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We report on a comprehensive de Haas–van Alphen (dHvA) study of the iron pnictide LaFe2P2. Our
extensive density-functional band-structure calculations can well explain the measured angular-dependent dHvA
frequencies. As salient feature, we observe only one quasi-two-dimensional Fermi-surface sheet; i.e., a hole-like
Fermi-surface cylinder around �, essential for s± pairing, is missing. In spite of considerable mass enhancements
due to many-body effects, LaFe2P2 shows no superconductivity. This is likely caused by the absence of any
nesting between electron and hole bands.

DOI: 10.1103/PhysRevB.89.220505 PACS number(s): 71.18.+y, 71.27.+a, 74.25.Jb

The very unique Fermi-surface topology of many iron-
pnictide superconductors stimulated a number of theories on
the nature of the pairing interactions in these materials. The
degree of nesting between quasi-two-dimensional hole and
electron bands is especially regarded as a key ingredient for a
possible extended s-wave pairing mechanism [1–4]. Besides
such intriguing topological nesting aspects of the Fermi
surface, other scenarios start from a more localized picture
to explain, e.g., antiferromagnetism [5]. A dual description
of both itinerant and localized degrees of freedom of the
Fe d electrons is also considered [6,7]. In the latter cases, strong
electronic correlations are expected that lead to concomitant
renormalized effective masses.

The precise knowledge of the electronic structure and
many-body interactions, therefore, is a prerequisite for testing
the above scenarios. The Fermi surface and band-resolved
mass enhancement of metals can ideally be investigated by
quantum-oscillation studies in combination with state-of-the-
art band-structure calculations [8]. Indeed, such kinds of
investigations have been reported for a number of iron pnic-
tides, including several members of the 122 family XFe2As2

(X = Ba, Sr, Ca) [9–11] (see Refs. [12,13] for recent reviews).
Important results on the topology of the Fermi surfaces and
many-body mass enhancements have been obtained already,
but more information is needed for gaining a coherent picture
on the band-structure properties relevant for superconductivity
in these materials.

Here, we report on a detailed de Haas–van Alphen (dHvA)
study combined with band-structure calculations of the 122
iron phosphide LaFe2P2. Replacing in CaFe2As2 the divalent
Ca by trivalent rare earths of similar size leads, in the case of
La-doped CaFe2As2, to superconducting transition tempera-
tures up to about 47 K and a concomitant rearrangement of the
electronic structure which could be driven by the interlayer
As-As p-orbital separation [14]. LaFe2P2, however, is a

*Current address: Laboratory for Developments and Methods, Paul
Scherrer Institute, CH-5232 Villigen, Switzerland.

nonsuperconducting analog of the iron-arsenide superconduc-
tors of the 122 family. LaFe2P2 is a Pauli-paramagnetic metal
with trivalent nonmagnetic rare-earth La atoms [15] showing
no signs of any magnetic or superconducting order down to
20 mK. The electronic structure, though anisotropic, is rather
three dimensional and characterized by a strongly corrugated
quasi-two-dimensional electron Fermi-surface sheet, as well
as a donut-shaped, and a strongly branched Fermi surface.
Band-structure calculations describe well the experimentally
determined dHvA frequencies.

High-quality single crystals of LaFe2P2 were grown from
excess Sn flux [16]. The sample used for our experiments
has dimensions of 0.15 × 0.1 × 0.05 mm3. We measured
dHvA oscillations by use of capacitive cantilever torque
magnetometers, that could be rotated in situ around one axis.
The torque, �τ = �M × �B, results from the interaction between
the nonuniform magnetization �M of the sample with the
applied magnetic field �B. The measurements were performed
both at the Dresden High Magnetic Field Laboratory (HLD)
using a superconducting 20-T magnet and at the Grenoble
High Magnetic Field Laboratory (LNCMI-Grenoble) using a
resistive water-cooled magnet reaching 34 T. The cantilevers
were mounted in both places directly in the 3He/4He mixtures
of top-loading dilution refrigerators placed inside the magnets.

