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Magnetoresistance in a well-annealed sample of UGGe,
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Results are presented of magnetoresistance measurements in a well-annealed sampj&ef BEwveen
the as cast sample and the annealed sample, a significant difference in the low temperature behavior has been
observed. A fairly large positive magnetoresistance is observed in the temperature regime-béléwn the
annealed sample whereas earlier study on the as cast sample had shown a metamagnetic behavior at low
temperatures. The measurements suggest the presence of antiferromagnetic interactions in this compound, even
in the well-annealed sample, which has been otherwise characterized as a ferromagnet.
[S0163-182699)11725-9

[. INTRODUCTION In the recent neutron depolarization and neutron diffrac-
tion study, it has been suggested that the low temperature
In UCu,Ge,, the onset of ferromagnetism occurs at amagnetic phase is that of randomly canted ferromayiéae
fairly high temperaturé~105 K) as compared to the other observed distinct drop in the magnetization measurements at
isostructural uranium compounds. The magnetic measurdew temperatures on zero field coolédFC) samples has
ments on the as cast and short time annealed samples havien been taken as a signature of re-entrant spin glass or
shown that ferromagnetiGM) ordering around 105 K is canted magnetic state. Such a behavior could also be ex-
followed at a lower temperature by the onset of antiferro-plained in terms of the difficulty of domain wall motion
magnetic(AF) ordering around 45-50 K:* This conjecture  and/or domain rotation. This last picture gains much strength
had the support of neutron scattering experiméatshe FM  especially when the field cooled magnetizatifFC) shows
to AFM transition, however, seems to be taking place over &illouin type behavior typical of a ferromagnttin order
broad temperature randeaccompanied by various interest- tg resolve the controversy about the low temperature phase
ing properties in the crossover regimeOur measurements of UCu,Ge,, we performed detailed magnetoresistance mea-
of magnetoresistance on as cast sample were supportive gfirements on a well annealed sample. In recent years, the
the AF state which is on the verge of FM instability as it magnetoresistance measurements have shown that it is a
showed metamagnetic transition at low fiefdShere has fajrly sensitive probe in distinguishing between various kinds
been some controversy over the nature and existence of logf magnetic order$?'® In the CeFe based pseudo-binary
temperature AF phase. The neutron diffraction studies calcompounds, the magnetoresistance studies could unambigu-
ried out by some other groups reported that their samplegysly identify ferro- to antiferromagnetic transition. These
remain ferromagnetic down to 5 K° They attributed this to measurements have the advantage of probing the micro-
the sample preparation procedure of other authors where th@.opic spin correlations occurring over the mean free path
measurements were carried out on the unannealed samples_}éﬁgth_ Also, unlike magnetization and susceptibility, mag-
was argued that such samples might have second phase gjyetoresistance is not sensitive to small amount of impurity
ing rise to the low temperature AF transition. It is worth phaseqwhich evades detection by standard x-ray diffraction
pointing out tha_t the Endstret al? carried out their neutron  techniqué and represents the behavior of the majority phase
scattering studies on a well annealed and characterizegtimarily. The results of the magnetoresistance presented
samplé® in which the impurity phase was below 1 vol% and here on the well annealed sample of UGe, have revealed
exhibited AF transition below 55 K. Whereas the impurity that there exists distinct difference between the as cast and
phase reported in Ref. 7 for their sample was higher at 2% ifye|| annealed samples as far as the low temperature behavior
which the low temperature AF transition had not been ob{pejow 50 K) is concerned. The observation of large positive
served. Our recent study of the effect of heat treatment on thg agnetoresistance in the low temperature range indicates the

magnetization of UCiGe,, revealed that the lower tempera- presence of antiferromagnetic interaction in the compound.
ture AF phase is quite marginal in nature and led us to con-

clude that its existence depends crucially on the heat
treatment?! In the long time annealed sample, there is a
small change in the unit cell volume and any signature sug-
gestive of AF transition has been absent in bulk magnetiza- The samples were prepared by argon arc melting of con-
tion measurements. On the other hand, the change in thsituent elements having 99.99% purity. They were subjected
Cu/Ge stoichiometry has no effect on the existence of lowto annealing at 700 °C for 3 days followed by at 750 °C for

temperature AF state in the as cast samples. five days and ultimately at 900 °C for 13 days. The details of

Il. EXPERIMENTAL DETAIL
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due to the field induced ferromagnetism in the as cast
sample. The maximum value of negatide/p, in this tem-
grature range, was found to be around 16%. On the con-
ary, Aplp becomes positive in the annealed sample of
UCuw,Ge,. The magnetic field dependence Ap/p at low
temperaturegbetween 4.4 and 40 )kcould be described as

FIG. 1. Magnetic field(H) dependence of magnetoresistance
(Aplp) in UCu,Ge, in the temperature range of 4.4 and 80 K. The
inset shows the temperature dependence of resistance of the sam
which shows a knee at the paramagnetic to ferromagnetic transitio
temperature around 110 K.

