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ABSTRACT.

We present new results on the basic properties of superheated superconduc-
ting granules (SSG) detectors, concerning : a) Irradiation tests of Sn granules
between 10 um and 400 pm diameter with a,y and B sources at temperatures
1.4K< T < 3.4 K. b) The behaviour of SSG at very low T (T > 450 mK).

New o irradiations confirm and further develop our previous results presen-
ted at the Miinchen Meeting on Low Temperature Detectors in March 1986 : a) Gra-
nules in the range 45 um < @ (diameter) < 400 um exhibit metastability and turn
out to be sensitive to a particles ; b) The observed thresholds in applied magne-
tic field provide clear evidence for a local heating mechanism where the super-
conducting to normal (or intermediate state) phase transition starts before the
whole granule is thermalized.

Granules of sizes 10 uym < @ < 25 um exhibit good sensitivity to 140 keV y's
of 99T (about 8 7 sensitive granules). The observed decrease of flipping rate

with ~the source activity (t|/2 = 6 hours) provides clear evidence for flips

under single photon interactions. The same granules are also sensitive to 8~
(about 1,5 7 for 36Cl electrons) and to very low energy particles (6 keV y's of
55Fe, about 0,5 7 sensitive granules).

Tests made at lower temperature (T > 450 mK) show the absence of avalanche
effect for several samples of Sn granules with about 10 7 filling factor in
volume. We compare this result with the previously observed avalanches for Cd
granules below 350 mK. We also present estimates on the behaviour of the detec-
tor at very low T, where a thin layer of normal electrons at the surface is
shown to contribute to the heat capacity of a superheated granule. We finally
briefly comment on some of the proposed experiments.
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]. INTRODUCTION. The list of proposed experiments [1-6] using superhead super-
conducting granules [7] is growing faster than the evidence for the faisabili-
lity of any of them. One reason for this gap may be the lack of a systematic
irradiation study. Apart from the present talk, other results on irradiation
with o's [8] and with «y's [9-11] are reported in this conference or elsewhere.

Our a irradiations were made from February to July 1986, and those with y's
started in October. Tests at very low T (temperature) were performed in May 86
for a short period of time, using a He3 cryostat. Irradiation tests were perfor-
med at |.4K<T<3.4K proceeding as follows. The applied magnetic field Ho was

slowly raised from O to a certain value Hcest’ usually close to mean value of

the differential superheating curve (Fig.la). At this point, a small sweep in
HJ i{s made creating a gap in magnetic field AHmin' Then, for a granule flipping

at Ho=Htest+AHmin’ a (minimal) thermodynamical energy threshold AQmin has been

created : T+AT

AQmin = T C dT, AT = AT(AHmin) (1)
C is the heat capacity of the superconducting granule in the presence of ﬁ:
and AT is obtained from the equation : H:éf(T+AT) = Htest' Hzﬁf is the effective

test+AHmin’ Equa-

tion (1) assumes that the whole grain is thermalized before nucleation of the
normal state on the surface of the granule starts irreversibly. In a naive model,
one can identify the nucleation time 1t _ to the time for the external magnetic
field to penetrate over a depth of a coherence lenght £. We can write [12]

N 20 = HEZHO(HO-2/3 HC)'l, where p is the normal state resistivity and Hc the

superheated critical field of a granule such that H:gf(T) =H

thermodynamical critical field. For p = 6x10-8Qcm, we get t1_ ~ 6x10~2 sec,
allowing heat propagation over a distance r(t,) ~ 11 um. Then, for large granu-
les (diameter @ >> 10 pm) expression (1) is expected to fail and we would be in
a local heating situation. The heat realeased locally near the granule surface
creates a nucleation center large enough and lasting long enough to lead to the
destruction of the metastable state. For p = 1076 Qcm, we expect local heating
to happen at the "~ | um scale. A typical irradiation result is shown in Fig.lb,
where the integrated number N of observed individual grain flips appears as a
function of time. The roughly exponential decrease dN/dt is related to the
decrease of remaining sensitive granules. Finally, we are interested in the be-
haviour of the detector at very low T (T << T , the critical temperature),
because of the fast decrease of the superconducting specific heat

c =a ™ +b T, exp(-f ,cr'l) (2)

t. = T/Tc and a,b and f are know experimentally for all relevant materials.
2. THE GRANULES. Several tin samples were used

a) Billiton tin, whose measured low T residual normal state resistitivity
[13] was : p = 6x10~8Qcm. The granules were produced by EXTRAMET [14] in April
85. By sieving, two collections were extracted for a irradiations with diame-
ters : 45um <@¢< 63um (collection aj;) and 125um <P< 200um (collection ay).

b) Prolabo tin, with measured residual p = 1,5x1077 Qcm. A collection of
granules with 200um <@< 300um was prepared by EXTRAMET in January 86. After
sieving, a collection with 250 m <@¢< 300um was obtained and used for our a
irradiation test

c) Metallum tin, with estimated residual p ~ 10 ~7Qcm. From a collection of
granules prepared by EXTRAMET in December 86, several samples with 10um <@< 25um
were obtained by sieving and used for our y irradiations.

d) With an alloy SngqSb;, estimated residual p ~ 10~%Qcm, BILLITON [15] pro-
duced a collection of 200um <@< 400 ym granules in November 85 that were used
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Fig.1l : a) Differential superheating curve for sample c. The applied magnetic

field H varies from O to about 530 Gauss ; b) Integrated number of counts as a

function of t (irradiation time) for the same sample at : T = }.4K, AHmin =0
and H_ =~ 280 Gauss.
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and similar curve (after 20 minutes irradiation time) for sample c irradiated
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for our a irradiation test. Such granules still exhibit metastability although
the differential superheating curve is peaked lower than the supercooling curve
(transitions from normal and superconducting state to the intermediate state).

