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Time evolution of the second magnetization peak in Bi 2Sr,CaCu,0g4 5
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Local magnetization curves at different times, extracted from high-temporal resolution
magneto-optical measurements in,8,CaCyOg, 5, demonstrate the absence of the second
magnetization peak at short times, its appearance at longer times, and the movement of its onset
toward higher-induction fields approaching the thermodynamic vortex order—disorder transition
field. We relate this phenomena to metastable disordered states induced by edge contamination for
inductions in the vicinity of the order—disorder vortex phase transition. We show that the time
evolution of the second magnetization peak is governed by the relaxation times of the metastable
disordered vortex states. ®003 American Institute of Physic§DOI: 10.1063/1.1556287

It is now well established that the sharp onset of theevolution curves shown in Fig. 2, as described beldwg-
second magnetization pedkishtail) in Bi,Sr,CaCyOg,.s ure Xa presents the induction distribution across the entire
signifies a vortex phase transition from a weakly pinned vorsample width, whereas Figs()—1(d) focus on the interest-
tex lattice to a strongly pinned disordered vortex phase.ing part of the profiles, near the sample edge. The profiles of
However, several phenomena related to the fishtail still reFig. 1 are characterized by a sharp change in the slape
main to be reconciled with the vortex phase transition sce“break”) at a time-dependent location . The breaks sepa-
nario; e.g., smearing of the fishtail as the temperature is lowtate between a high-persistent current region near the sample
ered until below ~17 K it disappears altogethef, edges and a low-persistent current region near the sample
reappearance of the fishtail in longer time scales, and a shifénter. The time dependencexgfvaries withH. In Fig. 1(b),
of its onset with time towards higher fields. the break moves towards the sample edge until it disappears,

In this article, we employ a high-temporal resolution leaving the entire sample in the low-persistent current state.
magneto-optical system to follow the time evolution of theA Similar, but slower motion ok; is observed in Fig. (t). In
fishtail. Our measurements reveal that the fishtail is shapefi9- 1d), the break moves towards the center of the sample
by metastable disordered vortex states, injected into the
sample through inhomogeneous surface barfieks. low
temperatures, the lifetime of these metastable states is lonc
enough to obscure the sharp magnetic signature of the ther-
modynamic order—disorder phase transifigks the induced 400}
disordered metastable states decay, the fishtail appears. Waqo|
conclude that the relaxation process of the induced disor—""200
dered metastable states governs the time evolution of the
fishtail. 19

Measurements were performed on a X8525
% 0.05 mnt Bi,Sr,CaCyOg, 5 single crystal T.~92K). 400
The external magnetic field was raised abruptly to a target 350
value between 140 and 840 G with rise-timé&0 ms. Im- 5300
mediately after reaching the target field, magneto-optical g s
(MO) snapshots of the induction distribution across the
sample surface were recorded at time intervals of 40 ms for 4 c
s, and 200 ms for an additional 26 s, using iron-garnet MO -4507 -400 -350 -300
indicator and a high-speed charge-coupled device camera.

Figure 1 shows the time evolution of the induction pro- FIG. 1. Time evolution of the magnetic iHQU(?tion profilesTat 22.5 K,
fles after abrupty inreasing the extemal figlto 340,  &1¢ L e B s e O S e
500, and 600 G(The profiles att=0.04, 0.12, 0.16, 0.28, {imes indicated in Fig. 2. Dots ifb)—(d) mark typical breaks in the profiles.
0.4, 0.8, 1.6, 3.72, and 29 s are bolded, to match the timarrows point to the locatiox,= — 437 um.
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profiles with a break, signify a transient disordered state in
the entire sample. Similar profiles, observed after the disap-
pearance of the break, signify a quasiorde(disordered
phase at the entire sample, if the break disappears at the edge
(centey of the sample. From the above notes, the following
explanation for Fig. 2 emerges.

