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In CePdyGag, one of the few ferromagnetically ordered heavy fermion
materials, the transition temperature Tmag (~ 6.4 K) is lowered by pres-
sure. From a comparison of resistance data with DC susceptibility data
there is evidence, however, that the FM magnetization disappears before
Tmag is suppressed to zero. The isostructural compound CePd,Al,Ga also
shows FM order, but with a much lower Tr,,5 ~ 1.8 K. It could be expected,
therefore, to reach Tiyae = 0 K within a pressure range where thermody-
namic properties like x and C, can be determined. Earlier data of the ac
susceptibility have shown that after an initial steep decline T}ya, saturates
with a tendency to increase again above 0.4 GPa. Here we present specific
heat data extending up to 2.5 GPa which confirm this dependence as a bulk
property of CePdsAl,Ga. Moreover, they show a maximum in Tiyae around
1.8 GPa followed by a steep decline extrapolating to 0 K below 2.8 GPa.
This decline is accompanied by a flattening of the transition anomaly above
1.9 GPa. Notwithstanding the hints on a change of the type of magnetic
order from ac susceptibility results the magnetic structure under pressure
is not known. So the interesting question if there exists a quantum critical
point between a FM phase and a Kondo Fermi liquid is still open.
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A great number of antiferromagnetic (AFM) Kondo lattice materials can
be described by the Doniach model in a very satisfactory way. According to
this model an increase of the interaction parameter g = N(Ep)J will drive
the material from a magnetically ordered into a paramagnetic (PM) Fermi-
liquid state. The increase in g can be attained by suitably alloying (z) or
— in cerium alloys — by application of pressure (p). At critical values z¢
or pc, respectively, a so called Quantum Critical Point (QCP) is reached
where Ty = 0. In the proximity of this QCP the physical properties are
determined by quantum fluctuations. A description as a Fermi-liquid is not
appropriate. For the temperature dependences of the specific heat, magnetic
susceptibility and electrical resistance unusual power or logarithmic laws are
found [1]. The study of QCPs under high pressure is especially useful since
pressure does not change the chemical composition nor the atomic order.

There are only comparatively few examples of ferromagnetically (FM)
ordering Kondo-lattices though to our knowledge there are no principial rea-
sons against the occurrence of FM in materials showing Kondo-interactions.
Rather often the magnetic phase diagrams of FM Kondo-lattices are more
complicated; beyond the FM phase there exist different magnetic phases
with the consequence that there is no direct transition from the FM to the
PM state (as an example see CeRuaGey [2]). Because of the limited choice
of FM Kondo-lattices, the probability is rather low to find one with a pc
low enough that an extensive investigation of the bulk properties can be
performed under pressure.

CePdyGag is a FM cerium compound with clear signs of Kondo effect
above the Curie temperature Tc ~ 6.4 K [3]. Its pc appears to be around
5 GPa as was extrapolated from resistance data under pressure [4]. On the
other hand DC susceptibility measurements under pressure have shown that
the signs of FM abruptly disappear at 2.3 GPa [5|. Combined with the
resistance data this finding suggests that the FM order changes to another
type of magnetic order before the transition to the PM state is reached.
To supplement the investigation of this phenomenon by measurements of ac
susceptibility and specific heat is very difficult according to the high pres-
sures needed. On the other hand, an approach to the QCP by continuously
alloying into CePdsGag is not possible [6]. There exists, however, a sto-
ichiometric intermetallic compound CePdsAlsGa which also crystallizes in
the hexagonal PrNigAljs structure and shows FM order below about 1.8 K [6].
Thus the pressure needed to suppress the FM order is expected to be much
less than in CePdyGas. Indeed, ac susceptibility measurements under pres-
sure have shown a steep incipient drop of T¢ which stopped, however, near
0.07 GPa [7]. After staying constant Tp,,, started to rise again beyond
0.4 GPa, thus leaving the question of the possible existence of a QCP in this
type of material open again.
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Here we present results of specific heat measurements on CePdyAl,Ga
under high pressure which where performed to get additional informations
on the state of the material in the bulk. The technique used was a relax-
ation method applied to the sample configuration in the interior of a piston
cylinder cell. An overview on the results is shown in Fig. 1. The magnetic
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Fig. 1. Magnetic specific heat in a logarithmic scale. Insert: Tinae as defined by the
position of the maximum in C(T).

transition is clearly pronounced; there is no evidence for any other transition
in the whole temperature range. The non monotonous dependence Tiag(p)
as found in the susceptibility measurements [7] is confirmed in an excellent
way and continued to much higher pressure. Around 1.8 GPa Tias reaches
its maximum value of about 2.4 K. At higher pressures Ti,g falls again with
increasing slope. Beyond 2.3 GPa, however, the determination of Tiae from
the anomaly becomes more difficult. At p = 0 the transition anomaly al-
ready shows some intrinsic broadness, which diminishes a bit with increasing
pressure. Only around 2.3 GPa it starts to increase distinctly accompanied
by a pronounced decrease of the height of the anomaly. The critical state
seems to be beyond the technical limit of our pressure cell and has not yet
been reached. From extrapolation of the Tiae(p) data the limit Tiyae = 0 is
expected to lie between p = 2.6 and p = 2.8 GPa. The magnetic entropy as
determined by an integration of the (C' — Cpnon)/T data is rather small and
amounts to only 0.6 RIn2 at 6 K and p = 0. Under pressure it is further
diminished.

There are no doubts on the existence of a magnetically ordered phase
within the whole pressure range investigated. On the nature of the mag-
netic order, however, we still can only speculate more or less. At p = 0
CePdAlpGa is definitely FM as shown by magnetization measurements [6].
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At the same time the signal of the ac susceptibility is very strong as often
found in FM materials. It decreases rapidly under pressure and becomes
very weak beyond 0.3 GPa suggesting a change in the type of magnetic or-
der [7]. Arguments in favor of a change of the type of magnetic order are
based on the peculiarities of the PrNigAls structure. The cerium moments
are FM aligned within the basal planes of the hexagonal unit cell. Long
range order is mediated by RKKY coupling across the intermediate lay-
ers composed of Al/Ga and can be FM (CePdsGagz, CePdsAlsGa) or AFM
(CePdgAls). The idea is that the magnetic LRO can be switched from FM
to AFM by tuning the anisotropic RKKY interaction via the c-axis lattice
parameter [6,7|. If this is the main influence a common pressure phase dia-
gram should hold for CePdy(Ga,Al)s. At least, the specific heat data on the
shape of the transition anomaly seem to exclude the presence of a spin glass
state. There are, however, no distinct indications for a change in the mag-
netic ordered state like for instance a change in the shape of the transition
anomaly as was found in CePbs, e.g. [8]. Measurements of the contribution
of magnetic excitations to the electrical resistance at very low temperatures
seem to indicate the disappearance of FM close to 0.4 GPa [9]. The best
method for the determination of the magnetic order of a material is neutron
scattering. Presently such investigations, however, are beyond any technical
feasibility because of the high pressures and low temperatures needed, the
small reduced magnetic moments, and the fact that single crystals are not
available.

So the conclusion of our study is that there is a QCP in CePdyAlyGa
close to p = 2.8 GPa. But the question is still open if this is a direct
transition from the FM to the PM state or if there is an AFM phase in
between.
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