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1._ Introduction 

The -method of polarized neutron trimsmisS'ion thrc;>ugh· 

sample has bee11 proved to be rath~r effective .. in re~ealing the 

origin. of magnetic phenomena· not only iri magnetics -but-. also in 
I ~ • . • . . . 

type II. su-perconductors pl_aced ·in an external magnetic field: 

Having hlgh. penetrating' ability • and oriented magnetic moment,-. 
l • • • : '' '• ..... - '"' '/ . ·-- • • ,.. ·. • • • 

. . ' . r· ·---~-- . . . . . '· 

. the polarized neutrons are very sensitive to the : microscopic 
. . ' ' f • ; / • 

distribution • ~f the ·magnetic field inside: a sample and, 
- ' - \ . . 

therefore, may serve as. mic-r~oscopic probe even 'in the case. of' 
! . . ~ . . -. • .. -' • ' - ; ~ 

\ a zero mean .value· of the macroscop1c magnet1c moment of a 

"] sample.-
'! 

'I· 
I 

:I .. 
\I 
!j 
.I 
fi 
'I 

* 

'Two principal set-ups are . conventl~nally used in staging 
' ··, ,- . . ' '. " .. . 

_ polarized - rieutron transndssiori experiments [1]. ~ Namely, ·the 

neutron beam pola~iz~tion ve~tor .P. is dir-ected either. parallel 
. . ' .. ,... \ . . ·.-'. . -/ ' -~~- ;" ' . . -: . . . 

or normal t:o the external· magnetic field dirE?ction~ # In- the 

first 'set.:..up; ·.the n~utron -·beam dep~larization ' is studied 

glving· information· about the value of. the static fluctuations 

~( AB) 2>. In· th~· second, the ·change in- the .. Larmo; precession· . 
. . - ' '"--·- .·· 

frequency is_ measured, _which is related: to change<of _the mean 

Value .Of .the i]ldUction '<i:!> Of- the mag~eti~ -field it;ica ·sample. 

The advantage( provided by the neutron depobrizatiori inethod_ in. ' 

appi:ication to type-II superconductors were first-demonstrated

-in· [2). This method _as wEili. as the, neutron spiri pr~cession 

method were used in the . investigation of . the magnetic 

properties of high temperature super~onductors, (HTSC) [3-7]. · 

However, they temperatures: · 



T<0.5T . At the same time, near"T '(at T>0.,7T ) HTSCs happen to 
C· · ·, - .. · , · · C - .- C · _ 

exhibit numerous. new properties .that often find -no. unambigo~s 

interpretati:on · [ 8] .' In·· this respect, utilization of- neutrons 

gives definitive advantages,· which are examplifie~ in/[9]: 

,. >5lie '"aim .of :the:_present; .paper- ,is to- summarize some 

r.e~resentative - results obtaine~ ~ iri . the' -polarized neutron 

experiments,-on- HTSC. The paper is organized as ,follows._ Section 
_I' 

2 contains: -.the new- ._.data- from the neutron- depolari~ation 

measurements -on two YBa Cu 0 ·., - samples 
" . 2 3 7-a 

at . temperat!:lres · from 

78K- . to-: 125K and . exterm3.i: m~gnetic 
,l 

fields- up to. 5 ,kOe. , In 

'Section 3 .the experimental .resl.Il ts_ on 'relaxation of a quenched 

magnetic • flux." -in .YBa Cu 0- ., ·ceramics, at- T=78K obtained in 
' ' 2 '3 7-<J j / - ' 

neutron . spin, precession m~a~urement~ ·.are : presented.. . The 

both ,measureme~ts ',were- carried' out on'- the pp~arlze_d neutron

spectrometer SPN-1 on the h~gh fl~~ Pl[l~ed_ reacto~: IBR-2 of the · 
.' ' - ,· ' 

Frank Laboratory. of,. Neutron Physics, JINR, 
' ' ' . ' ' 

