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 Studies et' rnagnetic  properties of  high-7L superconductor  systems  by using  p'SR  methods  are  reviewed  briefly. "'SR
has been very  powerful to  detect a static 3D-antiferromagnetic orderjng  in the  insulating phase and  has been  used  to

study  how  the  antiferromagnetisrn  will be modified  by changing  the  content  of  oxygen  atoms  or  doping  elements.  The

magnetic  phase  diagrams of  various  high-71 copper-oxide  supercenductor  systems  have been obtained  by " 
'

 SR.  In the

YBa2Cu3O.  system,  the eoexistence  of  superconductivity  and  some  sort  of  magnetic  ordering  at low temperatures has

been discussed in terms of  the oxygen-prdering  and  the  mixturc  of  supercenducting  and  insulating micrograins.  Non-

observation  of  magnetism  of  electTonie  origin  by u'SR,  implies that  some  theories  ef  high-TL superconductivity,  such  as

anyon  mechanism,  is unlikely.  "'SR  methods  aTe  expected  to reveal  different aspects  of  high-71 oxide-superconctuctors
fromp'SR,since"',trappedbynucleiinthematerial,formsarnuonicatom.Microscopicstudiesoftheelectronicstate

az  oxygen  sltes  in high-7L oxide-supercenducters  or 3d-transition elernent  oxides  by "'SR  are  also  discussed,

KEYWORDS:  "SR.  high-TL oxide-superconductors,  anyon,  antiferromagnetism,  magnetic  phase  diagram

  All the  experimental  and  theoretical methods  which

have been developed for studies  of  solid  state  physics
have been used  in order  to  study  a  mechanism  of  high-TL

superconductivity,  Muon  Spin Rotation  or  Relaxation

(paSR) methods  have  made  important contributions  to

studies  of  the  magnetic  properties and  to measurements

of  the  superconducting  magnetic  penetration depth of
high-7L superconductors.  Here, the  studies  of  high-7}
superconducter  systems  by using  positive (pt') and

negative  < ptM) muons  are  briefiy described.

stfi. Sasudiies af  High-71  Supercoptcieeetor Systemos by  Vs-

    img geosEtive Muons

1.1 Antijlerromagnetism  of high-7L･ superconductor

    systen2s probed  by pt'SR
  In the  first high-7L superconductor,  La2-xAxCu04-o

(A=:Sr or  Ba), since  the mother  material,  La2Cu04-o,

was  found to be an  antiferromagnetic  insulator from  the

bulk magfietic  susceptibility  rneasurements,  the impor-
tance of  magnetism  has been proposed  in order  to ex-

plain the  high-7k superconductivity,i)  However, in a

YBa2Cu3O.systemwhosesuperconductingtransitiontem-

perature exceeded  liquid nitrogen  temperature  for the

first time, the magnetic  properties were  not  clear  from  x
measurements.  NMR  experiments  and  neutron  ex-

periments were  not  able  to find antiferromagnetic  order-

ing in the insulating phase  of  YBa2CuiO..  Therefore, in
order  to consider  a  mechanism  of  high-71, superconduc-

tivgty, it was  an  important  point to know  whether  the

magnetic  properties of  YBa2 Cu3 O. are  similar  to those of

La2-xAxCuO4-fi (A ==  Sr or  Ba) or  not.

  Even at the eariy  stage  of  sample  preparation where

several  impurity phases are  centained  in the  sample,

ge"SR  rnethods  are  very  useful  to probe  magnetism  of  a

main  phase  in the sample,  as  explained  in the  followings,

(1) PolaTized pt' is a  pureEy rnagnetic  probe  (p' spgn  is
112). (2) The  total amplitude  of  pt'SR signal  is seif-

calibrated.  (3) Even if the sample  is not  single-phased,

pt'SR  can  be considered  to be a magnetorneter  which  is

selectively  sensitive  to Tnagnetism  of  the main  phase  in

the  sample,  since  the  signal  amplitudes  from  the  impurity

phases  are  proportional only  to their  amount  in the  sam-

ple, Therefore, pt'SR was  applied  to studies  of

magnetism  of  YBa2Cu30.  by changing  the oxygen  con-

tent systernatically.  Then, pt'SR  succeeded  in finding 3D-
antiferromagnetic  ordering  with  high  Neeg  temperature

in the insulating phase  of  YBa2Cu3  O.2) and  have  revealed

that the YBa2Cu30.  system  has the sirngiar magnetic

phase  diagram3wn5) against  oxygen  content  to  that  o'f L

a2-xAxCu04-fi  (A=Sr or  Ba) against  doping content,

These  results  by pt'SR  were  later confirmed  by neutron

scattering  experimentsan)  and  NMR  ffneasurements,25)

