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Kondo metal CePtAl;Ge, exhibits long-range antiferromagnetic order below 2.3 K. Neutron powder-
diffraction experiments reveal that Ce moments order antiferromagnetically with an incommensurate ordering
wave vector k = (1.39, 0, 0.09). Inelastic neutron powder scattering experiments show a magnetic excitation
at 14.5 meV, which corresponds to the first excited state due to the crystalline electric field splitting of the
ground-state multiplet of Ce**. The temperature and field dependence of the magnetization of CePtAl,Ge; is
consistent with a doublet ground state with a dominant | j, = 1/2) character and a first excited doublet | j, = 3/2)

at 14.5 meV.
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I. INTRODUCTION

Magnetic frustration in metallic systems may induce re-
markable emergent ground states, including nonmagnetic
quantum spin liquids and chiral magnetic structures hosting
anomalous Hall effect [1]. As Wannier proposed in 1950,
geometrically frustrated triangular lattices with Ising mo-
ments cannot satisfy all antiferromagnetic couplings, giving
rise to magnetic frustration [2]. In the past half century,
condensed-matter physics witnessed a flourish of theoreti-
cal and experimental research on frustrated insulators [3-6].
More recently, the interplay between magnetic frustration
and metallic degrees of freedom started to be investigated
[7-9], and distinct frustration characteristics emerge due to
the presence of itinerant electrons [10]. For the case of in-
sulators, the magnetic moments vary their direction to avoid
frustration and form a magnetically ordered/disordered state
with exotic quantum magnetic properties, such as the quan-
tum spin-liquid state [6]. In a metallic system, however, the
magnetic moments may vary their amplitude as well as their
direction [10]. In particular, magnetic frustration in f-electron
metallic systems has been a promising route for the discovery
of novel ground states. Experimentally, frustrated magnetic
structures have been reported in a breadth of f-electron
compounds including CePdAl [7,11], UNiyB [12], YbPtIn
[13], and YbAgGe [13,14]. Magnetic frustration also gives
rise to a skyrmion lattice in Gd,PdSi; [15], an electronic
nematic state in CeRhlIns [16—18], and field-/pressure-induced
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quantum criticality in CePdAl [19-22], CeAgGe [23-25],
and CeRhSn [26-28]. Several theoretical works proposed that
these electronic states in f-electron metallic systems could
be ascribed to the interplay between the Ruderman-Kittel-
Kasuya-Yosida (RKKY) interaction, the Kondo effect, and the
strength of the magnetic frustration [29-31].

The recently reported Ce-based antiferromagnet
CePtAl;Ge, is an ideal candidate to study the interplay
among the competing orders because it crystallizes in the
trigonal structure (R3m) and shows a metallic behavior
[32]. Electrical resistivity revealed a local minimum at 18
K due to the Kondo effect and a maximum at 6 K due to
the onset of the Kondo coherent state. The magnetic Ce**
ions form a two-dimensional triangular lattice and order
antiferromagnetically (AFM) below Ty =2.3K, with in
plane being the magnetic easy plane. Magnetic specific-heat
capacity shows an anomaly at 7y and the magnetic entropy
recovers only 61% of RIn2 due to Kondo screening effects
and reduced dimensionality of the magnetism. The Kondo
temperature is estimated as 2 K—the temperature where the
magnetic entropy recovers 0.5RIn2. This is similar to the
situation in CePdAl, where the geometrical frustration of
Ce moments is responsible for the mixed ordered state with
incommensurate ordering wave vector k = (0.5, 0, ~ 0.35)
[7]. Also in CePtAl4Ge,, the competing orders favored
by RKKY interactions, the Kondo effect, and metallicity
in the presence of magnetic frustration are expected to
induce emergent quantum states near a 7 = 0 K AFM phase
transition.

Here we determine the magnetic structure of the trian-
gular antiferromagnetic metallic compound CePtAl,Ge, via
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neutron-diffraction measurements. Elastic neutron-scattering
experiments showed that Ce moments order antiferromagneti-
cally below 2.3 K with an incommensurate ordering wave vec-
tor (1.39, 0, 0.09) in the R3m space group. Rietveld analysis of
the magnetic Bragg pattern associated with this ordering wave
vector and relevant basis of magnetic moments reveals that the
magnitude of the magnetic moments is modulated along the
crystallographic [100] and [001] directions. Inelastic neutron
scattering as well as crystalline electric field (CEF) fits of the
anisotropic magnetic properties revealed that the ground state
is a doublet with dominant | j, = 1/2) in the J = 5/2 multiplet
and the first excited CEF level at 14.5 meV is composed of the
|j. = 3/2) states.

