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PREI'ACE

This opical issue of Rapid Communications is devoted to the theo-
retical anc. experimental works in the field of high temperature super-
conductivity, which are being carried out at the Joint Institute for
Nuclear Rzsearch. The main results obtained in the period of the 1987
year have been published in different scientific journals. Dr. V.L.Akse-
nov, Deputy Director of the Laboratory of Neutron Physics of JINR,
refers to them in his paper. The results of the theoretical and experi-
mental research obtained during the current year are reported in other
papers included in the Communications.

The trend of this investigation is mainly defined by experimental
facility the JINR has in performing condensed matter research by nuc-
lear physics methods. The application of these methods may greatly
promote tie study to a better understanding of the mechanisms of su-
perconduc:ivity. The theoretical models elaborated and the methods
being successfully developed on the basis laid as early as thirty years
ago at the JINR open wide possibilities.

The 'Workshops on high temperature superconductivity held at
Dubna in January and June, 1988 with the participation of socialist
countries Jlemonstrated high scientific potential of the Institutes of
the Membr-States of the JINR. The urgent task of today is to join
our efforts in this most important field of modern research. I think
that the JINR provides the physicists with a unique opportunity of

doing that.

N.N.Bogolubov
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THE INVESTIGATION OF HIGH TEMPERATURE
SUPERCONDUCTORS AT THE JOINT INSTITUTE
FOR NUCLEAR RESEARCH

V.L.Aksenov

This is a brief review of the performed at the JINR investigations
in the field of high-temperature superconductivity physics and expe-
rimental methods exploited.

Tae investigation has been performed at the Laboratory of Neutron
Physics, JINR.

HccnenoBaHna BbICO KOTeMNEPATYPHBIX CBEPXNPOBOIHUKOB
B O'3beIUHEHHOM HMHCTUTYTE ANEPHBIX HCCIIelOBaHUH

B.JI.AxceHoB

Jan kparkuii 0630op nposooumeix B OHUSAU uccrnemopanmit B 06-
JIaCTH BBICOKOTEMIEPATyPHOH CBEPXNPOBOAMMOCTH H HCHOJb3ye-
Mb1X IKCIIEPHMEHTAIbHbIX METOIHK .

Pi6ora BeimonHeHa B JlaGoparopHu HedTpoHHOH ¢uznku OHAH.

The JINR program on high temperature superconductors (HTSC)
in which all the Laboratories take part outlines five directions of inves-
tigation: the theory of mechanisms of superconductivity, the structure
and dynemics of the lattice of HTSC, magnetic properties, the influence
of irradizition on the HTSC properties, the development of SQUIDs and
magnetometers on their base.

Theoretical studies are under way in the direction of the consequ-
ent constideration of strong electronic correlations:’!' 2/ and strong
anharmonic quasilocal lattice vibrations'/3 -6/ by the method sug-
gested by N.N.Bogolubov in 1949 for the study of the polar model of
metal (the Shubin-Wonsowsky model) and using the model descrip-
tion of the structural instability effect on superconducting pairing
developed at Dubna at the end of the 70”s — beginning 80 s. Besides,
the thernodynamic and dynamic properties of the superconducting
glassy stute characteristic for new superconductors are studied’?/. The
first four papers of the Rapid Communications report on the result.

The experimental part of the program is determined essentially
by the experimental apparatuses and nuclear physics methods deve-
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loped at the JINR for the condensed matter research. First >f all, this
is particularly true for the neutron scattering method. 'The ex periments
which exploit such method are carried out at the Laborator of WNeut-
ron Physics at the pulsed reactor IBR-2.

The IBR-2 reactor is one of the most advanced high flux reactors
in the world. Its peak flux of thermal neutrons at the moderator surface
is 1016 n em™2 s™!. At present there are no other neutron sources of
such kind for scientific research in the USSR. In the nearest clecade the
reactor units and systems will be improved in order to increas: the reac-
tor mean power by 1.5 times, and reduce the reactor pulse in half, and
obtain the thermal neutron flux of more than 1016 necm™2 s~1.

The HTSC investigations at the IBR-2 started in Octoler, 1987,
At that time the scientists got the possibility of using the reactor to con-
duct experiments after the planned replacement of the mov ng reflec-
tor. The first experiments were performed with lanthanum ceramics
synthesized at the Baikov Institute of Metallurgy of the USSR Academy
of Sciences. The inelastic incoherent neutron scattering spectra were
measured at the KDSOG-M spectrometer on undopped and dopped
by Sr (20 p.c.) lanthanum cuprate at temperatures of 10, 77 aad 290 K.
A new peak of the magnetic nature at about 6 meV was obsersed 8’ at
temperature below 290 K. Further experiments on samples with a
strontium concentration of 10 and 30 p.c. confirm these results. The in-
tensity of this peak increases with decreasing temperature and decreases
‘with increasing strontium concentration. After the experiments have
been accomplished the chemical composition was checked by neutron
activation analysis, showing the amount of impurities (besides of Sr)
below 0.5 p.c. Thus, the observed magnetic scattering seems to be in-
trinsic, possibly, due to short-order antiferromagnetic clusters.

The measurements on yttrium ceramics with differen;; oxygen
contents at temperatures between 10 and 290 K showed the appea-
rance of additional magnetic scattering in the energy range from 15
to 40 meV of as yet unclear origin. These experiments were perfor-
med in collaboration with the Solid State Physics Institute of the USSR
Academy of Sciences, The results are under preparation ani will be
published elsewhere.

The main advantage of the spectrometer KDSOG-M, i.e. the possi-
bility of investigating the excitation spectrum at low temperatures and
low transfer energies, was used in these experiments. Besides, the ori-
ginal property of the spectrometer is the fact that the spectrometer
allows the simultaneous measurements of inelastic and quasielastic
scattering. At present the mean thermal neutron flux on a sample, moun-
ted in the spectrometer KDSOG-M is about 107 n cm™ %" lat a t me reso-



lution reaching 1 p.c. A higher resolution spectrometer, NERA-PR,
the construction of which is nearly accomplished, will improve signi-
ficantly the possibilities of measurements.

Int>resting results were obtained at studying of the structure of
the yttrium ceramics manufactured at the Moscow State University
under cianging oxygen content. Besides obtaining more detailed data
on the structural phase transition, the existence of antiferromagnetic
ordering at the oxygen content x<6.2 was confirmed in these experi-
ments. "These results are presented in this issue of Rapid Communica-
tions. Other results of yttrium ceramics with iron substitution of cop-
per and on bismuth ceramics are under preparation for the publication
elsewheie. The measurements were performed with the diffractometer
DN-2,

The DN-2 diffractometer permits the effective use of the wide
spectrum of neutron wavelengths. This fact determines its advantages
over the diffractometers at the stationary reactors in investigations
requiriny; the detection of a great number of points of reciprocal space
at low :nd middle momentum transfers and the high flux of neutrons
at moderate resolution as well. The neutron flux on a sample is about
8x108 r cm™s 1;a wavelength range, from 1.2 to 25 A; and the in-
terplana: spacing, from 0.6 to 120 ;\, the resolution Ad/d reaches
1 p.c. The diffractometer DN-2 may be efficiently used for the inves-
tigation of long-period structures (’new’’ bismuth compounds belong
to this :lass also), superstructures, twins, domains and phase mixtures
as well. The mentioned diffractometer is in fact the only one in the
USSR, 'which can be used for the study of long-period structures in
monocry'stals.

At present the new diffractometer of high resolution (up to 0.05%) ,
"super-SFINKS”, is under construction at the IBR-2. This project is
realized together with the Leningrad Institute of Nuclear Physics of
the USSR Academy of Sciences (Gatchina) and the Reactor Laboratory
of the 'Technical Centre in Finland. This project is the development
of the > maxi-SFINKS” project for the high flux reactor "PIK”, which
is being constructed in Gatchina. It has undergone successful approba-
tion as “he ”mini-SFINKS” diffractometer which is today under opera-
tion in Catchina,

Besides the investigations mentioned above, test experiments
were performed at the MURN spectrometer by the small-angle scatte-
ring method, and at the SPN-1 spectrometer by using polarized neutrons.

The method of spin relaxation of muons being developed at the Labo-
ratory of Nuclear Problems for 15 years, gives unique possibilities for
the study of magnetic properties of new superconductors on the micro-
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scopic level. The time spectrum of positrons from the positiv: muons
decayed in matter is being measured during these experiments. Experi-
mental data give information on the volume of superconducting phase
in a sample, on the mean local magnetic field acting on a muon, on the
magnetic field penetration depth and on the magnetic field distribu-
ticn in vortices. Experiments carried out under various conditions, e.g.
on a zero magnetic field cooled sample and on a magnetic field cooled
sample with the following change of external parameters, present a mo-
re complete picture of new superconductors” behaviour in stidies of
a glassy state in particular.

The experiments on the study of the HTSC properties at -he pha-
sotron of the Laboratory of Nuclear Problems began last suinmer in
collaboration with the Kurchatov Institute of Atomic Energy Before
that time, first measurements were conducted at the synchrocyclotron
of the Leningrad Institute of Nuclear Physics (USSR AS) by a group
of scientiscs of the Institute, the Kurchatov Institute and the Labora-
tiry of Nuclear Problems (JINR). This group of scientists was one of
the first groups in the world applying the muon method to tte study
of the HTSC’9: 1/ The results on the depth of magnetic field senetra-
ting the sample and the existence of the superconductive glass phase
are the most important ones.

The experiments are being carried out at the MUSPIN installation
which has the muon beam intensity of 3x10° muon/p A with a mo-
mentum of 130 MeV/s and the beam polarization near to 8(/%. The
counting rate of decay events with a target of 40 mm in diamneter is
3x10% s°1, The installation at the Leningrad Institute of Nuclear Phy-
sics has parameters near to those mentioned above. The measw-ements
at the MUSPIN installation are being carried out at external fields
(longitudinal and transverse) up to 0.7 T in the temperatur: range
from 4.2 to 300 K. Further this interval is to be extended to “he low
temperature range.

This collection reports also on the work carried out at the Labo-
ratory of Nuciear Problems by use of positron annihilation.  Being the
source of important information on the Fermi surface, this mmethod
will be further developed.

The JINR has unique possibilities for conducting investigations
connected with the influence of accelerated particle irradiation on the
HTSC physical properties. The main installation of the High Energy
Physics Laboratory, the synchrophasotron with a proton energy of
9 GeV and the electrostatic generator of the Laboratory of Neutron
Physics with a proton energy of 4 MeV may be used for irradiation, be-
sides the mentioned phasotron for the proton acceleration to an energy
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of 680 MeV. The particle fluxes per cm2/ hour are from 10!5to 107
with a particle range in the medium from 10 to 10* ym. Some nuclei
with energies up to 4 GeV per nucleon and a fluence from 10° to 10
and a particle range above 104 um are being accelerated in the synchro-
phasotron as well. The accelerators of the Laboratory of Neutren Phy-
sics, the Labor:tory of Nuclear Reactions and of the Institute Scien-
tific Methodical Department (ISMD) produce the electrons with an
energy from 2 to 40 MeV and a fluence of 1013, a particle range being
from 10?2 to 10* pm. The cyclotrons of the Laboratory of Nuclear
Reactions used for the acceleration of ions with an atomic number
from 2 to 84, with an energy from 1 to 20 MeV per nucleon and a
fluence from 10!3 to 10'8, and a particle range in medium from 3 to
100 um have rether important potentialities, The first results of work
at the synchrophasotron and at the installation of ISMD are presented
in this collection. On the whole, it should be noted that this direction,
important for further practical applications of the HTSC, is still the
direction of unutilized potentialities.

A rather vell developed cryogenic base of the JINR permits the
conduction of ihermodynamic and electromagnetic investigations necessary
for the sample testing. Some results are presented here as well. Expe-
rience on coucucting precision measurements enabled the scientists
of the Laboratory of Neutron Physics to perform a very sensitive expe-
riment on the study of the effect of the isotopic copper substitution
on the temper:ture of the superconducting transition in yttrium ce-
ramics 11/, Recently, the SQUID from yttrium ceramics working at
liquid nitrogen temperature with sensitivity approximately equal to
that of ordinar; SQUIDs working at helium temperature, was manu-
factured at the Laboratory. The application of such SQUIDs is as yet
delayed for the .ack of conducting materials from HTSC.

In conclusion I would like to express hope that this compressed
review of the JINR facilities and of some’ recent results’! 14’together
with other papers entering the given Rapid Communications will give
its readers the idea of the JINR possibilities of investigation in the
field of high t:mperature superconductivity and will promote to fur-
ther scientific :ooperation between the JINR Member States in this
important branch of modern physics.

The authcr is very grateful to Academician N.N.Bogolubov and
Professor A.N.Sissakian for stimulating discussions and support.
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ANTIFERROMAGNETIC CORRELATIONS IN A POLAR
MODEL FOR OXIDE SUPERCONDUCTORS

N.M.Plakilda, V.Y.Yushankhaj

A >lanar tight-binding system of Cu(3d?) and 0(2p® ) electrons
is considered in the framework of a polar model for metals. A second-
quant zed Hamiltonian is derived as a series expansion in powers of
a sm:ll overlapping paranieter, ¢ S << 1, for d(x2 -y2) and P, -
p. -orbitals. A generalized two-sublattice Hubbard model is obtained
and t-eated perturbatively to the fourth order in e S. Various pertur-
bative contributions are considered as effective spin Hamiltonians.
Some comments on recent suggestions for the superconducting elect-
ron pairing due to antiferromagnetic Cu(3d) ~ O(2p) exchange are
given.

Th: investigation has been performed at the Laboratory of Theore-
tical Fhysics, JINR.

AnTY (heppOMArHUTHbIE KOPPEIALHH B NOJAPHOH MOLENH
OKCHIHbIX CBEPXIIPOBOJHHKOB

H.M.ITnakuna, B.10.10manxafi

B paMkax nonApHo#t Mojend Metanna H3ydaeTcs [OByMepHas
CHCTEVa C CWIBHOM CBA3bl mia nmekTpoHos Cu(3d9) m O(2p8).
BTOpIMHOKBaHTOBaHHbIA JMEKTPOHHBIA T'aMMJIbTOHHAH [PEJICTABIEH
B BHI € pfilla MO CTeNEHAM MaNOro napamerpa Nepekphitua, ¢S <<I,
ana d(xz- y2) M P P -op6utanei. INonydyena obobiueHHas ABY-
MEpH:lA MOJesTb Xaﬁﬁapna}: KOTOpas HCCIIENYeTCs B paMKax ofepaTop-
HOM )opMb! TEOPHUH BO3MYIUEHHA C TOYHOCTbIO [0 YETBEPTOTO MOPAL-
K2 ne €S, YCTaHOBNEHO COOTBETCTBHE MEXIY PasiHYHbIMH BKJ1alla-
MH T€¢OpHH BO3MYLIEHHH H CNIMHOBBIMH raMHnbToHHaHaMHu. O6cyxna-
0TCA fpennoXeHHble HENaBHO MEXaHH3IMbl CBEPXNMPOBOMALIETO Cha-
pHBal A I7IEKTPOHOB 3a cyeT aHTHdeppoMaruuTHoro Cu(3d) — O(2p)
obMme1a.

Paijota BbimosHeHa B JlaBopatopuu Teopernyeckoii dpusnku OUAN.

The existence of well-separated CuO, layers is a common and
prominen: structure peculiarity of new high-T, superconductors. Now
there is no> doubt that it is just these layers that are the source of super-
conducting behaviour. We believe that the key electronic and magnetic -
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properties of oxide superconductors can be understood in terms of
a two-dimensional tight-binding model which includes only copper
d-orbitals of (x?-y2?) type overlapping oxygen P, P y-ort‘itals on
a square network of Cu — O bonds. The objective of this pajper is to
derive an effective electron Hamiltonian for that planar system and to
make its preliminary analysis. To carry it out, we follow the approach
suggested by Bogolubov long ago’!:2/ in developing the ro-called
polar model of metals/3/ . This approach allows us, first, to r:present
the second-quantized Hamiltonian as an expansion in powers of a small
overlapping parameter, ¢S << 1, of the Cu — O bond and, second,
to employ a perturbation scheme in the operator form taking into
account a strong degeneracy of the electron system examinad. The
general expressions derived will serve as a starting point for further
studies of electronic and magnetic properties of layered supercor ducting
compounds.