Thus, pt'SR  has been very  pewerful  to study  gross
features of  magnetic  properties in high-7L copper-oxide

superconductor  systems,  The  rnagnetic  properties of

various  copper-oxide  high-7} superconductor  systems,

sueh  as  YBa2Cu3O.,2LS) HoBa2Cu30.,6'S)  GdBa2Cu30.,9･iO)

La2-xSr.Cu04-",ii'i3)Bi2Sr2Yi-.Ca.Cu20y,i4'T7}Bi2(Sri,..

La.)2CuOy,i8) La2CaCu20.,i9}  H.YBa2CugQy,20)  Pri-.Y.

Ba2Cu]07,2i'22) (Lni-.Ce.)2Cu04-, (Ln=PT, Nd,  Sm),23)

have  been  studied  by  pt"SR,

  Although  pt'SR  has been powerfug  to detect 3D-antifer-
romagnetic  ordering  and  make  rnagnetic  phase diagrams
in high- 71, copper-oxide  superconductor  systems,  it could
detect neither  2D-short-range ordering  which  has been
observed  by  neutron  scattering  experiments26'27}  above  7}g

in the  iitsulating phase, nor  magnetism  of  electronic

origgn,  such  as  magnetic  fiuctuations, which  have been
observed  by NMR2S]  in the normal  state ef  the supercon-

ducting phase, Probably, the time  scale  of  rnagnetic  fiuc-
tuations to be observed  in high- 7} oxide-superconciuctors
is not  relevant  for pa'SR.  Therefore, the pt'SR  studies  of

high-7k superconductor  systems  have  been concentrated

on  how  the  3D-antiferromagnetie  static ordering  wilg  be
modified  by the presence of  carriers.  In hole-carrier high-

178

NII-Electronic  



The Japan Society of Applied Physics

NII-Electronic Library Service

The  JapanSociety  of  Applied  Physics

        
jJAP  Series 7 Mechanisms  of  Superconduetivity

,Z.fa",?･ 
ez'oeS:,gts,rg

 
･

 ,℃)" g.ef,'egss2s szptistg, 
balAn:r,gdgc,A2g,

 hand, in electron-carrier  high-7L superconductors,  7k
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terpreted

 as  follows: in case  of  hoie-doping, holes are  in-

lr,O.d.",2e:.l21:,?,X.Y.g,e",,SiQeg,i.'",C.",9g,Ptsa.".e,S,a.",,d,S,",P;1'Le,X,-
:,/L:o.t,

e

,t.

"

:
Ce

£.lg
W

x
h

s,lliti
".,,CgfSe.OiS.ie%rO.'plo:.`n,g,c.a,lri.'rs,b.rg':,g

  Neutron scattering  experiments  have characterized  the

 
antiferromagnetism

 of  YBa2Cu306  or  La2Cu04Tti  as a
quasi-2D spin  112  Heisenberg antiferromagnet  with  a
weak

 XY-anisotropy and  interplanar coupling,2',30) Since
the

 temperature  dependences  of  the internal magnetic
fields

 at pt' sites, B,(T), can  be measured  accurately,  we
cgn

 
study

 
how

 the sublattice  magnetization  will  change
with  temperture. In Fig, 1 the  B,,(T) is shown  for
La2

 
Cu04

 
sui.

 A  rather  rapid  decrease of  B,, (T) at low tem-
peratures will

 show  a quasi-2D  character  of  this spin
sys?em.

