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. Abstract. We report preliminarily some results of recent experiments 
in which 60ke V photons were irradiated to a single tin sphere of diameter 
SOpm in applied fields less than the critical field H.h at temperature 
'SOmK in 8. dilutioIirefrigerator. 

Counting rates were obtained for the specimen having flipped in an 
hour at each ten points in field strength. We demonstrate that the spec
trum of absorbed energies can be derived with superconducting granules 
by changing the strength of the applied field. Taking into account the 
original intensity of gamma-ray sources used, the photon mass atten
uation length in intervening absorbers, and K- and L-edge absorption 
energies of tin, we conclude that the superconducting granule of diame
ter 30pm reacts to excited electrons with energies less than 10ke V. 

Previously we have confirmed the response energy down to 1 MeV for 
superheated superconducting tin granules of diameter 100f'V200pm at 2f'V 
3K by irradiating alpha-rays. Therefore, the improvement in response 
energy was attained by two orders of magnitude with a SOmicron-diam 
granule at temperature of SOmK. 



1. Introduction. Cryogenic methods are now well-known to be very 
useful for catching small signals caused by solar neutrinos and/or weakly 
interacting massive particles. In a series of experiments we have inves
tigated some properties of superconducting spherical tin micrograins to 
be used as a device in the cryogenic particle detectors. 

This is a preliminary report on responses of a single tin sphere of 
diameter 30pm which was irradiated with 60keV photons in applied 
fields less than the critical field H,,,, at temperature 30mK in a SHe-4He 
dilution rerrigerat~r~ '~'.' " ' .. -.' '. ",' t '. 

We obtained counting rates of the specimen :flipping in an hour at 
each ten points in field strength. Minimal energy deposits are estimated 
at each field strength from temperature increases required for the phase 
transition on the bases of the specific heat in the superconducting state 
and a working hypothesis of the global heating. Then we present that 
the spectrum of absorbed energies is derived by making a djj£erential 
counting rate with respect to the deposited energy. The spectrum has 
two peaks at rv30ke V and rv55ke V: the former due to excited electrons 
from the K shell by primary ,.-rays of 60keV and the latter due to ones 
from the L shell of tin. The ratio of counting rates about the two peaks 
is read as 4 to 1 in accordance with the mass absorption coefficient of 
the K shell to that of the L shell at photon energy of 60ke V. 

Taking account of the original intensity of gamma-ray sources used, 
the photon mass attenuation length in intervening absorbers, and K
and L-edge absorption energies of tin (the specimen) ~nd copper (neigh
boring signal coils), we conclude that the superconducting specimen of 
diameter 30pm reacts to excited electrons with energies less than 10keV 
'by ,.-rays~ 

Previously we examined that superheated supercond ucting tin gran
ules of diameter 100rv200pm reacted to energy deposit down to 1 MeV 
at 2rv 3K with a-rays from 241 Am.1) Therefore we have lowered the 
response energy by two orders of magnitude with a 30pm.p specimen at 
30mK. 

2. Experimentals. A single tin granule of diameter 30pm and a 20
turn detection coil of copper wire of diameter 60pm are glued together 
with varnish (GE7031) and are completely immersed in liquid helium. in 
a small container made of epoxy resin (StycaAt 1J!66) which is connected 
with aSHe-4He mixing chamber (Fig.1). The container is wound with 
a superconducting coil of Nb-Ti-Cu wire of diameter 117 pm in four 
layers, on which three gamma-ray sources of 241 Ani(0.5pCi±10% ~ach) 
are attached in equiangle with each other on a level with the tin granule, 
set inside. The superconducting magnet produces field up to 600G with 
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error less than O.lG. 
The cooling rate of the refrigerator employed is about 70pW at 100mK 

and the temperature in the mixing chamber is monitored with a carbon 
thermometer inserted in it. Temperature lower than 20mK can be stably 
kept in a continuous operation mode of the refrigerator, though much 
lower one than 15mK is attainable in a single operation mode. 

