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Weak interaction and matching conditions for replicas of vortex lattices
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We present experiments demonstrating the conditions under which weak interaction between replicas of
vortex structures break their translational and rotational symmetry. The Fe clumps introduced by Bitter deco-
rations of vortex structures are used to induce an extremely weak interaction for subsequent vortex structures
in low and high temperature superconducting crystals. The matching between the Fe pattern and the vortex
configuration require the structure to be prepared under quite stringent conditions: The field creating the
structure has to be the same in magnitude although it can differ in orientation from that used for the preparation
of the Fe pattern. The interaction between vortex replicas as represented by the Fe clumps of Bitter decorations
makes it possible to differentiate the vortex nucleation and propagation mechanisms in low and high tempera-
ture superconductors.

[. INTRODUCTION odic critical current resulting from a static match of the vor-
tex and pinning patterns.

The need for understanding a wide class of phenomena in To verify the above scenario it is important to detect the
the high critical temperaturel¢) superconductors promoted position of vortices in static and dynamic experiments to
the reconsideration of a variety of previously accepted arguebtain information on how the vortex structure nucleates and
ments in conventional superconductbr8mong those, the propagates. Bitter decoration is an appropriate technique for
role played by pinning potentialglisordered as well as pe- this purpose. However, it is important to understand how the
riodic) and thermally induced disorder have triggered theo-decoration made at low temperatures provides information
retical and experimental work® on the nucleation mechanism of the vortex structures at

Several techniques have been developed in recent years fégher temperatures. _ _ _
artificially create pinning centers for studying the relevance (& When a lowT¢ superconductor is decorated in a field
of the intensity, topology and morphology of the potential in €00ling (FC) experiment the image of Fe clumps corre-
the thermodynamic and dynamic properties of the vorteéponqs_ to a frozen structure that clpsely resembles the one at
structures~® These technologies have been extensively useaq_e vicinity of HCZ(T?’ where vortices are ngcleated a_nd
to analyze the behavior of vortex lattices interacting eitherp'.nned ot same time. W.he.” the bulk pinning associated
with commensurate or incommensurate pinning structures. | 't.h randomly distributed pinning centqrs is in the strong

) : - Imit they become nucleation centers simultaneously. As a
the former case magnetic dots arranged in a periodic struc-

ture in low t i ducting fi fth fesult, the vortex pattern is nucleated at the second order
ure in fow temperature superconducting fiims are one o %uperconducting phase transition in a highly disordered or
most successful approaches.

) L ven amorphous patteti On the other hand if pinning is in
Transport measurements verify that the pinning inducedye \yeak limit, nucleation and growth of vortex crystalline
by periodic magnetic dots overwhelms that of the bulk,grains in different directions take place. The decoration

whenever the flux induced in the unit cell of the pinning shows a frozen polycrystalline structure where most of the
structure is a multiple of the flux quantutrOn the other defects are determined by grain boundaries.
hand, the lattice parameter of the periodic pinning patternis (p) |n a highT. superconductor a liquid vortex state is
large when compared with typical lengths determining thefirst formed when decreasing temperature from above the
Larkin pinning volume of the films studied. As a conse-critical. The FC decoration represents the frozen vortex
quence, the phase space that the vortices are required to spstructure at some temperature below the melting transttion.
to match the artificial pinning is much larger than allowed byTherefore, if the solid structure is achieved through a first
reasonable relaxation times in typical strong pinning films. order freezing, the decoration should show a crystalline
The apparent inconsistency between the results of transtructure independently of the presence of pinning sites. This
port measurementshowing commensurability between the is because at the melting temperature, where the solid struc-
vortex-pinning structurgsand the small Larkin volumes in ture is formed, the vortex-vortex interaction is stronger than
films (suggesting a random distribution of vorti¢esan be that producing vortex pinning. As temperature decreases,
solved assuming that the matching between structures is ginning becomes stronger and the vortex pattern is frozen.
consequence of the ordering induced by vortex dynarhicsThis process is accomplished by small displacements of ev-
To detect dissipation in transport measurements current deery vortex within the range of the pinning potentiahuch
sities must exceed the critical one. Thus, long range dynamismaller than the vortex lattice paramgtand consequently
cal ordering might be induced in the vortex structure as dethe overall crystalline order is preserved.
tected by neutrolf and decoration experiments!? In this In this work we focus the attention on the real space ob-
picture, the periodic response is not associated with a perservation of static and dynamic vortex structures responding
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to the presence of quasiperiodic and disordered pinning po-
tentials. We investigate whether the vortex pattern in the
sample is the result of the structure growth from nucleation
centers distributed at random or if it follows a predetermined
pattern characteristic of each sample. This is achieved using
a simple technique recently developed in our laboratory that
allows us to engineer pinning potentials by means of a novel
method: Bitter pinning. In this technique the Fe clumps used
to observe the vortex structure in a first Bitter decoration
become pinning centers for new vortex structures. A second
decoration allows the observation of the new vortex pattern
and the comparison with the Fe clump distribution of the first
one.

