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Temperature dependence of the second magnetization peak
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We report on magnetic measurements carried out in a,¥B#g g5 deoxygenated single crystal with
superconducting transition temperatlie=62.5 K. The so-called fishtail or second magnetization pégg (
has been observed in magnetization curves from 60 K down to 1.8 K. In the regiorr®<160 K, H,
increases with a positive curvature as the temperature is loweredl €6r K, H, increases linearly with
temperature and an extrapolationTte- 0 givesH,(0)=2.9 T. This value occurs just above a decoupling field
H4, above which there is a change in the temperature dependence of the irreversibility line, a departure from
the relation (- T/T.)™. Magnetic relaxation measurements for fields in the region of the second magnetiza-
tion peak indicate a change in the mechanism originating the second peak below 5 K. At higher temperatures
the peak position changes with time. For temperatures lower $hK there is no differences in relaxation
below and abovéd,,, and the position of the peak does not change with tii§8163-1829)14525-9

The fishtail or second magnetization peak is a feature apasT is lowered, as previously observed in the literature for
pearing in isothermal magnetization curves for intermediatefBa,Cu;O;_, and other HTS’S-8 A change in curvature in
fields which resembles a fishtail shape and has been observete temperature dependence hbf occurs at low tempera-
in conventionat? and high-temperature superconductorstures, withH, increasing linearly with temperature asis
(HTS’s).2 Application of the Bean model to a magnetization lowered. Extrapolation of the linear behaviorTe: 0 gives a
curve exhibiting a fishtail produces a peak in the criticalfield which falls just above a region of fields where a change
current density which is of major application importance.of behavior in the irreversibility lin€IL) is observed. Such
The understanding of the mechanism leading to the formaghange in the IL has been associated with a magnetic-field-
tion of the second magnetization peak is not yet clear and haaduced decoupling of the vortex state. Magnetic relaxation
been the subject of numerous investigatidiisOn the other measurements for fields in the region of the second magne-
hand, the literature lacks in flux dynamics studies of the temtization peak show differences in relaxation behavior above
perature dependence of this feature in a wider range of thend belowH,. These differences, which have been associ-
(H,T) phase diagram. Such a study will certainly contributeated with the origin of the second magnetization peak at
to a better understanding of the vortex dynamics in HTS'shigher temperaturésdisappear below 5 K, evidencing that a
and is the subject of this work. different mechanism is responsible for the second magneti-

Among copper-based HTS's, deoxygenatedzation peak at low temperatures.

YBa,CusO;_, crystals are of particular interest, providing a The studied single crystal of YB&u;O;_,, with X
continuous variation of most superconducting properties by=0.35 andT.=62. 5 K, was grown by the self-flux proce-
varying the oxygen deficiency in the systéf.Particularly,  dure. Details of the sample preparation are described in Ref.
the reduction of the critical temperatufg and upper critical 9. The sample dimensions are approximately 1>inmmm

field H.,(0), ascompared with the fully oxygenated com- x0.2 mm, with thec axis perpendicular to the larger planes.
pound, allows a study of their rich magnetic phase diagranThe sample exhibits a sharp transition widti',<1.0 K.
(H,T) down to low temperatures without requiring very The experiment was conducted with the magnetic fidld
large magnetic fields! In this work we have studied the applied parallel to the axis of the sample. Isofielth vs T
temperature, field, and time dependence of the second magurves were obtained with a 5-T superconducting quantum
netization peak in the phase diagram of a deoxygenateithterference devicéSQUID) magnetometefQuantum De-
YBaCuO crystal withT.=62.5 K. The final purpose of the signs MPMS. IsothermaM vs H curves were obtained with
work is to extend the study presented here to loWecrys- the SQUID magnetometer at higher temperatures and at
tals. Our measurements allow the observation of the secorldwer temperatures with an extraction magnetomé@aran-
magnetization peakl,, in curves of magnetization against tum Design PPM§ allowing magnetic fields up to 9 T.
field M vs H from 60 K down to 1.8 K. At higher and inter- Magnetic relaxation measurements were made with the ex-
mediate temperaturds, increases with a positive curvature traction magnetometer. All measurements were obtained by
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o_'za,k AR a———————— from the maximum diamagnetic value of the magnetization
6 "QV\“ ] second peak, measured in the field increasing branch. This
I g:> ] maximum is obtained by fitting a polynomial to the peak
S L c2 | region and the error bars are estimated by eye. This proce-
0.2 e ] dure is carried out over estimating the actual error, which is