Con51der a planar system with Cu ions at the square lattice pomts
= na +mb and with two O ijons per unit cell at the positicns g =
fv7, (7= a/2 b/2 ). Let H be the one-particle electron Hamilto-
nian of the system. Then startmg from the ionic Cu?* (d9) ;tate at
an f-s1te and solving the Schrddinger equation X, |\I‘(”\) r)> =

A )lll‘( V() > for d-electrons one finds that )\ (2% .. 9% is

the d-orbltal with the highest atomic energy & (x%-y2)_g 4 @1d thus
half-fulled (seel e.g.”?). Further one adopts the fact that tte wave
function ¥p(r) of the A=(22-y®type is overlapped t.hrough the
(pdo)-bond w1th four nearest oxygen orbitals: two of them ‘b - (")

are of the P, -type and two @iyz )b/ (f) are of the P, -type %‘hese

=~y

orbitals are of equal energy < ®$3){X, 16%) 5. E and each of
Cu — O bonds are characteriZed by thé same overlap integral
<Y r )l‘Lﬁ (F)>=e8=¢8*% <«< 1, A chemical bond conside-
red i8 largely ionic and 1t.s covalency degree is measured by the matrix
element <‘l‘*(r) l }(Ol Q* ,(r))::SV-eS(Ed +E Y/ 2. Al other
atomic orbxtals are assumed to exhibit much smaller overlaps fcr sym-
metry reasons and disregarded.
To obtain the second-quantized Hamiltonian of the system, we
follow/ L/ and construct the set of orthogonalized atomic functions
»(r) 0(.")(:) mstead of the just introduced nonorthogonali-
zed orbltals llfﬁ(r) , @t * (r ) . They can be written to the second
orderin (¢S) as

(f)=(1+ g 232)\1:*(:)--«3 3 o482 (1) 4 1)

‘f

15




3 Ttee?
tr
=(a) - ga) > 1 .
¢?+?(l)=®r+;'(l‘) —é-eS(‘l‘ (l‘)+‘l’r+2f (l‘)]+ )
+ 3882y [‘¢(ﬁi (r) (fi)** (t)1,
8 tr” t+r” t+27+¢

and postess the property <"f‘-'(F) ] 5—(»a2. (f)>= 0. Now let us intro-

duce the set of Ferm1-operators a't' ( az ) each of wh1ch creates
(destroy:s) an electron w1th a spin o 1n as te | P -’(r )> if j -f and
in |(I>(§) (r y> -if j._ . Then the one-particle part of the electron
Hamiltonian to the second order in ¢S can be represented in the form

+

}(O=Ed»z n, +Ep }, n, +‘ttg 3, (a,a, +h.c.)+
ta L@ g,0 B9 <f,g»g [0 &0
(2)
2 + +
+£t“ ‘E a?aa?’0+ctgg*§' a.E aag'a'
< t'>0 ' <g8.8 >,0 ! !

where < f jﬂ> refers to neighbouring sites, and the hopping integrals
can be oxpressed in terms of the above defined quantities as etg =
_csrv (Eq+Ep) /2] s 2ty €S2 3/4E; +1/4E ~V] ,
& tg =¢28% [3/4}3}p +1/4Eq ~-V] . Proceeding to Ehe interaction
Hamlltoman one should consider the dependence of Coulomb matrix
element;

> = > > * > g Ind
VAT - 1% 1% B G D) € /n (B b, (1)

on mutial electron site positions i’ , ; R i’ , ; = ? E . The main contri-
butions up to the second order in ¢S are due to

> 5 *
V({j/ijy~001),
VA7) ~V(1j/1°]) ~€8, it (j,i’)=n.n. o (i,i’)=n.n.,

> 3

VA1) V@717 ]y ~e282, it (§,i7) =n,n.0. of(i,1’) =n.n.n.,
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VET/17§7) €282, if (i,i’) =n.n. and (i,i’) =m.n..

Here n.n. and n.n.n, mean the nearest-neighbour and the next-to-nearest-
neighbour sites. As a result, the interaction Hamiltonian can be written as

0y @) (2)
Hlnt Hmt Hlnt Hlnt !
() i >
ol == = V(@{j/ij)n, (n, =8,,8 ),
nt 2., io jo’ ij oo’
oo’
HO ~ s vAiO M, -8,.8 a8,
. <1-..j_’>=n.n o’ it oo’ o jo
>
{.0,0°
) > .
52}{“: ) V@(it/if)n, a%t a, +
' <r1,r>=n.n.n. 4 to  jo
li0,0° (3)
+—1__ z V(ij—’/ j—”j_”) a'+—) a+—), a r_ 7 a > .
2 <i_'._i.'>=n.n ioc jo jo i'o
<.r.?>=n-ﬂ

g,
The Hamiltogian (2), (3) has a very complicated form to be treated.
Further in this paper we restrlct ourselves to the most strong on-site
Coulomb repulsion V(i i/ 1i) Vap - In this case the Hamiltonian
reduces to a generalized two-sublatglce Hubbard model with lloppmg
terms being considered as a perturbation K- H=H_ +¢H, +¢ 24, ,
where

Hy=E; 2 n, +E X n_,+-1-VdE n,n, +

F,a fo g.a go f.a fo ft-o
+=V. X on,n, , Ho=t, I (a*, a _ +h.c.), 4
P 2o €0 E-0 <, g>,0 fo 8o
Hy =ty 3 at, as, +lg b3 at, a_,
o , o o
<€, f>.q g <.’ >0 B8 B

We choose the parameters of the model to be such that, first, an initial
undoped state belongs to a manifold L of state vectors | 5 ({N ) >(undop.)
with single occupied f-sites and double occupied g-s1b=s i.e.
I ¢0({N1 J) > (undop.) _ ;¢0({Nr =1, Ng =2D> and, second, doping
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creates holes at g-sites rather than at f-sites, i.e. | ¢, (IN, 1) >(dop.)
=l (IN, =1, Ng-z 1 }>. This is true when (E, +V y-Ea=&>0
and (Ld+Vd) -(E, +V )= Vd-§>>0 To be more defrmte we as-
sume also that et , ¢ t" , € t ¢ <<Va , &6,V 5,and do not
constrain a value o . A similar model was proposed by Emery /5%/
and investigated by severa.l authors /8+7/

Ncw we are interested in the ground state and low-lying excited
states v'hich clearly belong to the above-defined manifold L of single
occupie 1 fsite states. Let us introduce the operator P projecting an
arbitrar; state vector | ¢> of the system onto L, i.e. P| ¢>=| ¢0 >
Note that HyP|¢>=E,P|¢> and thus the energy level E, is
strongly degenerated. In its turn the projection operator (1 - P) gives
highly excited, polar, states of the system separated from the Ej -le-
vel by energies V,,V, -& and &. To remove the degeneracy men-
tioned, we find an effectlve Hamiltonian PHP which operates in the
L subspace, instead of initial H (from (4)). The operator form of pertur-
bation :heory developed in/! =2 permits us to obtain the following
expansion

PHP -FH, P+ S «"PH,P. ()

n=1

The prcblem will be treated to the fourth order in ¢ . Let us introduce
the operator R= (H -E ) x(l P) which involves the excited polar
states to the theory as v1rtua.l ones and write the necessary expressions

(1) PiigP-P(E, £ n, +E, S n, +1V S, n, )P, (6)
? to 2 §-0

f.o P g0 80 Yo &
(¢) PH,P=PH P, (M
(¢2) Pil,p-PHY’P+PEP P, .
Pi{VP - -PH,RH,P, PH} P-PHyP, ®
(¢3) PP =-PAG P+ PH{D P, "

e (2
Pl )P=PH1RHKRH1P, PH{Y P - -PH,RH,P - PH,RH,P ,

(e Pi,P- 2 PP, (10)
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PH{"P - -PH RH,RH,RH,P, PH{ P -_PH,RH,P

53)
PHS) P - PH,RH RH,P, (10)
PH (UP - PH RH RH,P + PH ,RH RH, P .

Below we follow /! / and treat various perturbative contributions
(6)-(10) as exchange spin Hamiltonians. We present some principal re-
sults gained in this way without details.

One can see that PﬁlP =Pﬁ3P =0 holds both in the undoped
(Ng =1, Ng =2) and doped (N =1, N; = 2,1) system. Proceeding to
even terms let us start with the former case. Then one can get

PAVP-J,, 5 §.8,. (11)
tgcrg> I 8

Here Jg, _2tr /{Vq-&)and §; is the spin operator at an
i{-th site. Since <¢0|s | ¢ ,undop.)’ _ 0 and PH(" P = 0, the
second order contribution (foes not remove the spin degeneracy of
f -sites. The next approximation - ¢ * yields

“(l) ..‘(2) 4 rr nd nd
PHP+PH, P=(Jy +Jf ) 3 s?sf», , (12)
<t, 1>
’ 4 2 s 2 ~ . M
where J =2t“;/Vd (Vd-é) >0, Jp =2t /V > 0; besides
Pﬁf‘)hx" s (shsT 858t ), (13)

, >
s f 0T

where 1, - t, ty /(Vy -&Fand the final term is PH ®p 2o,
Thus, the behav1our of f -sites electron spins is govemed by th= aniso-
tropxc Helsenberg Hamiltonian with exchange constants J 2 i =3 +37 >
I =3} =34 +1y4 . In particular, concerning CuO, layers in the
La CuO, compound’8/ one may deduce that the parameters of the
model considered are such that they make an antiferromagnetic ground
state preferable.

Now let us turn to the doped system. The second-order contribu-
tion now gives more complicated Hamiltonian forms:
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¢D)] ’ , T Q
PH2 P=(J" +J7 ) X S, 8 4+
8 «rg> I 8
<t,g>
I +17
~ +
+ tg fg E (S-)a-+—> aﬁ, +S—+a—> a-», )—
2 > > >, B+ g g g 1
<t,g£g >
Jf's + +
AT A Th A A
-
<f,g=£g'> g g J
J”
t + +
+ : 3 (n”aﬁ a, +nr_,aqa,),
> >
<f.g£z'> 4 gt B¢ + By B
PHPP-t,, = 2%, a, . 15
> -, BT -3 : ( )
<g,g >

Here J, —2tfg/(Vd -8), I%, —2':,g /&, and <f, g £g"> implies
summation over pairs of gaéé sites with a common intervening f
site under summation too. Of course, one should keep in mind that
derived expressions (14), (15) are applicable in the L subspace where
N, =1, Ng = 2,1. The next fourth-order terms retain the spin forms
(12), (1¢) provided that a small doping causes a weak renormalization
of exchange constants. The derived expressions give us a starting point
for further studies of electronic and magnetic properties of layered
superconductors.

Emery /57, treating this model (with ¢H, = 0) actually on a si-
milar perturbative basis, proposed a mechanism of superconducting
pairing of O(2p) holes through O(2p) - Cu(3d) exchange. We note that
the present formally strict approach excludes the virtual process un-
derlying the antiferromagnetic pairing mechanism proposed by Emery.
On the other hand, the qualitative suggestion made by Hirsh’®/ seems
to us very attractive. Hamiltonians (14), (15) and (12), (13) derived
in this paper may serve as a quantitative basis in developing this sug-
gestion.

The authors are greatly mdebted to Academician N.N.Bogolubov
for helpful discussions.
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A THECRETICAL STUDY OF ULTRASONIC ANOMALIES
IN Laz_‘erCuO4

V.L.AKks:nov, S.Flach, N.M.Plakida

£ microscopical model for description of acoustic properties at
structural phase transition in Laz__xerCuO4 superconductors is
proposed. Experimentally observed acoustic anomalies are described
in the framework of the model.

The investigation has been performed at the Laboratory of Theo-
retical Physics, JINR.

Mukpockolmyeckas Teopyua aKyCTHUECKHX aHOMAaJIHAN
B I_a2__x erCuO4

B.J1.Axcenos, C.Onax, HM.IInakunoa

HpeanmoxeHa MHKpOCKONMMYeCKad MOJElNb, ONHCHIBAIOLIAA BIMA-
HHE CTPYKTypHOro ¢a3oBoro nepexona B JIaHTAaHOBBIX OKCHIHBIX
CBEIXNMPOBOJIHMKAX Ha MX ynpyrue cBoicTBa. [laHo obbacHenue
Hab TIOMAeMbIM ~ 5KCHEPHMEHTATBHO  aKYCTHYECKHM  aHOMAJIHAM.

I'aGota BbimomnHeHa B JIaGopaTopuu TeopeTudeckoil dpuznku OUAH.

Recently a number of investigations of ultrasonic attenuation and
elastic constants in La,_ Sr,CuO, was done’/1-5/ The measured
anomalis in the sound velocity are expected to be caused by a structu-
ral phase transition (SPT) D17 - D18 at T« Tp/ 4| This tetragonal-to-
orthorhombic SPT results ?rom tﬁe softening of the tilting mode
(CuOq4 — octahedra rotations around (*1, 1, 0)-axis) at the X-point of
the Brill ouin zone (BZ) denoted by wave vectors q , and c_iz/ 8/, A mo-
del for the microscopic description of this SPT was given in/ 8/, Thus,
the strcng T,(x) — dependence was proposed and a good agreement
was reached with results of inelastic neutron scattering experiments /57,

As was shown in/€/ | the SPT can be described by the motion of
oxygen ions using the Hamiltonian: )

H- 3 Bx20)+L 5 BXY(LK)+
g,k 2 49 x
1

+= 3 ¢ (L,0)X(Lk)X(L"k%), 1)
2 g, kk

k,k’
22



v

where X(l, k) are the displacements of the k-th oxygen ion in the 1-th
unit cell along the z-axis (for details we refer to /6 /).
Using the transformation

(L) =5 ——[ £ x(R(L+a€) -R(D)), 2)

—— k
\/ 2m
>

with ¢ = (1, 0,0), 52 =(0, 1, 0) we introduce the octahedron rota-
tion coord nates R) (A =1, 2). As a result explicit expressions of the
soft-mode frequency {, atthe X-point of BZ and of the order para-
meter | <R ,(£)>|  weregiven/8/.

To introduce the deformation we follow the notations of /7~10/
expanding the potential energy of the distorted lattice in terms of the
localized strain tensor &)

1 2 1 2 2
H =-— E.a Mba(ﬂ)+%[?Cll{em(f)+e22(ﬂ)i+

e 2 l

1 <
+'§C:33 eé; (£)+ Cig fell (£) 933(1) +8,, (2) e,y ) 1+ 3)
) N 1 2 1 2 2
+C, e (D) ey, (2) tg Cgg ©72(0) + 5 C  lepy(0) +efq(0)1].
Cjj are tte elastic constants of the tetragonal lattice, M is the total
mass of atoms in the unit cell. ua(ﬂ) and Mu,(f) are the position
and momentum of the c.m. of the l-th unit cell, respectively. The elas-
tic strains can be expressed by means of the normal co_czrdinates Q(u,q)
of the u-th acoustic branch with frequency (g, q), wave vector g
and polariz ition vector E( U ?1):

ey (1) =<e (1) >+uy (), (41)
i —.E - - -
uij (2)=—'-—l:" eiq [Qiej (IL,Q) +qJe-1(ll:Q)]Q(Il:Q)v(4‘2)
2yN 4,4

<ty () >ep, <oy (B)> =€y, <@g (0)>=¢y, <e  (f)>=cq. (4-3)

The static ceformation ¢; is taken into consideration in the long-wave
length limit. The dynamical part of (3) becomes

HE L S Pl <P D+ oM S 0w )& nd)Q(u-0) . (5)
® 2M q.4 2 #:a
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The inte-action between optical (soft) and acoustic phonons can be
written a;

H = z
R—e I'ﬁ'}’v

£, x,x°

4 Gapy g K e gD X (LR LEED (6

We are interested only in the coupling to the tilting mode:

HR_e= aE'B gaB(k,k’) eaﬁ (0) X(€,k) X(€,k") . (7)
€.x,k’

Because of the tetragonal symmetry of the lattice for T > T0 there
exist only three independent components of g, 8 :

ao =gxx (k,k) =gyy (kvk); ﬁo =gzz (kok); Yo =gxy (112) . (8)

Transforming (7) with the help of (6) one gets:

1
H - . . _
R-¢” m ZEE WM,(E)oM,(E.Z )RA(E)RA,(f ), (9-1)
AN
with
a, ie" () +eyy(ﬂ) b+ Bye,, (1), A=A,
WM,(E) = | . ) (9-2)
Y °,y(2)' . ALXT,
2(1-F (q9)). . A=A,
%\ (qr= |} (9-3)
1 —F‘A(q) —FA,(q) +FA(q) FA,(q) . AEN,
FX(Q)=cosqya, F (@) =cosq,(3). (9-4)

From ej. (9) one can obtain the correct «¢ - R® interaction in the pheno-
menolozical Landau expansion of the free energy 719/, where ¢ are
comporents of stress tensor. Here we are interested only in the so-called
resonant part of (9) producing a jump in the sound velocity at T, :
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1€(q+q)

R -3
H o SELLE 2 Q. = M, Ara)oy, (Q+q)e T (E').(10)
gmyN u,§ g A, x
with
(ao_q,l+ﬁ0_éz) e(‘-"'Q) ’ /\=A’r
MM’(Q!I»‘-: = { (11)

1 ’ é /’
yo(qxey(u.q)+qyex(u q)), A4 A

R=I<RA(Z)>!v rA(E)=RA(Z)—<RA(E)>'

This resonant part vanishes in the tetragonal phase (R = 0). I the case
of T< T, the equatlon of motion of the acoustic commutator Green’s
function D( u, 4, @) becomes:

DG o) =lw2-0? (k@) -3 (k.q,0)] . 12)

Neglecting the terms <@ (u,q) ry (£) >, the mass operator 2 canbe
expressed Jy the commutator Green’s function G M,(q, w ) of the tilt-
ing mode:

2
4R 2 o
S (g o) - o e [ 2MM(u,q)a (q- q)] 2 G (q—ql.w). (13)
(18m)~ A’

In the lon;,-wave length limit of acoustic phonons/ 1-4/
ximate q - q q .