3. a IRRADIATIONS. An open 241am source (5000 Bq, implanted on platinum) was put
in contact with small detector prototypes (3 mm to | c¢cm reading multi-turn loop
diameter) where the granules were embedded into paraffin with dilution coeffi-
cient of 5 to 20 % in volume. As a consequence, a few 2“!Am atoms drifted into
the samples, that remained irradiated even after the source was removed. The
number of contaminated granules turned out to be small as compared to the total
number of granules in each sample. In this way, individual flips of granules
under the action of single o particles were detected in real time. The irradia-
ted samples were aj,ap,b and d. In all cases, flips were observed for

AHmin/Htest as large as 0.25 (Fig.2a). For larger values of this ratio, the stu-

dy was limited by the width of the superheating curve. From this value, the esti-
mated 8Q ;o from (1) (global heating situation) is larger than 100 MeV for 50 um

grains, as compared to the 5.5 MeV of 2“lAm a's. This clearly provides evidence
for a local heating mechanism. For a half sphere of radius r(rN) =11 um, we
get AQ = 3 MeV which looks more in agreement with the observed data.

4. y IRRADIATIONS AND OTHER RESULTS. A medical 99Tc source (t]/2 = 6 hours) of

about 200uC, emitting 140 keV y's was deposited on an absorbing texture, isolated
and put inside the cryostat close to the detector prototype. 30 turn loops of 2

to 3 mm diameter were used with granules of collection c(10um <@< 25um) at about
15 7 filling factor in volume. Flips under the action of individual y's were ob-
served in real time. For a given AHmin’ the value of dN/dt at t = 0, was found

to closely follow the time decrease of the source activity (Fig.2b). Flips were

observed for AHmin/Htest as large as = 0.02 , (F15.23), which at T = 1.4 K cor-

responds to 4Q = 60 keV for @=10 um and AQ = 1 MeV for @=25 um. The total number
of sensitive granules was about 8 7 (2000 granules over 25.000), which looks re-
markably good as compared to other y irradiations with Sn granules. Some local
heating phenomenon might be at work due to the comparatively high normal state
resistivity of the tin used.

Very recentlg, we started tests with B sources (36C1, E<714 keV) and
6 keV y sources (°°Fe) using the same granules. In both cases the source was mixed
with the detector itself, and flips have been observed. As a preliminary result,
about 1,5 7 of granules turn out to be sensitive to B at (AH/H)min:O'Ol' For

6 keV y's, we get about 0,5 7 sensitive granules at (AH/H)min < 0.005.

5. VERY LOW T STUDIES. An avalanche effect was found by the Garching Group [10]
for Cd grains (T _=560 mK) below 350 mK, where the heat released by a granule
flip produced thé flip of other grains and the phenomenon spread to the whole
detector. We performed tests with several samples of tin granules, at about 107
filling factor in volume and T>450 mK. No avalanche effect was found in our
case. The heat released by a single granule flip is given by :

L Hgv (th—S)tr2
2/3 H <H <H_ : 0Q = —— [2+9/2 h?~6h - ————— 1 (3a)
c o ¢ 8w -t 2
r
L Hév 4ré
H>H @ aQ” = (3/2 2 - 1 - 25 (3b)
o ¢ 8n 1-¢2
r

where h = H /H_ and V is the grain volume. Since Cd exhibits higher superhea-
ting than Sn, wé expect a more important heat release for this material. The
details of heat exchange, depending on whether the sample is helium or in vacuum,
may also play an important role. For high filling factors (larger than 20%), the
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avalanche effect could be a severe problem if H is too high. Lowering Hsh
with impurities may be a way out in some cases.

Finally, we have estimated the heat capacity of a small granule at very low
T for H_ # 0. When the radius R of the granule becomes of the same order as ¢,
normal @lectrons due to the presence of the applied magnetic field create an
extra contribution to the heat capacity of the grain, which then writes :

C=cyV+ c's (4a)

where S is the grain surface and a rough approximation (R > &, « << 1), to ¢'
using the Ginsburg-Landau description is

Sc' = 0.07 T-lH2e t R? (4b)
c cor
where £ is the Pippard coherence length. The surface term is expected to be

particularly important for low T _ materials (large £). As a result, with glo-
bal heating, 2 to 4 pym diameter In granules (solar neutrino detection) are requi-

red to be sensitive to minimum ionization at AH/H =0.05 (AH=HG§£_Htest)’ and

test
T=200 mK. For Ga (dark matter detection), 10 um granules would be sensitive to
1 keV deposit of energy a T=100 mK and a similar value of AH. For 50 eV deposit
of energy, 3 um diameter grains would be required. Existing samples show at best

a spread in Hzif of 15 to 20 7.
6. CONCLUSION. New results on irradiation of SSG detectors with 5.5 MeV o par-
picles confirm our previous evidence for local heating mechanism. For the first
time, Sn granules read in real time with conventional electronics and irradiated
with 140 keV vy particles show reasonably large sensitivity (about 8 7). Prelimi-
nary results on B~ and very low energy y's are also encouraging. Substantial pro-
gress has been made on the understanding of the basic properties of the detector.
The existence of collections of large metastable granules with high values of p
(fast flipping times [16]), is encouraging for monopole detection. Irradiation
tests with better granulometry (P<10 ym and 20 um<@<25 pym) and at lower tempera-
tures (T>300 mK) are in preparation, and other sources will also be used.
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