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CePtSi2 was reported to exhibit an antiferromagnetic order below T ∗=1.8 K at ambient pressure,
a valence state change at ∼1.2 GPa, and superconductivity in the range between 1.4 and 2.1 GPa
with the maximum transition temperature of 0.14 K [T. Nakano et al., Phys. Rev. B 79, 172507
(2009)]. We have performed polycrystalline and single crystal neutron diffraction experiments to
determine the magnetic structure under ambient and high pressures. We found that incommensurate
magnetic peaks with the magnetic propagation vector of (0.32, 0, 0.11) at ambient pressure below
TSDW ∼1.25 K, which originate from a spin-density-wave order with the easy axis along the c axis
and an averaged ordered moment of 0.45(5)µB, suggesting that there may be an intermediate phase
between T ∗ and TSDW. Applying pressures, the magnetic propagation vector shows no change and
the magnetic order disappears around 1.0 GPa, which is much lower than the critical pressure for
the superconducting phase. The results suggest that other than magnetic fluctuations may play a
primary role in the superconducting pairing mechanism.

I. INTRODUCTION

Unconventional spin-mediated superconductor, which
is discussed widely in cuprates, iron based systems, and
heavy fermionic systems, has attracted considerable at-
tention. Recently, there were reports of a new mecha-
nism of superconductivity: “valence-mediated supercon-
ductivity”, a novel mechanism [1–4] that would be the
third one after the phonon- and spin-mediated supercon-
ductivity. It was proposed that the higher pressure super-
conducting phase in CeCu2(Si,Ge)2 originates from the
valence fluctuations [5, 6]. A sharp change in the nuclear-
quadrupole-resonance (NQR) frequency observed under
pressure Pv = 4.5 ± 0.2 GPa in CeCu2Si2 evidenced the
valence crossover, which supports the valence-fluctuation
mediated superconductivity [7]. Around P = Pv, the
residual resistivity has a peak under pressure, where the
resistivity shows the remarkable non-Fermi liquid behav-
ior ρ(T ) ∼ T [8]. These behaviors are also explained by
the enhanced valence fluctuations of the Ce ions [1, 8].

CePtSi2 has the CeNiGe2-type orthorhombic layered
structure. It shows a large decrease of resistivity below
∼1.8 K [9] and a peak of heat capacity at the same tem-
perature [10] under ambient pressure, which was ascribed
to an antiferromagnetic ordering temperature (T ∗) [11].
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There is another anomaly of resistivity at a lower temper-
ature of TFL (∼1.4 K), below which the resistivity shows
the Fermi liquid behavior with T 2-dependence [12, 13].
Applying pressure, both T ∗ and TFL decrease and super-
conductivity appears at Pc1= 1.4 GPa [9, 10], as shown in
Fig. 1. The maximum superconducting transition tem-
perature is 0.14 K around 1.4 GPa. The resistivity of
CePtSi2 shows two local maxima T1 (4 K) and T2 (33
K) at ambient pressure [9, 12, 13]. These two maxima
are well-known characteristics of Ce based Kondo com-
pounds, showing an interplay between the Kondo effect
and crystalline electric field (CEF) splitting, as reported
in CeCu2Ge2 [14]. Applying pressure, T2 is almost un-
changed, whereas T1 starts to increase above Pv (∼1.2
GPa) and gradually approach T2, suggesting that a va-
lence change occurs around Pv as a crossover in CePtSi2
[13]. The resistivity data also show the quantum critical
behavior around ∼1.2 GPa, where non-Fermi liquid be-
havior was observed [9, 13]. Around Pv(∼ 1.2 GPa), the
residual resistivity has a peak and the T -linear-like resis-
tivity was observed in CePtSi2 [9, 13]. Since Pv is close
to Pc1, it is expected that the valence fluctuation medi-
ates the superconductivity in this material [9, 12, 13]. Up
to date, the detailed magnetic structure and its pressure
dependence in CePtSi2 have not been clarified, which is
critical to understand the nature for the quantum critical
behavior and the superconductivity.

We performed a neutron diffraction study on the mag-
netic structure of CePtSi2 as a function of pressure. We
found that the magnetic structure at ambient pressure is
a spin-density-wave (SDW) structure with the magnetic
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FIG. 1. Temperature-pressure phase diagram of CePtSi2.
The filled circles and triangles represent the data in Refs.
9, 12, and 13 and the present results, respectively. The lines
are guides to the eye.

propagation vector of (0.32, 0, 0.11). The magnetic tran-
sition temperature (TSDW) was clearly determined to be
1.25(3) K, which is much lower than T ∗ previously de-
termined from the resistivity and heat capacity measure-
ments and is rather close to TFL. Applying pressure, the
magnetic propagation vector is pressure independent and
the magnetic order almost disappears around 1.0 GPa,
which is much lower than Pc1. These results suggest that
magnetic fluctuations may not play a primary role in the
superconducting pairing mechanism in CePtSi2, which
should be elucidated with further studies.