Dubna .· The details 

of· SPN:..1_ are -given._ i-h · [-10, 11] ·.This spectt:'ometer has the 
\ ' . . ' . . -_ . ......,_ 

advantage, of analyzfng ·the _:dependence. of pol~rizaiion 'on' the 

neutr6n wavelength which, in turn, e~~ble13 ·one, _to improve 

substantially the~ accuracy . or the measurements. -__ .-flie, paper.:-is 
- • • • • • ! ~ • 

conclucied wit~ ,a Summary. ·-

'\ 
\ : ~ 
\ 

2. Neutron, dep()lar_iza tion me_astirements 

,- In, dep()larization experiments the neutron polarization on 

transmission through sample is measured [1] . . . ·. ' . ~ \ . . - -·- :-

. \ ~ 

P{~)-= D(~)P (~), 
.i., .,_' 0; . - (l) 

--~' 

J 

j 
I 
I 

where ~is the ~eutron wavelength, P 
0 

= fP 
1 
P 

2 
the neut~on beam 

. ·. -. -- -~ . . . ~- . . 
·polarization~ Here P and P· are the-polarizing efficiencies-of 

·_ '•" 1_ 2 ' ' •' ' ' 

·.the .neutron polarizer ,and -·~nalyzer, respectively, f is the 
' ' ' \ 
spin-flipper efficiency, f- ::: 1'. 

In_ turn; -·the- neutron' beam. depolarization value in_ the 

sample is defined, via the- samp~e depolarization' -coefficient: 

)· 

- <f~(~)-I-(~-))(I~(~·)~I~(~)) 
0(~)-:- ' ' ',_' ' ·: ' ' (2) 

__ {I+ (~)+I-(_~)_) ( I;j <,~)~I~ ( ~_)) 

" 
where I ·and I+ are 'the .neutron intensities on the detector 

with. the spin-flipper ~nand 'orr,· respectively. 
,, ' ' ,. ' ' ' ' 

Th~ investigations were carried out' on two. plate'-like 

sif,lt~r_ed _~amples o;· ~Ba2cu3o6 . 9 , measuriJ1g ~. 7~13.·~~16m'm3 and 

4.1~19xs2mm3 • having the - densi~y • p=4;9g/c~3 and the 

· _ superco.nducting temperature T =89. 2K (sample- I) 
' c ' .• ; ·. <. ' ' 

, 
and' T =90. 4K 

C. 

.(sample 'II) :--_The .polar'ized neutr_on beam of • the cross section 

2x6mm2 . (on sample I)· and, 2 -~ 26 -~2 - (on 'sample II) was . . -- - . \- - ~ . 

transmitted through the centers , of. the sample~. The .. magnetic '. ~ . . . - ~ . ·, ·.· . ' - ' -~ 

field on tlie sample was varied :fy!om_Zero _to 5 kOe. The ~ean-
. ' 

,field square._ deviation on the sampl~ _ did not exceed 1%. , The 

temperature of the sample was-kept in the range from 77.to 125K 

with an. accuracy of ±o: 1 K . .The meastlren{ents proc~e_ded in three 

stages: 
' ' 

i) P. measured at -250K; 
-- -. 0 - ' '• 

'--. 



r 

ii) the' saniplth cooled down in "':he external magnetic field :i:20 

Oe st~rting from .·the temperature.·· of~ 250·. K to the . temperature,:, 

at which the.measu~ements w~re performed; 

iii) P(HL measurements. in .a fixed external ~gnetic fietd: 
- - - •. •. - t -~. 

The P( H) ·measurements . were performed :at '.T=78. 2K,
1 

•. 79 ~ 4K, ... , -'· ' ~ 

83.4){;·· S4.3K, 87.0K, '88:sK and 9o.6K wfth the C::ociling·rate of 
._ ' - ' _.} ' .· . ' 

4 K/min. _Figure ·1 examplifies the results ·-of the depolarization 
. --- '' -' '-

measurements on sample.· I .. ' The· rate: .of:. the magn~tic fi~ld. 

vadati~n was-_different, but, rio essentially ~ifferent · behavi~r 

has been · observed. For exampie; Ffg.1(a, c, d). iiiustrates the 

meC:surements' with the' magnetic field variation rate,' ca. 200 
, -. ~ ." _ _ . , . . . . I : , . , , , .. , . . , , • t 

Oe/h, 1while .. Fig.1b with the. rate ca .. 400 Oe/h up to th~ fie_ld 
~ /' ,· . . . ' '' ' •' ,_ . ' ' ' '· .. 

value H=1kOe, .then increased up· to 1k0e/h for H>1kOe. 
't_ 

It is ,cl'e~r'i~ -seen ,f;~m ,the ex~erimen~~i P(H} curves, that· 
~- ~-. '. ' ' . ...- ; --~ 

the 'polarization with.. il'l;creasing · magrie_tic field (forward) 
.' _ __..._. ·.- .-:· - ·. -·' --~,: _,, ,. ' .. \ 

decreases and reaches minimum at H · .. The analogous polarization 
' 1 . . . ' ' 

beh~v-io~r was -~bserved 'in ~onventional superconductors [ 2l and 
- - - ' . \ . 

