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Experimental studies of dynamic magnetic properties of a highly homogeneous samplg$rid@Co0;
perovskite evidence the existence of a low-temperature spin-glass phase. A dynamic scaling analysis of ac
susceptibility data according to conventional critical slowing down implies a finite spin-glass phase-transition
temperaturel ;= 14.6 K and a dynamic exponent~10.3. Low-field magnetic relaxation experiments show
essentially logarithmic magnetic relaxation and aging effects at all temperaturesgtowl that temperature
perturbations affect the relaxation function in a way that is characteristic for a low-temperature spin-glass
phase. Finally, it is also shown that “simple” remanent magnetization vs temperature curves, measured after
specific cooling protocols, can yield information on dynamic properties such as aging and memory phenomena.

[. INTRODUCTION netic scattering increases steadily with decreasing tempera-
ture until a leveling off is observed beloWw;=24K, the

Although the La_,Sr,Co0; (LSCO) compounds do not same temperature as that where a freezing of the magnetic
show a colossal magnetoresistance as do their manganes@ments is observed in magnetization measurerh@his
La; _,Sr,MnO; counterparts, their magnetic behavior is very observation suggests that the sample enters a spin-glass
intriguing. In a pioneering work, Itofet al! presented a phase at low temperatures. Nevertheless, short-range ferro-
phase diagram for the LSCO system where there exists magnetic correlation was still observed at all measuring tem-
sharp change of the magnetic propertiesxat0.18; the peratures belowil; and also up to temperatures as high as
0.18<x=0.5 region is named “cluster glass” and a spin- 600 K; the derived correlation length is about 8 A and does
glass(SG) phase is assigned to<0x<0.18. not change significantly with temperature, even when pass-

For the regionx=0.18, as reported in several previousing throughT;. The authors suggested that the spin-glass
studies>® glassy behavior is seen in compounds with behavior could be caused by long-range Ruderman-Kittel-
=0.5, which can be considered as a typical high Sr-contenkasuya-Yosida type interaction between the magnetic clus-
compound of the “cluster-glass” phase. In a recent study ofters. In addition, it has recently been proposed that in all
anx=0.3 sample by Caciuffet al,* neutron diffraction and LSCO compounds there is a formation of polarons—which
small-angle neutron scattering showed that short-range ferrenight correspond to magnetic clusters—originating from lo-
magnetic correlation persists also at temperatures well aboweal Jahn-Teller distortions.
T.. Both the number and sizes of the clusters slightly in- Contradictory results on the magnetic properties of LSCO
crease with decreasing temperature but suddenly decreasesasnples of similar nominal composition have been reported
the temperature goes through.. Concurrent neutron- by different research groups. This fact reflects the difficulties
diffraction results by Caciuffet al® evidence the existence related to fabricating high-quality LSCO materials, e.g., it
of ferromagnetic clusters with short-range correlations in allseems exceedingly difficult to obtain a fully homogeneous
LSCO compounds with 0tx<0.3. However, in another distribution of Sf* ions. Several magnetic properties of the
neutron-diffraction study by Sathet al.,® ferromagnetic or- LSCO system are thus still not unambiguously settled. This
dering was only observed for=0.2. A concording result is especially true for the low Sr-concentration compounds
from neutron-scattering studies is that antiferromagnetic corwhere the magnetic properties of the stoichiometric phase
relations are never observéd. may be masked by “ferromagnetic cluster” effects arising

In the proclaimed spin-glass region, dynamic scalingfrom an inhomogeneous distribution of the?Srions.
analyses on am=0.15 sample have recently revealed that One of the remaining open questions for the LSCO sys-
there is no true SG phase at finite temperatures, althougiem is whether there exists a true spin-glass phase or not at
glassy dynamics is observ@d\ neutron-scattering study on low Sr concentrations. We have fabricated a high-quality
a L& o,Sr 0dfC00; single crystal showed that the paramag-Lag o5Sh 0<C00; sample and investigated its magnetic dy-
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namics by ac susceptibility, dc magnetization and time- 2 e
dependent magnetic relaxation experiments. The results give
strong evidence for the existence of a low-temperature spin- N 40
glass phase. 15| § =
H &0
—~ it 2 35
on g
Il. EXPERIMENTS E fi
N‘D 1 i % 30
The LaggsSlh0sC00; compound was prepared by the & - —o—15Hz
standard solid-state reaction method. Stoichiometric amounts . 25 e
of La,0O5, SrCQ;, and C@O, were carefully mixed in etha-
nol. The dried powder was pressed into pellets and calcined 05 “ %o 15 20 25 30 35|
at 1423 K in air for two months with several intermediate = T ®)
grindings. Afterwards, the calcinated pellets were sintered at NN‘*%%N
1623 K for 12 h and then slowly cooled down to room tem- 0 - , - - -
perature. The final product was examined by x-ray diffrac- 0 50 100 150 200 250 300
tion technigue showing a single phase material of rhombo- T K)

