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Abstract

The design of a phonon amplifier based on the evaporation of helium atoms from a superfluid film and their adsorption
onto a bare solid surface is discussed. Experimental results indicate that substantial improvement in efficiency is required to
be able to construct such an amplifier. A possible modification to achieve this improvement is considered.

In an effort to make possible the measurement of low-
energy, nuclear-recoil events in a large mass, dark-matter
detector at low temperature, we have investigated the
possibility of constructing a phonon amplifier based on the
evaporation and adsorption of helium atoms. The design of
the amplifier is shown schematically in Fig. 1. The
detector, a high quality single crystal, is covered with a
superfluid helium film below 0.1 K where the vapor
pressure of helium is negligibly small. Phonons created by
a nuclear recoil propagate to the surface where they
generate excitations in the liquid helium film. These
excitations, if they have an energy greater than the binding
energy of a helium atom to the liquid of 7 K, have some
probability of desorbing helium atoms. The desorbed
atoms hit, and are likely to stick to, wafers that surround
the target crystal. Each wafer is maintained free of helium
on the surface facing the detector and covered with
superfluid helium film on the opposite side [1]. When a
helium atom is adsorbed on a bare surface, the energy
deposited in the wafer is principally the binding energy
and is typically the order of 100K [2]. Within the wafer
this energy will propagate as one or more phonons, and
upon reaching the opposite film-covered side, can create
excitations in the film. These excitations, in turn, can
evaporate other helium atoms. Because of the large
difference in binding of a helium atom to the liquid and to
the bare solid surface, it is possible energetically to
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evaporate several atoms for each incident atom. This
process of adsorption and evaporation can be repeated on a
number of wafers each bare on one side and helium-
covered on the other. A bolometer is attached to the final
wafer, bare on both sides, to measure the energy deposi-
tion. Provided that the gain per stage (wafer) is greater
than one, i.e. more atoms are evaporated at each stage than
are adsorbed, a proportional amplifier can be constructed

[3].
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Fig. 1. Schematic diagram of amplifier. A dark matter target
crystal is covered with a superfluid helium film. The crystal is
surrounded by sets of wafers, each of which is free of helium on
the side facing the target and covered with helium film on the
opposite side. The outermost wafers are completely free of helium
and have thermistors attached.
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In addition to the ratio of the binding energies, the gain
of the amplifier depends on a number of processes, some
of which can result in significant energy losses. (1) Some
phonons generated by the nuclear recoil in the target
crystal or by adsorption in a wafer stage may have energies
less than the 7 K required for evaporation of helium. (2)
High energy phonons can down-convert to phonons with
energies below 7K. (3) The transmission probability of
phonons across the solid-liquid interface is less than unity.
(4) In the liquid film, elementary excitations can down-
convert to energies less than 7 K. (5) Because of kinematic
constraints some excitations with sufficient energy cannot
cause quantum evaporation. (6) The probability of evapo-
ration by events that are kinematically allowed is less than
unity. (7) The sticking probability of a helium atom hitting
a bare solid surface is less than one.

We have made an experimental study [4] of the energy
deposited by adsorbed helium atoms on bare silicon and
sapphire wafers as a result of an alpha particle being
stopped in a target crystal covered with a helium film. By
varying a number of parameters we are able to investigate
the processes that are involved in the performance of an
amplifier based on the evaporation and adsorption of
helium. The experiment most relevant to this discussion is
illustrated schematically in Fig. 2. A silicon target crystal
forms one side of a vacuum cell, the vacuum seal to it
being formed by an indium ‘'O’ ring. Alpha particles
from an **' Am source are incident on the target from the
vacuum side. Above the opposite side of the target, which
is covered with a saturated helium film, is suspended a
film-free collection wafer with an attached NTD ger-
manium thermistor. The 5.5 MeV alpha particles from a
second movable **'Am source are used to calibrate the
response of the collection wafer.

The measured energy input to the collection wafer
resulting from helium atoms evaporated by an alpha
particle striking the target is 1.0 MeV. Thus the gain per
stage measured under the conditions of this experiment is
considerably less than the value of unity needed for
constructing an amplifier. In a series of other experiments
[4] we have determined that the principal mechanisms
responsible for the energy loss are a combination of (3)
through (6) on the list above. We are not aware, at the
present time, of any changes in materials or surface
conditions that are likely to improve the evaporation from
a superfluid film to the extent necessary to make feasible a
practical amplifier based on the design discussed above.

There is, however, another means by which the per-
formance might be dramatically enhanced. The saturated
film of superfluid can be replaced by a monolayer of
weakly adsorbed helium atoms on an alkali metal surface.
Energy losses in the liquid helium film appear to be an
important reason why the energy measured at the collec-
tion wafer in the present experiment is much less than the
initial energy of the alpha particle. The efficiency with
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Fig. 2. A silicon target crystal is sealed to a vacuum chamber
using an indium ‘O ring. The outer surface of the target is
covered with a superfluid film. A collimated alpha source (**' Am)
is placed inside the chamber and a film-free collection wafer with
thermistor attached is directly above the target. A second alpha
source can be moved so that alpha particles can strike the
collection wafer directly.

which phonons desorb weakly-bound helium atoms from a
monolayer may be much greater than the efficiency for
creation of excitations in a helium film and the subsequent
evaporation of atoms by those excitations. Helium is very
weakly bound to the alkali metals. Although liquid helium
does not wet a cesium surface at low temperatures [l],
helium atoms in the first monolayer on cesium are ex-
pected to be bound with an energy of 1 to 3 K [5]. Only a
few layers of cesium are required to achieve this low
binding. The target crystal can be coated with cesium and
then a monolayer of helium added. We intend to explore
this approach.
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