The *orresponding acoustic frequencies satisfy the inequality

d .
w(p, q) << Q4 (T). Using

we can appro-

> P -1
Gy, (4, 0) =1 -0 (T) +0®17 - 5,,.,
(see /%/) cne can zalculate the new frequency poles of D( g, d, w ) and
consequenily the renormalized frequencies. The lower frequency corres-
ponding to the modified acoustic energy is

) > - a (Q)
5% (@) 0 (u,q) - e, (14)
Q0
with
BR Y - 2
(q)---w——[E M (n.q)o_,(q)]
n com)e A M M7
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To compare (14) with the experiments / 14/ one has to integrate
a, (Ei) over all d-directions as soon as only ceramic samples were used.
In the cise of longitudinal sound it follows:

a; (q) “%(—3—1—)2 (2a0+60)2q2, (15-1)

and in t1e case of transverse sound:

vea®, (15-2)

1 R 2
a T(Q) *s K} (T)
Using 2] (T) =32F; R®(T) for T<T, (see’® ) one gets (even
in the case of a second order SPT as in LapgCuOg4) for the changed
sound velocity Su :

~

S

(2ag+ 8717, (16-1)

1
(5.-58
L/2 ‘ i
ST ] . (16-2)

Loc IR o B ]

2
(s Yo
The change in S'u is finite as predicted by experiments. The jump
height is determined by the anharmonicity of the oxygen-Z-vibra-
tions B= 64T, -m? and the interaction parameters a_,B. and y
Let us discuss the influence of Sr-doping. Besides of changes in
the ele:tronic structure, there is a strong dependence of st_§ #2 on
Xg, vith its maximum near x = 0.15. As was shown in %/, there
will be no ncticeable B(x)-dependence, but according to (16) an increa-
seof y_ with Xg, Uuptox = 0.15 and its drastic decrease for x > 0.15
is to be expected. Together with the fact that S, (for T> Tj) has
its mirimum at x = 0.2 we conclude the Sr-doping causes (besides
a decrease of Ty — see /8/) a remarcable softening of the elastic cons-
tants C iy~ Su in the tetragonal phase (up to x= 0.2) and further-
more an increase of the interaction strength between the deformation
and the optical soft mode (up to x =0.15). In summary these effects
lead to a softening of the elastic constants of 50% at low temperatures
for 0.15 < x < 0.2. Thus, the possible role of the SPT in La,_,Sr, CuO,
is to cause a softening of the lattice in the orthorombic phase. Note,
that th2 change in the sound velocity (16) is independent of temperatu-
re. This is also an unexplained experimental fact /1=% suggesting our
model to be valid over a wide temperature range. Another interesting
fact is the wide temperature range of 60K-150K, where the change
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Sq §T sakes place. This may be caused by additional slow-relaxation
dynamics. As was mentioned in 78/, there are indications of nonvani-
shing long-time correlations L, = lim <r, (t) £y > £ 0 near the

t >0
SPT, causing central peak and precursor cluster fluctuations (see 712/ ),
It is easy to show in the case of L # O that there exists a resonant -
part in (9) even for T > T _, which has the same form as (10) where
the order parameter R ? is replaced by L.

Sumnarizing, a model for the microscopic description of anoma-
lous lattice behaviour in La,_,Sry CuO, is presented. The SPT can
"switch on” a remarcable softening of the elastic moduli. This softe-
ning may change through crystal fields inner properties of some exci-
tations in the crystal, e.g. the frequency of excitons connected with
d-d-excitations (see / 13/), Thus, the interaction of such excitations
with electrons is changed.
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ISOTOPE EFFECT (0!® — 0!%) IN THE ANHARMONIC MODEL
OF HIGH-T, SUPERCONDUCTORS ,

T.Galbaatar, R.Rakauskas , J.Sulskus*

The results of a numerical simulation are presented for th: oxygen
isotope effect in the high-T, oxides by solving the Schrddinger cqua-
tion for a local vibrational mode of oxygen ions in a double w:ll anhar-
monic potential of the form -Ax 2/2+ Bx‘/4.

The investigation has been performed at the Laboratory o™ Theore-
tical Physics, JINR.

HsoTtonuuecknii addexT (016—- 0!8) B aHrapmoHMYECKOH
mopenu BTCII

T.lanGaarap, P.Pakayckac, 10.llyncxyc

TMpencraBnens! pe3ynbraThi MOMENHPOBAHHA KHCIOPOIHOIO H30-
TOMM4ECKOro 3¢ deKTa B BHICOKOTEMIIEPATYPHBIX CBEPXNPOBIHHKAX,
nomyveHHble UMCIEHHBIM peilleHHeM ypasHeHua [lpemmur:pa mi
KBA3WIOK&IbHO# MOfb! Bmxenna atomos 018, 018 ¢ norenumanom
puna Ax 72 + BxY/4.

Pabora BainomreHa B JlaGopatopuu TeopetHdeckoil dusmi 1 OUAU.

The recent discovery of new cuprate oxide superconductors having
transition temperatures T, up to 114K /1~3have caused an immense
activity in research of the mechanism(s) responsible for the supercon-
ductivity, in particular, whether it is mediated by phoions or not;
a question which is still open. However, the recent experiinental obser- |
vations of the oxygen isotope effect in the LaSrCuO and YBaCuO sys-
tems /4 indicate that phonons play a certain role in the formation of
superconductivity. Thus, in the light of the new high-T, superconduc-
tors the isotope effect becomes an important issue with r2spect to tes-
ting any theory intending to explain such high T, ’s. ‘

Calculations of the electronic structure’8/ demonstrate over-
lapping of the 3d states of copper with the 2p states of oxygen indi-
cating the importance of the Cu-O chain for such high T,’s. It was
shown /8 that interactions of electrons with the high frequency Cu-O

*Vilnkus V. Kapsukas University, 232054 Vilnius, Lith.SSK.
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bond-stret:hing mode can produce strong electron-phonon coupling
leading to T, around 40K. However, the pure phonon mechanism in
the harmcnic approximation fails to explain experimentally observed
90K in the¢ YBaCuO system/9/ . Structural studies of the high-T, cupra-
te oxides have revealed features as evidence of structural instabilities
and the existence of soft modes in LaSrCuO system. The investigation
of the phcnon behaviour of YBapCugO, by neutron inelastic scattering
 shows larger phonon density states in lower frequency modes rather
~_ than in high frequency ones /¢’ which turmed out to be in agreement
with theoretical calculations 79/ of the phonon spectra for large coup-
ling constent A . As it was demonstrated earlier within the anharmonic
model of the high-T, superconductors 19/ large values of A, can be
obtained &s a result of interaction of electrons with the so-called soft
bond-bending mode, related to the highly anharmonic vibrations of
oxygen ions of the CuOg octahedron, due to the high susceptibility
of the lattice x, . This idea has been backed up by the observation of
unusual large Debye-Waller factors in YBa,Cu,O,’ 13/ In this paper
we suggest for the vibration of the oxygen ions a double-well anhar-
monic moiel potential

U(x)=-ax®/2+Bx*/4.+A%/48B, 1)
where A and B are both positive and related through

2 : 1/2
U,=A"/4B and x,=(A/B) (2)
to real physical quantities, the central barrier height Uy and it’s average
width x,, respectively, thus 2x being the distance between the two
minima of the potential. Units are used where h=kg=1. By introdu-
cing the dimensionless coordinate and energy
§=x/x;, and E =E /U, . (3)
one obtair s the Schrddinger equation in the following form

2 2 2 .

%4 (6) /%4 1/8%1(1-£2) - B 1¢(£) =0, (4)

which was numerically solved for a broad set of the dimensionless

parameter 8= wo/ 4U0 , where w 0= -%%— is a characteristic frequen-

cy;and m,the reduced mass of the Cu-O-Cu cluster, thus a complete
‘replacemet of O1® by O18 in the cluster is simulated through de-
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creasing B by 5%. The cluster approach is motivated by the fact that
superconductivity has been observed in crystalline as well as in ceramic
states. The eigenvalues E and eigenfunctions ¢n of the anharmonic
oscillator are celculated as well as the matrix elements of the dipole
moment 501 ind the mean square amplitude of vibrations Q2. The
obtained anharnionic eigenfunctions an are expanded in terms of the
eigenfunctions u, (x) of the harmonic oscillator

Nmax
¢,(x) = jfo aju, (x), (5)
max
where N,; is fixed by the condition that 3 a’j be unity
within the given accuracy. i=0

A study of the convergence accuracy of (5) indicates that it impro-
ves from 0.26% to better than 0.0001% when the number of the expan-
sion coefficient: is increased from 40 to 100. This demonstrates the
strong effect of the anharmonicity on the eigenfunctions. The behaviour
of the energy spectrum is illustrated in Fig. 1 in terms of Al.,2 /€4y

21
101
= 5F o\
s4f 0\
£ 31 \
21 \o\
~—
1 A i A
01 05 1’3 - 15 2
Fig 1.
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Here is
Ay o =E, -E,. (6)

There, one can see two features of the above ratio demor strating for
higher levels weak and for lower ones strong anharmonicit;’. The same
effect is observed in the dependence of the mean square amplitude of
vibration (Table 1) on the anharmonicity, too, calculated by

02=<n\§2|n>. )

We found that while for larger B it steadily increases with tamperature,
for lower values of B an oscillating behaviour is observed.

The values of B can be estimated by the relation 1,=(E; ~E) ;=
=€4 U0 . We reckon the frequency (1, , in the case of the soft
bond bending mode at range 10-30 meV. Then, for values of 8~0.2 U,
becomes very large (~1000 meV) which is unphysical. Ir the region
B =0.4+0.8 U, takes values between 10-150 meV, thus values of B
in this range can be considered as physically meaningful. As one can see
from Fig. 1 in this region the application of a two level approximation
is allowed. According to / 19/the coupling constant is given by

A5=N(0)<Jf>x', (8)

Table 1

The mean-square amplitude of vibration Q 2 (dimensionless) for diffez:ent
values of 8. Underneath the corresponding eigenvalues 13, (dimension-
less) are given.

B/a 0 1 2 3 4 5 6 7 8

0.125 0.951 0932 0.753 0.785 0.452 0.718 0.717 0.815 0.897
E, 0.242 0.243 0.681 0.689 0985 1.09 1.30 1.53 1.77
0.42 0.650 0.922 0.801 1.08 1.24 1.38 1.54 165 1.79
E, 0.631 0842 179 271 384 5.12 6.51 8.00 9.57
0.6 0594 101 1.04 131 153 1.69 1.89 2.04 2.27
Ep 0777 1.33 282 448 6.41 858 1088 1337 1599
0.84 0597 113 1.29 159 168 2.07 2.32 2.61 2.73
E, 0982 212 451 7.26 1041 13.89 1764 1164 25.85
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where N(0), J, and X, denote the density of states at Fermi level
E p, the deformation potential and the static susceptibility of the lattice,
respectively. The latter is described in a two-level approximation by

2,2
2y £oy
Xy = — th(Q, /2T), 9)
Q 01
1
where x4, = xofm is the matrix element of the dipole moment

between the ;tates ¢0 and ¢1‘ This expression can be derived from the
spectral representation

-B(E,~E))
-1 "ﬁEn 1-e 2
x,=Z2 S e <m| £|{n>", (10)
n,mn (E ~E )/U,-0/U,
-BE, . c e sy
where Z= X e , in the static limit © =0 by considering the two

lowest levels, only. We studied the convergence of (10) taking into ac-
count up to four levels. As one can see from Table 2 it is convergent,
thus the application of the two-level approximation is justified.

Table 2

The static susceptibility x (dimensionless) calculated
by tiking into account 2,3 and 4 levels, respectively for
three different-values of B at T = 92K.

B Xg
n=2 n=3 n=4
0.2 262.191 262.199 262.208
0.5 3.236 3.249 3.251
1.0 0.711 0.719 0.720

The transition temperature has been calculated by the general relation
T¢=Q01 f(Chg u*), 11)
where 1, s the frequency of the phonon mode under considera-

tion, f(A,,u*) is given for the weak and strong coupling cases by the
McMillan / 11-and the Allan-Dynes/ 12/ formulas, respectively, p* is the
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Coulomb pseudopotential. Differentiating (11) with respect to the iso-
topic mass one obtains the following relation for the relative shift in T,

8T =dT /T =-adm/m, 12)
where
2
d s 4
B 05 (1ebd Ja_Ad _# ). (13)
ed t da fdy*

The isotope effect thus depends on A, and u* through the second term
whxle the first term gives the effect of the anharmonicity on the value
of a. To calculate the
coupling constant we es-
timate x,, N(0) and J?
in the following ra.nges
xg =(0.1+ 0.3)§ ,N(0)=
= (1+ 3) states/eV and J 2 =
=(0.5+1) (ev/A)2 As'is
shown in Fig. 2 in the an-
harmonic cas: even an in-

Ag— verse isotope effect is pos-
Arrows T = 35K sible for T, < 33K, while
) i the naTow region
=0.4,1~p*=0; 2—py*=0.1; 3—y*=0.2. 1
P Wi=0; 2-u?=0.1; 8- = 0.2 34-35K a nearly zero or
Fig 2.~

heavily suppessed one is
observed. At T, slightly above 36K «a lies in the range 0.1-0.2, depen-
ding on B; thus, it is in agreement with experimental ohservation for
the LaSrCuO system. However, for higher T, we found normal isotope
effect with a trend of a to increase with temperature ard then to sa-
turate at 0.3-0.4, which is in contradiction with the up-to-date obser-
ved trend of a to decrease. We conclude from our numerical calcula-
tion that in the anharmonic model the phonon mechanisn permits one
to obtain an agreement with the experimentally observed sotope effect
in the LaSrCuO system (a ~ 0.1-0.2) whereas it is not the case for the
YBaCuO system. This may be an indication that higher energy levels
have to be taken into account, otherwise a nonphonon mechanism
should be considered.

Finally, we would like to express our gratitude to Dr. N.M.Pla-
kida for pointing out the problem and helpful discussions and
Prof. M.G.Meshcheryakov for supporting the work.
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ON THE PHASE DIAGRAM OF HIGH-T, SUPERCONDUCTIVE
GLASS MODEL

V.L.Aksenov, S.A.Sergeenkov

The transition temperature T, and isothermic magnetization are
calculated as functions of applied magnetic field in the frame of the
2-D XY Josephson glass model. Three characteristic regions are shown
to be distinguishable in the H-T plane: the diamagnetic regio:1, region
of superconducting glass and region of Josephson spin gliss. The
results are in quantitative agreement with experimental cata and
the results of numerical simulations for new” superconductors.

The investigation has been performed at the Laboratory of Neu-
tron Physics, JINR.

O c¢a3zoBoii auarpaMme B MOAeNH Bblcoxoremnepa'rypuoro
CBEePXIMPOBOAALIEro CTeKsa

B.JI. Akcenos, C.A.CepreeHkos

B nsymepHoit XY Momenu mKo3edCOHOBCKHX CIIHHOB BBIYHC-
NeHa 3aBHCHMOCTh TemmnepaTypst ¢asosoro nepexoma T, # m3oTep-
MHYECKOH HAMarHHIeHHOCTH OT BHeumHero MarHutHoro noni H mpu
0 <H < =. [loxa3ano, 910 Ha mnockoctu (T, H) umerorcs Tpu o6-
NacTH, pawiHyaloumecid XapaxtepoM 3asucumoctd T, or H: nua-
MarHuTHas obnacts, o61acTh cBepXNpoBOAsAILEro crexna H ofimacts
Dk03e)COHOBCKOTO CNHMHOBOrO CTekJa. Pedynbratbl Ka4:CTBEHHO
COTMNacyloTcs ¢ OaHHBIMH JKCNEPHMEHTOB H YMCIIEHHOTO MOIETHPO-
BaHHA ON1A “"HOBBIX’’ CBEPXMPOBONHHKOB.

PaGoTa BhintonHeHa B JlaGopatopuu HedTpoHHOH ¢pmsuxy OUAHN.

