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We report on magnetization measurements ing #1069 2CUO, crystals with the field either parallel or
perpendicular to thes axis. A second magnetization pe#&Kishtail” ), interpreted as indicating a vortex
order-disorder transition, is observed in both directions. Differences in the details of the fishtail anomaly in the
two directions(width, temperature and time dependence, and history effaptsattributed to the anisotropy
and the twin boundaries in theb plane. The transition fields in both directions, although different in magni-
tude, exhibit similar qualitative behavior, namely, a strong decrease with temperature in the entire measured
range. This unique behavior is explained postulating Hwdh thermally and disordered induced fluctuations
contribute to the destruction of the vortex lattice. The resulting “pinned liquid” disordered state is character-
ized by large thermal fluctuations and irreversible magnetic behavior.
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[. INTRODUCTION are attributed to either discretization owing to the layered
structure of La_,Sr,CuQ, or to anisotropic pinning caused

The nature of the various vortex matter phases in highby twin boundaries.
temperature superconductdk$TS’s), and the transitions be-
tween them, have been the topic of many experimental and
theoretical investigations.® Two vortex order-disorder
phase transitions have been identified: a melting transition A single crystal of (Lgg3:5 0g92CuUO, was prepared by
into a liquid vortex state manifested by a discontinuous jumghe traveling-solvent—floating-zone method. Several
in the reversible magnetizatidnand a solid-solid transition samples were cut from this crystal, which has a critical tem-
into an entangled vortex stdtmanifested by the appearance perature of about 32 K. Data will be shown for two samples
of a second magnetization peak. denoted here as L1 and L2 with dimensions of X085

The magnetic phase diagram of anisotropic superconduct< 0.8 and 0.3% 2.5xX 0.8 mnT, respectively. Sample L1 was
ors depends not only on the field and temperature, but alschosen for its square cross section, which enables us to com-
on the angle between the field and theaxis!®~*2 Many  pare measurements, performed with the field parallel to the
experiments !’ have verified that the standard scaling ab planes or perpendicular to them, avoiding corrections due
rules®**apply for the melting transition and for the irrevers- to different geometries. In this sample we encountered prob-
ibility line*® in YBa,Cu;0;_ ;5 crystals. In the more aniso- lems in performing the history dependence measurements
tropic case of BiSr,CaCuyOg, 5 the scaling relation was (Sec. V below. This was due to the relatively large field of
shown to be invalid®?° Reports for the solid-solid transi- full penetration H*), that masks history dependence effects,
tion, which is manifested by a fishtail, are mixed. Somein the relatively thick L1 sample. To bypass this problem we
report$® verified that the scaling relation holds, while took advantage of the different geometry of sample L2. This
other$®?? needed to invoke a new scaling relation. sample has a relatively low field of full penetratiohl (),

In this paper we present a study of the vortex order-enabling us a clear demonstration of history-dependent ef-
disorder transition in (LgysSfh0e92CUO,, @ HTS crystal fects. We note that both samples give similar results in all
with intermediate anisotropy~1/10—1/30%2% The rela- other aspects. Measurements were performed using a com-
tively large (L& 93750 069 ,CUO, crystals present a unique mercial superconducting quantum interference device
opportunity to study the order-disorder transition for both(SQUID) magnetometefQuantum Design MPMS-5SWe
H||c andH||ab, using the same crystal. Although some of present results obtained for a scan length of 4 cm. The main
the results foH||ab were already presented in Ref. 24, for features of the fishtail and their temperature dependence
the purpose of comparison we present these data here were confirmed in an upgraded version of this SQUID, uti-
more detail, comparing details of the “fishtail” anomaly, i.e., lizing the RSO technique with 1-cm scans. Samples were
temperature dependence, time dependence, and history glued on a fiberglass mount, which does not allow for deflec-
fects, in both directions. We find differences in the magni-tion of the crystal during the measurement, despite the large
tude of the transition fields in the two directions that cannotforces acting on it. Samples were oriented with a possible
be explained by the standard scaling rules. These deviatiordeviation of a few degrees between measurements.

Il. EXPERIMENT
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FIG. 1. Magnetization loops with the field parallel to tab FIG. 2. Temperature dependenceHy,s. (up triangles, H i,
planes, at 12, 16, 20, and 24 K. Arrows point to four characteristidcircles, Hy,, (solid diamonds Hg s, (down triangles Hpeax
features of the loop. (solid squares and the irreversibility lindopen squaregor H||ab.