hedral structure. FIG. 1. Mzc andM ¢ vs temperature using an applied field of

The temperature dependence of the zero-fielq-coolego Oe. The inset showg (T) using an ac field of 10 Oe at different
(ZFO), field-cooled(FO), thermo,'remaner(ﬂRM)' and 'SO'_ frequencies 15, 125, and 1000 Hz. All data were measured on
thermal remaneniRM) magnetization was measured using heating.

a Quantum Design MPMS5 superconducting quantum inter-
ference devicéSQUID) magnetometer. In the ZFC measure- cies. y'(T) attains a maximum af; that shifts towards

ments the sample was cool_ed from room temper_atu_re t0 5 lﬁigher temperatures with higher frequencies. Below the
in zero field before the application of the magnetic field. Formaximum the magnitude of’ is frequency dependent, but
the F%in?dTRM ?eashqriments thg iar(r;pkfef was (?o?ledrlln 4 becomes independent of frequency at temperatures just
?FF)ZDI\/IIe leld to 5 K, WTA; wa_? SVI\V/:IC ('al' OM at 5_|_ oré € aboveT;. This behavior is qualitatively similar to that of a
measurements. zec(T), Mec(T), Mrrw(T), an conventional spin glass. With decreasing temperature from

Miru(T) data were all recorded during reheating. A Lal.(e.',the paramagnetic state the relaxation time of the spin glass
shore 7225 susceptometer was used for the ac-susceptlblI@(OWS down leading to a divergence of the maximum relax-

measurements at the frequencie&m =15, 125, and 1000  4iinn time atT,, where the system enters the spin-glass
Hz. Low-frequency dataaé/27r_=51, 51, 1, O.'Sl' 0.1, and state. The frequency-dependent maximuny irindicates the
0.051 H3 were measurgd using a Cryogen.|c 8.600 SQUIDfreezing temperatur€; where the maximum relaxation time,
susceptometer. Relaxation of ZFC magnetizamoft) and 7, of the system is equal to the characteristic timel/w set

temperature cycling experiments were made in a noncony, e
) ' . y the frequency of the ac-susceptibility measurement. By
mercial low-field SQUID systen? In these experiments, the measuring the variation o, in a wide range of frequencies

sample was cooled in zero field from a reference temperaturg, . : ; : .

) judge if a spin glass phase is approached by a fit of
of 270 K to a measuring temperatufg, and kept there a  yneo 4aia to conventional critical slowing dowh
wait timet,, before the application of a small probing figid ’

m(t) was then recorded as a function of the time elapsed -
after the field application. In the temperature cycling —
experiments?! the sample was additionally subjected to a To
temperature cycldT just after the wait time and immedi-
ately prior to the application of the magnetic field.

The field-cooling history dependence of the remanen
magnetization was investigated using special experiment
procedures that will be described below.

Tf_Tg) —Zv
Ty '

The best fit, which is displayed in Fig. 2, uség~14.6 K,
gv~10.3 andr,~2.3x 10" s, The obtained magnitude of
7, IS larger than in conventional spin glasseg~10" *°s).
dtis however still of reasonable size, since the microscopic
magnetic entities in LSCO probably are not single atomic
spins, but nano-sized clusters of ferromagnetically coupled
lll. RESULTS AND DISCUSSION spins. The value afv is consistent with that of conventional

. . . 3
A. dc magnetization and ac susceptibility three-dimensional3D) spin glasses’

