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We study the temperature dependence of the in-plane magneto-resistance p,;(7) in the untwined YBa,Cu;07 5
single crystals after irradiation by fast electrons (energy 0.5-2.5 MeV, dose 10" cm ?), also with a small oxygen
hypostoichiometry at different angles between the external magnetic field 15 kOe and the ab-planes a. We found
that at high temperatures in the pseudogap region external magnetic field does not affect the p,,(7), but it broadens
transitional region 7, — T, from 0.3 K at zero field and o = 0 to approximately 6 K at o = 90° in the field. In the
case of an unirradiated sample, p,,(7) display a 3D to 2D dimensional crossover when temperature decreases
from T, to T, and scaling near the 7,y which we relate to the flux-flow and vortex-lattice melting. The reasons
for the appearance of low-temperature “tails” (paracoherent transitions) on resistive transitions corresponding to dif-

ferent phase regimes of the vortex matter are discussed.
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As is known irradiation with fast electrons makes it
possible not only to verify the adequacy of numerous theo-
retical models but also to determine empirical methods for
improving the technological characteristics of high-tempe-
rature superconducting cuprates (HTSC) [1, 2]. This is
particularly important regarding their application [3]. From
the fundamental viewpoint, it is of interest to elucidate the
mechanism and degree of influence of irradiation on several
unusual phenomena observed in HTSC compounds in the
normal state [4, 5], such as the pseudogap anomaly [5-7],
the fluctuation paraconductivity [8, 9], the incoherent elec-
tric transport [10, 11], the “metal-insulator” transitions [12,
13]. According to contemporary concepts [4, 5] these phe-
nomena are important for understanding the microscopic
nature of high-temperature superconductivity, which re-
mains controversial, over thirty years of intense experi-
mental and theoretical research [4-7, 14]. The precise un-
derstanding of the scattering of normal [15, 16] and
fluctuational [8, 9, 14] charge carriers mechanisms, plays the
most important role in these processes.

The acquisition of new functional materials with high
current-carrying capacity continues to be one of the actual
applied and fundamental problems of the high-temperature
superconductivity physics. An important role in this is the
optimization of the defective ensemble [17, 18]. As is known
[19, 20], the short coherence length & and the large penetra-
tion depth A lead to the fact that the pinning in HTSC be-
comes effective for defects such as oxygen vacancies [21]
and interstitial impurities [22]. At the same time, it is often
difficult to determine the degree of influence of such defects
on the phase state of vortex matter due to the presence of
inter-grain boundaries, twinning planes, cluster inclusions
and other defects in HTSC compounds, which in turn are
sufficiently robust pinning centers. The presence of “intrin-
sic” pinning due to the layered structure of HTSC com-
pounds also has a significant impact [14, 21, 23].

An essential feature of YBa,Cu;O,3 compounds is
the possibility of relatively simple obtaining of a given con-
centration of radiation defects relatively easily by irradiation
with fast electrons [1, 2, 24]. The measurement of resistive
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transitions to the superconducting state (sensitive to such a
concentration) makes it possible to study the effect of radi-
ation defects on the phase state and the dynamics of vortex
matter by analyzing the fluctuation corrections to the con-
ductivity observed in HTSC compounds at temperatures
near the critical 7~ T, [21-23, 25].

In previous work [2], we investigated the effect of elec-
tron irradiation on the temperature dependence of the
magnetoresistance in the region of transitions to the super-
conducting state of an optimally doped YBa,Cu;0;_; single
crystal with 7. = 91.74 K. Here we carry out a comparative
analysis of the effect of electron irradiation and a weak
oxygen deficit on the temperature dependence of
magnetoresistance in the region of transitions to the super-
conducting state.