II. EXPERIMENT

Single crystals of CePtAl;Ge, were grown by an
Aly73Geg o7 self-flux method [32]. About 4 g of single crys-
tals were gently crushed to fine powder for neutron pow-
der experiments. The magnetic structure of CePtAl;Ge, was
studied using the high-resolution powder diffractometer for
thermal neutrons, HRPT [33], and the Cold Neutron Powder
Diffractometer, DMC [34], at the Swiss Spallation Neutron
Source SINQ at the Paul Scherrer Institut (PSI) in Villigen,
Switzerland. Neutrons with wavelength of A = 1.886 A and
A =246A were used for HRPT and DMC, respectively.
The neutron powder diffraction patterns were collected at 10
and 1.7 K at DMC with the powder loaded in a vanadium
container. For the low-temperature experiment at 0.07 K on
DMC, the same powder was transferred to a copper container.
The resulting powder diffraction patterns were refined by
the Rietveld software package FULLPROF suite [35] and the
symmetry analysis was performed with the BasiReps program
and software tools from the Bilbao crystallographic server
[36]. A typical orange cryostat was used for temperature
control above 1.5 K, while dilution refrigerator was used for
temperature control below 1.5 K.

Single-crystal neutron-diffraction experiments were per-
formed on a single piece of single crystal with mass of 74
mg and dimension of 4 x 3 x 1 mm? using two different
instruments, the cold neutron triple-axis spectrometer RITA-II
and the thermal neutron diffractometer Zebra at SINQ. The
single crystal was aligned with the (A, h, 0) reciprocal plane
horizontally on RITA-II with wavelength () of 4.05 A and (h,
0, 1) reciprocal plane horizontally on Zebra with A = 2.32 A.
The cold neutrons with A of 4.05 A at RITA-II were produced
by the (002) Bragg reflection of a vertically focusing pyrolytic
graphite (PG) monochromator. The higher harmonics were
minimized with a collimator (¢ = 80’) and a nitrogen-cooled
Be filter. The scattered neutron diffraction was recorded by the
nine-bladed PG analyzer that provides high-resolution data.
On Zebra, the 2.32-A neutrons were produced by the (002)
Bragg reflection of a vertically focused PG monochromator.
For both instruments, the sample holder was attached to the
mixing chamber of an Oxford dilution refrigerator in order to
monitor the magnetic diffraction down to 0.1 K.

Inelastic neutron-scattering experiments on a 4-g powder
sample loaded inside a vanadium container inserted in the
orange cryostat and were performed at 10 and 120 K on the
thermal neutron triple-axis spectrometer, EIGER, at SINQ.
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FIG. 1. Neutron powder-diffraction pattern of CePtAl;Ge, at
room temperature and its crystal structure. (a) Neutron powder-
diffraction pattern of CePtAl;Ge, was measured on HRPT with
wavelength of 1.886 A at room temperature. Black symbols are the
experimental data and the red line is the result of Rietveld refinement.
The whole pattern is explained by trigonal symmetry (R3m, SG 166)
of CePtAl;Ge, with small impurities of PtAl, (Fm3m, SG 225)
and Al (Fm3m, SG 225) (b) Triangular closely packed layer with
Ce-Ce distance of 4.2 A is separated by 10.38 A with in-plane shift
from the equivalent Ce layer. (c) The six Ge*" ions that are the
first nearest neighbors surrounding the Ce** ion, which split the
J = 5/2 multiplet into three doublet states. (d) Crystal structure of
CePtAl,Ge, with a large ¢/a(= 7.6) ratio unit cell.

Inelastic spectra as a function of transferred energy were mea-
sured at various Q with fixed final energy of Ey = 14.7 meV
at 10 and 120 K. Magnetization data were obtained using
a superconducting quantum interference device (SQUID) in
a Quantum Design magnetic property measurement system
(MPMS-XL, from Quantum Design Inc.). The magnetization
was measured using a single piece of CePtAl;Ge, with mass
of 8 mg as a function of temperature from 1.8 to 300 K under
the applied magnetic field of 5 kOe along the [100] and [001]
crystallographic directions. We note that the magnetic suscep-
tibility measured for the large, high-quality single crystal is
different from that reported in Ref. [32], which emphasizes the
importance of a large signal-to-background ratio (see details
in Ref. [37]). Magnetic field dependence of the magnetization
was measured at 10 K up to 70 kOe.