Lines are guides to the eye.

IIl. ORDER-DISORDER TRANSITION LINE B. Field perpendicular to ab planes

~The second maqnetization peéfshtail’) observed inza The inset of Fig. 3 shows several magnetization loops, at
wide variety of HTS's such as B5,CaCy0g. 5 (BSCCO." gifferent temperatures, measured in sample L1 with the mag-
Nd; gsCe& 15CUO, 5, untwinned YBaCwOr_s  netic field parallel to the axis. The loops display a fishtail

(YBCO),42'5’26 Biy P1.sSLCaCy0g. 5,%" Laz-SLCUO,  with a sharp onsetmarked by an arrow A kink, however,
(LaSCO,?®and lowT superconductors such as CeRRef.  could not be detected, probably because of the presence of
29) and 2H-NbSg* has been associated with a transition twin boundariega similar observation was made in YBCO
between two vortex solid phases. As recently suggested byhere a kink is present in untwinned YBC@®ef. 5 and
both experimentar®>23~33and theoreticd™** works,  absent in twinned YBCQ@Ref. 39]. The main panel of Fig.
this transition is between the quasi-orderé@@tagg glass 3 shows the temperature dependence of the ofbeeh on
phase at low fields and the highly disordefedrtex glass, or  the way up and on the way downthe peak(on both
entangled phase at high fields.  Pronounced pranchesand the irreversibility line. All these lines reveal a
features—onsét? kink,>* or peak—were identified as sig- strong temperature dependence throughout the whole tem-
nifying this vortex solid-solid phase transition. perature range, similar to that observed with the field parallel
In Sec. IlIA we describe magnetization measurementsg the ab planes. Corresponding features, appearing on the
performed on sample L1, with the field directed either paralincreasing and decreasing branches, occur at fields separated
lel or perpendicular to theb planes. Both configurations py roughly H*, the field of full penetratiod® Such a sepa-
display a pronounced fishtail. Significant differences in theration indicates that the two lines correspond to the same

details of the fishtail characteristics in the two directions argyhysical phenomenon, which would appear at the same in-
described and discussed below.

H 186t
501~ s Hllc
A. Field parallel to ab planes &

H.ﬂ\sﬁ

. ot 40
Figure 1 presents several magnetization loops of sample /\\ziﬁm K/: 03 e,

L1 with the magnetic field parallel to thab planes, mea-
sured with a field step of 200 Oe. The loops display a pro-
nounced “fishtail” with an onset aH_,.; (marked by an
arrow), from which the persistent current commences to rise
steeply until it changes slope Hi;,,,.>35*¢0On the decreas-
ing branch, the onset and the kink appear at different fields,
thereby yielding four distinct featurdd:H_, .., and H;,,

and their counterparts on the descending bradgh,.,and

Hyink- The temperature dependence of these features is de-

.pl'c.ted n Fig. 2. Also depicted in the flgure'ls t.he ITEVErS- G, 3. Temperature dependence of the onset of an increasing
ibility line that was extracted from magnetization vs tem- branch(up triangles and a decreasing bran¢town triangle the
perature measurements. Note that all four lines, representingay on the ascending branircles, the peak on the descending
the charactenspc featl_Jres of the fishtail, exhibit a steep branch(hexagons and the irreversibility lingopen squaresH||c.
cavedescent with the increase of temperature. In Sec. IV W jnes are guides to the eye. Inset: magnetization loops with the field
identify the H,;,,(T) curve as signifying an order-disorder parallel to thec axis, at 12, 16, 20, and 24 K. Arrows point to the
transition line. onset fields.

TIK]
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FIG. 4. Relaxation measurements at 12 K whilifab, on the FIG. 5. Relaxation measurements at 12 K witljc, on the

ascending branch of the loop. Gray columns represent measurgscending branch of the loop. Gray columns represent measure-
ments extended over an hour. Lines connect magnetizatiobs atments extended over an hour. Lines connect magnetizatiohs at
=0 andt=1 h. Arrows point to the characteristic features. Note = andt=1 h. Arrows point to the characteristic features. Inset:
thatH g, Shifts about 1 kOe, buty, is unaffected. Inset: depen- dependence of the relaxation rate d InmvdInt on field.

dence of the relaxation rate=d In m/dIn t on field.

