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Abstract.

We report the evolution of thermoelectric power under hydrostatic pressure up to 17 kbar
and at low temperature in the heavy fermion compound CeRh2Siz. These measurements were
performed using a thermoelectric setup specially designed for piston cylinder pressure cells.
The suppression of the antiferromagnetic order (AF) into a paramagnetic order (PM) state was
studied and the (T, P) phase diagram was precisely obtained. The different magnetic transitions
at low temperature as a function of pressure, AF;-AF, transition at P, and AF;-PM transition
at P., show significant changes in the thermoelectric signal. This support reconstructions of the
Fermi surface in agreement with previous de Haas van Alphen experiments.

1. Introduction

The disappearance of the long range magnetic ordering as a function of an external parameter
like pressure or magnetic field at a quantum critical point (QCP) in strongly correlated electron
systems is still an open question [1]. The driving mechanism of the quantum phase transition
at zero temperature from antiferromagnetic (AF) to paramagnetic (PM) ground states is ques-
tioned: what is the role of valence versus spin instabilities and is the disappearance coupled
with Fermi surface (FS) changes? In heavy fermion compounds, which are well suited systems
for such a study, very few measurements concern a careful investigation of F'S instabilities in the
AF state on approaching the critical pressure P, or the critical field H. where the AF order will
switch to a PM ground state or to a field induced polarized paramagnetic state (PPM), respec-
tively. A related open question is the resemblance between the AF order suppression by pressure
and magnetic field mechanism. However, in some heavy fermion compounds FS reconstruction
has been directly shown by quantum oscillations experiments. Prominent examples are the AF
compounds CeRhIns [2] and CeRhySip [3] where the evolution of the F'S has been studied as a
function of pressure through their QCP. DHvA measurements confirmed a FS reconstruction at
the QCP and led to the development of unconventional models such as the breakdown of the
Kondo effect [4]. The relevant picture is that a variation from a small FS to a large FS through
the critical pressure P, in AF systems can be observed near a QCP [5].

Here, we focus the study on the heavy fermion compound CeRhsSis. CeRhsSis is an ideal
system to study the quantum phase transition from AF to PM states as the Néel temperature
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Tn1 at ambiant pressure is high and the critical pressure P. ~ 10.3 kbar is rather low [6-8].
At ambiant pressure, CeRhySis presents two magnetic transitions defining two AF domains,
AF; and AFs5. The first transition, AF{-PM with Tn1 ~ 36 K, is second order at ambient
pressure, whereas the second one, AF{-AFy with Ty ~ 25 K, is first order. These two AF
states present distinct AF wave vectors deduced from neutron scattering experiments [9]. AF;
presents the AF vector q; = (1/2,1/2,0) and AF5 is characterized by two AF vectors: ¢; and
q2 = (1/2,1/2,1/2). The appearance of this second AF vector in the AFy phase is related to the
folding of the magnetic structure [9]. Tn1 and the T, vanish at critical pressures P ~ 5 kbar and
P. ~10.3 kbar, respectively [3,7]. The quantum phase transition at P, is characterized by the
apparition of superconductivity with a maximum superconducting temperature Ty, of 400 mK at
P. [3,10] suggesting magnetic fluctuations as origin of the superconducting pairing [11]. These
spin fluctuations near the QCP produce significant increases in various thermodynamic and
transports probes such as specific heat [12,13] and resistivity through the A coefficient of the
T? term [3,14].

The FS of CeRhsSiy at ambient [15] and at high pressure [6] are well known. Indeed, CeRhaSiy
presents a multiple connected Fermi surface with a localized behavior in the AFs state. Under
pressure, modifications of the Fermi surface appear at P, and P, suggesting a possible localized to
itinerant F'S transition. To clarify this point, an unambiguous proof of a F'S change is necessary
requiring a concomitance of various macroscopic and microscopic measurements. Among them,
thermoelectric power is a very powerful probe as it is directly linked to the energy derivative
of the density of states. In this paper, we present the development of a new setup to measure
the different thermoelectric coefficients under pressure. Using this new device the pressure
dependence of the thermoelectric power in CeRhsSis has been observed and the phase diagram
(T, P) has been obtained. The strong increase of the the thermoelectric power near P, confirms
a F'S reconstruction due the enhancement of spin/valence fluctuations near the QCP.