II1. RESULTS

Figure 1(a) displays the neutron powder-diffraction pat-
tern measured at HRPT with A = 1.886A at room tem-
perature. The pattern was best refined by a trigonal, R3m
(space group 166), crystal symmetry with the unit cell of a =
4.19128(9) A, ¢ =31.77224(70) A, and y = 120°. Some
Bragg peaks that are inconsistent with the R3m symmetry
were successfully refined by introducing two additional PtAl,
and Al phases, whose symmetry is Fm3m (space group 225)
in both cases. The amount of secondary phases is only a few
percent of the total intensity and none of them were reported
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FIG. 2. Rietveld refinement results on neutron powder diffrac-
tion pattern of CePtAl;Ge,. Neutron powder-diffraction pattern of
CePtAl;Ge, measured at 10 K (a), 1.7 K (b), and (c) 0.07 K.
Black open circle, red line, black bar, and orange bar indicate
observed neutron intensity, calculation, nuclear Bragg position of
R3m, and magnetic Bragg position of the ordering wave vector, k =
(1.39, 0, 0.09), respectively. (b) Two different refinement results are
compared: the fit with the I'2 model (red line) explains the intensity
of the magnetic Bragg peaks, while I'1 model fails (blue line). (c)
Except for the background signal due to the sample environments,
the magnetic Bragg pattern indicates that the magnetic structure is
independent of temperature down to 0.07 K.

to be magnetically ordered. The estimated weight percentages
of the impurity phases are 3.33% for PtAl, and 5.21% for Al,
where the Brindley coefficients are set to 1 for all phases [35].

The antiferromagnetic ordering temperature (7y) of
CePtAl4Ge; is 2.3 K, and the saturated magnetic moment is
approximately 1.2 ug and 0.4 ug for the magnetic field of
50 kOe applied along the crystallographic [100] and [001]
direction, respectively [32]. Figure 2(a) shows the diffraction
pattern measured at 10 K, which is well explained by the high-
temperature crystal symmetry, indicating the absence of a
structural transition at low temperatures. Figure 2(b) displays
the Bragg pattern measured below Ty, in which additional
Bragg peaks appear due to magnetic scattering. Rietveld
refinements show that the pattern is best explained by an
ordering wave vector k = (1.39, 0, 0.09). This ordering wave
vector was confirmed by the thermal neutron single-crystal
diffraction experiment. The diffraction pattern at 0.07 K,
shown in Fig. 2(c), is similar to that at 1.7 K, except for a
broad hump at 26 from 14° to 24° and a peak at 35.9°. All
magnetic peaks are well explained by the same k, whereas
the hump and peak are due to the low-temperature sample

TABLE 1. Basis vectors of the Ce atoms in position 35 (0, 0,
05), Rgm, k = (1 39, 0, 009) in CePtA14G62. Note that mi00, M010,
and mgy, denote the magnetic moment of the Ce atom along the
crystallographic [100], [010], and [001] directions, respectively.

IR mioo mMo1o moo1

ry 0 1 0

r, 2//3 1//3 0
0 0 1

environment induced by the dilution refrigerator and are in-
dependent of temperature (not shown here).

The representational analysis with the magnetic order-
ing wave vector k and crystal structure yields two one-
dimensional irreducible representations (IRs) for the Ce site
(3b), which are summarized in Table I. Figures 2(b) and
2(c) show the refinement with the magnetic I’ IR model
and the basis vectors v; = [2,1,0]/4/3 and v, = [0, 0, 1],
which matches the intensities of the magnetic Bragg peaks
and is in agreement with the in-plane easy-axis anisotropy
deduced from the magnetic susceptibility (Fig. 5). This I',
IR allows for solutions with an arbitrary phase between v
and v, which would correspond to cycloidal and helixlike
structures. The best refinement of the magnetic Bragg peaks
was obtained for a magnetic phase ¢ = 0 and the fit quality
was decreased for ¢ = 7 /2 (cycloidal or helixlike phase), in-
dicating that the nature of the magnetically ordered state is not
cycloidal or helixlike. The ordered magnetic moments, p° =
21013 4 1001 - which are estimated by Rietveld refine-
ments of neutron powder-diffraction pattern are u!210/v3 =
1.11(4) and p!® = 0.12(3)up at the temperature of 1.7 K
and p2'0/vV3 = 1.28(7) and p!®" =0.12(4)up at 0.07 K.
Ce moments form a ferromagnetic alignment between neigh-
bors along the crystallographic [010] direction, whereas the
magnitude of the moments is modulated along the [100] and
[001] directions. Further, the moments are aligned antiparallel
along the [100] direction and are aligned parallel with respect
to the equivalent site in the next chemical unit cell along the
[001] direction. This amplitude modulation of the ordered
magnetic moments preserves the inversion center of the mag-
netic structure. Figures 3(a) and 3(b) visualize the magnetic
structure, in which Ce atoms and their magnetic moments
are shown by yellow circles and red arrows, respectively. As
shown in Fig. 3(a), three layers of antiferromagnetic triangular
lattice are stacked along the crystallographic [001] direction
and the dashed line indicates one chemical unit cell. Spin
directions in the triangular plane are tilted 30° with respect
to the crystallographic [100] direction, whereas the tilting out
of the triangular plane is determined by ratio between %!
and pl2'0VV3 je. 0 = tan~! (!0 /u210/v3) Refinement of
the powder pattern reveals that the angle 0 is 5-6 degrees at
1.7 and 0.07 K. Further measurements, however, are essential
to estimate the exact tilting angle and its temperature depen-
dence.

