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We report measurements of the de Haas-van Alphen effect in the layered heavy-fermion compound
CePt2 In7 in high magnetic fields up to 35 T. Above an angle-dependent threshold field, we observed
several de Haas-van Alphen frequencies originating from almost ideally two-dimensional Fermi surfaces. The frequencies are similar to those previously observed to develop only above a much higher
field of 45 T, where a clear anomaly was detected and proposed to originate from a change in the
electronic structure [M. M. Altarawneh et al., Phys. Rev. B 83, 081103 (2011)]. Our experimental
results are compared with band structure calculations performed for both CePt2 In7 and LaPt2 In7 ,
and the comparison suggests localized f electrons in CePt2 In7 . This conclusion is further supported
by comparing experimentally observed Fermi surfaces in CePt2 In7 and PrPt2 In7 , which are found
to be almost identical. The measured effective masses in CePt2 In7 are only moderately enhanced
above the bare electron mass m0 , from 2m0 to 6m0 .

I.

INTRODUCTION

Quantum critical points (QCPs) are a subject of considerable interest within the condensed-matter community. Heavy-fermion (HF) materials are particularly important in this context, as they can be conveniently tuned
to QCPs by hydrostatic pressure, chemical doping, or
magnetic field. Structural and magnetic dimensionality
play a significant role in the physics of these materials,
with reduced dimensionality understood to increase the
strength of electronic correlations1,2 . Recently, a zerotemperature global phase diagram of heavy-fermion compounds with two types of quantum critical points was
proposed, where the magnetic dimensionality is an important parameter3–6 . Within this theoretical model,
two-dimensionality favors the so-called local or Kondobreakdown-type QCP7–9 , while a more conventional spindensity-wave-type QCP10–12 is expected in three dimensions. One way to distinguish between these two types
of QCPs is to determine whether the f electrons are itinerant or localized, i.e., whether or not they contribute
to the Fermi surface (FS), on both sides of the QCP.
This can be achieved by comparing experimentally established FS topology with the results of band structure
calculations performed for both itinerant and localized
f electrons. Magnetic quantum oscillations, such as the
de Haas-van Alphen (dHvA) effect, are the most direct
way to establish the FS topology of a metal. The reduced dimensionality of the FS is also expected to enhance unconventional superconductivity13 , which is often
observed in HF systems in the vicinity of a QCP. It has
been demonstrated experimentally that the FS dimensionality is indeed one of the key parameters determining

the superconducting critical temperature in HF materials14 , so precise knowledge of the topology, particularly
the dimensionality, of the FS of HF materials close to a
QCP is of primary importance.
Antiferromagnetic CeRhIn5 with a tetragonal crystal
structure and a Néel temperature TN = 3.8 K15 is one
of the best-studied HF compounds. In this material, a
QCP associated with the suppression of antiferromagnetism can be induced by either pressure16,17 or high
magnetic field18 . In the former case, dHvA frequencies
change abruptly, and effective masses diverge exactly at
the critical pressure Pc ≃ 2.35 GPa required to suppress
antiferromagnetic order19 . While the dHvA frequencies
measured at ambient and low pressure correspond to
localized f electrons, those observed above Pc suggest
that the f electrons contribute to the FS. Therefore, the
pressure-induced QCP is of the Kondo-breakdown type.
In high magnetic fields, on the other hand, new dHvA
frequencies are reported to appear at B ∗ = 30 T, well
below the critical field Bc0 ≈ 50 T to suppress antiferromagnetism18 . These new frequencies persist unchanged
to fields above 50 T. Thus, the field-induced QCP in
CeRhIn5 appears to be of the spin-density-wave type.
CePt2 In7 crystalizes into a body-centered tetragonal
crystal structure20–22 . Remarkably, some details of the
crystal structure of this compound, such as the exact position of the atoms and occupancy of the atomic sites,
were initially wrongly assumed20,21 and corrected only
recently22 . Although the crystal structures of CePt2 In7
and CeRhIn5 are different, both compounds belong to the
family of Cen Tm In3n+2m (T is transition metal, n = 1, 2,
m = 0, 1, 2), containing a sequence of n CeIn3 layers intercalated by m T In2 layers along the c axis. In these sys-
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trons are also localized at low magnetic fields. However,
these band structure calculations were performed assuming the wrong crystal structure of CePt2 In7 . More recently, it was demonstrated that the band structure calculations assuming the correct crystal structure result in
different topology of the FS22 . Finally, angle-resolved
photoemission spectroscopy measurements on CePt2 In7
were very recently reported32 , and the results were compared with band structure calculations assuming itinerant f electrons. Most of the observed electronic features
could be accounted for by the calculations, although some
discrepancies were also found.
In this paper, we report dHvA measurements in
CePt2 In7 and PrPt2 In7 , which is known to have localized f electrons, in magnetic fields up to 35 T. The dominant observed FSs in both compounds are almost ideally two-dimensional, as is expected from their crystal
structure. The FSs of the two compounds are almost
identical and are well described by the band structure
calculations performed for LaPt2 In7 , implying localized
f electrons in CePt2 In7 . The effective masses we observe
in CePt2 In7 , in fields up to 35 T, are only moderately
enhanced above a bare electron mass but are, nevertheless, somewhat larger than those observed at much higher
magnetic fields above Bm in Ref. 29.
6
(c)