2. Experimental setup
Single crystals of CeRhySi; were grown by the
Czochralski pulling method in a tetra-arc furnace. The pressure Chamber
sample was cut by spark cutter and oriented by x-ray I
Laue diffractometer. Thermopower measurements have
been performed on a long-bar shape sample (2.25 X
0.70 x 0.33 mm) with a thermal gradient along the a-
axis. The residual resistivity ratio RRR (prr/po) for
the studied sample is ~ 10. We used a double wall
piston cylinder pressure cell with an external cell body
made of CuBe, reinforcing an inner cylinder of non-
magnetic Ni-Cr-Al alloy. The transmitting medium
was daphne oil 7373 which is a hydrostatic oil at room Obturator
temperature and for pressures up to 22 kbar [16]. '
Similarly to various experimental techniques dedi-
cated to measure thermoelectric coefficients under pres-
sure [17-19], we have chosen to perform thermopower
measurement using thermocouples instead of resistances
as used in the well known “One heater-Two thermome-
ters” vacuum setup due to the extremely reduced vol-
ume of the pressure chamber. The use of a pressure
transmitting medium induces power-leaks inside the
pressure chamber. Thermocouples measure directly the temperature gradient on the sample
eliminating errors due to the thermal leak. AuFe(0.07% Fe)-Au thermocouples were used in
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Figure 1. Schematic thermopower
setup for pressure measurements. The
reduced volume of the pressure cham-
ber implies the use of thermocouples.



International Conference on Strongly Correlated Electron Systems 2014 (SCES2014) IOP Publishing
Journal of Physics: Conference Series 592 (2015) 012002 doi:10.1088/1742-6596/592/1/012002

the temperature range [0.5 — 50]K [20] due to their quite good sensitivity. A 50 pum diameter
wire of AuFe(0.07%Fe) is flattened to a 15 pum thickness and cut in 50-70 pm widths. A 15 pm
diameter Au wire is used to complete the thermocouple. The thermocouples are spot welded on
the hot/cold sides of the sample. Both thermocouples have a similar configuration inside the
pressure cell in order to get an identical thermal path for each one. Moreover, the thermal cou-
pling between the heater and the sample was optimized by applying silver paste on the electrical
contact. A schematic representation of the pressure cell setup is shown in Fig.1. Two manome-
ters (Mn-coil and Pb-coil) are also present inside the pressure chamber in order to follow the
applied pressure. The coil made of resistive
manganin wire allows to follow the pressure
variations at room temperature. The Pb-coil is
a piece of lead around which a copper wire is
wound and it determines the pressure through the
Pb superconducting transition at low temperature.
The Mn coil can also be used as a heater.

A precise comparison between vacuum and
pressure setups reveals that the generated thermal
gradient in the pressure setup was 5 — 10
times smaller than in the vacuum setup for the
same applied Joule heating in despite of all the
efforts to reduce the leakage of power. The
high sensitivity of the thermocouples and their
extremely short thermalization time allows us
to perform measurement with extremely small
—e—54kbar | thermal gradient down to AT/T ~ 0.4% in the

S (uVK™)
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° + oa]  present device compare to AT/T ~ 3% in a
0 ¢ 10.3kbar conventional vacuum device. The good agreement
= J// al between S(T') measurements in vacuum and at
30 . . . . . low pressures (P ~ 0.2 kbar) shown in Fig.2a)
- ] validate the new device to measure thermoelectric
ol ] coefficients under pressure.
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shows a very complex structure with several
changes of sign due to different bands contribution
to the thermoelectric power in this multiband
compound.
. . . At low pressure (Fig.2a)), the suppression
Figure 2. (Color online) Evolution of of AFy at Ty, and AF, at Ty, correspond
S(T) n/leasure/ments under pressure for a) respectively to a drop and a kink in the
P <P, _b) P <r < P_C and c) P_C < P- thermoelectric power as indicated by vertical
The veljtlcals arrows indicate the different ., o5 Ag pressure increases, the drop of S(T)
magnetic transitions T, and Th,. at Tn2 becomes smaller and Ty, decreases in
temperature. Above 4 kbar, the signature of the
AF-AF; transition cannot be identified in S(T')
in the temperature range of the measurements. The AF{-PM transition at Ty decreases in
temperature under pressure and becomes a step like transition for P > 3 kbar. We can notice

51 Jila A

0 10 20 30 40 50 60
T(K)




International Conference on Strongly Correlated Electron Systems 2014 (SCES2014) IOP Publishing
Journal of Physics: Conference Series 592 (2015) 012002 doi:10.1088/1742-6596/592/1/012002

that in this low pressure range the thermoelectric power is always negative at low temperature.
Close to P, ~ 5 kbar, S(T) becomes positive at low temperature and on approaching
P. ~ 10.3 kbar, S(T') changes sign again becoming negative at low temperature (Fig.2b)).
These different changes of sign indicate changes of the dominant heat carriers in this multiband
system near the critical pressures.
Finally, at high pressure above P, (Fig.2c)), S(T') becomes positive in all the temperature
range. Consequently, the usual S(7") behaviour for the Kondo Ce-family, i.e a positive S(T")

value at low temperature [21], is observed in the PM phase.