II. EXPERIMENTAL DETAILS

A polycrystalline sample of CePtSi2, used for mea-
surements at ambient pressure, was synthesized by arc-
melting stoichiometric amounts of Ce (3N), Pt (4N), and
Si (5N) in an Ar atmosphere with additional remelting
and post-annealing to ensure homogeneity [9]. Single
crystal samples, used for measurements at ambient and
high pressures, were grown by the Czochralski method
in a tetra-arc furnace, using the CePt1.1Si2.2 ingot, after
the previously reported method [15]. The bulk properties
of the single crystal samples are consistent with those re-
ported previously [9, 10, 12, 13], as shown in the Supple-
mental Material [16]. Note that the crystals grown using
different methods show very similar bulk properties, in-
cluding the transition temperatures. This suggests that
the sample dependence is negligibly small.

High pressure single crystal neutron diffraction mea-
surements were performed using the time-of-flight diffrac-
tometer CORELLI [27] at the Spallation Neutron Source
(SNS) and the triple-axis spectrometers HB-1 and HB-1A

at the High Flux Isotope Reactor (HFIR) at Oak Ridge
National Laboratory (ORNL). The hydrostatic pressures
were generated with a self-clamped piston-cylinder cell
(SCPCC) made of a Zr-based amorphous alloy [28]. The
crystal dimensions were 1.2×1.2×3 mm3. Fluorinert was
chosen as the pressure transmitting medium. The pres-
sure inside SCPCC was monitored by measuring the lat-
tice constant of a comounted NaCl crystal. We found
that the pressure is reduced by a few percent on cooling
from room temperature to 0.3 K. A 3He refriegerator was
used to cool down the polycrystalline and single crystal
samples down to 0.3 K. The single crystal was mounted
with (H0L) in the horizontal scattering plane.

For magnetic structure analysis, the representation
analysis was performed using the SARAh package [29].
Rietveld refinements were performed for polycrystalline
and single crystal diffraction data using the FullProf
package [30]. The magnetic form factor for Ce3+ was
used for the magnetic structure refinement. This is con-
sidered to be reasonable since the primary purpose for the
refinement is to distinguish between two possible mag-
netic structure models, as described in Sec. IIIA.

III. EXPERIMENTAL RESULTS

A. Magnetic structure at ambient pressure

In order to search for magnetic signal in CePtSi2, we
first preformed a neutron diffraction measurement using
a polycrystalline sample. However, no magnetic signal
was observed down to 0.3 K. Then, a single crystal was
measured on a time-of-flight diffractometer CORELLI,
which has wide-range two-dimensional detectors suitable
for observing incommensurate Bragg peaks. As shown
in Figs. 2(a) and 2(b), a magnetic Bragg peak was ob-
served at (0.32, 0, 0.11) and its three equivalent positions
at 0.24 K, whereas those peaks disappear at 2 K. Figure
2(c) shows the magnetic intensity at (0.32, 0, 0.11) as a
function of temperature. The magnetic intensity devel-
ops below 1.25(3) K, where the low temperature magnetic
phase was expected. No other magnetic signal was ob-
served between 1.25 and 1.8 K, as shown in Fig. 2(d),
where an intermediate magnetic phase was predicted. We
tried to find other magnetic Bragg peaks below 1.25 K
other than the four peaks in order to perform a magnetic
structure analysis. However, no additional peaks were
found. As described below, this is because the magnetic
peaks at higher-Q’s were not covered by the vertical de-
tector range.

We performed a representation analysis to narrow
down the possible magnetic structures below 1.25 K,
given that a magnetic Bragg peak was observed at (0.32,
0, 0.11). There are two candidates for the magnetic struc-
ture, as shown in Fig. 3. Model 1 and Model 2 are ob-
tained using basis vectors ψ6 from Γ2 and ψ3 from Γ1, re-
spectively. (See the Supplementary Material [16].) Both
Models 1 and 2 are spin density wave type structures with
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FIG. 2. Contour maps of neutron diffraction intensity at a low-Q region in the (H0L) plane in CePtSi2 measured at 0.24 K
(a) and 2.0 K (b) at ambient pressure. Magnetic peaks are observed at (0.32, 0, 0.11), (−0.32, 0, 0.11), (0.32, 0, −0.11), and
(−0.32, 0, −0.11) at 0.24 K. (c) and (d) Temperature dependence of the (0.32, 0, 0.11) magnetic Bragg peak intensity. The
solid line is the result of a fit to a power-law function.

an easy axis along the c axis. The spin directions of S1

and S2 as well as those of S3 and S4, where Si (i=1, 2, 3,
and 4) are four Ce moments in a unit cell [16], are parallel
in Model 1 and antiparallel in Model 2, respectively. In
order to distinguish the two magnetic structure models,
the magnetic intensities at (0.32, 2, 0.11) and (0.68, 1,
0.11) should be evaluated, which were not measurable on
CORELLI using the single crystal because those peaks
are out of the vertical detector coverage. In the Model
1, it is expected that the (0.32, 2, 0.11) intensity is neg-
ligibly weak and the (0.68, 1, 0.11) intensity is a factor
of ∼4 weaker than the (0.32, 0, 0.11) intensity. On the
other hand, in the Model 2, both the (0.32, 2, 0.11) and
(0.68, 1, 0.11) intensities are expected to be larger than
the (0.32, 0, 0.11) intensity.

