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POSITRON ANNIHILATION IN A HIGH-TEMPERATURE
SUPERCONDUCTOR YBa,CugO;, . 5

J Wawryszczuk, T.Goworek! R A.I.Ivanovz, M.Lewandowski,
P.Mazurek! , V.N.Rybakov, I.F.Uchevatkin®, I.A.Yutlandov

Positron annihilation as a function of temperature in high-tempera-
ture superconductors YBayCugO, 5 has been investigated. It is shown
that a change in the annihilation character at the transition into super-
conducting state is relatively small. The change of 7y and Ty positron
lifetimes as well as of the intensity of the component with rg — Jg and
Doppler broadening S parameter allows one to assume that transition
into superconducting state is accompanied with a certain decrease in
electron density and with decreasing number of defects or increasing
their size. :

The investigation has been performed at the Laboratory of Nuclear
Problems, JINR.

AHHMIWIALMA IO3UTPOHOB
B BbICOKOTEMIIEpaTy pHOM CBepxnpoBonHuke Y Ba eCug0,. 5

A.BaBpbunyk u ap.

H3yueHa aHMHIMNAIMA NOIUTPOHOB B obpa3uax BeIcOKOTeMIepa-
TYPHOH CBEpPXNpOBOOAILEH KepPaMHKH YBa.ECusO,_a. INoka3ano,
910 M3IMEHCHHe XapaKTepa aHHHTWIAUMHM IDH Nepexole B CBEPXIIpo-
BOAfALLEe COCTOAHHE OTHOCHTENbHO HeBENHKO. HM3ameHnewus Bpemen
HHUIHM NOIUTPOHOB 7y H fg, a TaK)Ke HHTEHCHBHOCTH KOMIIOHEHTHI
&b mommuiepoBCcKOTO YUBIpeHHA AHHMTHNAIHONHOI y-mHHHH  (ma-
PameTpa 8) nNoO3IBONMOT mpemmonararb, 4TO nepexon B CBepXIpo-
BOJAluEE COCTOAHHE COIPOBOXKOAECTCH HEKOTOPHIM yMEHBILEHHEM
NMEKTPOHHOH IUIOTHOCTH M yMeEHBLICHHEM GHCIIA WIH YBEIMUeHHEM
Pa3MepoB NIeheKTOB K HCTAUTHRE CICOl PeLIeTKH.

-Pabota BmimonHena B JlaGopatopun sapepusix npoGnem OUSAH.

Nowadays superconductors like La-Ba-Cu-O’!’/ have bee;l_ inten-
sely studied by all available methods, including the positron annihi-
lation method which is especially sensitive to the structure of a sub-
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stance. Usually, the parameters describing the annihilation process (po-
gitron lifetime, electron momentum distribution width’®/ ) significantly
change in the phase transition point. Despite the disappointing results
obtained with common metal superconductors in the 50-s /3-8/ R
it seems reasonable to follow the behaviour of the annihilation para-
meters in the transition region (T, ) of high-temperature superconduc-
tors. In the first paper/ 8/ dealing with this problem the Doppler broa-
dening of the 511 keV annihilation ¥-line was measured for La-Sr-Cu-O
and Y-Ba-Cu-O systems. In further experiments /7.8/ positron life-
‘times were also measured for Y-Ba-Cu-O system. Ambiguity and some-
times discrepancy of the results obtained make it necessary to conti-
nue the investigations.

This paper presents the results of positron lifetime measurements
for YBagCugO, 5 and Doppler broadening measurements for the
annihilation y-ine in the temperature interval 80-130 K.

Experimental Technique

Positron lifetimes were measured by means of a yy-coincidence
time spectrometer with two BaFy crystalls 38x25 mm in size. The ener-
gy resolution of both scintillators with photomultiplyers XP2020Q
was 7% for the — Co 1333 keV line. To eliminate distortions of the
time spectrum shape at large loads in the coincidence selection circu-
its, blocks were used to reject overlapping pulses. Under the experi-
mental conditions (for 1274 and 511 keV y-quanta) the time resolu-
tion of the spectrometer was 2r, = 220 ps, The shape of the instan-
taneous coincidence curve for & Co corresponded to one Gaussian
distribution up to 0.001-th of its full maximum. The time scale was
graduated to 22.0(1) ps/channel.

The Doppler broadening of the 511 keV annihilation y-line (S-
parameter) was measured by an X-ray Ge(Li)-detector of volume 1 sm®
and energy resolution 1.02 keV for the 108py 512 keV line. The ener-
gy value of the channel was 0.080 keV. Instability of the 511 keV
line position during measurements did not exceed one channel.

For measurements at different temperatures the YBa ,CugaO, 5
samples were placed in a cylinder-shaped liquid-nitrogen-cooled va-
cuum cryostat (p = 10~3 Torr), diameter 18 mm. Temperature was
changed by heating the intermediate hollow copper cylinder by current
flowing through a double-wound winding around this cylinder. Inside
it there was a small copper cylinder with the sample tightly inserted
in a slot. The temperature of the sample was measured in relation to
liquid nitrogen temperature by means of a copper-constantan thermo-
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couple. The voltage from the thermocouple was also used for tempe-
rature stabilisation (winding current correction). The stabilisation
system we had developed allowed a constant temperature of the sample
to an accuracy better than 0.3 K in the interval 79-200 K.