14 - 20 T

(a)

CePt In
2

Torque (arb. units)

Amplitude (arb. units)

1

4

7

0

T = 50 mK

-1
o

= 6

from [001] to [100]

-2

2

0

5

10

15

20

25

30

35

Field (T)

0
24

(d) 20 - 35 T

22

6

4

18

0

-1

2

20

B (T)

1
Torque (arb. units)

Amplitude (arb. units)

tems, the FS dimensionality is expected to decrease with
increasing distance between CeIn3 layers. The building block of the series, CeIn3 (n = 1, m = 0), crystallizes into a simple cubic structure and has an isotropic
FS. The layered structures, with m 6= 0, are characterized by strongly anisotropic properties and quasi-twodimensional (quasi-2D) FS. Indeed, quasi-2D FS sheets
were observed in the monolayer (n = 1, m = 1) system CeRhIn5 23,24 . In CePt2 In7 (n = 1, m = 2), where
CeIn3 layers are separated by two PtIn2 layers, the FS is
expected to be more 2D.
The physical properties of CePt2 In7 and CeRhIn5 also
have a lot of similarities. CePt2 In7 orders antiferromagnetically at a Néel temperature TN = 5.5 K25 , slightly
higher than that of CeRhIn5 . Similar to that of CeRhIn5 ,
the antiferromagnetic order in CePt2 In7 is suppressed by
pressure, and a pressure-induced QCP was reported to
occur at a critical pressure Pc = 3.2–3.5 GPa25–27 . Superconductivity with a critical temperature Tc = 2.1 K
at Pc 26 was observed in both polycrystalline samples25
and single crystals26,27 . The critical temperature is similar to that observed in CeRhIn5 and is one of the highest
among Ce-based HF materials. It was recently reported
that TN in CePt2 In7 is also suppressed by a magnetic
field applied along either the a or c axis, possibly giving rise to a QCP slightly below 60 T28 , again in close
similarity to CeRhIn5 18 .
Previously reported magnetic quantum oscillation
measurements in CePt2 In7 performed in pulsed magnetic
fields by the tunnel-diode-oscillator technique29 suggest
that the compound comes closer to realizing a 2D analog of CeIn3 than CeRhIn5 . In these measurements, only
small and almost isotropic FS pockets, with dHvA frequencies below 2 kT, exhibiting field-dependent effective
masses were observed below a distinct anomaly that occurs at Bm = 45 T. Above Bm , however, much higher
dHvA frequencies corresponding to three almost ideally
2D FS sheets were detected. A feature similar to Bm was
previously observed in CeIn3 at about the same field30 ,
where the dHvA frequencies also change. More recently,
however, the same high dHvA frequencies were observed
below Bm in CePt2 In7 31 . This questions a change in the
dHvA frequencies at Bm in CePt2 In7 , and, therefore, the
degree of similarity between this compound and CeIn3 .
These conflicting results demand further investigation.
Furthermore, it is still not clear whether a Fermi surface
reconstruction occurs in CePt2 In7 deep inside the antiferromagnetic phase, as in CeRhIn5 18 , or the observation of
the high dHvA frequencies below Bm is due to magnetic
breakdown.
Another open question is whether the f electrons are
itinerant or localized in CePt2 In7 , especially at zero and
low magnetic fields. The angle dependence of the dHvA
frequencies previously observed above Bm were found to
be in good agreement with the results of band structure calculations in which the f electrons are confined
mostly to their atomic cores29 . The observation of the
same frequencies below Bm 31 suggests that the f elec-
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FIG. 1. (a) The oscillatory torque signal after subtracting
the nonoscillating background in CePt2 In7 for magnetic field
applied at 6◦ off the c axis at 50 mK. (b) A high-field zoom
of the dHvA oscillations from (a) plotted as a function of the
inverse magnetic field. (c) and (d) FFT spectra of the dHvA
oscillations from (a) over equal 1/B intervals below (14–20 T)
and above (20–35 T) 20 T, respectively.
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FIG. 2. dHvA oscillations in CePt2 In7 for magnetic field applied at several small angles from the c towards the a axis
at 50 mK. The arrows indicate approximately the field above
which high dHvA frequencies start to develop for each orientation of the magnetic field.