In order to observe the magnetic Bragg intensities at
the mentioned (0.32, 2, 0.11) and (0.68, 1, 0.11) reflec-
tions, we performed a neutron diffraction measurement
using a polycrystalline sample on HB-1A. Figure 4 shows
the neutron diffraction pattern around (0.32, 0, 0.11),
(0.32, 2, 0.11), and (0.68, 1, 0.11) observed at 0.3 K
[31]. The magnetic Bragg intensities at (0.32, 2, 0.11)
and (0.68, 1, 0.11) are much weaker than that at (0.32,
0, 0.11), revealing that the Model 1 is the appropriate
magnetic structure at ambient pressure. The averaged

magnetic moment was determined to be 0.45(5) µB . It is
worth noting that this magnetic structure is the simplest
magnetic structure that can be derived from the avail-
able data. More complicated structure or small devia-
tions from the above structure may be possible if further
weak magnetic peaks could be detected.

B. Pressure dependence of the magnetic ground
state

The high pressure neutron diffraction measure-
ments using single crystal samples were performed on
CORELLI, HB-1A, and HB-1. Since the magnetic mo-
ment is small (<0.5µB), the measurements were challeng-
ing due to high background and low beam transmission
originating from the pressure cell and pressure transmit-
ting medium. The Bragg peak intensities around (0.32,
0, 0.11) at 0.12, 0.25, and 0.4 GPa are plotted in Fig. 5.
We found that the magnetic propagation vector is almost
independent of pressure.

The order parameters of the integrated magnetic in-
tensities at 0.12 and 0.25 GPa are plotted in Figs. 6(a)
and 6(b), respectively. TSDW gradually decreases with
increasing pressure, as shown in Fig. 1. The averaged
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FIG. 3. Two possible spin density wave structures for
CePtSi2. The spin directions of S1 and S2 as well as those of
S3 and S4 are parallel in Model 1 (a) and antiparallel in Model
2 (b), respectively. Model 1 was found to be the appropriate
magnetic structure. Atomic coordinates of the atoms corre-
sponding to S1, S2, S3 and S4 are, S1: (0, 0.39465, 0.25),
S2: (0, 0.60535, 0.75), S3: (0.5, 0.89465, 0.25) and S4:
(0.5, 0.10535, 0.75). (See the Supplementary Material [16].)
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FIG. 4. Neutron diffraction intensities around (0.32, 0, 0.11),
(0.32, 2, 0.11), and (0.68, 1, 0.11) measured on HB-1A using
polycrystalline sample of CePtSi2. The background signal
measured at 3 K was subtracted. Constant value was added
to help the refinement using Fullprof. The open circles are ob-
served points. The bold solid line represents the result of the
Rietveld refinement. The thin blue line is the difference be-
tween the observed and fitted intensities. The magnetic form
factor for Ce3+ was used for the magnetic structure refine-
ment. The residual intensity at Q ∼1.05 Å−1 is too sharp for
actual magnetic peak and is most probably due to imperfect
background subtraction.

magnetic moment as a function of pressure is shown in
Fig. 6(c). The magnetic moment also decreases gradu-
ally with increasing pressure. The magnetic intensity at
0.4 GPa, where magnetic moment is 0.24(3)µB, is already
very weak and reaches the limit for measuring magnetic
signal with reasonably good signal-to-noise ratio. There-
fore, we did not measure at higher pressures than 0.4 GPa
in this study. As summarized in Fig. 1, TSDW is system-
atically lower than the T ∗, obtained from the resistivity
measurements. Extrapolating the TSDW-pressure (Fig.
1) and magnetic moment-pressure [Fig. 6(c)] relations to
higher pressures, the long-range SDW order is expected
to disappear at ∼1.1±0.15 and ∼0.9±0.1 GPa, respec-
tively.