the sample characterization have been described in an earlier
publication®! Aplp~aH+ BH?,
The longitudinal magnetoresistance measurements were
carried out in the temperature range of 4.5 K to 150 K inyhere o and 8 are constant dependent on temperature. The
magnetic fields up to 45 kOe generated by a home-built SWajye of « is found to be almost two orders of magnitude
perconducting magnet. The magnetoresistance was measurﬁaher thang. It implies a stronger linear dependence én
using a standard four probe dc teqhniqug. The electric.al COM4s against a quadratic dependence expected due to Fermi
tacts to the sample were made with Indium solder using Ulyrface effects. In manganese also, a linear term in field de-
trasonic soldering. The resistivity changes of the order of 5(bendence was seen in high fiel@bove 10 kOpand attrib-
ppm could be detected in the present set-up. The temperatuigeq to be a characteristic of antiferromagnetic phase of
of the sample was controlled and monitored by a Lake Shore,_\vin. The magnitude olplp is fairly large at low tempera-
carbon glass sensdin magnetic field up to 60 K and by a  yres with a maximum value of 24%n a field of 40 kOg at
silicon diode sensor above 60 K, employing a Lake Shorg k. This large value ofAp/p can not be attributed to the
DRC-82C temperature controller. influence of magnetic field on the Fermi surface. It is inter-
esting to note that the positiviep/p drops relatively rapidly
with increasing temperature as one approaches the tempera-
ture regime of 50 K. It is to be recalled here that in the as
In Figs. 1 and 2, the magnetic fieltH) dependence of cast sample, the ferro to antiferromagnetic transition was ob-
magnetoresistanceAp/p=(p(H)—p(0))/p(0)] has been served around 50 K. A similar large positive value/qi/p
plotted at various temperatures in the range 4.5 to 130 Khas been reported recently in antiferromagnetic compounds
The inset in Fig. 1 shows the temperat(fé dependence of of RE,Ni;Sis where RE=Sm, Th, and Nd*
the electrical resistivity of the annealed sample which shows At 60 K, Ap/p is negative and shows an almost linear field
distinct knee close to the Curie temperat(€l05 K) deter-  dependence. This small negative magnetoresistance could be
mined earlier in the same sample from the low field magnedue to the suppression of spin fluctuation which may be sig-
tization measurement. In the magnetoresistance measure-nificant due to competing antiferro and ferromagnetic ex-
ments the sample was cooled in zero external field and thehange interactions. The field dependenceApfp in the
data have been recorded by increasing the field in steps &&mperature range 80-90 K shows initially a decrease of
discrete intervals up to 45 kOe. Aplp, which then takes an upturn with the increase in field.
In the temperature range 4.4 to 50 Kp/p is found to be  The temperature dependence of magnetization in this regime
positive. It is recalled here that in the as cast sample a diss found to be that of a ferromagnet and is relatively w&ak.
tinct metamagnetic transition was observed in this temperaFhe magnetoresistance due to spin disorder scattering is ex-
ture regimé In other words Ap/p was very small up to the pected to be small in such a situation. As was in the case of
metamagnetic transition field, above which it was negativehe as cast sample of UgBe,,® we conjecture that the posi-

Ill. RESULTS AND DISCUSSION
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tive magnetoresistance at 80 and 90 K results from the domi- Tt o T

nating influence of magnetic field on the Fermi surface. 25 H=40kOe 1
In the temperature range 100 to 120(see Fig. 2, Ap/p "“‘

is found to be negative having a maximum value at 110 K, 20r % 1

which is close to the Curie temperatufg~ 105K, as deter- \.

mined from the low field magnetization measurements. This 15 \. ]

behavior is very similar to what had been observed inthe as ¢ \

cast sample of UGGe, in the same temperature rarmjéhe :’0_10 R ]

increase of negativAp/p above 90 K up tdr; is presumably S '\.

due to increased influence of magnetic field in suppressing 5t \ 7

the spin disorder. This increased influence could be due to IS .

decreasdor absenceof AF interactions, which in turn re- ot N e, o

duces the frustration of spins, in this temperature range. In I o T

inhomogeneous ferromagnets, suchfag-e just above the SF 7

H H H " 1 n 1 " 1 i 1 n 1 " 1 1 1 "
p_er(_:olatlon concentration of long range magnetic order, 0 25 50 75 100 125 150 175 200
similar behavior has been obser/8dSignature of short

range ferromagnetic correlations exists eveMat115 and TK) _ .
120 K whereAp/p does not show the typical quadratic field ~ FIG. 3. Temperature dependence of magnetoresistdnig) in
dependence expected in a paramanee F|g 2_ UCUzGez at a field of 40 kOe. A maximum in the negative magnet-

In Fig. 3, the temperature dependence\pfp is shown at oresistance is observed close to the Curie temperature at 110 K.

40 kOe. One observes a rapid decreasap up to around  nean free path length. While the recent neutron diffraction

50 K foIIovyed by a weakr _dependence up to arpund 100 K. study on annealed samples of UGe, suggested a ran-
The negative magnetoresistance shows a maximufg a&s  gomly canted spin structure in the temperature regifne
expected for a ferromagnet. The rapid increasépb be-  <50K,° such a structure is a far cry from an antiferromag-
low around 50 K is qualitatively similar to what has beennetic structure which is inferred from the observation of
observed ina-Mn below the AF transition temperatut®lt  |arge positive magnetoresistance in the present study on a
was attributed to the modification of the Fermi surface by theyell annealed sample. One should also note here that in the
new Brillouin zone plane¢formed as a result of AF order- as cast sample, the low temperature antiferromagnetic state
ing). (which was clearly observed both in the bulk magnetization
and the neutron diffraction experimentsas quite sensitive
IV. CONCLUSION to t_he applied magnetic_: field a}r]d a field induced ferromag-
netic statgmetamagnetic transitigrwas clearly observed in
The bulk magnetization on the well annealed sample othe magnetoresistance measurements in an earlier $&ay.
UCu,Ge, revealed a typical ferromagnetic response in thethe present observation of fairly large positive magnetoresis-
temperature regime 5 K to 105 ¥.The present observation tance in the well annealed sample of UGe, with no indi-
of large positive magnetoresistance on the same sample gation of any low temperature AF order in the bulk magnet-
the temperature regime below 50 K, however, indicates thézation study, is certainly intriguing and demands more mi-
presence of distinct antiferromagnetic correlation over theroscopic magnetic measurements.
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