamber for thermal accommodation
measurements with parallel-plate configuration.
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with the guard heated to T':

Q,'„=Q~„(T,', T~), no H& and T =T' .

For simplicity we equate

Q„,(&, )=Q„„(&,')

(7)

IV. CELL AND SENSOR CONSTRUCTION

The H
&

system employed in this measurement is cooled
with a dilution refrigerator and consists of a superfluid-
He-temperature dissociator and the H& cell. The latter is
both mechanically and thermally connected to the mixing.
chamber by means of a massive Cu yoke, which supports
the cell in the center of a superconducting solenoid. The

and Eqs. (4)—(7) can now be solved self-consistently for
~et.

In this analysis we have neglected a small dependence
of the recombination heating on the sensor temperature,
as suggested by the following considerations: (i) The
recombination energy can be considered to be uniformly
distributed on all surfaces inside the cell, even in the pres-
ence of minor inhomogenities in surface temperature,
since only a negligible fraction of the recombination ener-

gy is released at the initial surface recombination site. (ii)
The tota1 recombination rate in the cell undergoes only a
minor change when the guard and the sensor are heated
to T, as the temperature difference T, —T, =10-40 mK
is small and the combined area of the sensor and the
guard is only 6% of the free surface in the cell. (iii) Fi-
nally, our approach is to allow the sample to decay to-
wards a doubly polarized, low-density state where the
heating from the residual surface recombination, propor-
tional to n, becomes unimportant compared to Q (IrT, ).
Thus the decaying H& samples are monitored over time
spans ranging from hours at high temperatures to several
minutes at our lowest cell temperature (0.15 K for a He
film and 0.09 K for He- He mixture films).

Two further corrections, which were important in our
previous thermal accommodation measurement, ' are here
found to be unnecessary. First, at these temperatures,
evaporation cooling is negligible. Second, the Kapitza
thermal boundary resistance between the sensor and the
He film was investigated by filling the cell with He and
measuring the thermal resistance from sensor to cell,
which was found to be negligible.

Finally, we note that the use of a guard ring eliminates
lateral heat flow to first order but a small problem
remains, nevertheless. When the cell is filled with a H&
sample, the 1-mm-wide isolation gap between sensor and
guard develops a near parabolic temperature distribution
which is controlled by the interplay between cooling from
gas conduction and heating from lateral conduction. By
solving this one-dimensional thermal diffusion problem, it
can be shown that to first order the residual lateral heat
flow from the sensor into the isolation gap can be ac-
counted for by substituting for the sensor area
3,'=mR, Rg, where R, and Rg are the inner and outer ra-
dii of the thermal isolation gap (here R, =6.5 mm and
R =7.5 mm).

magnet is located outside the vacuum jacket in the
liquid-He bath and maintains a persistent field of 8.0 T.
The design and properties of the H& dissociator have
been reported in Ref. 13.

The H& cell, shown in Fig. 1, is made of thick copper
to secure good thermal homogeneity between its three
principal components: the thermal accommodation
volume, the capacitive H& pressure gauge, and the He
melting pressure thermometer. Sintered heat exchangers,
cold welded by pressing 700 A silver powder into annular
slots in the cell body, provide thermal contact between
the superfluid-He-film coating in the H& volume and the
He liquid-solid mixture in the melting pressure gauge.

The pancake-shaped space reserved for the accommoda-
tion measurement is bounded by a thick copper partition
wall towards the main H& volume above it and by the
Kapton foil and copper sensor and guard plates forming
the vacuum-tight bottom cover of the H& system. The
separation of these two surfaces is 0.9 mm. Interconnec-
tions for gas flow between different parts of the H& sys-
tern inside the cell body are provided by tubular ducts,
3-6 mm in diameter. The use of separate heating and
temperature sensing elements on both the sensor and the
guard ring allows us to locate these on the lower side of
the Kapton foil. The heaters are painted colloidal graph-
ite (Aquadag) films, and the thermometers are miniature
RuO& thick-film resistor chips. ' All have thermal resis-
tances to their respective copper plates above the Kapton
foil of roughly 1 X 10 K/W, which is comparable to the
4X 10 K/W resistance measured at 0.12 K between sen-
sor and guard ring. At an excitation level of 10 ' W to
the thermometers, the temperature difference between
the chip and the copper plate is negligible, and stable,
reproducible temperature readings can still be recorded
with +0.1-mK accuracy.

