
Low temperature detectors at work. Energy 
spectra of alpha particles from an implanted 
source of radium-228 in radioactive equili
brium with its daughters, obtained by the 
Milan group with a germanium bolometer at 
44 millikelvin. The first alpha decay implants 
the radium daughter nucleus in the crystal. 
Above, the initial satellite peaks are broad
ened by nuclear recoil energy. Two weeks 
later, most of the implanted nuclei have de
cayed and the 1 % energy resolution of the 
bolometer is seen. 

The final day of the course was 
given over to the ever-warmer new 
superconductors. While the steady 
rise in the temperatures at which 
these materials go superconducting 
elicited the remark that soon all he
lium liquifiers could be discarded in 
favour of air-conditioners, summar-
izer Peter Komarek (KfK Karlsruhe) 
preferred to be prudent. Even with 
optimistic assumptions about the 
development of the new materials, 
the potential gains for electrical en
gineering were not large, he 
claimed, although the easier availa
bility of liquid nitrogen compared to 
liquid helium would favour applica
tions in more remote areas. 

Low temperatures -
hot topic 

Neutrino mass measurements, 
next-generation double beta experi
ments, solar neutrino detection, 
searches for magnetic monopoles 
and the challenge of discovering 
what most of the Universe is made 
of (dark matter), not to mention ax-
ions (cosmic and solar), supersym-
metric neutral particles and cosmic 
neutrinos. All this physics could 
use cryogenic techniques. 

Thus the second European 
Workshop on Low Temperature 
Devices for the Detection of Low 
Energy Neutrinos and Dark Matter, 
held at LAPP (Annecy) in May, cov
ered an active and promising field. 

P. de Bernardis, G. Fritz and K.H. 
Gundlach, described how astro
nomers have been using cryogenic 
devices for years to detect very 
low energy photons, such as the 
microwave background radiation. 
Small bolometers and supercon
ducting tunneling junctions (STJ) 
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Energy spectra from X-rays measured at the 
Swiss Paul Scherrer Institute (formerly SIN) 
with a Sn/SnO/Sn tunneling junction irra
diated at 400 mK. The dotted line corre
sponds to the best resolution obtained with 
silicon detectors cooled in liquid nitrogen. 
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have already proved useful, but the 
problem for 'astro-particle' experi
ments is to produce larger detec
tors wi th similar sensitivity. Other 
techniques have been proposed -
superheated superconducting gran
ules (SSG), superfluid helium, su
perconducting wires, f i lms, strips, 
ceramics, powders,... 

Another low temperature ances
tor is the germanium double beta 
detector technique (D.O. Caldwell), 
giving high sensitivity and energy 
resolution for rare low energy ev
ents. Such devices have provided 
interesting limits on dark matter 
candidates (Dirac neutrinos, cos-
mions, solar axions) and may still 
probe further, although new detec
tors are required for a full study of 
the dark matter problem. 

Two kinds of low temperature 
detectors have produced useful re
sults: induction loops for monopole 
detection (discussed by J. Incande-
la) and low temperature electro
magnetic cavities for cosmic axion 
searches (presented by P. Sikivie 
and S. de Panfilis). Both techniques 
can potentially provide larger de
tectors in the near future and give 
results of cosmological relevance, 
although background problems 
may become rather severe for any 
monopole search based on the de
tection of a few flux quanta. Calori-
metric techniques (bolometers, 
STJ, SSG,...) are more diversified 
and require further development. In 
general, cryogenic particle physics 
detectors are still at the level of 
feasibility studies, but interesting 
results have emerged as the num
ber of groups involved and the de
velopment effort increase. 

'Bolometers' are cold crystal ca
lorimeters with a small resistive 
thermometer ('thermistor') to de
tect the temperature increase due 
to heat released by ionization, pho
toelectric effect, nuclear recoil, etc. 

The energy resolution is such that 
a large increase in mass can be 
compensated by a small decrease 
in temperature. 

Traditional bolometers used to 
be very small (a few 10~3 mm 3 ) . 
However at Annecy the Milan 
group described how a 0.2 c m 3 

germanium bolometer operating at 
44 millikelvin was irradiated wi th 
alpha particles of a few MeV, giv
ing energy resolution in the 50 keV 
range (about 1 %). This may be the 
first step towards a new genera
tion of double beta decay detec
tors, where background rejection 
would be improved through a bet
ter energy resolution. 