 The detailed discussions have not  been done. The
main

 
contribution

 te B,(T) is magnetic  dipolar fields,
Bdip, wbich  is very  sensitive  to a rotation  or  canting  of
magnetic

 moments.  Therefore, a  peculiar temperature
dependence of  B,(T)  have  ben observed  in
YBa2Cu3063'3i)

 or  Bi2Sr2YCu20y,M Nd2Cu04-ti2]) or
Pr2Cu04-i;

 these also have not  been discussed well.
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 1,2 Magneticphase  diagrdim of }LBdyCusQx
   

In
 the critical rcgion  of  carrier  content  near  metai-in-

gueo,r,.:･:ege/rg,`g:･R,thfi,fizfiili･ge"ge,,2S,figpe.'sozd.:,?td';,`sl
 
rnagnetism

 has been reported  in YBa2Cu30.3'5} and

 La2-xAxCU04"ti (A=T--Sr or  Ba).i2･'3) I

 high-ge superconductors,  a supercondugtinCgOPcPoehre-PeXnigee

 length is very  short.,  -- 2e A. Therefore, if superconduct-
 
mg  and  antiferTomagnetic  grains of  few tens ofA  are rnix-

 ed  up  in the sarnple,  it is diMcult to determine whether
 
the

 o.bserved  physical properties are  intrinsic one  or  due
 
to mixtures  of  diffla'ent phases.

  In YBa2CusO., chemical  and  physical properties, such
 as  behavior of  oxygen  atoms  in the crystal,  have been
Inost elaborately  studied.  Let us  think about  the coex-
istence

 of  super'conductivity  and  magnetism  in
 
YBa2Cu30.

 system,  In Fig. 2 are  shown  the  magnetic
phasg  diagrams of  \Ba2Cu3 O. which  have been obtained
by  ptT     SR3''S) and  neutron  scattering  experiments30･32,33)  for
samples

 
of

 diffi ent heat treatrnent, Influences of  oxygen-
ordering  on  physicag preperties can  be seen  clearly  in this
figure.

 Brewer  et  crg, performed  pt'SR  experimentsS)  
on

two
 sets of  YBa2Cu30.  samples;  the oxygen  contents  of

onF
 set. of  samples  are  varied  by  quenching  them  into li-

quid nitregen
 from appropriate  oxygen  atmosphere  at

PAgll,t:･.rn.pbezz"an,agigl,hs,s.eo,f.th.e,s,t2e,g%eg,bls",",e.as,zg.
The    7k's stays  almost  constant  up  to x-6,2  for both
sets.

 A  rapid  decrease of  7k  can  be seen  at x==6.2-6,3
for

 anneaied  samples  and  at x==6.3-6.4  for quenched

evptsKvF

x
Fig.

 ?, Magn,etic phase diagrams  obtained  by"'SR  and  neutron  
scat-

 
tering

 
experiments

 in the \Ba2Cu]Q,  system  are  summarized,  The
 references  are  shown  in the figure.
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samples.  Nakazawa  et  al.i4) was  able  to stabilize  the pr-
thorhombic  phase  down  to x-6,2  by annealmg

YBa2Cu30.  in appropriate  oxygen  atmosphere  for more

than  50hours, The dotted line shows  7X's of                                         those

samples  from  neutron  experiments  by Rebensky  et al,3.3)

7}g shows  a  steplike  decrease around  x--6.2,  
Their

samples  which  show  magnetic  ordering  at  low tempera-

tures are  xeported  to exhibit  superconductivity,  The  solid

line show  Tk's for quenched  samples  where  no  trace  of

 superconductivity  were  observed.  The  neutron  data by

 Rossat-Mignot  et ai.30) and  Tranquada  et al.'")                                     are  shown.

 In Fig. 2 it will be  noticed  that  73g's up  to  x-･  6.2 do  
not

 depend on  thermal  treatment so much  and  
that

 
at

 x==6,2-6.4  71g's are between  the  above  mentioned  two

 lines, depending  on  the  thermal  tmeatment, In some

 samples  with  x==6.2-6,4,  coexistence  of  superconduc-

 tivity and  antiferromagnetism  has been observed.  
Iu

 
os-

 ygen-ordered  YBa2Cui06.s  of  Ortho-II phase, it
 

is

 reperted  by Nishida et ai,3S) that no  magnetism.of  elgc-

                                      will  be in- tronic oragin  can  be observed  by pt"SR.  These

 terpreted as follows: In YBa2Cu]O., oxygen  a}oms  
tend

 to line an CuO  chains  and  this ordering  has an  important

 role  to introduce carriers  to Cue2  planes. Therefore, in

 the intermediate region  of  x==  6.2 -6.4  the  physical prop-

 erties aTe  sensitive  to heat treatment, The  coexistence  of

 superconductivity  and  some  kind of  magnetic  orderl'ng  
at

 lowe temperatures  can  be explained  in terms  of  mixture

 of  superconducting  and  insulating micrograins,  
The

 "'SR  resugts for the samples  exhibiting  both superco,n-

 ductivity and  some  static magnetic  oTdering  
are

 
consis-

 tent with  a  picture of  mixture  oi  two  different phases, if

  the size of  micrograins  is -50  A, The details should  be

  refered  to ref.  36).