The Bitter pinning technique is shown to be appropriate to
determine the conditions for an effective matching between
vortex and artificially induced pinning structures. We dem-

FIG. 1. Magnetic decoration pattern of the flux-line lattice in
NbSe superconductor. The white dots depict the positions of the

ire th d L. iated with ﬁﬁ)rtices after a FCR processee text down to 4.2 K at 36 Oe with
not require the expected stronger pinning associated with t £ field rotation at an angle of 60°. In the inset, the Fourier transform

Fe pattern, as compared with that of the bulk. When bulky¢ yhe vortex pattern shows a six peak structure that makes evident
pinning is essentially zero an extremely weak quasiperiodigs crystalline nature.

potential is capable of locking commensurate vortex struc-

tures breaking the translational as well as the rotational sym- ) ) )
metry of the vortex lattice. that the dynamically induced order is preserved when the

force acting on the vortex structure is suddenly removed.

This memory effect shows that the direction of the applied

[l. EXPERIMENTAL TECHNIQUE AND SAMPLE force determines the orientation of the vortex quenched lat-
CHARACTERIZATION tice. Dynamical memory is of basic importance to produce

In the vortex decoration technique small Fe particlefs the orienteq quasiper_iodic pinning potential of the Bitter pin-
ning technique. In this way polycrystalline vortex structures

the order of 200 A diametgdiffusing in a He gas atmo- . ; .
sphere are attracted by the field modulation produced by thgucleated in NbSeare transformed into almost perfect peri-

vortex pattern at the surface of the samflé&he clumps odic st_ructures e_xter_1ded over the whole sarﬁf)IA_n ex-
formed by the iron particles remain attached to the surface b§MP!€ is shown in Fig. 1: Thousands of Fe dots induced in
van der Waals forces and are observed by SEM at roorH® f|r§t decoration become _the quasiperiodic structure to be
temperature. In the Bitter pinning the sample is cooled agaitsed in subsequent decorations.
in the presence of the Fe clumps and the effect of the surface A simple technique to generate dynamical ordering and
introduced pinning on the new vortex structure is analyzed preserve memory is to induce currents exceeding the critical
In all the experiments described in this work the vorticesby rapid magnetic field rotatiorfS. This method has the ad-
are nucleated in field cooling experiments. vantage of inducing currents with no need of electrical con-
The influence of the pinning induced by the Fe clumps ortacts in the sample. The sample is FC from room temperature
the critical current is studied by dc electrical resistance, magdown to 4 K, the applied magnetic field is rotated to a given
netization loops and ac susceptibility measurements. angle and then rapidly returned to the original orientation.
The relevance of the resultant weak Fe periodic pinningrhe rotation used in the experiments described in this paper
potential on the vortex distribution and correlation in realis accomplished by switching on and off a fiélg-, perpen-
space is made evident by the following procedure: Once thgjicular to the applied one. We call this experiment field cool-
sample is decorated in a first FC experiment it is warmed Uphq rotation(FCR.
to room temperature to observe the Fe clumps. Subsequently, The samples used in this work are single crystals of

