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Outline

Paramagnetic Meissner effect.
Arrays.

Bulk susceptibility.

Single-loop moded!.

Scanning SQUID measurements.
Single loop revisited.

Possible explanations.
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p-junctions in d-wave ceramics?
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Al - A.K.Geim et al. Nature 396 144 (1998)
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Proposed causes

* p-junctions

o Surface effects
 Random pinning
* Non-equilibrium



Bulk susceptibility
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Hext = h AC COS(a)t)
M(t) = hac Z[ym cos(mmt) + yim Sn(met)]
M 1(t) = hacly} cos(wt) + 1 Sin(wt)]
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(8) h,c=96 MOe, array.
(b) hyc= 7 mOe, array.
(¢) hyc=10 mOe, NDb film



Data, loops only
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Single-loop ssmulation
1 >< 2
X X

4 >< 3

Hext = h AC COS(a)t)

Oror = Dexr +LI
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M(t) = hac Zlym cos(mwt) + ym sin(mowt)]
M 1(t) = hacly} cos(wt) + x| sin(wt)]



Single-loop simulation
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5 mOe, loop.
29 mOe, loop.
69 mOe, |oop.

118 mOe, loop.




IIIIIJIII|I|IIII|IL|||IIIIII|I|IIIIMIII\|\I\IHM‘L!

0 ||\||\T|\II\IHI\I\IIIWIIIWIIIIIIIIII

[EEY
o
|

PARA

IR DIz 1!11_«((««««(«(««((««««(«««(«(«««0

«««‘««««e((«(«((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((((

=
o
L

PARA

e REmSEWEansaAREREESE




Susceptibility summary

Nb-AlOx-Nb arrays are paramagnetic
No p junctions

Little disorder

Single-loop: paramagnetic and
diamagnetic states

|s single-loop model enough?

C. Aulettaet al.; Physica C 235-240, 3315 (1994);
Phys. Rev. B 51, 12844 (1995).

F. M. Araujo-Moreiraet al., Phys. Rev. Lett. 78,
4625 (1997); P. Barbaraet al., Phys. Rev. B 60,
7489 (1999).



Unshunted Array
Nb - AIOx -Nb

30 x 100 junctions
_2pLl, _

b, 30

Sampleisfield cooled
Measured with field turned on



Paramagnetic Image of JJ Array
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Histogram of Flux Values for JJ Array

F oo =4-8F

external

125 A
100 -
/5 -
50 A

Count

25 -

-0.3 0.0 0.3

(F total” F external )/F 0



Diamagnetic
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Count

Histogram of Flux Valuesfor JJ Array

F externaI:1'2F 0
100
75
50
25
-0.3 0.0 0.3

(F total” F external )/F 0



(F tot F ext)/ F 0
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Four Junction Loop
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Single Loop Magnetization

B Paramagnetic
| Diamagnetic



ext

(F . F.J/F,

M vs. H

B Paramagnetic
" Diamagnetic

O Single Loop
¢ Array Data



Conclusions

Conventional Josephson junction arrays can
be paramagnetic

The 4-junction’loop can be paramagnetic

Arrays morelikely to be paramagnetic than
diamagnetic; single loop nearly equally
likely.

What are the differences with p-junction arrays?



