Journal of Physics: Conference
Series

OPEN ACCESS You may also like

. - - - LOw pressure ase diagram o eCoGe.
High pressure phase diagram of CeCoGe, ,Si 4 Masakazu Mizoo, TakashiNishioka,

Harukazu Kato et al.

- Review on crystal structures and magnetic
To cite this article: J Larrea J et al 2012 J. Phys.: Conf. Ser. 391 012034 properties of RTX, materials
Binod K Rai, Patrick O’Rourke and Utpal N
Roy

- Electrical and thermal transport properties

of intermetallic RCoGe, (R=Ce and La)

View the article online for updates and enhancements. compounds
B Ramachandran, P C Chang, Y K Kuo et
al.

c = DISCOVER
i - how sustainability
The vi : intersects with

Electrochemical
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 3.147.67.48 on 21/05/2024 at 23:25


https://doi.org/10.1088/1742-6596/391/1/012034
https://iopscience.iop.org/article/10.1088/1742-6596/273/1/012009
https://iopscience.iop.org/article/10.1088/1361-648X/ac6854
https://iopscience.iop.org/article/10.1088/1361-648X/ac6854
https://iopscience.iop.org/article/10.1088/1361-648X/ac6854
https://iopscience.iop.org/article/10.1088/1361-648X/ac6854
https://iopscience.iop.org/article/10.1088/1361-648X/ac6854
https://iopscience.iop.org/article/10.1088/0953-8984/26/25/255601
https://iopscience.iop.org/article/10.1088/0953-8984/26/25/255601
https://iopscience.iop.org/article/10.1088/0953-8984/26/25/255601
https://iopscience.iop.org/article/10.1088/0953-8984/26/25/255601
https://iopscience.iop.org/article/10.1088/0953-8984/26/25/255601
https://iopscience.iop.org/article/10.1088/0953-8984/26/25/255601
https://iopscience.iop.org/article/10.1088/0953-8984/26/25/255601
https://iopscience.iop.org/article/10.1088/0953-8984/26/25/255601
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvapgStMu4StQ6JWWEP1YsCwDtUSSPvgCl4vtzEk-ebnJjQ8pYJ1D0cnVwqag2n8Qmkny6IjUiWYmJA0mvY5L1tT3pHgmFjJouQmyCIOSTnkJb4tJhMdgk5O4mSKGnsoipWi2EQC-RNoXVyzmFVCo_WICXxmetfPcY-7DruLekTZosE4GuErLifsfMNHtWI0dtqovJufQLH1pnGu4ZQIdr042doGPloVMgaXC-iPzFzHqkpU51FSPMmWT5U1I5EdTa79zWNx5kUK48BELKsIrufxd8TQzwiNObJBqr7TDAlTBgo3BdYRZMS5-bGJu1l92smrTgDe4l8cw6074c6qR1rJc3Q8spr&sig=Cg0ArKJSzORzyh_oXz1V&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

International Conference on Strongly Correlated Electron Systems (SCES 2011) IOP Publishing
Journal of Physics: Conference Series 391 (2012) 012034 doi:10.1088/1742-6596/391/1/012034

High pressure phase diagram of CeCoGe;,Sijg

J. Larrea J!, J. Teyssier?, H. Ronnow?, M. Miiller ! and S . Paschen'

nstitute of Solid State Physics, Vienna University of Technology, Wiedner Haupst. 8 - 10,
1040 Vienna, Austria

2Département de Physique de la Matiére Condensée, Université de Geneve, Quai
Ernest-Ansermet 24, 1211 Genéve 4, Switzerland

3Laboratory for Quantum Magnetism, Ecole Polytechnique Fédérale de Lausanne, 1015
Lausanne, Switzerland

E-mail: larrea@ifp.tuwien.ac.at

Abstract. We have investigated the temperature-pressure phase diagram of the heavy fermion
compound CeCoGez.25ip.s by DC magnetic susceptibility measurements, xpc(7'), under high
pressure. The Néel temperature of T = 4 K in zero pressure is reduced by pressure up to 3
kbar. At higher pressures antiferromagnetic order appears to gradually transform into a spin
glass like-state. Magnetic field decreases both T and the spin glass freezing temperature T.
At 3 T and 6.5 kbar a divergence of xpc(T) is observed with a power law that is consistent
with a disorder-dominated quantum criticality.

1. Introduction
A challenging problem in the physics of strongly correlated electron systems is to understand
the role of disorder, when matter approaches a quantum phase transition. The non-Fermi liquid
(NFL) behavior and non-canonical phase diagrams around the quantum critical point (QCP) of
a number of U and Ce-based heavy fermion (HF) systems [1, 2, 3] appear to be well described
by the quantum Griffiths model [4, 5]. It describes the coexistence of a Fermi liquid bath, in
which the Kondo interactions dominates and rare magnetically ordered regions, in which the
RKKY interaction dominates. To date there are, however, few systematic investigations on the
role of disorder on the quantum critical properties at pressure or magnetic field tuned QCPs.
The pseudo-ternary HF compound CeCoGes_,Si, [6] with tetragonal BaNiSns-type structure
and antiferromagnetic (AF) order for z = 0.75 (Ty = 6 K) and 0.9 (T = 3.9 K) is one of the
few examples of heavy fermion compounds that can be driven to a QCP under moderate high
pressures (< 10 kbar) [7, 8]. Recent electrical resistivity measurements under pressure (P) [8]
for © = 0.9 have suggested that the QCP (Pc = 6.2 kbar) might be governed by the coexistence
or competition between a Griffiths phase and critical spin fluctuations. Here, we report DC
magnetic susceptibility measurements under high pressures for CeCoGes 2Sig g, a material with
a Si content similar to that recently investigated by electrical resistivity measurements under
pressure [8].

