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Abstract

Recent results on Al and Zn superheated superconducting granules (SSG) embedded
into varnish GE 7031 , and operated at very low temperature (down to 40 mK) are pre-
sented. The observed signals exhibit possible evidence for "avalanche" phenomena that
could be due to thermal exchanges inside the detector. Such a result may confirm previous
claims based on tests with Cd granules at T < 300 mK . Present observations indeed
suggest that the SSG colloid should be dealt with as a composite medium rather than as
an assembly of single grains.

Presented at the III International Workshop on Low Temperature Detectors for Neu-
trinos and Dark Matter, Gran Sasso, September 20-22 1989.
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1 INTRODUCTION
The microspheres used in superheated superconducting granules (SSG) detectors [1] are
usually embedded into some dielectric material (paraffin, epoxy or varnish), therefore SSG
detectors are made of a composite medium. The most obvious collective phenomenon in
a SSG colloid is provided by diamagnetic interactions among grains, but other collective
effects may involve the dielectric material as well. This would be the case if grain transitions
could be produced by heat exchanges. Evidence for such a phenomenon was claimed some
time ago by the Garching group [2]. Using Cd granules at T < 300 mK , an avalanche
effect was observed where the whole detector collapsed after raising the magnetic field to
a temperature-dependent value of the applied magnetic field, well below the maximum
superheating expected for single grains.

The Garching result was obtained with a LC read-out, so that granule flips were not
detected in real time. Since then, there have been attempts to reproduce the avalanche
effect with other materials (Sn, Al, Zn...) and using a fast electronic read-out. For Zn
grains, some evidence seemed to appear at 3He temperatures (T = 400 mK) which triggered
the present study with Al and Zn samples down to dilution temperatures (T > 40 mK).
We report here on the most recent experimental observation, without going further into
possible theoretical interpretations.

2 SAMPLES AND SET-UP
Two samples were chosen for this particular study: one, made of superfine zinc powder [3]
with an average grain diameter of 4 (ira and the largest grains samller than 10 /zm. The
powder was embedded into varnish GE 7031 . The second sample consisted of aluminium
grains [4] originally of diameter 0 < 63 ^m , but sieved by centrifugation in air to
12 fan < 0 < 20 (j.ra. Again, grains were embedded into varnish GE 7031. This
varnish is known to exhibit excellent thermal conductivity at very low temperature [5] and
is commonly used for cryogenic thermal bonds. At 3He temperatures (at LAPP Annecy),
and with a read-out system not expected to detect the signals of such small grains, the zinc
4 ^m Heubach powder colloids brought the first evidence for unconventional phenomena.
At T = 400 mK , and with filling factors in volume between 4 and 30% , very large and long
pulses were observed with risetimes in the 10 - 50 fis range. Since a possible explanation
may have been the presence of clusters of grains flipping together, it was checked (Fig.
1) that the colloids did not contain such clusters. The electron microscope photographs
were taken on the surface of a sample broken by bending, which explains the teared state
of the varnish. Mechanical contact between the zinc and the varnish (very important
for an efficient thermal contact) seems to have been good before the sample was bended.
Furthermore, the observed time scales were not inconsistent with heat propagation inside
the SSG colloid.

The "avalanche" signals were mainly observed when raising the applied magnetic field
H0 . They appeared in a well defined interval in Ho, but in a somewhat locally random
distribution. The absence of symmetry between the behaviour of the detector when raising



and lowering the magnetic field is consistent with the presence of metastable phases. In a
similar way to the single grain signals obtained in previous experiments, the "avalanche"
pulses were seen in a region of H0 compatible with superheating, forming an "avalanche"
differential superheating curve that could be used for irradiation tests. After a few minutes
irradiation period at some value of H0 inside the differential superheating curve, large gaps
(missing "avalanche" pulses) were found when raising further the magnetic field. For the
tests at dilution temperatures (at MPI Muenchen), the Zn sample was irradiated with a
36Cl source (/3's , E < 714 keV) deposited directly on the grains before preparing the colloid.
A similar procedure was used for the Al grains, irradiated with a Cd source (/?'s and 7's
of E < 88 keV). The read out loops were made of pairs of coils mounted in gradiometer.
Each coil had 2.5 mm inner diameter and 30 turns of 0 = 100 ^m copper wire.

At both 3He and dilution temperatures, the samples were deposited on a cold finger
in vacuum and electrically connected to the outside through a 10-20 Q pair of wires. The
temperature was measured on the cold finger with semiconductor resistive thermometers.
The signals were detected using room temperature conventional electronics, with pre-
amplifiers exhibiting 200-250 ns risetime. Signals from such pre-amplifiers were digitalized
with the help of a transient recorder. Due to the long risetimes observed, a CANBERRA
shaper at 5 ^s risetime was often added in order to improve the signal/noise ratio.