The main frame of Fig. 1 shows the temperature depen-
dence ofM ze(T) andM(T) in an applied field of 20 Oe.
Mzec(T) exhibits a cusp at about 15 K and coalesces with  The relaxation time of a spin glass divergesTgt, and
Meo(T) at a slightly higher temperature. These features ofemains infinite also at lower temperatures. In this tempera-
the dc-magnetization are also the most simple signatures oftare region, the spin glass exhibits slow logarithmic relax-
conventional spin glass. It is worth noting that for this LSCOation on all time scales as well as aging phenontérhe
sampleM ,-(T) andM (T) coalesce just above the cusp in time dependence of the zero-field-cooled magnetization,
the ZFC curve, an indication that the sample has a highlyn(t), of Lag o551y cs=C00; measured in the spin-glass phase is
homogeneous distribution of 3 ions. plotted vs log in Fig. 3(@). In the relaxation measurements

The inset of Fig. 1 shows the in-phase component of thelepicted in this figure, the system was kepTat= 10K for
ac-susceptibility vs temperature at three different frequendifferent wait times,t,,=10?, 10> and 10s, in zero field

B. Relaxation and aging
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FIG. 2. The best fit off ;(w) data extracted from ac susceptibil- 08 L"° 1
ity measurements ta/ 7,=[(T;—Ty)/T4] *". Ty=14.6 K andzv @04
=10.3. 0.7 | s 1
before the magnetization was recorded as a function of time @ 0.6 | oz; ]
elapsed after the field application. The shape of ting) 05 | ]
curves changes with changing,, implying an age- T ]
dependent phenomenon. The most striking feature being that 04 ]
all them(t) curves have an inflection point at an observation .
time closely equal ta,,. In Fig. 3b) the corresponding re- 03} ]
laxation rates,S(t)=1/h(dm(t)/dlog,gt), are plotted vs 0.2 ‘ . . .
log;ot. The curves show a maximum at the observation time 1 0 1 2 4
where the inflection point is observed in the corresponding log 1ot (5)

m(t) curves. A similar aging behavior is observed at other

finite temperatures beIoWg . FIG. 3. (a) Relaxation of the ZFC magnetizatiom(t) vs log ot

. . . and(b) the corresponding relaxation re®ét) vs logzt recorded at
One early theoretical approach that predicts aging effectslim:lo K in a figld of ?]:10 Oe aﬁﬁec}iﬁerer?tmwait times,,

mfsr?m gllassgs is the dropblet.mo%feh ngch;he maX|.mur(;1 .=10?, 10, and 10 s in zero field. The inset shows the relaxation
of the relaxation rate can be interpreted to be associated with. " 0 o i 10, 15, 20, 25, and 30 Oe, respectivgly:

a crossover from quasiequilibrium dynamics at short obser— ;4
vation times {<t,,) to nonequilibrium dynamics at long ob-
servation timeste>t,,). Aging phenomena in glassy systems o
are currently subject to intense theoretical witResults ~ linear response even in fields as low as 0.2 Oe and observ-
from Monte Carlo simulations for two- and three- @ble aging is erased in fields above 2 J@é;tu_mes_ on a
dimensional Ising spin-glass systems show that the relaXe-entrant ferromagrét show that the dynamics is more
ation rateS(t) indeed exhibits a maximum &tt,,.~” How- fragile in the ferromagqetlc phase than in the spin-glass
ever, nonequilibrium dynamic effects in the magneticPhase. The rather high fields up to which our sample shows
relaxation very similar to those reported here forlinear response may be considered as indicative for a spin
Lag 0:ST 0:C00s, have also been observed in a variety ofdlass pha_\s_e, but it is also a consequence of a rather low
disordered and frustrated systems including some mixed vasusceptibility of the sample. _ _
lent perovskites (R,A)M@ such as LggSr 1:C00;8 Results from temperature cycling experiments can be
Lag Sy £C005,%8 Ndy -Stp MNO3,*° and Y, Cay Mn05.2°  used to distinguish SG staté$®from other aging magnetic
Low fields are required to probe intrinsic nonequilibrium systems. Temperature cycling experiments on spin glasses
dynamics of frustrated and disordered magnets. A too strongave shown that an aging state established atduring a
field will disturb the equilibration process and modify the wait time at constant temperature is fully re-initialized by a
dynamics. However, under a sufficiently low field the systemlarge enough positive temperature cydl€, but remains un-
yields a linear response indicating that the field does noaffected by a negative temperature cydl€. |.e., the relax-
affect the intrinsic dynamics of the spin glass. An examina-ation rate curve measured without a temperature cycle and
tion of field dependence of the response of our sample at 1the one with a negative temperature cycle of short duration
K is presented in the inset of Fig(I8. The fiveS(t) curves are indistinguishable from each other, both showing a pro-
measured in 10, 15, 20, 25, and 30 Oe all virtually mergenounced maximum at an observation time closely equal to
into one line, i.e., a linear response is observed at least it),. A relaxation curve measured after a large enough posi-
fields up to 30 Oe for this temperature. Compared to manyive temperature cycle however becomes fully reinitialized
other disordered and frustrated systems, the dynamics @nd similar to the relaxation curve measured immediately on
Lag 9s5Ip.05C00; appears to be rather robust to magneticreachingT,, after cooling from a temperature abovg,.
fields. The CMR ferromagnet N@Sr, sMnO; does not show ~ Studies on a re-entrant ferromagiieshow that in the re-
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0.8 \ \ - - ally unaffected by the temperature cycle, independent of its
magnitude. l.e., a behavior characteristic to a spin-glass
07} phase is observed.
It should be noted in this connection that the FC magne-
06| ATF tization becomes cooling-rate dependent at temperatures
close toT4 and below. Consequently, the FC magnetization
= 051 also relaxes if the temperature is kept constant in this tem-
A perature range. This relaxation of our glg@Sr C00;
0.4 | sample shows the characteristics of the relaxation of
the field-cooled magnetization of an ordinary spin-glass
03| | phase**~?" a downward relaxation of the field-cooled mag-
h=20 G, t,=10% s netizationMg(t) is observed well belowl ; whereas only
0.2 an upward relaxation is seen close to and slightly abye
0.8
(b) C. Temperature memory effect
07 ¢ oK 1 The fact that a negative temperature cycling does not af-
AT= —+— 4K fect the aging at the higher temperature is the simplest ex-
06 e 5K 1 ample of a “memory effect” in spin glasses. More sophisti-
cated examples of memory phenomena have recently been
S 05 1 reported and illustrated by low-frequency ac susceptibility
experiment$/~2°|n these experiments, the magnetic memo-
04 | 1 ries are created by intermittent halts at constant temperatures
T 210K Ts<Tg of durationt during cooling from abovdy. A halt '
03} m 1 at constant temperature allows the system to relax towards its
h=20G, t,=10s equilibrium state af, causing a decay of the magnitude of
0.2 . ‘ . ‘ both components of the low-frequency ac-susceptibility. This
-1 0 1 log gt (S)Z 4 equilibrated state becomes frozen in on further lowering the

temperature, and can be retrieved on reheating. A most in-
FIG. 4. S(t) recorded aff,,= 10K after positive(a) and nega-  triguing fact in these experiments is that equilibration at one
tive (b) temperature cycles. A field of 20 Oe and a wait time of high temperature has no influence on the behavior only a few
10®s are used for all the measurements. Cycling temperafijres kelvin below (outside a region of overlapThat is, if a sec-
+AT: (8 Positive temperature cycleAT=0, 1.0, 1.5, 2.0, and 3 ond halt is made at a lower temperatdrg, an independent
K. The curve markedAT= is S(t) measured after a positive aqing process occurs, that appears indistinguishable from the
cycle which heats the system aboVg. (b) l_\legatlve temperature aging process observed on cooling without a stop at the
cycles:AT=0, —4, .andTS K. The relaxation rate appears unaf- higher temperature. This indicates that the equilibrium states
fected by the negativAT’s. . . .
at the two temperatures are different or chaotic. However, in

entrant spin-glass phase the behavior is similar to a convergPite of an obvious reconfiguration of the spin structure at
tional spin glass, while reinitialization occurs in the ferro- T¢, there is a full memory of the original equilibration &
magnetic phase irrespective of the sign &oT. A similar ~ when this temperature is recovered on heatifigne weak
non-SG like behavior has also been seen in frustrated anldw-frequency ac field employed in this kind of experiment
disordered ferromagnets, i.e. the systems are reinitialized fatoes not affect the nonequilibrium processes that are intrin-
both positive and negative temperature cyclings.*®°  sic to the sample, but works only as a nonperturbing probe of
The temperature cycling results for d@Sr osCo0O; dis-  the system