~nd assigned' to 'the- e:stabllshm~nt of' uie ~ri ti'cal· state in: a 
'·' 

bulk sample. In the case of cerami.cs-~thi.s 'will include both the . . . 
- . r ~ . . . ~ . - , . - . -- : • . 

intergranular and intragranulai:" _space [3-6] .. In the fi~lds H<H1 
.. · ,-~ .- -· -·, ,--~- -~---·:_... J: · .. ~ _.,- . .t: J • ·. ~ :· -· -· 

we observed a small decrea.se in polarization connected with the 

magnetic fi~i~ penetratiort' into :the : i~t~rgraT1iil.,;,r space (see 
' ·.' 

[3]). 
· .. -·: -- _.__ - : _: ._ ... - ,;_ .··_. ,·· .,. .. ;'' 

The P(H) · curves: obtained in . ~ deC'reasing .field · mode 

(backward) behav~- llke. the forward ones but, starting .fr~m some 

HI ,.,.>H1, .. they go somewhat above/ them; . Till~ fa.'2t points to the 

existence of pinning at ~~H 1 ,.,. 

' 

~ :' 

·' 

T =78.2K 
a. 

tOO 

·. 

+ . 
o.9s L~~L__...;:_.L._-:-~~'-:::'-::-;--:-----' 

0 

HlkOei 
./ 

.... -" { ' ·'- ~ 

~ig.1. . The. exp~r-imenta~ ·data on .the. magnetic field'~dependence 
•,' 

of .the depolarization P/P '_.of the> sample .. at temperatures: a) . ·. . . . . 0 . . . . ·... . . ' . 

78.2 K; b) ,84.3 K, c). 87.0 K, d) 90.6 K: o -.the increasing_ 

. magnetic .field mode Cf<?rward>; o - the decreasing ·magnetic 

field mode (backward); I. .:.. the::.repeated forward'mod~ after .the . ~ .. - ' ' 

backwar~ cur~e h!'ls .~been measure!d: a~d the field· decreased. down 

to . 30 Oe~ The ~ .... solid ·c~rve (forward) arid the dashed curve 

(backw~rd) are the spline approximations· of the experimental 

results. The' arrows point to thepositions_of the minima atH 

= H and H . 
'.: .1 . 2 . ,· 



) 

On -some- backward P(H) curves at H = H +- oH. ·a local 
. • 1 

maximum is. seen, which, in ac~ordance with· the Bean model, can_-

be related to the establishing of a mo're homogeneous· induction 
- .' . - - . . . 

distribution in the-grains (see;:-~.g.[6]}. However, at H<H
1 

the 
.. ;,: 

backward. curves show·a. tendency -to P = 1,' probably, ·due tocweak 
. ' \ ~ . .:· 

• pinning. The like, behaviour of_ the,-. forward and backward curves 
·..... . ·, 

allOWS the COn~lusion.that the pinning at these temperatures is 
--· ·c, ~ 

·rather weak. 

Furthermore, as Fig.1a .shows P(H)- c'omes to ·saturation at 
/; 

Hs3k0e.--At T= 84.3K (Fig.1b) .the P(H)~dependence.measured in 

_the increasing field-mode has a second minimum, H, at 2k0e (in 
. - .... . .·. . - ·:·. . 2 • . 

the figures the positions of the,mlnima H and H are .shoWn by 
-~I ' ) 1 _,", 2 ' ' ' 

arrows_). :Th~ P(H) curves have the second· minimu~ up to.' the 

tempe;ature 88. SK. ·It ls noti6~~· that the b~~kward curves' in . . . . -. ' 

the vicinity of- the · second :minimum.' manifest some local 
-- '( ' 

irreversibility (Fig .. 1bL --that may ·be connected with·· the 
' _-, . 

pinning eff~ct selectivity-with respect to' the magnetic field.' 
\ . ,. . ~- . , . •_ -·. ' { ·. . ··: -~ , -< . ,r -~·: ~- . . . . . , . . ' .. 