In this paper, we investigate the effect of electron irra-
diation and weak oxygen deficiency on the magnetic con-
ductivity in YBa,Cu30;_; single crystals with a fixed value
of the magnetic field and different values of the miso-
rientation angle between the magnetic field vector and the
direction of the basal ab-plane. The use of untwined sin-
gle-crystal as the experimental samples allows us to ex-
clude the effect of the inter-grain boundaries, and the cho-
sen geometry of the experiment, to control the contribution
of “intrinsic” pinning in a controlled manner.

YBa,Cu;0;_; single crystals were grown by the solu-
tion-melt technology in a gold crucible, according to the
procedure reported previously [2]. The YBa,Cu30;_5 oxy-
gen saturating regime leads to the tetra—ortho structural transi-
tion that in turn results in the crystal twinning in order to min-
imize its elastic energy. To obtain untwined samples, we used
a dedicated chamber at 420 °C and pressured 3040 GPa,
according to the procedure of Giapintzakis et al. [26]. In
order to obtain homogeneous controlled oxygen content,
the grown crystals were annealed in an oxygen atmosphere
for seven days at 420 °C.

The electrical contacts were created according to a stand-
ard 4-contact scheme by applying a silver paste on the sur-
face of the crystal, followed by the connection of silver con-
ductors with a diameter of 0.05 mm and three—hour
annealing at a temperature of 200 °C in an oxygen atmos-
phere. Such a procedure allowed us to obtain a contact re-
sistance of less than one Ohm and to conduct resistive meas-
urements at transport currents up to 10 mA in the ab-plane.

In YBa,Cu;0, 5 compounds, it is relatively easy to ob-
tain a given concentration of point defects by varying the
oxygen stoichiometry [5, 14]. To produce oxygen hypo-
stoichiometric samples, the crystal was annealed in oxy-
gen flow, at a temperature of 620 °C for 48 h. The meas-
urements were performed 7 days after annealing to avoid
the influence of the relaxation effects.

The measurements were carried out in the temperature
drift mode with two opposite directions of the transport
current to eliminate the influence of the parasitic signal.
The temperature was measured with a platinum thermistor,
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the voltage on the sample, and the reference resistance was
measured with B2-38 nanovoltmetres. The data from the
voltmeters through the interface were automatically trans-
ferred to the computer. The critical temperature was de-
termined at the maximum point on the dp,,(7)/dT depend-
ences in the region of the superconducting transition [25].

Irradiation with electrons with energies of 0.5-2.5 MeV
was carried out at temperatures 7 < 10 K. Irradiation dose
¢ = 10" cm™ by electrons with an energy of 2.5 MeV cor-
responds to a concentration of defects of 10 dpa/at. at
averaged over all sublattices [2]. The measurement se-
quence was as follows: First, we measured the temperature
dependences of the samples resistance before irradiation.
Then the temperature was lowered to 5 K, and irradiation
was performed. The intensity of the beam was such that the
temperature of the sample during irradiation did not exceed
10 K. After irradiating the sample with a dose, it was heat-
ed to 300 K and, gradually decreasing the temperature of
the sample, measurements were made regarding the tem-
perature dependences of the resistance at 7 < 300 K.

An electromagnet produced a magnetic field of up to
15 kOe. Rotating the magnet could change the orientation
of the field relative to the crystal. The accuracy of the ori-
entation of the field relative to the sample was not worse
than 0.2°. The sample was mounted in the measuring cell
so that the field vector H was always perpendicular to the
transport current vector j.