T=225K

:
e
)

\g Figure 2 describepversusB atxy= —437 um. At short
% r times, X, is located in a transient disordered region for all
s ——551s measured. This is evident, for example, in Figs(t—1(d)
® 15} o 0125 where initially xq is between the break and the eddeg.
g oaes 1(d)] or the break has not yet appeafédgs. 1b) and Xc)].
0 *x 04 s The fact that transient states persist for all fields, results in
-2} . R i e the absence of the fishtail fingerprint in Fig. 2, namely, there
" * 3.72s is no jump from low-to high-at short time.
. L L , Lo B s As time progresses, the transient states anneal. As the
0 100 200 B [G]3°° 400 500 annealing process is faster at low inductions, rbgcomes

shorter than our time window, the vortex statexgtis now
FIG. 2. vs local B atxo=—437 um for the indicated times. Bold symbols ordered at these low inductions, see Fifh)1for example.
describe the time dependencejdbr the three external fields presented in ; ; ;
Fig. 1 (squares, circles, and triangles for 340, 500, and 600 G, respegtively (At the.secqnd bolded profllelo IS alre.ady t.o the. rlght of the
Arrows indicate fishtail onset. break, i.e., in the o_rder_ed phase reginfég high fields, how—_

ever, the state & is still disordered -see, for example, Fig.
1(c) (where at the second bolded profi, is still to the left
of the break—becauser is longer than the measurement

time window. As a result, a fishtail, namely, a jump from
Similar results were previously reported by Gilkeral® 10w~ to highj can now be observed in thgB) curves of
and were interpreted in the following way: By abruptly in- Fig. 2. At further longer times, the vortex statexgtanneals

creasing the field, vortices injected through inhomogeneou€Ven for higher inductions, and therefore, the fishtail onset
surface barriers generate a transient disordered state. ThedaP€ars at higher inductions. - _
transient states anneal at a characteristic tirt@).> The To explain the width of the transition from the lowto
break in the profiles separates between the transient disdf?® hight phase in Fig. 2, we note that in data analysis we

dered statéhigh{) near the edge and the quasiordered phas8V€rage over several neighboring pix“els, and hgxtg;h"as a
(low-j) near the center. width Ax. We refer toxo=Ax as the “probed width.” The

From the time evolution of the profiles at variods we width of the transition reflects the induction range for which
extract the time evolution of the locgdB/dx versusB quasiordered and transient disordered states coexist in the

curves. Typical results are presented in Fig. 2 for locatiorProbed width. , _
Xo=— 437 um measured from the sample centerarked by To conclude, transient disordered states obscure the ther-
an arrow in Fig. 1 The solid lines in Fig. 2 connect all modynamic order—disorder vortex phase transition at low

points measured at the same indicated time, for the Variou&emperatures, where the lifetime §pectrum_ of tra_nsient states
external fields. The times chosen to be presented in Fig. % wide’ and larger than the experimental time window even

match the bolded profiles in Fig. 1. Bold symbols in Fig oat low inductions. Our results are consistent with previous
describe the time dependencej ér the three external fields "€POrts on the time evolution of the fishtadt” Our results

presented in Fig. Isquares, circles, and triangles for 340, &€ unique, however, in enabling direct comparison between
500, and 600 G, respectivély the dynamics of (B) and the dynamics of the profiles after

The striking features exhibited in Fig. 2 are the absenc&” abrupt change in the external magnetic field. This allows

of the fishtail at short times, its appearance at longer timed©r & direct observation of the field and time regimes of the
and the shift of its onset to higher inductions with tiffiem coexistence of the quasiordered and transient disordered
200 at 0.28 s to 365 G at 29.sSimilar phenomena have states, pointing to the significance of long-living transient
previously been observed in various local and globadiSordered states in shaping the fishtail.

measurements®’ Our experiments, however, are unique i~ pig manuscript is a part of B.K’s Ph.D. thesis. A.S.

enabling us to trace the dynamics of the fisht&ilg. 2 to  jcxnowledges support from the Israel Science Foundation
the dynamics of the profileg=ig. 1). By comparing Figs. 1 |5k This research is supported by The ISF-Center of Ex-
and 2, we are able to propose an explanation for these feQg)jence Program, and by the Heinrich Hertz Minerva Center

tures, as explained below. _ for High Temperature Superconductors.
We first characterize the vortex state at an arbitrary lo-
cationxg as a function of its position relative to the break in
the profile. Ifx, is between the break and the edge, then the _ _ _
vortex state ak, is a disordered state. On the other hand, if ?yk'gcviﬁo‘gﬁ';é E§ ff'ﬁ‘;‘t’t'?g'z'\é'gf{igg'gv‘ Li, P- H. Kes, and M. Konc-
Xo is between the break and the center, the vortex statg at 2y, veshurun, N. Bontemps, L. Burlachkov, and A. Kapitulnik, Phys. Rev.

is a quasiordered state. Profiles without a break that precedes 49, R1548(1994.

and eventually the entire sample is in a high persistent cu
rent state.
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