1,3 Possibitity ofanyons
  pt'SR  has not  detected magnetism  of  electronic  

origm

                                  x(x=:7,6.5),in the superconducting  phase of  YBa2Cu30

This experirnental  fact supplies  us  an  interesting by-p.ro.-

duct for the understanding  of  kigh-I superconductivi-

ty.3S･3") Halperin et aL37) pToposed  that  if the electronic

                               roken  time-rever-
state  of  high-Tl, superconductor  has a b

sal symTnetry,  static magnetic  fields of  several  tens of

aau$s  might  be observed  by pt'SR  under  zero  applied

field, since  implanted pt' repel  holes in hole-carrier high-

TL superconducters  and  bring about  charge  unbalance

around  pt', The  non-observation  of  magnetic  fields ,of
electrenic  origin  by pt'SRi'3S'39) implies that some  theories

of  high-7L superconductivity,  such  as anyon

mechanism,3S)  might  be unlikely,  The  details are  described as

 follows.

  In Fig. 3 are  shown  the p' spin  relaxation  function

 G,(t)'s of  YBa2Cu307  in zero  external  field: Below  200 C

 they have  the same  shape  and  are  well  fitted                                     by a  static

 gaussian Kubo-Toyabe  function with  ri=O,l2 ± O.01

 pts-i.i) This value  agrees  with  the  results by Kie,fi e{ al.39)

 Above  200 K, they are narrowed  due  to pt 
"
 motion  in the

 crystal and  can  be fitted by a dynamic  Kubo-Toyabe func-

 tion with  the same  A and  the hopping frequency v; the

 temperature  dependence of  v is well  represented  by Ar-
                                          with rhenius  formula v=voxexp(-E,lkT)

 ve='2,3 ± 1.5 × 10S and  E.=:IS80± 180K, This  means

1.

=VN
 Oas

o

N, N[s}uD."

 T:ME  (micresec>
Fig. 3. The  G,O)  of  YBa!Cui06s  are  shown.  The G,(t) take the  fame
 shape  below 200 K  and  only  the  data at  70 K is shown.  The rnot)onal

 narrowing  effects  can  be seen.  They  are  fitted by  a dynamic Kubo-

 Toyabe  function with  the  same  A below 200 K.

that both  below and  above  7k static magnetic  fields

distributed around  zero  with  a  standard  deviation of  1.4

6  have  been probed  by pt'. In oxygen-ordered

YBa2Cu306.s  of  Ortho-II phase, the same  "" spin  relaxa-

tion function G,(t) as in YBa2CuiO7  has bcen observed

and  the same  value  of  A has been obtained.  In order  to

discuss the origin  of  static magnetic  fields observed  in

YBa2Cu307  anci  YBa2Cu306.s  quantitativcly, it
 

is

necessary  to determine the pt' sites in YBazCu30.,  
From

the analysis  of  pa' hyperfine magnetic  fietds in antifer-

romagnetically  ordered  YBa2Cu306  and  GdBa2Cu307,

we
 were  able  to discuss the pa' sites.3S)  Thus determined

pt 
" sites  are summarized  as follows and  they seem  to be

well  described by  ionic erystal picture: ln g-2-3 com-

gg",P.gS.Eh8S,9S';ilXe,WXO.?i,S,r8,Se8,eike8,8,\･.:a(:i?"IS.Y.3(a
 O-pt' bondings analogous  to OH  and  the direction.s of

 the O-pa' bondings  take  as far as  possible from catigns

 yY,  Ba2' and  Cu2'i' ei' H'  with  sorne  modification  by being

 attracted  by neighboring  negative  02-.                                In Fig, 4 the can-