Many of the experimental results on the glassy behavisur of high-T,
superconductors can be explained in the 2-D disordered Josephson
spin lattice model’!’. The phase diagram in the plane H-T was stu-
died both numenca]ly (up to fields H < H )/2/ and by analytical
methods (for H> H})’% . This paper presents the generalization
to arbitrary magneuc fields. The obtained phase boundary T, (H) is
shown in the upper part of the figure.
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One may distinguish three characteristic regions in the field depen-
dence of T . :

LH< HE (quasireversible diamagnetic region)

To (0) - To(H)
c ot 2_( H )2’ (1)
T, (0) vz Ho
where 4
: 1
Ho =3 Hy, Hy=—gd~, Tc(0)=—IN,

and S=70 is a mean-square area of the superconducting cluster.
II.LHZ}>H>H; (region of superconductive glass: AT line)

T (0)-T_(H) —a
c( ) c( _ 3\/ _‘5 .He/a , 2)
T, (0) VTR

where H' =15 H,,.
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L. H >H:,1 (region of Josephson spin glass: strong frustration)

3NHy

T, (H) =T, () (1+
2H &

), T, <m)=—;-w'b7- (3)

The phase diagram obtained is consistent with’ !/ at H 5 Hg and
with/#/  at H> H. The lower part of the picture stiows the field
dependence of the isothermal magnetization M. In thz diamagnetic
region (I) it has a linear character, in the SCG phase (II) the nonlinear
effects become essential, and, at last, in the region of the JSG phase
(III) the magnetization rapidly tends to zero (when H-oH: )_indicating
the strong suppression of the superconducting transition temperature
Ts in contrast with the glassy temperature T (H) (see the figure). .
The glassy transition, as is well-known, is conne:ted with the
dynamic transition from the ergodic to the nonergodic s:ate. The non-

ergodicity parameter of the model L“= lim _<S’;‘(t) Sj>“T(Xp C-xzrc)

is calculated, and its temperature dependence versus T/T, (H) is shown
to have a universal character (a dynamic ’temperature-field”. scaling).
The estimations for La ceramics’3/ with T,(0) = 28K, Hg=0.05T
give the mean value of the superconducting cluster area § = 0.02 u2
and Josephson energy J = 3.5K in reasonable agreement with commonly
used estimates. On the whole the experimental data for field-cooled
and zero field-cooled measurements confirm the obtained >hase diagram.
Nevertheless, further experimental study of the magnetic field depen-
dence of T, under transition from the SCG phase to vhe JSG phase
is of interest.
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DIFFRACTION STUDY OF SOME HIGH-T,
SUPERCONDUCTORS WITH THE TIME-OF-FLIGHT
NEUTRON DIFFRACTOMETER DN-2

1

A.M.Balagurov, Hvan Chan Gen, V.A.Kudrjaschev’, 2
G.M.Mironova. Nguyen Van Vuong, A.Pajaczkowska ,H.Shimchak2
V.A.Trunov! Trinh Anh Kuan

The results of neutron diffraction experiments performed on high-T,
supercondi ctors of the 1-2-3 type by using the time-of-flight ditfrac-
tometer ar: discussed. The test experiment on YBa_Cu O -5 after
profile refi 1ement of the data has given us a well-known structure. The
final profil: R-factor is 2.7%. Ncutron diffraction on YBagCuSO,,and
GdBagCu3 37 single crystals has been measured with the aim to reveal
possible long-period modulation of the atomic structure. The diffrac-
tion patterns from these crystals do not involve any additional peaks
commensu -ate with the main structure. The incommensurate peaks are
also absent, the lowest limit for the period of modulation is as high as
400A . Th: structure of YBaz(Cul_xFe 1)307—5 has been determined
at x=0,0.(6 and 0.10. Some indications of occupying (2q) positions
in the centre of octahedra with Fe atoms have been received. The (1a)
positions on Cu-O chains contain both Fe-atoms and vacancies.

The investigation has been performed at the Laboratory of Neutron
Physics, JINR.

He#trpoHorpaguueckue HccneBOBaHUs HEKOTOPbIX
BbICOKOT :MIepaTypPHbIX CBePXNPOBOIHHKOB
Ha nudp: ktomerpe J1H-2

AM.Bbanat ypos u Ip.

O6CyXI aloTcA pe3ynbTarbi CTPYKTYPHBIX IKCriepuMeHToB ¢ BTCII
THNA 1-2-3. nmpoBeNeHHbIX Ha HEHTPOHHOM IHPPAKTOMETpe MO BpeMe-
HH MpOJeT1: TECTOBbIA JxkcnepuMeHT ¢ YBa 2Cu307 g TIOMCK AsIkHHO-
NMepHOAHOI MONYJISUMK CTPYKTYpbl MOHOKpHCTaIIOB Y BagCug Oy
K GdBagCiy O,  u axcriepument ¢ YBa,(Cu,_ Fe ) O, 5. O6pa-
60TKa HeiTpOHOrpaMM, MONy4YeHHBIX HAa XOpPOLUO aTTeCTOBAHHOM
nopouike YBa,Cu 307-8 JIpHBENa K 3HAYeHHAM CTPYKTYPHBLIX Napa-

! The Institute of Nuclear Physics of USSR AS, Gatchina
2 The Institute of Physics, Warsaw
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MeTpOB, COBNAJAOLKM C H3BECTHBIMH H3 JIMTepaTypbl. Benmndauna
R-dakropa no mpodmito cocraBmia 2,7%. B MOHOKpHCTalUTHue JKHX
o6pa3nax HMKaKHX MPH3HAKOB JOMNOHHTENBHBIX TMKOB OT IIEPHC AOB,
COM3MEPHMBIX C OCHOBHOH CTPYKTypOH, He 0OHapyXeHO BIUIOTb HO
d = 40A . IlpusHakK HeCOMIMEPHMOM CHHYCOMAILHOH MOJyJLiltuH
CTPYKTYpbl OTCYTCTBYIOT BIUIOTh 0o d < 400A . Jina coenMHzHuA
C Mefplo, YaCTMYHO 3aMeLIEeHHOH >kese3oM, INOydYeHbl yKa3aHus
Ha 3anoJiHEHME )KEIe30M MO3HIMI (2q) B LIEHTPE yCeYeHHbIX KIICio-
POAHBIX OKTA3[POB M HanWuHe KaK aTOMOB )ejle3a, TaK M BAKAHCHi
B no3uumAx (la) Ha nenoukax Cu-O BOOIb OCH KpPHCTALIA.

Pa6orta BhinonseHa B JlaGoparopuu HedtporHo#t ¢usuxk OHAH.

The crystal structure of the high-temperature superconductors
is intensively analysed now in all neutron centres of the world. There-
fore, it is inevitable and even desirable to repeat identical e:tperiments
in order to obtain reliable results. New unusual information may be re-
ceived on the spectrometers having the unique paramete:s. One of
such spectrometers is the neutron time-of-flight diffractometer DN-2 /1/
at the pulsed reactor IBR-2. It has been designed ‘for long-period crys-
tal structure investigations, so the diffraction pattern is measured in the
range of long d-spacing which is hard-to-reach for conventioaal diffrac-
tometers. Another unique feature of DN-2 is extremely small exposi-
tion time needed for data collection, so it permits carring cut the real
time diffraction investigations of noncyeclic transient phencmena 72/,

In the present work some results of the first diffraction experiments
with high-T, SC ceramics and single crystals on the DN-2 are given.

1. The Features of the Experimental Method
and Data Processing

Time-of-flight neutron diffraction data on the diffractorneter DN-2
are collected using the one-dimensional position detector ly ng in hori-
zontal plane. In such a case two-dimensional spectra ar¢ measured
with scanning of wavelength and scattering angle. An avaiable wave-
length range of 1.2-204 being combined with a scattering ingle varia-
tion of 10°-160° permits one to have the d-spacing range of :[.6-1003 .
At the same time, the resolution ( A d/d) of DN-2 is not very high and
in the best case it makes up 1% at 24 > 140" and d >3 X, Such
poor resolution as well as some features of wavelength distribution of
an incident neutron beam are not suitable for the precise powder dif-
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fraction stuly. But it does not preclude from a Rietveld profile ana-
lysis 72/ of HTS ceramics due to their relative large unit cell and high
symmetry. Certainly, in our case the Rietveld method gives temperature
factors of atoms much worse than at conventional diffractometers,
as the range of small d-spacing is inaccessible. But at the same time,
including in the fitting only the reflections with d > 1. 44 makes it
possible to nave no effect of uncertainties in thermal factors on other
structure p:rameters. We use the version of the Rietveld method des-
cribed in Ref. /4/.

2. The Test Experiment on YBa,Cug 0, 5

The well-known sample of high- T, superconductor YBa Cu O _5
having T = 91K and AT = 3.7K was chosen for the test expenment
Earlier the refinement of the sample structure was done in Ref./5/
with the m ni-SFINKS diffractometer. The main purpose of our mea-
surements was to check the sensitivity of structure parameters, deter-
mined in R2f. /5/, by the fit covering the range from 0.9 to 2.0A if
the range is shifted to 1.4 <d <3 A.

The sample was carefully ground powder of 5. 5 g, placed into a
cylinder of diameter 8 mm made from Ti-Zr alloy with b oh-O In
order to reveal possible parasitic phases the measurements at low scat-
tering angles (30° and 60°) were performed. It was shown that up to
d <16 A. taere were.no additional diffraction peaks. For profile ana-
lysis the dsta were measured with maximum resolution at 24 =150°
for about 1) hours. Data handling was done over the range of 1.4< d <
<3R% | which included 44 diffraction maxima compatible with the
symmetry of the lattice (see Fig. 1.).

The results obtained after refinement of occupancy factors and
coordinates of Cu- and O-atoms are shown in Table 1. These results
agree well with the data from Ref. /5/.

One can see that the results of independent neutron diffraction
experiment: given in Refs. /5/ and /6/ are practically the same for
coordinates of atoms, but the thermal parameters differ by a factor
of 2.5. In order to test the influence of this difference on our results
the fitting has been done with the varied occupancy of 04 and z-coor-
dinate of Cu2; the other parameters are taken from /5/ or /6/ and
are fixed. It is shown in Table 2 that both n(04) and z(Cu2), R-factors
and v, ae practically constant for these two cases. Only the para-
meter A 12 which corrects the form of the effective spectrum of neut-

Ag =1
rons (f cor d ) has marked change.
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Y-Be2-Cu3-06.93, T7=293K
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Fig. 1. The observed (stars} and calculated (solid line) neutron pro;ile intensities
for YBa_ Cu 30 _ s With the difference marked below. The total nuriber of points
are 245, R = 2.7%, the expected agreement index Re = 1.8%.

Table 1
The results (agreement indexes, atom positions and occupan-
cies) for an orthorhombic PmmmYBaECu 3O 7-8 * The thermal
parameters and z-coordinate of Ba are taken from ZRef./5/
and are fixed. R-factors in %, ¥_=(¥¥m)'/%, mis a
degree of freedom.

Rp Rb R w Y n(Cul) n(Cu2) z(Cu2)
2.7 7.3 4.9 3.61 1.02(2) 2.02(2) 0.356(2)
z(01) z(02) z(03) n(04)
0.155(1) 0.372(3) 0.383(3) 0.97(3)

In conclusion, the analysis of data from YBa Cu_O_ _ (ives, firstly,
an excellent fit between 1.4 and 3 A and shows secon(—ify that the re-
sults are week functions of the variation of thermal parameters. In some
limits the change is completely compensated by a common corrective
factor.
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Table 2

The results of fitting for set parameters from Ref./5/ (1)
and Ref. '6/ (2). Only z(Cu2) and n(04) were varied. The
attempt to fit n(05) was also made (3).

Ry R, Rw Fn Z(cu2) n(04) n(0s) Ay
(1) 2.7 7.4 4.5 3.61 0.3566(5) 0.974(30) ----  0.57(3)
(2) 2.7 7.4 4.3 3.55 0.3563(5) 0.967(30) --—-  0.68(3)
() 2.7 7.4 a2 3.58 0.3563(5) 0.525(40) 0.07(4) 0.58(3)

3. The Search for the Long-Period
Modulations

We have measured neutron diffraction from YBazCuao7 and
GaBay,Cuy O, single crystals to have evidence for possible long-period
modulation of the atomic structure both commensurate and incommen-
surate with the main period. The single crystals were prepared by mel-
ting initial meterials with Cu excess, and had superconducting pro-
perties (T, =7)-75K). We did not separate the single crystals from
a crucible and thereforez had the plates of good quality with the area
of -~ 20 mm?2, large enough for the experiment. But on the other hand,
the diffraction pattern could be measured near ¢*-direction only.

All reflections from a (001)-plane up to the twelfth order ones
have been me:sured on both crystals at room and liquid nitrogen tem-
perature (Figs. 2 and 3). The commensurate modulation of the struc-
ture must giv: additional maxima either between diffraction orders
or at d >d, . But no evidences of such peaks were found. On the
other hand, tae incommensurate modulation of the sinusoidal type
must give satellites near main peaks. If the modulation vector has the
c*.direction, then the gap between the satellite position d, and the
main peak position d; is Ad = d0 /dg. The rough minimum estunatlons
of d; may be obtained for the (001) reflex. The width of this reflex
makes one possible to see some additional peaks if Ad> 0.3 A . From
this it follows that if an incommensurate modulation exists, its period
will be more than 400 3 .
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Fig. 2. The orders of the reflection from (001) plane of the YBagCu307single
crystal,
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Fig. 3. The same as in Fig. 2 for the GdBa2Cu3 0,7 single crystal.

4. On the Substitution of Copper
for Iron

The problem of substitution of copper in 1-2-3. ceramnics for a
neighbouring elements of the 4th period from iron to gillium and
silver is discussed in many papers/7- 12/There is detailed informati-
on on the modification of T o Symmetry and lattice parimeters in
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YBaz(Cul__x Fex)307_8 depending on x /8,10,11/Byt at the same ti-
me, there is no reliable data on the possibility of the favourable sub-
stitution of one of the nonequivalent structure position (1a) and (2q)
of copper for iron.

Our experiments were performed on three samples of
YBaz(Cu 1-x Fex)3b7—6 with x = 0.0, 0.06 and 0.10, which were pre-
pared with standard ceramics technique at the Institut of Physics,
Warsaw. Difiraction patterns were measured at 26 =154° for about
2-4 hours. The initial values of parameters for profile analysis were
taken from Ref./8/. The typical parts of diffraction pattern, where
one can see the transition from orthorombic symmetry for x =0 to
a tetragonal one for x =0.06 and x = 0.10, are shown in Fig. 4. The
results of data analysis (R-factors and the values of varied parameters)
are given in Table 3. For the sample without iron the two versions
are given. They are different by the thermal parameter values, but
one can see that the occupancies stay in both cases invariable. For
the x =0.06 sample the two versions of data processing are given too:
fora#b ard a 2 b cases. In the second case there is the insignificant
increasing oi' R-factors; the structure parameters have not changed.

Table 3
The results for YBay(Cu,  Fe,);0, with x =0.0, 0.6
and 0..0. The sets (1) and (2) for 0% Fe are differentiated
by thermal factors: (1) — from Ref. /5/, (2) — from Ref./13/.

0% Fe 6% Fe 10% Fe
TR T a4b a=b =b
TR e T s s s 6.9

R,J 8.0 7.8 7.5 7.8 9.5

Ja 1.94 1.88 1.47 1.53 2.58

a.l 3.816 3.817 3.861 3.862 3.864

b,} 3.881 3.882 3.874 3.862 3.864

c,l 11.663 11.665 11.641 11.631 11.618
N, (1) 1.02(1) 1.00(1) 0.92(2) 0.91(2) 0.96(2)
n (21) 1.97(2) 1.98(2) 2.05(2) 2.06(2) 2.06(2)
z (21) 0.360(1) 0.359(1) 0.363(2) 0.362(2) 0.362(2)
:?04) 0.92(2) 0.89(2) 0.97(2) 0.98(2) 1.00(2)
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Fig. 4. The typical part of diffraction pattern for the Fe contained samp- }
- les:a— 0%, b — 6%, ¢c— 10%.

It should be noted that tetragonalization occurres with an increa-
se of Fe content and is accompanied by a decrease of the vaue g =¢/3 -
-(a+b)/2, where a, b and c are the lattice parameters. It is known that in
the case of the falling of 04 occupancy from 1 to O in pure YBazCu307
the lattice becomes also tetragonal, but the g-value increases.

Given in Table 3 occupancies of copper are normalized on the
coherent scattering amplitude b Cu = 0.772 10" %cm. For x = 0 they
are in good agreement with multiplicity of positions (la’ and (2q),
where the atoms Cul and Cu2 are situated. To determine “he concen-
tration of impurity in these positions, one must know the probabili-
ties of the substitution. Initially assuming equiprobable substitution
of Cu for Fe both in (la) and (2q) and having in mind that b =
= 0.954+10~'%m, one can have for x =0.10 n(1a) =1.024 and n(2q) =
= 2.047. The experimental value n (la) is essentially less than 1.024,
while n, (2q) is equal to 2.047 in the limit of errors. This fact allows
one to assume that the (2q)-position is filled in by Fe-atoms in the right
concentration, while in the (la)-position there are some number of
vacancies. One can calculate the occupancies of (1a) and (2(|) positions
for Cu, Fe and vacancies (see Table 4) taking into account -he possibi-
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Table 4

The occupancies of (1a) and (2q) sites by Cu and Fe atoms
and vacancies. The calculation was made assuming thatr | =

Cu
=k(1 - x), n.. = kx.
(1a) (29)
X 0.06 0.10 0.06 0.10
n, 0.92 0.96 2.05 2.06
k 0.91 0.94 2.02 2.01
n.. 0.85 0.85 1.90 1.81
ng. 0.05 0.09 0.12 0.20
n 0.10 0.06 -0.02 -0.01

vac

lity of vacancies and assuming that Cu and Fe are present in tl.e samples
in right concentration, ie. n, ~(1-x) and n ~x. It it obvious,
that Table 4 is correct only for a (2q) position due to n ~0. For
the (1a) position the experimental value n , can be explained by various
ways: one can decrease n_, simultaneously increasing n " idn_, .
In this sense, the values of np,(la) given in Table 4 are :he upper
limit. It should be noted that n, both for (1a) and (2q) positions
are practically equal to the iron concentration in initial coraposition.
The visible decrease of Cul is still obscure though there is in‘ormation
of such kind in other papers. For example, in the YBa Cu3 06 8 single-
crystal structure analysis by X-Ray 713/ it was reported that n —(la) =
= 0.862.

5. Conclusions

The results of the present paper confirm the good possibilities of
structure investigations of high-T  superconductors with the TOF-
diffractometer DN-2. The Rietveld method gives reliable in:'ormation
about the positional parameters and occupancies of atoms. Tt.e oxygen
content is determined with the accuracy of (0.02-0.03) atom: per unit
cell. Including in the fitting of data the diffraction peaks with d-spacing
greater than 1.4 A makes the correlations between thermal ind occu-
pancy parameters not so important.

