Time-dependence of the magnetization in Ba:SroCaCu-0, single crystal
under zero field cooled condition
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ABSTRACT

We have measured the tme-dependence of the magnetization m BapSeaCaCuyOy single crysial under the sero field coobad
condition with vanous magnets Delds mnging from 100 Oe w 1500 Oe along ¢ axis at differcnt temperatures ranging From
15K o 35K, The magnetic moment decays logarithmically with tme, The decay curves have been fitled with & nonlinear
loparithmae funcuon based on the Anderson-Eim theemally actvated Mus creep model, We have obiained te relation between
the fiting parpmekers and the paramesers provided by the Anderion-Eim maodel. Inag beheved that oor experimental resiabis
agres with the predections made by the théoreial model,
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LANTRODUCTION

The phenomena of magnetic moment decay in high T, superconductors has been mtensively studied bodh experimentally
and theoretically, It i obvious that these studies kave both scientific significance and rechnodogical impaet on the eleswonic
industries. As we know that the magnetic feld genersies the microscopc curment loops called vortices when the Gicld is
greater than the lower critical Josephson field applied w the kigh T, .g.upl;::r:_:-::lnlilul.'.lq'lrl‘ andd the maton of these vortboes will
Cause EerEY |.1:|5$|[1.u14|.:l1|.1. Adthough resistance due 1w he vones moton in the conventional type 11 superconduciors can be
exceedingly small a5 1 evidenced by the exizence of persizent magnels with very long decay times, this prediction implics
that in the presence of a penetrating magaene field, type 1 superconducion are nog uly superconducting

The noiure of the mined stge ncluding magnetic irreversibility, vortes-lamice behavior, Mux pinfing, and wansport
propertics has stimulated many groups of scientiztin the studies of the mechanizm of the high T superconductivity

To interpret the magnetic moment decay in the superconduciors, we employed the Anderson-Kim Qux-creep model?
which 15 beligved 1o be responsible for the energy dissipation of conventional rype [ superconductors. 10 is assumed in the
maxtbeld that an Abrikosoy Do bme or flux osdle can be theomally actvated and jump ower the pining harriers.®

Vortces (also called Musons) can, in some instances, be vemed as partcles with imeractions among them, If the
interaction is weak andlor the temperature 15 high, they may be considered depinning of uncorelated single vorex.® M, Inni
eral.” have found that this model agreed will with the experimental results, However, in general, the interactions among
them could mesull m o correlied motion, 2uch as fox meling, Ao freezing, or vorea glass and even vortes batice phase
transiiions, Fischer of ol inoduced the collecive Mux creep modetB considerng that 'Tlux-line bendle® is comelated over a
finite volome which in e conventional twory 15 Mentified with the volume Ve = CLe which is activated during a jump,
where [ s the Ginzburg-Landau coberence length and L iz the activated lengrh,®

T.K Worthingion ef ol. ¢hserved a vorles-glass phase by examiming the shape of the E-J (or B-J} corves at daffesent
temperatieres,” The difference betwesn the flus-creep model and the vores-glass iz the fact that the fus-creep model predics
that there should be an Ohmic resistance al all nonzers emperatures due o the thermal pctivaton of the Mux lines out of the
panning well, but the vonex-glass model predicts that im(E{T) = (. which implics thai the creep model fabs o imlerpret il



MMR spectra with the field along the ¢ anis also suggests the exisience of the vonex-glass pham:."' Lensink et .10 proposed
that the magnetc relaxation at low lemperature is doe o 8 nonthermal process, for example, flux vorlex nneling 1]
However, accarding to Wiight et al 12, Pastra et al., using single crysial sample, found that a thermally activated flux creep
mode] describes the experimental resulis quite well when the pinning energy Ug » kgT and when Uy becomes comparable 10
Use: thermal encrgies, the lux Now model agrees with their data beuer. Other models,!2 such as Ambeguokar and Halpering'
i AH) are hased on the assumption that the energy dissipation is caused by thermal fluctuation of the phases of the order
parameters across 3 highly damped, current driven Josephson junction. The technigques o study the vares stide ol
superconductors including the magnetization decay and mechanical-oscillptor are most widely used by many groups of
e u-niwl I

hiost of the stodies of Mlux motion nside the syperconductor are concentrated on the magneuzaton decay i he e Geld

cooled condition. Fewer works ! e working on field cooled condition. In this paper we investigated the time dependence of
the ispthermal magnetization under zero feld cooled condition, We analyzed the data and discuss the mechanism responsible

@ 1 denenden e of the sotherrnal reaenetzannn kased unon the thermal sctivation theory
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2. EXPEEIMENT

The single crystal of BizSraCaCur0y provided by Xu, was grovwen by using the so-called fux method, | 316 It was shout
2x2x ! mm?. The X-rav diffraction shows that the crysal 1s of high quality and single phase, We first measured the

magnetization verses lemperature on a commercial superconducting quanum interference device (SQUID) under zero field
cooled (ZFC) conditions and the magnetc field applicd was 100 Oe along ¢ axis. The mnsiton lemperatune wiks foond o be
ot B5K. The magnunzu[u_‘qt versus [ime was also carried oot on the SQUID. The applied hield was 1080 Oe along ¢ axis
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transition lemperature (36K ) and then the SQUID was cooled down to the desined tempersure. and the magnetic field was then
tumed on. Keeping the emperalure conswant, we measure the magnetization every four minges up o more than 16 hoars.
The first data point was beken an the tme about 1960 seconds alter the Bield was mesl on,