,·The_ P(H) ·obtained ·in the region··· of the superconducting 

transition'at'T=90.6K'(Fig.1cir shows the· behaviour different 
\ '- " ' ,. -

from the polarizatiorf" curve~ taken at lower temperatures . With 

increasing· .. magnetic field the . polarization. remains constant . 

with a: mean value·. cl.'ose. to unity.' Another pec';lliarlty. in the 

behaviour of the curve- consists in 'the fact. •t}lat; if the 

measuring time is -short ("the' initial' part of- the ci.zrve), _the 
.--~-· 

experimental data spread exceeds statistical. errors. and .. the. 

curve itself~ r~mi'nds noise .. The curve~ P(H) ·me~sured .. _at 87.0K 
• . ·_j·_· - • -

(Fig.1c) has a third minimum at H =3. 8k0e (mark~d ~{th the H . 3- . 3 
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· Fig.2. The ·neutron wavelength. (~) dependence of' the neutron 
_._.,- :.. '.- ~·.I . ' ' ' \ ,-_ • ·- :·· .... ,._ . -

beam, polarization. at· t')1e .sample 'temperature .T-· = 87 K and the 
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Fig.3. The positions.of~the minima H~ and H on the curve that 
. . . . - • \, ~ 1 . ',2 ' ' . . 

represents the ~external magnetic . field dependence of_ the 
• -· • : • • • • • ' > ·-~ ' ·'. - .. 

depolarization P/P 
0 

as. the' ,function of 'the sample te~perature. · 
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/" :..--

arr~w). -The 

H
3
=1. 85ko"e. 

same behavior was observed at , , T=88. 5K ,~ at: 

Now, let/ us discuss in ·more detai"L ,the appearance of -the 
: .. 

second ·minimum in the ,behavior ·,of,- P(Hr 'near T -~ As is known, . . . . c . 

neutron depolarization periodicity ·in field __ may: aiise from 
/ 

neutron spin _precession around· th_e· magnetic induction direction 

in a sample. The depola'rization • may also experience 
t ., - .. / - j, . 

oscillations in the case' of '!:-he so-:called spatial-resonance 

[12,13]. ,·Not~, ~t)1at in_· all _the a,bove enumerated cases· the 

presence of precession brings some periodic depe11dence of P,( A) 

for every given -'value· o:( the field H. However,. the. measurements 

of P( A) have: revealed ·. no periodicity (Fig. 2); 'rn this 
)'.. L ,< 00.' 

conn~cti'on we assume that in our experiment" the depolarization 

is caus'ed by ·.some random : induc~i~n dired.ion ~n some local 
• ~ • • • • > L 

region, .. as; · it - has·· ear!'ier · been 

conventional superconductors [2]. 

the •. case o~s;erved in 

By assuming that the depolarization process · goes in the 
' ~. :~ ?' ~ ' \ ' "" ' 

' ' ·. .- ' . "'. ' . 

interior of the' grains with an average size.' of 'ca:·. 10 IJ.m, we' 
J; • • • c, 

estimate the-maximum polarization precession:~phase acquired on 

neutron flight 'throu~~ ~the·· 'lo~a-i···r~gion ,with··· i'he_ i~dtic_t-ion 
. B=1kG,as' 

"''---->/ 

t - ~· 

- wLt ::: 0.1 (3) 
max 

/, 

\ 

where· wL =7B · is the Larmor prec~ssion' freq~ency, 7_ iS the 

neutr~m gyromagn~tic ''ratio, and-' t~l/v is· the' tim~,- ~the neutron 

of the wavel~ngth ;(needs to. go through the sample of length t. 

I 

8 

l 
-~,--

> 

1 
J 

-~-

1 

/ 

/ 

At _t < 1 ·the_ p_rocess of depolarization is ··defined by the 

disp~rsion <B~> of the perpe_ndicular · ,~nduction ~omponent 

[14,15] and the number N of '!he, space regions along the neutron - .. 
flight_ traject6ry; In t-his case the. spectral _ dependence of· 

th~·depolarization has the form: 

D(A) exp{-N<B 2 >A2 i 
~ L . (4) 

The, polarizatfon in de:p~ndence on the· magnetic field on 

the sample·_ may -behave> as follows. At H>H{ the pinned flux 

begins to. flow- and the. _polarization- starts' growing to its 

initial value. __ This polartzatio; behaviour, ~as observed in' the 

·C:onv~ntional type...: II - 1 superconductors [2] and· in oxide 
' . ~ . " . . 

superconductors at. low· temperatures· [4, 6]. _At·. 78K<T<T 
" c the 

" t , · . -· • . . • ". II 

-,curves H ( T) and H ( T) are described. by_ a parametrized function_ 
. ..1 ' . 2, . ' " . • . ' . 

