


I. Introductlon . .

It is known that HTSC have lrrever51ble and metastable
magnetic propertles _The dependence of the HTSC behaV1our in
‘external magnetic . flEldS on thé magnetic hlStOIY of the
sample is well revealed in.the data of the SR experlments
leflculty in 1nterpretat10n of the uSR data obtained in the
HTSC studles induced s to study the 1nfernce of the
magnetic vortex plnnlng in thé mixed state of superconductor
on the behaviour of the muon spin relaxation. function, -and
hence .on the magnetlc fleld distribution from the p01nt of
view .of the jiSR. experimeht . u51ng well- known.<type. iI
superconductor Nb ' ’ :

Before the dlscovery of HTSC géveral uSR 1nvestlgatlons
of type iI superconductors stich as Nb;, PbIn [1 2], V Ga [2],
Vv [3] were carried out. The obtained 1nformat10n has
convincingly demonstrated the uSR potential in the new field
, of  application:

Ii. Samples : v :

“rhe ~difficulty of ‘the uSR studies of the pinning
effects when superconductor is magnetlzed is associated with
‘the . fact that the magnetic field inhomogeneity - can be
gréater than 200 = 300 G, which causes high damping of . the
1SR 51gnal THe - field inhomogeneity ingide the magnetized
superconductdr ik proport10na1 to the geometric dimensions. .
of the sample. That is why the study of ' the plnnlng in
one-piece samples of several emd -in volume usual  for uSR
experiments  'is . extremely dlfflcult. ‘The niobium. sample
consisted of 210 round plates of the Nb 30 um th1ck and 50
mi in dialeter assémbled like a n"gandwich". together with the
mylar circles 50 um thick:  This configuration allows.cne.to
con51der each f011 circle as a "thin" isclatedfplate"The
sample was packed in an aluminum container. The total target
thickness was 6.4 g/cmz, 83.1 % belonging to the nloblum
foil, ‘and -9: 3% + 7.6 % being the background part of the
: target =~ the mylar and the aluminum container respectlvely
We used the foil con51st;nngf 99 3% --Nb, 0.5% -Ta, O. 1%-
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.—Tl, 0.07% - Fe, 0.09% - Si
emperature by “the middle point ‘of the electrlc re51stance

The superconductlng tran51t10n

“fall was T =9.3 K. The zero resistance was. achieved at the
temperature 9.1 K. The residual.resistance at T = 10 K was
p,=2.24 HOm- cm. The. external magnétic field was applied
along the plates, the muon beam was directed perpendlcularly
to the plates. : :

The ceramical - granular -sample of-'La; Cuo was

1 9 4
- prepared - in the form of a dlSB 40mm in dlameter ‘and  10mm

thick by the combustion method [4] with subsequent heat.

- treatment ‘at "the temperatures 950°C-1050°C -for:12 hours.. T
for the sample was 30 K. The mnuon beam "was  directed
perpendlcularly to the disk plane, the magnetlc field was
h applled perpendlcularly to the disk axis.
III. Experimental results
" The éxperiments have been performed on the"muon beam:of
the phasotron LNP JINR (Dubna) |

transverse field uSR—spectrometer.

using~ a conventional

“3.1 Niobium ot o e e

“ Two types’ of measurements were carried out : cooling-in
the external field starting from the temperatures above Tc
“(FC), cooling in “the zero external magnetic field ‘to the
below Té ~-Wwith
..descending external field scans (ZFC).

temperature subsequent ascending : and
-FC~-measurements were
xt:O.QAKOe

“and 2'7'K0e .The gausSian type of the muon spin-relaxation

carried :out. at two values of the external’fieldr«He

functlon ~ exp(-o 2¢ ) fits the expérimental data well at the
" ‘Fig.1 -shows the
The : type: of the

"‘relaxation function and ‘invariability.of :the o value  at the

temperatures “-above - - Té temperature

"dependence of. the relaxation rate ~d(T).

-temperatures»above'Tc.testifies to the‘ahsence(ofathe muon
~diffusion. in the time scale > 5tu, where tu~is the muon life
-time. The sharp -increase in o when -temperature .decreases
below T +1is connected with arlslng magnetic vortex structure

“when the sample goes* over to -the superconductlng state

-
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U51ng the data on the temperature dependence of H 2(T) for
Nb from {51, which is linear near T ,one gets TC(O Qe) =
9. 25+8'é§ K, ch(T 0) = 10.5 KOe. In the analysis of the usSR
data obtained below To the contribution to the spectra from
the background part of the target. was excluded by processlng
the experimental muon polarlzatlon by two osc1llat1ng'
gaussian‘functions One is related to the superconductor,
the other, a slowly damplng functlon, is related to the
background. part of the target The obtalned correlatlon
between the, functlon amplltudes is in’ . good agreement W1th

the Nb, part of the target The relaxatlon rate [ value

.2

relates to the magnetlc fleld dlstrlbutlon dlsper51on <AB™>
as 20 = ﬁ <AB2> where 7 =‘2n 13 55 KHz/G The magnetlc

field penetration depth a can be estlmated by the formula

(6]

N

<ABZ> .