4 - 0 HM 8 the largest at 1.8 K£0.17 T) where the peak is less pro-

: I H (0) nounced.. The low-field region of the IL follows the relation
— NS o] Hi; ~(1—T;, /T¢)" with n=1.39. The power law region of
I I T ] H;,, is obtained by plotting I(1—-T;, /T)] against IfiH],
which is valid for fields in the region €H<2.0 T. Above
Hy=2.5 T the IL deviates from the power law fit. A similar
behavior has been found in deoxygenated YBaCuO single
crystals withn=1.5 deoxygenated Y123 thin film<,and
various other anisotropic HTS¥.The departure from the
experimentally observed power law has been associated with
0 20 40 60 a theoretically predicted field-induced decoupling of the vor-
T(K) tex state in to quasi 2D vortex pancakés.
The main fact in the magnetic phase diagram of Fig. 1 is
FIG. 1. Magnetic phase diagram of the studied sample, showingh€ behavior of thed ,(T) line showing a curvature change
the second magnetization peaki,(T), irreversibility line —atT=6 K. It will be shown with relaxation measurements
IL(Hi ,Tirr), and upper critical fieldH ;,(T). Solid lines orH ,(T) that the flux dynamics changes below this temperature. For
and IL correspond to fits performed in the data, whetel/T,.. T=6 K, H, follows the common trend previously
The solid line orH,(T) is only a guide to the eye. The dotted line observed® showing a positive curvature with decreasing
at 2.5 T represents the expected decoupling line separatin@@D temperature. FoT<6 K, H, increases linearly as the tem-
low) from quasi-2D (above vortex states. The left inset shows perature is lowered. This low-temperature behavior is en-
isofieldM vs H curves at 1.8, 5.2, and 12 K. The right inset ShOWSIarged in the right inset of Fig. 1. Assuming that the second
an enlarged plot oH,(T) at low temperatures. magnetization peak exists below 1.8 K we perform an ex-
) ) trapolation of the linear behavior ©=0 to obtainH(0)
cooling the sample from abovk, to the desired temperature -2 9+0.07 T. For temperatures above 20 K, (T) fol-
in a zero magnetic field. Magnetic measurements performegyws the relation (+T/T.)™ with m=1.5. In the tempera-
for H||c axis allow the determination of the upper critical tre region 6 K<T<20 K the curvature oH,(T) is posi-
field He,(T), irreversibility line T;,;(H), and the second tive but does not follow the power law. It is important to
magnetization peak Hy(T). The irreversible point point out that the breakdown of the power law behavior be-
(Hirr , Tirr) is determined from isofiell vs T curves as the  ow 20 K as well as the linear behavior bif,(T) below 6 K
point where magnetization lost linearity,which coincides ere not previously reported in the literature.
with the onset of large deviations in the dipole fit of the  Another important point to be noted in Fig. 1 is that the
SQUID signal® linear portion of H,(T) crosses the decoupling fieldy
All high-field M vs T curves present a distinct rounding =2 5 T. This represents an expected decoupling line above
around M~0 that makes difficult the determination of which vortex lines behave as quasi-2D pancakes. In relation
Tca(H). This rounding has been associated with lowest Lanto H (T), the second magnetization peak observed in the 3D
dau level(LLL) fluctuations'* Values of T.,(H) were ob-  system Ba ,K,BiOs (Ref. 7) follows a temperature behav-
tained by performing two-dimension&D) LLL fluctuation  jor similar to that observed in YB&u;0,_,, suggesting
scaling on the high-field data, wheké scales with TH)"?  that the latter is also 3D. Thus, observation of the second
and T is replaced by T—Tc(H)J/(TH)". The optimum  magnetization peak just above the expected decoupling line
temperature regions for the scaling are 59-64 K for 1 Topens a question about the interpretation made for the devia-
55-71 K for 2 T, and 50-80 K for 3, 4, and 5 T data. Thetjon from the power law observed in the IL. Measurements
above temperature intervals give an estimate of the 2D VOIof the second magnetization peak at low temperatures for
tex liquid phase region. The valuesBf,(H) obtained from  other anisotropic samples could clarify this point.
the LLL scaling produceddHc,(T)/dT=-0.90 T/K for Figure 2a) shows relaxed magnetization curves, mea-
H||c axis. The Werthamer-Helf-Hohenberg formula Bt  sured 600 s after the field is stabilized. The data are shown at
=0 givesH ,(0)=0.6937¢|dHc,(T)/dT|. In the anisotropic  selected temperatures, for fields above and betw It is
Ginzburg-Landau limit forH||c,™® He,=®o/2m&4,, where  worth mentioning that the data at 1.8, 2.5, 3.3, 5.2, 8.5, and
£ap is the coherence length in tleb plane, so we estimate 12 K were measured twice and the reproducibility is within
He2(0)~39 T andé,,(0)~29 A for our studied sample. It the equipment sensitivity. Large relaxation effects are ob-
is interesting to compare these values with the estimated vaserved down to the lowest temperatdre 1.8 K. Measure-
ues for fully oxygenated YBLu;0,_,, with T;=93 K, ments at 1.8 and 12 K confirmed that relaxation effects are
He(0)=120 T andé,,(0)~16 Al® the same on the field increasing and decreasing branches.
Values ofH¢,(T), IL(Hj,,Ti), andH,(T) are plotted The curves in Fig. @) clearly show differences in relaxation
as a function of temperature in Fig. 1. The left inset of thisfor fields above and below, at T>8 K, which indicates
figure shows isotherma¥l vs H curves at selected tempera- that there are two distinct mechanisms controlling flux creep.
tures. The values dfi ,(T) for each data curve are extracted Most important, there are no apparent differences in relax-
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FIG. 2. (a) Isofield M vs H curves and the respective relaxed curves obtained in the region of the second magnetization peak at several
temperatures. The relaxed curves are measured 600 dHaféestabilized.(b), (c) magnetic relaxation measured during 4500 s for fields in
the region ofH,, plotted with theM vs H curves forT=20 and 1.8 K.