The single-crystal neutron diffraction data in Figs. 3(c)
and 3(d) are consistent with the incommensurate ordering
wave vector k = (1.39, 0, 0.09) obtained from the powder
diffraction analysis. Figure 3(c) shows two /-scan data around
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FIG. 3. Magnetic structure and single-crystal neutron diffraction of CePtAl,Ge,. Magnetic structure with k = (1.39, 0, 0.09) is sketched
in three-dimensional space in (a) and within the Ce plane in (b). The amplitude of the Ce magnetic moments is represented by the length of
the arrows. (c) Single-crystal neutron-diffraction intensity at 0.1 K is plotted as a function of & (reciprocal lattice). The solid line in the inset
is a Gaussian function with its center at & = —0.61, where the peak is only observed when the ordering wave vector contains incommensurate
factor along the reciprocal / direction. (d) A magnetic Bragg peak at 0.1 K is observed by / scan of (—0.61, 0, /), where the peak position is
determined to be / = 4.09 from a Gaussian fitting. (¢) Temperature dependence of the neutron intensity of the magnetic Bragg peak shows a
critical behavior with a temperature exponent of 0.47 = 0.04 and a critical temperature of 2.38 K.

h = —0.61, where blue circles represent the & scan of (4, 0,
4) for I = 0 and black squares describe the & scan of (h, 0O,
4.09) for I # 0. A magnetic Bragg peak is only observed in
the (A4, 0, 4.09) scan, showing the existence of small / value
in k. A Gaussian fit of the Bragg peak (red solid line) gives
the center value of h = —0.61, which is consistent with the
h value of 1.39 from the refinement on the powder pattern.
Figure 3(d) describes an [ scan of (—0.61, 0, /), in which a
Gaussian fit best explains the peak at / = 0.09 = 0.005. The
magnetic Bragg position of (—0.61, 0, 4.09) is equivalent
to adding k to an allowed nuclear Bragg position (-2, 0,
4), i.e., (—0.61,0,4.09) = (—2,0,4) + k. The temperature
dependence of the neutron intensity (Ix) of the magnetic
Bragg peak is shown in Fig. 3(e), showing that it becomes
nonzero below 2.38 K, in agreement with Ty determined from
thermodynamic and transport measurements [32]. The critical
exponent (8) of the AFM ordered moment deduced from the
fit, Iy ~ (u°9)? ~ (1 — T/Ty)*#, is 0.237 £ 0.021, which is
in good agreement with the value of 0.23 estimated from the
two-dimensional XY magnet [38,39]. The two-dimensional
XY-type ordered moments are consistent with the magnetic
structure of CePtAl,Ge, as shown in Fig. 3(a).