Fig. 1 - Surface of a Zn grains - GE varnish colloid sample (14 % filling factor in
volume) broken by bending. The mark is: 10 (im (left) and 1 fim (right).



3 RESULTS AT DILUTION TEMPERATURES

Avalanche phenomena previously observed at 400 mK were confirmed by tests in the 40
mK - 150 mK range. Fig. 2a shows a digitalized pulse obtained with a Zn sample at 40
mK , when raising the applied magnetic field. No shaper was used for this measurement.
During the irradiation hold-period, similar pulses were equally observed, as shown in Fig.
2b. Since the risetime of signals due to single grain flips should be compatible with that
of the pre-amplifier, the observed pulses provide evidence for a correlated flip of several
grains. Furthermore, due to the small grain size and the comparatively low values of the
applied magnetic field (the critical field for Hc for Zn at such temperatures is about 50
Gauss), the integral of the positive part of the pulses corresponds to a total flipping volume
exceeding by several orders of magnitude that of a single grain. Due to the characteristics
of the pre-amplifiers used, it is not possible to give an accurate estimate of the actual
signal in magnetic flux. When adding up the positive part integrals of the positive pulses
for a single sweep in K0, the result is not incompatible in order of magnitude with the total
magnetic flux expected from the transition of the whole sample. This very crucial point
(how much of the the detector is flipping through avalanches?) obviously deserves a more
careful study. The observation of signals during the irradiation period is a significant result,
as it may provide evidence for localized "micro-avalanches" predicted in some models [6].
But the present measurements do not allow to reach any precise conclusion and dedicated
studies should be undertaken. New experiments are also required to explore alternative
explanations of the observed phenomenon (magnetic flux trapping, etc.).

When 5 /xs shaping was used, the number of counts per sweep in magnetic field was
cz 550 . Fig. 3a shows the "avalanche" superheating curve obtained when adding up
20 sweeps in Ho . The shape of the curve is very similar to those obtained with other
metals (e.g. tin) using larger grains, at temperatures were avalanche phenomena were not
observed and single grain flips could be detected. The only obvious difference lies in the
fact that now granules flip by bunches and the pulse shape is characteristic of a collective
phenomenon. Fig. 3b shows an "irradiated" avalanche superheating curve, where Ho was
raised to a fixed value Htest and held there for 5 minutes before completing the sweep.
The distribution dN/dH0 (number of counts per unit increase in Ho) includes, in the bin
H0 = Htese , the counts recorded during the hold-period, which explains the peak at this
value. Even including the counts recorded during the hold period, the "irradiated" curve
contains about 65% less signals, which provides an interesting piece of information. Since
the magnetic field is held at a comparatively low value, the signals produced by grain
flips during the irradiation period (i. e. increasing T) are smaller than when raising the
magnetic field. There is also less latent heat released in the detector. This may explain the
observed difference, but again further tests are required with a more sensitive electronics.

Aluminium granules also brought evidence for collective phenomena, although the pulse
shape was somewhat different from the superfine Zn powder colloid signals and several short
peaks are observed in a single pulse. This may possibly be explained by the difference in
grain size, but a dynamical model of these effects is still missing. Fig. 4a shows a signal
obtained when raising the magnetic field, and Fig. 4b a similar signal under irradiation.
The risetime of the preamplifier was 250 ns , and no shaper was used.
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Fig. 2 - a (left): a pulse observed with the superfine Zn powder colloid when raising the
magnetic field; b (right): a similar pulse observed for the same sample under irradiation
(36Cl source).
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Fig. 3 - a (left): "avalanche" superheating curve obtained for the same sample when
adding 20 sweeps in Ho . A 5 fj.s risetime shaper was used; b (right): an "irradiated"
superheated curve for the same sample and read-out obtained with a "hold-period" of 5
minutes at H = HteJt. The peak at this value of H0 is due to signals recorded during the
hold-period.
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Fig. 4 - Negative pulses observed with the Al sample, a (left): when raising the applied
magnetic field; b (right): during the irradiation hold-period. The cut lines are drawn to
show the peaks.

4 CONCLUSION
There is now evidence for the existence of collective effects within the SSG colloid, therefore
"new" physics seems to have irrupted in SSG detector development. A SSG colloid should
most lihely be dealt with as a collective (and possibly composite) medium rather than as
an assembly of single grains. If the observed avalanches are due to latent heat exchanges,
the former prediction of "limited" avalanches [6] would be confirmed, but the real origin of
the phenomenon deserves further study and alternative explanations should be considered
as well. Even if the latent heat explanation were correct, it remains to be seen whether
the phenomenon can be controlled for practical uses.
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