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Physica B 186-188 (1993) 615-617 
North-Holland PHYSICA[  

Zero-field muon spin relaxation studies of low-temperature 
magnetism in YbxYl_xBiPt (x = 1.0 and 0.5) 

A. Amato  a, P.C. Canfield b, R. Feyerherm a, Z. Fisk b, F.N. Gygax ~, R.H. Heffner  b, 
E.A.  Knetsch c, D.E. MacLaughlin d, H.R.  Ott e, A. Schenck a, J.D. Thompson b 
and U. Zimmermann a 
aInstitut fiir Mittelenergiephysik der ETH-Ziirich, CH-5232 Villigen PSI, Switzerland 
bLos Alamos National Laboratory, Los Alamos, NM 87545, USA 
~Kamerlingh Onnes Laboratory, Leiden University, 2300 RA Leiden, The Netherlands 
dUniversity of California, Riverside, CA 92521-0413, USA 
°Laboratorium fiir Festkdrperphysik, ETH-Hi~nggerberg, CH-8093 Ziirich, Switzerland 

Zero-field muon spin relaxation studies are reported for crystalline YbxYt_~BiPt for x = 1.0 and 0.5. YbBiPt exhibits an 
extremely large Cp/T ratio 3' = 8J/( K2 mol Yb) below T-~ 0.2 K and shows evidence for some type of magnetic order 
below 0.4 K from XAc. The ~SR data are consistent with a highly frustrated spin system segmented into two types of 
magnetic domains, one of which freezes into a disordered state below Tf--~0.4-0.5 K at a temperature relatively 
independent of the Yb concentration. The frozen spin moment of ~0.1p. B is highly reduced from the high temperature 
free-ion value, and is independent of the Yb concentration. 

The rare-earth bismuth platinum series of com- 
pounds (RBiPt) exhibits a variety of magnetic and 
transport phenomena, ranging from small-gap 
semiconducting behaviour in NdBiPt to metallic 
heavy-electron behaviour in YbBiPt [1]. The latter 
material exhibits an electronic specific heat Cp which is 
linear in temperature below 0.2K with a slope 7 
corresponding to 8 J / (K 2 mol Yb), indicating the pres- 
ence of extremely massive quasiparticles [2]. An ab- 
rupt change of OXAc/OT in the AC susceptibilty at 
T o = 0.4 K in single crystals is characteristic of some 
sort of magnetic order below this temperature. The 
specific heat also peaks near T o = 0.4 K. Muon spin 
relaxation (IxSR) studies have been reported previous- 
ly for crushed powders of YbBiPt [3]. The specific 
heat in powders is qualitatively the same as in single 
crystals but with a 7-value reduced by about 50% and 
a maximum at T = 0 . 5 - 0 . 6 K .  

The IxSR experiments in crushed powders could be 
interpreted [3] in terms of two types of magnetic 
domains: one type exhibiting disordered static magnet-  
ism below about 0.5 K, with a Yb moment much less 
than the free-ion value, and a second type which 

Correspondence to: A. Amato, Institut f/Jr Mittelener- 
giephysik der ETH-Z/irich, CH-5232 Villigen PSI, Swit- 
zerland. 

remains paramagnetic down to the lowest temperature 
measured (0.06 K). Rapid muon spin-lattice relaxation 
rates were also observed, characteristic of anomalous- 
ly long Yb-spin correlation times. These observations 
are consistent with a highly frustrated Yb spin system 
which partially freezes below T =  0.5 K (similar to but 
not identical with classical spin glasses) and raise the 
possibility that a high density of low-lying magnetic 
excitations contribute significantly to the large ob- 
served 3' value. It was conjectured [3] that strain 
introduced by powdering could create the two types of 
magnetic domains, only one of which gives rise to the 
large value of 7. 

To futher understand these issues, we have per- 
formed additional IXSR experiments on crystalline ma- 
terials. Initial zero-field results from these new experi- 
ments in YbxYl_xBiPt for x = 1.0 and 0.5 are re- 
ported here. 

The ix + SR experiments were carried out at the I~SR 
facility of the Paul Scherrer Insitute, Villigen, Switzer- 
land. The samples were prepared at Los Alamos by 
the flux-growth technique and several relatively large 
(~<30 mm 3) pieces of crystalline material were glued to 
the cryostat cold finger. The temperature was reg- 
ulated to better than 0.05 K. The measured zero-field 
relaxation functions GzF(/) in the crystalline materials 
were found to be qualitatively similar to those seen 
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previously in the powdered samples. As before, good 
fits were obtained for a sum of fast and slow com- 
ponents  of the form 

Gzv( t  ) = A fgr(t) + A ~exp(-A J ) ,  (1) 

with the sum of the fast and slow amplitudes A e + A~ 
held constant  as a function of temperature.  The form 
of gf(t) changes from exponential  [gf = exp(-Aft)]  at 
high temperature  to Gaussian [gf = exp(-~r~t2)] for 
temperatures  below T ~ = 0 . 5 K  (x = 1.0) and T f =  
0 . 4 K  (x =0 .5 )  in the crystalline samples. This is 
shown in figs. 1 and 2 for x = 1.0 and 0.5, respectively, 
where the temperature dependence of ~f, Af, A~, A~ 
and A~ is displayed for T ~< 1.1 K. 

