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We have investigated the local low-energy excitations in CeRu4Sn6, a material discussed recently
in the framework of strongly correlated Weyl semimetals, by means of Ce M5 resonant inelastic x-ray
scattering (RIXS). The availability of both 2F 5

2
and 2F 7

2
excitations of the Ce 4f1 configuration

in the spectra allows for the determination of the crystal-electric field parameters that explain
quantitatively the temperature dependence and anisotropy of the magnetic susceptibility. The
absence of an azimuthal dependence in the spectra indicates that all crystal-electric field states are
close to being rotational symmetric. We show further that the non-negligible impact of the Ǎ0

6

parameter on the ground state of CeRu4Sn6 leads to a reduction of the magnetic moment due to
multiplet intermixing. The RIXS results are consistent with inelastic neutron scattering (INS) data
and are compared to the predictions from ab-initio based electronic structure calculations.

In several Ce compounds the localized 4f electrons hy-
bridize with the conduction electrons (cf -hybridization)
so that hybridization gaps can form and give rise
to Kondo insulating, semiconducting or semimetallic
ground states.1 These materials are presently the fo-
cus of interest due to the proposal that the combi-
nation of strong spin-orbit coupling, bands of oppo-
site parity (4f and 5d), plus the hybridization in-
duced gap should give rise to strongly correlated non-
trivial topological phases.2–6 CeRu4Sn6 is a tetragonal,
non-centrosymmetric (I 4̄2m) 7 compound. Its electri-
cal resistivity increases as temperature decreases which
has been attributed to the opening of a hybridization
gap of the order of 100 K.8–12 The absence of mag-
netic order down to 50 mK 13 and the non-integer va-
lence of 3.08 14,15 confirm the importance of strong cf -
hybridization. Recently, band structure calculations
in the LDA+Gutzwiller scheme have suggested that
CeRu4Sn6 is a correlated Weyl semimetal,16 a conjec-
ture that remains to be tested experimentally, especially
since the non-centrosymmetric crystal structure compli-
cates the prediction for gap openings after a band inver-
sion.

To understand the properties of CeRu4Sn6 and to as-
sess the reliability of the theoretical predictions we need
to know not only the ground state but also the low-energy
excitations of this system. The linear dichroism (LD)
in soft x-ray absorption (XAS) and the direction depen-
dence in non-resonant inelastic scattering (NIXS) have
shown that the crystal-electric field (CEF) ground state
symmetry must be the Γ6

14 in agreement with magne-

tization measurements.10 However, there is so far no in-
formation about the CEF level scheme, i.e. about the
energy splittings ∆E1 and ∆E2 and the mixing factor α
of the excited CEF states. The present resonant inelas-
tic x-ray scattering (RIXS) study aims at giving a full
description of the CEF level scheme of CeRu4Sn6.

In an ionic model the trivalent (4f1) configura-
tion of Ce is split by the effect of spin-orbit inter-
action (≈ 280 meV) in two multiplets, 2F 5

2
and 2F 7

2
,

with 6-fold (Jz =
{
− 5

2 ; ....; + 5
2

}
) and 8-fold degeneracy

(Jz =
{
− 7

2 ; ....; + 7
2

}
). This degeneracy is further reduced

by the interaction with the surrounding ions in the crys-
tal and can be modeled with an effective CEF potential,
written as a sum of (renormalized) spherical harmonics

Cmk =
√

4π
2k+1Y

m
k :

VCEF (r, θ,Φ) =

∞∑
k=0

k∑
m=−k

Amk r
kCmk (θ,Φ) .

The expectation values 〈rk〉 cannot be calculated ab-
initio and are usually included in the phenomenologi-
cal CEF parameters Ǎmk = Amk 〈rk〉 that must be de-
termined experimentally. Five independent parameters
Ǎ0

2, Ǎ0
4, Ǎ±44 , Ǎ0

6 and Ǎ±46 fully describe the CEF prob-
lem for a Ce3+ ion with tetragonal point symmetry as
in CeRu4Sn6. Non-zero Ǎ±44 and Ǎ±46 mix the Jz states
according to ∆Jz = 4, i.e. Jz =± 3

2 and ∓ 5
2 , and Jz =± 1

2

and∓ 7
2 , respectively. The intermixing of the two J mulit-

plets 2F 5
2

and 2F 7
2

is usually negligible and the impact
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