This result is further refined by measurements of the field
ductionB. In global measurements such as this, the signal islependence of the magnetic relaxation rated Inm/dInt,
integrated over the whole sample, resulting in a shiftdf  as depicted in the inset to Fig. 4: Sharp changes in the slope
between the ascending and descending branches. Therefoed,s vs field onboth ascending and descending branches are
in the following we do not distinguish between correspond-observed at a field correspondingHg;,,,., implying that this
ing features for this field direction. field signifies the vortex phase transition. The larger slope, at

In Sec. IVB we relateH,se; With the order-disorder fields smaller tharH,;,,, corresponds to the quasi-ordered
phase transition fOH||C. The similar qualitative behavior of state, where the dominating elastic eneffgy,, is strongly
the transition lines in the two directions suggests that thelependent on fieIdEe|~B’1’2. The much weaker field de-
underlying physics of the transition is the same in both fieldpendence of the pinning ener@pi,pB‘l’lO, results in a
directions. weak field dependence of the relaxation rate at fields larger

thanH ;..
IV. RELAXATION . .
B. Field perpendicular to ab planes

Relaxation measurements were performed for both direc-

tions in an attempt to identify a change in the dynamicsf

related to the vortex phase transition. These measureme . 4. The onset fields, both on the way up and on the way

were done on sample L1 'utili;ing the folloyving protocol: down (not shown, shift to lower fields with time. The inset
Starting from a large negative fielvhere the field has pen- to Fig. 5 depicts the dependence of the relaxation saia

etrated fully, we have increased the field in steps of 200 Oe,

up to a fieldH. At this point, data was collected every minute giligllc;rlrl)i:arlzzti;e\éﬁ)aslz 3i§if;]?[rptz:1ange lltlhtirs]iﬁgmggﬁt e
for an hour. This process repeated for several fields H. Y Blonser P 9

in the slope ofs(H)—similar to that observed fadr ||ab at
the transition field—suggests thidt, st may be considered
A. Field parallel to ab planes as indicating the vortex phase transition féf|c.

Figure 5 depicts the time evolution of the magnetization
or H||c at 12 K, using the same protocol and notations as

Figure 4 depicts the time evolution of the magnetization
in the ascending branch witH||ab at 12 K. In this figure V. HISTORY DEPENDENCE
every column represents data collected for an hour. The solid History dependence measurements around the phase tran-
lines in the figure connect values obtainedatl min and  gjiion [ine were performed in order to study the nature of the
t=1 h. Note that the relaxation rate is quite large, betweemhaqe transition. For a first-order phase transition, near the
1_5% and 20% in tbe course of an hour: Ev_lden“y, t_he POSIphase transition line, supercooling and superheating effects
tion of the kink, H,, does not vary with time, while the  may be observet?3”*%In this case, the magnetization of the
onset fieldH ... decreases appreciably over an hour. Whernsample may depend on its history, even after a field change
performing the same procedure on the deceasing branch @frger than 2* (H* is the Bean full penetration field). In
the loop (not shown, the position ofH,;,, did not vary, order to detect such effects, we employed the “partial
while Hg <. shifted to lower fields with time. These obser- loop”?%3"“%technique which compares a complete loop to a
vations point to either of the kink fields, rather than the on-partial loop, where the field increase culminates at an arbi-
set, as indicating an order-disorder transition, as previouslyrary field lower than the maximum field of the complete
found in YBCO?®' loop. According to the Bean modélafter a field change of
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H [kOe] 2 20 this region merge with the complete loop afteH& change
, in field. Overshooting of the persistent current implies that a
N Fo metastable disordered phase was “supercooled” to this re-
gion of theB-T phase diagram.
Zero-field-cooling experiments were performed using the
w2 ‘ ’ following procedure(inset to bottom panel of Fig.)6The
sample is cooled in zero field 8 K where the field is raised
to a target value. At this field the sample is warmed to 16 K,
and the magnetization is measured as the field is raised in
constant steps. We compare the magnetization curve thus ob-
tained with the ascendingower) branch of the complete
loop. The bottom panel of Fig. 6 shows that when the target
20 field is in the regionH ,,..<H<H,, the resulting curve
H [kOe] undershootghat of the complete loop, until it merges with