(Fig. 3L: 

,~. = F.-(t' 
0 .--

·. 

·T 
- )m· 
T*. • 

.. 
(5) 

\ 
Table I gives the values for•the parameters" T* ·and· m f.or two . / . . . . . .. " * . ' . . . ' 
samples. Th~ value. obtained for }' is near _the temperature, at 

which the:" sample resistance turns into zero .• 

- _ .. To uncover_, the rea!3ons for the appearance, of, the" secqnd 

minimum.on the_P(H) curve one _needs to_ clarify the-character of 

the time dependen_ce of polarization P(t). 

Figure. 4- sh;ws this dependence t'aken :at T = · 87K and the 

.---.. 
.--.... 

.c-. 

9 
) 



Table I 

2 . ' 
:t: /n 

m 

. T* 

~ 

H1 (~ainple I) H;<sain~le ·I) 

1.21 ·. ., 

1:17 

0.5±0.1 3.6±1. 5 

89. 0±0·. 4 K 95.2±3.9 ... K 

- o.2s rcc:-_:_'--__:__:__:__:_,:..__:_c:__ __ ~___, 

N 

S! 
~o024L t· 
., 

0.. 
I 

- 0.22 

I 

0.20 104 ' 

; ~ t' .. t ; +1 
f t t +t t++t H 

. . c_f~ f 
+ \ 
,:_ 

H2 (sample 

·1. 2' 

2~6±0.5. 
·.\ 

89.1±1.1K 

'/ 

Fig. 4 .. The time dependence of P(t)/P0 taken at T=B7K aJ;d H=300 oe: 

a_O ,. 
1.00 

·.n. 0.99 

,, . ' 

o 9a L __ _l___:___:__J__:___.:_-:-c::__--;---: 
0 4 . 1 ·\ 

' .H {kOel 

d > 

':' 

Fig.s. The. experimental data on the magn~tic· field dependence 
I . • • . • • 

of the depolarization P/P . ·at the sample temperature. 87. 4K 
> ••• ' 0 

taken under more adiabatic conditions (see'the text). 
( . 

10 

j 

·) 
.} 

[ 

,_ 

field value H=300 0~,'' which is_ the_ interm~diate of those, 

correspondi~g t6 ·'the t:irst and second minl~um .. As is seen • the . 
depolarization ~P(t) decreases· _ with time, : r;necting the 

"• 

decrease. in 
I 

ma9.netization ··in with absolute accord the 

~_ependence ~p --<B~>. Howe·ver, at some certain moment the 

depolarization. starts increasing and . tends · to · its ·initial 

value. 

A' possible and 
•'' I •. 

; :/ ,..-· 

quite probable · explanation' of . this ,. 
behaviour of ~P(t) ·co-nsists in -the/following. Change. in t is - ' . - . ' -~ : :-·-. . . . .. ~ . . 

' 
equivalent.' to increase of of the the induction B, because 

. '.<-·t" ,.,_· .. ";! 

~gneti~ation· M<O. 'As a 'consequence, the smallest change in 
• -. • ~ • ; •. 'J 

magnetization causes change in ~P.(t), which, , in turn, reflects 
- . . . . -· . -. ·-' i l 

·.change 'in the P(H). beha~iour .. Then .th~ ·.·c~nc'lusiC:n .follows that 
- / , . ---

