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We report on the magneti and super ondu ting properties of single
rystals of the alloys CeRh1 x Cox In5 (x = 0.0, 0.25, 0.5, 1.0). For x 
0.5 we do not nd any signature of super ondu tivity down to 1.6 K. The
previously observed metamagneti transition in CeRhIn5 at 20 kOe is also
present for small Co doping (x = 0.25), but disappears for x = 0.5. In
the super ondu ting state, CeCoIn5 shows hysteresis in the magnetisation
versus eld measurements whi h is typi al of a type II super ondu tor, with
the pinning predominantly ontrolled by surfa e and geometri al fa tors.
PACS numbers: 71.27.+a, 74.70.Tx, 74.60.Ge
1. Introdu tion

The new lass of heavy fermion super ondu tors CeMIn5 (M = Rh, Co)
have attra ted onsiderable attention due to their relatively high super ondu ting transition temperatures. The magnetism and super ondu tivity lie
in very lose proximity in these ompounds and thereby provide a unique
opportunity to investigate the role of magneti intera tions in the formation
of the super ondu ting ground state. The ompound CeRhIn5 has been
found to be a moderate heavy fermion with the linear term in the spe i
heat about 400 mJ/ mol-K [1℄. It orders magneti ally at 3.8 K with a modulated in ommensurate spiral stru ture. CeRhIn5 is also hara terised
by a metamagneti transition below 3 K when a magneti eld of 20 kOe
is applied parallel to the  plane [2℄. Beyond a hydrostati pressure of
16 kbar, a super ondu ting ground state emerges below 2.1 K with a sudden
disappearan e of the 3.8 K magneti ordering. CeCoIn5 shows super ondu tivity at 2.3 K in the ambient pressure ondition [4℄.
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In order to investigate the evolution of the ground state properties under
hemi al pressure we have studied the magnetisation and transport properties of single rystals of the solid solutions CeRh1 x Cox In5 ( = 0, 0.25, 0.5
and 1). Coexisten e of magnetism and super ondu tivity has been re ently
reported for the alloys CeRh1 x Cox In5 for 0.4   0.6 [3℄. The single rystals were prepared by a ux growth te hnique using ex ess indium ux [4℄.
Powder X-ray dira tion measurements on this tetragonal system of ompounds show that with the repla ement of Rh by Co, there is a ontra tion
of the latti e parameters in the basal plane ( , ), while the latti e parameter in the -dire tion in reases. The latti e parameters (in Å) are found
to be: ( , ) = (4.652, 7.542), (4.646, 7.545), (4.636, 7.546) and (4.620,
7.560) for = B0.0, 0.25, 0.5 and 1.0, respe tively. The magnetisation measurements were arried out using an Oxford Instruments vibrating sample
magnetometer and the resistivity was measured by a standard four-probe
method.
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2. Results and dis ussions
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Figure 1 shows the magnetisation vs. eld at 1.8 K for = 0.0, 0.25 and
0.5 with the eld parallel to the a-b plane of the single rystals. The magnetisation for all the ompositions shows quasi-linear behaviour without any
signature of saturation. For the omposition = 0.0, the step like anomaly
around 20 kOe is due to the o urren e of a metamagneti transition [2℄.
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Fig. 1. Magnetisation (M ) as a fun tion of magneti eld (H ) applied parallel to
the ab plane at 1.8 K for the ompositions CeRh1 x Cox In5 (x = 0, 0.25, 0.5).
The arrow marks the metamagneti transitions.

In our measurement, this metamagneti behaviour around 20 kOe is also
present for the = 0.25 ompound, but the anomaly is rather weak when
ompared to the pure Rh ompound. This anomaly ultimately disappears
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ompletely for the = 0.5 omposition. The free ele tron mediated indire t
ex hange term is dependent on the inter atomi spa ing. Therefore, the
in rease in the latti e parameters in the -dire tion with
an hange the
magneti intera tions and thus modify the metamagneti behaviour. We
have measured the magnetisation arefully around the metamagneti transition point with dierent eld ramping rates. We have not observed any
hysteresis around the transition point within the a ura y of our measurements. This signies that the metamagneti transition is not a rst order
like transition. The magnetisation measurements in the dire tion parallel to
the -axis show a monotonously in reasing behaviour without any signature
of metamagneti behaviour in any of these ompositions.
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Fig. 2. Ele tri al resistivity () as a fun tion of temperature (T ) in the ab plane for
CeRh1 x Cox In5 (x = 0, 0.25, 0.5). The x = 0.5 data shows Kondo-like minimum
around T = 15 K.

We have also measured the resistivity and magneti sus eptibility as a
fun tion of temperature for these CeRh1 x Cox In5 ompounds. For the ompositions  0.5 we do not see any signature of super ondu tivity down to
1.6 K. The resistivity vs. temperature behaviour hanges signi antly with
the Co substitution (see gure 2). For = 0 and 0.25, a monotonous fall of
resistivity below 100 K is observed, whereas for = 0.5 there is a distin tive
Kondo-like minimum around 15 K, followed by a drop at lower temperatures.
The = 1 ompound is also hara terised by a shallow Kondo minimum but
at a mu h higher temperature (150 K) [1℄. This learly indi ates that the
system in reasingly shows single ion Kondo behavior with the substitution
of Rh by Co. The high pressure resistivity measurements on CeRhIn5 show
a gradual o urren e of Kondo-like minimum with in reasing hydrostati
pressure [1℄. Therefore, the observed hanges in the resistivity behaviour
with are onsistent with the appli ation of hemi al pressure.
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We have investigated the low eld behaviour of the magnetisation of
CeCoIn5 in its super ondu ting state (see gure 3). The magnetisation loops
below the super ondu ting transition temperature of 2.3 K show hysteresis
behaviour typi al of a type II super ondu tor. The value of the lower riti al
eld, al ulated from the magnetisation data for elds in the a-b plane, is
found to be around 25 Oe at 1.5 K. The most interesting observation in the
low eld measurements is the signature of ux jumps in the magnetisation
data. These ux jumps are only observed while the eld is ramped up.
The ux jumps are also seen in the measurements parallel to the -axis
(data not shown here). In addition, the ux jumps are almost absent in the
magnetisation data below 1.7 K. This indi ates that there is some dieren e
in the pinning me hanism above and below 1.7 K. The magnetisation loops
are also asymmetri with respe t to the
= 0 axis (see gure 3). This and
the observation of ux jumps suggest that the magnetisation behaviour at
low eld is dominated by surfa e and geometri al barriers rather than bulk
pinning (at least for  1.7 K).
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Fig. 3. Low eld magnetisation (M ) vs. magneti eld (H ) loops of CeCoIn5 at
dierent temperatures with eld along the ab plane.
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