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Abstract

We report on measurements of the magnetic moment in superconducting MgB, single crystals by SQUID
magnetometry. Neutron irradiation is employed to modify the defect structure. We show that both the reversible as well
as the irreversible properties are significantly affected by irradiation. The upper critical field and the irreversibility line
are strongly enhanced for H,||c and the critical current density shows a very pronounced fishtail.
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1. Introduction

Measurements of the magnetic properties in super-
conducting MgB, single crystals and the assessment of
the temperature dependence of most fundamental mixed
state parameters by different evaluation methods were
reported recently [1]. For H,||c (applied field parallel to
uniaxial crystal axis) u,HS (0) = 3.2 T, uyHS (0) =2 63 mT,
UoH:(0) =2 0.28 T, A4(0) = 82 nm, &,, = 10 nm and ¢ =
4.7 at T, were found. The anisotropy y = H% /HS = A/
/. shows a significant temperature dependence and varies
from about 1 near T, to almost 4.6 at 0 K. It was con-
cluded that MgB, was a rather low—=« type II super-
conductors in the clean limit with an intermediate
electron phonon coupling strength, but very large an-
isotropy. In this paper we report on new results including
effects of neutron irradiation.

2. Neutron irradiation

Neutron irradiation took place in the TRIGA reactor
in Vienna [2] to a fast neutron (£ > 0.1 MeV) fluence of
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1 x 102 m~2. The neutron induced defects in MgB, are
not very well known so far, but some aspects were dis-
cussed recently [3]. In brief, the most prominent reaction
is the neutron capture by '°B atoms leading to 7Li and
“He reaction products. The cross section is very large for
thermal neutrons and would destroy most of the crystal
structure at the surface. Therefore, these neutrons were
removed by a cadmium shield. Still, the mean free path
of the remaining neutrons is not very long, but the small
thickness of the crystal (a x b x ¢ 22 660 x 570 x 21 um?)
ensures the presence of neutron induced defects in the
whole sample volume.

3. Results and discussion

After neutron irradiation, the crystal was measured
again by SQUID magnetometry as described in Ref. [1]
and references therein. The transition temperature de-
creased from about 38 to 34.1 K (by ~10%), and the
transition width (~0.7 K) remained small, indicating a
rather uniform defect structure.

Fig. 1 shows the upper critical field (HS,)—obtained
from the m(T) curves—for H,||c before and after irra-
diation. We find a strong enhancement of u,H., upon
irradiation from 3.2 to 6.8 T at 0 K. Differently from the
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Fig. 1. Upper critical field and irreversibility line of MgB, for
H,||c before (as-grown) and after neutron irradiation (irrad.).

as-grown crystal, we find a positive curvature of H.,(7T)
near T, which could be caused by an inhomogeneous
defect distribution. Apart from this, both curves exhibit
a typical BCS behavior. Corresponding to H,, the
Ginzburg-Landau coherence length ¢ (pyHeo = ¢y/
[27&%]) decreases from 10 to about 7 nm at 0 K.

Fig. 1 also shows the enormous shift of the irre-
versibility line (obtained from field cooled and zero field
cooled m(T) curves) due to the irradiation. While such a
behavior is highly desirable for future applications, it
makes an evaluation of the magnetic penetration depth
from the magnetisation curves—as done in [1]—impos-
sible.

Fig. 2 compares the critical current density (J;) in the
ab-planes (H,||c) before and after neutron irradiation at
several temperatures. J; is calculated from the hysteresis
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Fig. 2. Critical current density before (as-grown) and after ir-
radiation (irrad.) at the same reduced temperatures (7/7;). In-
set: J. vs. reduced field (B/B.,) after irradiation at 4.5, 10, 13.6,
20 and 27.2 K.

of m(H,) in increasing (m,) and decreasing (m_) fields
(m; = [my —m_]/2) employing the Bean model [4] for
rectangular samples, i.e. J.(B) = {m;(B)/Q} x {4/[b(1 —
b/3a)]}, B is numerically calculated from J.(H,). The
maximum in J.(7) before irradiation is about 1.4 x 10°
Am?. After irradiation, J; increases by a factor of about
2.5 in the remnant state, almost independently of the
temperature.

The fishtail effect (second peak) is a well-known
feature in high 7. superconductors, but rather uncom-
mon in low 7. materials [5], and reported here for the
first time for MgB,. It is very pronounced and extends
over almost the whole mixed state (see Fig. 2). The re-
sponsible mechanism is still under discussion, but it is
evident that the defect distribution plays an important
role. The fishtail is usually present in the as-grown state
of the high 7.’s, which is usually highly disordered, and
often disappears after neutron irradiation [5], whereas
the effect emerges in the MgB, single crystal, when de-
fects are introduced. Therefore, investigating the inter-
play of the neutron dose and the fishtail effect will
possibly provide us with new information about this
phenomenon. A first interesting result is shown in the
inset of Fig. 2, which demonstrates that the temperature
dependence of the peak position follows that of the
upper critical field. We find that this peak position
corresponds approximately to B, of the as-grown state.

In conclusion, we have shown that neutron irradia-
tion increases both the upper critical field and the irre-
versibility line in single crystalline MgB, for H,|c and
we have found a very pronounced and wide fishtail after
irradiation.
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