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We report the results of magnetic susceptibility, magnetoresistance, specific heat, and neutron-powder-
diffraction measurements on,BdGa and U,PtGg. The investigated compounds crystallize in the orthorhom-
bic CeCy-type structurdspace groupmma) and, atTy~ 30 K, undergo an antiferromagnetic state with finite
magnetic correlation lengths 120—150 A. The magnetic structure is collinear and with the uranium magnetic
moments aligned parallel to the orthorhombiexis. At 1.4 K, the uranium magnetic moments are estimated
to be about (0.3-0.4)g/U. Despite showing the signature of three-dimensional almost long-range antiferro-
magnetic order below 30 K in the dc-magnetic susceptibility, for both compounds a discontinuity in the specific
heat at their Nel temperatures is lacking. Furthermore, the dc-magnetic susceptibility displays magnetic-
history phenomena, while the magnetoresistance data indicate the existence of Kondo interactions in the
magnetically ordered state. We discuss the observed magnetic behavior in terms of a competition between
randomness, Kondo and magnetic exchange interactions.
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I. INTRODUCTION previously described The characterization of the samples by
x-ray powder diffraction was performed at room tempera-
ture. The YPdGg sample was found to be of single phase.
In the case of YPtGag, in addition to the major phase of the

In previous work we investigated the uranium-based in
termetallic compounds 3T Ga;, where T=Ru, Rh, Pd, Ir,
and Ptt We found that these compounds crystallize in an :
orthorhombic CeCatype structure(space groupimma). orthorhor_nbm CeCutype crystal str_ucture, a small amount
Based on magnetization, magnetic-susceptibility, and impurity phases(less than 3% in magswas detected.
electrical-resistivity data, we found that the ground states offowever, by means of neutron-diffraction measurement we
U,RuGa, U,RhGa, and U,IrGag are ferromagnetic, while found that the contamination is on a somewhat higher level.
both U,PdGa and U,PtGa undergo an antiferromagnetic We have identified the main impurity phase as YJGahich
(AF) ordering below 30 and 33 K, respectively. In addition, aappears to be less than 3% ipR{Ga and about 7% in the
ferromagnetic-phase-transition anomaly occurs in both agase of YPtGa. As we will show below, any anomaly of
and dc susceptibilities &t,,=80 K for the latter compound. sych kind of order due to the impurity UG4Ty=70 K)

Moreover, inspecting the compounds of the relatedyas not observed in our data. The calculated lattice param-

U, TS}, family, one observes either long-range ferromagnetiGyters pased on the Bragg reflections of the major phase were
ordef® or spin-glas{SG) freezing*~’ The occurrence of a consistent with previously reported data.

spin-glass state in some,USi; compounds is believed to The dc-magnetic susceptibility(T)=M/H was mea-

originate from the randomly frustrated U-U interactions re- : )
sulting from atomic disorder inherent to an AlB/pe crystal sured by means of a superconducting quantum-interference-

|attice. device magnetometgQuantum Design MPMS)5in fields

These results make WGa; compounds interesting mate- H up to 50 kOe and in a temperature range of 2-100 K.
rials for a thorough investigation, as one expects, that owing hese measurements were carried out in each case on three
to the existence of the magnetic order, strong U-U magnetidifferent pieces of the sample. The fact that we obtained
exchange interactions overcome magnetic fluctuations due fdentical results for the three pieces rules out significant mac-
the randomness. In the present paper, our results for magngscopic inhomogeneities in our samples. The absolute accu-
tization, magnetoresistance, specific-heat, and neutroitacy in y(T) is of about 5%, limited partly by a demagne-
powder-diffraction measurements on the two antiferromagtizing factor, which was not taken into account in data
nets 4PdGa and U,PtGa will be presented. analysis. A large contribution to this experimental error
arises from a large magnetocrystalline anisotropy and from
some texture effect existing in the samples. The dc-

Polycrystalline samples of about 10 g forRHGa and  magnetization measurements in fields up to 140 kOe at sev-
U,PtGa were prepared by arc melting using a procedureeral temperatures below 60 K and ac-magnetic susceptibility