It is well known [21, 23, 25] that the external magnetic
field influences the shape of the temperature behavior of
the resistance of the high-7, cuprates nearby the supercon-
ducting transition. The transitional region broadens, and
the magnetoresistance p(7) acquires none-monotonous
features which are attributed to the vortex dynamics. The
temperature behavior of the in-plane magnetoresistance
pu(T) of the YBa,Cu;0- ;5 single crystals, measured at dif-
ferent tilt angles o = Z(H, ab) between the applied external
magnetic field H = 15 kOe and the basal ab-planes are
shown in Fig. 1. Sample in Fig. 1(a) is optimally doped
with the oxygen atoms so that its critical temperature 7, at
zero field H= 0 (curve /) is close to the maximal value of
about 93 K at the apex of the superconducting dome.
Curves 2-9 were measured in the external magnetic field
H =15 kOe at different tilt angles o from zero (curve 2) up
to 90° (curve 9). All notations in Figs. 1(b) and 1(c) are the
same as in Fig. 1(a). The difference is in the defects con-
tent of the samples which in Fig. 1(b) and 1(c) is more than
the non-irradiated sample. That has two consequences.
First, the electrical resistivity at 7= 100 K is slightly more
(51 pOhm-cm for oxygen-depleted and 64 pOhm-cm for
irradiated samples) in Fig. 1(b) and Fig. 1(c) than in Fig. 1(a)
where pjg it is 42 pfOhm-cm, second, the shape of the curves
2-9 nearby the critical temperature are dramatically differ-
rent which is more clearly seen in Fig. 2 displaying the
temperature derivatives of the magnetoresistance nearby
T., as will be discussed in more detail below.
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Fig. 1. (Color online) Temperature dependences of resistivity in
the basal ab-plane, p,(7) for the YBa,Cu;0; ;5 single crystal
before (a) and after (b) lowering the oxygen content, and after
irradiation (c), measured under magnetic field H = 0 (curve /)
and for H = 15 kOe for different angles o = Z(H, ab): 0, 5, 10,
20, 30, 45, 60, and 90° — curves 2-9 (a), (b); 0, 14, and 90° —
curves 2—4 (c), respectively. The dotted lines in the figure show a
linear extrapolation of the plots in the low-temperature region.

The application of a magnetic field and an increase in
the angle o leads to a substantial broadening of the SC
transition compared with the sharp (A7, = 0.3 K) transition
observed at H = 0 for all three samples. In this case, a sig-
nificant transformation of the shape of the SC transition
occurs, which is expressed in the appearance of an addi-
tional low-temperature maximum in the temperature de-
pendences dp(T)/dT. This maximum rapidly shifts toward
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Fig. 2. (Color online) The dp(7)/dT dependences before (a) and

after (b) lowering the oxygen content, and after irradiation (c) for

-
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the YBa,Cu307_5 single crystal. The numbering of the curves is
consistent with Fig. 1.

lower temperatures as the angle while the amplitude and
width of the peak increase. It should be noted here that the
aforementioned broadening of the SC transition for sam-
ples with oxygen deficiency [Fig. 1(b)] was more than
three times greater than the broadening observed in the sam-
ple optimally doped with oxygen [Fig. 1(a)] at the same
magnetic field and similar experimental geometry. A sharp
“kink” is observed in Fig. 1(a), which is usually [21, 23, 25]
explained by the manifestation of a first-order phase transi-
tion corresponding to the melting of the vortex lattice (the
so-called order—disorder transition). As is known from the
literature [21, 25], the presence of strong pinning centers
in the system leads to a smearing of such a kink and a tran-
sition from the phase of the ordered vortex lattice to the
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phase of the so-called “vortex” or “Bragg” glass, which is
caused by the accommodation of the vortex system to a
chaotic potential pinning. In other words, the chaotic pin-
ning potential violates the long-range order of the vortex
lattice, thereby suppressing the first-order phase transition
and stimulating the realization of the glassy state of the
vortices. In this case, “tails” appear on resistive junctions,
the amplitude of which is less than the resistance of the
viscous flow pg which is probably determined by the par-
tial pinning of the vortex fluid.