the sample is FC again down # K and a second Bitter g; 5p cacy0, grown using the self-flux technique in a
decoration is performed to observe the vortex structure. rge temperature gradie?r?tThe samples are annealed in an
portion of the sample IS masked in the first decqratlon Mar atmosphere at 500 °C for 20 h followed by a fast cool
order to verify the quality of the second one. Details of thed hi imal dopi h | h
technique have been reported elsewHeré. down to achieve optimal doping. The crystals are character-
Ggzed by x-ray diffraction and energy dispersive spectroscopy

The degree of periodic order in the first Fe pattern to b EDS t the riaht struct d i Th
used in the Bitter pinning can be controlled by making use 01( " ) to ensure the rig structure and composttion. The
critical temperaturd -~ 87 K is determined using ac suscep-

two effects: dynamical ordering and dynamical memory. S )
Dynamical ordering was theoretically predicted and op-tibility measurements. The superconducting parameters are

served experimentally and in computer simulatiof& 1%t~ A~2000 A andé~10 A . Typical sample dimensions are 1

has been shown that the disorder of vortex patterns nucleaté@m” area and 5Qum | thickness, with thec axis oriented

in the presence of random potentials is strongly reduce@arallel to the thin dimension.

when the vortex structure is displaced by forces exceeding In order to keep the surface of the sample in optimal
the critical. conditions the decoration is made using different freshly

Dynamical memory is an experimental result showingcleaved samples.
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FIG. 2. AFM topographic characteristics of the iron structure
generated by a magnetic decoration. The three-dimensional image "
depicts cone shaped iron clumps with an average height of 600 A 2
and average base diameter of 2000 A.

»

IIl. PINNING INDUCED BY IRON CLUMPS

The pinning induced by the Fe clumps is extremely weak. ) ) ] ] ]
Its effect on the dynamics of the vortex state is undetectable. F!C- 3 De_corat'o_rr‘hpa_ttem obtained in NbSe a FC B'ttgrb
by dc resistance, ac susceptibility and magnetization loo .|ntn|ng teXpsr'men:: © wor;gmnmg.structturteglz %enera:ie42yKa
measurements. This is understood by considering that thgs vortex decoration In a experiment a € and 4.2 .

. . ubsequently, the sample is warmed up to room temperature and
ratio between the length of the vortgxhickness of the ) >

. ~ . then FC again at the same field and down to the same temperature

sample and the height of the Fe clumps on the surface is i

qn the presence of the additional Bitter pinning potential. Then, the
the range between 200 and 400 for the samples used. P P gp !

] . ] r‘tﬁacond decoration is performed to analyze the vortex positions of
The shape and dimensions of the Fe dots after the first a e structure with respect to the iron pinning clumps. Different pat-

s
second decorations are determined by means of an AFNLiq in the sample show local rotations between the second vortex
used in the constant force mode. Typical results are shown iytice and the Bitter pinning. Examples of Moipatterns corre-

Fig. 2 for a first decoration in a Bsr,CaCyOg sample at 36 sponding to different rotation angles are shown in the figied®,
Oe. The Fe clumps of conical shape have an average heig{H) 10°, (c) 40°, and(d) 30°.
of 60020 A and a base diameter of 200000 A . This

low dispersion in the dimensions of the Fe clumps impliesrange of the bulk pinning potentjathere is one with the
homogeneity of the Bitter pinning potential in the whole lowest energy determined by the Fe clumps. On the other
sample. hand, the Moirepatterns in Figs. @), 3(c), and 3d) prove

that the Fe clumps are not capable of breaking the rotational
degeneracy of crystal growth. The data strongly support that
IV. ANALYSIS OF PREVIOUS RESULTS IN NbSe, the nucleation and growth direction of the vortex lattice in
{:\leQ is at random and induced by bulk pinning. Thus, the
periodic Fe superficial pinning is ineffective for determining
the propagation direction of the nucleated vortex lattice.
By means of the dynamical memory technique the relative