Il. EXPERIMENTAL DETAILS
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measurements in a frequency range of 30—-1000 Hz were ' ' '

performed using a Quantum Design PPMS. The amplitude of g ) U PdGa

the oscillating frequency wald .= 10 Oe. S 150}  T=40K
The electrical resistivityp(T) was measured in a Quan- E A=2426 A

tum Design PPMS, using a four-probe ac technique in a tem- 5 100F

perature range of 1.8—300 K. The samples were rectangular :‘; 50l

with typical dimensions 0.80.5<5 mnt. A current of 5 3 a

mA at a frequency of 37 Hz was supplied to the samples. The g 0 = e

resistivity in a fixed magnetic field ¢ = 100 kOe was mea- : , '
sured on zero-field-cooled samples in a temperature range of
1.8—-120 K. The resistivity data were also collected in fields
up to 140 kOe at several selected temperatures below 100 K.
The magnetoresistance is defined asp/p=[p(T,H)
—p(T,0)]/p(T,0). The magnetic fields were applied perpen-
dicular to the direction of the current. The experimental error
in the resistivity is less than 5%, due mainly to the uncer-
tainty in the geometrical factor.
The specific hea€(T) measurements were performed in
a Quantum Design PPMS in a temperature range of 1.8—240
K, utilizing a relaxation method. T S 5
Neutron-powder-diffractioiNPD) experiments were per-
formed on the G4.1 diffractometek & 2.426 A ) installed at 2 & (degrees)
the Orphe reactor in Laboratoire lom Brillouin, Saclay.

The diffraction patterns were collected at several tempera; FIG. 1. Neutron-difiraction pattems ofa) U,PdGa and

. ; a(b) U,PtGa at 40 and 90 K, respectively. Open points represent the
tgres '.n the range 1.4-90 K. The ex_penmentall neth.ron?neasured data points, and solid lines show the calculated profiles.
diffraction data were analyzed by the Rietveld profile fitting The difference between measured and calculated profiles is plotted

method using theuLLPROF program® based on the nuclear on the lower scale.
scattering lengths published by Se&is the magnetic re-
finements, we used the magnetic form factor 6f Walcu-
lated in the dipolar approximation by FreemainalX°

Intensity (10° arb. units)

exchange interactions and, thus, rovides a significant influ-
ence on the observed magnetic properties.

We have calculated the values of the shortest distances
between the four uranium atoms: (@1 1/4, z,), U2(0, 3/4,

lll. RESULTS AND DISCUSSION —2z), U3(L/2, 3/4, 112+ z;), and U41/2, 1/4, 1/2—z;).
A. Structural properties We distinguish between three nearest U-U distances

Table ); the first one is the zigzag distances alonghitais,

. 4 d1,.y, the second one is between neighboring uranium at-
K for U,PtGg (Fig. 1) show nuclear reflections correspond- oms lying in two adjacent bc planes, i.e., along thaxis,

ing to an orthorhombic CeGype structure. In the crystal-_ d2,_y; and the third one is identical to the lattice parameter
structure refinement, we have applied a peak-shape functlogl For both compoundsg1 ~d2 which indicates

of pseudo-Voigt type to all the reflections. The refinementy . e nearest U neighbuc;rg formugi%]’zag chaliél-U2-
ends at the reasonable agreement vaRgs 3.9% for the 1- and -U3-U4-U3} parallel to theb axis. The next-nearest
Pd-based compound and 6.2% for the Pt-based compound, neighbors are connected by zigzag chaifs1-U4-U1-

respectively. Thus, by means of NPD, we confirm an ortho-and _U2-U3-U2} along thea axis. Upon decreasing the tem-

rhombic CeCyrtype structure with the space grolmma o a4 e the lattice parameters of both compounds slightly
for both U,PdGa and U,PtGg. The fitting results are shown

as solid lines in Fig. 1 and listed in Table 1.
In a CeCy-type structure, the uranium atoms occupy theU
four equivalent positions (@), while the transition-metal and 2

The NPD patterns obtained at 40 K fop,RdGg and 90

TABLE I. Crystallographic parameters of,BdGa at 40 K and
PtGg at 90 K.

gallium atoms are randomly distributed in eight equivalent U,PdGa U,PtGa
positions (&). Owing to the mixed site occupation of the

transition-metal and gallium atoms, we have checked posa (A) 4.401(1) 4.3811)
sible atomic short-range order, applying the peak-shape fund (A) 6.9872) 7.0212)
tion of Thompson-Cox-Hastings pseudo-\Voigt type in thec (A) 7.6922) 7.7132)
calculation. We estimated a correlation lengtlibased on the z, 0.53445) 0.540410)
inverse of the full width at half maximum of the nuclear y;,g, 0.03885) 0.042@16)
peaks. We obtained a value gfof about 1300 A for both  z;,c, 0.166313) 0.164131)
compounds, indicating that the atoms have a true long-ranggi; , (A) 3.53 3.56
correlation. As we will discuss below, the atomic disorderqy, , (A) 3.98 3.90

may nevertheless give rise to some randomness in the U-Y
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FIG. 3. (a) The magnetizatiotM vs field for U,PdGa at 2 and

FIG. 2. Temperature dependence of the magnetic susceptibilit)el30 K. (b) The magnetizatioM vs field for ,PtGg at 2 and 50 K.