- the depolarization growth of ~P( t) res:ul ts _in the appearance of 

·the second minimum in,P(H). A~ 'for 'the possible origin of the 

-·second minim'um'on the:_P(H). dependence, it can be 'related to:.the 
'', -- ' - ,·. :-

non.:..~quillbl-ium . behavior of • the Jruigrietic 'flux. flow: -This 

conclt.rsion · i's C:()rif,irme~ ~by t.he 'fact')of disapearciric'e_ of., thi'S 

(quasi equil i bri urn) 
" _. , •• , , p ·:,. • ,r,: 

second minimum· more .adiabat,ic under 

conditions as depicted in Fig.5·showingP(H)·measured after the 

slow· cooling of- the sample' ,fol+owing ·the .. scheme: .. the\ sample' 

cooling rate in· the_,interval ··from 250 K ·down .. to 91 K was .. 4 

K/min and .in .. the interv.aL' 91-87. 4K-"i t was. 1K/h.· Up to the vaiue 

H=2: 4k0e the curve shows. one. m.inimi.un- at ·H
1 

followed· by_ a 

monotonous ·rise · .. in·' pqlarization. The ' similar .. results were 

o'btained with: ~am~le II\ This behavior.~ rehects, t~e we.ll-known 

long-time '.character of magnetic relaxati~n,: usually, related to 
~ .-. 

....._ 

·11 



a rather complicated magnetic pattern in.HTSC mater:ails~ which 

we are considering·"!n the next Section .. , · .. 

_ 3. Neutron spin precession:meast.irements. 
' .· ! 

··To measure the . time · depenc:;nce of a .. captured . magnetic 

:flux, we .. use· the method o:f .. :the Larmor precession :frequency of 

neutrori spin inside a sample placed in a lllagnetic ·field [ 10]. 
~ " • • • --- • ' < 

If the direction of· the, inciden:t. . polafization vec~·or it 
1 

(A)' is 
. . •,. " .. ' ; . . . - .• ""' ~ '• " 

pe_rpe'ndictilar to ·s of. a _lil'uperconductor,. thE:m ... at 'the,~ sample 

outlet, the neutron polarization . depending ~n the wavelength 
_I • -~ • • • •• ' 

(or velocity) of the neutron is: . . 
·.: 

:~ ~ 

·Pl.(~)/PU(A).':;: A(A)Cos(W~A) , · .-['. (6) 
·'· 

•. 
\ ,_: 

where P_l. (AL PII(A) is the neut~on. polarization at the outlet, of 

the . incident .-neutron. corresponding 
,! • •• l. . 

the. sample to beam 

pol.ariza~_ipn perpendicular and 'p~rallel' to. 8, . r:espectively 
·., 

wA= <mi:li> J wL <x>.dx ... .·"-. (7) 
L. ·, .· 

Lis the part of the'neutr~~ trajectory (in;:luding that in' .the 
"' •. ~ 

sample). where: tl~e ·spin precessi~n takes place. 

Transition to :·the . superconducting . state· .. leads to the 
j'• . . . . ·. 

change . of the ':field ~(X) inside. the. sample With .. the depth · t 

( th~ length _of the sampl~ along the neutron path is 18·. 3 nun). 
In thiS . case the difference of the precession frequency 

measure~·. above 'and below.· Tc . is. proportional to the average 

.-

12 ·. ·• 

'. 

/ 

/ 

Table. II 

Hfc(Oe) 

165 

79 

.71 

48 

0 
m 
> 0.9 

.. 

\ 
_../' 

t-~-l(s-1) f3 

( 1.00+/:-:0 .. 45)10-:5 ~ . 0. 7+/-0.1 

·( 2.6;+/...:0.l5)10-5 . 1.14+/-0.1 

(: 5.68+/-0.t~)1~-5 ' 1-08+/:-:0~5 
( 4: 33+/:-:3. 4.5) 10~5 . . o. 31+/-0. 28 

\ .. 

o Ht.c. = 4ao~ . 
• Ht.c. = 71 0' 

·:. Hi.c: = 1ssoe' ·······. , .·· . 
··············· ············ .. 

··~ ... 
. :r,.r~~~ · .. 

J. 
! 

......-:. 
· .. / 0.'7 '--~~-'--~~--'--"--~~-~-'-~-'--' 

0 
/ t 110 5 sl. ···\ . 

x2
/n 

2.2 

1.18 

1:08 

1.2 

! 

Fig. 6: The 'time . dependence of B/B . at T=78K for the certain 
~ 0 . '. 

applied fields: · 1) · H~c~1650e, . 2) . Hf-c=710e, 

Hfc=220e. -': ·· · 

"-

3) ·~f~~~80e, 
c . 