A likely explanation of our measurements on YBa (Cu Fe ) 0}
can be done if one concludes that Fe impurities are present in bot}71
Cul and Cu2 site in accordance with 1/3 and 2/3 probabilitics. Simul-

47



taneously tte vacancies (6-10%) are present in Cul site. The search
for long-period modulations of single crystal structures of YBa,Cu, O,
and GdBa,(u O, has not given any evidences of additional diffrac-
tion peaks. We have found that th¢ lowest limit of possible incommen-
surate modu ation is as high as 400 A

The atthors are indebted to V.L.Aksenov for encouragement
and helpful discussions.
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NEUTRON SCATTERING STUDY OF YBa Cu,O4 . 5
(0 < 8<0.8) OXYDES

A.M,Balagurov, I.E.Graboj*, A.R.Kaul*, G.M.Mironova,
V.V.Moshchalkov*, 1.G.Muttik*, Ja.A.Shapiro*, M.E.Zalishchanskii

Neutron scattering study of YBagCugOg 5(8=0+0.8) compounds
is performed. For 6 = 0.08 we observed tetragonal crystal structure
with lattice parameters a=3.840 A and c¢=11.737 & and an ac ditjonal
diffractional peak which may be considered as (1/2 1/2 1) magnetic
reflection. Any other magnetic reflections corresponding to AF struc-
ture suggested earlier have not been found within the limits of the
experimental resolution and intensity.

The investigation has been performed at the Laboratory of Neutron
Physics, JINR.

HefitpoHorpaduueckoe ucecnenoBaHue CprKTypbl YBa Cu3 640
npu 0<86<0,8

AM.Banarypos H ap.

MlpoBeneno  HefitpoHorpadmyeckoe  HCCleoBaHWe  CTP /KTYpBI
Y Ba20u306+,5 mpu 5=0,08, 0,36, 0,48 u 0,68. Tonvko npn05=0,08
pellieTKa KpDUCTaNIa ABNAETCA TeTparoHajubHOH ¢ a=3,840 A u c=
=11,737 &, u Ha HEeHTPOHOTrpaMMe NMPHCYTCTBYeT JOMONHATENbH)IH K,
KOTOpBIii MOXHO MHTepIpeTHpoBath Kak orpaxenue (1/2 1/2 1) or
aHTH(EepPOMarHUTHOR CTPYKTypbi. JIpyrux MarHHTHBIX MMKOB ( MHTEH-
CHBHOCTAMH, MpeBHILIAIMMME CTAaTHCIHYECKYI0 oUOKY, He 0OHapy-
HKEeHO.

PaGora BeinonHeHa B JlaGopatopuu HedTponHOM ¢usuxu OWUAN.

The possibility of the AF ordering in oxygen deficient YBag Cugz Gs_ 5
compounds at temperatures T< 500 K has been recently confirmed in
neutron scattering experiments /1,2 Low intensity and very limited
number of the magnetic reflections made impossible the reliable deter-
mination of magnetic structure, the effective Cu  momert and even
its orientation with respect to crystal structure. Measurements of magne-

*Moscow State University
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tic scattering in YBayCuyOg, 5 on polarized neutrons showed the pre-
sence of magietic fluctuations up to §=0.59/3/ . Taking into account
the importan:e of the interconnection of magnetic and superconduc-
ting properties in YBa,CugaOg, 5 compounds we need additional data
to know exacily the magnetic structure.

In earlie- experiments carried out with the help of crystal spectro-
meter one of the obstacles was connected with the strong higher harmo-
nic contribution (mainly A/2) into the measured integral intensity.
We used the time-of-flight diffractometer where this contribution is
absent and, therefore, we hoped to determine more correctly the mag-
netic reflection intensity. Also we aimed tocheckthe absence of the
long range artiferromagnetic order in YBa,CuyQ, 5 compounds with
5>0.2.

Oxygen deficient YBa,CuyOq, 5 samples were prepared by quen-
ching them from different annealing temperatures T =350+950 C into
liquid nitrog:n /4 The oxygen content was determined by the wet
chemical anaiysis and also from Rietveld fitting of the diffraction pat-
terns.

Time-of flight diffractometer DN-2 and pulsed reactor IBR-2
were used tc register neutron diffraction patterns which were recorded
by the posit.on detector with the sensitive area of about 150 en and
the angular resolution of 19°. The time-of-flight and interplane spacing
relative resolution of DN-2 makes up 1% for d =3 A and 26 =15¢C°.
We looked for the magnetic reflections up to d= 20 A for several scat-
tering angles of 90, 40 and 30" .

The reiinement of neutron diffraction patterns measured with
high resolution at 26=150° was performed using the Rietveld method
adapted to the DN-2 '8’ This diffractometer is designed for measure-
ment of th: medium and large d-spacing, so we cannot determine
the thermal farameters of atoms independently. But including in the
fitting the reflections with d2.1.4 A only makes the correlations bet-
ween therma! parameters and occupancy more less.

Parame ers derived from neutron scattering data are given in the
Table. The oxygen content was found from the neutron diffraction
pattern fitting in the range of 1.4+ 3 A (Fig.1). The & value determi-
ned both by the wet chemical analysis and from neutron scattering data
are in good agreement for samples No.2-4. For sample No.l there is
certain discrepancy between these two methods, §, is appreciably
greater than §, and is not in accordance with low T, . It may be cau-
sed by the existence of sharp dependence of T, in the range §=0.7+0.8.

We do not show here the final results of Rietveld refinement as
they agree well with the data from earlier neutron experiments/ v,
which showed that samples prepared in the above described manner
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Characteristics of the samples under study

Table

Sample T, K T, K  &Chem. JRietv. R,% gl-10° g2-10°
1 873 58 0,83  068(2) 5.4 4.1 7.8
2 923 40 051  048(2) 4.2 4.7 5.7
3 973 <20 041  0.37(2) 26 5.7 4.3
4 1213 0 <020  0.08(1) 7.3 7.2 0.0

T is the annealing temperature, T is the temperature of phase transition
(the middle point of resistive curve), 8  and 8, are the 04 oxygen content deter-
mined by the chemical analysis and from Rietveld fitting R - the profile R-fac-
tor, gl=c/3-(a+b) /2 and g2=(b—a) /Ab+a) are the parameters of the devia-
tion from the ideal perovskite structure and the orthorhombic distcrsion of the
tetragonal lattice. : :

(X 1000 Y-Be2-Cu3-06.37. 2G4, MSU
14
L AL O A N S SR Y A B B B B B ]
i -1
B —
I i
s | 4
2
rW"\—\F—\.JWN\'\/\—W\—A—MW
-
-1 R R R ST S ST A R ST N SHN SR (N SR S S
1.4 1.8 2.2 2.6 3

d, A
Fig.1. Observed (dots) and calculated (solid line} diffraction profile jrom sample
No.3. The difference curve is shown in the bottom. The total of 245 experimental
points were processed with R-factor over profile being 2.6%, weighted Rw-factor
3.4% and expected R, =2.1%
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Fig.2. Diffrcction spectrum from sample No.4 measured at 20=40°. A peak at
8=4.93 £ i: clearly observable. It may be considered as (1/2 1/2 1) magnetic re-
flection fron: the AF structure.

really become oxygen deficient and variation of & correlates with the
(b-a)/(b+a) value, After annealing at 970 K the diffraction pattern
shows a pure single tetragonal phase with 04 removed from (ie) posi-
tions.

As is shown in Ref. the AF ordering in YBa,Cu 404, 5 for
850.15 leads to the unit cell doubling along a and b axes, i.e. permits
the enhan:ement of magnetic peaks of the (1/2 1/2 £ ) type (if Miller
indices are: used for nuclear cell). In experiments/! 2/ the peaks (1/2
1/2 1) and (1/2 1/2 2) with d equal about 58 and 4 &, respectively,
were observed to have approximately equal intensities.

A carefull check undertaken in the vicinity of d =5 & has revealed
an additional weak reflection (d=4.93 A) in sample No.4 only (Fig.2).
The lattic: parameters for this sample were measured under good reso-
lution (26 =90° and 150°), being a=b=3.840 A and c=11.737 A* and

/1, 8/

. [o]
*In Kef/*/: a=b= 3.857 4 and c=11.855 A in Ref/® :a=b= 3843 4
and c=11.756 A.
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Fig.3. Diffraction spectrum from sample No.4. In the vicinity of ¢ =399 A the
{1/2 1/2 2) magnetic reflection must occur, but its intensity does not exceed the
statistical error.

corresponding to calculated (1/2 1/2 1) magnetic peak position. No other
magnetic peaks were found within the limits of experimental resolu-
tion and intensity. Namely I, . o (d=3.99 A)=38::54 (fig.3),
while I,, .., (d=4.93 K)=1053 +123. Corrections for the effective
spectrum, Lorentz factor and absorption have small influence on the
intensity ratio for these two peaks and so it appears to be equal to ~20
at least.

Rietveld profile refinement of the data from No.4 sample gave
5-0.08 (R=7.3%) showing only a modest correspondence with the
tetragonal P4/mmm structure. Many peaks especially tho:ue occurring
in the range of d=3 A have some additional intensity.

Thus the performed experiments have not demonstrated any signs
of AF long range ordering in YBa20u3 Og,s compounds for 33 0.36.
For 8= 0.08 the additional peak appears and it may be ccnsidered as
a magnetic reflection (1/2 1/2 1) from tetragonal AF lattice with doub-
led a and b. In contrast to Refs/**® no other additiona. reflections
have been observed in our experiments. Therefore, one should consider
with care the models suggested in Refs.”1.2/ and a new thorough search
for magnetic peaks is necessary.
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ON DETERMINATION OF THE MAGNETIC FIELD
PENETRATION DEPTH IN OXIDE SUPERCONDUCTORS
BY POLARIZED NEUTRONS REFLECTION '

D.A.Korneev, L.P.Chernenko

The R+(k1.)’ R_(k,) reflection coefficients are calcilated for
YBa,CugO, film sprayed on . SrTiOy (k  is a normal to the surface
component, of a wavevector of neutrons) using the quantum mecha-
nical model describing the reflection of neutrons from the surface
of a thin superconducting film. The dependence of S(k ) =R, (k )/R_(k )
on the depth of magnetic field penetration into a supercoaductor A,
on the external magnetic field H, and on a film thickness d it analysed.
The possibility is motivated of carrying out experiments on Jetermina-
tion of A under condition compared favourably with those under which
the experiments with ceramic samples of high temperature superconduc-
tor have been conducted. :

The investigation has been performed at the Laboratory ¢f Neutron
Physics, JINR.

06 onpeneneHuH ri1yO6HHBI MPOHUKHOBEHHUA MAarHHTH IO
monsaA B OKCHOHbIE CBEPXMPOBOAHHKH MeTOAOM OTpaKeHHA
NOJIAPH3OBaHHBIX HEHTPOHOB

I A.KopHees, J1.I1.UepHeH ko

Ha ocHOBe KBaHTOBO-MeXaHHYECKOH MOZEIH, OITMCBIBAIOLLE | MPOLIECC
3epKAIBHOTO OTPaXEHHA HEHTPOHOB OT MOBEPXHOCTH TOHKOH CBEpPX-
NPOBOOAIIEH [UIEHKH, PacCUMTaHbl CTIHMH3aBHCAUMeE K03¢ bHUMEHTH
OTpaXKEHHA R+(k*), R_(k,) naa nnenku YBagCuao,', HambUIEHHOMH
Ha noanoxky u3 SrTiOg4, roe k L — HOpMaibHas K MOBEPXHICTH KOM-
TIOHEHTa BONHOBOTO BeKTopa HeiTpoHOB. [IpoaHann3upoBalia 3aBHCH-
MOCTb PYHKLMH S(k )=R (k )R _(k ) OT rnyGHHBI MPOHY KHOBEHHA
MarHMTHOT 0 NOJIA B cnepxnponommx A BEJIHYMHBI BHELHEI'O MarHHT-
Horo nomst H u tonumHbl mnedku d. O60cHOBaHa BO3MOXHC CTb NOCTa-
HOBKH JKCNepHMEHTa MO ompeflleNieHio A B yCIIOBHAX,BBITC [IHO OTIIH-
YalOUUXCA OT YCNOBHil 3KCMEPHMEHTOB C KepaMHYeCKHMH (6pa3liaMH
BBICOKOTEMIIEPaTYPHBIX CBEpPXIIPOBOAHKKOB.

PaGora BrinomHena B JlaGopatopuu HeiTpoHHOH ¢udnry OUAH.
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Recently the results’ 176n determination of the magnetic field pene-
tration depth in YBa,Cuz O, obtained by polarized neutron reflection
have beer published. Tl/lg g/ola:ized neutron reflection method compa-
red with the other ones ™’ has demonstrated a significant divergence
(by 10 tines) from estimation of A. As yet, the reasons of such diver-
gence are 10t clear.

It should be noted that basically, under definite .conditions, the
polarized neutron reflection at low energies allows one to determine the
dependence of a magnetic field value on a depth. The possibility of
interpreting the obtained results in the frame of the problem of neut-
ron reflection from a medium surface should be referred to such con-
ditions. The high density and substance magnetization homogeneity
along the surface (the absence of pores, multiphase states and other
inhomogeneities) is the most essential requirement. Thus, it follows
that the v/hole of the sample must be in the Meissner phase. The den-
sity of siperconducting ceramics differs from the crystallographic
one. Hence, those ceramics bear a significant structure inhomogeneity.
This fact to some extent may reduce the evidence of the A estima-
tions on ihe base of experiments on polarized neutron reflection from
the surface of mass samples. Besides, microscopic divergences from
ideal planeness, i.e, surface undulations of a ceramic sample YBayCu g0y,
at the experiment’!” have led to the fact that the uncertainty A9 re-
presents 25% of the mean value of a grazing angle 8. Clearly the great
value of a parameter (A9/6) reduces the sensitivity of the method and
it is conne:ted with some hypotheses of the surface quality.

Belovy we analyse the chance of carrying out an experiment to
determine A by means of polarized neutron reflection under more
clear conditions using a thin film of identical composition; the film is
made by :praying on monocrystal base. It goes without saying that high
homogene ty of a film : and the quality of its surface provided by a mono-
crystal base should essentially improve the reliability of the A estimation
for the following reasons: firstly, due to the adequacy of a real reflection
process and a model forming the data handling basis; secondly, because
of an inctease of a method sensitivity through a decrease of (A6/6)
It is knowa from’*’ the pattern of magnetic field distribution in a thin
supercondicting film differs from the one in a half-infinite sample in
the case that a penetration depth is comparable to a film thickness d.
According to’4/ the dependence of induction on a coordinate z normal
to a film suirface is of the from
B(z) =H.f§f§2z d_),_/._A_)_ (1)

Ch(d/2A)
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where H is the value of an external magnetic field parallel to a :ilm surfa-
ce. In order to handle experimental data on polarized neutron reflec-
tion from a superconducting film surface the method of calcalation of
values R, and R_ is essential. Here R and R _are reflection coefficients
of neutrons polarized "up” and ’"down” the field H,respectively. We con-
sider the induction B(z) in a film is inhomogeneous and it is desicribed by
the equation (1). The film is applied on the base of the known com-
position.

The calculation method developed in 78/ allows one tc estimate
reflection coefficients R +(k ,) and R_(k,) (k, — is a normil compo-
nent of a wavevector of incident neutrons to the surface) and thus,
to determine the value of expected discrepancy between R (k J.) and
R_(k, ) according to A, d, H; it also permits to judge a sensitivity of the
method with relation to the change of (A8/6).

The total effective potential of a medium is written in th:: form of:

hz
U = 4n_.EN(b bM(z)), (2)
where m is a neutron mass, N is a number of nuclei in a unit of volume,

b, is a mean length of coherent neutron-nucleus scattering, «und b, (z)

is calculated by the formula
-10
b, (z) = —(B(z) -H). ; (3)

In (3) the dimensions of quantities are as follows: b,, —- A;N— 3'3;
B,H — gausses.

So, a superconductor without ferromagnetic ordering in the exter-
nal field can be thought of as a magnetized medium with some effec-
tive ”magnetic” length of neutron scattering related to the induction
and external field by the formula (3); in this case the total neutron scat-
tering length has two values of opposite polarizations in an incic ent beam:

+
b (z) = b, ¥ b, (z).
In the table given below we present the values being used hereaf-
ter and calculated on the basis of tabulated and crystallograshic data:

Film (YBayCu 40,) Base (SrTiOg)
b, (&) 0631 107* 0.42- 10
N(&- 3 0.0747 0.0837
b,, (&) 3.06 10‘9 (B(z) - H) 0.0
ko(& ) - 17-10” 6.64 1073
A, (R) 814 946
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where B and H are being measured in gausses; k= ( 27/A )is the value
of a normal component of a wavevector of incident neutrons obtai-
ned if:

2,2
h2g? C o

2m i

In brief, the principle of the method is that a continuous poten-
tial is substituted for a discrete quasipotential:

W

U(z) =§-[;i§1 b,(z)8(z - z,). (4)

The neutrcn interaction in z=z; is proportional to the value of b ,(z;),
which is a mean value of a neutron scattering length on the whole plane
of z=2,. A neutron wave function is chosen at each section between
z, and z; , as a sum of plane waves moving in both directions (a po-
sitive and a negative one) with corresponding amplitudes: A (K 1)
and A(l)(ﬁ .). By this means the substitution of the written wave func-
tion into a Schrddinger equation with a quasipotential (4) reduces it to
a system of bounded algebraic equations in relation to A1) | Using this
method ore may find all AY) (k) and AY) (k) (i=1,2,...,n+1) for
any model dependence of b, (z,), and thus find out a wave function in
an inhomcgeneous medium, reflection coefficients R(k, )=| At Xk ) |2
and transriission coefficients T(k,)= | A('”’l)(kl )\20f neutrons (here
n is a number of points where a potential (4) is given). A continuous
potential corresponding to a discrete one is defined for a homogeneous
medium (bz= const, Az=z, - z; = const) by the following expression:

U=47 = (=), (5)

The latter expression may serve as a determination of a potential for a
one-dimersional homogeneous problem. A particular recalculation of
”three-dimr ensional” scattering lengths in ’one-dimensional’” ones is done
taking this simple condition as the base: the potential of one- and three-
dimensionil problem must agree very closely.

