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The effect of the transverse ac magnetic field on the relaxation process pC¥fg3 melt-textured super-
conductors was studied. A factor of 50 suppression of the relaxation rate could be achieved at the expense of
some reduction in the maximum trapped field, with the magnetic-induction gradient being unchanged. This
phenomenon is interpreted as a result of an increase of the pinning force after the action of the transverse ac
magnetic field that is confirmed by the measurement of the trapped-induction distribution.
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The electrodynamics of hard superconductors was undesignificantly by the action of the transverse ac magnetic field.
study for a long time. A wide variety of interesting phenom- Surprisingly, we have observed a striking concomitant phe-
ena were discovered and interpreted on the basis of the daemenon which appears to be of general interest in vortex
veloped concepts. One of them is the suppression of statimatter. Not only does the magnetic moment not change, but
magnetization under the action of a transverse ac magnetibe spatial distribution of the static magnetic flux holds the
field. First, this phenomenon was observed and interpreteshape without significant relaxation for a long time after the
by Yamafuji and coauthors? If one places a superconduct- action of ac field. Moreover, this distribution conserves after
ing strip into a perpendicular statidc) magnetic fieldH and  the moderate temperature increase. This strongly suggests
then apply an ac magnetic fieldt) along the strip surface, that the critical current density grows after the action.
the critical profile of the static magnetic flux changes notice- Melt-textured YBaCusO, (YBCO) platelike samples of
ably. The short vortices oriented perpendicular to the strif.3X7.4x 1.5 mn? (sample A) and 8x6.3X1.5 mn?
are shown to bend and move in such a way that the staticsampleB) in sizes were cut from a homogeneous part of
magnetic flux tends to become homogeneous. This phenonbulk textured cylinders grown by the seeding technique. The
enon and its consequences were studied theoretically in d&éomogeneity was checked by a scanning Hall probe. @he
tail in recent paperd? axis was perpendicular to the largest face of the sample. At

The other origin of the suppression of the static magnetiT=77 K, the characteristic value of the critical current den-
zation by the transverse ac magnetic fiéhe collapse phe- sity J; in the ab plane is of the order of 13 and 22 kA/ém
nomenonwas considered in Refs. 5-9. If the vortex length  for samplesA andB (in self-field), respectively. The “static”
exceeds significantly the penetration depth of the ac field, thenagnetizatiorM was measured by a vibrating sample mag-
vortex bend does not play an essential role and the flux-lin@etometer in the external magnetic figtdic created by an
cutting mechanisnithe phenomenon predicted by Clnis  electromagnet. The zero-field-cooled sample was exposed to
put in the forefront. As was shown in Refs. 6, 7, and 9, it isthe magnetic field of 12 kOe which was further reduced to
the flux-line cutting that provides the homogenization of the5 kOe; from this point, the relaxation measurement was
static magnetic flux in the wide areas of the sample bulkstarted. The above-mentioned fields are essentially higher
where the ac field has penetratéitie creation of collapse than the penetration field of the samle6 kOg. A com-
zong. If the ac amplitudeh exceeds the penetration fiett), mercial Hall probe was fixed on the sample to measure the
the distribution of the static magnetic induction becomes hoevolution of the magnetic induction locally. The other Hall
mogeneous in the whole sample bulk and the magnetic mgsrobe with the sensitive zone of 0<®.3 mn? was used to
ment disappears!! scan the magnetic-induction distribution on the sample sur-

It is well known that the inhomogeneous magnetic-fluxface. The distance from the sample to the sensitive zone of
distribution is metastable. According to the classical paper byhe probe was about 0.2 mm. The Hall measurements were
Andersont? such a state of a superconductor relaxes to thg@erformed in the zero field after exposition of the sample to
homogeneous one following the logarithmic law. Within the H=12 kOe. The ac magnetic fieldllab was a computer-
existing concept on the collapse, one could expect a noticegenerated triangle wave with the frequerfey 140 Hz. The
able decrease of the relaxation rate of the magnetic momeiat field could be applied for a definite number of periods and
after the action of the ac field. Indeed, the surface homogestopped exactly at the end of the peri@at h=0). In our
neous region of the sample, the collapse zone, should bexperiments we used 999 full cycles of the ac field. Most of
filled by the vortices and the critical gradient should be esthe measurements were performed at the liquid-nitrogen tem-
tablished before the vortices start to leave the sample and theeratureT=77 K.
magnetic moment begins to decrease. In the present paper we Figure Xa) demonstrates the influence of the orthogonal
have checked this assumption and made sure that the relaae magnetic field on the relaxation df. The conventional
ation rate of the dc magnetic moment is actually decrease@vithout the ac fieldl relaxation is shown to follow the loga-
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FIG. 1. Relaxation of théa) magnetizatiorM and (b) trapped y (em)

magnetic inductior, without (closed symbolsand with the action FIG. 2. Relaxation of the magnetic-induction distribution along
of the ac field(open symbolsfor sampleA. The upper inset shows the (a) x and (b) y directions on the surface of sampfewithout
the dependence mﬁ\_/l/d';oc E on M« J; the lower shows the tails of (closed symbolsand after the action of the ac fieldpen symbols
suppressed relaxation in enlarged scale. Panel(a) (the right scalpalso shows derivativesB/dx.

