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Electron correlation effects in paramagnetic cobalt
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Metallic cobalt is a canonical ferromagnet with an
extremely high Curie temperature of 1418 K, which is
significantly larger than that in iron (1043 K) and nickel
(631 K). The experimental magnetic moment of ferro-
magnetic cobalt is also high (1.7 ug) and exceeded only
by iron (2.2 up) among all 3d metals.

At low temperatures, cobalt is ferromagnetic with
the hexagonal close packed (hep) lattice, which upon
heating to 720 K transforms into the face-centred cubic
(fcc) one. Further heating to 1418 K leads to a transi-
tion to the paramagnetic phase, which is stable up to a
melting point of 1770 K.

The electronic structure of cobalt has been theoret-
ically studied using density functional theory (DFT)
within local density and generalized gradient approxi-
mations. These studies addressed electronic, structural
and magnetic properties of both phases [1-6], but ne-
glected the dynamic electron correlations, which were
shown to be significant in other 3d metals [7-11]. More-
over, the DFT alone corresponds to zero temperature
and cannot be applied directly to the paramagnetic
state.

To obtain an accurate treatment of local many-body
effects at finite temperatures, the DF'T can be combined
with model approaches, such as the dynamical mean-
field theory (DMFT) [12]. This combination is called
DFT + DMFT [13] and can be applied to both magnet-
ically ordered and paramagnetic states at any ratio of
Hubbard parameter U to bandwidth.

In this paper, we study the influence of Coulomb cor-
relations on spectral and magnetic properties of param-
agnetic fcc cobalt by the DFT 4+ DMFT approach.

In contrast to the bcc iron, the obtained elec-
tronic self-energies exhibit a quasiparticle shape with
the quasiparticle mass enhancement factor m*/m ~ 1.8.
These value corresponds to a moderately correlated
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metal and is greater than those for chromium (1.17) [9],
nickel (1.25) [10], and vanadium (1.7) [11].

The calculated uniform magnetic susceptibility fol-
lows the Curie-Weiss law with the Curie-Weiss tem-
perature © = 1240 K, which is 13 % less than the exper-
imental Curie temperature of 1418 K.

To clarify the underlying cause of the Curie-Weiss
behaviour, we calculate the local magnetic susceptibil-
ity Xioc = 4ud f0ﬂ<SZ(T)SZ(O)>dT, where S, is the 2-
component of the local spin operator, 8 is the inverse
temperature, 7 is the imaginary time. The inverse of
Xloc also depends linearly on temperature. This find-
ing indicates that the Curie-~Weiss behaviour of uniform
magnetic susceptibility is caused by formation of local
magnetic moments.

To investigate the degree of magnetic moment lo-
calization, we examine the local spin-spin correlation
function Xspin(7) = (S:(7)S:(0)) and its real-frequency
counterpart Xspin(w). The latter is obtained by Fourier
transforming Xspin(7) to imaginary frequency and then
analytically continuing to real frequency w. In the top
panel of Fig. 1, we present the obtained Xpin(7) and the
real part of Xgpin(w) in comparison with those of para-
magnetic chromium [9], which is a canonical itinerant
antiferromagnet, and bce iron [14] known as a system
with well-defined local magnetic moments. One can see
that xspin(7) for cobalt has an instantaneous average
(S2) = 0.75, which is lower than iron’s value of 1.6 and
close to that of chromium. However, in contrast to Cr,
Xspin(7) for cobalt saturates to a finite value at 7 — /2,
indicating some localization of magnetic moments.

To obtain a more quantitative estimate of moments
localization, we consider the real part of xspin(w) shown
in the right panels of Fig. 1. Specifically, the half-width
of the peak in Re[xspin(w)] at its half-height is nearly
equal to the inverse lifetime of local magnetic mo-
ments [8]. The obtained results indicate that the life-
time of magnetic moments in cobalt is about 10 times
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Fig. 1. (Color online) Local spin-spin correlation functions
in the imaginary time 7 (left panels) and real frequency
w (right panels) domains calculated by DFT + DMFT
method for cobalt in comparison with those of paramag-
netic chromium [9] and bcc iron [14] (top panels). Bottom
panels: orbital-resolved spin-spin correlation functions for
cobalt

lower than in bec iron, but about 8 times larger than in
chromium.

To identify the dominant wave-vector of magnetic re-
sponse, we calculate the momentum dependence of the
static magnetic susceptibility. The obtained results re-
veal the dominance of ferromagnetic correlations.

To summarize, we have investigated the electronic
and magnetic properties of fcc cobalt by DFT + DMFT
approach. The computed uniform and local magnetic
susceptibilities follow the Curie-Weiss law, which has
been shown to occur due to the partial formation of local
magnetic moments. We found that the lifetime of these
moments in cobalt is significantly less than in bcc iron,
implying that the magnetism of cobalt is more itiner-
ant. Furthermore, contrary to previous reports for bec
iron [7], we have not observed substantial orbital se-
lectivity in cobalt. In particular, all obtained electronic
self-energies in cobalt exhibit a quasiparticle shape with
the quasiparticle mass enhancement factor m*/m ~ 1.8,
corresponding to moderately correlated metal. Analyz-

ing the momentum dependence of static magnetic sus-
ceptibility, we found a strong tendency to ferromagnetic
ordering.
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