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The N6 7 emission spectra of Ir, Pt, and Au in the compounds UIr3, UPt3, and UAu3 have been calculat-

ed. These calculations were performed with use of the fully relativistic self-consistent linear muffin-tin or-
bital (LMTO) band results for the densities of states and the LMTO potentials to calculate the radial transi-
tion probabilities and emission spectra. -An induced Pt d character at EF that is just above the main part of
the Pt Sd band and is due to U Sf-Pt Sd hybridization is found and shows up as a shoulder on the high-

energy tail of the N6 7 spectra in this system. The calculations lead to different spectra in each material re-

flecting the difference in the Sd states in each material due to changes in the position and strength of hy-

bridization to the U Sf band. Because the induced Pt d electronic structure occurs only through hybridiza-
tion with itinerant U Sf electrons and is absent for localized U Sf electrons, an experimental check of these
results for UPt3 is important.

INTRODUCTION

There is much interest in the electronic structure of
heavy-fermion systems. ' One of the more unusual heavy-
fermion systems is UPt3, which shows both superconductivi-
ty and spin fluctuations. Evidence for spin-fluctuation
behavior is a T lnT term in the low-temperature specific
heat, a feature which disappears around O.S K when the
resistivity goes to zero. Because both superconductivity and
spin fluctuations occur, the possibility of p-wave or triplet-
pairing superconductivity has beeri suggested' for these
systems.

This possibility of a new class of superconductors has led
to many experimental and theoretical studies of this system.
Because of the strong electron-electron correlations in this
system, it appears that most of the physical properties at low
temperature are dominated by the electronic structure.
Band-structure calculations have been performed to deter-
mine this electronic structure. In addition, there have
been many experimental probes of this electronic structure.

The band-structure calculations show a narrow U Sf band
near the Fermi energy (EF) with a bandwidth broader than
that suggested by some experimental results, ' but narrower
than that seen in others, ' that is generated by the U f—Pt p
hybridization. The Pt d band, which is not filled in Pt met-
al, becomes filled by charge transfer and hybridization with
the U. A hybridization gap is created between the Pt Sd
states (below EF) and the U 6d states (above E~). Howev-
er, the U Sf Pt Sd hybridization —induces Pt Sd states into
this gap at Eq. It has been suggested that it is these states
that are superconducting. '

One experimental probe that may be able to see these in-
duced Pt Sd states is the N6 7 soft-x-ray emission spectra (Pt
Sds/2 3/2 electrons decaying into Pt 4f7/2 5/2 core holes and
emitting an x ray). For that reason. we have calculated this
emission spectrum. In order to have comparison spectra,
we have also calculated the soft-x-ray spectra of UIr3 and
UAu3. This set of compounds has EF moving across the top
of the Sd band. For in UIr3 the Ir site has one less Sd elec-
tron, and so one would not expect the Ir Sd band to be
filled. Hence, the U Sf band, which is pinned to E~ by
Coulombic energy considerations, sits at the top of the Pt Sd
band and is greatly broadened by very strong hybridization
compared to its width in UPt3 and UAu3. The other ex-
treme is UAu3, where one would expect a completely filled
Sd band (for the metal) well below EF and a Au Sd—U 6d
hybridization gap to appear near EF (but not at the same po-
sition as in UPt3). UPt3 is a borderline case where the filled
Pt Sd band appears to be just barely below the U Sf band
and EF.

METHOD

The N6 7 spectra of the pure Au and Pt metals have been
calculated previously using a fully relativistic approach. "'
These results were in excellent agreement with the experi-
mental results for these metals. ' In addition, the N6 7 emis-
sion spectra have been calculated for the Au„Pt~ „alloys. '

Allowing only electron dipole transitions, the intensity for
emission is given by
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FIG. 2. Theoretical W6 7 spectra for Pt in UPt3 The spectra cor-
respond to three different Lorentzian broadenings. The dotted
curve has a broadening of 0.25 eV, the short-dash-long-dash curve
has 0.50-eV broadening, and the full curve corresponds to 0.75-eV
broadening.
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for the respective compounds. For either d-DOS functions,
one observes a normal d-band DOS with two additional
peaks on the high-energy side of the plots. These additional
peaks are at exactly the same positions as the U Sf5~2 and U
Sf7/2 bands for each compound. As shown in Ref. S if one
does a band-structure calculation with the U Sf electrons
forced into the core as localized electrons and the band
structure is only allowed to contain s-p-d angular momen-
tum components, these additional two peaks in the
transition-metal DOS are removed. Hence, this additional
high-energy two-peak structure is induced by hybridization
with itinerant U Sf electrons.

In UIr3, the U Sf band is located at the top of the Ir d
band. The strong hybridization induces a low-energy tail in
the U f-projected DOS function. Most of occupied part of
the U f electrons are in this low-energy tail and hence the
two large peaks in the U fDOS are mainly above EF, unlike
UPt3 and UAu3. Hence, the Ir N6 7 spectrum misses the in-
duced and unoccupied Ir d structure due to these peaks and
has a rather smooth high-energy tail.

In UPt3, the U Sf band sits adjacent to but above the Pt d
band greatly reducing the hybridization. The U Sf low-
energy tail is smaller and most of the U f DOS are in the
lower part of the 5 F2 peak. The induced Pt d DOS reflects
this peak and shows up as a shoulder in the Pt N6 7 spectra.
For UAu3 the d band has dropped well belo~ EF and the in-
duced Au d character shows up as a well-separated peak in
the Au N6 7 spectra.

In all the transition-metal d bands shown, the d5y2 project-
ed DOS is greatly enhanced over the F2 projected DOS in
the region of the U f bands near EF. This is because the
15' band is closer in energy to the U f bands and hybridizes
more strongly with them. It is unfortunate that the high-
energy side of d5y2 DOS is in the N7 spectra and completely
masked by the low-energy part of the N6 spectra, since the
induced platinum d DOS leads to a much larger feature in
the N7 spectra.

CONCLUSIONS

Although we have focused on the high-energy tail of the
N6 7 spectra, since this gives some information about the Pt
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Sd DOS which is induced by the U 5f itinerant states near
the Fermi. energy, it would also be of interest to have the
experimental N6 7 spectra for these materials for the overall
placement of the 5d states. Since the difference in hybridi-
zation of these Sd states with the Sf states (in the different
systems) is what may determine the electronic structure, the
agreement between theory and experiment on the overall Sd
electronic structure may be as important as the fine details
near EF. It is hoped the N6 7 spectra will be obtained exper-
imentally in some or all of these systems soon.
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FIG. 3. The 513~2 (dotted) and S15gz (solid) DOS functions in
(a) UIr3, (b) UPt3, and (c) UAu3, The zero of energy is at EF in
each material.
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