Figure 4 shows the results of the inelastic neutron-
scattering experiments on a powder sample. The neutron
intensity as a function of transferred energy (Et = E; — Ef)
was measured at 10 and 120 K at various Q values, where
Q = k; — k¢ is the momentum transfer. All spectra show a
peak due to magnetic excitations around Er = 14.5meV and
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FIG. 4. Inelastic neutron spectra of CePtAl;Ge,. Inelastic neu-
tron scattering is measured at 10 and 120 K, which reveals a magnetic
excitation around 14.5 meV. Inset shows the intensity of this peak
collected at various Q values at 10 K. The least-squares fit (black
line) of the inelastic scattering data (red circles) with Q = 2.6 At
by a Gaussian function is centered at 14.51 meV, which was ascribed
to the crystal-field splitting between the ground state (|j, = 1/2))
and first excited (|j, = 3/2)) doublets. The spectrum measured at
120 K (green squares in the main panel) is well fitted by the same
CEF parameters, and a peak at 7.5 meV is consistent with the CEF
excitation from the |j, = 3/2) to the |j, = 5/2) doublets.
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FIG. 5. Temperature and field dependence of magnetization of
CePtAl;Ge,. The inverse of the magnetic susceptibility, 1/x, is
shown as a function of temperature in (a) and the magnetic moment
as a function of magnetic field is displayed in (b) for two different
field orientations of H||[100] (blue circles) and H|[[001] (black
squares). Solid lines are the least-squares fittings by the effective
Hamiltonian, H.g, that includes contributions from CEF, Zeeman,
and anisotropic exchange interactions (see the text for details).
The inset shows the low-temperature regime of Fig. 5(a) and the
least-squares fits (blue line) of 1/(x — xo) = (T’ — 6cw)/C in the
temperatures below 20 K. The x, values are 0.000 67 and 0.000 58
emu/mol for H ||[100] and H ||[001], respectively.

the inset shows that its peak intensity is gradually suppressed
as Q increases, which can be explained by the square of the
magnetic form factor of Ce** ions. At an elevated temperature
of 120 K, this Gaussian peak becomes weaker. The inelastic
neutron intensity with Q = 2.6 A’l, as shown in Fig. 4, is
best described by the Gaussian distribution with its center
at Er = 14.51 meV. Taken together, these Q and temperature
dependence of the inelastic neutron-scattering intensity indi-
cate that the excitation at 14.51 meV is the CEF first excited
state of the Ce>* multiplet. We note that there is a small hump
around Etr = 20meV, whose origin has yet to be clarified
through additional measurements.

IV. DISCUSSION

Figures 5(a) and 5(b) display the temperature dependence
of the inverse of the magnetic susceptibility (x) and the
magnetic field dependence of the magnetic moment, f4mqe (H ),
respectively. The solid lines are the least-squares fits obtained

from the MANTID program which contains crystalline electric
field (CEF) effects [40]. Ce sites in CePtAl4Ge;, occupy the
position (0, 0, 0.5) with local trigonal symmetry Ds;. As
a result, the CEF potential (Hcgp) can be described by the
following Hamiltonian: Hcgr = B,°0,° + B,0,° + B,20,3,
where B,” and O, are CEF parameters and Stevens operators,
respectively [41,42]. Based on the single-ion point-charge
model, initial B;”" parameters were obtained by using the
MANTID package with six Ge** ions located in the nearest
neighbors (NNs). When the magnetic easy axis is within
the xy plane, B,° should be positive [43,44]. If B, is a
positive number, only six Ge** ions should be considered
because B,” becomes negative when six AI’* ions in the next-
nearest neighbors (NNNs) are additionally included. Point-
charge model simulation with the NN Ge** ions produces
the best results when B;” parameters are B," = 6.63meV,
B, =0.13meV, and B,> = —3.49meV. Based on these
initial CEF parameters, simulations on the magnetization
curves were performed by the following effective Hamilto-
nian: Hey = Hegr + 818 Z(imx,0)j (H'ext + H' iy ), where the
contributions from CEF, Zeeman effect, and mean-field-type
anisotropic exchange interaction are included as the first,
second, and third term, respectively. Here gy is 6/7 due to
the Ce3t, up is the Bohr magneton, ji is the total angular
magnetic moment for the two different directions (i = x, z),
Hey; is the external applied magnetic field, and H,s is the
mean-field anisotropic molecular field which is described by
Hyp = A(M') = gyupA'(j').

