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A re ent reinvestigation of the alloy system CeIn3 x Snx between the
antiferromagneti (AF) Kondo-latti e CeIn3 and the intermediate valent
CeSn3 has shown that the AF order disappears at a quantum riti al point
(QCP) at x  0:65. Preliminary eviden es for a rst order transition
below TN at x < x , indi ating a omplex magneti phase diagram, have
motivated the present detailed investigation of spe i heat and resistivity
on ne tuned samples in the 0:25  x  x range. These results onrm
the rst order transition at TI < TN in a redu ed on entration range
(0:25 < x < 0:47) and suggest that the phase boundary TI (x) merge with
the TN (x) near x  0:37, leading to a tetra riti al point. A similar rst
order transition was previously observed in the CeCu2 (Si,Ge)2 system at
low Ge- on entration. Sin e in this alloy the rst order transition also
appears in the vi inity of a QCP, the question arises on erning how general
this property is at AF riti al points in Ce-based alloy systems.
PACS numbers: 71.10.Hf, 71.20.Lp, 71.27.+a, 75.20.Hr
Among Ce-based intermetalli systems showing non-Fermi liquid behavior, CeIn3 x Snx has shown to be parti ularly indi ated to study the nature
of quantum riti al points (QCP) [1℄, sin e the ubi symmetry at the Ce
sites avoids the inuen e of eventual rystalline anisotropy ee ts. One of
the interesting features of this alloy is that the redu tion of the antiferromagneti (AF) ordering temperature TN with Sn doping an be followed in
more than one de ade of temperature, from the rather high value TN = 10 K
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in pure CeIn3 down to at least 0:4 K at x = 0:6 [2℄, indi ating a true QCP
at x  0:65. Furthermore, eviden es for a rst order transition o urring
between x = 0:3 and 0.45 at a temperature TI < TN were found by means
of resistivity (T ) and spe i heat CP (T ) measurements [1℄. Due to the
unexpe ted presen e of that phase transition within the AF phase in the
proximity of the QCP, we have performed a detailed investigation of the
low temperature thermal and transport properties of new samples within
the 0.25< x  x on entration range. In this arti le we present these new
results, whi h support the rst order nature of the TI transition. We also
ompare our results with similar ndings observed in the CeCu2 (Ge,Si)2
system at low Ge- on entration.
The CP (T ) data are depi ted (after phonon subtra tion) in Fig. 1 in
the Cel (T )=T vs T representation. These results show that the AF phase
transition undergoes an important evolution as a fun tion of Sn doping. The
sharp se ond order transition observed at x  0:15 [1℄ progressively broadens
for the x = 0:25, 0.30 and 0.37 samples. For x = 0:45, 0.47 and 0.50,
the transition evolves into a small jump followed by a nearly logarithmi
tail. Within the 0:25  x  0:37 on entration range, TN is dened at
the temperature of largest negative slope in Cel (T )=T . For x  0:45 the
temperature of the jump in Cel (TN ) pra ti ally oin ides with the maximum
value of Cel (T )=T . Although TN (x) diminishes monotonously from TN = 6 K
(x=0.25) to TN = 1:2 K (x=0.5), this evolution presents a hange in the
TN (x) urvature between x=0.35 and 0.45. Within the AF phase, a peaklike transition is observed at TI (x) for x = 0:3, 0.37 and 0.45 at 1.8 K, 2.1 K
and 0.8 K respe tively, with the hara teristi of a rst order transition.
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Fig. 1. Ele troni

ontribution to the spe i heat of the studied samples

The orresponding (T ) dependen es of the studied samples (not presented in this arti le) show strong similarities with Cel (T ) in the vi inity
of TN . The anomaly observed at the AF transition for x  0.30 broadens
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in the 0:37  x < 0:5 samples. The values of TN (x) (also extra ted from
the largest (T ) negative slope) oin ides with those of the spe i heat.
This o urs even in the x=0.45 and 0.50 samples, where Cel (T ) exhibits a
small jump while (T ) only shows a weak urvature. At T = TI , the hysteresis observed in (T ) upon thermal y ling, as shown in Fig. 2 for the
x=0.45 sample, provides a further eviden e of the rst order hara ter of the
transition. The appli ation of magneti eld (up to 2T) smears the Cel (T )
anomaly at TN , and slightly modies TI (see also Fig. 2).
Figure 2
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Fig. 2. Comparison between spe i heat and resistivity of the x = 0:45 sample.
The resulting magneti phase diagram of the region under analysis is
shown in Fig. 3. For omparison we have also in luded the temperature of
the Cel (T )=T maximum (Tmax ). There, one an see that TN (x) and Tmax (x)
behave dierently up to x  0:4, while they join for x  0:45. The proximity
of Tmax to TI at x = 0:37 suggests the existen e of a tetra riti al point around
that on entration. The fa t that a hange in the InSn on entration ratio
of 2 % leads to a signi ant shift in the transition temperatures (TN ) points
to a very homogeneous Sn distribution within the sample. Sin e TN de reases
ontinuously with Sn- ontent, a phase separation an be ex luded.
The presen e of a rst order transition lose to the QCP rises the question of a possible relationship between them. Whereas measurements of
the resistivity under pressure on pure CeIn3 do not give any eviden e for the
presen e of a rst order transition below TN [3℄, a similar rst order transition
at TI (z ) slightly below TN (z ) was re ently established in CeCu2 (Ge1 z Siz )2
through spe i heat and thermal expansion measurements on single rystals [4℄. Also there TI (z ) and TN (z ) merge at a tetra riti al point at z = 0:77,
lose to the QCP at z  1:0. This suggests that the rst order transition
and the tetra riti al point might be a more general property in alloys lose
to an AF- riti al point. One possibility is that it orresponds to the transition from a u tuating AF order (TN (z ) > T > TI (z )) to a stati AF order
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Fig. 3. Magneti phase diagram of CeIn3 x Snx around the region where TI is
observed. TN : Néel temperature, TI : rst order transition and Tmax : maximum in
Cel =T . The TN value for x = 0:6 is taken from Ref. [2℄.
(T < TI (z )), the transition being promoted by the pinning due to the large
amount of defe ts in the alloy [5℄.
In on lusion, the present results onrm the preliminary eviden es for
a rst order transition in the AF phase of CeIn3 x Snx , within a well dened
range of on entration (0:25  x  0:47). The proximity of the TI (x) phase
boundary to Tmax (x) at x=0.37 suggests the existen e of a tetra riti al point
in this magneti phase diagram with similar hara teristi s to those observed
in CeCu2 (Ge1 z Siz )2 single rystals lose to the QCP.
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