played in Fig. 4 show characteristics of a conventional spin To further illustrate the memory behavior and the aging
glass. In these experiments, the sample was aged,for phenomenon, we show in Fig(& results on the temperature
=10%s in zero field afl,= 10K before it was subjected to a dependence of the remanent magnetization. The thermo-
temperature cyclingl,+AT. When T, was recovered, a remanent(TRM) and isothermal remanetRM) are mea-
probing field of 20 Oe was applied and the relaxation of thesured on heating the sample in zero field from a low tem-
magnetization was recorded. TAd = curve corresponds perature. The different curves have been measured after
to S(t) with t,,=0 and shows a maximum at an observationcooling the sample using a protocol described below:

time related to the “effective wait time” governed by the (1) The sample is cooled in constant figt}, (TRM) or
cooling rate and the time needed for thermal stabilizatiorzero field(IRM) from a reference temperature abdlgto a
when approaching,,. It is seen from the figure that for stop temperatur&g, where the sample is kept a stop titge
positive temperature cyclesT>0 of increasing magnitude, without changing the field.

the original aging maximum d#(t) att~10%s is suppressed (2) A field change is made: In the TRM case the field is
and a new maximum appears at a short observation timegjther cut to zero(zero-field stop, ZFSor kept constant
while for AT<O0 [Fig. 4(b)] all measuredS(t) curves are (field stop, F$; for the IRM, H,, is applied. The new mag-
closely identical implying that the aging states remain virtu-netic field value is kept during a ting,.
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L L e L B about 1 s, then the cooling is recaptured and a part of the
— o IRMref. 1 excess magnetization lost or gained durtggis frozen in.
_ 08 Ny, L s Looking again at the curves in Fig(# and comparing the
2 [ %3y o TRMref. 1 ts;=0s to thet;;=3000s, we see that ¢hO s curve lies
NE 06 M N RN +$$:§ij§0& 1 significantly below the 3000 s curve for TRl whereas the
S U PO NR, e TRMES ti0s A 0 s curve lies above the 3000 s curve for IRM. This effec-
s SRR —o— TRMFS ts1=3000s | tively illustrates the influence of aging on the magnetic re-

§ laxation of our system. Looking at the TRMcurves and
comparing these to the reference TRM, we see that the two
] TRMgg curves lie significantly above the reference curve,
@) | i.e., there has been a considerable reinforcement of the spin
N . structure during the total stop tintg, +tg, at constant field
and temperaturdAlthough there is a small downward relax-
ation of the FC magnetization during the stop at 11 K, the
dominating influence of the equilibration processratis to
reinforce the spin structure causing a slower decay of the
TRM when passing througfis.) On the other hand, the
difference between stopping 3000 and 6000 §st signifi-
cant but comparably smaller. Looking at the overall behav-
ior, the IRM remanence disappears rapidly when the tem-
perature increases abovE;. The TRMy,s and TRMg
curves similarly coalesce at a temperature somewhat above
Ts, but remain finite up to a temperature slightly abdye
(There is also a weak tail in the TRM curves up to a tem-
perature a few degrees higher th@g that may indicate a

0.0007 ———r—

0.0006 &

0.0005 |

M (emu/g)

0.0004 |
0.0003 |
0.0002 |

0.0001 [

0 marginal influence of Sr-ion inhomogeneity in the sample.
5 10 15 20 25
T®) 10
FIG. 5. (a) The remanent magnetization vs temperature mea- ref.

sured using a cooling protocol as described in the main fExt. 8 300 s

=11K, H,=20 Oe.(b) The difference between the pairs of curves 1000 s

shown in(a): AIRM, ATRMges, andATRMgs. The inset shows ?ooggos

the difference ATRMzes— AIRM) and ATRMgg (which is marked 6 30 000 :

by the same symbols as in the main frame

(3) The field is then switched back to its initial value and
the sample is immediately cooled to a lowest temperature
Tmin, Where 5 |

(4) the field is cut to zerdTRM) [or kept at zerdIRM)]
and the remanent magnetizatiod g(T) (denoted as
TRMzes and TRMg for the case of ZFS and FS, respec- 0
tively) or M gm(T) (denoted as IRMis measured on heating 10
the sample at a constant heating rate.

Figure 5a) shows two different TRMeg curves, two
TRMgs curves, and two IRM curves all using,=11K. The 8r
different curves are measured for two different values,gf
0 s and 3000 s, respectively, and in all casgs-3000s.
There are also two reference curves plotted in the figure. One
ordinary TRM curve, i.e., the sample is directly cooled to
Tmin=>5 K, where the field is switched off and the remanent
magnetization is recorded on heating. The other is the zero-
field reference curve which is measured after cooling in
nominal zero field and recording the magnetization on re-
heating in the same nominal zero field.