In our case, the role of such a potential can be played by
clusters of oxygen vacancies. The latter assumption is sup-
ported by studies of the effect of annealing at room tem-
peratures on excess conductivity, which we conducted for
the same samples in [14]. Immediately after annealing in
an oxygen atmosphere at a temperature of 500 °C, the crys-
tal had a critical temperature 7, = 91.75 K with a transition
width AT, = 0.3 K. Then the crystal was kept at room tem-
perature for a week. As was shown in [14], this led to a
decrease in the electrical resistance in the normal state
p(300 K) by = 3 % and an increase in 7, by = 0.25 K. Such
changes are consistent with the concept of the formation of
oxygen vacancy clusters during the ordering of the vacan-
cy subsystem [5, 9, 14], which implies an increase in the
oxygen concentration in the bulk of the crystal and a de-
crease in the oxygen content in the volume of the clusters.
This leads to a decrease in the concentration of scattering
centers of current carriers in the bulk of the crystal and,
correspondingly, to a decrease in resistance p(300 K). Al-
so, taking into account the dome-shaped dependence of
T.(d) with a maximum of 7, = 93 K at 6 = 0.93 [5, 28], we
can assume that the redistribution of labile oxygen leads to
phase separation in the crystal bulk and the formation of
phase clusters that differ value of 7,.. Given the presence of
percolation paths of the current flowing through the bulk of
the crystal, this process, in turn, should lead to an increase
in the measured value of T.. Thus, it can be assumed that
the point pinning potential created by isolated oxygen va-
cancies and the pinning volume potential with a suppressed
superconducting order parameter formed by clusters of
oxygen vacancies coexist in the single crystal under study.

Qualitatively similar behavior of the experimental
curves is also observed for a sample irradiated with fast
electrons. At the same time, for this sample, the low-tem-
perature peak in the temperature dependences dp(7)/dT,
disappears almost completely, which may indicate that the
“order—disorder” transition is completely suppressed. The
latter, in turn, maybe due to differences in the topology of
the defective ensemble in the case of oxygen-depleted and
irradiated by fast electrons, which will be discussed in
more detail below.

The high-temperature linear asymptotes py = (4 + BT)
are slightly different in Figs. 1(a) and 1(b) but the tempera-
ture 7' ~ 134 K where all curves merge with this asymp-
totes remains approximately the same. This temperature
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demarcates the pseudogap regime 7 < 7" from the one in
which all curves p,,(7) go down up to the some temperature
near 7, where they split into a fan at different tilt angles a.
As noted above, in all cases, an external magnetic field ex-
pands the transition region. It is more convenient to analyze
the transitional region in terms of conductivity o = p~!(T).

- 4
5
a3
i 2
I <
= &
S 3k 3!
= X
o) 0
E
%2
|
1

1

[~d(InAc)/dT]
S = N W kA, N

93 94 95

3 a«”;«’f’. A I
85 86 87 88 89 90 91 92
T,K

(©

1
—_ =
SN

[~d(InAc)/dT]

S N B~ N

Fig. 3. (Color online) Resistivity transitions to the SC state for the
—d(InAc)
dT
before (a) and after (b) lowering the oxygen content and after
irradiation (c). The numbering of the curves is consistent with
Fig. 1. In the insets of Fig. 3, the curve obtained for a. = 60°. The
dash lines correspond to the extrapolation of the areas corre-
sponding to various FC regimes. Arrows show the characteristic
temperatures T, Ty, and T, corresponding to the end of the
resistive transition in SC state, the melting point of the vortex
lattice and the critical temperature in the mean-field approxima-

tion, respectively.

-1
YBa,Cu30,_5 single crystal in [ } —T coordinates
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Assuming that a deviation from the pseudogap asymptote
o =(4+BT )~'near the critical temperature can be written as
Ac=c-06,~(T-T, )P, we plot in Fig. 3 the inverse loga-
rithmic derivative ¥(T)=-dInAc/dT =p/(T-T,) at the
same tilt angles of the magnetic field o as in Figs. 1 and 2. A
typical curve is shown in the inserts in Fig. 3 from which one
can see that the function y(7)~! has two asymptotes
(T =B (T ~T.) and x(T)' =B~ (T~T,) at tem-
peratures 7, and 7. In this, T is the critical temperature of
the transition in para-coherent area, determined at the point
of intersection with the linear interval, approximating the
so-called para-coherent area with the axis of temperature.
T, is the temperature corresponding to the mean-field criti-
cal temperature, determined as the maximum in the curves
dp(T)/dT [25]. Between these asymptotes, at the tempera-
ture 7, there is a kink that shifts towards lower tempera-
tures and enhances its height and width with the enhance-
ment of the tilt angle .

