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ABSTRACT 

The prope r t ies o f  s ingle supe rconduc t ing t in granules with a d i ameter 
between 20 and I 1 2  µm were studied be tween 3 . 26 and 1 . 4 Kelvin in a magne­
t ic field . The granules were rotated around an axis perpend icular to the 
magnet ic field axis and the superheat ing and supercoo l ing fields were deter­
mined . We observed that each granu le exhibits  its own character i s t ic super­
heat ing and supercool ing field wh ich s t rongly depends on the rotat ional 
angle . For granules with e f fe c t ive supe rhea t ing fields just  above the c r i­
t ical  thermodynamical field a phase t rans i t ion was observed which t ook 
place over only a part of the granu l e  ( i ntermed iate state ) . S ingle t in 
granules  were a l so irrad iated w i th a-part i c l e s  of 5 . 5  MeV energy . Phase 
t rans it ions were c learly observed . The r e su l t s  are consistent with local 
hea t ing.  
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I .  Int roduc t i on 
Superheated superconduct ing granules ( SSG) have been sugge sted as 

poss ible detectors for solar neutr inos and dark mat ter part icles [ 1 , 2 ] .  

The method uses the neutral current process o f  neutr ino-nuc leus e la s t ic 

scattering ( a lso for dark matter part icles , i f  weakly interact ing) . The 
ma in advantages are : 

a) The coherent scattering c ross sect ion is 3 orders of magn itude greater 
than the cross sect ions of other processes l ike , for example , inverse 
beta-decay . Thus a SSG detector w i th a we ight of a few kilograms would  
measure the  same event rate as a mul t i t on detector based on  other pro­
cesses . 

b) The SSG detector responds t o  a l l  kinds of neut r iaos equa l ly . 

The p r incipal d i fficulty with this  method is , of course , the detect ion 
o f  a very low nuclear rec o i l  energy EA . I t s  average value is  given by 
EA = 2 E.,//3A [ keV] ( w i th the neutr ino energy, EV , measured in MeV) and 
comes out to be 0 . 9  eV ( assuming Sn grains ) for solar neutr inos with 
E = 0 . 4  MeV . \) 

In a uni form heat ing model mos t  o f  this  energy w i l l  be t rans formed 
into heat , leading to a temperature change fiT of the gra in . This temper­
ature j ump can f l i p  a grain from the superconduct ing to the normal state . 
Th is  i s  i l lustrated in F i g .  I for a t in ( Sn )  gra in '"'h ich has a super­
heat ing t rans it ion field  H

SH and a supercool ing f i e ld Hsc ·  For a grain 
w i th a radius r, a dens ity  p and a s pec i fic heat c, the temperature change 
is fiT = 3EA/4ncpr 3 . To measure 0 . 4 MeV solar neutr iaos , for example , a SSG 
detector would have to be made of t iny Sn grains w i th a d i ameter of 1 . 7 µm 
which are cooled down to T = 50 mK ,  i f  the min imum energy threshold would  
be  s e t  to 0 .9  e V ,  corresponding t o  fiT  = 1 0  mK .  The gra in f l i p  can  be  
detected with a p ick-up coil  which measures the flux change due t o  the d i s­
appearance of the Me is sner e ffect ( F ig .  2 ) . The expected event rates per 
year per kilogram SSG are 30 for solar neutr inos and 6 .  1 04 for weakly 
interact ing dark mat ter par t ic les  with a mass o f  1-2 GeV . Dark mat ter 
cand idates with spin dependent interact ions ( e . g .  phot inos ) can a l so be 
detected with SSG , provided the grain material has a large nuc lear spin . 

Backgrounds due to natural rad ioac t ivity  of the detector-material  and 
cosmic rays are a maj o r  problem to be solved , but t h i s  w i l l  not be di s­
cussed here . 



245 

The SSG techn ique i s  s t i l l  under feas i b i l ity st udy . Seve r a l  groups [ 3 ]  
have reported results  a t  th i s  mee t i ng . We present measurements wh ich we 
per formed with s ingle Sn grains of d iameter 20- 1 1 2 µm. In sect ion 2 we 
report on granule prope r t ie s  when rotated around an axis perpend icu lar to 
the external magnet ic f i e ld . In sect ion 3 we show results obta ined when 
irradiat ing s ingle gra ins with a-part ic les . Sect ion 4 g ives the conc lu­
s ions .  