 didates of  pa" sites are  shown  schematically.3S)  In

 YBa2Clli07  where  oxygen  atoms  in CuO  chains  are  almost

 perfect, most  of  mp' rnake  O-pt' bonding  with  oxygen

                                     .
 When  ox- atoms  (O(D) in Cu-O  chains  (a-sites in Fig. 4)

 ygen  atoms  become deficient in Cu-O  chain,  pa' seems  
to

:I,1,/j,nlxgt･}y.x,ras,&x.'.g,e,",ako,,i,zs,,so.t`a･}An.?:Rlg,gzy,galb
 may  stay near  oxygen  atoms  O(2, 3) in Cu02  plane (c-
 sites  in Fig. 4). Several paSR groups]S'`O'`i'S) have proposed

 the possible pt' sites in 1-2-3 compound.  
At

 
the

 pre?ent

 they do not  agree  with  each  other,  but the above-mention-

 ed  sites  are  arnong  their candidate  sites.  When  we

 calculate  the second  rnoments  of  nuclear  rnagnetic

 dipolar fields from  Cu,  Y and  Ba  nuciear  magnetic

 moments  at those proposed  pt' sites,  they alrriost coincide

 with  the  observed  experimental  value.  Thus,  the ob-

  served  static  magnetic  fields probed by pt'SR  will be  inter-

  preted by nuclear  magnetic  dipolar fields from  nuclear

  moments  of  Cu, Y  and  Ba  in the  order  of  O.1 G.

  ge2. Studies of  High-71, Supereonducter Systems  by

      Wsing Negative Muons

    Thus  far, the studies  by using  pa" have been  described.
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exz+  sites

CU1

CU2

CU2

e4

CU1

Fig.
 4. A schematic  diagram of  ge' sites  in YBa2Cu3  Q, is shown  (ref.

 35).    It was  obtained  frorn a  diseussien about  tbe obserbed  internal
 magnetic  fields at "'  sites in various  magnetically  ordered  1-2-3 com-

 pounds. In YBaiCui06  Ihe  b-sites are  the  main  pa'" sites; some  pa' oc-

 
c.upy  c-sites. When  oxygen  atoms  are  present ln the Cu1 piane, the  a-

 
sites

 are  eccupied,  In YBa2Cu3Oi  the a-sites are  eonsidered  to  be the
 main  occupied  sites of  p',

                                 N,N[sHiDA  181

 ductors, pt-SR  is capable  of  identifying pt"e decay elec-
 

trons
 of  muonic  cxygen  from those  of  muonic  atoms  of

 gther Peavy elements.  Thus, u7SR  can  be compared  to

 
impunty

 
NMR.

 SSnce a  radius  of  muonic  atom  is very

 
small,

 a muonic  atom  is equivaient  to (Z-1)-nucleus for
 
syrrounding

 electrolls;  muonic  oxygen  is equivalent  to

 
mtrogen

 nuclei. In copper-oxide  high-7L superconduc-

 
tors,

 
a
 
muonic

 oxygen  becomes an  anomalous  point in
 
Cu02

 
network

 and  is expected  to be a  unique  microscopic

 prob.e to give some  new  information concerning  the elec-
 tronlc  states atl oxygen  sites.

   pt-SR  experiments  have  been pcrformed42'44) on  several

 oxides,  such  as  La2Cu04-ti, La2-xSrrCu04-", Nd2-xCex
 Cu04Ls        (x=:e.15), YBa2(]u30., CuO,  Cu2, LiTi204,
MnO,  MgO.           Since it takes much  longer time for pe-SR  to

 accumulate  data than  ps'SR, ptLSR  experiments  have not

 :::nbgeenrf:･nrTMoeivdeSdOirviid,tfiY 
aS
 pt'SR;  

oniy
 japanese group

  
The

 paramagnetie  shifts, K.., of  muonic  oxygen  (O,.)
 have been measured  in some  oxides  of  3d-transition
element.s.  In Fig. S"3) the K,- are  plotted against  bulk
magpetic

 
susceptibHity,

 x. In copper  oxides,  K).'s are  all

       a.nd of  the order  of  10-3. In LiTi204, K-  hasposltivebeen

 measured  as 8.4± 3.3× 10-5, which  is smaller  by
more

 
than

 one  order  of  magnitude  than  those of  copper-

oxides,  though  the x are not  so  different among  those
materials,

 This wial  have relation  with  the picture from
photoeiectron spectToscopy  experiments  on  transition ele-
ment  oxides;  in oxide-insulators  for transition elements
at