+ . .
FIG. 6. Upper panel: descending branch of the complete mag'Ehe complete loop akn,. When the target field is larger

netization loop at 16 Ksolid line) and magnetization data after a than Hyin. the magnetization curve merges with the com-
field-cooling procedure witiH=25 kOe (solid circles, and H  plete loop after éH* change in field. Undershooting of the
=17 kOe(open squarésThe inset describes the experimental pro- persistent current implies that a metastable ordered phase
cedure: cooling in field, then reducing field during measurementwas “superheated” to this region of tH&-T phase diagram.
Lower panel: ascending branch of the complete magnetization loop The results of these experiments can be summarized as
at 16 K(solid line) and magnetization data following a zero-field- follows: (a) If the starting point of the measurement is in the
cooling procedure withH=25 kOe (solid circle3 and H rangeH(;nset<H<H:ink- the measured magnetization does
=18.6 kOe(open squargs The inset describes the experimental not overlap with the complete loop, despite having changed
procedure: zero-field cooling to 8 K with an increasing field, thenine field by more than B*. (b) The magnetizatiorover-
warming up to a starting point and increasing field during measurezpgotsthe complete loop if the starting point is reached via
ment. the disordered state. Uindershootsif the starting point is
arrived at from the quasiordered stai®. In all experiments,
twice the profile depth, @*, all memory of previous condi- regardless of the history of the travel to the starting point, the
tions should be eradicated. Fdt|ab we observe that when curves merge with the complete loopH§, ,, for ascending
the maximum field of the partial loop is smaller thely, s.;  fields and withH .. for descending fields.
or larger thanH,, ., then after a field change larger than  On the basis of the above experiments we conclude that
2H* all memory of previous conditions is erased, in accor-the Hy;,(T) andH,,..(T) lines determine the borders of
dance with the Bean mod&l.However, if the ascent of the the region where metastable states may exist. We now to
field is terminated in the regiohl,,..<<H<H, the de- discuss the physical meaning of the other two lines:
scending branch of the partial loop may undershoot the deH . .(T) and Hy;,,(T). Recent experiments in BSCE®
scending branch of the complete lodpSimilarly, if the de-  revealed that an abrupt change in the external field causes the
scent of the field is terminated in this region and the fieldinjection of a transient disordered vortex state into the
commences to be raised, the magnetization may overshosample. This can be ascribed, for example, to surface imper-
the lower(ascendingbranch of the magnetization lodp. fections and/or surface barriers, which impede the “smooth”
In the following we describe experiments obtained inentrance of the injected fluxons, as demonstrated by Paltiel
sample L2. This sample is suitable for this type of experi-et al.in NbSe.** When the thermodynamic conditions dic-
ments since for this thin sample the intervdl,,.<H  tate a quasiordered state, the injected transient disordered
<Hnx is much large than B* ~200 Oe at 16 K. state relaxes into a quasi-ordered state at a rate decreasing to
zero as the induction approaches the transition line. Our pro-
cedures involve steps of 200 Oe between adjacent measure-
A. Field parallel to ab planes ments. Thus generation of a transient disordered state can be
Two types of experiments—referred to as field coolingexpected after each step. Beld¥,q there is no change in
and zero-field cooling—were performed on sample L2. Fieldthe persistent current, implying that the lifetime of this tran-
cooling experiments use the following procedusee the sient state is much smaller than our time window and there-
inset to the top panel of Fig.)6The sample is cooled from fore a quasiordered state is measured. HoweveH @as..is
aboveT, in a target field, and when a temperature of 16 K isapproached, the lifetime of the transient disordered state is
reached the magnetization is measured while the field is lowsomparable to the time window of the measurement and
ered to zero in constant steps. We compare the magnetizatidherefore a larger persistent current is measured, indicating
curve thus obtained with the descendifupped branch of  the existence of a disordered state. Reaching the higher limit
the complete loop. As shown in the top panel of Fig. 6, wherfor metastability,H;,,,, the disordered phase becomes the
the target field is in the regiohl;,..<H<H.« the mag- stable, thermodynamic phase.
netization curve(open symbols overshootsthe complete We associate the remaining featiig,, with the thermo-
loop (solid line). Curves generated from a target field outsidedynamic order-disorder phase transition. We base this iden-

m [10°emu)

-3

m [10°emu]
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tification on the relaxation measurements, which show that
the relaxation rate changes dramatically at a field corre-
sponding taH ., even on the ascending branch of the loop;
see Sec. IV A(We note thaH,;,,, cannot be associated with 91
the lifetime of the transient disordered state. This is because
above the metastability region the thermodynamics dictate a
disordered state, so that the phase introduced by the change
of field does not alter the phase already existing in the

H”C T=18K

10 20 30 40
HIkOe]