Analyzing the resistive measurements in cuprates above
the critical temperature in the external magnetic field it
should be borne in mind that despite the nearly 35 years of
intensive researches neither the nature of the charge carriers
nor the mechanisms of the conductivity in cuprates are not
known at the moment. Recent observation of the quantum
magnetic oscillations in the underdoped cuprates [27] re-
vealed two types of the fermion-type carriers, negatively
charged “electrons” and positively charged “holes”. The
phase diagram of cuprates in the region of the hole concen-
tration of our experiments p < 0.16 consists of the parabolic

superconducting dome 7, = 7,"*[1-82.6(0.16 - p)*] and
a pseudogap crossover line A, =A7%*(0.27-p)/0.22

above it. Here p stands for a hole concentration per cu-
prum atom [28]. In the space between the pseudogap and
the dome, at hole concentration p < 0.16, the Nernst effect
holds which most likely is related to the vortices of un-
known nature which in some theories are related to the
gauge fields of the 2D strongly correlated charge carriers
of cuprates [29].

The normal regime is characterized by the linear tem-
perature resistance p, :A+BT:051 at T>T". This re-
gime is seen clear in Fig. 1. Although below the 7" the
resistance curve in Fig. 1 bends down we cannot attribute
this only to the beginning of the superconducting transition
since it is well known that for smaller p the resistance
curve p(7T) in underdoped cuprates first upturns above p,
before transition to the superconducting state at a critical
temperature [30]. The physics behind this behavior is unclear
so far as well as many other normal properties of cuprates.

On the other hand, the superconducting properties of
cuprates are more or less the same as in conventional su-
perconductors. Because of that, we can make some conclu-
sions concerning the physics in the transitional region near
the critical temperature is shown in Figs. 2 and 3. The
broadening of the transition is in that region in the external
magnetic field is caused mainly by the Abrikosov vortices.
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Without the magnetic field, the width of transition is
small AT, = 0.3 K. In the external magnetic field in the
optimally doped samples, it enhances gradually up to the
value AT, = 7 K at o =90° as one can see in Figs. 3(b) and
3(c). The function % (7T in that figure has two linear asymp-
totes x(7)"' =B '.o(T-T,) and x(T)'=p~'.(T-T.)
nearby the T, and 7, with B, =1 and B, =1/2 which
means a crossover from one regime to another when tem-
perature decreases from 7, to 7,,. We argue below that
this crossover can be related to the well-known 3D to 2D
crossover in the upper critical field A, (T) since the ratio
H/H_(T) determines both the flux-flow resistance
py(T)=pH/H,(T) and the Abrikosov lattice elastic
moduli ¢; =c;[H / H.,(T)], which are polynomials of this
ratio [31]. It is well known that in layered superconductors in
a tilted magnetic field, the function H ,(T") displays a 3D to
2D dimensional crossover [32]. This crossover is a smooth
transition from the linear dependence H ,(T) < (I'—T,) just
below T, typical for the 3D samples, to the square root de-
pendence H_,(T) o (T —T.,)"? which holds in 2D thin lay-
ers. A nontrivial feature of this 3D to 2D crossover is that the
temperature 7, is lower than the T,. As was shown in the
papers [33, 34] the difference 7, — 7, depends on the strength
and some other details of the coupling between the layers.