ation for fields above and belot, for temperatures below curves it is possible to see that the relaxation regime changes
5K (1.8, 2.5, and 3.3 K At 5.2 K the differences are very twice as temperature drops below 20 K. At 20&1 Tfield
small, while for the curves at 8.5, 12, and 20 K relaxation isis aboveH, and as claimed in Ref. 6 this corresponds to a
larger aboveH ;. As observed in Ref. 6, plastic pinning con- region of plastic pinning. At 12 K1 T isbelowH,, corre-
trols creep for fields abovd, while collective pinning is the  sponding to a region of collective pinnifigAt 3.3 K relax-
dominant mechanism for fields beloW,. The absence of ation &1 T increases when compared to the 8.5 K curve and
differences in relaxation in th& vs H curves below 5 K also there is no differences in relaxation below and above
indicates that only one mechanism, possibly plastic pinningH,. Thus the increase in the relaxation rate at approximately
is controlling creep on the second magnetization peak. Thi§ K evidences a new change in the pinning mechanism. The
fact suggests that the pinning mechanism changes below tlemomaly observed in the magnetization r&tés shifted to
Hp(T) line as the temperature is lowered for a fixed value oflower temperatures at 1.5 T and is not observed for the 2 and
field. 3 T.In fact, forH=2 T the H,(T) line is crossed in the
We have verified this point by conducting magnetizationlinear region andH=3 T lies aboveH n(0), a region where
measurements as a function of time during 4500 s in thelastic creep is expect€dThe latter fact is in accordance
temperature region 1.8—20 K, with applied fields of 1, 1.5, 2with the absence of differences in relaxation below and
and 3 T. The results plotted as M vs In(t) show a linear aboveH, for temperatures befo 5 K in the M vs H curves,
behavior. The magnetization rafe=d[In(M)])/d[In(t)] is ob-  and suggests that plastic creep is dominantTile#5 K be-
tained for each curve, and plotted in Fig. 3 as a function ofow the Hy(T) line.
temperature fof <8 K. The inset shows the same plot ex- An important difference between the low- and high-
tended to 20 K. An increase of the rate for 1 and 1.5 T datdemperature behavior iN vs H relaxed curves refers to the
is observed at lower temperatures, which confirms theposition of the second magnetization peakTAt8.5 K, the
change in the mechanism of creep mentioned above, occusecond peak position in the relaxed curves is clearly shifted
ring belov 8 K for 1 T and belw 5 K for 1.5 T. By tracing to a lower field value as compared to the unrelaxed curves.
a vertical line atH=1 T in Fig. 2a) crossing allM vs H At 1.8, 2.5, 3.3, and 5.2 K the position ¢f,(T) is un-
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FIG. 3. Magnetization ratd[ In(M)]/d[In(t)], plotted in the low-temperature region for fields=1, 1.5, 2, and 3 T. The inset shows the
same data extended to higher temperatures.
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changed in the relaxed curves. These differences can be bgiresents evidence that there is a change in the origin of the
ter visualized in Figs. @) and Zc), showing relaxed mag- second magnetization peak at lower temperatures. The re-
netization measurements for 4500 s at 20 and 1.8 K. Thgion in temperatures where this change occurs corresponds
differences irH,, due to relaxation in Fig.(@) are=0.12 T.  to the linear part oH,(T), which is not time dependent. It
This value is much higher than the error H, for T may also be noted that the rate of relaxation in Fig. 3 has
>3.8 K. The values oH, are the same at 1.8 Kig. 2c)]  approximately the same value for all fields as the tempera-