\ 

4) 
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field in the superconductpr. Consequently, the integral · (7) 

changes 'by a value of 

i1WA = wA (T)'- wA (T>Tc) := bi[<B(:C, T)~ -:- B
0

] , , 
' .· ' -·.I ', '; '.. • 

( 8) 

where b/= 0.04633 G:_1cm-1r-:1 and ~(T) and B~ are related as 

B(T) = B
0 

+ IJ
0

(1-N)M(T), ...; . (9) 

Here, N is the. demagnet~z~tion factori M is th_e magnetization. 

In order to reduce<the demagnetization factor,- the sample 

is mounted so that its lorigest_.side_is,:p~rallel to'the external 
., . . . - '·' 

field difection . · Measurements were carried ·out on a plate..:.lik~ 

sintered·sampi~ (3~7x13.5x18:3 ·mm3 .. ... ..' . . .' . - . ('. >J _of _YBa2cu3o6 . 9 
T =90. 4K. In the·. 

C" , • 
having the supercond~cting temperature 

., 
. experiment .we ~id not· exploit the whole' of the sample~ volume. 

It ~as limited bY, the neutron.beamc;oss' .secti(;n (~x~mm2 >. T~ 
study the: tfme <dep~ndencet ~r" the trapped flux magnitude, .the· 

sample was .cooled in .the ,external ; field. Hfc (;;field--:cooled" . 

regime). At T=120K a homogeneous static magnetic . field-. was 
•. '> ". ,. > / • • •• 

switched ori, .· a~d then the .sample temperature was 'decreased down. 

to T=78K. One hour after 'the stait ~f the cooling, th~fi~ld 
gradually (for 3. sec) decreased down to B =24G. ~The 'moment, . . 0 

when the 'field_was switched:off·wa~ considered.asthe start of 
. ·' . . .• . . . .· 4' 5 ,. . . ' " 

the measurement of wAversus. time. · tn i 10 ..:1o_s the. sample was 
' ' ·-- ' . . . . \ 

heated up to. i=120K. Then the frequency wA (T>T~) was measured 

for several hours. 

Figure 6 presents the result~,_of the. T=78_K measurement of 

the remnant induction of the ma .. gnetic field trapped in a sample 

versus observation time- .- The· measurements· were made for 
.·--

several values o_f . Hfc (220e, 480e,: 710e, 790e. and 1650e). - In 

Fig~6 it·is .seen .. -f:hat th~-magnitude.of the_magnetic.induction 

in a bulk. s_~nter'ed . superconductor decreases·. with increa~ing 

observatio-n ti.me.: The rate depends on the value of thl:: remnant 

. trapped field, in which the sample was cooled~ In the ·course-.of 
. . - . - ' ' 

the field, Hf~' incr~ase in the interval of observation times 
. 3 . ' 5 .·· ·.. .. . . .. . 
10 <t<10 s, ·· the decay rate gro"!s and the time· dependence ·of the 

r'nductio~ staits .to de~ia1:.e .fro;n the logarithiDic la~. 
. ~. . . 

-~ The tim~ dependences of the internal fi~ld am'pli tude are 

approximated by the.- LSQ-method using the following· fun~tions 
" . . ..... ; 1 

f(t)=ln(t/t) [16] and f(t)=exp[-(t/-r)~] [17]. The experimental 
. . ·.· . ' 0 . ' . . . . 

values. of .B(T)/Bo at: T;;.7s~. for. "fc"::48 Oe,. 71 o'e; 79 Oe. and 

165 Oe·. for t>103s'. are best. fit~~d- by the p~~~Jii~tric dependence 

f(t) =A+ B exp[:-t/-r)~] in the ob;~rvation tlm~ i~t~·rval· up to 
. . 5 / 

0.8x10 ·sec .. "'--,..-' 
>.-· 

• 
. . -'1' ' ... ' 

Table II summar1zes the .values of -r · and·~ .(see: [17])·for 

vari~~s 'values· of H:fc· ··From Table II it _!s seen<that the_,value 
,.··, 

of f3 in the limit of errors 1i es. within the interval 0<~<1 . 

Thus, inthe presence'of a static external magnetic fi~ld, 

B
0

, .change in the. magnitude of· a magnetic field; trapped in 

sintered YBa2Cu3o6. 9! 'as the. function of the obs~rvation time 

exhibits. the nonlogarithmic ~ehav.iour. for t<.105sc and has the 

ncinmonotonous character: . which. is seen :.quite well . for H = 
· · - .. . · .. fc. 