rithmic law, that implies an exponential current-voltage char-pends essentially on the amplitude of the ac field &pd
acteristic (CVC) E«exd(-U/kT)(1-J/Jy)] (see inset  does not follow the logarithmic law for the whole time win-
whereJ is a depinning current at the zero temperature andiow.
U is a pinning-well deptf? For the other run, at=20 s the The abrupt decrease of the static magnetization under the
ac field of the amplituden was applied, followed by the action of the ac fieldthe jumps shown in Fig.)lis con-
sharp drop in the magnetization due to the collapse effectnected to the suppression of the dc shielding currents in all
When the ac field action has finished, we can see almost neample regions where the ac field penetrates. The suppres-
relaxation for the first 100 s and an essentially reduced logasion of the relaxation o andB,, could be easily interpreted
rithmic relaxation ratess=dM/d In t for the rest of the obser- as a result of the collapse: vortices cannot leave the sample
vation period. before the sufficient gradient of the magnetic induction
To reduce the minor effect of the magnetic-field relax-would be restored in the surface regions of the sample. From
ation in the electromagnet on the magnetization we studiethe macroscopic point of view, the other explanation looks
the temporal dependence of the trapped magnetic inductioplausible. As we reduce the magnetizatiamd current den-
B, in the central part of the sample without any externalsity) significantly, we should get a huge decrease i/ dt
magnetic field by the Hall probe. Three curves in Fi¢p)l «E in accordance with the exponential C\[€ee inset of
correspond to the same magnetic prehistory of the sampl&;ig. 1(a)]. However, this explanation will work only in the
but differ from each other because of the action of the acase of the uniform distribution of the shielding currents. As
field with different amplitudes. The upper curve is obtainedwe will see below this is not the case.
for the case when the ac field was not switched on during the To clarify the real influence of the ac field on the relax-
measurement at alh=0. Two lower curves demonstrate the ation process we have investigated the temporal evolution of
influence of the ac field on the relaxation®jf. All curves in  the dc magnetic-field distribution by the scanning Hall probe.
Fig. 1(b) follow the same logarithmiclike law before switch- The spatial distributiom(x) (across the ac field directipof
ing on the ac field. Switching on the ac field results in a gianthe trapped dc magnetic field is shown in Figa)2 The
suppression of the relaxation rg®-60 timeg. The inset of  unperturbed curve&losed symbolsdemonstrate Bean-like
Fig. 1(b) shows that the decrease of the relaxation rate deprofiles of the magnetic-flux distribution which relaxes obvi-
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V°’F,i§es Y ®zBM action of the ac field is the following. Not only the magne-
‘f O | R2 /] . tization and the magnetic induction, but the distribution of
¢\¢ N the dc field gradient, i.e., distribution of the dc shielding
C} C currents, stops the relaxation after the action of the ac field.
 |R1| R x The vortices in the central part of the sampRl and R2

regions in Fig. 3 could not move into the collapsed regions
(C). This is probably due to the impossibility to overcome

|
|
|
| |
| |
| |
L/ R @ partially) filled with the vortices aligned with thg axis.

N the cutting barriet*!> because the C regions afat least
However, the other possible origin of the suppression of re-
vortex 45 B,M  ®y,h laxation has to be considered.

c “50l85 -cl We suppose the penetration of the ac field from the largest
T ‘Rl ‘ (xy) faces of the sample to be of great importance. The first
O-A——— 7 (b) possible reason is an increase in the vortex length accompa-
o ABM vortex nied by the pinning energy gain, tending to the increase of

theJ., because the vortices turn out to be “anchored” by their
2 .0 | ®1 || tails (in the A region$. The elongation of the vortices occurs
in such a way(along they axis) that there is no additional
Lorentz force directed outside the samfdéong thex andy
directions. Thus, the shielding currents become subcritical

FIG. 3. Schematic view of the cross sections of the S‘,jlmplelresulting in the exponential decrease of the relaxation rate.