Since the resulting Fermi-surface topology is very sensitive
to details of the chosen approximations [17], we used two
different methods to calculate the electronic band structure.
Indeed, as seen below, both methods give somewhat different
dHvA frequencies, although the main features of the Fermi-
surface topology are nicely reproduced in both calculations.
Using these two different methods allowed us to get a better
insight in the reliability and the error bars of the extracted
extremal orbits. First, we applied the full-potential local-orbital
(FPLO) code [18] on a 24 × 24 × 24 k mesh. Exchange and
correlation potentials were estimated using the local density
approximation (LDA) [19]. Very similar results were obtained
when using the generalized gradient approximation (GGA)
[20]. For these calculations, we used the structural data of
Ref. [16], but we allowed the P atoms to relax their z position
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[21]. Since it is known that in LDA 4f states tend to shift too
close to the Fermi energy [22], in a next step we forced the La
4f states away from the Fermi energy by adding the Coulomb
correlation energy, expressed by U [23]. This LDA + U
formalism led only to minor changes in the band structure.

Further, the band structure was calculated through density
functional theory using the ABINIT code [24] with the projector-
augmented wave formalism using the GGA [20]. The wave
functions were calculated on a 16 × 16 × 16 k-point grid in
the first Brillouin zone using a plane-wave basis up to an
energy cutoff of 40 Ha (1088 eV). Here, the P atom positions
were relaxed as well. We used the experimentally determined
distance between the FeP planes in our calculations.

In our sample, we were able to resolve dHvA oscillations
starting at about 10 T on top of smoothly varying background
torque signals. We observed dHvA oscillations for all orienta-
tions of the applied magnetic field. Seven independent dHvA
frequencies could be resolved over the whole angular range. In
earlier measurements, only three frequencies occurring over
a restricted angular range were reported for LaFe2P2 [25].
Typical examples of background-subtracted (using fourth-
order polynomials) dHvA torque signals are shown in the main
panel of Fig. 1. For this field orientation—the magnetic field
was rotated by about 9◦ from the c towards the a axis—data
up to 18 T taken at the HLD in Dresden and from 20 up to
34 T obtained in Grenoble are available [26]. A beating of
the oscillating signal is evident which reflects the existence of
two slightly different dHvA frequencies. This is quantified by
the Fourier transformations of the signals. For the low-field
data [Fig. 1(a)], only the two beating frequencies at Fα1 =
2640(30) T and Fα2 = 3120(30) T could be resolved, while
in the high-field data [Fig. 1(b)], two additional dHvA orbits
appear, with frequencies Fγ4 ≈ 370 T and Fγ1 = 9320(30) T,

FIG. 1. (Color online) The main panel shows the background-
subtracted torque signal obtained at about 30 mK in a superconducting
magnet from 14 to 18 T at the HLD and in a resistive magnet between
20 and 34 T at the LNCMI-Grenoble. The fields were aligned by
about 9◦ from the c towards the a axis. The inset (a) shows the
Fourier transformation of the HLD data, the inset (b) that of the
Grenoble data.

FIG. 2. (Color online) (a) Angular dependence of the dHvA
frequencies. Closed (open) symbols are experimental values obtained
at the HLD (LNCMI-Grenoble), while solid lines correspond to the
calculated extremal Fermi-surface orbits using the ABINIT code. The
α orbits come from the electron-like cylinder at X, the γ orbits from
the donut, and the β orbit from the multibranched Fermi surface
(Fig. 3) (see main text for details). The dashed curve shows a
1/ cos(�) dependence expected for a cylindrical Fermi surface. (b) 3D
plot of the Fourier spectra obtained for the field window between 14
and 18 T. The α1 and α2 orbits merge at the Yamaji angle of about
25◦ where the dHvA amplitude peaks clearly.

besides the harmonics of Fα1 and Fα2 . The experimentally
observed dHvA frequencies as a function of the angles �010

(rotation from c to a) and �001 (in-plane rotation) are shown in
Fig. 2(a) together with data obtained from the band structure
calculated using the ABINIT code.