Figures 5(a) and 5(b) describe the analysis of the mag-
netization curves for both field directions of H||[001] and
H||[100] by using the effective Hamiltonian Heg. The results
of CEF analysis are summarized in the Table II. The neutron
spectra measured at 10 and 120 K are well explained as shown
in Fig. 4. The first excited level is close to 14.5 meV, which
is the peak position in the inelastic neutron-scattering mea-
surements. The calculated excitation energy for the second
excited state (AE») is 22.07 meV. Even though a small hump
is observed at a similar value in the inelastic neutron spectra
in Fig. 4, it may not be related to the CEF magnetic excitation
because the possibility of the second excitation is zero due
to the selection rule, i.e., (1/2]J,,.]5/2) = 0. A broad peak
observed at 7.5 meV in the inelastic neutron spectrum at
120 K (green squares), on the other hand, could be ascribed
to the CEF excitation from |j, = 3/2) to |j, = 5/2) doublets
because the position of the additional peak is consistent
with the energy difference between |j, = 3/2) and |j, = 5/2)
(22.07 — 14.51 meV = AE, — AE)). The saturated magnetic
ordered moment along the crystallographic [001] and [100]
axis is expressed by gyup(I'|J;|T") and gyup (I'|J;|I") where
I" is the crystal-field ground state. The calculated magnetic
moments from the obtained ground state, |j, = 1/2), are
0.43 ug and 1.25 up, respectively, which are comparable to
the saturated magnetic moments of 0.4 ug and 1.2 ug, re-
spectively [32]. We note that the Curie-Weiss temperatures
(Bcw) deduced from the susceptibility at low temperatures
are 2.78 + 0.03 and 0.10 + 0.01 K for H|/[001] and
H||[100], respectively, indicating that the competition be-
tween ferromagnetic and antiferromagnetic interactions could
be a source of the magnetic frustration within the triangular
plane.
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TABLE II. CEF analysis results of CePtAl,Ge;.

CEF parameters
B,° (meV) B4® (meV) B4® (meV)
1.143 + 0.004 —0.026 £ 0.0005 0.000 % 0.002

A (mol/emu) AS A* Xo (emu/mol) xo0* Xo°

6.4+£0.3 345+£03 0.00067 0.00058

Energy levels and wave functions

AE (meV) 15/2) 13/2) 11/2) |—1/2) | —3/2) | —5/2)
22.07 0 0 O(—6) 0 0 ~1
22.07 ~1 0 0 0(—6) 0 0
14.51 0 0 0 0 -1 0
14.51 0 -1 0 0 0 0
0 0 0 ~—1 0 0 0(—6)
0 0(—6) 0 0 ~1 0 0

Magnetic moments of CePtAl;Ge, that form a trian-
gular lattice become antiferromagnetically ordered below
2.3 K, where neighbors are aligned ferromagnetically along
the [010] direction and are modulated along the [100] and
[001] directions. The peculiar AFM magnetic structure ob-
served in our experiment with incommensurate magnetic or-
dering vector k = (1.39, 0, 0.09) within a triangular lattice
is rare. Mixed magnetic structure with amplitude modulation
has been reported in the f-orbital frustrated magnetic systems
with Kondo effects and magnetic frustration [7,8,13]. The
distorted kagome lattice CePdAl, where 1/3 of Ce moments
are disordered, while 2/3 of them are ordered with incom-
mensurate k = (0.5,0, ~ 0.35) in AFM state, the moment
are modulating along the [001] direction [7,45,46]. Similar
mixed magnetic structure in the AFM state was also reported
in the U-based hexagonal frustrated magnet UNiyB, where
1/3 of U moments remain paramagnetic, while 2/3 of them
are ordered toroidally within the hexagonal plane [12]. The
AFM compound CePtAl4Ge,, where amplitude modulation
of the spin chains was observed along the crystalline [100]
direction, will provide a rare opportunity to study the interplay
between Kondo effects and magnetic frustration. It will be
a challenge to determine the role played by such factors as
competition between FM and AFM interactions, RKKY and
Kondo interactions, and the triangular crystalline structure in
producing magnetic frustration in this compound.

V. SUMMARY

We performed elastic and inelastic neutron-scattering ex-
periments and a CEF study of the triangular antiferromagnet
CePtAl4Ge,. The Rietveld analysis of the neutron powder

pattern and the direct observation of the magnetic Bragg
peaks using thermal neutron single-crystal diffraction showed
that the AFM ordered state is an amplitude incommensurate
structure modulated by the ordering wave vector of (1.39, 0,
0.09). Here, neighbors are aligned ferromagnetically along
the [010] direction and the amplitude of magnetic moments
oscillates periodically along the [100], and [001] directions,
suggesting an intricate interplay between magnetic frustra-
tion, Kondo effect, and RKKY interactions. When combined
with the inelastic neutron-scattering results, the temperature
and field dependence of the magnetization of CePtAl,Ge;
is consistent with a doublet ground state with a dominant
|j. = 1/2) character and a first excited doublet |j, = 3/2) at
14.5 meV.
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