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NON-FERMI LIQUID SCALING IN CeRhSn�A. �lebarski, T. ZawadaInstitute of Physi
s, University of SilesiaUniwersyte
ka 4, 40-007 Katowi
e, PolandM.B. Maple and P.-C. HoDepartment of Physi
s and Institute for Pure and Applied Physi
al S
ien
esUniversity of California, San Diego, La Jolla, CA 92093-0360, USA(Re
eived July 10, 2002)We have re
ently shown that CeRhSn exhibits non-Fermi liquid tem-perature dependen
es in its low-temperature physi
al properties. Here wesuggest that the non-Fermi liquid behavior observed in CeRhSn may bedue to the existen
e of a Gri�ths phase in the vi
inity of a quantum 
rit-i
al point, based on ele
tri
al resistivity, magneti
 sus
eptibility, and spe-
i�
 heat measurements. For CeRhSn, the low-temperature s
aling of bulkproperties (C=T / � / T�1+�, where � < 1) is masked by an anomaly atabout 6K, whi
h is of magneti
 origin.PACS numbers: 71.27.+a, 71.30.Mb, 75.20.Hr, 72.15.QmTheoreti
al models of the non-Fermi liquid (NFL) behavior based onsingle impurity me
hanisms in
lude a multi
hannel Kondo e�e
t of magneti
[1,2℄ or ele
tri
 origin [3℄ and a 
onventional Kondo e�e
t with a distributionof Kondo temperatures due to 
hemi
al disorder [4, 5℄. Theoreti
al modelswhi
h in
orporate interioni
 intera
tions in
lude �u
tuations of an orderparameter in the vi
inity of a se
ond-order phase transition at 0K (quantum
riti
al point (QCP)) [6�12℄ and an inhomogeneous Gri�ths phase [13℄. TheGri�ths phase [14℄ 
onsists of magneti
 
lusters in a paramagneti
 phaseand forms as a result of the 
ompetition between the Kondo e�e
t andthe RKKY intera
tion in the presen
e of disorder. Castro Neto et al., [13℄
on
lude that the spe
i�
 heat and magneti
 sus
eptibility follow a powerlaw 
 � C(T )=T / �(T ) / T�1+� (where � < 1), due to the existen
e ofa Gri�ths phase 
lose to a QCP. We re
ently investigated the 
ompound� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1295)



1296 A. �lebarski et al.CeRhSn whi
h exhibits NFL behavior [15�17℄. The ele
tri
al resistivityand magneti
 sus
eptibility have power law temperature dependen
es atlow temperatures with small exponents �(T ) / T 0:75 and �(T ) / T�0:5,and 
 � C(T )=T / � lnT (the latter over a limited temperature range).Experimental 
omparisons to the theory of Castro Neto et al., have beenmade and will be dis
ussed below.The spe
i�
 heat data for non-annealed CeRhSn (sample (a)) and forCeRhSn samples annealed for 4 days (sample (b)) and 8 days (sample (
))are displayed as C=T versus lnT in Fig. 1. The high temperature spe-
i�
 heat data are very similar for all the samples investigated [16℄ while,at temperatures lower then about 6.2K, the magneti
 
ontribution to thespe
i�
 heat is strongly dependent on the amount of atomi
 disorder. As-suming that the 
rystalline ele
tri
 �eld ground state is a doublet, the totalmagneti
 entropy per formula unit of CeRhSn is R ln 2 = 5:76 Jmol�1K�2.The small peak in the spe
i�
 heat of CeRhSn observed at TN represents anextremally small fra
tion 
TN=R ln 2 whi
h is respe
tively � 0:12, 0.06, and0.02 of entropy R ln 2 at the phase transition for sample (a), (b), and (
). Atpresent, we do not know whether the observed anomalies re�e
t long-rangeorder of the small magneti
 moments or whether they should be attributedto the other 
orrelation e�e
ts, e.g., spin-glass behavior. We have not seenany magneti
 order within a limit for an ordered moment of about 0.25�B, using a high-resolution neutron spe
trometer [16℄. Some type of stati
magneti
 order in CeRhSn with tiny ordered moments less than 0.1 �B isprobably due to subtle stru
tural defe
ts.Fig. 1 reveals that C=T varies as T�n below 2K for sample (a) and (b)(see Table I), while it varies as T�n between 1.5K and 5K for CeRhSn an-nealed for 8 days (sample (
)). The best �t of the expression C(T )=T = 
T�nto the data yields n = 0:54 for sample (a), n = 0:39 for sample (b) andTABLE IComparison of ele
tri
al resistivity ��, magneti
 sus
eptibility �, and spe
i�
heatC data for CeRhSn poly
rystalline samples: unannealed (a), annealed for4 days (b), and for 8 days (
).CeRhSn �� = ��(0)[1 + (T=T0)n℄ � / T�1+� C=T / T�1+���(0) T0 n T -range � T -range � T -range[�

m℄ [K℄ [K℄ [K℄ [K℄(a) 47.50 6.8 0.73 1.8�25 0.60 1.8�6 0.46 0.6�2(b) 32.0 3.6 0.75 1.8�25 0.65 1.8�6 0.61 0.6�2(
) 30.38 3.5 0.71 1.8�25 0.49 0.4�4.2 0.65 1.5�5
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T ( K )Fig. 1. Upper part: Spe
i�
 heat C divided by T , C=T , versus lnT for threeCeRhSn samples (sample (a) unannealed; samples (b) and (
) annealed for 4 and 8days, respe
tively) [16℄. The C=T data were �tted by the formula C(T )=T = 
T�nin the range T < 2K for samples (a) and (b), and in the range 1:5 < T < 5K forsample (
). The �ts are represented by solid lines. The values of 
 are, respe
tively:246.4 mJmol�1K�3, 235.9mJmol�1K�3, and 195.8mJmol�1K�3 for samples (a),(b), and (
). The n values are listed in Table I. Lower part: Magneti
 sus
eptibility� versus T on a double logarithmi
 plot and the in
remental ele
tri
al resistivity�� = �(CeRhSn)��(LaRhSn) versus T for a CeRhSn sample annealed for 8 days(sample (
)). The solid line represents the �t of the expression ��(T ) = ��(0)[1 + a(T=TK)n℄ to the data with n = 0:74, ��(0) = 32:2 �

m, a = 13:9 andTK = 145K (TK is the Kondo temperature). The straight line represents therelation � / T�n.n = 0:35 for sample (
). A noti
eable deviation of the C=T data fromlinearity in logT at T < 1:5K (sample (
)) is not expe
ted for a NFL. How-ever, a number of systems have been reported (e.g., Ce(Ru0:7Rh0:3)2Si2 [18℄,U(Pt0:94Pd0:06)3 [19℄, UCu3Al2 [20℄) whi
h show NFL behavior 
oexistentwith magneti
 order. These systems show magneti
 behavior in the middle



1298 A. �lebarski et al.or even above the temperature range where C=T / lnT or T�n, and donot �t the pi
ture of the QCP [8℄. It is possible that the NFL temperaturedependen
es of �(T ), �(T ), and C(T ) for disordered CeRhSn in the low-temperature region are related to the proximity of a magneti
ally orderedstate that depends on the degree of atomi
 order. The parameters obtainedfrom the best �ts (Table I) are 
onsistent with the presen
e of a Gri�thsphase at very low temperatures i.e. C=T / � / T�1+�, with � < 1.Two of us (A� and TZ) would like to thank the Polish State Commit-tee for S
ienti�
 Resear
h (KBN) for �nan
ial support from proje
t No. 5P03B07920. Resear
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