The results of experiments on the polarized neutron reflection are
accepted t > be presented in the following form:

Np ()

Sg(k) = (6)

No(k)
where Ng (k), Ng(k) are the intensities of the narrowly collimated
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Figl. 8(k ) for cases: 1 — A =200 A Fig2 S(k,) for casess 1 ~d=
2 - A=1000 A, when the field H=420 ga-  =1000 A: 2 ~d =1500 A when the
usses for a film 1000 A thick. field H=105 gauses and A=200 A.

neutron beam reflected at a grazing angle @, k is a wavevector of inci-
dent neutrons. It should be noted that k, = k f. Signs- and+ show

that neutrons have been registered with the help of a spin-flip ser being
switched on and switched off, respectively. A spin- fhpper is t1e ‘device
reversing the polarization vector P about the vector H in an incident beam.

In the general case P = F(k). The probability f of the polarizatic n reverse
with a spin-flipper is also the function k, i.e. f= f(k).

Now we turn our attention to the discussion of calculated values
of Sk, )=R_ (k )/R_(k,) for a model superconducting film with
the values of neutron-optical parameters given in the Table.

Figures 1+ 3 show calculation results of the S(k ) for an ideal
reflectometer, i.e. (AG/6)=0.; (AkAk)0.; P=1.;f=1.

Figure 1 presents S(k, ) for a film with a thickness of d=1000 A
in the region of values k ;2 k,. Two cases are given: 1) when A=200 A
(curve 1) and when A=1000 A (curve 2) if an external field is equal to
420 gausses. S(k ) is of oscillating character (also see fig.2). It is seen that
as A decreases the effect increases.

Fifure 2 demonstrates the differences of S(k ;) for films with
a thickness of 1000 A and 1500 &, respectively. A film thickness increa-
se has led to an increase in a number of oscillations in a picled inter-
val k,

The comparison of curve 1 in Figs. 1 and 2 allows one tc evaluate
the dependence S(k ) on an external field value: as a field decreases
the effect also decreases being available for measurement wt en fields
are > 50 gausses.

Figure 3 presents a specific case, i.e. when a film with a substrate
8 thick does not transfer to a superconducting state. The deficiency
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sikg 221 4 Fig.3.8(k ) shows the existence of
20 a film lgyer with the deficiency of
18}
vel oxygen. In a layer 8 thick on the
wl surface of a film B(z) =H=const.
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Fig4. 8(k,) for an ideal reflectometer o8}
{curve 1) ard considering finite resolution 05|
{curve 2) A film with a thickness of ot
1000 12,0 i a field H=420 gausses and 68 72 76 80 84 85 9.2 107
A=200 A. ALY

of oxyger near a film surface may cause the existence of such a layer,
Figure 3 Jdemonstrates the manner in which S(k ) depending on 3 is
changirg. )

The ‘inite reflectometer resolution transforms S(k, ) into Sg (k);
the latter function is equal to Sg(k, ) at a fixed value of parameter 6
when k=it /6.

Curve 2 in Fig.4 shows Sp(k ,) at #=5-10"%;(A6/8)=4 -107* and
P(k)=1-c/k*(c=6.28-10"3 A-*). The dependence P(k) has been
taken frora’”’ . Curve 1 in Fig.4 is an ideal case. One may see that
taking int> account the reflectometer real parameters we observe a
significant decrease in the effect.

It should be noted that at first sight it seems advantageous to in-
crease the parameter 6 because at (A9/6) it tends to zero.But 8 will be
confined by k = (k,/6) » k* ie. 0<(k /k*) which comes from the or-
dinary reqiirement: the k values must get to the region of k* values
where the spectral density of thermal neutron flux is rather high, in
order to provide the statistic precision in measuring S(k, ). Thus, for
example, the typical value of k* for thermal beam of the pulsed reactor
IBR-2 of S NR is k* = (27/3)=1.7 &1 (A* = 4+ 5 R). That corresponds
to 6 <k /k*=5-10"3,
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Conclusions:

1. The experiment on the determination of A in film high-tempe-
rature superconductors by polarized neutrons will allow one to g:t the
A using more precise conditions compared to those used for inv sstiga-
tions on thick samples. The estimation of A becomes more reliable.

2. The calculation method has been created for handling experi-
mental spectra of neutrons reflected from a thin superconducting film,
applied on a mass base and placed in the magnetic field H, to determine
the A and the thickness of the substrate having no superconiucting
properties.

3. Neutron-optical parameters for the YBay,CugO, film and
5vTi0, base are such that the effect might be statistically observable
in the re%ion of values of k zko =7.7.1073% K1 st a grazing angle of
655.107". In this case the value of the very effect grows wih an in-
cregse of the field H and with a decrease of the A. The ragion of
05 A<2000 A& for fields =400 gausses is considered toc be availahle
for measurements of the A When a field reduces, this region g:ts narro-
wer. In real conditions of the experiment the values of H <5/} gausses,
apparently, might not provide one with a reliable determination of a A
at different values. If the first critical fields is H ; <50 gausses, the latter
condition limits the correctness of the experiment interpretation in the
frame of a one-dimensional neutron reflection model.

4. Film thickness at which advantages of the thin-fi.m- sample
YBa20u307, connected with a characteristic non-monotone behaviour
of S(k, ), are apparent lie in the interval of 1000+ 1500 A.

5. The uncertainty in the reflectometer parameter (Ad,0)~5% and
consideration of incomplete neutron beam polarisation preserve all
characteristic peculiarities of the S(k 1)’ reducing the effect by approxi-
mately two times.

5. The experiments with monocrystal films allow one 10 determine
the vaiue of A along definite crystallographic direction deterrained by the
behaviour of a film growth inthe process of its preparation. The experi-
ments with polyerystal films give information on the A :veraged over
crystallographic directions considering the degree of a reciprocal crystal
disorder. The comparison of experiments on films with a different de-
gree of a mosaic structure will permit one to estimate crystallographic
anisotropy of A.
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uSR-INVESTIGATION OF THE HIGH-T,
SUPERCONDUCTOR HoBa,Cu 4045

V.N.Duginov, L.E.Graboj! , V.G.Grebinnik, I.LGurevich®,
A.R.Kaul 1, B.F.Kirillovz, E.P.Krasnoperovg, A.B.Lazarev,
B.A.Nikolsky 2, V.G.Olshevsky, A.V.Piro ov® , V.Yu.Pomjakushin2 ,
A.N.Ponomarev®, S.N.Shilov, V.A Suetin® , V.A.Zhukov

A high-T, superconductor HoBagCu g0y .8 (T, ~93 K) has been
investigated by the pSR-method in a zero external magnetic field, the
sample being cooled from the temperature much higher than T, to
T=4.2 K. The fast increasing of the muon spin depolarization in the
temperature range 10-4.2 K is observed, which indicates the fluc:uating
production of the magnetic ordering in this sample.

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

HccnenoBalye BbICOKOTEMMEpaTypHOTO CBEpPXIpPOBO;IHHKA
HoBapCugOy7 .5 wSR-meronom

B.H.Ilyrunos u np.

HUccnemoBan £ SR-MeTONOM BbICOKOTEMIIEPATYPHLIH CBEPXIJOBOL-
HHK HoBagCu307_5 (T,~93 K) B HyNneBOM BHeLIHEM MarHKTHOM rI0ie
MpH OXJIaxaeHHH o6pasua OT TeMneparypbl, 3HAUMTENbHO NPEB >I1Lal0-
we#t T,, no temneparypsi T=4,2 K. B o6nacts temneparyp 1(-4,2 K
Habmonaerca ObICTpasA OenonsApH3alMA CNHHA MIOOHA, CBUOETEb STBYI0-
mwafg o ¢IyKTyaUMOHHOM 0Opa3’oBaHHH MAarHHTOYMOPANIOYC HHOFO
COCTOAIHHA B MCCNelyeMoM coenuHeHuH HoBag Cu 3O.;._ 5-

Pabora Beinonnena B JlaGopatopuu snmepHbix npobnem OUSH.

Nowadays the phenomena in high-T, superconductors like
RBay,CuyO, 5, R being the rare-earth elements with high atomic
magnetic moments, arouse great interest’} 2/

In our experiment a high-Tc superconductor HoBaeCusO7 .8
has been investigated by the uSR-method. The experiment ‘was perfor-

lMoscow State University
2L V. Kurchatov Institute of Atomic Energy, Moscow
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Fig.1. Muon spin relaxation functions
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med at the Laboratory of Nuclear Problems (JINR, Dubna) in the pha-
sotron muon beam. The sample was a disk ~40 mm in diameter and
~10 mm thick. The disk’s face was perpendicular to the direction of
the muon beam polarization. The superconducting transition temperatu-
re, determired in resistivity measurenents, was about 93 K. Investiga-
tions of the sample were performed in a zero external magnetic field

in the temperature range 4.2-140 K.
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To fit the experimental data the relaxation function was taken

to be:
22

~A(T)+t -0t

Pz(t) =-a§-[ae +(a2-a)e 1, (1)
where a is the decay asymmetry of the p*-fraction stopped, as we sup-
pose, at the sites nearest to Ho-atoms; A(T) is the muon sgin relaxation
rate for this fraction; ay is the total decay asymmetry determined in
the experiment at T>>T, in the magnetic field H  transversal to the
initial muon polarization; o is the muon spin relaxation rate for the
muon fraction stopped at the sites far from Ho-atoms. It was assumed
that a, ay and o are constant at all temperatures (a=0.097£0.002;
ay=0.155; 0= 0.182+0.008). Values of A(T) were selectec individually
for each spectrum. Figure 1 shows the experimental deper dences P 2(t)
and those computed by eq.(1).

The muon spin relaxation rate A(T) as a function of the tempera-
ture is plotted in Fig.2. As is seen, there is no visible change in A from
T=140 K up to T~15-20 K. This means, that there are no signs of
magnetic ordering above ~15-20 K. However, the fast :ncreasing of
A is observed below ~15-20 K, which can be explained by the fluctua-
ting formation of magnetic ordering (ferro- or antiferromajmetic) in the
paramagnetic phase of the superconductor near the magnetic phase
transition temperature. The dependences P, (t) in Fig.1 elso indicate
the fast increasing of the muon spin relaxation rate when the tempera-
ture approaches 4.2 K.

he analysis of the A(T)-dependences at T<15 K showed (Fig.3),
that the observed increasing of A with decreasing temperature can be
expressed as:

MT) = C . (2)

(T~-T, )i
where T, = (0£1) K, £-1.9+£0.3.

The magnetic ordering in HoBapgCuzO,.5 is connected with
holmium atoms whose unfilled 4f-shell has a magnetic moment of
10 pg . In pure holmium these moments are ordered at 2)<T <132 K
as helicoidal antiferromagnetic and at T <20 K as helicoilal ferromag-
netic. The magnetic ordering in the high-T,  suderconductor
HoBa,Cuy O, 5 observed in the experiment points to coexistence of
superconductivity and magnetism in this substance.

The same result was obtained in Ref.%/ , where “he magnetic
phase transition was observed in GdBa ;Cuy O, 5 at 2.3 K.

We thank V.Yu.Yushankhaj for helpful discussions and I.A.Gaganov
for assistance in measurements.
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POSITRON ANNIHILATION IN A HIGH-TEMPERATURE
SUPERCONDUCTOR, YBa,CugO;. 5

J Wawryszczuk, T.Goworek! , A.I.Iva.novz, M.Lewandowski,
P.Mazurek! , V.N.Rybakov, I.F.Uchevatkin2 , LA.Yutlandov

Positron annihilation as a function of temperature in high-teinpera-
ture superconductors YBagCugOr g 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 7y positron
lifetimes as well as of the intensity of the component with 75 ~ J 5 and
Doppler broadening S parameter allows one to assume that traisition
into superconducting state is accompanied with a certain decrcase in
electron density and with decreasing number of defects or inc easing
their size. :

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

AHHHTWIALMA MO3UTPOHOB
B BBICOKOTEMIepaTypHOM caepxnpoBoiaHike YBapgCu:04. 5

fi.BappbOuyk H ap.

Hayuena aHHMIWIALMA MO3UTPOHOB B o6pa3uax BBICOKOTElANEpa-
TYPHOH CBEPXIIPOBOAALUEH KepaMHKH YBa.BCu307_8. NMoka3zano,
YTO HM3MEHEHHME XapaKTepa aHHHIWIALUMH [PH Mepexofie B CBe|YXIIPO-
BOAALIee COCTOAHME OTHOCHTENIBHO HeBeNHKO. HM3MeHeHMA BpeMmeH
MU3HH TOIHTPOHOB 7y M fg, @ TaKXKe HHTEHCMBHOCTH KOMIIOHEHTbI
& H MOMUIEPOBCKOro YUMHPEHHA AHHMTWIALMOHHOH y-mHHW! (ma-
paMeTpa S ) MOIBONAKT MNpeANonaraTb, YTO Mepexofl B CBE)XIIpo-
BOMAILEC COCTOAHHE COMPOBOXOAETCA HEKOTOPbIM yMCHBILEHHEM
IMEKTPOHHOH IUIOTHOCTH H YMEHBLICHHEM YHCNIa WIH YBEIHYCHHEM
pa3MepoB Ae(HeKTOB KPHCTAUTHYE CKOH PELLETKH.

PaGora BbinonHeHa B JlaGopatopum Agepusix mpobimem OHAHU.

Nowadays superconductors like La-Ba-Cu-0’!/ have been inten-
sely studied by all available methods, including the positron annihi-
lation method which is especially sensitive to the structure of a sub-

1
Institute of Physics of Curie-Sklodowska University, Lublin
£ All-Union Mendeleev Research Institute of Metrology, Leningrac'

67



stance. Usui:lly, the parameters describing the annihilation process (po-
sitron 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 /8- 5/
it seems reusonable to follow the behaviour of the annihilation para-
meters in tle transmon reglon (T, )of hlgh-temperature superconduc-
tors. In the first paper dealmg w1th 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 aiso 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 puper presents the results of positron lifetime measurements
for YBaygCnug0O, 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 spectrc meter with two BaFp crystalls 38x25 mm in size. The ener-
gy resolution ofwboth scintillators with photomultiplyers XP2020Q
was 7% for the = Co 1333 keV line, To eliminate distortions of the
time spectrim 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(Ll)-detector of volume 1 sm®
and energy resolution 1.02 keV for the 10824 512 keV line. The ener-
gy value of the channel was 0.080 keV, Instability of the 511 keV
line positior. during measurements did not exceed one channel.

For measurements at different temperatures the YBa Cu O .8
samples were placed in a cylinder-shaped hquld-mtrogen-cooled va-
cuum cryostat (p = 1073 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 ritrogen temperature by means of a copper-constantat: thermo-
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couple. The voltage from the thermocouple was also usec 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 22NaCl on nikel foil 1.2 pm thick coa-
ted with a gold layer 50 A thick. The source area was ~8 mra2,

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 pcsitron anni-
hilation in the nickel foil {(~ 8%) was not taken into a:count. The
time resolution of spectrometer 27, was also regarded as a fitting
parameter. The values of 217, obtamed in the fitting were within
222-225 ps. There were > 1, 2 108 coincidences registered for each
time spectrum,

To follow the annihilation y-line shape varying witk 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 uach) on the
peak’s left and right slopes. .

YBayCuz0, 5 Samples

The samples to be investigated were prepared by sintering Y, Oq,
BaOgy, CuO in the Laboratory of Nuclear Problems, JINE, (sample 1)
and by sintering Y,04 BaCOg4, CuO in the Institute of Physics of the
Curie-Sklodowska Lublin University (samples 2, 8). 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 longest-lived component
75 did not exceed 0.55% 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 X2( ~ 1.3 at two compo-
nents instead of ~1.1 at three components) and to 7; = 190 ps,
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T = 480 ps. Since no variations of r3 were found in the temperatu-
re range investigated, the final analysis of all time spectra was perfor-
med at a fixec. averaged value of this parameter.

Our meisurements in the temperature range of 80-130 K and
at room temperature showed that the change in the positron annihila-
tion characte: 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 ryand r,, toasmall intensity of J, and
parameter S ( Figure).