2 .  Propert ies of individual Sn grains in an external magnet ic f i e ld 

Th is invest igat ion was mot ivated by the observat i on [ 3 ,4 ]  that groups 
of Sn or Cd grains exh ib i ted a washed-out phase t rans i t ion 6HSH/HSH 
nHSC/HSC - 20-30% [ F i g .  3 ] . In order to s tudy pos s ible sur face or crysta­
l ine s t ructure e ffec t s ,  we rotated individual grains around an axis per­
pend icular t o  the external magne t ic f ie l d . By cyc l ing the magnet ic field  

at fixed temperature we measured HSH and RSC as a funct ion o f  the rotat ion 
angle ( F i g .  4 ) .  The exper iment was per formed in a t emperature range o f  
1 . 4 K < T < 3 . 26 K .  The resu l t s  for one S n  grain with a d iameter o f  5 6  µm 
are shown in Fig .  5 for var ious temperature s .  We found a s imilar behaviour 
with grains of 20 µm and I 1 2  µm d iameter ( see also  re f .  5 ) . The measured 
var iations 6HSH/HSH and 6HSC/HSC of individual grains when rotated in an 
externa l field came out to be as large as 30% , thus explaining the magn i­
tude of the phase trans i t ion smear ing observed for a group of grains . 

For granules with e ffect ive HSH ( in F i g .  I shown as HSH ) very c lose 
t o  the c r i t ical thermodynamical field  He , we measured grain f l i p  s ignal s  
which were very much smal ler than expected for a phase t rans i t ion o f  an 
ent ire gra in . Th is  observa t i on is  cons i s t ent  with what one would expect  
i f  the granule were subdivided into superconduc t ing and normal zones 
( intermediate state ) .  In  s ome cases the superconduc t ivity  of the grai n  i s  
only part ially  broken , up t o  t h e  point where Re f f  < He (with Re f f  be ing 
the e ffect ive field at the equator of the grain where the field l ines are 
compresse d ,  F i g .  2 ) . 

3 .  I rrad iat ion o f  ind ividual S n  grains w i th a-part ic les 

We have chosen an a-source ( Am24 1 s ource w i th Ea - 5 . 5  MeV ) for the 
irrad iat ion exper iment s ince a-part ic les , in central c o l l i s i ons , lose a l l  
the ir energy i n  the grain . The ir pene trat ion length in  S n  is 1 4  µm . The 
a-source , w i th an ac t ivity  of 6 . 35 µC i ,  was mounted at a d i s tance of about 
200 µm from the gra in ins ide the p ick-up co i l .  In order to react ivate the 
gra in a fter it fl ipped into the normal s t ate , the externa l magne t i c  f i e ld 
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was cyc led as shown in F i g .  4 .  The hel ium bath was kept at T = 1 . 4 K .  Due 
to the energy re lease of the a-part icle in the gra in , the magne t ic field at 

which the f l ip o f  the grain occurs i s  fiHa below HSH at T = 1 . 4 K ( F i g .  I ) .  
In the case o f  g lobal heat ing , fiHa is proport iona; to the energy release 
o f  the a-part ic l e  and inver sely proport ional to r for sma l l  fiT . Fig. 6 
shows the measured d i s t r ibut ion o f  the magne t ic field  at wh ich the phase 
trans it ion occured for a Sn grain with 56 µm • .  As shown schema t ic a l l y  in 
Fig . 6, the mea surement was per formed at various irradiat ion angles ( 0° , 
4 5° and 8D0 ) .  For monoenerget ic a ' s  a sharp peak at HS8-6Ha would be expec­
ted . However ,  because of the finite  energy loss  of a ' s  in the hel ium bath 
and non-cent ral  col l i s ions with the grain , this  d i s t r ibut ion is broadened . 
The change o f  the center o f  gravity  o f  the d is t r ibut ion at 80° indicates 
that the grain is more sens it ive if a-part ic les hit at the equator o f  the 
gra in , where He f f  is l arge s t , than at  the pole . The s ame e f fect  we observed 
with a 1 00 µm $ grain.  Furthermore , the maximal fiHa came out to be 4 1 ( 4 1 )0e 
at  o0 , 33( 2 5 ) 0e at  4 5° and 24 ( 25 )  Oe at  80° rotat ion angle for 56 µm( 1 00 µm) 
$ Sn grain . For g lobal heat ing , one would expect fiH<t to be 5 . 7  t imes smaller  
for the  1 00 µm • grain  than for  the 56 µm • grain . lloth observat ions are 
con s i stent  with local heating,  where the supercondu c t ivity  of the grain 
starts  t o  be broken locally around a region where the a-par t ic le releases 
mos t  o f  its energy . In contrast t o  the nuc leus recoil  in coherent neut r ino 
scattering,  the energy loss o f  a ' s  is mos t l y  concentrated on the sur face 
of the grains and we l l  above the ionisat ion energy . Th i s  leads t o  a fast 
l ocal  break up of c ooper pairs , wh ich apparently  occurs be fore the grain 
i s  globaly heated by phonons . 

3 .  Conc lus ions 
In a fea s ib i l ity  s t udy of a SSG detector for low energy neutr inos and 

dark matter , we performed measurement s with individual Sn gra ins o f  
20- 1 1 2 µm i n  d iameter . It  was shown that the smearing o f  the supercool ing 
and superheat ing t rans it ion f ie lds , prev ious ly observed with a group o f  
gra in s , i s  l arge ly  due t o  the d i f ferent behaviour o f  individual grains . 
When irradiat ing Sn gra ins with a-par t ic les , local heat ing o f  the grains 
seems to be the dominant proces s .  
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