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We report on the first, observations of magnetic flux structures in high-To superconductors ushl~ a newly 
designed low temperature polarization microscope. Magnetic flux in the superconductor is visualized by detecting 
the rotation of the polarization vector of light (Faraday effect.) within a magneto-optically active EuSe layer which 
is evaporated onto the surface of the sample. The low temperature microscope as a whole is built as an inseri 
into a commercial cryostat equipped with a superconducting coil, enabling us to achieve magnetic fiekls up to 
7 T. The optical system (lenses, polarizers and translation table) is cooled together wiih the sample in order to 
minimize the distance between ~he sample and the objective. Key properties are a large numerical aperlure, a 
high ext.inction ratio of the polarizers and a high sensitivity of the image-intensified camera systent. This should 
allow in the near future the visualization of individual vortices using the Faraday effeci in transmission in low 
magnetic fields. 

There  is a great interest to obtain inforlnation 
on t.he niagnetic flux distribution in a supercon- 
ductor in the mixed state.  Magnetometry can 
only provide global data  (i. e. averaged ow_,r 
the whole sample), whereas a local technique en- 
ables orie to study the effect, of the geometry, 
the anisotropy and the interaction of flux wit li 
lhe niicrostructure of the sample. Various lo- 
cal i echniques have been used so far: magneto- 
optic microscopy, scanning tunneling microscopy, 
Bitter  decoration, Lorentz microscopy, etc. Of 
these techniques magneto-optical  maaging is fast. 
enough for real-time observation of the flux line 
lattice. It is well suited for visualization of flux 
flow, flux creep, flux avalanches et.c. [1-4]. Up 
to now, magneto-optical imaging setups consist 
typically of a commercial polarization microscope 
modified to carry an optical cryostat [.5,6]. Ill 
this way, all advantages of a commercial micro- 
scope are used. However, it. is thell impossible to 
use a superconducting coil due to space limita- 
l io l is ,  and the n i a x i u m i n  f ield is thus l i l l i i t ed  to 
z0 .3  T using a copper coil. Considering the low 
observer.ion temperatures  required by the High 
Resolut ion Faraday effect (It RF) technique using 
t h in  layers of EuSe, this field region is not suffi- 
cient in the case of single crystals or bulk samples 
of high-T~ superconductors,  since tl,e full pene- 
t rat ion field is typically around 2 - 5 'F. Another 
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disadvantage is the long distance belwe~n the ob- 
jecl ives and the sail iple. For h igh resolul io l i ,  a 
large nulllerical apel'lllre is l'e<lllir~'<l. 'l'ogelller 
with i.he l l iechal i ica l  COlislrai l i is of  111~' l l l a g l l t q  

t his necessitales a sliori <list : l i l ( ' l  , , I  , V ; t ' < ' I I  I lie 
.ieclive and l lw sall i l ih' ,  l it Ollr llliCl'OSc~qw l lii~ is 
realiz~'d Iw c~,:)liii~: ilia' C>lilic~ ;til<l ltol:li ' izers i~>- 

g e l l i e r  w[ l l i  ill~, saiiil~l~,. Ii Ill l iV lt~ ~ ili.,,,~ri~',l iill<t 
~'illl~'l" ;tit ( ) x l ' , ~ r , I  l l i ~ l l ' i l l i i , . i i l ~  , ' rv~>. , l ; i l  , , , l i i i l~t>, , , I  

wi th  a 1 T sut~ereonducl ing coil  or ii i cite w i th  
a 7 T coil. Bo i l l  are equi l l l )ed w i l h  a var iable 
l e inperal .ure i i lserl (1..5...300 I() .  T i le  Sall i l lh' is 
in l t e l i un l  c~xchange gas wl i ic l i  gl lal 'al l lees a good 
the ln la l  equ i l i b r i u i n .  The in ic rosco lw is I>uili for 
two opera t ion  inodcs, reflecl ion ali¢t I ral isinissioi l .  
The i lnages are recorded il l bo i l i  ca~es IlSili~ all 
in lage- i i i tons i f ied (.'(]11) cal i iera sysle l l l .  Il l i lie fu- 
l l l re,  i l ie  I ral iSi l i issiol i  l l iOde sll(>uld alhav lit, ' ~.>l>- 
~.,rvation of  ind iv i , lua i  vorl ices. 