The temperature dependence of the Gaussian rate 
~rf indicates an abrupt  freezing of the Yb spins into a 
disordered ( ' r andom' )  state below about the same 
characteristic temperature T~ observed for x = 1.0 in 
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Fig. 1. Zero-field ~SR data in crystalline YbBiPt: (a) tem- 
pera ture  dependence  of the exponential  and Gaussian relaxa- 
tion rate of the fast component; (b) temperature dependence 
of the exponential relaxation rate of the slow component; (c) 
temperature dependence of the amplitudes of the slow and 
fast components. 

specific heat and AC susceptibility measurements.  
Similar behaviour was seen in crushed powders of 
YbBiPt .  Note that the freezing temperature Tf is only 
slightly lower in the 50% Y sample. The extrapolated 
zero-temperature  values for ~f are 6.7-+ 0.5 ixs ' for 
x = 1.0 and 5.2 + 0.5 Ixs ' for x = 0.5, corresponding 
to rms local fields z~H e = ~f/y,  of about 77 and 60 Oe, 
respectively. Here y,  is the muon gyromagnetic ratio. 
The measurement  in crushed powders of YbBiPt gave 
~f = 5 Ixs 1 at zero temperature.  The reduction in ~1 
between x = 1.0 and x = 0.5 in the crystalline materials 
is consistent with that expected [4] for concentrated 
but  uniformly diluted spin systems with no change in 
moment  between x = 1.0 and x = 0.5 (i.e. crf~VY). 
Assuming dipolar Yb-muon coupling, these line 
widths correspond to a static Yb moment  -0 .1 / z  B, 
about  3% of that deduced [2] from the susceptibility 
below 10 K. 
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Fig. 2. Zero-field p, SR data in crystalline Yb05Y05BiPt: (a) 
t empera ture  dependence of the exponential  and Gaussian 
relaxation rate of the fast component ;  (b) temperature  de- 
pendence  of the exponential  relaxation rate of the slow 
component ;  (c) temperature  dependence of the amplitude of 
the fast component .  In the fit procedure to obtain the values 
of  the relaxation rates, (a) and (b), the respective amplitudes 
were kept fixed at their average values. 
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The temperature dependences of the fast (A f) and 
slow (As) component amplitudes are different for the 
x = 1.0 and x = 0.5 crystalline materials. As the tem- 
perature is lowered below 1.1 K, fig. l(c) shows that 
Af for x = 1.0 grows in magnitude, reaching Af = 2/3 
at the lowest temperatures (where A f +  A s=- 1). 
Qualitatively similar temperature dependent am- 
plitudes were also observed for the YbBiPt crushed 
powders, where Af = As was seen at the lowest tem- 
peratures and Af,~ A~ at 1.1 K. For the x = 0.5 crys- 
talline material, however, Af = A~ = 1/2 is observed 
for all temperatures between 0.08 and 1.1 K. Trans- 
verse field measurements indicate that only a single/x* 
stopping site is probable. Thus the fast and slow 
components defined by GzF(t ) most likely correspond 
to different magnetic domains. Therefore appreciable 
dilution of the Yb spins may produce isolated mag- 
netic domains (of different character) which do not 
significantly change their size with temperature. 

Relatively large zero-field spin lattice relaxation 
rates Af and A S (figs. 1 and 2) are observed above Tf in 
both the x - -  1.0 and 0.5 crystalline materials, as well 
as the x = 1.0 powdered materials. (The expected 
Kubo-Toyabe  relaxation rate from the Bi nuclear 
dipoles is <0.1 txs 1.) The measured values of Af and 
A S correspond to Yb-spin correlation times z c which 
are anomalously long [~'c = 103-104(kB T f / h ) - 1 ]  in both 
kinds of domains. Here ( k B T f / h )  -1 is an order of 
magnitude estimate for ~'c in a conventional magnet. 

In conclusion, p, SR experiments on the crystalline 
YbBiPt give stong evidence for a highly frustrated spin 
system with anomalously long correlation times com- 
pared to the observed freezing temperatures. The 
frozen spin moment is significantly reduced from the 
free-ion value, as seen in other heavy electron sys- 
tems. Dilution of Yb by 50% Y produces the expected 
reduction in the zero-temperature frozen spin line- 
width gf(0) but with little reduction in the spin-freez- 
ing temperature Tf. The existence of two different 
magnetic domains appears in both crystalline and 
crushed powder samples. 
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