If one considers that the component with ry = 180 ps is rela-
ted to the free positron annihilation in the space between lattice points,
the small increase in r; observed at thesupperconducting transition
of the sample may indicate a change in the electron structure which
leads to a lcwer electron density. The component with r, = 350 ps
typical of- annijhilation of positrons captured by lattice defects should
be perhaps associated with oxygen vacancies. A decrease in intensity
of J, and perameter S at T < T_ allows an assumption that the num-
ber of these defects reduces in the superconducting state. A larger
re 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-oxile ceramic%/

It is staie in Ref, that the lifetime r; (139 t 7 ps) does not
depend on the sample temperature, the lifetime 7, (~210 ps) noti-
ceably decreises 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
dlscrepancy between our results and those of Ref.””’ is a difference
in the composition of the samples investigated.

In the experiments ’8 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 abn armal behaviour of rny, r, and J, aroung T, was obser-
ved in Ref, 8 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 i1 the 8posxtron thermalisation time t, (by ~130 ps) was
observed in Ref.’¥ at Tc. An anomaly like this was found neither
in our paper, nor in Ref. /77,

Having compared the above results one may say that: (a) the
superconducting transition of Y-Ba-Cu-O systems affects positron
annjhilation character; (b) quite probably, annihilation process is
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very sensitive to the internal structure details of the samp.es and to
their pre;')aration technique. It is proved. by the opposite temperatu-
re dependence of 7, and Jp in this paper and Ret.”7/ , ancl 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 Z Skorzynski, A.K Kachalkin and A.I.Akatov for technical
assistance in setting up an experiment.

The avthors are also thankful to the leader of the programme
CPBP 01.09, Poland for assistance in carrying out this investigation.
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EFFECT OF HIGH ENERGY RADIATION ON CRITICAL
PARAMETERS OF SUPERCONDUCTING CERAMICS YBa CugO,

A.S.Alexandrov, A.A.Astapov, V.M.Drobin, LN, Zaitsev,

A.V Kuznetsov, V.I.Lushchikov, E.I.Diachkov, E.A.Protasov,
G.P.Reshetnikov, V.V Sikolenko, V.I.Smirnov, V.N . Trofimov,
S.V.Chemov, A L .Shishkin

Critical temperature (T,) and critical current density (j ) of high
temperature superconducting (HTSC) ceramics YBagCu307 were measu-
red as functions of dose from 5x103 Gy to 3x10 Gy Samples were
irradiated at room temperature by protons with energies 0.66 and
8.09 GeV and by L& with energy 3.65 GeV/nucleon. Radiation de-
gradation of critical parameters Jo and T, of HTSC-eramics is stron-
ger than in the NbTI alloy based superconductors and is obviously
connected with the formation of disordered regions, leading to the
electron localization and to the infractions of Josephson contacts bet-
ween ceramics grains.

The investigation has been performed at the Laboratory of High
Energies, JINR.

BrinsiHKe H3J1y4YeHH BbICO KO 3HEPruM Ha KpUTHYECKHE
napaMeTpbl CBepXnpoBofsilei kepaMUKH Y Ba,CugOy

A.C.AnekcaHpapoB H ap.

M3mepeHbl 3aBHCHMOCTH KpuTHYeCKOH Temmepatypbl (T,) ¥ miot-
HOCTH KPHTHUeCKOT0 Toka (J,) BbICOKOTeMIEpaTypHOl CBEpPXIPOBO-
nsueir (BTCIT) kepammkn YBa. oCu 30, 0T 03bI B nanazoHe §* 10t
3:108 Tp. O6myuenne IIpoBeJIeHO npu KOMHAaTHOH TeMIIE paTy pe
npoToHamu ¢ 3Heprueir 0,66 u 809 I'sB u sAnpamu 12¢C ¢ auzpruen
3,65 T'aB/HyxnoH. PamnaimMoHHas ferpajalMs KPHTHUECKHX I3 paMeT-
poB j,u T, BTCII-kepaMiku cuiiblee, YeM y CBEPXIIPOBOI HUKOB
Ha ocHoBe NDTi crmaBa, u cBs3aHa, nmo-BHAMMOMY, ¢ o6pasolaHHeM
PasynopafaoyeHHbIX obnacrelf, MPHBOAAIIMX K JOKATH3aUMM 37 €KTpO-
HOB U HapylLIEHHIO k03¢ COHOBCKMX KOHTAaKTOB MeX(Iy IpaHylaMH.

Pabota BpmonHeHa B JlaGopatopuu BBICOKHMX 3Hepruit JUAH.

Samples and Conditions of Irradiation

Single-phase samples of YBayCuyOy ceramics were prepared as
described in ref.(1) and had dimensions not exceeding 1x4x15 mm.
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Such sample size was determined mainly by ceramics mechanical
strength, by the construction of current and potential contacts, and
by the cross section of extracted beam from a synchrophasotron and
phasotron o JINR in the region of irradiation.

Samples were irradiated at room temperature directly by protons
with energy E, = 660 MeV and !®2C nuclei with energy E =
= 3.656 GeV/nucleon, and also by protons with energy E, = 8.09 GeV
through a copper target. Dose fractions after the samples successive
irradiations D) are presented in the table.

At D < 10% Gy the doses were determined both directly, using
the coloure:l film dosimeters (12), and by fluence (¢) of the beam
through the samples. At D 2 1 ‘ Gy the doses were determined by
the fluence only (taking into account nuclear interactions) by measu-
ring the activation from the 27Al(p,3p3n)*2Na reaction of the alumi-
nium foils the samples were rapped in. Transition coefficients from
¢ to D are:

K, (E, = 0.88 GeV) = 2.9 x 10~ %y . sm ®
szo(E= 3.86 GeV/nuc) =17 x1072% Qy . sm?

In all cases the dose determination error did not exceed 207%.
Following ref. (3), for the protons with E, =0.66 GeV the number
of displacements per atom was calcul te(g as Cq =6.4x10-2 per
unit fluence.

Effect of Irradiationonj andT,

Measurements of the volt-ampere characteristics (VAC) and re-
sistance of samples R(T) after each irradiation fraction were carried
out independently on three different apparatuses by using the standard
4 contact nethod. As a rule, with increasing dose the regular growth
of specific esistance was observed at room temperature.

The r:lative change in critical current density caused by a dose
ic(D)fj¢o (D)) for all the irradiated samples of YBa,Cug4O, ceramics
(3) and for the NbTi alloy based superconductors (1 and 2) is shown
in fig. 1. Data on samples, primarily different in quality and specific
resistance inder normal conditions and then irradiated by protons,
are in good enough agreement and lie on a common curve (3). At ir-
radiation viith heavy charged particles (in our case carbon nuclei) the
degradation curve shifts to the region of smaller doses. It should be
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Fig. 1. Dependence ic(D)/ico(D) for
the low temperature NbTi super-
conductors irradiated by reactor neu-
trons (1) and protons with energy
30 GeV (2), and for the HTSC-
ceramics YBaECu:’O7 irradiated by
protons with energy 0.66 and
8.09 GeV (3) or nuclei 2C with
energy 3.65 GeV/nucleon (4). Deno-
tions are indicated in the table.

noted that the irradiation under
similar conditions of a mono-
crystal of a YBa,Cu, 0, compo-
und investigated in work (4)
has increased j, by 2-3 times,
while the reported here HTSC-
ceramics are by 1-2 orders
of magnitude less radioresistant
than the NDbTi superconduc-

tors, which are also sensitive to the type of irradiation at equal
doses,
Figure 2 shows the dependence of the relative critical tempera-
ture of the given HT_SC ceramics on the doses T, (D)/T,, (D) in com-
parison witl. the results on irradiation of Chevrel phases and A-15 struc-
tures (6). I'ata on different samples lie also on a common curve and
are in agreement with earlier data (7,8). The observed in work (4)

Te/Teo
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Fig. 2. Dependence T(D)/T, (D)
for the HTSC-ceramics YBa oCu30,
under irradiation: a) by protons
and Y2C nuclei (solid curve with
experimental points on it, symbols
being explained in the table; b) by
neutrons with E > 0.1 MeV (the
data on single-phase ceramics (+)
and monocrystal (O) are given);
¢) by a-particles with E; =6.1 MeV
(the results are obtained with a film
1-2 pm thick (V)).



degradation of T, at irradiation of a monocrystal YBa20L307 by fast
neutrons is as yet difficult to explain.

Conclusions

Under irradiation the disorder regions seem to arise in a YBa,CugO,
compound. Spontaneous recombination of initially knocked out atoms
due to thermally activated (in track) zones of disorder in a crystal
with a dielectric layer allows the use of the dose dependence of criti-
cal parameters in place of the dependence on the number of displace-
ments per atom.
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HAMATHHUUYEHHOCTb KEPAMHKH YBaoCugO4q _4
[MOCIIE OBJIYUEHUA PEJIATUBUCTCKHNMHU
AOPAMH YI'JIEPOIIA

o ¥
H.H.I'onuapos, O.E.OmenbaHoBCKHIA

ITpot enenst usmepenna R(T), y(T)u M(B) oGpasuos xepamuku
YBa.,Z()uBO‘,Fx LOGIyueHHBIX peJIATMBHCICKHMHU AfpamMH ¢Topa M yrie-
pona {(MaxcuManbHbid droenc 6,3 10t% ﬂJJ,./CMQ). Kpussie R(T) n
v (T) o€uyueHnbix o6Gpa3loB He OTIMYAITCA OT K PUBBIX [UIA HCXOIHOTO
o6pa3su:. B To ke Bpems pashuia Mexmy M_u M+, a crefloBaTelbHo,
M BeJ'MHA BHYTPU3CpPeHHOH IUIOTHOCTH Toka J,, MPOXOUAT 4epes
MaKCHM YM, JIeXxalunit 1ipu drioeHcax, MEHbLUIHX 2 * 102 An./cM 2 (nna
cilyuas, KOT[la MarHMuTHoe oJie NapauieNIbBHO TpeKaM) .

PaBora BouonHena B8 JlaBopatopuu Bbicokux IHepruin OWSAN.

Magnetization of YBayCuy0,_, Ceramics after
Irradiation with Carbon Relativistic Nuclei

[.N.Go icharov, O.E.Omelyanovsky

R(T), ¥(T) and M(B)of samples of Y BayCug0, _; ceramics were
measured after irradiation with relativistic nuclei of fluorine and car-
bon -(maximum fluence of 6.3 « 1ot? nucl./cm2). The curves of R(T)
and y¥(T) forirradiated samples do not differ from those for an initial
sample. At the same time the difference between M_ and M, and,
consequently, the value of intragrain current density j, pass via ma-
ximum located at the fluences less than 2 .1032 nucl./cm £ (for
the case when magnetic ficld is parallel to tracks).

The investigation has been performed at the Laboratory of High
Energies, JINR.

HccnejloBate BiMsAHUe oOnyuenua Ha cBoiictBa BTCII BakHo
KaK C TOYIKH 3PEeHHA MOJIyueHHUs CyLleCTBEHHOH, MOPOoil yHHKaJIbHOM,
nHbopMamr u 0 GU3NKe 3TOro ABJIEHUA, TAK U C TOYKH 3PEHHA HCNOJIb-
30BaHHA 3T0T0 HOBOIO Kjlacca CBepXIPOBOLAILNX MaTepHaloB B pa-
IMAIMOHHBIX MMOJAX (YCKOpPHTENH, TepMOsAnepHble PeaKTOpbl, KOCMH-
YecKHe anmiparbl U T.1.) .

* Qusueckuii uncruryt um. I1.H.JIebeoesa AH CCCP, Mockea
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B pa3nuuHbIx 1abOpaTOpMAX MHpa Yy)Ke BBIIOJIHEHB! MepBble
uccnenoBanusa cpoiicte BTCII, o6nyueHHnix HeiiTponamu /1~4/ p
vonamu '8 =9/, TIpexne Bcero, o6Hapy)KeHO, uTo OHM ropaiio Gosee
YyBCTBHMTENbHB! K OOIy4YeHHIO, yeM coeduHeHMA Tuna Alb (NbSSn,
NbgGe, V3 8i ) — nnA CHM)KeHHMA KPHUTHYECKOH TeMIepaTyphl O OIpe-
JiefleHHOH AONMHM OT MCcXOAHO# TpeOylorca B 10-20 pa3 mMeHbulHe Beu-
uynHbl (oeHcoB vactui. [Ipy 3TOM yTBepxnaercda, YTO O JJydyeHHe
CHIIbHee BJIMAET Ha MeX3€PEeHHYI0 CBA3b, YeM Ha BHYTPEHHIOK ofiacTsb
sepua BTCII-kepamuku. B pane pa60T’ 2-8.8,9 pnonyuersl OdeHB
HHTepecHble M HEeOAHO3HauHble pe3y/ibTaTbl O BJMAHHHM OTyueHHA
HEATPOHAMH M HOHaMH Ha KPHTHuecKylo niaoTHocTb Toka BTCIT. Tpauc-
MOPTHBI KPHTHYECKHH TOK, H3MepeHHbIH NGO nMpomyckaHHeM uepes
obpasen Toka OT BHELIHEro HCTOYHMKaA, AMGO NyTeM HaBeleHHA €ero
B KOJIbUe, HEM3MEHHO CHM)KAaJIcA B pe3yibrare obmyueHna Uro xe
KacaeTcA BHYTPH3epEeHHOH IUIOTHOCTH TOKa |, B KepamHuie WIHM §,
B MOHOKpHCTaJUJIe, BBIUUCJIEHHBIX U3 U3MepeHHH MarHUTHOI'O VMIOMEHTa,
TO OHH 3aMeTHO BO3pacTalid NpH QIII0eHCax HEMTPOHOB, COOTE €TCTBYIO-
WMX Hauany mnajaeHuA T,, CBHIETeNbCTBYA O MNOBbILIEHHH THHHHHIA
BHXPEeBBIX HHUTEH (IM0-BUOMMOMYy, Ha 00Opa3oBaBIIMXCA B pe3yIbTaTe
06Ty ueHHA MHOTOYHCIEHHBIX MHKPOOOIACTAX C yXyALIEHHbIMH CBepX-
NpPOBOAALIMMH MapaMeTpaMu) .

B Hacrosuleii pabGoTe npoBegeHbl M3MepEHHMA HAMarHHYe€HHOCTH
obpa3uos BTCII-kepamuku A0 M nocjie 0OJyYeHHA pPeTATHBIICTCKHMH
AOpaMH ¢ Lebl0 0OHAPYXHUTh ero BJIHAHHE HA BHYTPH3EPEHHYI0 KPHTH-
YeCKYI0 IUVIOTHOCTb TOKa.

O6pa3ubl U3roTaBIMBAIMChL [0 METOAY TBepAOTeNnbHOil AUPPy-
3uu 10/ ¢ MHOrokpaTHBIM mepeTHpaHHeM, MMPeCCOBAHHEM M OTHHIOM
ux. JIna OKOHYATENBHOrO OTXXHMra B Ieub ObUIM NoMellleHbl OLHOBpe-
MEHHO HECKOJIbKO CIIPECCOBaHHbIX [OHCKOB OAHMHAKOBOH MacCHL.
B oxoHuaTes1bHOM BHOe 00Opa3ubl UMeny BUI OIHCKOB AHaMeTOM b MM
¥ TonuMHo# 1,6 MM,

O6nyueHre o6pa3suoB MNPOBOAWIOCH MPH KOMHATHBIX TeMIlepa-
Typax Ha BbiBeleHHOM nyuke cuHHxpocdadoTpona OMAHU (ramaBuiem
NepreHINKYJIAPHO TUIOCKOCTH AMCKOB) npH 3Hepruu 3,65 I 3B/HykuI.
O6pasen I1.1 o6nyven sanpamn 'JF %+ ¢ ¢moencom 0,002
10%2 an.jem?, a obpasumt 11.2, 11.3, I1.4 u 1.6 o6ayuens

AgpaMH yriepona ]“O'C 8+ ¢ (bmoencaMH cooTBercTBenHo 3,4; 2,9; 2,0;
6,3 1022 an./ecm®, CDmoeHcm onpeneAIACE N0 U3MEHEHHIO IIJIOTHO-
CTH UBETHOTO MATHA IUIEHOYHBIX pagHOXPOMHLIX IeTeKTOPOB, KOTOpbIe
ObUIH NpPOKATHOpOBaHbl raMma-uanyuyenvem o BHHUHOTIH, c uc-
MOJIL30BAHMEM pacueTHbIX [OAaHHBIX I[10 HOHH3AUMOHHBIM [TOTEpPAM
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Anep yriepona B IUIeHKe JaHHOrO cocraBa® . Dnu3onuueckuil mOMoJ-
HHUTENBHBIA KOHTPOJIb 3a NapaMeTpaMH My4YKa OCYLIECTBISUICH MyTeM
W3MepeHHH C HMOHM3allMOHHBIMH KamMepaMH (MHOIONPOBOJIOYHBIMHU —
IJIA OTpefecsIeHNA npo(WiIA ny4YykKa ¥ ¢ ABYMA OGOJNBLUIMMH 3J1eKTpona-
MH [UIA olipefelieHHA TMOJHOro rnotoka anep). TouHocTh B ompene-
JIeHHH cOooTHolleHus ¢aoeHcoB He xXyxe 10%, a TOYHOCTh B ompexe-
JieHHH abco 110THOI Bennuunb! He Xyxe 356%.

HOna Bcex o0pasyoB NPOBOIWIMCH H3MEpEeHHA KpHUBBIX Nepexoja
10 CONPOTHBJIEHHI0O M [0 MArHHUTHOH BOCIPHHMYHBOCTH. PeaynbtaThbl
npencraBiieHbl Ha puc. 1. O6nyueHHe He NPUBEIIO K U3MEHEHHI0 KPUBbIX
nepexoja (B8 npenenax 1%) .