and differ by 0.21 T at 20 KFig. 2Ab)]. The time depen- tyre approaches 1.8 K. This behavior suggests that below 1.8
dence of the peak position at 20 K indicates that the secong the system may enter a regime of quantum crdep.

magnetization peak at higher temperatures is determined by |, conclusion, the magnetic phase diagram of a deoxygen-

dynamic effects, and not by the critical current densityated YBaCu,Og g5 Single crystal withT,.=62.5 K was de-

. . . . Cc .
Je(H). This effect was f'r.St observed in Ref. 6'. where .thetermined from magnetic measurements. Isothermal magnetic
authors assumed a plastic creep model occurring for f'eldéurves showed the existence of the second magnetization

H>H,, and obtain a time dependence for the second magﬁeak from 60 K down to 1.8 K. An extrapolation gives a

netization peakH ,~ 1/In%(t/t;), which explains the shift of : S
H, to IoweE fielolllpwith tin(weO)Based on tﬁis model, they alsovalue forH,(T=0) just above the expected decoupling field.
P ' ' RelaxedM vs H curves measured for fields in the region of
obtain a temperature dependence of the tygg~[1 h d K sh h hiah h
—(T/T,)*1** not followed by our data. The error due to the the second peak show that at higher temperatures the mag-
¢ ' nitude of the relaxation is higher abové,, whereas the

time dependenqe OHp(T) is 50'05. T_for temperatures relaxation at lower temperatures is the same for fields above
above 20 K, estimated from a combination of delay measur-

ing time and increasing magnetization rate at higher temiind belowH,. The position ofH,(T) is found to be time

peratures. With this error added to the valuesHyf the dependent at higher temperatures, but time independent be-

. . . low 5.2 K. This time independence bif,(T) at low tempera-
power law expression for,(T) still holds, with the expo- tures and the differences in relaxation above and bélgwvat
nentm varying from 1.3 to 1.5.

) . igher temperatures indicate a change in the origin of the

It shpulq be pointed out that basgd on the.observatlon the{s}egcond magnetization peak at low tegrlnperatures. g']I'he relax-

:P(T) dls tlmilf_cliepenldent, T[O obtam_ a prﬁms_e tempedratur%tion data also give evidence for another change in the
p?ggzge{]hc: mag(r?;a)tiz%stiisn 'trsnemaiﬁ':érllr?érl getérgﬁd\év'gnoﬁ mechanism of pinning in the region below thi,(T) line,
perature; thereforél,(T) determined at different tempera- rT[3055|bly from collective to plastic, occurring below 8 K.

tures comes from values of magnetization measured at dif- This work was partially supported by the Brazilian
ferent times. Belw 5 K the peak position is not time agency CNPqg. The experimental facility at UFRJ was fi-
dependent, implying that the second magnetization peak isanced under PRONEX/FINEP/CNPg Contract No.
related to the critical current densifiy(H). Thus, this result 41.96.0907.00. Additional support was given by FUJB.
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