Regions marked with “C" are fully penetrated by the ac field; thereHOWeVer, to explain the significant decrease Dby the
is no shielding currentJy) in the xy plane here. The vortices in Vortex-length increase alone, the relative vortex elongation
regions R1 and R2 are partially disturbézent or entangled in the Must be of the order of the logarithmic relaxation-rate de-
zyplane. This disturbance occurs in the A regions corresponding tofreéase, which is hardly possible. Moreover, in the collective
the ac field penetration depth along thexis. pinning approack the vortex elongation gives only a sub-
linear term in the free energy. The other explanation could be
ously in 1 h. After the action of the ac fieldpen symbols  based on the anisotropy of the pinning force in the YBCO
the relaxation is suppressed significantly in accordance witlsuperconductors. After the action of the ac field, pést-
the data of Fig. (b). The change in the profile width along ments of the vortices in the A regions can be aligned and
thex axis is due to the collapse of the dc shielding currents idocked in in theab plane leading to an increase of the pin-
the regions of the sample where the ac field has penetratating force. The action of the ac field could also result in the
(the “collapsed” regions marked with “C” in Fig)3Even at bend or entangling of the vortices in the A regions at the
a first glance at the curves in Fig(a2 one can reveal a very scale of 100-1000 vortex-lattice periods. As a result, a sig-
important consequence of the action of the ac field. Thenificant increase of the vortex-bundle size can take place.
magnetic-field distribution in the central part of the sampleThis, in turn, can lead to the increase of the collective pin-
before and after this action differs by the vertical displace-ning potentiat® and to the observed suppression of the relax-
ment, with the gradient being the same. Numerically calcuation rate.
lateddB/dx curves shown in Fig. @) confirm this observa- To check if the action of the ac field does increase the
tion to be true everywhere except in the most outer regionscritical current density, the following experiment was done.
This means that the current densities in the R1 regions mairSuggesting the shielding currents become subcritical after
tain their initial values in all sample regions where the acthe action we could increase the temperature without de-
field has not penetrated along tkadirection. However, the creasing the current density. Our scanning-Hall-probe setup
regions occupied by the currents flowing along thdirec-  permits only 77-K measurements, so we have to decrease the
tion (R2) are not changed. This, together with the decrease demperature back to 77 K to investigate the changes. This
the maximum trapped field, results in the decrease of théemperature decrease should not change the magnetic-flux
current density in the R2 regiorisee Fig. 2b)] that makes profile in any way in the absence of the external magnetic
them subcritical and suppresses the relaxation irytieec-  field, thus we can study a distribution frozen from the higher
tion. This decrease of the local induction itself could affecttemperature. The magnetothermal history was as follows.
the relaxation rat& directly, due to an increase of tdgora  SampleB was cooled to 83 K in the external magnetic field
change in the CVC exponent. However, the change of thef 10 kOe, then the field was switched off. At this point the
CVC exponent with the magnetic field is too low to explain ac field was appliedor not applied in the other ronFurther,
the huge change i8.2 The influence of locaB on Sthrough  the sample was heated by 3 K to “develop” a difference
the J. change could be estimated comparing the data of Figdetween perturbed and nonperturbed flux profiles. Before
1(a) and Ib). The external magnetic field in Fig(d is well ~ this heating, they should look like the profiles on Figa)2
higher than the penetration field and the ac field. In this casdthe gradients are the sajn&pon heating, the nonperturbed
the change of the locd is essentially lower than for zero- profile should follow theJ. changes and the perturbed one
field measurement Fig.(h), but the effect of the relaxation will go from a subcritical to a critical statgpossibly with a
suppression does exist and is qualitatively the same. higherJ.). Finally, the sample was cooled down to 77 K and
The most interesting feature of the relaxation after theprofiles were measureote, that these profiles correspond
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800 o, |——F=00e maximum field is the same. This means that the magnetic-
——h=7500e induction distribution is steeper and the critical current den-
' / \ sity in the “perturbed” sample is higher. The crude evaluation
600 gives theJ; increase of at least 8%.
' / Summarizing, we have observed the giant decrease of the
& 400 /f relaxation rate after the action of the transverse ac magnetic
@ " / ’x field. This effect exists in the relaxation of the “static” mag-
200 netization and the local value of the trapped magnetic induc-
" x tion. After this action, the distribution of the magnetic induc-
0 tion across the ac field direction turns out to be frozen with
M = the same current density. This distribution conserves even if
-200 .

the temperature of the sample increased by several Kelvin
giving a new critical state with a highdg. We suppose the
increase of the vortex length accompanied by partial locking

FIG. 4. Distribution of the trapped induction for sam@eob-  of the vortex segments in tteb planes could be a reason for
tained without(closed symbolsand after the action of the ac field this phenomenon. The observed effect can also be a result of
(open symbols The magnetothermal history is described in thethe increase of the collective pinning potential due to the
text. increase of the vortex-bundle dimension in tieplane.
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to the critical current aT=86 K.) These experiments were  We thank A. L. Rakhmanov for helpful discussions. This
repeated several times, with the temperatures’ reproducibilityvork is supported by INTASGrant No. 01-228R RFBR
being better than 0.05 K. The result is shown in Fig. 4. The(Grant No. 03-02-17169and the Russian National Program
perturbed profile is seen to keep a narrower form but then SuperconductivityContract No. 40.012.1.1.11.16
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