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Crossover of pinning mechanism in La 1 g5Srp15CuQ,4 crystals
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The pinning mechanism in LasSr, 1:Cu0, (LaSCO was investigated by analyzing the critical
current dependence on field and temperature. Unlike other high temperature superconductors such
as YBgCu;0,, DyBa,Cuz0,_s and Nd gCe, 1:CuQ,_s which exhibit a single pinning mechanism

over wide temperature and magnetic field ranges, our data in LaSCO show a clear crossover from
8l to 6T, pinning with temperature or field. Whilél pinning is effective at low fields or low
temperaturesdT, pinning dominates at high fields or high temperatures. Implications of the pinning
mechanism crossover on the unique behavior of the second magnetization peak in LaSCO are
discussed. €@005 American Institute of PhysidDOI: 10.1063/1.1853171

Flux pinning by point defects in superconductors are as- Measurements were performed on an optimally doped
sociated with two kinds of disordér: Lay gSp14CUO, sample (0.7x1.8x1.17 mn¥,T,=37 K),
using a Quantum Design MPMSXL SQUID magnetometer.
Magnetic field, applied perpendicular to tle axis, was
uraised to a constant field between 5 and 50 kOe, and 20
. consecutive magnetic measurements were taken at intervals
(GL) free energy functional. ; . :
. RN . . of 1 min. This procedure was repeated at different tempera-
(2) “4l pinning” related to spatial fluctuations of the charge : o o
. . . tures and fields. In addition, magnetization was measured at
carrier mean free path near a lattice defect, affecting the . i .
. . . constant temperature as a function of the external field being
term associated with the gradient of the order parameter :
. . swept up to 50 kOe and down to zero in steps of 200 Oe.
in the GL functional.

The inset to Fig. 1 shows isothermal magnetic loops at
In recent years, different methods were developed to finglifferent temperatures. Three characteristic fields can be
the dominant pinning mechanism in various superconductidentified: The onset of the SMiihdicated by a squayethe
ors. Griesseret al>® applied their “generalized inversion Peak field(triangle), and the field corresponding to a kink
scheme”(GIS) to determine the temperature dependence ofCircle) located in between the onset and the peak. pre-
the critical current density, in YBa,CuO, (YBCO) and viously reported, all these characteristic fields are strongly
DyBa,Cu,0;_s (DBCO) films, and found good agreement temperature dependent. Figure 1 shows the temperature de-
with the theoretical predictions fofl pinning. Gilleret al* ~ Pendence of the magnetic moment measured at different ex-
proposed a relatively simple, though indirect, method to deternal fields. At low temperatures, all the curves correspond-
termine the dominant pinning mechanism. This method idng to the different external fields show a similar strong
based on measuring the magnetization curves in the range fcrease with temperature. However, at intermediate tem-
the second magnetization peé&MP), and identifying the peratures the curves split, exh!bmng 'weak temperature de-
field B,y Which signifies the vortex disorder-induced phaseper)dence and then merge again at higher temperatures. The
transition. The temperature dependencBgfdetermines the SPIit at the low temperature regime starts at lower tempera-
pinning mechanismB,4 increasing(decreasingwith T indi-
catesdl pinning (8T, pinning). Using this method they con- 0 10 20 30 H [KOe]

(1) “6T, pinning” related to spatial fluctuations of the tran-
sition temperaturdl, leading to spatial modulation of
the linear and quadratic terms in the Ginzburg-Landa

cluded that the pinning mechanism in YBaO4_s; and 200
Nd; gCe& 1£CUO,_; crystals aredl pinning anddsT, pinning,

respectively. In attempting to apply this method to 1501
Lay gsSIp.1£Cu0, (LaSCO, one encounters a fundamental -
difficulty: The temperature dependenceRyf; in LaSCO ex- 2 100f
hibits a steep concave decrease with temperatwarre- §
sponding to neithe#l nor 6T, pinning. Determination of the ' sof
dominant pinning mechanism in LaSCO is, therefore, a chal-

lenge. In this manuscript we apply the GIS method to find o
the temperature dependencejpin LaSCO. Our results re-
veal a crossover betwee#l and 6T, pinning mechanisms,

occurring in the vicinity of the second magnetization peak.FIG. 1. Magnetic moment of LigsS 1CuO; as a function of temperature
This unusual crossover in the pinning mechanism may be gtthe indicated flelds. The onset, kink, and p_eak of the SMP are_lnd!cated by
old squares, circles, and triangles, respectively. Inset: Magnetization loops

clue for understanding the distinctive behaviolBgfvs T in at the indicated temperatures. Symbols have the same meaning as in the
LaSCO. figure.
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FIG. 3. Normalized critical current density of f&r,CaCyOg,s as a func-
FIG. 2. Normalized critical current density of LgSI, ;:CO, as a function  tion of temperature at 270 Qequaresand 700 O«circles. Bold lines are
of temperature at the indicated external fields. Bold lines are theoreticatheoretical predictions fof;, corresponding t@l and 8T, pinning.
predictions forj., corresponding tosl and 8T, pinning. Bold squares,
circles, and triangles indicate the onset, kink, and peak inductions, respec-