3. Data acquisition and results. Using a sphere of diameter 30pm 
singled out from the tin powder offered by G.Waysand, first we have mea
sured the superheating superconducting critical field H,h(T) at temper
atures ranging from 30mK to 3.0K with no irradiations. Almost all the 
data obtained several times at each temperature are well traced with the 
conventional curve of H,h(T) = H'ho[1-(T/Te)2], Te=3.72K. The max
imum strength of field H,hO = H,h(30mK) is 327.5G as a mean value, 
while by 0.6% (about 2.0G) less field was obtained under irradiations. 
We shall use the conventional formula shown above with H,hO = 325.6G 
for analyzing the results in irradiation experiments. 
, Each sign:aI induced in the detection coilwa~f received' in 8. digital 
storage scope via wide-band amplifiers. Figure 2 shows one of line shapes 
for the signals recorded when an applied field is increased beyond H,h. 

Next, responses of the specimen to 60keV photons were studied at 
temperature of 30mK at ten points in field strength less than the crit
ical field H'h(30mK). We counted the number of the specimen having 
flipped in an hour. When any signal was not observed in six minutes, we 
reset the field and continued the observation for the next period of six 
minutes. Before resetting the applied field, we increased the field once up 

, to the critical value of 325rv326G to assure the specimen making a phase 
transition. Such observation has been performed at ten field-strengths. 
The numbers obtained for flips in an hour are shown in Table 1 and in 
Fig.3. 

4. Discussions and conclusions. The radioactive isotope 241Am 
used in this experiment radiates both alpha-rays (5.5MeV) and gamma
rays (11.9keV, 0.78%; 13.9keV, 13.2%; 17.8keV, 18.1%; 20.8keV, 4.9%; 
26.3keV, 2.5%; 59.5keV, 35.3%). By taking account of the original inten
sity of each source (0.5pCi) and absorption of the radiations by interven

, '. 	 ing materials,' we ~e'e 'that only 59'.5keV -y-rays' cali> reach t-he specimen 
(Table 2) except for secondary X-rays. While the initial intensity of 
23photons/min is estimated for the six energy-spectra of gamma rays, 
only O.54photons/min are expected for the 59.5keV rays to be absorbed 
while traversal along the diameter of the specimen. 

At each applied field Ha., ~H = Ha.-H'h represents deficit for the 
specimen to flip owing to the field alone. Beyond a threshold field Ha.o, 
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the counting rate of flips increases with field strength and reaches a 

maximal as is expected. The threshold field HGo turns out to be around 

315G for 60ke V photons. A temperature rise of about 640mK is required 

for the phase transition at the field strength. By using the specific heat in 

the superconducting state and the global-heating picture, we can convert 

the temperature rise of 640mK into deposited energy of 65ke V which 

coincides roughly with the photon energy. 


We expect 32 photons or less of primary gamma-rays of 60ke V to be 

absorbed in an hour by the specimen, whereas the counting rate appe~rs 


to reach a maximal of 25flips/hour. 

In Fig.4a we traced out a curve standing for counting rates to calcu

lated energy-deposit, which is considered to be cumulatively contributed 
from excited electrons with various energies. Figure 4b shows difFeren
tial counting rates with respect to energy deposit, which has two peaks; 
One is at 60 ke V or less and the other is at 1"V30keV. The former should 
,be due to,excited electrons from~the L shell by primary i-rays of 60keV ,"~ -7"",""' >'T" 

and the latter due to ones from the K shell of tin. The ratio of counting 

rates about two peaks is read as 4 to 1 in accordance with the mass 

absorption coefficient of the K shell to that of the L shell at photon 

energy of 60keV. 


Discussions given above are preliminary and necessitate more elab

orate consideration including K - and L-edge absorption energies and 

secondary X-ray energies not only for tin but also for materials adjacent 

to the specimen, as well as contribution from kicked electrons through 

the Compton scattering. 