II.

dHvA oscillations

EXPERIMENTAL DETAILS

High quality single crystals of CePt2 In7 and PrPt2 In7
used for the dHvA measurements reported here were
grown by an In self-flux method, and the details are given
elsewhere27 . The resulting single crystals are small thin
platelets with the crystallographic c axis perpendicular to
their large surfaces. The CePt2 In7 and PrPt2 In7 samples
were prepared using the same procedure. Measurements
of the dHvA effect were performed using a conventional
torque magnetometry technique. The measurements on
CePt2 In7 were carried out using either a metallic cantilever in a top-loading dilution refrigerator in fields up
to 35 T or a piezoresistive microcantilever in a 3 He cryostat up to 33 T. The CePt2 In7 sample mounted on the
metallic cantilever is the same single crystal used for previous specific-heat measurements28 , which confirmed the
absence of any impurity phases. A smaller sample from
the same batch was chosen for microcantilever measurements. The dHvA measurements on a PrPt2 In7 sample
mounted on a metallic cantilever were performed either
in a top-loading dilution refrigerator in fields up to 35 T
or in a variable-temperature insert in a superconducting
magnet up to 16 T.

Figure 1(a) shows the oscillatory torque after subtracting a nonoscillating background in CePt2 In7 over the
whole field range up to 35 T. The oscillations appear
at fields as low as 2 T, confirming the high quality of
our sample. However, only relatively low dHvA frequencies, up to 2 kT, are observed in magnetic fields up to
about 20 T. Above this field, additional higher dHvA
frequencies start to develop, as can be seen in Fig. 1(b),
which shows a high-field zoom of the oscillations. This
is further confirmed by the fast Fourier transform (FFT)
spectra of the oscillations below and above 20 T shown in
Figs. 1(c) and 1(d), respectively. Three high fundamental
frequencies, denoted α, β, and γ, are observed when B
is applied at 6◦ from the c to the a axis above 20 T. The
values of the high dHvA frequencies we observe here are
in good agreement with those reported by Altarawneh et
al 29 . In their work, the high frequencies were observed
only above Bm ≈ 45 T, where a distinct anomaly in the
tunnel-diode-oscillator signal occurs29 . In our measurements the high dHvA frequencies emerge at a much lower
field.
It would be tempting to ascribe the appearance of the
high dHvA frequencies to a FS modification associated
with a change in the f electron character from localized
to itinerant, similar to the case for CeRhIn5 18 . However,
in CeRhIn5 the higher frequencies appear suddenly above
B ∗ ≈ 30 T, which does not depend on the orientation of
the magnetic field. In CePt2 In7 , on the contrary, the
high-frequency oscillations develop above a certain value
of the magnetic field, which is strongly field orientation
dependent, decreasing as the field is tilted away from the
c axis, as shown in Fig. 2. Furthermore, as will be shown
in the following, the angle dependence of the observed
high dHvA frequencies unambiguously suggests that they
originate from the FSs with localized f electrons.
The most likely scenario is that the high frequencies
appear at a relatively high field due to the development
of magnetic breakdown orbits that span multiple FSs. Indeed, the antiferromagnetic ordering modifies the original
crystallographic Brillouin zone. The magnetic structure
of CePt2 In7 33,34 implies that its antiferromagnetic Brillouin zone is 8 times smaller than the paramagnetic Brillouin zone. This results in fragmentation of the large FSs
that exceed the size of the antiferromagnetic Brillouin
zone, ≃ 5320 T. Most of the low dHvA frequencies observed at low magnetic fields are likely to originate from
such fragmented FSs. The larger orbits can, however, be
recovered through a magnetic breakdown. For such an
anisotropic system as CePt2 In7 the magnetic breakdown
field is also expected to be strongly anisotropic, which
is in keeping with our results. This scenario is further
supported by recent specific-heat measurements suggesting that an anisotropic spin-density wave opens a gap on
almost the entire FS below the Néel temperature at zero
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FIG. 3. Calculated band structure along the symmetry axes for LaPt2 In7 (left) and CePt2 In7 (right). The Fermi level is
denoted by EF .
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FIG. 4. Calculated density of states for LaPt2 In7 (top) and
CePt2 In7 (bottom). EF denotes the Fermi level.