H [kOe]
2

sample) 31

In view of the above, our results may be interpreted as
follows: In the field-cooled experiment, a disordered state is 0 : : , .
dragged to below the transition linkl;,,., as evident from 5 10 15 20 25 30
the overshoot of the magnetization curve. Therefore we have TIK]

shown that the disordered phase may be supercooled to be-

low the transition line. In the zero-field-cooled experiment, ) - . >
P squarep and H||ab (circles configurations. Inset: magnetization

an ordered state is dragged to ab0\_/e the transition _ImelboIDS for H|[c (gray) and H||ab (black at 18 K. The stronger
Hkiﬂk’ as evident from the undershooting of the m"_:lgnetlza'pinning, in theH||c configuration, influences both the width of the
tion curve. Therefore we have shown that t_h_e dl_sordereqjoop and the position of the transition line.
phase may be superheated to above the transition line. These
observations are consistent with a first-order ndfiffeof ~ temperature-independent  transition  line  at  low
the transition from quasiordered to disordered phases.  temperatured?In LaSCO, however, in botH||c andH ||ab
the transition lines exhibit a strong decrease with tempera-
ture in the entire measured range.
An explanation based on the effects of surface barriers,
Similar measurements performed with tH@ic in the re-  which might obscure the features of the second peak
gion Hgnsei<H<Hgnser did not exhibit any history- anomaly at low temperaturé$’-*"*’is excluded because of
dependent effects. The absence of such effects, as well as ttiee fact that LaSCO the strong temperature dependence is
absence of a kink in the magnetization loop, can be attributedommon to the features measured on both ascending and

to the smearing of the first-order nature of the transition bydescending branches. Another possible explanation may be

FIG. 7. Order-disorder transition lines in botH||c (gray

B. Field perpendicular to ab planes

twin boundarie$® associated with the influence of the persistent current: Strong
currents may have a tendency to order the vortties, that
VI. SUMMARY AND DISCUSSION the transition into a vortex glass would be deferred to higher

fields. As temperature is decreased current increases, and its

The fishtail observed in the magnetization curves for bothinfluence on the transition line should be marked. This ex-
H||ab andH||c is similar to that observed in a wide variety planation is precluded by the fact that the position of the kink
of HTS crystals;™ and interpreted as signifying a vortex is unaffected by the change in current; As can be seen from
order-disorder phase transition. We propose a similar interFig. 4, within the time window of the measurement, the cur-
pretation of the fishtails observed in LaSCO. Indeed, theent relaxes to about 75% of its initial value, but the position
similar qualitative behavior of the transition lines fbi{jc  of the kink is not altered, while within the same time window
andH||ab, (see Fig. 7, suggests that the underlying mecha- the onset field shifts by about 1 kOe.
nism for these transitions is the same. As outlined in Ref. 49, we propose an explanation for the

On the basis of the standard scaling relaffdfione ex-  unique temperature dependence of the transition line mea-
pects a ratio of (¥)=10-30(Refs. 6 and 2Bbetween the sured in LaSCO, asserting that this transition is driven by
transition fields forH||c and H||ab. However, experimen- both thermally- and disorder-induced fluctuations. The tran-
tally we measure a ratio of approximately 3; see Fig. 7. Asition field is associated with the second magnetization peak,
possible reason for this large deviation may be based on thas is the solid-solid transition field, but depends strongly on
presence of twin boundaries, which contribute anisotropidemperature like the melting field. This strong temperature
pinning. On the other hand, one may not exclude the possdependence implies that the transition to the disordered vor-
bility that these large deviations from the scaling law indi- tex state is driven not only by disorder-induced fluctuations,
cate that the transitions fdi||ab andH||c are of different  which are temperature independent far befawy but also by
nature, involving Josephson vortices in the former and Abrithermal fluctuations. As both thermal and disorder-induced
kosov vortices in the latter. Nevertheless, owing to the relafluctuations take a part in destabilizing the ordered solid, the
tively small value of the anisotropy and the similar behaviorinterplay betweerll three energy scaleg,, E,;,, andkT,
of the transition for both directions, we tend to conclude thatshould determine the transition line. The basic premise of our
Abrikosov vortices rather than Josephson vortices, are inanalysis is that an order-disorder transition occurs when the
volved. sum of thermal and disorder-induced displacements of the

One may attempt to interpret these transitions as drivefiux line, (u2) and(u?;) respectively, exceeds a certain frac-
by disorder-induced fluctuations, similar to the mechanismntion of the vortex lattice constant. A more accurate analysis
suggested for other HTS crystdlS. This implies a should involve the averaged total displacement of the flux
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200

that this sample provides an example of a transition into a
vortex pinned liquid state driven by both thermally and dis-
order induced fluctuations.