The different anomalies in the thermoelectric power previously mentioned are reported on the
(T, P) phase diagram of CeRh2Siy shown in Fig.3a). The blue symbols represent T and the
green ones represent Tx2. The associated error bars of the different transitions obtained by the
first derivative of S(T') with temperature are also reported. The phase diagram obtained from
previous magnetoresistance (Tn,, Ts.) [3] and neutron (T,) [9] experiments is superimposed
(grey symbols). Our thermoelectric power anomalies are in good agreement with previous
results. From the T, line obtained by thermoelectric power measurement, the value of P,
can be estimated around 10.8 kbar. Similarly, the value of P. was estimated from the Ty, by

comparison with the pressure dependance obtained by neutron measurements. The quality of
our sample was too low to present the superconducting domain.
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Figure 3. (Color online) a) (7,P) phase diagram of CeRhySiy obtained from S(T')
measurements with thermal current along the a-axis and compare to previous magnetoresistance
(Tn,, Tsc)[3] and neutron (Tn,)[9] measurements. b) S/T values at 3 K as a function of
pressure through the different magnetic domains. The critical pressures P! and P., as well
as the superconducting domain are represented.

The evolution of S/T as a function of pressure at 7" = 3 K is shown in Fig.3b). Despite the
fact that 7' = 3K is a rather high temperature, the constant value of S/7T on the broad range of
temperature validates this analysis. In the AFy state, S/T' is negative and increases slowly with
pressure. As already mentioned, a sign change occurs at the AFo-AF; transition suggesting a
possible reconstruction of the FS. This is supported by dHvA measurements [7] that show the
suppression of the low frequencies electron-like branches (k, ¢ and O) at P! and the appearance of
new hole-like branches ¢, p and r in the AF; domain. Around P,, a sudden change of sign of S/T
is observed with a strong decrease of S/T suggesting an important F'S reconstruction as expected
from dHvA measurements [7]. The dHvA frequencies clearly change at 10.3 kbar, suggesting



International Conference on Strongly Correlated Electron Systems 2014 (SCES2014) IOP Publishing
Journal of Physics: Conference Series 592 (2015) 012002 doi:10.1088/1742-6596/592/1/012002

a first-order like phase transition. This indicates a discontinuous change of the Fermi surface
at P.. This FS reconstruction is coupled to spin/valence fluctuations [22] as shown the strong
variation of the A coefficient of the T2 resistivity law as well as of the Sommerfield coefficient
of the specific heat. In the PM phase, S/T of CeRhySis becomes positive and increases with
pressure. All the frequencies of the AF phase disappear at P, and 3 new high frequencies (A,
B and C) appear in the PM state which total contribution is hole-like [7]. In many correlated

metals, the absolute value of the dimensionless ratio ¢ = %% (where e is the elementary

charge and N4, the Avogadro number) is close to unity [23]. In a single band model the number
of carriers is inversely proportional to ¢q. The value of S/T at 3 K and the corresponding ~y
[13] yield ¢ ~ 2 at ambient pressure and g ~ 2.5 close to P. suggesting no significant change of
carriers number. At P,, spin/valence fluctuations and inherent F'S reconstruction move away the
system from Fermi liquid behavior. Therefore, such a simple estimation of the number of charge
carriers from the thermoelectric power is not possible in this multiband compound specially at
P,.. The presence of the low energy fluctuations associated to F'S changes seem to be a general
feature of correlated materials at low temperature close to a QCP.

4. Conclusion

We have clarified a drastic change of the FS for the antiferromagnet CeRhsSis compound near
the critical pressure P, corresponding to the collapse of the AF order. The FS reconstruction at
P. is associated to the enhancement of valence/spin fluctuations close to P.. The thermoelectric
anomaly is spread in a large pressure range and masks the nature of the Fermi surface
reconstruction at P, according to previous dHvA measurements. The present result is the
first observation of thermoelectric power through a FS instability where both F'S reconstruction
and drastic change of the low energy fluctuations are associated.
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