With decreasing temperature the limiting factor in the
accommodation measurement becomes the sensitivity
and stability of the H~ manometer. The moving elec-
trode of our capacitive membrane gauge is an evaporated
gold layer on a Kapton foil of 22-mm diameter and 12.5-

pm thickness. The capacitance, which at zero pressure
difference reads 120 pF and has a pressure dependence of
(60 0.1) fF/Torr, is read with an ac bridge circuit em-

ploying a seven-decade inductive ratio transformer and a
transformer coupled drive at 2 kHz and 3.5 Vrms. '

With feedback control the drive voltage is stabilized to 10
pprn, which reduces the drift of the bridge balance to
below the overall resolution of b,C/C —10 (or
bn —5 X 10" H/crn at 0.2 K). Mechanical stress in the
membrane is released with a time constant of roughly one
week; it gives rise to a drift in the bridge balance of
AC/C-10 over 12 h, which can be subtracted from
the bridge readings. The manometer is calibrated against
the vapor pressure of He in the temperature interval
0.40—0.70 K with a large amount of He in the H& sys-
tem. It can then be used for monitoring both the H& den-
sity and the thickness of the superfluid He film coating.

The film thickness has to be carefully monitored while
He is admitted into the H

&
system, either by vapor pres-

sure measurement or by recording one of the thermal
resistances, e.g., between sensor and guard ring. Once
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saturation is reached, all additional He accretes on the
bottom of the cell and rapidly shorts out the thermal
resistances. A buffer volume of 0.02 cm of He is pro-
vided by the heat exchange sinter, which fills by capillary
condensation before saturation conditions are reached.
When He is added to the system it first preferentially
binds to the free surface of the He film, with a binding

energy of 2.2 K relative to the dissolved state. Thus, the
free surface of 80 cm will start to load up with He with

exponential temperature dependence and will approach
full monolayer coverage with a rninimurn of 100-ppm
concentration below about 0.1 K. All additional He will

dissolve in He with a binding energy of 2.8 K with
respect to the vacuum, until the solubility limit of 6.4%o is
reached. Beyond this, the added He must go into the
concentrated He surface layer on the bottom plates of
the cell, making this layer macroscopically thick. In the
presence of inhomogeneities in the surface temperature,
gradients in the He concentration will build up for sub-

monolayer coverages. ' This is, in fact, the case in any
steady-state accommodation measurement between 0.1

and 0.2 K. In the guarded, parallel-plate arrangement
the concentration gradients can be kept at a minimum,
since a small temperature difference can be used
(bT/T= 0. 1), and —the geometry allows efficient How for
establishing the equilibrium concentration distribution.
In the present measurements only the initial He charge,
with the natural isotopic abundance of He, is below the
100-ppm limit by about two orders of magnitude; all oth-
er concentrations are well above. However, the evolution
of the surface coverage is both density and temperature
dependent, and thus the monolayer density is only gradu-
ally built up with increasing He concentration at our
measuring temperatures of T &0. 1 K. The maximum
concentration of ~ 6.4% is chosen to be above the solu-

tion limit such that a macroscopically thick He layer ex-
ists on the bottom plate.

V. EXPERIMENTAL RESULTS

As a consistency check between our earlier accornmo-
dation measurements with a pointlike heat source' and
the present parallel-plate experiment, we performed the
first runs with nominally pure He. The results are
shown in Fig. 2 together with the data from Ref. 1. The
agreement is good; the comparison indicates that both
techniques have been perfected to a similar degree. In
spite of the more refined instrumentation and a more ad-
vantageous measuring geometry, the new results extend
only slightly lower in temperature (0.15 K versus 0.18 K
in Ref. 1). This is due to the difficulties brought about by
the exponentially increasing surface recombination and
the loss of gas-phase density towards lower temperatures,
which combine to rapidly reduce resolution in the density
measurement.

Next, increasing amounts of He were admitted to the
H& system to form solutions varying in concentrations
from 200 ppm to 6.4%, as determined by comparing their
vapor pressures with the calculated values of Rade-
baugh' at temperatures between 0.2 and 0.3 K. The
measured accommodation coeScients for these mixtures
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FIG. 2. Thermal accommodation coefficient a(T) vs temper-

ature for a nominally pure He surface: open circles, data from
Ref. 1; solid circles, present measurements; dashed line,

a =0.50T. Additionally for comparison: triangles, concentrat-
ed 'He phase on a &6.4% 'He- He mixture. The error bars
denote the estimated experimental uncertainty limits.

at two mean temperatures of 0.15 and 0.17 K are shown
in Fig. 3 as a function of concentration. Our commercial
He is expected to contain less than 1 ppm of He. To

obtain an estimate of the bulk concentration needed for
reaching the monolayer completion on the surface at
these temperatures, we use the data measured for the
reduction in the surface tension as a function of tempera-
ture at different He concentrations by Guo et al. ' At
the three surface temperatures of 0.14, 0.16, and 0.18 K,
which have been used in the measurements of Fig. 3,
monolayer coverage is obtained with 0.07%, 0.08%, and
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FIG. 3. Thermal accommodation coefficient vs 'He concen-
tration at two di6'erent mean temperatures: solid circles, 0.15

K; open circles, 0.17 K.
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FIG. 4. Thermal accommodation coefficient vs temperature
measured at different constant He concentrations: open circles,
pure He surface from Ref. 1; open diamonds, 200 ppm of 'He
in He; solid diamonds, 850 ppm; open squares, 3200 ppm; solid
squares, 1.2%, open triangles, )6.4%; dashed line, u =0.50T.