l lere, we COllCeiilrale oi1 l l ie tirsi td~el'\'ali¢)liS 
l>erforl l led Oll a l)yB;t._,( ' l ia()._,, ( i ) v l~ ( ' ( ) )  .-il,~>l,' 
crvslal  il l i'~,fl~wlioil IliCld<'. II i~ i i l l l , t f l a l i l  I,, !i<,l,, 
l i la t  the well  characler ized [7] l )y  l i c e  ~iil~l,' crv.,,- 
l al lised in lhe  exper in ie l i lS was irra<lial,.,l ,~ill~ 
lead iOliS al id lielice had a very l i igh cr i t ical Cllr- 
rel l t  dens i ly  jc and al~o a very MrOllgj l i i l i l i i l t~.  
The fi',s 1 (a) Io (e) show [ l l lx  <tisirit>liii~:>ii~ ;li 

2 ' ) "  " 

three di f ferei i l  ie in lwrai~ires.  "l'h~' salill;l~' w:l.', il~ 
every case zero-field ('o(>1~'~1 1o l li~' ('l!~)(~s,,li 1,. I '1- 

rcscrvcd. 
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I"ig~r,' l. t'Yu,r .slruetur('s (,bt<~ined on a D y B C O  single crystal at T = 4 .2  K (a), 20 h" (b) and  .~0 K (c) and a ,  
~.rlt r , a l  m~t:inclic fit'ld of  I "!'. Thc flux is itnaffed as bright domains,  the Meissncr  area st(tys dark. The shape 
,,.f lit, d~s( 'o, t i , t t ihj  lines is :liven in the upper right corner of  (b). In (c),  there are three spots (labeled S) of  
m o l t , ,  l)yl,¢('O on top (tf the crystal  surf:ice, and a l ine (1) is running along the crystal. (d): Lower  left corner of  
the err/sial: .for ma:t ,c t ic  histom./ scc tilt' to.el. Tlu so-called amlihi lat ion zone is hlbded ":tz"; the place thcre the 
r~valr~,chc occurs is labchd "'.,Iv". 

i>,'ratllr,' [7"= 1.2 I,~ (a).  20 K ( b ) a n d  30 K (c)], 
alibi slll)s('~lll('llll,, a IM(I of 1 T was appli(,d at a 
rai~, ()f 1(I Iil'l'/:s. All iiilagcs wer(, 1 al,:('n af ter  ('ool- 
iil t~ (towll ill ti,'l(I Io " I '=  .1.2 K. 'l'lle validity o f l l i i s  
p rocedure  was ensured in Ref. [8]. Figure 1 ( b ) e x -  
hil)ils t ll(" charac ter i s t ic  Inagne to -op t i ca l  p a t t e r n  
~ssociaI (,~1 wit h the l)rese:nc( " of so-called disconl i- 
nui ly  lines [9] which is ind ica ted  schemat ica l ly  in 
Ill(' insei .  In fig. 1 to) we reach a pract ical ly  fillly 
t )enei l 'aled slate ;it 1 'I'. Tll(" d isco i i t inu i l y  li l ies 
of  i lie cui 'renl are sl i l l  l)resonl also in lh is  l inage. 
In tig. 1 (<1), we sliow lhe lower left corner o t ' l h c  
('rv.,.;l/l] aft~'r al) l ) ly i i lg a fh' ld o f  1 T at 7" = 50 
1'~, c()cJling <iOWll It).1.2 I( ail(l l'('vorsillg 111o ih'l<l. 
l 'h( '  al i l i i l l i la i ion  ZOllP separa l ing  lhe doi i la i l is  ()f 
fllix wilil ()1)t)osile 1)oiarily [10] are clearly visit,h'  
(lal)('h'(l Az) . .qw( ' ( ' p ing  ill(' fiel(l al a ral(, ,:)f 1() 
i l l ' l ' /s  I,':~<ls i~) i l l , '  ()c('llreliC,' ()f f lux ;A\alalicla('b 
(laliele<l Av) .  ' I l le left side o f  fig. 1 (d) ,;hows t i le 
Sall iplc I)of()l'~, ~lI1 ;tvalalichc, and ti le l ' ighl sill(, af- 
l c r  i l .  "l'he lilli~' in terval  l)ci,,vee~i I>oih [l 'alli~,s is 
1(I IllS; l li~' avalanclie r( 'gion has a di;-li l ieler o[  20 
/~lil. 

In conclus ion ,  we have shoWll first l i iagneto-  
opt ic o i ) serva t ions  of flux llsing a newly design,,~d 
setup.  T h i s  work is par t  of  the  research pro- 
grail! 0[" lh(" $1 ichl iIlg voor Fu lHa lnen ie ( ' l  On(h'r-  
zoek der M a t e r i e  (FOM) ,  which is f inancial ly  sup-  
por ted  I)y N W O .  
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