The FC magnetic decoration in NbSerystals shows a importance of the bulk pinning is suppressed or strongly di-

polycrystalline vortex structure as expected for high qualitym'n'shed' anseguently, structures with long range order
low temperature superconducting material grow in the direction determined by the force applied on the

It has been shown previously that applying the Bitter pin_vortex lattice. In this case, the Bitter pinning technique at the

ning technique to the polycrystalline vortex structure, match>2M€ fielpl shows perfect matching between the two struc-
9 q polycry ures. As it will be discussed later, the Fe structure breaks the

ing is only found between grains of both decorations tha ) . )
9 Y 2 translational and rotational degeneracy of a lattice when

grow in the same directiot*:'® Thus, no relative translation hed f d ical state induced by f q
between structures have been found from the observation GH€NcN€a Irom a dynamical staté induced by Torces exceed-

many decorations. On the other hand, when the direction dcl?g the'crilticag A'n examp!e dcan gebobfherved 'ig F'?d‘l \{vrt{ere
growth of the second structure differs from that of the first ynamical ordering was induced by the rapid field rotation

decoration the crystal is only partially pinned by the Bitter _method with an angle of 60°. It is interesting to remark that

pinning, as shown by the Moirgatterns®16 Typical ex- " this case the dislocations present in the first decoration are

amples of Bitter pinning showing the configuration men_:jeprodl:_ced in the s;econd IO'?% t|:1 dlé,!gcat;onﬁ .Of the twlc(Jj
tioned before are depicted in Fig. 3. ecorations were not correlated the Bitter technique wou

The results in Fig. 3 shed light on the mechanism of crys—induce a new plane of Fe dots and an apparent plane of

tal domain growth in NbSg Figure 3a) indicates that the Fe defects after the second decoration would appear. This has

structure in the Bitter pinning breaks the translational Sym_never been observed.

metry of a second commensurate pattern with the same lat- V. RESULTS AND DISCUSSION IN Bi,Sr,CaCu,0%

tice parameter when growing in a direction parallel to the Fe

structure. That is, from the many possible pinned vortex con- The high temperature superconductoy®,CaCy0Og has
figurations(within the range of distances determined by thea richH-T phase diagraf complementary to that of NbSe

In order to provide an adequate frame for the analysis o
the results in BiSr,CaCyOQOg it is important to make a brief
review and a discussion of previous restilia the low tem-
perature superconductor NbSe
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Contrary to what is observed in NbSthere is no need of
Dynamical Ordering to induce long range order, as shown by
the Fourier transform in the insert of the figure.

The density of topological defects in the vortex structure
is the same as that observed in FCR experiments in NaSe
the same field, despite the fact that the critical current of the
Bi,Sr,CaCyOgq crystals &4 K is more than two orders of
magnitude larger. This result supports the mechanism de-
scribed in the introduction for explaining the coexistence of
strong pinning at low temperatures and the preservation of
the ordered vortex structure nucleated at higher temperatures.
The absence of grain boundaries seen in most pictures of the
vortex structure in BiSr,CaCyOg suggests a different
nucleation and growth process of the vortex pattern. This
finding triggered our interest to discover the nature of nucle-
ation centers from which crystalline order propagates.