·165 _Oe. The.. observed . lc:mg-time · relaxation behavior of the 

lnagnetization can be explained qualitatiV'ely in- the framework 
" .·•. - ' ' \ 

·of the mode-;-coupling theory of superc~nductive glass [18]. 



4~ summary 

The 

-\ 

neutron de~o:.arization. ·· _ :investigation -- of the--

inhomogeneous magnetic flux -in /a superconc1ucting ~Ba2cu307 _ 5 _ 

-cerami<:=s has· shown,: that, in general; th~: charact_er of changes 

i~ the magnetic state of the' HTSC confirms 'the obs-ervations' for·-
- ) ·, - t···, "' ;·· "' . < / 

the low . temperature superconductors; However, several new 
' - ' ,-- . - - - . . ~ _1 . . . 

peculiarities 'were observed.' In.,part~cular, from t~e,. sameness 

of _the P(l{) .behaviour :in the ·increa~ing: and decreasing field 
., ; . - . . ' ' . -~ . 

with respect to the field direction it follows that pi'nning is 

rather weak above T:=-79K. In-the :irreversibility: region near. 

T the P(H) has. a second· (non-equilibrlumf minimum, which 'was 
c . . . ·' . 

assumed to' appear due to _the· long-time charact:er · of . the 

magnetic flux relaxation. Such behavior was ~onfi~med .. by_ the 

observed _ nonmon~tonous .. behaviour ·or the~- C::harige .-- · in 

depolarization _,. 

The authors indebte-d to Dr. V. K. Fedotov · and 
~,_ ,. 

Dr. E. Fisher . for . rent~ng 'the sillnples ••· t.'6 them ·and' 'for useful 
. ' " . . ,...:..:_ . . . ' .. ' ·. - . ' . -

disc~ssions. ::..The authors.' thanks are_ also due to .Dr. D. A.Korneev . 
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llpHHHMaeTCII fiOJiniiCKa Ha ,npenp 

HHCTHTyTa IIJiepHbiX HCCJJeAOB<IIIHH H <<KpaTI 

__ YcTaHoBJieHa CJJeAYJOutaii .. CTOHMOCTb 

0115111, BKJIJOt!all nepeCbiJJKY, rio OTJieJJbllhll 

11Ht~eKC TeMaTHKh 

1. 3KcnepHMeHT3JibHall QJH3HK<I Bb!COKHX 3 

2. TeopeTH'IecKall QJH3HKa BbiCOKHx 3Hepn 

3. 3KCnepHMeHTll.llbliali HeHTpOHHU!I QJH3HI 

_; 4. TeopeTH'IecKaii.QJH3HKa HH3KHx 3Heprui 

· .5.~aTeMaTHKa 

. 6 • .slt~epuasi cneKTpocKonHII u pat~HOXHMHII 

·7. <I>H3HKa TlllKeJJbiX HOHOB . I • 

:s. KpuoreHHKa 

· 9. Yi:KopuTeJJH 

10. AsToMaTH3al(HII o6pit6oTKH ·aKcnepuMeH 

11·. 8bi'IHCJIHTeJJbHRII MUTeMUTitKa H TeXHHKi 

12. XHMHII 

13. TexHHKa QJH3H'IecKoro 3KcnepuMeHm 

14. 11cCJJe,l\OBRHHII TBepJibiX TeJJ. H lKHJIKOCTe 

15. 3KcnepHMeHT3JibHUII QJH3HKUSIJ1epHbiX ~ 
npu HH3KHX auepru11x 

16; .D.o3uMeTpH11 u QJH3HKa JautHTbi 

17. TeopHII KOH,l\eHCHpOBaHHOro COCTO!IHH!I 

18. 11cnOJib30Ba!IHe pe3ynbTaTOB 

H ~eTOJIOB QJYHJIUMeHTitJJbHbiX qlHJH'IeCI 

s cMeJKHbiX o6~acT!IX mtyKu u TexHI1Ku 

· 19. 6uo!fln3HKa 

«KpaTKHe coo6meHHSJ 01151H» (6 sbmy< 

, llo.z\nHCKU MOlKeT 6b1Tb o<f>opMJJeHa C J 

no seeM 'sonpocAM o!flopMJieHHll no1 

~eJJbCKTHH OTJieJJ 0115111,noat~pecy: 141980 
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