magnetic field28 . Indeed, gapped FSs can be observed
in quantum oscillation measurements only at magnetic
fields high enough to ensure the tunneling of quasiparticles through the gap, i.e., the magnetic breakdown.

Band structure calculations

To ascertain whether the f electrons are itinerant or
localized in CePt2 In7 , we performed band structure calculations for both CePt2 In7 and LaPt2 In7 , with the latter corresponding to localized f electrons. The electronic band structure of both compounds was calculated within the local-density approximation (LDA) by
using a full-potential linearized augmented plane-wave
method. For the LDA, the formula proposed by Gunnarsson and Lundqvist35 was used. The calculations
were performed using the program codes TSPACE and
KANSAI-13. Scalar relativistic effects are taken into account for all electrons, and spin-orbit interactions are
included self-consistently for all valence electrons, as in a
second variational procedure.
The space group of CePt2 In7 is I4/mmm (number 139
22
D17
4h ) . The lattice parameters used for the calculation
are a = 4.6147 Å and c = 21.6510 Å, z = 0.32561 for 4e
positions of Pt atoms, and z = 0.10781 for 8g positions
of In atoms36 . These parameters are similar to those
reported by Klimczuk et al.22 . There are no position parameters for Ce atoms in the 2b position, or for In atoms
in 2a and 4d positions. As single crystals of LaPt2 In7 are
presently unavailable, the same lattice parameters were
used for LaPt2 In7 calculations. Muffin-tin (MT) radii are
set as 0.3542a for Ce(La), and 0.2806a for both Pt and
In. Core electrons [Xe core minus 5s2 5p6 for Ce(La),
Xe core minus 5p6 plus 4f 14 for Pt, and Kr core plus
4d10 for In] are calculated inside the MT spheres in each
self-consistent step. The 5s2 5p6 electrons of Ce(La), 5p6
electrons of Pt, and 4d10 electrons of In are calculated as
valence electrons by using the second energy window.
The linearized augmented plane-wave (LAPW) basis
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FIG. 5. Calculated FSs of LaPt2 In7 (left) and CePt2 In7 (right). Solid and dotted lines indicate the two extreme cross sections
of the main FS sheets of LaPt2 In7 . These orbits give rise to the experimentally observed dHvA frequencies when the magnetic
field is applied along the c axis.

functions were truncated at |k + Gi | < 4.85 × 2π/a, corresponding to 1115 LAPW functions at the Γ point. The
308 sampling k-points, which are uniformly distributed in
the irreducible 16th of the Brillouin zone (divided by 20,
20, and 4), are used both for the potential convergence
and for the final band structure. The calculated band
structure and the density of states are shown in Figs. 3
and 4, respectively. The calculated FSs are shown in
Fig. 5.