From the seven independent dHvA frequencies, some
could only be observed at the higher magnetic fields available
in Grenoble [open symbols in Fig. 2(a)]. Dominant are the
dHvA signals labeled α1 and α2 (Fig. 1) [27]. The average of
these frequencies follows a 1/ cos(�) dependence [dashed line
in Fig. 2(a)] indicative of a corrugated quasi-two-dimensional
Fermi surface. Such a warped Fermi-surface cylinder leads
to a peculiar well-defined angular dependence of the dHvA
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FIG. 3. (Color online) Fermi surface of LaFe2P2 calculated using
the ABINIT code (left) and the FPLO code applying the LDA + U
approach (right). The upper Fermi-surface sheet is hole-like, the other
two electron-like. Solid lines mark extremal orbits.

frequencies and amplitudes. At the so-called Yamaji angle
[28], the point at which the two dHvA frequencies merge, at
about 25◦, a strong enhancement of the dHvA amplitude is
expected, since effectively the extremal Fermi-surface area
along the applied-field direction stays constant—as for an
ideally two-dimensional metal—meaning that all electrons
on that Fermi-surface sheet contribute to the dHvA signal.
This, indeed, fits nicely with the experimental observation as
shown in Fig. 2(b).

In order to assign the observed dHvA frequencies to
extremal Fermi-surface orbits, we performed comprehensive
band-structure calculations, as described above. Using the
FPLO code (applying the LDA + U approach to the La 4f

states) the resulting Fermi surfaces together with the most
prominent extremal orbits for fields along [001] are shown in
the right part of Fig. 3. We obtain a very similar Fermi-surface
topology when using the ABINIT code, shown in the left part
of Fig. 3. Our calculated Fermi surface more or less agrees
with the recently published one in Ref. [29], but shows some
significant differences to the one reported in Ref. [25].

From the angular dependence of the extremal orbits the
dHvA frequencies were calculated. The result using the ABINIT

code is shown by solid lines in Fig. 2(a). As a robust feature
in all our band-structure calculations, we find a strongly
corrugated cylinder at the Brillouin-zone corner, i.e., at the
X point (lower row in Fig. 3). Such a cylinder is well known
for the iron pnictides. There is, however, no hole-like cylinder
at the zone center �. Therefore, the usually realized, at least
partial, nesting between a cylinder at � and one at X is
absent—and the electron pairing, essential to the s± model
[1–4], is not possible. Instead of a cylinder, a donut-shaped
hole-like Fermi surface appears near Z and a complicated
“monster” fills more or less the whole Brillouin zone.

Although mainly minor, some differences in the
Fermi-surface topologies are found when using the ABINIT or
FPLO code. With the former, the hole of the donut is somewhat
larger, fitting perfectly to the experimental data [γ4 orbit in
Fig. 2(a)]. On the other hand, the α orbits of the cylinder at

X calculated using FPLO are about 7 % smaller than in the
ABINIT code and fit the data better. It is worth noting that the
area of the cylinder depends strongly on the distance between
the FeP planes which would explain the slightly enhanced
theoretical dHvA frequencies. Anyway, the agreement
between experiment and our band-structure calculations is
very good [Fig. 2(a)]. For the cylinder at X, the calculations
predict crossings of the α1 and α2 orbits exactly at the
experimentally observed angles. Close to [001], we observe
dHvA signals near 10 kT that can be assigned to the γ1 orbit
of the donut. The dHvA frequencies which are appearing at
about 3000 T for a �010 above 50◦ can be assigned as well
to the γ3 donut as to an orbit of the multi-branched β surface
(this β orbit is not visible in the visualization shown in Fig. 3).
For �010 between about 49◦ and 83◦ (Fig. 2), we could
resolve the β3 orbit of the multibranched Fermi surface which
is nicely in line with the calculations. Some of the predicted
β orbits appearing over narrow angular ranges [gray lines in
Fig. 2(a)] have not been observed experimentally.

