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Zero field (ZF) and transverse field (TF) muon spin relaxation and rotation 
out in the Cd-doped fermion superconductor CeCoIn; to its 
results in revealed that no spontaneous was induced below its superconducting 
transition temperature indicating no evidence for time reversal symmetry shifts 
obtained from TF-IlSR measurements decrease below Te, consistent with a state as in the 
parent CeCoIns, which is a d-wave superconductor. 
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1. Introduction 

The heavy fermion CHr"mer>r,ri 

the critical temperature 
knmllll Ce-based materials [1]. it has been 
found that Cd substitution on the In site dlives this 
system towards antiferromagnetism Re­

pressure can reverse this effect, 
Recent nuclear magnetic resonance and 
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nuclear 
that the 

>lIl1nlr:'ilI,'T resonance studies [3] suggest 
develops locally in the 

of the Cd atoms. Neutron 
on a sample with a nominal Cd concen-

tration of 10% showed the coexistence of super­
and AFM. The AFM order develops 

with the commensurate wave vector 
1/2), and the "'<>6""0['''' 

crease below We npri()rm,"n 

transverse-field muon spin relaxation 
tation (j.tSR) measurements on 
samples of (x 0.03,0.10 and 
0.15). In this paper, we present preliminary results 
for the x 0.0:3 
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Fig. 1. ZF-j.tSR time spectra in CeCo(Ino.97Cd0.Q3)s above 
and below Tc. 

2. Experimental 

Single crystals of CeCo(In().97Cdomh were grown 
as flat plates with the c-axis normal to the surface 
using a standard In-flux technique [2]. At x = 0.03, 
the superconducting transition has been suppressed 
slightly from 2.3 K to Tc ::::: 2.2 K. ZF-ILSR was car­
ried out at the M15 beamline at TRIUMF, Vancou­
ver, Canada, and TF-fLSR was perfonned at the LTF 
on the 1fM3 beamline at the Paul Scherrer Institute 
(PSI), Villigen, Switzerland, with c-axis parallel to 
the applied field. The crystals were mounted on a 
thin GaAs backing and Ag plate at TRIUMF and 
at PSI, respectively. 

3. Results and Discussions 

Figure 1 shows the time evolution of the muon 
spin polarization in CeCo(Ino.97Cdo.o3h at 3.5 K 
and 0.1 K under zero applied field. The muon spin 
depolarization observed at 3.5 K is due to static, ran­
dom local fields which Oliginate from the magnetic 
dipole moments of Co, In and Cd nuclei, as well as 
the GaAs backing. These spectra can be fitted by 

AoP(t) = Al exp( -At)G KT(L~, t) + Az, (1) 

G KT (f::l , t) = ~ + ~ (1 - f::l2t2) exp ( -~f::lZe) ,(2) 

where Ao(= Al + Az) is the positron decay asym­
metry, G KT is the Kubo-Toyabe function [5], f::l/rJ.L 
is the nuclear dipolar field at the muon site with 
IJ.L being the muon gyromagnetic ratio (= 211' x 
135.54 .tvIHz/T), and A is the relaxation rate. The 
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Fig. 2. Temperature dependence of (a) asymmetries and (b) 
relaxation rates under ZF. 

first term on the light side of eq. (1) corresponds 
to the signal from the sample, and the second term 
corresponds to that from muons which stopped out­
side the sanlple. Figure 2 shows the temperature 
dependence of the fitted parameters. We have ob­
served little change in the time spectra with decreas­
ing temperature down to 20 mK, which is confinned 
in Fig. 2, where the partial asymmetlies, ~ and A of 
those spectra are independent of temperature from 
3.5 K to 20 mK. This result clearly demonstrates 
the absence of magnetism in CeCo(Ino.97Cdo.03)s, 
consistent 'with the parent compound. The averaged 
value of f::l = 0.43(1)J1s- 1 is also consistent with that 
in CeCoIns [6]. 

Figure 3 shows the fast Fourier transform (FFT) 
of the fLSR spectra obtained in CeCo(In().97 Cdo.03h 
with 11 = 0.6 T at various temperatures. Previous 
muon Knight shift results in CeCoIn5 [7] and in the 
isostructural material CeRhlns [8], show two differ­
ent shifts, one negative and one positive. As shown 
in Fig. 3, two distinct peaks are clearly observed. A 
large background peak from the silver cold finger is 
seen at 10 = 81.08 MHz, and, therefore, the positive 
shift from the sample is difficult to resolve due to its 
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Fig. 3. The FIT spectra at various temperatures with 
Ii 0.6 T. 

"ith this we foclis 
shift in order to discuss the temper­

ature of the shift. We analyzed 
the IlSR time spectra with a slim of two components 
with Gaussian damping, 

=L 
where the components i 1 and 2 are from the sam-

and silver The muon 
shift J( is then defuled as follows: 

J( 

Here 

fl-Iz 
12 

(4) 

and correc-
tion from the supercurrents below Te. Note that 12 ~ 
10 A/pH /21r, since J( = 94 ppm in The tem­
perature of J{ is shown in Fig. 4 . .No cor­
rections for J(dem or have be€n made to these 
data. however, that corrections 
will further decrease the 
below The decreased 
therefore 
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Fig. 4. Temperature dependence of muon Knight shift K. 
The dashed line shows the guide for the eyes. 

consistent with 
d-wave [12] Thus, these 
provisional results in CeCo(Ino.97Cd0.Q3)s 
are consistent with those of a spin supercon­
ductor. 

In temperature-
independent spectra. down to 20 mK, set-

a limit on the ordered 1H<'!',4""'J'," 

0.005/1B, and out a 
breaking state in the phase. In 
addition, a decrease in the magnitude of the muon 

shift J{ below T< in sug-
gests A more detailed 
of the results and discussion of the TF linewidths 
will appear subsequently [13]. 
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