tively, taken from Fig. 1. single vortex regime, we calculatefl assuming £«[(1
+t2)/(1-t?)1%5 and A = (1-t%) 725, wheret=T/T,. For more
ture as the external field is larger. Similarly, the mergingdetails of the procedure used for deriving the critical current
temperature is lower for larger external fields. The SMP charfrom magnetic relaxation measurements the reader is re-
acteristic fieldgonset, kink, peakare indicated in Fig. 1 by ferred to Appendix A of Ref. 3.
bold squares, circles, and triangles, respectively. The figure Figure 2 shows the calculated critical current density as
reveals that the low temperature split of the curves starta function of temperature for different external magnetic
approximately at the onset of the SMP, the shallow peaksields. The continuous bold curves in this figure show the
observed in the intermediate temperature regime are relatgfegretical predictioﬁs joor (1+2)%/6(1-t2)7/6 and j.oc(1
to the kink, and the merging in the high temperature regima_tz)—o.s(l_tz)z.sfor ST, pinning anddl pinning, respectively.
occurs near the peak of the SMP. _ ~_ This figure reveals a crossover froéh pinning at low tem-

_ This unusual behavior of the irreversible magnetization, e a1 res tasT, pinning at high temperatures. This crossover
pomt; to adistlnctwe behavior of the pinning in LaSCO as 3ceurs at lower temperatures as the external field is in-
functhn of field and temperature. In order to explore thIScreased. Note that the calculatgdbegins to deviate from the
behavior, we employed the GIS metfiddo calculate the . L

theoreticaldl curve at the onset of the second magnetization

temperature dependence Rfin LaSCO. This method en- . .
able?s model indpependent ?erivationjgffrom magnetic re- peak(bold squaresand it starts to follow the theoreticall
gHrve close to the second magnetization pe@dold

laxation data. The method assumes variable separation f X
tfriangles. Employing the same procedure to a

the collective pinning energy., )
Bi,SrL,CaCyOg,; sample (0.05X9X2 mn?,T,=92 K)
Uc(T,H) e [je(T,H)/j(0,H)JPG(T), yields the results depicted in Fig. 3 which clearly reflect a
where G(T)=[1+(T/T)2[1-(T/T)?™. The parameters, single pinning mechanism, namely &, pinning, over the
|, andm are determined by the dimensionality of the vorticesentire temperature range up to 55 K.

and the creep regimésingle vortex, small bundle, large It is interesting to note that evidence for a similar cross-
bundle. The critical currentj, can be expresséd by U,,  over was found in Bi,PbSrCaCyOg.; (Ref. 7) using a
G(T) and the measuredT,t): different technique namely, by analyzing the field depen-
dinG dinj dence of the pinning force. In BiPh,SrL,CaCyOg, s as well
T CR(T’)T(l - ,) + - as in LaSCO, the domination @fT. pinning at high tempera-
dinT dinT' dT

- tures and fields is expected because local fluctuatiorig in
1+pCRT') T are more effective a$, is approached.
Where R=-dInj/dInt and C=lim;_o(~1/R) As was shown in Fig. 1, the crossover in the pinning

X(dInM/dInT) is a constant, experimentally determined asxecha_nlsrrihlnt LtES(:S(iA;cc_urs_f!n closehwcmltty of_tt_he 'SMtE.
approximately 26 in our sample for all fields up to 50 kOe. ssuming that the signiies a phase transition In the

In analyzing the data we consider three-dimensional vortice¥Ortex mg.tte?, _th's crossover should affect the behavior of
because anisotropy of LaSCO is relatively smallthe transition IlngBod(T). The unusual concave decrease of
(y~10—30 compared to BSCCO. This assumption of 3D Boq(T) observed in LaSCQ@Ref. 5 over a_W|de tgmperature
vortices is also supported by recent muon spin rotatiof@nge, may be related to the crossover in the pinning mecha-
measuremen&]n deciding upon the Creep regime we note nism. Another pOSSIbI|Ity iS that the SMP in LaSCO iS not
that assumption of small bundle regime leads to the unred€lated to a vortex matter phase transition, and that it just
sonable result of.<j in a certain field and temperature originates from the pinning mechanism crossover. In this
ranges. Likewise, assumption of large bundles gives rise to @ase, previous attempts to fit the experimentally measured
linear decrease of with B, in contrast to the theoretical By(T) curve to theoretical predictions based on phase tran-
prediction of j,=B™3. Proceeding with the assumption of a sition models are erroneods.

jc(T) =jc(0) epr
0
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In conclusion, in optimally doped LaSCO sample, aof Excellence Program and the Heinrich Hertz Minerva Cen-
crossover fromdl pinning to 5T, pinning is observed. This ter for High Temperature Superconductivity.
crossover occurs in the vicinity of the SMP and exhibits a
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