HamarupueHHOCTh HM3Mepsilach C IOMOLUBI0 YYBCTBHTEIBHOI'O
BuGpannomioro Maruutomerpa 1% npu Temneparype 4,2 K mytem
MeIJIEHHOTI') YBEIHYeHHA U MOCJIeAyIINero yMeHbIIeHHUA MarHHUTHOIO
mona BS 8 Tn. OnmsoamyeckH pasBepTKa MarHUTHOTO MHOJIA OCTaHaB-
JMBaNach Il ONpefeNsyiock paBHOBecHoe 3Hauenue |M(B) |, xoropoe
6su10 Ha 8-9% HMXke, yeM B CiIyyae HeHyJeBo#l pa3BepTku. Kpusble

ae (T Xec (12K

0 35 80 I3 Y &

Puc. 1.7Vemneparypuvie xpugbie nepexoOa HeobnywerHoz20 o6paiya u3
HOPMAALHO20 8 C8epXnpo8ooAuiee COCTOAHUE NO CONPOTUBAEHUIO U 80C-
npuUMuL'8OCTU.

* AgTopst evipawaor npusnareabrocts B.B.[eneparosoii, A.A.Ipomosy u
MH.I'ypckowy 3a nomows npu kanubpoekxe Oerexropos, a taxxe A.Il Yepeaa-
TEHKO, 8bINO THUGUIEMY PACHeTbl UOHUSAYUOHHbIX NOTEPb.
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~M(B) MMenM xapaKTepHbI BHI C MaKCUMYMOM M OYeHb MajbIM H3-
MeHeHHeM npu B > 4 Tn (cMm., Hanpumep, /10/). Kpurnueckaa mior-
HOCTb TOKa nponopuuoHaibia AM=M_-M_ , rne M u ¥ _— pasHo-
BecHble 3HaYeHMA MAarHUTHBIX MOMEHTOB 00pa3slla COOTBETCTBEHHO
rnpu BBOIe U BbIBoZe noiA. Tak Kak reomMerpuueckue pa3epbl 3epeH
B oDpa3nax (a Takke M caMHX 00pa3sloB) He MEHAIOTCHA IipH obayuye-
HHMH, TO U3MeHeHHe AM oTpakaeT M3MeHeHHe BHYTPH3EpPEHI0H KpPHUTH-
ueckoi rioTHocTu Toka /1Y Bemmuunnr AM!/mi, nopwmuposamubie
K 3TUM e BeJIMYMHAM 1A HeoOGNlyueHHOro o6pasua” , mpamcraBieHs!
Ha puc. 2 (3mecs m'— macca COOTBeETCTBYyIoLIero obpasui). Mamepe-
HHUA MNPpPOBOOMJIMCL B YCIOBHAX, KOIJa IOJIe MapaUleIbHO TpeKam
(T.e. mapaulensHO OCH OHMCKOB) H MNepneHAUKyaApHO un. CoorBert-
cTByIoLHeE noNiA 0603HAUMM KaK B"u B,.

AHanu3 pe3ynbTaTOB NOKAa3bIBaeT, YTO B CIIyyae B” , T.e. Korga
INUHHUHT Ha Tpekax HaubGoJee 3¢ ¢eKTUBEH, KPUBbIE HAMArHHYEHHOCTH,
a clefoBarelbHO, M BHYTPH3EPEHHOM IUIOTHOCTH TOKA | E 3aBHCHMO-
CTH OT moeHca MPOXOJAT Yyepe3 MaKCHUMyM, JIexaluil, OuYeBHIHO,

Q2

1.1: : . B=-1T
{Of -m——o-a g

_—

' [ . .

o5E o
:l/\ i1} | B=5T

g\*s L a Puc.2. 3agucumocro gHyT-
R . o

0 - f— — A— Ag— ——— — DU3EPEHHOU KPUTUYECKOU
— 1’ L A A nAOTHOCTU 19Ka OT gharo-
agh [ enca On8 cayuaes, K020a

4 = M@2HUTHOE NoAe napai-

0 2- i 6 AeabHO Tper:am (cnaout-

(p 1012 ﬂ.(%!"lz Hble 3Hayku) u nepnex-

QUKYARPHO L'M.

* Bamerum, uro nocae oGnyuenun aopamu ¢Gropa ¢ Mmanbl.4 arwencom
(210 9;1()./CM2) YKa3aHHOe OTHoWerue 0an 06pasya 11 . 1 u ucxodnoeo obpa3s-
ya 11 .0 He orauvanocs OT eOuHuybl, CeuOeTeNbCTEYA O HAOEMHOCTU GblOPAK-
HOll HOpMUPOBKU.
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npu moencax, mensimux 2 +101% g /em? (korma cpednme pac-
CTOAHHUA MeEXKAY TpeKamMH oKa3bIiBaloTcA He MeHee TO A). U xorsa
BeIMYMHA N aKCHMyMa He€H3BeCTHa, 3HaMeHaTelbHbIM FBJIAETCA TO,
yro Brepsbl? AnA obpasnos BTCIl HabmogeH NMHHHUHT Ha OTIENIBHBLIX
TpeKax. 3To NMOATBEPXKIAETCA U TeM, YTo B Ciiyyae B, Hukakoro pocra
j, He obHapyXkeHO, KaK M CleloBalo oXuaare. EcTecTBeHHO npeano-
JIOKHUTE, YTO OOJyyeHHe yacTHLHAaMM ¢ Oojlee BBICOKMMM JIMHEHHBIMH
nepenayaMi SHepruu (Hanpumep, Oosnee TAXKeNbIMH WIH MeHee ObICT-
PbIMH HOHalMM) HpHU Tex ke (pOeHcax NnpuBeneT K Oojee 3aMeTHOMY
YBEJIMYEHMIO |, TaKMX obOpasioB.

Uro xiicaeTCA yMeHblUeHHMA |, NpH (oeHCax, MPEBLILAICUINX
3-10%12 gp /CM2 (kak niA BH’ Tak ¥ m1a B, ), To, BUOMMO, 31ecCh
HauMHAIOT I peBajiupoBaTh I1POIECCHI, NMPUBOAAILLME B KOHIE KOHLOB
K TMOJHOMY HMCYE3HOBEHHI) BbBICOKOTEMIIEPATYPHOH CBepPXIIPOBOIH-

MOCTH BCJIeACTBHe MaACCHUpPOBAHHOTO 06nyqemm TaKHX MaTepHa-
nos’/1-8/
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THE STABILIZATION OF HIGH-TEMPERATURE
SUPERCONDUCTOR Y, Ba,CugO, 5 SURFACE

S.A Korenev, D, Valentovi&, V.I.Lushchikov

A technique is suggested for stabilization of a high-temperature
superconductor Y, Ba,CugO, o surface by means of a high-cirrent
pulsed electron beam (J = 12.5 + 65 A/ecm®, E = 70 + 200 keV,
t = 300 ns, P = 0.001 Pa). The quality of the remelted surfac: film
is characterized and first experimental results are discussed. It is :hown
that within 50 days after the electron beam processing, no die ectric
film was developed at superconductor surface and superconcluctor
characteristics did not change.

The investigation has been performed at the Scientifical-Methodical
Division, JINR.

Crabwinsauma rnoBepXHOCTH BBICO KOTeMIlepaTypHOro
cBepxnpoBogHuka YiBagCuz Oq.5

C.A KopeHes, Il.Banentosny, B.H.Jlynmnkos

O6cyxmaeTca MeTol CTaGWIH3aLKH BbICOKOTEMIIE DATY PHOFO (BEDX-
npoboiitka Y; Ba,Cuy O, 5 MyTem omnapneHMs ero noBepXHOCTH
HWMIYJIbCHBIM CWIBHOTOYHBIM JIEKTPOHHBIM [TYYKOM M TNpPHBOLATCH
nepBble JIKCrepHMEHTaNIbHble pe3ynbTaThl. B 3kcrmepHMeHTax Hcmonb
30BAJICA MEKTPOHHBIA ITyYOK C MMapaMeTpaMH: IUIOTHOCTb TOKa (2,5+
+65 A/cM2, KMHeTHyeckas OHeprus 3MekTpoHoB 70 + 200 k3B,
[UTMTETIBHOCTh HMIyJIbCca ToKa Myuka -~ 300 Hc. OGnydeHMs npoBoOIH-
JMCh B BAKyYMHbIX YCJIOBMAX NpH [aBJCHWM OCTaTOWHOFO Fada
P ~ 1073 M. JdKcne pHMEHTAJIBHO MOKA3aHo, UTo B Teyenue 50 yTok
nocne oGnyueHHs Ha NMOBePXHOCTH KepaMHKH YlBaECuso.,_s OTCYT-
CTBYeT OMINIeKTPHYECKAA IUIEHKA, a CBEpXNpOBOOMLUMNE XapaKTeHCTH-
KH 006padiia He yXy/ILIAIOTCA.

PaGota BpmonHeHa B OGUIEHMHCTHTYTCKOM HayYHO-METOJMY CKOM
otnenensd OUAU.

Y-Ba-Cu-O high-temperature ceramic superconductlve materials
are investigated in many laboratories throughout the world” '/ . Howe-
ver, a certain progress has been achieved in fabricating superc onductive
high-temperature ceramics having stable superconductive char:icteristics.
It must be mentioned that Y, Ba,Cuy0, 5 surface is degraced during
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storing sujerconductive samples in atmospheric environment. Appa-
rently the surface degradation is caused by devel(}pment of a surface
dielectric liyer composed of metal hydrooxides/2 . The existence of
such a film may cause surface unstability problems.

In this rapid communication a method of the superconductor
surface stahilization by means of a high current pulsed electron beam
surface renielting is suggested, and our first experimental results are
presented.

The sirface thermoprocessing of many materials using concent-
rated pulse:; of high power beams (laser, electron, etc.) results in a stable
protective layer /3,

In accordance with/3/, for the case of pulsed electron beam
used for thz2 surface thermoprocessing it is necessary to have the beam
power density higher than 108 W/cm’2 and the surface freezing velo-
city of matorial higher than 105 K/sec.

Analyising the model of the nanosecond electron beam interacti-
on with material surface /%’ it may be shown that the physical pheno-
mena whica are taking place during the electron pulse beam stabili-
zation of ‘he Y, Ba,CuyO, 5 surface may be characterized as the
adiabatic ones.

Due to lack of data in literature we have used approximative
thermophysical data for our material and we have estimated the time
constant of the e-beam remelted surface freezing as 10™* sec. Thus the
superconductor surface may be modified by our electron beam up to
penetration depth of the electrons. (See fig. 1). The details of experi-
ments witih our electron beam source may be found in”% . The cera-
mic samples which had been processed were placed behind e-beam
source ancde (cathode-anode-sample)., The vacuum in the apparatus
used was 1¢”2 Pa,

The dimensions of our experimental Y, Ba,Cuy0, 5 supercon-
ductive samrr ples were 25x5x1 mm?® and they were prepared in the Labo-
ratory of Neutron Physics of the JINR at Dubna. The converied dielect-
ric surface layer was mechanically removed directly prior to the elect-
ron beam »srocessing. The surface of our experimental samples prior to
and after tie e-beam processing may be seen in SEM pictures (fig. 2).
The picture - of remelted surface is in fig, 2b.. Using the results of 37 we
have estimited the maximum surface temperature within the interval
of 1500-200)0° C during sample processing by means of e-beam.

The depth of modified layer estimated from SEM pictures (not
shown) as 30-60 ym corresponds to fig. 1, penetration depth of elect-
rons being .00 keV,

We have measured the electric resistance R of the samples imme-
diately after the e-beam processing and 50 days after. The simple measu-
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Fig. 4 The resistanse R along sample

N length Y dependence on number N

1 B of electron pulses applied (histo-
L _L 1. gramm),

L 1 13 ring scheme is shown in fig. 3;

L and the results, in fig. 4. It may

B 1 2 be seen that the resistance R

of the surface processed is about

two orders of magnitude lo-
o I wer than the resistance of
0 3 8§ 9 12 159 0  unprocessed regions, R does
MM
not depend on the number of
e-beam pulses applied subsequ-

ently—N, znd R remains the same within 50 days after processing at
least.

The :nalogic results were obtained for NbsGe in/e’/ where cha-
racteristics of the surface did not depend on N too.

The evidence of a dielectric layer present on unprocessed
Y Ba Cu O,_s surface was proved by impedance measuring. Ori-
g]nally all our samples had capacitive impedance but, after the e-beam
processing the impedance was pure ohmic. The ohmlc impedance was
checked on the samples immediately after their dielectric film was
removed niechanically but, it became capacitive few hours after again.

We believe that the high power pulsed electron beam stabilization
of Y,Bayuz0,_ 5 superconductive surface should be one of the
new possitilities in the high temperature superconductivity technology.

We st ould like to express our thanks to O.L.Orelovich, V. A Alty-
nov, S.V Eostuchenko for their help and B, V. Vasiliev for useful dis-
cussions.
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THE EMISSION CHARACTERISTICS
OF Y, Ba,Cu,0, 5 CATHODE

S.A.Korenev

The results are presented of experimental investigation of the elect-
ron beam in diode with cathode on the base of Y; BagCug0, 5. After
corresponding cathode training, the cathode made from Y, Bay,Cu, O, 5
material may be practicable of stable current electron beam yeild.
It is shown experimentally that at the voltage of diode of about 100+
+300 kV there «exists an evident possibility of forming the el¢ctron
beams with the current density of 70 A *+ 380 A/cm2. The m otion
velicity of cathode plasma in the direction of anode for this material
of a cathode amountsto (1 + 3) - 108 cm/s,

The investigation has been performed at the Scientifical-Meth >dical
Division, JINR.

OMHCCHOHHBIE XapaKTepHCTHUKH KaTtoja H3 Yy Ba,Cuy Oy 5
C.A.KopeHes

IIpuBomATCA pe3ynbraThl IKCIEPUMEHTAIBHOIO MCCIeNOBaHMA Gop-
MHMPOBAHHA IMEKTPOHHBIX NyYKOB B MMOAE C KaTOOM CO B3pbBHOMH
amuccueit Ha ocrose Yy BagCuyOy 5. Tocne Tpenuposku KiTofla,
H3TOTOBJIEHHOIO H3 Y Ba Cu 07 ,MOXHO OCYLIECTBIIATH CTa0M BHBIA
TOK0OT6Op myuxa 3n\.1<rponon 31<cnepnmenranbﬂo [IDKAa3aHo, YT ) MpPH
HampsxeHuM Ha [HMofie 100+ 300 xB Moo ¢dopMHpOBaTh 1E€K IPOH-
Hble NyYKH C IULJOTHOCTHIO Toka ~70+ 380 A/CM2.CKOPOCTI> IBHXEHHU 5
KaTO[HOH IUIa3Mbl B CTOPOHY aHOfIa [iIsi TOr0 MarepHana Karojia co-
craBnsier ~ (1 + 3) + 10° cM/c.

Pabota BbionHeHa B OGIEHHCTHTYTCKOM HayWHO-METOHMY( CKOM
oraenennu OUAN,

In high temperature superconductor research,. attention is paid
to the emission characteristics of superconductors v :

In this rapid communication the experimental results of the elect-
ron emission from the Y Baz,Cuso,7 5 superconductor cathode work-
ing in explosion regime are given.

The experiments have been performed on high-curren: electron
beam source /2] The electron source consists of a high-voltage Arka-
diev — Marx pulse generator (peak voltage ~ 100-300 kV, pulse dura-
tion 300-1000 ns) and vacuum diode. The anode was made from stain-



less steel grid having transmission coefficient ~ 0.6. The cylindrical
Y;Ba,Cu, 0, 5 cathode fixed on a liquid nitrogen cooled support
has diameter 6 mm and the tip radius 3 mm.

The emission characteristics of 3 cathodes (having resistivities
p ~2 Q.cm; 107! Q- cem; 2.5 1072 Q- cm) have been investigated.
The cathode temperature prior to impulse starting was measured by
a Cu-cons:.antan: thermocouple. The apparatus vacuum pressure was
5° 10> Tor. The electron beam current was registered by an integra-
ting Rogo /ski transformer and a Faraday cup; the voltage, by high
resistance julse attenuator,

In fiz. 1 the voltage-current characteristics (v.c.ch.) of diodes
having the plasma initiation regime temperature T, ~ 300 K (fig.1a)
and T, ~ 79 K (fig. 1b) are displayed. The cathode-anode distance
is 1 cm. As one can see analysing the v.c.ch., the current yield of diode
does not epend on the cathode resistivity at both temperatures T,
and Ty. "'he experimental results could be explained as following.
Due to t1ie cathode surface geometrical microinhomogeneities the
explosive cathode plasma is formed under the high voltage pulse influen-
ce. The cathode plasma here is the electron emitter. As can be seen
in fig. 2a, where the part of cathode is shown, the cathode has a large

<l a) <} 8)
5 . S

oL o

()] >

O- O-

0 0

oL oL
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50 150-250UxV 50 150 250U,xY

Fig. 1. Voltage-currenf characteristics of electron source diode with cathode made
onlBagCu307 s forty ~ 300K (a)and t, ~ 79 K (b)and for: 0— p ~ 25X
X102 Q-cn; @ — p ~10 Qeom; A~ p~ 2 Q-cm.
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