0.10% of He, respectively. Thus, the formation of a
dense He coverage falls in the low-concentration region
of Fig. 3, while the saturated solution of 6.4% corre-
sponds already to the situation where a phase-separated
layer of concentrated He liquid resides on the bottom
plate. There is no doubt about the presence of the He
coverage in these measurements; it is plainly evident in
the much-reduced recombination rate and the higher
gas-phase density under otherwise corresponding condi-
tions. On comparing with the indicated estimates of the
uncertainty limits for the data in Fig. 3 we may conclude
that the He coverage dependence of a is less than the
resolution in the measurement, estimated as

~
b,a/a

~

=—+30%.
Finally, in Fig. 4 a11 of the mixture data along with re-

sults for the pure He surface from Ref. 1 are shown as a
function of temperature to illustrate the fact that the con-
centration dependence is smaller than the scatter of the
data. The results fall below the linear dependence
a=0.50T, which was obtained in the measurements of
Refs. 1 and 4. Comparing Figs. 2 and 4, we note that the
departure from the dashed line below 0.2 K is present to
a similar degree in the data measured for the nominally
pure He surface as well as the He- He mixtures. At
present, it is not clear whether this trend at the lowest
temperatures is significant or not; it was not observed in
the capillary-Row measurements of the sticking coe5-
cient in Ref. 4. Estimates of the experimental uncertain-
ties are indicated with error bars in Fig. 2. At the lowest

temperatures and the highest He concentration the
scatter is outside of these; we feel that this is due to
thermal effects from temporal variations in He concen-
tration, which have frequently been seen under similar
conditions at saturated film thickness' and which consti-
tute powerful sources of heat.

VI. DISCUSSION

We have measured the thermal accommodation of hy-
drogen atoms on a He surface and compared the results
with those of a similar investigation on He surfaces. The
experiment was designed to ensure a He coverage on the
sensor surface in the presence of small thermal gradients.
Recombination decay rates in the temperature range
0.1-0.2 K were consistent with those previously observed
on He-covered surfaces and with an adsorption energy
for the hydrogen -0.35 K. For concentrations (6.4%,
we were measuring thermal accommodation on a two-
dirnensional gas of 3He adsorbed onto the underlying He
surface; and for the )6.4% He solutions, we should
have obtained a bulk He surface. We find that our re-
sults are independent of He concentration to within the
experimental errors.

In temperature dependence, our measurements lie
somewhat below the a( T)=0.5T dependence previously
established for He surfaces in the temperature range of
0.18-0.4 K. The observation of monotonically decreas-
ing sticking and thermal accommodation with decreasing
temperature agrees with the predictions of the one-
ripplon sticking and evaporation model. More generally,
the increasing surface reliection is the result of the in-

creasing mismatch between the long wavelengths of the
incoming atoms and the short wavelengths they have
when adsorbed. However, even at the lowest tempera-
tures measured, we have not obtained the limiting &T
dependence that is a general feature of these models.

As demonstrated by Goldman, the low-temperature
dependence of sticking and accommodation in the one-

ripplon model is very sensitive both to the repulsive core
strength, i.e., the penetration energy of the H atom into
the bulk liquid, and to the long-range behavior of the sur-
face interaction. The limited temperature range of our
measurements does not allow any general conclusions to
be made concerning the form of this potential appropri-
ate to the He or He surfaces.

As previously discussed, the different physical proper-
ties of the He and He surfaces, e.g., density, hydrogen
atom binding energy, surface tension, and viscosity, sug-
gest the possibility of different sticking and accommoda-
tion mechanisms. In particular, mechanisms involving
transfer of energy to single-particle excitations and sur-
face acoustic waves are possibilities. In the absence of
detailed calculations, it is diScult to assess the probabili-
ty that these will be ef5cient means of producing sticking
and accommodation. It seems improbable that such fun-
damentally different mechanisms would produce the simi-
lar values for a( T) for He and He over the temperature
ranges investigated.



42 THERMAL ACCOMMODATION OF SPIN-POLARIZED HYDROGEN. . . 2009

Interpretation of these results in terms of the conven-
tional one-ripplon process seems attractive, but faces
some difBculties. Ripplon damping in bulk He due to
viscosity should suppress this mechanism. This may not

be a problem for the submonolayer films. For these sam-
ples, the lack of sensitivity to the presence of He may in-
dicate that the long-range part of the surface potential
dominates the sticking probability.
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