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NMR Study of the Spin Fluctuation in Ce(Ru;_,Rh, )2Sis
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Spin-lattice relaxation times (77) were measured on £=0.03 and x=0.05 samples of Ce(Ru;_,Rh,)2Sis
in a temperature range between 1.5 K and 60 K. Temperature dependences of 77 in both samples do
not obey the Korringa relation, and are well described by the SCR theory for an antiferromagnetic
ground state. Four parameters of yg, y1, To, Ta obtained by the best fitting have close values obtained
by specific heat experiments. The positive yg value in £=0.05 means that the sample of £=0.05 has
no magnetic ordering at finite temperature, which contradicts with the experimental results of neutron

diffraction, specific heat and susceptibility.

Introduction: CeRuySis with ThCrsSis type
crystal structure is a typical non-magnetic dense
Kondo compound with 79 = 360mJ/molK? [1].
The magnetic ground state is characterized as a
Fermi liquid with antiferromagnetic correlations.
The substitution of Ru by Rh was found to in-
duce easily an antiferromagnetic phase (spin den-
sity wave: SDW ) transition at low temperatures.
Recently, the longitudinal incommensurate SDW
transition in Ce(Ruj_,Rh;)2Sis (0.03 <z< 0.4)
has been found to undergo by nesting of 4f of
Ce and 4d-hole of Ru bands [2]. The recent neu-
tron scattering experiment has shown that there
exists an antiferromagnetic short range ordering
with the correlation length of about 6 nm along
the c-axis at £=0.03, while no long range mag-
netic ordering appears down to 0.1 K in macro-
scopic measurements of the specific heat and the
susceptibility measurements.

On the other hand, the self-consistent renor-
malization (SCR) theory has established to de-
scribe the spin fluctuation effect of itinerant elec-
trons in 3d-transition metal compounds [3]. Ishi-
gaki et al. have tried to apply the same model to
the heavy Fermion state [4]. The heavy Fermion
state is usually formed near the (antiferro)magnetic
instability due to the competition of the Kondo
effect and the RKKY interactions. Since the am-
plitude of spin fluctuation are enhanced near the
magnetic instability and strongly dependent of
temperature (T') near the critical concentration
(zc). Here we focus on the paramagnetic state
near xc=0.03 and the SDW state formed at 2 K
in the Fermi liquid state of £=0.05, and report
the results of 2Si NMR and ''Ru NQR and the
discussion based on the SCR theory in this paper.

Experimental Results and Discussions: The
single crystal used here is the same as those used
for specific heat, susceptibility and uSR measure-
ments. Fig.s 1 (a), (b) and (c¢) are anisotropic

powder patterns of 2°Si NMR spectra with an
axial symmetry observed in the sample (z=0.03)
oriented randomly and in the sample (z=0.05)
aligned along external field at 4.2 K and 1.5 K,
respectively. The powder samples were easily ori-
ented to the c-axes in the external field because
of the highly anisotropic susceptibilities.

In Ce(Ru0'95Rh()VO5)QSiQ with TN of 2.0 K the
relaxation rates at some field-points in the char-
acteristic lineshape associated with the SDW for-
mation are not different so much each other down
to 1.5 K. So we may measure the spin-lattice re-
laxation rate (1/71) at the peak position on the
spectrum (Fig. 1 (b),(c)) of each aligned sample
through Tx.
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Fig. 1. 22Si NMR spectrum of Ce(Ru;_,Rh,)2Sis.
(a) A random oriented powder pattern of Si NMR
in =0.03 sample. (b) and (c) are oriented pow-
der pattern for x=0.05 sample whose c-axis is
parallel to the magnetic field at 4.2 K and 1.5
K, respectively.
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Fig. 2. A plot of reduced relaxation rate (1/7})
vs. reduced temperature (¢ = T/Tp). Dashed
lines and solid lines are calculated relaxation rates
for various yo values in =0.03 and z=0.05 sam-
ple, respectively. See text. ® and O are the mea-
sured values for £=0.03 and x=0.05, respectively.

Shown in Fig. 2 are the reduced relaxation
rates (1/T}) in both samples against the reduced
temperature (¢t = T'/Tp), where each reduced quan-
tity is proportional to the measured one. Both
relaxation rates are not proportional to 7T, but
approximately to 7/2 in high T range. The char-
acteristic T/ dependence of 1/T} indicates that
the SCR theory by Moriya et al. is applicable to
describe the relaxation behaviors of these com-
pounds with antiferromagnetic correlations [3]. Ac-
cording to the SCR theory for an antiferromag-
netic ground state on the relaxation rate 1/7} is
expressed by

/Ty = 3h'7121A}21fi7
8kpTA /Y

—yo+ oy [ et = d
y=yo+ 2y1/0 PPlnut =+ p(w)ds,
where 1(u) is the digamma function, z. is the
reduced cut-off wave vector and u = (y + 22)/t
[4]. Here yo, y1, To and Ty are a parameter for a
measure of distance from magnetic instability, a
strength of the magnetic exchange interaction, a
characteristic temperature of spin fluctuations in
the w-space, and a characteristic temperature of
spin fluctuations in the g-space, respectively.

As seen in Fig. 2, the SCR theory explains
well the measured relaxation rates by using four
parameters, yo, y1, 1o, Ta, which are 0.025, 0.3,

15 K, and 12 K in 2=0.03 and 0.09, 0.1, 15 K
and 6 K in £=0.05, respectively. Indeed, these
parameters except for ¢y in =0.05 are in good
agreement with those obtained by recent specific
heat measurement [5]. The positive yo value in
£=0.05 means that the sample of £=0.05 has no
magnetic ordering at finite temperature, which
contradicts with the experimental results of neu-
tron diffraction, specific heat and susceptibility.
Besides, as mentioned above, 1/T} was taken on
the aligned sample with magnetic easy axis par-
allel to the magnetic field. To compare the ex-
perimental results under the external field with
the SCR theory in the heavy electron compounds
with a strong anisotropy, the improved SCR the-
ory by taking account of an anisotropy is highly
desired.

Finally, 12 Ru NQR signals were also observed
in both samples at around 10 MHz. The relax-
ation measurements in Ru NQR, together with
the analyses for the characteristic lineshapes of
298i NMR and °'Ru NQR associated with the
occurrence of the SDW in x=0.05, are now in
progress.
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