 
the

 latter part in the  periodic table, the Cu  3d and  O  2p
Ievels are close  and  strongly  hybridized each  other  and
due

 to a charge  transfer between  Cu"  and  OT-, a  large
pararnagnetic shift rnight  be expected  in copper-oxides,
while  in oxide-insulators  for those at the early  part, O  2p
level is situated  at a  deep position, compared  with  Cu  3d
level

 gnd a  small  K, - might  be observed.  The  further sys-
tematic

 studies,  including studies  of  temperature

 Positive muons  ( pt') behaves Iike protons in the material
 and  in oxides  pt"s are  considered  to form O-pt' bonding
 analogous  to O-              H  and  to stay  near  oxygen  atoms.  pt'SR

 can  be compared  to proton  resoncrnce,  When  negative
muons  (pt7          ) are used  for studies  of  oxide-superconduc-
tors,

 another  feature wili  appear:  pt", implanted into the
material,

 is captured  by an  atomic  nucleus,  emitting
muonic

 X-ray, it goes  down  to muon  lsi12 orbit (the
radius  is about  l1200 smaller  than  that  of  eiectron  bohr
orbit) and  a  muonic  atom  is formed,  A  muonic  atom  is a   'quais-nucleus

 with  spin  112 (in case  of  spin  zero  atomic
nucleus)  and  a  Iarge magnetic  rnoment.  The initial
polarization of  pa-spin decreases during  the cascade,  but
still

 
remains

 at 1sv2 orbit, though  the magnitude  is reduc-

gd to 116. Thus,  we  can  perform  paSR experiment  by us-
ing  polarized negative  muons.  The pan in muonic  atom
has a probability to be absorbed  by nucleus  and  has a
mean

 
lifetime

 which  is different frorn that of  a  free pt- in
vacuum

 
and

 depends on  an  atomic  number,  Z, of  the cap-
tured

 nucleus  (- 1.8 pa for muonic  oxygen  and  -O.08  ptsfor
 
rnuonic

 lead). Therefore, in high-7L oxide-supercon-

]],ig.
 
S.
 

The
 paramagnetic  shifts1()-  ofOpt'  at  300 Kin  various  oxides

 
are  plotted  against  bulk magnetic  susceptibilities  x at 300 K. TheK  -

  IneSie/rPtOhSAII'Yoen:;igrtdae,Moafg:[igUgd.?.tuOdfet 
10'S,

 
while

 
in
 
LiTi2o4

 K,-"1's
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dependences, are  necessary.  In the  single crystal

La2-xSrxCu04-ti, detailed measurements42)  of  K,., suc.h

as temperature  dependences and  the crystal  axis

dependence, have been reported.  Microscopic  theoretical

ealculatiens  are waited  for.

  The  mp-SR results in YBa2CuiO.  system")  are very

different from La2-.Sr.Cu04mb･ system,42)

  In La2-.Sr.Cu04-ti  (x =O,14)  of  the superconducting

phase, pt-SR signal  has been successfuly  observed  
wiEh

the  T2-2,Ssis which  is not  so  di'fferent frorn T2  m

La2Cu04-fi  (- ft pts) of  insulating phase.

  In the paramagnetic  phase  of  insulating YBa2Cu306  at

SOO  K  and  5SO K in 9.2 kG, the pt- spm  precessions weTe

observed  as  shown  in Fig. 6(a). The K.. have been deter-

mined  as  being 4,6± 1,9xgO-  ̀ at SOOK  and

8,7± 1,7 ×  10-  ̀at  SSO K, The T2 was  about  1.4 pts at both

temperatures. [l]he precession ampEitude  was  about  2!3

of  the  fu}1 signal, The very  fast relaxing  component

 (T2= -150  ns)  ean  be seen  in the beginning part of  
the

 pa-SR spectra,  They  are from  oxygens  in Cu02  planes and

 apical  oxygens,  although  the site assignment  has not  been

 performed.
   In YBa2Cu307,  Ortho-II YBa2Cu306.s andi

 GdBa2Cu307  where  holes are  present, the  ""SR  signal

 decays se fast that  the K,. could  not  be determined; the

 pMSR  spectra  of  YBa2Cu30i  in 6.2 kG  at  gOO K  
is
 
shown

 in Fig, 6(b). The  T2 is 100-200ns,  which  is faster by

 nearly  one  order  than  T2 in the  insulating YBa2Cu306.