Studying the vortex decoration in extended regions of the
sample it is found that even the best samples of
Bi,Sr,CaCyOg have correlated atomic defects of unknown
origin, see Figs. @) and Ge). These defects are not detected
by standard material characterization techniques such as

FIG. 4. Decoration pattern obtained in NQSB a FCR Bitter SEM pictureS, EDS, XR. The vortices in the region of cor-
pinning experimentsee text. The iron pinning structure is gener- re|ated defects nucleate in a disorderly way along lines with
ated'by a FCR first vortex decoration in 36 Oe with a 60 degre_esf,]igher density €4%) than that in the region free of defects.
rotation at 4.2 K. Subsequently, a second FCR vortex decoratioq q ¢ rrelation between vortices in different lines is found.
under the same field and temperature conditions is performed in th?he defects detected by the Bitter decoration with single vor-

presence of the add't'onal Bitter pinning pOter?t'al' The Picture, o resolution are quite likely the same as those found with
shows perfect matching between the two dynamically ordered vor-

tex lattices. (@) Double magnetic decoration in real spadb) ma_?neto-optlclill kt)leChnrlquJégt' isti f the.BiCaCLO
Delaunay triangulation of the structure where even the topological WO remarkable charactenstcs or the,5LLalylg

defects of the Bitter pinning pattern are shown to be reproduced iﬁ'n,gle crystals are to a large thent determlne_mt of the prop-
the second decoration. erties of the vortex structure in the range of fields and tem-

peratures where the decoration is made: The presence of cor-

. . elated defects in some regions of the sample and the very
for the study of vortex nucleation and propagation. When F eak or absent bulk vortex pinning at the melting tempera-

the sample below ¢ a vortex liquid phase transforms into an - Y
. . . ture. As a consequence high quality vortex crystals are ob-
ordered crystalline solid through a first order phase q gh g y y

tained.
transition? : . . .
; . . . i It is remarkable that the transition from vortex disorder in
Field cooling decorations at 4 K in a field of 36 Oe make

. ) . ) ) the region of correlated defects to the crystalline structure is
evident the high quality of the vortex crystals; see Fig. 5'produced at a sharp boundary defined with precision of one
lattice constant. Correlated defects impose the growth direc-
tion of the vortex crystal as seen in Figdpand Ge), where
a compact plane of the hexagonal vortex crystalline structure
is shown to be parallel to the defects.

Surface steps is the other detected vortex pinning poten-
tial that competes with correlated defects to establish the
growth direction of the vortex crystal. In Figs(a, 6(b), and
6(c) the compact plane of the hexagonal structure is seen to
grow parallel to the surface step shown in the picture. The
occasional grain boundaries found in the,®&CaCyOq
vortex patterns are induced by the intersection of crystalline
structures nucleated and oriented by both kinds of defects;
see Fig. 7. Starting from the grain boundary it is easy to track
the correlated defects or surface step that produce the differ-
ent orientations; see Figs. 6 and 7.

FIG. 5. Vortex lattice in BjSr,CaCyOg in a FC experiment in The Bitter pinning in B}jSr,CaCyOg induces perfect
36 Oe at 4.2 K obtained with magnetic decoration. One of theMatching of two lattices with the same lattice parameter,
principal directions of the hexagonal vortex lattice is shown to co-With no need of previous dynamical ordering. In agreement
incide with the direction of the correlated defe¢®D) present in ~ With this, AFM measurements of the Fe clumps height after
other regions of the sample. The Fourier transform of the vortice? Second decoration in the crystalline region is on average
positions shown in the inset makes evident the hexagonal symmetivice that of the first decoration (128®00 A). The ex-
of the vortex lattice. tremely weak superficial pinning potential breaks the trans-
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FIG. 7. Delaunay triangulation of the fBr,CaCyOg vortex
structure in a FC in 36 Oe down to 4.2 K depicted in Figs) @nd
6(d). The presence of the grain boundary due to the intersection of
the two lattice orientations is made evident.