2. Experimental
Polycrystalline CeCoGes2Sipg samples were prepared in two steps as described in Ref.6.
Precursors were first melted in an arc furnace and, in the second step, annealed at 900 °C for

Published under licence by IOP Publishing Ltd 1



International Conference on Strongly Correlated Electron Systems (SCES 2011) IOP Publishing
Journal of Physics: Conference Series 391 (2012) 012034 doi:10.1088/1742-6596/391/1/012034

two weeks in a sealed quartz tube under low pressure of argon. Powder X-ray diffraction, EDX
and magnetic susceptibility measurements did not reveal any secondary phases. DC magnetic
susceptibility measurements were carried out in a ST00X SQUID magnetometer down to 2 K.
Hydrostatic pressures up to 10 kbar were applied on a sample with dimension 5.5 mmx1.55
mmx1.35 mm using a CuBe pressure cell (easy lab M10) and Sn as in-situ manometer. The
absolute value of the sample magnetic susceptibility was obtained by subtracting the pressure
cell contribution at different pressures and magnetic fields from the measured data.

3. Result and discussion

Figure 1(a) shows the temperature variation of the magnetic susceptibility, xpc(7T), at all
investigated pressures. xpc(7T) at P = 0 kbar shows the typical profile of a material that
undergoes long range antiferromagnetic ordering at the Néel temperature T, defined as the
temperature where ypc(7') has a maximum. The extracted value of Ty = 4 K is in good
agreement with values recently derived from specific heat and electrical resistivity measurements
on samples of the same batch (not shown). The residual resistivity pg = 24 2 cm is comparable
to values reported by Eom et al. [6], but three times smaller than the value reported for a
polycrystalline sample with =0.9 [8]. This indicates that our sample is of good quality. We
would also like to note that py of our CeCoGes 2Sipg samples is comparable to pg values of a
number of other heavy fermion systems that are not considered to be disorder dominated [3, 9].

Figure 1. (a) Temperature de-
pendence of the magnetic sus-
ceptibility of CeCoGeg2Sipg at
different selected pressures, mea-
sured at zero field cooling (ZFC)
conditions with poH = 0.1 T.
We obtained the magnetic sus-
ceptibility as M(H)/H where
M is the magnetization. (b)-
(d) xpc(T) at different pressures
measured at ZFC and field cool-
ing (FC) conditions with poH =
] 0.1 T. The arrows at T and
103 T are placed at the temperature
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Pressure reduces the magnitude of x pc and shifts T continuously to lower temperatures, at
least up to 5 kbar (Fig.1la). Beyond that pressure, the reduction of the magnitude of xp¢ is less
pronounced and a different profile of xpc(T) develops, with a rounded hump centered at T7.
With increasing pressure T’ first increases slightly up to 8 kbar and then becomes constant. This
indicates a change in the type of order at a pressure of about 5 kbar. Further evidence for this
conjecture comes from zero field cooling (ZFC) and field cooling (FC) xpc(T') measurements
in an applied field of 0.1 T. While for pressures below 5 kbar a clear maximum is present for
both the ZFC and the FC xpc(T) curves (Fig. 1 b), for pressures above 5 kbar only the ZFC
curve displays a very broad maximum (Fig. 1 ¢, d). The hysteresis in the former case (Fig. 1 b)
is characteristic of antiferromagnets with strong magnetic anisotropy and pronounced domain
effects. The hysteresis in the latter case (Fig. 1 ¢, d) is reminiscent of a spin glass-type behavior
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(SG), probably governed by an interplay of AF and ferromagnetic (FM) interactions. This is
summarized in the temperature-pressure phase diagram shown in Fig. 2.
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phase diagram of CeCoGes 2Sigg
obtained by magnetic susceptibil-
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A pressure-induced change of the AF ground state may also be inferred from our xpc(T)
measurements in different magnetic fields (Fig. 3). At zero pressure, xpc(Tn) is continuously
reduced by the magnetic field (Fig. 3 a) as is Ty (inset of Fig. 3 a). For 6.5 kbar, on the
other hand, xpc(Ty) at first increases with increasing field (Fig. 3 b). Unfortunately, T
quickly moves out of the investigated temperature window, calling for measurements below 2 K.
At 3 T, xpco(T) increases strongly with decreasing temperature and may be approximated by

xpco o< T2 - A power law divergence y o< T~ with 0.1 < n < 0.3 is expected for a disorder
dominated QCP [5].
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We speculate that the putative SG state induced by pressured above 5 kbar consists of FM
domains coupled via short range AF correlations to each other. This scenario is compatible with
the formation of a Griffith phase: random substitution of Ge by Si leads to the formation of rare

magnetic regions which become critical and play a relevant role when the system approaches
the QCP [10].
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In conclusion, we have investigated the temperature-pressure phase diagram of the heavy
fermion material CeCoGeg 2Sig g using magnetic susceptibility measurements down to 2 K, at
pressures up to 10 kbar. The data suggest that an antiferromagnetically ordered ground state
characterized by strong magnetic anisotropy and domain effects is successfully suppressed by
pressure and transformed into a state reminiscent of a spin glass. It is noteworthy that for
CeCoGeg 1Sigg a faster suppression of Ty with pressure was observed [8]. From that behavior
we would have expected to reach a quantum critical point in CeCoGes2Sipg at a pressure of
about 7 kbar. While we could not confirm this, we can also not exclude it since the putative
spin glass phase appearing at pressures above 5 kbar might cover an underlying quantum critical
point.

Application of magnetic fields suppresses both the antiferromagnetic and the putative spin
glass order. Measurements below 2 K are required to further explore field-tuned quantum critical
points at different pressures.
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