Focusing mainly on dark matter 
detection (smaller energy de
position), B. Sadoulet presented re
cent results from strong effort on 
bolometers and ballistic phonon 
detectors at Berkeley and Stanford, 
while S. Read acted as spokesman 

for the UK Dark Matter Collabora
t ion. Ballistic phonon detectors de
veloped by the Garching group 
have given encouraging results us
ing thin phosphor-doped silicon 
wafers using STJ readout. M. Lin-
droos reported new developments 
by the Aarhus/CERN/Gote-
borg/New York/Verrieres collabo
ration on micromechanics for bo
lometer fabrication, and S. Vitale 
and A. Rijllart presented results 
f rom Genova (ruthenium oxide ther
mistor) and CERN (study of bolo-
metric signals). 

STJ depends on quasiparticle (or 
hole) tunneling across the potential 
barrier of an insulating layer be
tween t w o superconductors. As 
discussed by D. Twerenbold, for 
suitably prepared junctions the res
ponse does not depend on the site 
of the interaction (superconductor 
or insulator). The key advantage of 
STJ over semiconductor devices is 
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the lower excitation energy of 
charge carriers. The superconduct
ing energy gap lies in the range 
10~3 to 10~6 eV , and effective ex
citation energies of a few millielec-
tronvolts have already been 
achieved. Thus STJ may be well 
suited for electron neutrino mass 
measurements, where energy reso
lution below 1 eV is required (F. 
Cardone). STJ have also been sug
gested for ballistic phonon device 
readout. Larger junctions may lead 
to unwanted phenomena, but new 
solutions are being studied. 

S. King summarized work at the 
US Naval Research Laboratory 
(Washington DC). Besides the 
study of the basic properties of 
STJ, granular CERMET films made 
of 3 to 12 nm NbN (nitride) parti
cles in an insulating matrix are be
ing considered. They are poor bo
lometers, but may be good vortex 
f low detectors. The comparatively 

high operating temperature (6 to 
6.5 K for NbN), obviates the need 
for sophisticated cryogenics. 

SSG are tiny spheres of type I 
superconducting material (pure me
tals) embedded in a dielectric (pa
raffin, epoxy or varnish). In a mag
netic field they become super
heated and can undergo a fast 
phase transition under a thermal 
deposit of energy. This may be the 
best technique for large cryogenic 
detectors, but several problems 
must be overcome. Recent irradia
tion tests (Garching/Paris/Mu-
nich/Vancouver/Annecy) have con
firmed the principle, but the ex
pected sensitivity and energy reso
lution is insufficient for full size de
tectors (except possibly for mono-
pole searches). 

A new version of SSG, based 
on 'amplification by thermal micro-
avalanche', with latent heat am
plifying response and improving li-

Irradiation curve at 600 mK obtained at 
LAPP (Annecy) for collection of 10 to 25 mi
cron superconducting granules made with a 
tin-antimony alloy . The dashed line shows 
the number of granules changing state with 
increasing magnetic field in the absence of 
irradiation. The full line is obtained when the 
applied field is set for 5 minutes to a fixed 
value (about 250 Gauss) before being further 
increased. In this interval, many granules flip 
due to the 6 keV gamma ray source im
planted in the detector. The 'missing' gran
ule transition signals were detected individu
ally in real time with conventional electronics 
during the irradiation period. Smaller gran
ules are expected to show a much higher 
sensitivity. 

nearity, is being investigated. Pro
gress in fast electronics for SSG 
readout was reported for both con
ventional amplifiers (R. Bruere-Daw-
son) and superconducting SQUID 
devices (M. Le Gros). Large scale 
production of micron granules is vi
tal and a programme using high fre
quency ultrasonic devices is under
way wi th French manufacturers 
(EXTRAMET). 

Devices working below 1 mK 
were considered for the first time 
as particle detectors. T. Niinikoski 
presented limits on galactic dark 
matter f rom coherent phonon scat
tering and proposed new methods 
based on unresolved fluctuations in 
solids. G.R. Pickett discussed the 
possible use of superfluid helium-3, 
where the quasiparticle energy gap 
is around 10" 7 eV. However high 
temperature superconductors 
(C.Chaillout) already provide operat
ing devices. D. Robbes presented 
the achievements of the Caen 
group in the preparation of dc 
SQUIDs using YBaCuO ceramics. 
More conventional techniques were 
also discussed. 

In his summary talk, Klaus Pretzl 
asked if a kilogram neutrino detec
tor could be built in the near future. 
Although the immediate answer is 
no, the field of low temperature de
tectors is developing so fast that 
unexpected breakthroughs should 
not be discounted. 

The next Workshop will be 
organized by the Milan group (con
tact E. Fiorini or D. Camin) in Como 
or Gran Sasso, and is scheduled for 
June 1989. 

From Luis Gonzalez-Mestres and 
Denis Perret-Gallix 
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