The resistance p,(T) = p,(1+Acp,) 'near the transi-
tion is determined by the term Acp, which means that sin-
gularities in the p,, (7)) are of the same nature as in the
Ac(T). (In case Acp, <<1 the quantity Ap,, =p,, —Po
can be written as Ap,, = —p%AG). In optimally doped un-
twined single crystals there are no pinning centers that may
fixe or distort the Abrikosov lattice. Under such circum-
stances, it is natural to assume that the resistance near the
transition temperature in our experiments is due to the
flux-flow mechanism which contributes to the p,, (T) is
given by the formula p (T, 0) = pH P (a)/ H ,(T). For
fixed tilt angle o the value of HP*P(a) is constant and the
temperature behavior of the flux-flow resistance complete-
ly depends on the H , (T') which grows up and displays 3D
to 2D crossover with the decrease of temperature. There-
fore the p ,(7,a) decreases as a function of temperature
and displays near the superconducting transition the same
3D to 2D crossover as that observed in the function Ac(T').
Approximating the value of the resistance decrease near
the transition |Ap,, |= Acpj by the flux-flow resistance
p 4 (T,0) we can explain the crossover in Ac(7’) and rela-
ted asymptotes x(7)"' = Bflco(T—Tco) and x(7)7' =
:B*IC(T—TC) by the 3D to 2D crossover in the upper
critical field H.,(7) and in the p;(T,a). With the en-
hancement of the tilt angle o a perpendicular to layers
component of the external magnetic field HP*P(a) and
p 4 (T, ) increase in agreement with our observations. The
kink between the asymptotes is related to the transitional re-
gion of the 3D to 2D crossover. This crossover through the
clastic moduli of the Abrikosov lattice ¢; =c;[H / H ,(T)]
has also an impact on the melting line [35]. The melting

1257



N.R. Vovk, R. V. Vovk, G. Ya. Khadzhai, V. I. Biletskyi, A. V. Samoylov, A. V. Solovyov, and A. V. Matsepulin

line H,,(T) goes below the H_,(T) on the phase diagram
and in the absence of the pinning centers depends on the
shape of the H_,(T). The flux-flow resistances of the
melted and regular Abrikosov lattices are different. The
melted Abrikosov lattices are in a disordered glassy state
for which as was shown in [25], the function y(7")must
display scaling in some reduced coordinates. The corre-
sponding plot is given in Fig. 4 for the irradiated and oxy-
gen-deficient sample. It displays a scaling close to the temper-
ature T ,,. This will be discussed in more detail below.

Deviation from the optimal doping after irradiation to-
wards the underdoped region p <0.16 brings oxygen va-
cancies into the ab-planes which are effective pinning cen-
ters in cuprates. A pinned Abrikosov lattices are distorted
and do not flow. The resistance, in that case, is due to the
hopping of the vortices, and 3D to 2D crossover is absent.
That explains a dramatic difference between the pictures in
Figs. 2(a)-2(c).

Applying magnetic field and increasing the angle « lead
to a significant transformation of the shape of the SC tran-
sition, which is expressed in the appearance of an addition-
al low-temperature maximum, of the so-called “para-
coherent transition” [25]. There is a noticeable difference
in the behavior of this maximum in the case of oxygen-
deficient and irradiated and unirradiated samples. While
for an unirradiated sample this transition shifts toward low
temperatures, practically unchanging its shape, in the se-
cond and third cases such a shift is accompanied by a sig-
nificant elongation of the “low-temperature tail” of the
superconducting transition by the increase of angle a. Such
a behavior can be caused by a decrease of the fraction of
intrinsic pinning with increasing oo and, correspondingly,
an increase in the role of volume pinning due to the for-
mation of strong pinning centers in the bulk (volume) of
the sample itself.