cal defects in a vortex lattice is a characteristic of the vortex
structure at the field and temperature where it is frozen, its
space distribution is not predetermined. The experiments
show that the Fe structure in the Bitter pinning breaks this
degeneracy, implying that this pinning should be at least
strong enough to reproduce the dislocations at the sites
where they were formed. Considering the density of disloca-
tions at 36 Og1.2% of the vortices are located in the dislo-
cation coreswe have estimated that the energy to create the
dislocation is equivalent to a pinning energy per vortex of
FIG. 6. Sequence of several piCtUreS Sh0W|ng vortex pOSitiOnS |r1/400 Of |ts Condensat|on energy Th|s |s COhSlstent Wlth an
Bi,Sr,CaCyOg after a FC experiment in 36 Oe as determined by
magnetic decoration at 4.2 K in an extended region of the sample.
(a) Surface step determining the growing direction of the vortex
lattice. (b) Continuation of the crystalline vortex lattice shown in
(a. (c) Grain boundarysee arrowgresulting from the intersection
of the lattice shown ina) and (b) with the vortex lattice oriented
in a direction determined by correlated defe@@®) shown in(d)
and(e).

lational degeneracy expected for nucleation and growth of
the vortex structure. The results of the decoration support the
suggestion of null or very weak bulk pinning potential when
the crystalline structure is nucleated from the liquid state.
The second decoration in the region with correlated de-
fects does not reproduce the disordered pattern of the Fe
particles of the first one. That is, the Fe pinning becomes

ineffective to pin disordered structures. =
It is important to emphasize that the Bitter pinning in- X

duced withH =36 Oe acting on the periodic vortex structure s

of Bi,Sr,CaCyOg (with no dynamically induced ordgis as ‘F_:_zg,__;s'gsg’.«n s

effective as it is in NbSgafter dynamically ordering the first %}5%’;5?' SRR

as well as the second structure with the same applied field.
Thus, in both cases the Fe replica of the first decoration G g Bitter pinning in BjSr,CaCyOy: Second FC decoration
establishes a space configuration that lowers the free energy top of that shown in Fig. Ga) The vortex structure is located on
of a second identical vortex structure. The matChing in tthp of the Fe pattern, with no need of dynamical orderiiy.Cor-
second decoration implies that the dislocations of the firstesponding Delaunay triangulation where a dislocation is identified.
structure are reproduced at the same sample sites; see Figis clearly shown that the dislocation present in the Bitter pinning
8(a) and &b). We expect that while the density of topologi- structure is reproduced by the second decoration.
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FIG. 10. Magnetic pattern in a Bitter pinning experiment in
Bi,Sr,CaCyOg. The iron pinning pattern is generated by a first
magnetic decoration of the vortex lattice in a FC experiment in 36
» ) . Oe at 4.2 K(shown in Fig. 6. The sample is warmed up to room

FIG. 9. Vortex positions in a FCR experiment performed at 36temperature and subsequently a second vortex decoration is made in
Oe and 4.2 K in BiSp,CaCy0g. The picture shows that in FCR 5 ECR experiment in 36 Oe with 60° of magnetic field rotation at
experiments the lattice long range orientational order is determinegd 5 k. Despite that the transverse fiehtl; , is not parallel to any of

by the direction of the transverse fiekti . The effect of the rota-  the jron structure principal directions, there is perfect matching of
tion overcomes the orientational influence of the correlated defect§nin structures. even in the grain boundary shown in the picture.