 This  is opposite  to the case  in La2rrSrxCu04-fi.

   gn the YBa2Cu30.  system,  the  difference of  pa-SR

 sigfials  has been eutstanding  between in the supercen-

 ducting phase (x=7, 6.5) and  in the insulating phase

 (x== 6); the "-  spin  relaxation  tirne is much  faster in the

 superconducting  phase. This makes  quite a contrast  with

 that in doped high- 7L oxide-superconductors.  The reason

 is not  known.

g3. Sanmmaury amd  CoficEusioees

  In the studies  of  high-Z･ supercenductor  systems,

pt'SR  keave been very  powerful  gn detecting static

magnetic  orderings  and  have succeeded  ip revealing  a lot

N.  NlsilmA

of  3D-antiferrornagnetic orderings  in their insulating

phases. However, pt"SR  could  deteet neither  2D-short-

range  magnetgc  orderings  observed  in the insulating

phase  above  7k  by neutron  scattering  expenments,  
nor

magnetic  fiuctuations observed  in the normal  state  ef  the

superconducting  phase by NMR.  The absence  of  static

magnetic  fields of  electronic  origin  probed  by pt"'SR in

the YBa2Cu307  or  YBa2Cu306,s indicated that sorne

theories of  superconductivity,  such  as  anyon  mechanism,

are  unlikeiy.  Thus, "'SR  studies  of  high-I  supercondue-

tor systerns  have been  concentrated  on  how  the static 3D-

antiferrornagnetic  oTdering  of  the  insulating phase  wiil

be modified  by the  presence of  earriers,  In the critical car-

rierconcentrationregion,thecoexistenceofsuperconduc-

tivity and  spin-glass-like  magnetic  ordering  has been

reperted  by  pa"'SR  experiments.  This problem  need  more

studies  with  special  attentions  to oxygen  ordering  or

homogeneity of  oxygens  or  doping elements  in the sam-

ple. In the  YBa2  Cu3 O. systern,  the effect of  oxygen-order-

ing on  magnetic  properties has been shown  in the

 magnetic  phase diagram  from pt'SR and  neutron  scatter-

 ing experiments.  The  coexistence  of  superconductivity

 and  some  sort  of  magnetic  ordering  at low  temperatures

 in the criticafi rcgion  of  YBa2 Cu3O.  system  has been in ter-

 preted in terms  of  the mixture  of  insula.ting and  supercon-

 ducting microgTains  of  the size -50  A.

   In the  pt-SR  studies  on  YBa2CuiO.  (x=7, 6.5 and  6),

 the p-  spin  relaxation  time  was  found  to be faster by

 almost  one  erder  of  rnagnitude  in YBa2Cu30T  or

 YBa2Cu306.j  than  in YBa2Cu306.  This makes  a eontrast

 with  that in doped  high-7L superconductors,  such  as

 La?,-.Sr. CuOa-s or  Nd2-.Ce. Cu04-ti (x =:  O. 15), in which

 the mp- spin  relaxation  time dees not  show  aRy  drastic

 change  in superconducting  and  superconducting  phases.                                           '

 At the present the reason  is not  known, but this may  imp-

 1}r why  the  71, of  doped high-7L oxide-superconductors

 are  below  40K  and  lower than  stoichiometric  com-

 pounds,  such  as YBa2Cu307  or  Bi2 Sr2CaCu20,.  The  OpU

 shift in LiTi204  was  found  to be smaller  by one  order  of

 magnitude  than those in various  copper-oxides.  A  system-

 atic studies  of  Opt-  shifts in 3d-transition exides  will be

{b)
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     (a)pa'SRspectruminYBa2Cu,06atSSOKin9.4kG.]ntheinsertfigure,thecomponentsef"'-edeeayfromY,Ba,CuPig. 6.
   and  O. (b) p"SR  spectrum  in YBa,CuiO,  at  100 K  in 6.4 kG.
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mter.esting  problems in order  to understand  the elec-
tronic

 states of  oxygen  sites in the oxides  of  3d-transition
elements.
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