C.

Comparison with band structure calculations

As LaPt2 In7 and CePt2 In7 have the same layered crystal structure, it is expected that some of the calculated
FS sheets are quasi-2D in both cases. Indeed, the quasi2D FSs originating from bands 68 and 69, giving rise to
orbits α and β, respectively, are very similar in both compounds, the main difference being that they are slightly
smaller in the La compound. The details of the other FS
sheets are, however, different. While band 66 contains
only one tiny pocket for CePt2 In7 , there are several large
pockets in the case of LaPt2 In7 . The most essential difference, however, is the topology of the FSs originating
from the hole band 67. For CePt2 In7 , this band contains
two types of moderate-size pockets that give rise to rel-

atively small orbits. On the contrary, for LaPt2 In7 , the
quasi-2D FS of band 67 gives rise to very large orbits γ1
and γ2 . This difference alone allows us to decide which
of the calculated FSs yields a better agreement with the
experimental results.
Figure 6(a) shows the angle dependence of the dHvA
frequencies observed in CePt2 In7 together with the results of the band structure calculations for LaPt2 In7 ,
which correspond to CePt2 In7 with localized f electrons.
Experimental and calculated frequencies and effective
masses are also shown in Table I. The agreement between the experimentally observed α, β, and γ branches
and those of the calculations is excellent. Not only is the
shape of the curves the same, but the absolute values are
almost identical. This implies that both the topology and
the size of the calculated FS sheets reproduce well the experimental results. There are a number of lower dHvA
frequencies observed in the experiment which are not predicted by the band structure calculations. These low
frequencies are probably due to the modification of the
Brillouin zone in the antiferromagnetic state, as all the
calculations were performed for a paramagnetic ground
state. A similar situation with unpredicted low frequencies was also observed in CeRhIn5 23 .
Contrary to the 4f -localized case, the agreement between the calculations for CePt2 In7 with itinerant f elec-
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FIG. 6. The angle dependence of the experimentally observed dHvA frequencies in CePt2 In7 (open circles) is shown together
with the results of band structure calculations (solid circles) performed for (a) LaPt2 In7 and (b) CePt2 In7 . The former
corresponds to CePt2 In7 with localized f electrons.

trons and the experimental results is not nearly as good,
as can be seen in Fig. 6(b). The experimentally observed
α and β branches are shifted downwards compared to the
calculated ones (see also Table I). Most important, however, is the absence of the γ branch in the band structure
calculations with itinerant f electrons.
The comparison of the experimentally observed angle
dependence of the dHvA frequencies with the results of
the band structure calculations strongly suggests that the
f electrons are localized in CePt2 In7 .
D.

Comparison with PrPt2 In7

The most direct way to confirm that the f electrons
are localized in CePt2 In7 would be to compare the dHvA
frequencies and their angle dependence in both CePt2 In7
and LaPt2 In7 . This is, however, not possible since
LaPt2 In7 single crystals are currently unavailable, as was
already mentioned above. We therefore performed dHvA
measurements in PrPt2 In7 . As the f electrons of Pr are
known to be well localized, the FS of PrPt2 In7 is expected
to be nearly the same as that of LaPt2 In7 .
Figure 7 shows the oscillatory torque, after subtracting a nonoscillating background, and the corresponding
Fourier transform in PrPt2 In7 for magnetic field applied
at 6◦ from c to the a axis, the same orientation as for the
data in Fig. 1. The same fundamental frequencies, α, β,
and γ, are observed at the same values as in CePt2 In7 .
The main difference in the FFT spectra of the two com-

pounds is the number of low frequencies, which is much
lower in PrPt2 In7 . This implies that the main large FSs
of the two compounds are almost identical, but there
are many more small pockets in CePt2 In7 compared to
PrPt2 In7 .
In Fig. 8, we compare the angle dependence of
the experimentally observed dHvA frequencies in both
CePt2 In7 and PrPt2 In7 with the calculated angle dependence for LaPt2 In7 , which corresponds to the case with
localized f electrons. The excellent agreement of the
experimentally measured angle dependence of the main
dHvA frequencies α, β, and γ observed in CePt2 In7 and
PrPt2 In7 gives further confirmation that the f electrons
are localized in CePt2 In7 . Moreover, the comparison suggests that most of the low dHvA frequencies observed
in CePt2 In7 correspond to small FS pockets originating
from the fragmentation of the FS upon the formation of
the antiferromagnetic Brillouin zone.
E.