As it is known from the bibliography [21 ,23, 25, 36, 37],
the presence of strong pinning centers in the system leads
to a blurring of the above-mentioned kink and to a transi-
tion from the phase of the ordered vortex lattice to the so-
called “Bragg glass” phase, which is due to the accommo-
dation of the vortex system to a chaotic pinning potential.
In other words, the chaotic pinning potential disrupts the
long-range order of the vortex lattice, thereby suppressing
the first-order phase transition and stimulating the realiza-
tion of the glass state of the vortices. Thus, extended “tails”
appear on the resistive transitions, the amplitude of which is
smaller than the resistance of the viscous flow pg which is
probably determined by partial pinning of the vortex liquid.
In our case, the radiation defects could play the role of such
potential. The latter assumption is supported by studies re-
garding the influence of irradiation with fast electrons on the
excess conductivity, carried out for the same samples in [2].
Immediately after irradiating the crystal at temperatures
T< 10 K, the width of the superconducting transition A7,
increased almost twofold. Herewith, irradiation led to an
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increase in the electrical resistance in the normal state
p(300 K) by = 67 %, and the ratio p(300 K)/p(0 K) de-
creased from 40 to 14. Such changes indicate a significant
increase in the concentration of the carrier’s scattering ef-
fective centers in the bulk of the crystal. Thus, it can be
assumed that in the investigated single-crystal exists point
pinning potential, created by isolated oxygen vacancies,
and a pinning volume potential with a suppressed super-
conducting order parameter formed by radiation defects.

As it was determined by Costa et al. [25], in the case of
the realization of the “Bragg glass™ state in the system on
the x(7) curves, a scaling should be observed in the re-
duced coordinates x (7. — T,o) — (T — T,0)/(T, — T.o), where
T, is the critical temperature of the end of the transition
in the paracoherent region, determined at the intersection
point of the linear section, approximating the so-called
paracoherent region, with the temperature axis, where 7, is
the temperature corresponding to the mean-field critical
temperature, determined at the maximum point on the
dp(D)/dT curves [23, 25].

Figure 4 shows the same curves scaled as ¥(7. — T.)/eq —
—(T - T,)/(T. — Tn). Herewith, we considered the change

2.0

1.0

X(T_ TCO)SU.

0.5

 JBLAL AL L L L L L L B

0 1 2 3 4
(T_TCO)/(TC_TCO)

(b)

X(T_ TCO)SU.

(Tf TcO) / (ch TCO)

Fig. 4. (Color online) Resistivity transition to the SC state in the basal
ab-plane p,(T) after lowering the oxygen content (a) and after irradi-
ation (b) for the YBa,Cu305; crystal in (reducing) (7. — T.o)/eq —
— (T - T.o)/(T. - T,) coordinates. The numbering of the curves is
consistent with Fig. 1.
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in the contribution of the intrinsic pinning by increasing the
misorientation angle o = Z(H, ab), by adjusting the value
of x(T, — T,) taking into account the anisotropy parameter
[23, 37] €, = (sin® o+ &% cos® ), where £ = 6-9. As it
can be seen from Fig. 4, the experimental curves, the best
scaling is observed in the paracoherent region at 7' < T),. At
higher temperatures, the scatter of the curves becomes
more substantial, apparently, as a result of the pinning of
the superconducting fluctuations on radiation defects, and
also the possible enhancement of the role of certain speci-
fic mechanisms of quasiparticle interaction [38-43]. It
should be noted that the differences in the behavior of the
dependencies (7. — T.)/e, — (T — T )T, — T,), observed
for oxygen-deficient and irradiated samples. While in the
first case scaling is observed over the entire temperature
range of resistive transitions to the superconducting state, in
the second case scaling is observed only in the low-tempe-
rature part for (7' — T)/(T. — T,) < 2. As noted above, this
behavior may be due to differences in the topology of the
defects ensemble in the case of oxygen-depleted and
irradiated by fast electrons. The distribution of oxygen
clusters in the volume of the experimental sample is
apparently quite isotropic, as evidenced, for example, by the
results of [14, 20]. At the same time, the distribution of
radiation defects that form in the crystal under study upon
irradiation with fast electrons according to our technique
probably has a much greater degree of anisotropy than in the
previous case. This is primarily due to the distinguished
direction of electron irradiation perpendicular to the base ab-
plane of the crystal, [24] as well as to the fact that the
irradiation itself was carried out at temperatures near the
temperature of liquid helium and without additional annealing
of the sample [2]. Apparently, the latter contributed to the
“freezing” of the obtained distribution of radiation defects due
to the slowdown of their diffusion movement in the volume of
the experimental sample.

