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Abstract : For single phase (Bi,Pb)-2223 samples the Doppler 
broadened positron annihilation lineshape parameter S, giving 
the fraction of low momentum electrons in the superconductor, 
shows a new feature : a sharp dip, implying a sharp fall and a 
sharp rise, at and near the superconducting transition. Its 
implication to the mechanism of superconducting transition in 
oxides needs to be explored.
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1. In trod u ction

There k exists a limited number of studies [1,2], without 
detailed data near , on a possible change of the Doppler
broadened positron annihilation radiation lineshape (DBPARL) across 
the superconducting transition for conventional and high T£ oxide 
superconductors. The lineshape parameter S, defined as the ratio of 
the area under a selected number of central channels 
intensity vs. energy plot of DBPAR spectrum and the total area
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under the plot, g ives a m easure o f  the fraction  o f the "low" 

momentum electron s annihilated by the positrons. It w as expected  

that the variation o f  S across may show a sharp change, as

superconductivity involves pairing o f conduction electron s in 

momentum space. But experim ents on BCS or m etallic  superconductors 

showed no abrupt change o f  positron annihilation param eters across  

and in case  o f high ceram ic superconductors some groups {1,21 

find  abrupt changes. We f e l t  that due to  in su ffic ien t number of 

data points in th ese  ear lier  work, the nature o f the S vs. T curve 

near T is not clear. We th erefore  m easured the DBPARL on

superconducting oxides from  20K to  300K concentrating in the region  

near the superconducting cr itica l tem perature, The present

work records such data at sm aller intervals o f tem perature fo r  a

b etter  study o f the exact nature of S vs. T variation.

2. Experimental Outline
The sam ple w as prepared from  a m ixture o f w eighted amounts of 

Bi, Pb, ’ and Cu oxides and Sr and Ca carbonates. A fter repeated

grinding, p elletiz in g  and fir in g  [3], X -ray d iffra ctio n  showed 

(B i,Pb)-2223 lines only (Fig. 1). T , w as detected  from  electrica l
C

re s is tiv ity  and m agnetic a .c . suscep tib ility , acs, m easurem ents.

A 40  cc HPGe detector having a resolution (FWHM) o f 1.12 keV 

for  the 475 keV y -ra y  from  a 102Rh source w as used. A 22NaCl

p ositron-source o f  strength  about 1 pCi, deposited on an ultrathin
2

(2 m g/cm  ) nickel fo il, and covered by an identical nickel fo il was

sandwiched betw een tw o identical p e lle ts  o f  the sam ples. This [3-51 

w as mounted inside a cryogenerator having a Leybold LTC 60 

tem perature controller.

3. Observations
4-probe e lec tr ica l m easurem ents 15] showed Te(R=0) to  be 104K. 

Fig. 2 show s the the real part o f  acs (a .c . f ie ld  = 5 Oe) in

c

3.06 10+6
or (Bi,Pb)-2223
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arbitrary units.

Fig. 3  show s the S-param eter vs. tem perature data in the  

region o f  the superconducting transition. We had observed shallow  

dips [5] at higher tem peratures. But these are not shown here as 

they are o f  d ifferen t nature and not related to superconductivity. 

However, data  over the whole range up to 300K, om itting the points 

at such shallow  dips, have been considered to draw the mean 

stra igh t line graph o f S vs. T variation above T . This slope is 

lower than th at for  S vs. T variation below T . If these tw o graphs 

are ex trap o la ted  to  104K, an abrupt change o f S at T can be
C

readily concluded as has been done in  all earlier experim ents (2). 

But w e fu rth er  observe a complex behaviour [4,5] o f S across T
C

the sharp dips in S-param eter at 99K and 104K indicate sharp 

changes in e lectron  momentum distribution.

4. Summary and Discussion
A ste p -lik e  change across T in S-param eter vs. temperature

C
variation, as has been reported recently {1,21, is confirmed in the 

present work. In addition, we experim entally -  discover that the 

region around T , o f  S vs. T, is more complex, as shown in Fig. 3, 

than such a sim ple step . It consists of a pair of sharp dips at 

about 99K and 104K w ith  an effec tiv ely  step-like reduction of S for  

still low er tem peratures. Each dip in S-parameter involves

sign ifican tly  larger change o f  S than that is involved in the 

already estab lish ed  e ffe c tiv e ly  "step-like" reduction at T .̂ Each 

dip is  a lso  deeper than the tota l fa ll o f S due to lattice  

contraction  over the tem perature range of either to 20K or 300K  

to T . So vthe change o f S at each of the dips is much more than 

what have been studied by earlier authors, in the two

above-m entioned cases. The dips have not been found earlier [1,21 

due to  th e ir  narrow ness w ith respect to temperature and

in su ffic ien t number o f  data points. Finally let us note that such
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Fig. 1 X -ray d iffr a c tio n  lines  
fo r  th e  (B i,P b )-2223  sam ple  
using CuK radiation .

Fig. 2 Real part o f  su scep tib ­
ility  a s  a  fu n ction  o f  sam ple 
tem peratu re fo r  (B i,P b)-2223  
oxide.

Fig. 3  V ariation o f  S -param eter w ith  tem perature in the  
range 5 0  to  125K, show ing a lso  the room tem perature  
d ata  point. Linear in crease o f  S w ith  tem perature is  
show n by d otted  lin es  sep a ra te ly  fo r  reg ion s below  and 
above th e  superconducting tran sition  region . The so lid  
line in th e  superconducting tran sition  region  is  a  
guide to  th e  eye.



d ip  in d i c a t e s  a  s h a r p  d e c r e a s e  in  th e  f r a c t i o n  o f  low  m em en tum  

e le c t r o n s  a n n ih i l a t in g  w ith  th e  p o s i t ro n s .  T h is  h a s  im p lic a tio n s  to  

b o th  p o s i t r o n  a n n ih i la t io n  p ro c e s s e s  in  th e  s a m p le s  a n d  th e  

m e c h a n is m  o f  s u p e r c o n d u c t iv i ty .  I t  is  a n t ic ip a te d  t h a t  su ch

p h e n o m e n o n  c a n n o t  b e  l im ite d  on ly  to  th e  p re s e n t ly  s tu d ie d  

(B i ,P b ) -2 2 2 3  o x id e  h ig h  T  s u p e r c o n d u c to r  (HTSC). We h av e  p lan n ed
C

s im i l a r  m e a s u r e m e n ts  on  o th e r  o x id e  HTSC sa m p le s , to  u n d e rs ta n d  

th e s e  a s p e c t s  in  d e t a i l s .
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