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Introduction 
 
In hole-doped cuprates, various experimental techniques have firmly established the existence of charge and other types of 
heterogeneities, suggesting [1] that glassiness of both spins and charges emerges in the ground state with the first added holes.  
While spin glass (SG) behavior is well established at low temperatures T < Tsg, the evidence for glassy freezing of charges or 
dynamical heterogeneities is not conclusive.  We employ a combination of transport and resistance noise spectroscopy, a 
powerful probe of glassiness, to explore charge dynamics in La1.97Sr0.03CuO4. 
 
Experimental 
 
The c-axis resistance R was measured on a single crystal of La1.97Sr0.03CuO4 with Tsg ~ 7-8 K.  A 5-probe bridge technique 
was used to measure R noise in magnetic fields B || c of up to 9 T.  Surprisingly, we find several clear signatures of glassiness 
in transport [2], such as the difference between zero-field cooled and field-cooled R(B=0) at low T, and hysteresis  and 
memory in the magnetoresistance (MR) at T < 1 K.  The MR data suggest the existence of interacting magnetic domains 
(clusters) with holes confined within the domain walls.  However, it is important to establish whether the observed glassiness 
reflects simply the dynamics of glassy spins or it is a signature of glassy ordering of holes due to Coulomb interactions.  The 
noise data in B provide evidence in favor of the latter scenario. 
 
Results and Discussion 
 
The noise, i.e. the time series of the relative changes in resistance ΔR(t)/<R> (<R> – the time-averaged R), provides evidence 
for the existence of some switching units as well as other random, slow fluctuations on different time scales [Fig. 1(a)].  The 
noise power spectra obey SR ∝ 1/f α (f – frequency), where α increases from ~1 to ~1.6 as T is reduced from 0.3 K to 0.1 K 
[Fig. 1(c)], but it does not depend on B.  The noise magnitude, on the other hand, does not depend on either T or B [Fig. 1(b)].  
The analysis of the second spectra, a measure of correlations, also shows a dependence on T but not on B [2].  Moreover, all 

the noise characteristics are independent of the magnetic history. 
 

Fig. 1 (a) Relative fluctuations of R vs. 
time at T=0.150 K for several B || c.  All 
traces are shifted for clarity.  Inset: a 
section of the noise at 5 T.  (b) The noise 
power SR (f = 1 mHz) and (c) the 
exponent α vs. T (•) and B ( ). 

Conclusions 
 
The noise study indicates that, at low T, the system wanders collectively between 
many metastable states.  In contrast to conventional spin glasses, here the noise 
statistics is insensitive to B and to the magnetic history, and the onset of 
glassiness in both transport and noise occurs at T « Tsg.  Therefore, the data 
strongly suggest [2] that, deep inside the SG phase, the doped holes form a cluster 
glass state as a result of Coulomb interactions.  The experimental technique may 
be extended to other strongly correlated systems to explore possible dynamical 
heterogeneities. 
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