3. RESULTS

Fig. 1 shows the magnetization of the BizSraCaCuz0y single crystal from the temperature. TOE w0 10K wath a
magneic field of 100 Oe along ¢ axis under both zero and field cooled cond) tons. b
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Figure 1. The magnetization of the BipSrpCaCuOy single  Figure 2. The magnetic moment decay with various
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In Fig. 2 we show the sothermal magnetic moment decay ot different magnetic ficlds from 100 Oe w 1500 Oe along ¢
anis at wemperature 15K under zero field cooled condition. The isothermal magnetization decreises with tme (the magnetic
moment decavs) for all felds applied. Fig. 3 shows the sothennal magnets moment decay at different iemperatures with &
magnetic feld of 100 Oe along ¢ axis under zero field cooled condition. Fig.4 shows the isothernal magnetic moment decay
al different temperatures with 1 magnetic Geld of 1000 Oe aloag ¢ axis under zeno feld cooled condidon. The sol:d lines n
Fig. 4 are the plocof the fitting functions for the time dependence of the magnetizagon

Miir) = Mg+ b InL é \'| + [:’u LEI‘U (i

whiere Mg, &, d, Ip are constants: Fig. 5 and & show the imial magnetizstion, e, the hoed parameter Mg in Eq. (1}, Fig. 7
snidl 8 show the parameier & versus the magnetic feld and wemperature, respectively. Fig. 9 and 10 show the parameier J vs.
magnenc ficld and wemperature, respectively. Fig 11 and 12 show the parametes iy w8, magnenc fiekd and wmperamre,
respechvely.
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Figure 7. The fiteed parameter b vs. field Figure 8. The fitted parpmeter b vs, IEmperaiure,
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4. INSCUSSION

W have done the sothermal magnenzaion measwements under both zero field and field cooled conditrons, and we have
Found that the shape of the curves of the magnetization vs, ime are similar, when the temperatures are: lower than sk 17
Therefore, we beligve that the Anderson-Eim flux creep mode] could be 2 valid interpretapon of the expenmental resalis of
hoth the ficld cooked and rero Deld cooled conditions. We have wied o (it the magnetization data by both a linear loganthmic
function

M) =by+ b fr:[ I J (2

anad o nomlmear lﬁﬂmrhmm feme i Fag, i I"| menbioned ahowe. We foaind that the nonlinear 1I:Ig&l'!|‘hmlr fumcin E.n |"I i it the
datn much beper tan the hnear one 5.1 {”‘] showm in Figs. 2, 3 and 4. As we cxpecied, the fux crecp model prcd:-l:!s the
limear bogarithemie decay of the magnets moment, However, the observed nonlincar logarihmic magnetic moment decay docs
nid affect the general applicability of the Mux creep model, nor should the failere of a sysiem w obey the linear logarthmic
function, Eq. {2}, necessanily be taken s a flure of the Anderson-Kun Mux creep model, |1 Ding er al. have preseated
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By definition, the rate of the sothermal magnetc moment decay is

R(M.f) = :‘ {3

The general masdel for descnbang the raie of the magnene momeni decay assumes thermally actvaled relaxation. | With
this mshel the decay rate is

(4

RiM,1) = [(M,T) exp [ 3 UM}

kT

where I(M.T) i a prefacior proportional 1o some atempt frequency and length scale, and UM, T} is the free energy difference
between the minimum of the metasisble siate and activated states 11 According o Beasley et al. and Lairson ef o, the
pinning potential was expanded in 3 Taylor senes 1w second order abois the initial magnedzation Mg at tme i

' ]
LUiM) = l_,l[_f'«-'l.;.} + [% oy (M-My+ = 3 [g},;.ll" (M - :M'ﬂ::lz )

Arzgming that T iz relanvely small, Lairson eral. obtained the following approximate expression
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Combining Eq. (1) with (5, we found

kT =
it m
i
andd
T
d=5LP (8
2ix
From these equations, we can @se that the parameters b and o are relabed secording o the Mux créep model. The relation
betwesn b and d is
dH dib?)
o = AL 25 ;_;';%" )
VD A1l

Now we have two independent methods w determine d, first, we can direcily obein 4 from curve fiting with Eg. (1), and
secondly we can calculme by multiplying the denvatve uﬂbir with respect H with the derivative of H with respect 1o M.

According 10 the formulae we developed here, the parameter i s inversely propontional 1o the frequency v the aiempl
frequency of flus bopping. Chvioasly, v should be & function of emperature in such aspect that il increases with incressing
temperature. Indeed, cur results agree with the predsction shown in Fig. 12. However, al this moment we do nol have any
explanation for the field-dependence of . In conclusion, we believe that the Mux creep model could be responzable for the
evolution of the isothermal magnetic moment decay under the zero field cooled condition.
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