We conclude that the supercondncting granule of diameter 30pm re

acts to electrons with energies less than 10keV which are excited by 

gamma-rays. Previously we have confirmed the energy sensitivity down 

to 1 MeV for snperconducting tin granules of diameter 1001"V200pm at 

21"V 3K by irradiating alpha-rays.l) Therefore the improvement in re

sponse energy with the tin granule was attained by two orders of mag

nitude by decreasing temperature from 21"V 3K down to 30mK and by 

downsizing the granule by a factor of 31"V7.'" 


\ " 	
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Table 1 " 
HG is the applied field in gauss. HG-H,h stands for deficit for the 

specimen to :flip owing to each applied field alone. N is the counting 
rate(l/hour) of :flipping. LlE shows energy estimated for the specimen 
to make a phase transition due to temperature rise in each applied field. 

HG(G) 

(0) 325.60(=H,h) 
(1) 324.37 -1.23 24 0.9 
(2) 323.26 -2.34 25 3.2 
(3) 322.39 -3.21 23 6.2 
(4) 321.31 -4.29 25 11 
(5) 320.39 -5.21 26 16 
(6) 319.20 -6.40 22 24 
(7) 318.28 -7.32 12 31 
(8) 317.24 -8.36 7 42 
(9) 316.37 -9.23 5 51 
(10) 315.22 -10.38 o 65 

Table 2 
Taking account of the original intensity of 241 Am (0.5pCi) and the geo

metri<=al configuration of our irradiation apparatus, the initial intensity 
(10) of gamma rays is estimated to be 23 photons/min. Gamma-rays 
consist of six energy-lines E[keV] with relative intensity in % noted. 
/1[l/min]is the intensity of them remaining after traversal through a 
solenoid coil(Nb-Ti-Cu) for the superconducting magnet, a cylindrical 
container (epoxy resin) and a detection coil(Cu) therein. 12 [1/min] is 
the intensity after traversal through the tin specimen of diameter 30pm 
and 1 = li-12 represents expectation numbers of photons absorbed in 
the specimen. 

(1) (2) (3) (4) (5) (6) 


E[keV] 11.89 13.9 17.8 20.8 26.35 59.54 
% 0.78 13.2 18.1 4.87 2.47 35.3 
/1 [l/min] 2.7E-21 1.0E-10 2.2E-9 9.8E-7 3.0E-4 4.23 
12 [I/min] 5.3E-22 S.8E-II ' 1.3E-9 7.0E-7 

" 

2.5~4 3.6'9 
1 = 11-12 2.2E-2I 6.2E-11 0.9E-9 2.8E-7 0.5E-4 0.54 
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Fig.l 
The specimen-container made of epoxy resin (Emer.on and Cumming. 

Styca.t 1!66) is connected through a stainless-steel pipe with the bottom 
of the mixing chamber. A tin granule and a detection coil glued together 
with varrtishare completely iinmersed in Liq~He lritlie container on 
measurement. The coil is connected with amplifiers. The container is 
wound with a superconducting coil in four layers, on which three i-ray 
sources of 24:1 Am are attached (though only one is depicted) in equiangle 
with each other on a level with the specimen set inside. 

Fig.2 
A typical line shape that has a FWHM of70",80ns at 326G and 28mK. 

The amplitude is given in 20mV /div for ordinate after amplified and in 
50ns/div for abscissa. 

Fig.3 
Responses of a granule of diameter 30pm to 60ke V photons at ten 

points in field strength applied at 30mK. The counting rates are shown 
for flips in an hour. The smaJIest energy deposit LlE required for the 
granule to flip can be estimated by taking account of the specific heat 
in the superconducting state and a global-heating hypothesis. A curve 
of broken line stands for the superheating superconducting field H,,,,(T) 
in no irradiations. 

Fig.4a 
A curve tracing out the counting rates to ten points in energy. 

Fig.4b 
A curve representing the differential counting rate with respect to en

ergy deposit showing two peaks which should be due to excited electrons 
from the Lshell by primary gamma-rays of 60ke V and due to ones from 
the K shell of tin. 

Takeo Ebisu: Department of Physics, Kobe University, Kobe 667, Japan 
Tadalhi Watanabe: Department of Information SYltems, Tokyo University of Infor
mation Sciences, Chiba 265, Japan 
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