Effective mass

The effective masses of the main FS branches α, β, and
γ of CePt2 In7 were determined by fitting the temperature
dependence of the oscillatory amplitude by the standard
Lifshitz-Kosevich formula37 , as shown in Fig. 9. This was
done for the magnetic field applied at 6◦ from c to the a
axis, in a dilution refrigerator, in the temperature range
from 50 to 800 mK and over the field range from 24 to
34.5 T. The results are given in Table I. The effective
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TABLE I. Experimentally determined dHvA frequencies and effective masses of CePt2 In7 and PrPt2 In7 for the magnetic field
applied at 6◦ from the [001] to [100] direction. Calculated dHvA frequencies and band masses for both LaPt2 In7 (localized f
electrons) and CePt2 In7 (itinerant f electrons) are also shown for comparison. Branch assignments refer to Fig. 6.
Experiment
CePt2 In7
PrPt2 In7
F (kT)
m∗ /m0
F (kT)
m∗ /m0
3.87
2.27±0.04
3.85
0.69±0.02
4.03
4.06
6.40
5.35±0.06
6.41
1.1±0.1
6.60
6.66
10.67
5.1±0.2
10.64
1.4±0.1
11.43
6.2±0.3
11.12
1.5±0.2

Branch
α1
α2
β1
β2
γ1
γ2

20

(a)

PrPt In

2

2

LaPt In
2

CePt In

7

2

calcualtions

7

PrPt In
2

7

7

15
0

T = 30 mK

-2
o

= 6

10

from [001] to [100]

15

20

25

30

35

dHvA frequency (kT)

Torque (arb. units)

Calculations
LaPt2 In7
CePt2 In7
F (kT)
mb /m0
F (kT)
mb /m0
3.55
0.49
4.52
1.29
3.75
0.55
5.01
1.58
6.35
0.62
7.58
1.47
6.55
0.65
7.76
1.46
10.32
1.14
10.84
1.06

10

5

Field (T)

Amplitude (arb. units)

8
(b)

0
90

6

[110]

60

30

0
[001]

30

60

90
[100]

Field angle (deg.)

4

FIG. 8. Comparison of the experimentally observed angle dependence of the dHvA oscillations in CePt2 In7 (open circles)
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FIG. 7. High-field dHvA oscillations (a) and their Fourier
spectrum (b) in PrPt2 In7 for magnetic field applied at 6◦
from the c axis at 30 mK.

mass of the α branch is rather small, just slightly over
2m0 (m0 is the bare electron mass). The masses of the β
and γ branches are somewhat higher, ranging from 5m0
to 6m0 . As the obtained effective masses are only moderately enhanced, the temperature dependences of the
oscillation amplitudes were also measured on a smaller
sample in a 3 He cryostat in the temperature range from
0.33 to about 3 K. These measurements were performed
for magnetic field applied parallel to the c axis over the
field range from 29 to 33 T and for field applied at 9◦
from c towards the a axis over the field range from 24 to

33 T. In this case, only a few of the high frequencies had
large enough amplitudes to allow the determination of
the effective mass. However, the effective masses, which
were possible to extract from these higher-temperature
measurements, agree very well with the values obtained
at a lower temperature and a slightly different angle. The
calculated band masses of the thermodynamically important quasi-2D FS sheets of both CePt2 In7 and LaPt2 In7
for the magnetic field applied at 6◦ off the c axis are
also shown in Table I. The LDA calculations do not take
strong electronic correlations into account and provide
only the band masses. That is why the calculated masses
for CePt2 In7 are of the order of a bare electron mass. The
effective masses measured in PrPt2 In7 are much smaller
than the effective masses measured in CePt2 In7 but are
comparable to the band masses calculated for LaPt2 In7 .
This confirms the expected absence of strong electronic
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FIG. 9. Amplitude of the dHvA oscillations in CePt2 In7 as a
function of temperature for α, β, and γ branches that originate from the main quasi-2D FSs. Insets show the data obtained on a smaller sample at different angles and over different temperature ranges. The lines are fits by the standard
Lifshitz-Kosevich formula37 .

