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Paramagnetic Meissner effect in Nb disks

Petru S. Fodor and L.E. Wenger

Further details of the zero-field-cooled-magnetization and field-cooled-magnetization results on
Nb disks exhibiting the paramagnetic Meissner effect (PME) are described. These studies
indicate that two well-defined temperatures can be associated with features in the magnetization

results.

The higher characteristic temperature Tu is correlated with appearance of the

paramagnetic moment and is strongly dependent upon the process used in forming the disk-
shaped geometry of these Nb samples. The lower temperature T, is associated with the
“Intrinsic coupling” of the interior Nb platelets. These latest results are shown to be consistent
with the flux compression model for the appearance of the PME.

INTRODUCTION

The paramagnetic Meissner effect (PME) is
characterized by a positive field-cooled
magnetization below the superconducting
transition temperature T. Although this
behavior has been suggested as a possible
manifestation of d-wave superconductivity in
the cuprates [1], our previously reported
observation of a PME on macroscopic Nb
disks [2] for fields normal to the disks
required an alternative explanation. One
suggestion was that the positive moment
arose from a compression of the magnetic
flux [3] into the sample due to
inhomogeneous cooling. In order to further
clarify the nature of the PME in these
macroscopic disks, additional details of our
magnetization results on 0.127-mm thick,
6.0-mm diameter Nb disks will be presented.

RESULTS

Figure 1 shows detailed zero-field-cooled
magnetization (ZFCM) and field-cooled
magnetization (FCM) data for field
orientations, both parallel and perpendicular
to the Nb disk. The dashed vertical lines

indicate the temperatures Tu and T, where
T. is the temperature that the positive
moment first appears and T, is the
temperature that the positive contribution
stops increasing in magnitude during cooling.
As reported previously [4], the FCM behavior
for the perpendicular orientation consists of
two contributions: a hysteretic behavior
arising from the flux trapping and
diamagnetic screening associated with a
typical type-II bulk superconducting sample,
and a nearly reversible behavior associated
with the PME which appears and disappears
at Tu. At low-fields, the abrupt appearance
of this positive moment upon cooling below
T. appears to be fairly spontaneous, similar
to the onset of global diamagnetic screening
currents in a homogeneous  bulk
superconductor rather than the viscous
nature exemplified by flux flow.

It is also evident that these temperatures
can be identified with certain characteristic
features in the ZFCM data. T, can be
associated with the temperature where the
diamagnetic response is a maximum and full
flux exclusion occurs, while Ty is the
temperature where - global diamagnetic
screening disappears during warming. Also
the two tier-like behaviors in the ZFCM
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Figure 1. ZFCM/H and FCM/H for H parallel
and perpendicular to the Nb disk.

results for both field directions would be
indicative of a “two-phase” material. Since
the demagnetization field effect is negligible
in the parallel orientation, the ZFCM
parallel-field results indicate nearly full flux
exclusion (95% of V/dw) for T<T, while less
than 5% of the disk contributes to the
diamagnetic response between Tp, and Tu.
However previous studies on abraded disks
indicate that full flux exclusion can approach
temperatures of 9.26 K, the superconducting
transition temperature of the individual Nb
platelets forming the disk. Thus we
speculate that the temperatures Tp and Tu
are related to the strength of the
superconducting coupling between the
platelets with T, being characteristic of the
intrinsic coupling between platelets that
arises from the cold-rolling process of the Nb
sheet and T, with the coupling of a smaller
number of platelets that results from the
cutting process of the disk itself. In fact, Tu
is found experimentally to vary from disk to
disk and is very dependent on the

cutting/punching process. Furthermore, the
observation that the ZFCM perpendicular to
the field only changes by about 20% for
temperatures above and below T, suggests
that the outer rim of the disk is the location
of the stronger coupling since the ZFCM
magnitude is essentially only dependent
upon the radius (< r?) and not the thickness
of the disk. Thus the disk can be thought to
be composed of micron-sized platelets with a
Te = 9.26 K that are cold-pressed together
with a granular coupling occurring at 9.06 K.
However during the cutting/punching of the
disk, the disk’s rim is compressed with
slightly greater pressure and a
correspondingly higher coupling temperature
Tu results. This two tier-like structure in the
ZFCM has been independently observed by
compressing another Nb disk with two
cylinders so that a rim of approximately 0.03-
mm in size has a greater coupling. Moreover
the abrupt changes in the linear M-vs-H
curves for this Nb disk in the temperature
range Ty<T<T, are consistent with M-vs-H
curves measured for a ring-like structure.

Thus, the formation of a positive moment
in these macroscopic Nb disks would be most
consistent with the flux compression model.
The magnetic flux would be trapped by the
outer disk region with a higher “transition”
temperature and then would be compressed
with decreasing temperature as the inner
regions become coupled. The relative small
magnitude of the positive moment as
compared to V/4x would indicate that the
compression occurs only within a small
distance from the disk’s edge.
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