present in another region of the sample. The correlated defects de-

fine the Cl? Qirectic_)n. 'I_'he Delaunay_ triangulation clgarly Showsstringent proof of the effectiveness of the Bitter pinning is
g‘:;;\t‘;g'ﬁ;’gﬂiri'é:g?f_’geoef tr:i:;"';t cell is determined by the g6y in an experiment where the second FCR vortex lattice
’ : is oriented in a direction not coincident with that given by
any of the lattice vectors of the first decoration. In the par-
extremely weak pinning of a vortex at a very end of itsticular case shown in Fig. 10 the first decoration was made
length, at the surface of the sample. after FC in 36 Oe, resulting in a magnetic pattern with a
Since the orientation of the vortex structure when FC iscompact plane in the direction parallel to that of the corre-
induced by the presence of a correlated potential, we haviated defects. The second FCR experiment was performed
used the FCR technique to check whether the dynamigith H applied 40° away from the correlated defects direc-
memory effect can impose the ordering in a direction differ-tion. In spite of that, the Bitter pinning locks the new lattice
ent from that given by the defects. The results in Fig. 9 maken top of the Fe one.
evident that the FCR experiment at 36 Oe with an angle of
60°_ indl_Jces Ipng—_range orientational (_)rd_er _in the defect free VI. CONCLUSIONS
region, in a direction parallel tél;. This indicates that the
bulk force induced by the field rotation overwhelms the one We have proposed a scenario to remark the differences in
associated with the vortex-vortex interaction at the interfaceaucleation and growth processes of vortex structures in low
between the crystal and the pinned disordered vortex stru@nd high temperature superconductors when cooling the
ture. Despite this, the density of defects in the vortex latticesample in the presence of a field. The comparison of experi-
induced by the rapid field rotation is the same as that in thenental results obtained in NbSelean crystals with those in
FC experimeni2%). Even more, the calculated energy as-Bi,Sr,CaCyOg, where the solid structure is formed after a
sociated to the vortex-vortex interaction in both crystals codirst order transition from the liquid state, support the picture.
incide within 5%. This is a remarkable result indicating that The relevance of the weak interaction between replicas
the configuration of the final state is independent of the patlinducing perfect matching in macroscopic samples is an un-
followed to create it. In the FC case the vortex structure isexpected result recently discovetethat makes evident the
frozen at a temperature higher than 4 K, where the bullcollective response induced by a small perturbation. This ef-
pinning sets in, while in the FCR the structure is created byfect cannot be detected by traditional measurements of criti-
field rotations at 4 K. Note that in the FCR the direction ascal currents(transport or magnetizatipnWe show that the
well as the modulus of the field is changed. Bitter pinning technique is up to now the only one able to
An additional experiment showing that the internal mag-observe in real space how a weak perturbation can break the
netic field follows the evolution of the external one is the translational and rotational symmetry in a crystal growth
following: A FC experiment is made with a magnetic field process.
applied at an angle of 60° off the direction and then the In the case of NbSethe Bitter technique makes evident
transversal component is rapidly suppressed. The vortethat the Fe clumps do not break the rotational symmetry of
structure was found to be crystalline with the six peaks of theéhe crystal growth in FC experiments. The results show that
Fourier transform located in a circle, the same as that obbulk pinning determines the growth of the grains in the re-
tained in the FCR case, in contrast with the observed strucsultant static polycrystalline vortex structure. In this case
tures in a tilted vortex configuratioii-2 perfect matching between lattices in the Bitter technique
Up to now we have discussed experiments where the Bitenly takes place as a result of the weak interaction between
ter pinning is effective in BiS,CaCyOg because the direc- dynamically ordered structures.
tion of the ordered lattice is determined either by the corre- In the clean high temperature superconductor
lated defects or by the first FCR experiment. A moreBi,S,L,CaCyOg the interaction between the Fe and vortex
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replica in the second decoration is strong enough to break thiae velocity is quenched from a dynamic state in the pres-
translational as well as the rotational symmetry when theence of strong bulk pinning.

static vortex structure is formed. Contrary to what is found in  We have shown that when both, the dynamically ordered
the low temperature superconductor, the results strongly sugpitter pinning and the second vortex structure are created by
port that the vortex pattern below the solidification temperadidentical magnetic fields, the replicas match independently of
ture corresponds to a long range ordered crystalline structuréle type of material. On the other hand, preliminary results
The rare grain boundaries found in the decorations are nd@dicate that no matching can be found in the Bitter pinning

induced by bulk pinning. They appear as the result of nuclePetween commensurate structures with different lattice pa-

ation and growth of crystalline structures in different direc-rameterddifferent fields. The conditions to maintain match-

tions, induced by correlated defects and surface steps. THEY betyvee_n structures require t'hat they are formed V\.”th the
observed frozen structure is seen to be in or close to thedme field intensityidentical replicas Further research is in

thermodynamic equilibrium state and it is better described by"©9ress to elucidate this particular finding.
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