In conclusion, we found that in optimally doped un-
twined single crystals YBaCuO: (i) The function x(7T") has
a linear asymptotes y(7)! = BflcO(T—TCO) and x(T)! =
=B7' (T-T.) nearby the T,, and 7, with B, ~1 and
Beo =1/2. (i) We relate this with the well-known 3D to
2D crossover in the upper critical field H_,(7’) in the lay-
ered superconductors, which through the ratio H / H ,(T)
influences the flux-flow resistance and the melting line of
the Abrikosov vortex-lattice. (iii) The width of the transi-
tional region 7, — T, increases from 0.3 K at zero field and
o =0 to approximately 6 K at o = 90°. (iv) In case unir-
radiated sample, the function y(7) displays a universal
form with maximum near the temperature 7), which
means melting of the Abrikosov vortex-lattice. (v) In case
of irradiated and oxygen-deficient samples at temperatures
below the critical T < T,, there is a suppression of the dy-
namic phase transition type liquid vortex—vortex lattice and
formation in the system of a transition type liquid vortex—
vortex “Bragg” glass.
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Bnnue xaoTU4YHOro noTeHuiany MiHiHry Ha BNacHWi
niHiHr y moHokpucTanax YBa,Cu;O7_;

M. P. Bosk, P. B. BoBk, I". A. Xamxan,
B. I. Bineubknnn, O. B. Camonnos, A. J1. Conosiios,
A. B. MauenyniH

JocmimkeHo TeMiepaTypHy 3aIeKHICTh MAarHITOOIIOPY B TIO-
NIMHI TIapiB y Oe3aBiiiHMKOBHX MOHOKpHcTanax YBa,Cu;O_s
TTiCIIs OTIPOMiHEHHS IIBUAKAMU enekTpoHamu (erepris 0,5-2,5 MeB,
noza 10'8 CMiz), a TAKOX 3 HEBEJIMKOIO KMCHEBOIO I'IIOCTEXIOMET-
pi€ro mia pi3HUMH KyTaMH MDK 30BHIINIHIM MAarHiTHUM IOJEM
15 kE Ta ab-miomuHo0. BUsBIEHO, 110 MPH BUCOKHX TEMIIEpa-
Typax B OONAcCTi TICEBAOMIUIMHHOTO CTaHy MarHiTHE Iole He
BIUIMBAE HA 3a1CXKHOCTI P, (7'), ajie BOHO PO3IIHPIOE HA/IPOBIAHUN
nepexiz Bix 0,3 K 6e3 monst o npubmmzHo 6 K npu oo = 90° y momi.
Y BUnajKy HeonpoMiHeHoro 3paska p,,(7) AeMOHCTpYe po3Mip-
Huit 3D-2D kpocosep npu 3HMWKEHHI Temneparypu Bif T, go T,
Ta CKeHmHr nobmusy T,,, KM HOB’S3aHO 3 B’A3KOI0 TEUi€l0
MOTOKY Ta IUIABICHHSIM BHUXPOBOi pennTku. OOroBOPIOIOTHCS
NPUYMHU TOSIBM HU3BKOTEMIIEPAaTYPHHX «XBOCTIB» (Tapaxore-
PEHTHHX MepexXoliB) Ha PE3UCTUBHHUX Iepexofax, IO BiA-
MOBIIAIOTH Pi3HUM (PA30BUM peXUMaM BUXPOBOI Matepil.

Kirouosi cnoa: moHOkpucTanu YBaCuO, marnitoorip, 2D-3D
po3MipHHUiT KpocoBep, BUXPOBa MaTepisi, ONPOMiHEHHS,
nedinuT KUCHIO, BIACHHUH TTHIHT.
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