. _ ‘. S 2,_‘ B : 3
fortice ™ 7'5'10'4(1"b)2[1'+‘3'9(1'b)2]¢okfév' (1),

where <AB2>lattice is the dispersion of the magnetic'field
distribution in the regqular magnetic vortex::lattice b.=
B/H,,, B is the magnetic induction, ¢0=2.07-10_7.G/cm2 is
Extrapolating A(T) by the - known
temperature dependence A(T)«= A(O) ( 1- (T/T ) ) -1/2
A(0) = 800 A. ’

"~ “The* ZFC

2y

magnetic flux - quantum.
‘one ‘gets

‘measurements -‘were . carried ‘.out . ‘at. the



temperatures 6.5 K and 8 K. Fig.zlpshows':partm\of,'the
superconductor n, in which the magnetic inductloh equals -to

zero as a function of the external fieldrHext~~§t T=6.5 . K.

65K T .
Mo 2P e e ] Fig. 2. External field

107 : | dependence of the part of -~ the
08} ; 1 Nb foil volume with the zero

EQSE 1 uagnetic induction - when the
04 ] sample is magnetized at the
02} He H Ha temperature 6.5 K. ‘Lines are
0;'!'; g H guides to the eye.

iThis field dependence of'ho is well explained in, the frame
of the critical state model (CsM) or the Bean- London model,
e.g. see [7]. The external field lower than Hcl 0.5 KOe,

as seen from the flgure, is completely pulled out. When the

 field becomes greater than Hcl;-it begins to penetrate the

superconductor in the surface layer &, i.e. the macroscopic

penetratlon depth & depended on the external field, arises
= H z 1.9 KOe, where

; ‘ext

W is the plate thickness. Using the field value H* one

achieving max1mum 8 = W/2 at the H

estimates the crltlcal current density J on-. the basis of

the Bean model [8] J_ = (H -H,;)/(2mi/c) = 7.2-10% a/cn?.
Let us consider_the CsSM at the Hext

from the point of view of the USR experiment. The magnetic

*
> H more closely

induction B in a "thin" plate in the external field parallel
- to the plate obeys the critical state equation:

QE;_,' 7 . ;" N _ (2)
ax. = +k Jc(B) , ‘ ] :

‘where 'k = 4n/c,‘=Jc is the‘critical‘current density.}In the
-'external field region of interest the width of the magnetic
induction ' probability distribution in the plate AB- is

determined. by the absolute. difference between .the . magnetlc
induction on the surface B(x—o) and that in the plate centcr

>

B(xzw/z); Replacihg’theffunctiOd Jé(BX by its value at B =-
<B> - the mean induction in the plate, one can estimate the
muon spin relaxation ¢ -= 7 *AB/2°= 7 -k-J (<B>) W/4

At the temperature 6. 5 K the- experlmental values of o
are greater than 10 - 15 ‘us -1 at the external fields up to
~3.2 KOe due to large J_ > 2- 105 as it follows from the
above formula. At this extremely ‘high ‘damping ‘of : the uSR
signal we didn’t succeed in obtaining the values of the mean
induction <B> and’ the distribution width AB with a
satisfactory accuracy. At the temperature 8 K the relaxatlon
rate ‘is. already smaller than ~10 us 1 in the ~external
magnetic ‘fields greater than ~0.9 KOe, which iS'enOLgh for
determination of <B> and AB..Fig.3 shows r.m.s <AB >1/2 of

. the magnetic fields inside the superconductor ‘and - the

difference M = Bu - H ¢ ( where Bu is-the mean-value of the
magnetic fields on the muon, which is equal to the- mean
magnetic induction in the superconductor,<B$ ). as functions

of the external field He .at T =8 K.iThe insert shows . the

v ; Xt "7 ‘
functlonﬂJc(Hekt) calculated accordlng to  the'icurve M(Hext)
hysteresis using the Bean model: Jc (Bdown up Y/ (kWw/2),
where.Bdown, B p ~are.the Bu values at the. descendlng and
Nb ZFC Temperature 8 K ' o k 1/2
200 T T e Fig.. 3. 'The r.m.s. <aB%>
L o Field up ~ : .
I . @ Fleld down ] . : _
(%150_ * ) and the difference Bu Hext _as
¢ 100} \ : functions of @ ‘the = external
o 50: ] -field Hextifor the: Nb >samp1e.
, 0:-----;3' ».a] . The solid lines in.the r.m.s:
2001 2ep : ©  plot show the half-width- of
150} bl . .. oL L
3 100F ol . the magnetic - ..induction
% sof g L, distribution . . . calculated
I I . . B . .
[ q T ] . according to - the.  CsSM. The
m:' -50 o Field up e ’ R i
" _1goh\  © Fietd down 1 :insert . shows . the . critical
-150f ] current density J.. -All the
Igggi.......“.«.,.....: plots have the same horizontal
. -0 04 08 12 18 20 °  axes. o . :
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ascending external - field scans respectlvely Using - 'this

function we calculated the half-width values of the magnetic
field dlstrlbutlon by

1ntegrat1ng equation = (2). ~The

calculation results are shown in the r.m.s. plot ( fig.3 )

by solid lines. The contribution to the r.m. s from the
‘reqular lattice of th S\t 4 i 1/2 .
reg e magnetic vortices <AB? >1ittice 1S

small in comparlson with the contribution caused by the
magnetic vortex plnnlng in the magnetized sample.