correlations in PrPt2 In7 .
The effective masses measured in CePt2 In7 account
reasonably well for this material’s moderate specific-heat
coefficient γ = 180 mJ/K2 mol28 . This value of γ is considerably smaller than the value of γ ≈ 400 mJ/K2 mol
reported for CeRhIn5 38,39 , despite the similarities in the
effective masses of the two compounds (masses of 3.5m0 –
6m0 were reported for quasi-2D FSs of CeRhIn5 23,40 ).
However, some of the theoretically predicted FS orbits
were not observed experimentally in CeRhIn5 , whereas
we have observed all the large, dominant FSs in CePt2 In7
and PrPt2 In7 .
Finally, the effective masses we detected in magnetic

As shown in Fig. 5, the major FS sheets calculated
for LaPt2 In7 are quasi-2D slightly corrugated cylinders
extending along the c axis. Given the excellent agreement between the angle dependence of dHvA frequencies
measured in CePt2 In7 and the results of calculations for
LaPt2 In7 , we can say that the FSs calculated for the latter compound represent the real FSs of CePt2 In7 . As
many of the physical properties of HF materials strongly
depend on the FS dimensionality, it is important to estimate to what extent the FSs of CePt2 In7 can be approximated by cylinders typical for an ideal 2D system. For
an ideal cylindrical FS, the angle dependence of its cross
section and, therefore, of the dHvA frequency is given by
F (θ) = F0 / cos(θ), where F0 is the dHvA frequency for
field applied along the c axis and θ is the angle between
the c axis and the magnetic field. Therefore, F cos(θ)
should be independent of angle. Figure 10 shows the
measured values of F cos(θ) plotted as a function of θ
for the three main FSs of CePt2 In7 . For all three FSs,
F cos(θ) is almost independent of angle for the magnetic
field applied in the [001]-[100] plane, in agreement with
previously reported results29 . For the field applied in
the [001]-[110] plane, the dispersion is slightly larger, in
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agreement with calculated FSs shown in Fig. 5. However, the deviation from the average values remains relatively small, below 10%, thus indicating that the main
FS sheets of CePt2 In7 are close to being ideal cylinders.
IV.

CONCLUSIONS

In summary, we performed dHvA effect measurements
in CePt2 In7 and PrPt2 In7 in high magnetic fields. The
observed dHvA frequencies and their angle dependence
were found to be almost identical in the two compounds.
This implies that the main FSs are nearly the same
in these two materials. These main FSs are close to
cylindrical, i.e., almost ideally 2D, as is expected from
the characteristic layered crystal structure. However,
in CePt2 In7 the dHvA frequencies corresponding to the
large quasi-2D FSs are detected only above a certain
angle-dependent threshold magnetic field, which is, however, much lower than Bm ≈ 45 T previously reported29 .
This calls into question the degree of similarity between
CePt2 In7 and CeIn3 suggested in the previous work29 .
The existence of a threshold field is likely due to the
modification of the paramagnetic Brillouin zone by antiferromagnetic ordering. In this scenario, the original
paramagnetic FSs can be observed as a result of magnetic breakdown that begins to occur at high magnetic
fields.
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J. Phys. Soc. Jpn. 74, 1103 (2005).
Z. Kurenbaeva, E. Murashova, Y. Seropegin, H. Nol, and
A. Tursina, Intermetallics 16, 979 (2008).
P. H. Tobash, F. Ronning, J. D. Thompson, B. L.
Scott, P. J. W. Moll, B. Batlogg, and E. D. Bauer,
J. Phys.: Condens. Matter 24, 015601 (2012).
T. Klimczuk, O. Walter, L. Müchler, J. W.
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