The above treatment is applicable for analyzing our re-
melting sults forH||c. The same approach may apply alsokdtab,

150

solid-pinned liquid
transition line

3 =10° . . .
£ 100 Yo assuming that Abrikosov vortices, rather than Josephson vor-
3 tices, are involved. Also we assume pinning by point defects,
o . . . . . .
- neglecting the intrinsic pinning between the Cu-O layers.

This approach suggests that the melting, solid-solid, and
solid to pinned-liquid vortex phase transitions are different
. : ; : manifestations of the same order-disorder thermodynamic
oo »2 04 08 D8 10 first order transition, which, in general, is driven bypth
T, thermally- and disorder-induced fluctuations. This is in ac-
o _ _ cordance with several recent works in BSCE&! claiming
FIG. 8. Calculated transition lines assuming an order-disordefp 5 the yortex melting line and solid-solid transition line are
vortex phase transition driven by both thermally induced andy, manifestations of the same first-order transition. Our re-
disorder-induced fluctuations. The meltiigntanglementline is sults show that the behavior of the transition line and the
calculated by neglecting pinningherma) energy. All lines in be- nature of the disordered state are determined by the relative

tw t order-disorder t ition li i hich both ther- . . . . ) .
een represent order-disorder transiion ines in which bo e'rcontrlbutlon of the disorder-induced fluctuations. When this

mal and pinning energies are taken into account, but differ in the T . . - -
pinning strength. conf[r|bu_t|on is negllglbIG{QOmma_lteia, a transition to a I|_qU|c_i
(solid) disordered state is obtained. When the contributions
line, which is not necessarily the sum(@f) and(u3..). Yet, ~ of both thermally and disorder-induced fluctuations are sig-
our simplified approach vyields a qualitative description, andnificant, a transition to a pinned liquid state is obtained.
provides important insight. Thus, the observed transition line retains the shape of the
The transition lineBop(T) can also be derived by con- melting transition, but the pinning suffices for the transition
sidering the energy balance at the transition:{0 be observed as a second peak, and not as a jump in mag-
Eei=Epin+kT.24° The transition occurs when the sum of netization. Our (LgesS.069 2CUO, Crystal presents such an
pinning energy and thermal energy exceeds the elastic eftermediate case—a “pinned liquid” state—exhibiting a
ergy barrier. Both approaches—adding fluctuations ofransition line qualitatively similar to that of a melting line
energies—yield the same result fB,p(T). In Fig. 8 we  but which represents a transition to a state with irreversible
present numerical results of the order-disorder transition linénagnetic characteristics.
Bop(T) for a constant anisotropy and different pinning
strength characterized by the parametgr. The “pure”
melting line in the figure is obtained by neglecting the pin-
ning energy, so thaE., =kT, whereas the ‘pure’ solid-solid This manuscript is part of Y.R.'s Ph.D. thesis. An impor-
transition line is obtained by neglecting the thermal energytant contribution from T. Sasagawa is acknowledged. Con-
i.e., whenEg=Ep,. All lines in between represent order- tinuous and helpful discussions with A. E. Koshelev, D.
disorder transition lines in which both thermal and pinningGiller, and Y. Wolfus are gratefully acknowledged. Important
energies are taken into account. By tuning the pinningcomments from E. Zeldov, V. Geshkenbein, T. Giamarchi,
strength one may change the shape of the transition line arehd A. A. Zhukov are acknowledged. Y.R. acknowledges fi-
the character of the disordered phase. nancial support from the Mifal Hapayis—Michael Landau
For intermediate values of,, the behavior of the transi- Foundation. Y. Y. acknowledges support from the U.S.-Israel
tion line is qualitatively similar to that of a melting line, Binational Science Foundation. A.S. and I.F. acknowledge
however, it represents a transition to a disordered state exsupport from the Israel Science Foundation. This research
hibiting irreversible magnetic behavior. One may refer to thiswas supported by The Israel Science Foundation—Center of
disordered state as a “pinned liquid state.” Our experimentaExcellence Program, and by the Heinrich Hertz Minerva
results forBgp(T) in LaSCO (see Fig. 7, clearly indicate  Center for High Temperature Superconductivity.
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0 solid-solid transition line
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