There is a significant difference between the remanent 0
magnetization curves in Fig.(®& measured using different 5 10
stop timestg, in constant field. During the stop at constant
temperatureT, the system ages and the response to a field FiG. 6. (a) TRMyes vs temperature using different valuestgf
change durings, alters, (c.f. Fig. 3. A longer wait time  as indicated in the figuréb) TRM,gs vs temperature halting at 14,
gives a smaller change of the magnetization. When the field1, and 8 K; 14 and 11 K; 14 K and a reference curve without a
is recovered an unperturbed response is maintained durirgilt. The stop times at each halt are equivalest, 10* s.

(a)

My, (103 emu/g)

(b)

20 25

15
T (K)
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Provided the experiments are made at low enough fieldlt is more surprising that a spin glass in a nonequilibrium and
where there is a linear response to a field change and one cahaotic phase allows such a multiple memory of “historic”
relate the results from different relaxation experimentsdynamic processes. Similar experiments were performed on
through the principle of superposition. This implies, e.g.,a canonical AgMn 3D spin gla¥sto check the validity of
that®® the method.

Mzec(tw 1) = Mec(Oty +t) = Mrrm(ty,t). IV. CONCLUSION

Figure 8b) shows the difference plots of the TRM and
IRM curves shown in Fig. @) giving a direct measure of the
frozen-in excess magnetization due to aging. Also plotted i
the figure is a difference plot of the TRMcurves. The inset
shows a plot of ATRMz:<AIRM and ATRMgg, the two

We have found that a highly homogeneous
Lag 9550 0sC00; has dynamic magnetic properties indistin-
rE;uishable from those of a 3D spin-glass phase. A dynamic
scaling analysis using conventional critical slowing down in-

curves look verv similar and suagest an increased validity o icates a finite transition temperature to the spin-glass phase
y 99 y t Ty~14.6K. Long time relaxation and aging effects

the superposition principle_to apply also to t_he temperaturg o o shserved at all temperatures in the spin-glass phase.
dependence of the frozen-in excess magnetization of a SplPemperature cycling experiments also confirm  that

glass.(AIRM reflectsM zgc, ATRMyes reflectsM gy, and Lag ST 0:C00; has a low-temperature spin-glass phase.

Mec correspo_nds & TRMs. ) . . . The existence of a spin-glass phase evidences disorder and
To further illustrate the possibility to usefully investigate frustration; i.e., there is a random distribution of ferromag-

rather. complicated dynam!c properties by simplevs T netic and antiferromagnetic interaction in the system.
experiments, we show in Fig(& TRMgzgs curves measured We have also introduced a simple dc-magnetization

after different halt timeds at Ts=11K. (In these experi- method, that is applicable to most commercial magnetome-

m‘Tlms’tSl:g angtsﬁzts.) The hda.llt t|r_|1_1es are logarithmi- ters, to derive rather sophisticated knowledge about the dy-
cally spaced and the corresponding Tiicurves conse- jmics of complex slowly relaxing magnetic systems.
quently show almost equidistant separation at low

temperatures. The different curves merge with the reference
curve at higher and higher temperature with larger values of
ts. Figure &b) shows an example of a multiple memory  Financial support from the Swedish Natural Science Re-
behavior in the spin-glass phase. The figure shows FRM search CounciNFR) is acknowledged. This work was also
curves where a sequence of 0, 1, 2, and 3 stops have besponsored by the Swedish International Development
made during cooling. Among the curves are also referencégency (Sida, the Swedish Agency for Research Coopera-
ones employing O, 1, and 2 stops at the same temperaturé@en (SAREQ, and the International Science Prograftg&P)

and for equivalent stop timg=10"s. All curves merge with  of Uppsala University. The authors thank Dr. P. V. Phuc for
the corresponding reference curves just above their loweshe x-ray-diffraction measurements and phase analysis and
common stop temperature. A memory phenomenon similabr. P. Jmsson for her valuable comments. Special thanks are
to this is expected to occur in a system with independentiue to Professor N. Chau, Dr. N. L. Minh, and Dr. B. T.
relaxing entities governed by thermally activated relaxationCong for their help in sample preparation.
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