IV. DISCUSSION

As described in Sec. I, the resistivity becomes T -linear-
like and the residual resistivity shows a maximum at the
quantum critical pressure ∼1.2 GPa [9]. This pressure
corresponds to the pressure where a valence crossover or
a valence transition was reported [13], suggesting that
the quantum critical behavior is driven by the valence
fluctuations in CePtSi2. Our results suggest that the
long-range magnetic order may disappear around ∼1.0
GPa, which is lower than the quantum critical pressure
(∼1.2 GPa) and Pc1(∼1.4 GPa). This implies that the
magnetic critical point may not be directly related with
the quantum critical behavior and the appearance of su-
perconductivity.

The temperature-pressure phase diagram in Ce- and
Yb-based heavy fermion metals with valence fluctuations
was discussed in Ref. [6]. The interplay of the magnetic
order and valence fluctuations is important to understand
the physical properties in the Ce- and Yb-based sys-
tems. Applying pressure, valence fluctuations gradually
enhances, which leads to the suppression of a magnetic
order. Pm and Pv are defined as critical pressures, where
the magnetic order is suppressed completely and the va-
lence transition occurs, respectively. There are three cat-
egories with (a) Pm < Pv, (b) Pm = Pv, and (c) Pm >
Pv. The phase diagram changes from (a) to (c) with re-
ducing the c-f mixing in the periodic Anderson model.
The phase diagram in CePtSi2 is considered to be located
between (a) and (b) and close to (b), since Pv is reported
to be ∼1.2 GPa [9] and the present results suggest that
Pm ∼1.0(1) GPa. The superconducting phase is located
between 1.4 and 2.1 GPa, which is higher than Pm and
Pv, where the superconducting transition temperature is
supposed to be enhanced. Although the superconducting
phase was shown to be stabilized in the extended region
around P = Pv [2, 5], the quantitative explanation for the
measured superconducting region should be addressed by
future theoretical studies.

One of the most remarkable findings in this study is
that TSDW obtained from neutron diffraction measure-
ments is much lower than T ∗ determined by resistivity
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and heat capacity measurements [9, 10]. As described in
Sec. I, an additional anomalous temperature (TFL) was
reported below T ∗. The transition temperature and its
pressure dependence of TFL are similar to those of TSDW

(Fig. 1), suggesting that the TFL corresponds to TSDW.
Furthermore, the heat capacity shows a broad shoulder
around 1.25 K [10, 16]. This may also correspond to
the antiferromagnetic transition. This is in contrast to
CeRhGe2 which shows a sharp lambda transition [10].
These results suggest that an additional phase exists be-
tween T ∗ and TSDW/TFL and the magnetic state may be
disordered in the phase, since we did not observe mag-
netic Bragg peaks. It is puzzling why no sharp anomaly
is observed at TSDW in the resistivity and heat capacity
measurements.

Here, we discuss a possible state in the intermediate
phase between T ∗ and TFL/TSDW. Since no magnetic
Bragg peaks were observed in this phase, a long-range
magnetic order does not likely occur. One possible state
is a quadrupole order. The CEF ground state in CePtSi2
is reported as |ψ±〉 = 0.656|±3/2〉+0.288|∓1/2〉+0.698|∓
5/2〉 [10]. Then, it is possible that the electric quadrupole
originates from the transition between the Jz = ±3/2 and
Jz = ∓1/2 states and/or the Jz = ∓1/2 and Jz = ∓5/2
states. As discussed in Ref. [6], the magnetic order can
be suppressed by valence fluctuations enhanced at the
valence-crossover pressure or by valence-transition pres-
sure Pv. In the CEF of the present system, the elec-
tric quadrupole order can occur as mentioned above. In
this case, the quadrupole order is also considered to be
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suppressed by Pv. The Ce site is not centro-symmetric
locally, which gives rise to the odd-parity CEF. There-
fore, in this case, an odd-parity multipolar order can be
induced. In β-YbAlB4, magnetic toroidal degree of free-
dom is induced under the odd-parity CEF [32]. If the
odd-parity multipole is composed of 4f and 5d orbitals
at Ce, the origin of the ordering of the multipole and the
emergence of the valence-crossover pressure or valence-
transition pressure Pv is common, which is the Coulomb
repulsion between the 4f and 5d orbitals at Ce [32].

V. SUMMARY

Our neutron diffraction study in CePtSi2 has revealed
that the magnetic structure is SDW with the magnetic
propagation vector of (0.32, 0, 0.11) and the easy axis
along the c axis at ambient pressure. TSDW (∼1.25 K) is
much lower than T ∗ (∼1.8 K) but close to TFL (∼1.4 K),
suggesting that there may be an intermediate phase be-
tween T ∗ and TSDW, which might be a quadruple or odd-

parity multipoler ordered state. Applying pressure, the
magnetic order may disappear around 1.0 GPa, which is
lower than Pc1(∼1.4 GPa), suggesting that magnetic fluc-
tuations are not directly coupled to the superconducting
pairing mechanism. Further experimental and theoreti-
cal studies are highly desirable to clarify the supercon-
ducting pairing mechanism in CePtSi2.
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