ARTICLE IN PRESS

Journal of Magnetism and Magnetic Materials 310 (2007) 709–711
www.elsevier.com/locate/jmmm

The microscopic magnetisation of the superconductor PuCoGa5
A. Hiessa,, A. Stunaulta, E. Colineaub, J. Rebizantb, F. Wastinb, N. Kernavanoisa,
G.J. McIntyrea, M.T. Fernandez-Diaza, E. Lelièvre-Bernaa, J.A. Paixãoc, G.H. Landerb
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Abstract
The intermetallic compound PuCoGa5 is a superconductor with a surprisingly high critical temperature of T sc ¼ 18 K in which the
superconductivity has been suggested to arise from magnetic ﬂuctuations. We investigated the microscopic magnetic properties by
polarised neutron diffraction on a single crystal of 242 PuCoGa5 . An induced moment is observed on both the Pu and the Co sites. The
total magnetisation is signiﬁcantly smaller than previously reported in agreement with recent magnetisation measurements. This result
challenges the currently discussed models for the superconductivity in this weakly magnetic compound.
r 2006 Elsevier B.V. All rights reserved.
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1. Introduction
PuCoGa5 is one of several isostructural compounds for
which superconductivity has been observed. It is a superconductor with a critical temperature of T sc ¼ 18 K and an
upper critical ﬁeld Bc2 estimated to exceed 70 T; both
parameters are records in this class of intermetallic strongly
correlated electron systems [1]. The superconductivity is
thought to be unconventional and carried by strongly
correlated electrons involving the 5f electrons of plutonium
[2]. No magnetic order has been observed in PuCoGa5
down to T ¼ 1 K, the lowest temperature measured. Those
measurements suggest that the bulk magnetic susceptibility
follows a modiﬁed Curie–Weiss behaviour in the normal
state with an effective moment meff ¼ 0:68 mB . The induced
magnetic moment at T ¼ 20 K has been proposed to
correspond to about m ¼ 0:006 mB per Tesla [1]. To
investigate the microscopic magnetic properties further
and possibly to shed light on the relevance of the
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magnetism for the superconductivity, we report here on
experiments using polarised neutron diffraction. This
experimental technique is sensitive to periodically arranged
magnetic moments only and is insensitive to any magnetic
contribution from random impurities or the sample mount.

2. Experimental
PuCoGa5 crystallises in the P4/mmm tetragonal crystal
structure. The neutron absorption cross section of the most
common isotope 239 Pu is too high for magnetic neutron
scattering experiments. The present experiments were
possible thanks to a crystal of sufﬁcient size (160 mg)
grown at JRC-ITU, Karlsruhe with the rare 242 Pu isotope.
It was grown from the melt using 242 PuSb instead of
metallic 239 Pu as starting material. For this reason the
crystals contain traces of Sb (o1%) and the superconducting transition temperature is slightly reduced to
about T ¼ 15 K. Bulk properties in the normal state such
as speciﬁc heat and magnetisation do not differ with
respect to crystals grown from metallic 239 Pu at ITU [3].
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Crystallographic parameters, as well as the relevant
corrections for absorption and extinction, were determined
at T ¼ 25 K by measuring about 600 nuclear reﬂections
with a wavelength of l ¼ 0:84 Å and about 1000 nuclear
reﬂections with a wavelength of l ¼ 0:43 Å using the hot
neutron diffractometer D9 at the Institut Laue Langevin
(ILL).
The polarised neutron scattering experiments were
performed at l ¼ 0:84 Å on the polarised neutron diffractometer D3, also at the ILL. The sample was mounted
inside a segmented vertical ﬁeld cryomagnet with the
ﬁeld of 10 T applied parallel to the b-axis. About 20
ﬂipping ratios R ¼ I þ =I  were measured at T ¼ 25 K [4].
From these the magnetic structure factors were extracted
using the crystallographic parameters from the D9 experiment. The magnetic structure factors are the Fourier
components of the magnetisation density. The magnetisation density map has been reconstructed by Fourier
inversion (Fig. 1). Induced magnetic moments are clearly
visible on both the Pu and the Co sites. The uncertainty due
to the experimental error and the limited number of
measured reﬂections corresponds to about two contour
lines.

Fig. 2. Induced magnetic moment per Tesla vs. temperature as deduced
from bulk magnetisation measurements on single crystals of PuCoGa5
with a magnetic ﬁeld m0 H ¼ 7 T. The sharp drop at low temperatures
marks the onset of superconductivity.

To get more quantitative information the data were
ﬁtted assuming moments on both sites and using the
conventional dipole form factors for Co and Pu. Those ﬁts
indicate an induced moment per Tesla of 0:0004ð0:0001Þ
and 0:0002ð0:0001Þ mB on the Pu and Co sites, respectively. Even considering the error bars, the total induced
moment does not exceed 0:001 mB per Tesla.

3. Discussion

Fig. 1. Magnetisation density of PuCoGa5 projected on the ac plane
reconstructed by Fourier inversion from the polarised neutron diffraction
data taken at T ¼ 25 K and an external magnetic ﬁeld m0 H ¼ 10 T.
Positive, zero and negative magnetisation density is indicated by the solid,
dotted and dashed contours, respectively; contour spacing 0:0005 mB =Å2 .

The polarised neutron diffraction experiments indicate
an induced moment signiﬁcantly lower than previously
reported [1], but they are consistent with recent bulk
magnetisation measurements (Fig. 2) on similar samples
[3]. In the latter measurements an induced moment of
about 0:0014 mB per Tesla was observed at T ¼ 25 K. The
agreement is quite reasonable considering that the bulk
measurements rely strongly on corrections for the sample
mount, and are sensitive to impurities, while the neutron
experiments are sensitive to the periodic arrangement of
the magnetic moment in the crystallographic lattice only.
We therefore conclude that the intrinsic magnetisation of
PuCoGa5 is lower than previously reported.
This result is difﬁcult to reconcile with ferromagnetic
(q ¼ 0) magnetic ﬂuctuations. As recent NMR experiments
[2] underline the presence of magnetic ﬂuctuations above
T sc inelastic neutron scattering experiments are now
underway to search for possible magnetic ﬂuctuations at
qa0 in this fascinating compound.
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