The positron source of activity ~ 30 uK was prepared by evapo-
rating the aqueous solution of ®*2NaCl on nikel foil 1.2 pm thick coa-
ted with a gold layer 50 A thick. The source area was ~ 8 mm?2,

The time spectra were processed by the programme
POSITRONFIT’? in a microcomputer of the type IBM XT which
is part of the measurement apparatus. Correction for positron anni-
hilation in the nickel foil (~ 8%) was not taken into account. The
time resolution of spectrometer 2 r, Wwas also regarded as a fitting
parameter. The values of 2r, obtained in the fitting were within
222.225 ps. There were > 1.2 -10® coincidences registered for each
time spectrum,

To follow the annihilation y-line shape varying with the sample
temperature, the S parameter was calculated, which is the ratio of
the number of counts in 14 channels of the central part of the 511 keV
peak to the sum of counts in two windows (18 channels each) on the
peak’s left and right slopes.

YBayCugzO, 5 Samples

The samples to be investigated were prepared by sintering Y, 0,4,
BaOg, CuO in the Laboratory of Nuclear Problems, JINR (sample 1)
and by sintering Y2 Og BaCOs, CuO in the Institute of Physics of the
Curie-Sklodowska Lublin University (samples 2, 3). The sintering tem-
perature was 950°C, the superconducting transition temperatures
T, were 96, 86, 95 K, respectively. The behaviour of the function
R(T) allowed an assumption that all three samples were not single-
phase ones.

Results of Measurements and Discussion

The components with o= 180 ps, o = 350 ps and 9=
= 1.9 ns can be singled out in the positron lifetime spectra of the samp-
les under investigation. The intensity of the longestlived component
73 did not exceed 0.56% and J, varied from a sample to a sample
within the range of 8%-17 %. The attempts to single out only two com-
ponents lead to a significantly worse reduced xg( ~ 1.3 at two compo-
nents instead of ~1.1 at three components) and to r; = 190 ps,
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o =.480 ps. Since no variations of 73 were found in the temperatu-
re range investigated, the final analysis of all time spectra was perfor-
med at a fixed averaged value of this parameter.

Our measurements in the temperature range of 80-130 K and
at room temperature showed that the change in the positron annihila-
tion character in our samples at their transition to the superconduc-
ting state is relatively small. The transition to the superconducting
state is seen to lead to larger ry, and ry, to asmall intensity of J, and
parameter S (Figure).

If one considers that the component with r; = 180 ps is rela-
ted to the free positron annihilation in the space between lattice points,
the small increase in r; observed at the supperconducting transition
of the sample may indicate a change in the electron structure which
leads to a lower electron density. The component with r, = 350 ps
typical of. annihilation of positrons captured by lattice defects should
be perhaps associated with oxygen vacancies. A decrease in intensity
of J, and parameter SatT< Te allows an assumption that the num-
ber of these defects reduces in the superconducting state. A larger
ro can be associated with the decreasing electron density or the increas-
ing size of the defects. The weak component with rg = 1.9 ns is
probable due to positronium production in the porous structure of
the metal-oxide ceramics.

It is state in Ref.”’’ that the lifetime 71 (139 £ 7 ps) does not
depend on tne sample temperature, the lifetime 75 (~210 ps) noti-
ceably decreases at the superconducting transition while J, (~30%)
increases. It is strange, however, that the parameter S in the supercon-
ducting state decreases as in our experiments. A possible reason for
discrepancy between our results and those of Ref.”” is a difference
in the composition of the samples investigated.

In the experiments 78/ only the Doppler broadening of the anni-
hilation line was studied. The results for the Y-Ba-Cu-O system do
not contradict our data.

An abnormal behaviour of r,, 7, and Jy aroung T, was obser-
ved in Ref."~ . The lifetimes r; and r, have a sharp maximum of
half-width ~1 K while J, has a deep minimum. However, the values
of r, and r, below and above T, agree with our results for the case
of resolving the time spectrum into 2 components. Besides, an unusu-
al increase in the 8ositron thermalisation time t (by ~130 ps) was
observed in Ref.’ at T o An anomaly like this was found neither
in our paper, nor in Ref./7/,

Having compared the above results one may say that: (a) the
superconducting transition of Y-Ba-Cu-O systems affects positron
annihilation character; (b) quite probably, annihilation process is
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Figure. Temperature dependence of the parameters r, 1y, Yy and S. Dashed lines
denote the mean parameter values in regions below and above T,.

very sensitive to the intemal structure details of the samples and to
their preparation technique. It is proved. by the opposite temperatu-
re dependence of 7; and Jj in this paper and Ref.’?/, and by their
different absolute values.

In conclusion the authors express their gratitude to Prof, K.Ya.Gro-
mov and Prof. Ts.Vylov for the constant and stimulating interest in the
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work, to ZSkorzynski, A.K.XKachalkin and AI.Akatov for technical
assistance in setting up an experiment.

The authors are also thankful to the leader of the programme
CPBP 01.09, Poland for assistance in carrying out this investigation.
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