For comparison, we also performed band-structure cal-
culations for LaFe2As2 and BaFe2P2. In the first case, the
Fermi surface is almost unchanged which indicates that the �

hole-like cylinder is destroyed by replacing Ba with La and
not by the substitution of As by P. Our results for BaFe2P2

are in agreement with those found in the literature [30] with
a hole-like cylinder in the zone center. In Fig. 4, we show
the band-structure dispersions for BaFe2P2 (left) and LaFe2P2

(right). The bands crossing the Fermi energy are highlighted by
bold colored lines corresponding to the coloring of the Fermi
surfaces in Fig. 3. The overall dispersions of these bands is
similar for both compounds. Although there are some clear
differences in the dispersions of the bands, the major effect is
an upward shift of the Fermi energy in LaFe2P2. This can be
easily explained by the presence of the trivalent La adding an
additional electron to the Fermi sea, filling up the bands to a
higher level. As a second effect for a change of the Fermi
surface, we observe a surprisingly strong hybridization of

BaFe2P2
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FIG. 4. (Color online) Band structure of BaFe2P2 (left) and
LaFe2P2 (right) calculated using the FPLO code. The Fermi energy
in the right panel is shifted by about 0.3 eV visualizing the additional
band filling caused by the trivalent La ions. The inset shows the
Brillouin zone with symmetry points.

220505-3



RAPID COMMUNICATIONS

S. BLACKBURN et al. PHYSICAL REVIEW B 89, 220505(R) (2014)

TABLE I. Comparison between the calculated (using the FPLO

code) and measured dHvA frequencies and effective masses for
different bands and field orientations in LaFe2P2.

measured calculated

�010 orbit F (T) m/me F (T) mb/me

0◦ α1 2570 1.5(1) 2730 0.68
0◦ α2 3110 1.7(1) 3350 0.70
75◦ γ3 2880 3.1(1) 3100 0.98
75◦ β3 6510 3.6(2) 6110 1.53

the La 5d electrons with the Fe 3d and the P 3p states. In
contrast, Ba states essentially do not contribute to the states
near the Fermi level in BaFe2P2. In consequence, the hole-like
cylinders around � in BaFe2P2 originating in the red and
magenta bands disappear in LaFe2P2 (Fig. 4). In addition, only
one electron-like cylinder around X remains for LaFe2P2.

From the temperature dependence of the dHvA oscillation
amplitudes we determined the effective masses, as summarized
in Table I. We find substantially smaller masses for the α

orbits than reported previously [25]. Anyhow, when comparing
with the calculated masses (using the FPLO code) [31], our
experimental results show that there exist considerable mass
renormalizations for all bands. These enhanced values are in
agreement with the strong correlations expected in the model
where a Kondo-like exchange mechanism is used to describe
the dual nature of the iron d electrons, being at the same time
localized and itinerant [6,7].

When extracting the mass-enhancement factors, λ =
m/mb − 1, from the calculated, mb, and measured, m, masses,

we obtain values for λ between 1.2 and 2.2 for the different
bands. For other 122 materials such strong many-body cor-
relations are sufficient for superconductivity to occur [12].
This strongly suggests that the absence of the hole-like
cylinder around � indeed prevents the material from becoming
a superconductor. Our results indicate that both sufficient
nesting and strong many-body interactions are needed for
the appearance of superconductivity, most probably of the
extended s-wave type. However, more detailed models are
needed to elucidate which mass renormalization correlates
with the pairing potential.

In conclusion, our dHvA data combined with band-
structure calculations allowed to reveal a detailed picture
of the Fermi-surface topology of LaFe2P2. Compared to
other 122 pnictides, the electron-like Fermi-surface cylinder
in the Brillouin-zone corner persists, whereas the hole-like
cylinder is absent. Instead a donut-like and a multibranched
Fermi-surface sheet emerge. In spite of strong mass renor-
malizations, ascribed to Kondo-like electronic correlations,
no superconductivity is found which can be explained by the
absence of sufficient nesting between the electron and hole
parts of the Fermi surface.
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