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The existence of long range magnetic order and superconductivity in
single crystals of CeCus(Sig.9Geo.1)2 is investigated by measuring the elec-
trical resistivity under pressure. At ambient pressure, antiferromagnetic or-
der coexists with superconductivity. Upon applying pressure, the magnetic
order vanishes continuously. Interestingly, we observe two superconduct-
ing domains in the T—P phase diagram, where superconductivity is lost
inbetween. In the first domain (0< p < 3 GPa), T, initially increases with
pressure, reaching a maximum value of T/"* ~ 0.39 K at p &~ p¢1. Above
Pe1, Ie decreases with increasing pressure. In the second domain, the max-
imum T, (T2 =~ 0.96 K at pe2 &~ 5.4 GPa) is much higher than that in
the first domain. Non-Fermi-liquid behavior with resistivity exponent 1<
n <1.5 (p = po + AT™) is observed at pressures p.1 < p< peo-

PACS numbers: 74.20.Mn, 74.62.Fj, 74.70.Tx

1. Introduction
Since the discovery of pressure-induced superconductivity (SC) in the

heavy fermion (HF) antiferromagnets (AFM) CeCuaGey [1], CePd2Sis [2]
and Celns [2], which occurred in the vicinity of their respective magnetic
quantum critical points (QCP: Ty — 0), it is debated whether or not the
closeness of the compounds to such a QCP is a prerequisite for SC in these
HF compounds [2]. The prototype HF superconductor CeCusSis is located
at the verge of magnetism at ambient pressure [3]. Upon applying hy-
drostatic pressure, CeCuaSia shows a coherent and broad superconducting
region in the temperature-pressure(T-P) phase diagram, starting with a
plateau-like region of T, =~ 0.65 K below 2 GPa, which is then followed by
a steep increase of T, (T ~ 2.3 K at p ~ 3 GPa) upon further increasing
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pressure [4]. A very similar T—P phase diagram was found for the isoelec-
tronic compound CeCugGey [1]. The validity of the QCP scenario as an
origin for SC is challenged by the observation that SC in these two com-
pounds exists coherently over a much wider range in pressure than found
for Celng [2] and for the majority of the samples of CePdsSis [2,5], i.e., at
a much larger distance from the QCP. In this paper, we present a pressure
study on the single crystal CeCugy(Sig.9Geg.1)2, in which the volume effect
and disorder effect are important.
2. Experimental

Single crystals of CeCusg(Sig.9Geg.1)2 have been grown by a Cu-flux
method. The resulting ingot was annealed at 800°C for 5 days. It was
confirmed that SC and AFM coexist in CeCusg(Sigp.9Geg.1)2 at ambient pres-
sure [6]. The pressure dependence of Tx and T, has been determined by mea-
suring the electrical resistivity with a low power AC four-terminal method.
Two different samples (#1 and #2), cut from the same batch, have been
investigated due to the two different methods used to generate pressure. A
piston-cylinder cell filled with a 1:1 mixture of iso-pentane and n-pentane
providing hydrostatic pressure conditions was employed for p < 3 GPa. The
pressure was determined to Ap = £0.05 GPa from the T, (p) of tin. For
p > 3 GPa, a Bridgman-type cell was used with steatite as pressure trans-
mitting medium. Absolute values for the resistivity are obtained by scaling
the sample resistance to the corresponding value measured at ambient con-
ditions [6].