1/2
estimate the <AB >lattlce

One .can
value from the FC experiment: in

the external field 0.9 KOe r. m s. is ~ 33 G.. Following
formula (1) its value has to be equal'to ~17 G. at H,., =
1.2 KOe, ~6 G at Hogt = 1.5 KOe which are 51gn1f1cantly
smaller - than the r.m.s. values  observed in the 2ZFC

It is seen from the figure that there is good
agreement between: the calculated r.m.s. values and the
experimental ones .at the descending’external field scan. For
the ascending field scan the CSM describes our data in the
fields lower than ~ 1.3 KOe = 0.8H¢2‘ ‘
As a result. of the uSR measurements .we have obtained
the following characteristics: of the Nb. foil with the
resistance ratio’ = 7.7+ 2(0) = 10 Kbe

(T)-
1
£ at 8K

experiment.

P390k’ P10k
cl(0) =1 KQe ( assumlng the temperature .dependence H
Ho, (0) (1-(T/T_)%) ), a(0)=800 &, 3, ® 1.5:10° A/em

and thevexternal field ~1 KOe.

3.2 La, _Sr L . E SRR

1.9 01
The ZFC- measurements were carrled out 1n the external
field..region 0 - 800 Oe. Fig.4 shows r.m.s. <AB >1/2 of the

magnetlc field distribution in the superconductor and the
dlfference (B ext) as functions of the .external fleld
vHext at- the temperatures 10, 15, and 25 K. It is known that
magnetization of HTSC ceramical samples in high flelds is
determlned by the superconducting grains because the weak
links between‘the grains are destroyed in magnetlc ‘fields 10
~ 100 Ce. As already said,  the critical current: density J.

in: the’ frame of the CSM is determined by the- hystere51s

value = - : = . S
1 AB“ down ) Bup' Ja o AB“/(kw), where W  'is - the

LauSro,Cuo,. S

Flg 4 The r. m.s. "<AB >1/2
"and the dlfference B Hext for
‘the La1 9Sro 1CuO4 sample .as
L r.functlons of  the external
N field H, , when the sample  is
0 i) Amagnetlzed at the temperatures
__b"'_‘_' N .
3 e, {10, 15 and . 25 K. Arrows
£ ‘indicate how the field was.
| x4 X . .l - 3
o0 S T-10K . | changed. Lines are guides to
5 LK 1. the eye. -
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typical grain dimensien, o 1s the coeff1c1ent dependlng on
the ' geometric shape of the graln One can see from flg 4
that AB very slightly depends on the external £ield. In the
fields Hext > 200 Oe the derivative |d(4B )/dHext| 1072.
So far as the difference between the magnetlc inductions in
the grains at the descending and ascending external field
scans doesn’t exceed 5 - 10 G the current den51ty J

determined by the magnetic induction value is changed by not
more than ~ 1 %. Then, according to the CSM, the.magnetlc

induction profile in the grain at the descending external

'field scan must practically be a mirror reflection of the

magnetic induction proflle at the ascending field: scan, and
hence the r.m.s. values must not depend on the external
field change direction, whlch evidently dlsagrees with the
experlmental motion of the r.m. S It should mentioned that
the r.m.s. value at the descendlng fleld scan in the ZFC
experlment practlcally c01nc1des w1th the r. m.s.
obtalned in “the. FC. experlment also performed with' thlS
sample at glven temperature. The 1nf1uence of the plnnlng ‘on
the magnetlc field dlstrlbutlon from the regular lattlce of
the magnetlc vortlces is mlnlmal 1n ‘the FC procedure. The

r.m.s. 1n this case is con51dered to be defined by the

value’



‘magnetic’ field penetration value. Taking this fact into
‘account we can explain the s1tuatlon observed in the ZFC
experiment in the follow1ng way. At. ‘the descendlng external
field scan the critical state in the graln is destroyed. The
magnetic induction proflle 1n the graln sllghtly deviates
from the average value of “the magnetrq induction. At the
ascendihgkexternal field scan the,grain goes over to the
critical state. In this case the contribution to the r.m.s.
‘due to the critical state should be of the order of the AB
-:value, which is observed in the experlment (see fig.4). The
similar results were obtained for ‘the samples w1th‘ Sr
content 0.15 and 0.25 [9], and in YBaCuO system ip paper
[10]. ; .

Thus, our experimental data allow the conclusion that
at the external magnetic fields up to 800 Oe the critical
state model does not describe the distribution of the
‘magnetic induction in avhigh—Té superconductor adequately.
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