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Report:

The five known uranium heavy fermion superconductors (HFS) and their solid solutions are fasci-
nating compounds [I]. A prominent puzzle is the homogeneous coexistence in most of these compounds
of superconductivity and antiferromagnetic ordering believed to arise from the same set of 5f electrons.
The Nkd temperature is about an order of magnitude larger than the superconductivity temperature.
Although an impressive number of experimental techniques have been used to study the HFS, the
electronic ground state of the uranium atoms is still debated. Useful characteristics of the ground state
are its orbital and spin magnetic moments. Whereas polarized neutron scattering experiments have
measured the 5f magnetic moment of uranium in UPd,Al;[2], there is no published equivalent study
for URu,Si;. For UPdyAls it has been found that the 5f uranium magnetic moment w5 measured
under afield 5 T at 36 K is substantia : pse = 0.16 pg. The ratio of the orbital to the spin moment
is= -2. A rough estimate of the uranium magnetic moment generated at 50 K by a field of 5 T on
URu,Siz gives use = 0.08 pg. The contribution of the orbital and spin moments is unknown.

With the advent of the X-ray dichroism techniques and the recently discovered sum rules, it is
now possible to characterize the ground state of atoms embeded in a matrix. In particular, the X-ray
Magnetic Circular Dichroism (XMCD) technique alows to measure the orbital and eventually the spin
moment of the 5f orbital. Recently these measurements have been successfully done on USbg sTeq s[3]
and UFe; [4]. In agreement with the results of polarized neutron scattering experiments, the orbital
and spin moments in UFe, were found antiparallel and of about the same magnitude.

We have performed XMCD measurements on single crystals of UPd;Al; and URu;3i,. Since these
compounds are antiferromagnets at low temperature, the measurements at the Mpv,v edges were done
in the paramagnetic state at a temperature and field direction for which the magnetic susceptibility is
maximum. We used a magnetic field of 5 T. Note that it is the first time that XMCD measurements
are performed in the paramagnetic state of uranium compounds.



In Fig. 1 we present the fluorescence spectra and the dichroic asymmetry for the two uranium
edges in UPdsAls. In Fig. 2 the same quantities are presented for URu,Sis.

In order to extract the value of the orbital moment from the fluorescence spectra, the X-ray ab-
sorption spectra at the M1y v edges are needed [3,4]. They are going to be recorded at LURE.

This report shows that XMCD measurements can be performed in the paramagnetic phase of
antiferromagnets. The compounds do not have to exhibit large magnetic moments. This work opens
up new possibilities for XMCD.
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Figure 1 : Fluorescence spectra and dichroic asymmetry spectrum AT (Al = I, — I_) measured at
the Myyv,v edges of uranium in UPd;Aly. The intensity of the field was 5 T and the temperature 35 K.
The index -} (—) specifies that the field is parallel {antiparallel) to the X-ray helicity.

; T T T T T e e S
20F . b i .
- URu,Si, T=50K | - URu,Si, T=50K 1
s C UM,y Bo=5T L5- umy Bou=5T ]
= o 10 - Fluorescence |
= Lo Fluorescence ] = L
r ] 05 ]
0.5 N Difference 1 C Difference ]
[ % (~100) 1 C X (-100)
0.0 r MMWAVWWWN n 0.0 C 7]
| i | L ] L 1 L | | " i L { L 1
3520 3540 3560 3580 3700 3720 3740 3760 3780

Energy (eV)

Energy (eV)

Figures 2 : Same caption as for Fig. 2 but for URu,Si;. The data were recorded at 50 K.