3. Results and discussion

The temperature dependence of the electrical resistivity at different pres-
sures is presented in Fig. 1(a) for sample #1 (p < 3 GPa) and in Fig.1(b)
for sample #2 (p > 3 GPa). The derivative of the resistivity with respect
to temperature at pressures of p = 0.3 GPa and 0.5 GPa is shown in the
inset of Fig. 1(a). For p < 1 GPa, magnetic order (at Tx and T'1 as shown
in the inset) coexists with superconductivity. Neutron scattering results at
ambient pressure indicate an antiferromagnetic order below T and a prob-
able reorientation of the magnetic moments at 7'1 [6]. Both Ty and T'1 are
suppressed upon applying pressure. However, T; first increases with pres-
sure and then decreases upon further increasing pressure above p ~ 1 GPa
(Fig. 1 (a)). At p = 2.8 GPa, no superconductivity is observed down to
T = 50 mK. Interestingly, superconductivity recovers at higher pressures
above 3 GPa (see Fig. 1(b)). Moreover, the residual resistivity po strongly
depends on pressure above 3 GPa, and the resistivity exhibits a linear tem-
perature dependence at p =~ 5.4 GPa where T, reaches a maximum value of
T. = 0.96 K.

The pressure dependence of Ty (T'1) and T in CeCuy(Sig.9Geg.1)2 is
summarized in a T—P phase diagram (Fig. 2). Both Tx and T'1 vanish
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Fig. 1. Resistivity p vs.T at various pressures. (a) Sample #1 (p<3 GPa). Inset:
dp/dT vs. T for p=0.3 GPa (O) and p=0.5 GPa (s). (b) Sample #2 (p>3 GPa).
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Fig. 2. The T-P phase diagram of CeCus(Sip.9Geg.1)2-

in continuous way upon approaching the QCP. T, is determined at 50%
of the drop of p(T). The error bar at high pressures reflects the determi-
nation of T, at 20% and 80% drop of p(T). In comparison to CeCusSis
(or CeCugGeg) [1,4], the wide superconducting region obtained in the pure
compounds breaks up into two narrow superconduting regimes in case of
CeCus(Sig.9Geg.1)2. In the low pressure regime (p < 3 GPa), T reaches
a maximum value of Tp"™! ~ 0.39 K just around the magnetic quantum
critical point (pc; &~ 1 GPa). In the high pressure regime, the maximum
T (T2 ~ 0.96 K at peo ~ 5.4 GPa) is much higher than in the first
regime. This increase may have the same origin as the steep increase of Tt
in CeCugSiz [4] and CeCuaGey [1]. However, both TM#*1 and Tg"®*2 are sig-
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nificantly lower than in pure CeCusSia. We also measured the resistivity of
single crystals of CeCus(Sii—,Gey)o (2z=0.01, 0.05, 0.25) under hydrostatic
pressure up to 3.6 GPa which data will be published elsewhere [7]. At larger
Ge-substitution (z = 0.25), no SC is observed down to T' = 50 mK even
close to the QCP at p. =~ 2.2 GPa. For small Ge-substitution (z = 0.01),
we could not observe two separate superconducting regions but a minimum
at Te(p) (T 2~ 0.12 K) around p = 3 GPa. This indicates that disorder
as introduced by Ge substitution governs the occurrence of SC. Analyzing
our resistivity data by fitting p = pg + AT", we find non-Fermi-liquid (NFL)
behavior (1<n<1.5) in the pressure range p., <p<p., |[7]. In particular, a
linear temperature dependence of p(T') is observed around p.,. The residual
resistivity as extrapolated from T'>7T. shows a minimum at p.; and a max-
imum at pcy. Since NFL-behavior is found also in the second regime, the
question arises if there exists another QCP whose signature we might have
overlooked so far. With regard to this, we like to mention the observation
of an additional maximum in p(T') just above T¢ for p > p¢o, which is sup-
pressed by applying a magnetic field (B = 8T for p = 7.5 GPa) [7].

4. Conclusion

We have investigated the pressure dependence of superconductivity and
magnetism in a single crystal CeCusg(Sig9Geg.1)2. The large continuous SC
regime observed in the TP phase diagram of CeCuySis breaks up into two
domains by substituting Si by Ge. Based on the similarity of the physi-
cal properties observed in both superconducting domains (similar effect of
impurity scattering on superconducting, NFL behavior for p., <p<p.,, ex-
trema of the residual resistivity at p.; and peo, and the possibility for an
additional QCP at py), we propose that SC in the second domain is of a
similar unconventional type as in the first one.
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