x(T) of (8 U,PdGa and (b) U,PtGg measured in zero-field-

cooled and field-cooled modes for different magnetic fields. Arrowsthe disorder of Pd/Pt and Ga atoms in the crystal lattice may
indicate Nel temperatures as determined by the maximum inprovide the random U-U exchange interaction necessary for
d(Tx)/dT. the formation of the SG state. However, traditionally the SG

_ state requires both disorder and frustratibff A disordered
decrease, whereas the atomic parameters are rather tempe@?—:-‘CLt-type crystal structure(lacking any triangular or

ture independent in the covered temperature range. kagomdattice9 cannot explain the occurrence of frustration.
Hence it is not clear whether the irreversibility pfT) really
arises from the “freezing of uranium spins.” Alternatively,
The results of the dc-magnetic susceptibility studies forthe feature of “magnetic-history phenomena” was known to
U,PdGa are shown in Fig. @). For small fields, the((T) show up in alloys with long-range ordering as well as to be
curve exhibits a well-defined peak, arising from the AF due to ferromagnetic domain-wall pinning effeéfsThe fol-
phase transition. This peak is in agreement with previousowing observations do not support a spin-glass conjecture:
observatiorl. An interesting result derives from comparing For our samples we observe only a small decreadg,afith
the temperature dependencies of the zero-field-co@Eq) increasing fields, i.eTy is reduced to 30 K for WPdGa and
and field-cooled(FC) susceptibility: There is a difference to 29 K for U,PtGa by a field of 50 kOe. The fields also do
between the ZFC and F&(T) curves below the N& tem-  not considerably affect the intensity of tigegmaximum, con-
peratureTy, defined as the position of the maximum in sidering the fact that in an applied field of 50 kOe the maxi-
d(Tx)/dT (cf. arrows in Fig. 2. In particular, the tempera- mum loses an intensity of about 10% compared to that in 1
ture T¢, where ZFC and FC susceptibilities start to deviate kOe. Therefore, the irreversibility effect observed in our
strongly depends on the strength of the magnetic field. In @amples might be interpreted in terms of short-range mag-
low magnetic field,T; almost coincides with the maximum netic interactions dictated by disorder effects. In this context,
of the magnetic susceptibility of 33 K, i.e., about 1.5° higherwe would like to add that irreversibility effects have been
thanTy; however in a field of 50 kO€T; amounts only to observed quite often in intermetalliR,TSi; and UTSi;
17 K. compounds. A set of data was recently reported for single
A similar irreversibility effect is also observed in the casecrystals of ThPdSy by Majumdaret al*®
of U,PtGg [Fig. 2(b)]. There exist differences between the  Figure 3a) shows the magnetization vs the applied field
two compoundsi(i) an anomaly at about 80 K, which is for U,PdGg at two temperatures. At 2 K, thil vs H be-
suppressed in magnetic fields above 20 kOe, shows up fdravior is linear up to about 50 kOe. Above this field, the
U,PtGa only and, for this compound; an@) the tempera- M (H) curve exhibits a slight upward tilt, followed by a ten-
ture T; depends more strongly ohl, being 14 K atH dency to saturate in high fields. This feature is beginning in a
=50 kOe. field of ~140 kOe, the highest available in our magnetome-
The irreversibility of the magnetic susceptibility is a typi- ter. Such a behavior is a hallmark of the metamagnetic tran-
cal feature expected for spin glass&G’s).**? Naturally, ~ sition, and it should be observed in antiferromagnetic sys-

B. Magnetic susceptibility
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FIG. 4. (a) Temperature dependence of the ac-magnetic suscep- e

tibility of U,PdGa, measured altl,.=10 Oe and at frequences of £, 5. (a) Temperature dependence of the electrical resistivity
30 and 1000 Hz(b) Temperature dependence of the ac-magneticyf J,pdGa, measured at zero and at a fixed magnetic field of 100
susceptibility of PtGa, measured aH,.=10 Oe and at fre- yoe The inset shows the magnetoresistance obtained from the
quences 100 and 1000 Hz. above data.(b) Isothermal magnetoresistance ofR#Ga as a

_ function of the magnetic field. The solid line represetdp/p
tems. From the M vs 1H plot, a value of the uranium =aH" (n=2.6), and is meant to be a fit to tAe=1.8 K data.

magnetic moment of 14g/at.U is obtained. At 60 K, the
magnetization shows a monotonic change with fields, indi- . : .
cating a paramagnetic state of the compound. n_egatlve at_ all temperatures du_e t(_) the fret_ezmg put of spin-
In the case of WPtGa [Fig. 3(b)], there is also a slight flip scattering by_the magnetic f".am' In I|_ne_ .W'th the_
upward curvature, but at a field much higher than that fof<ondo-like behavior of the electrical resistivity at high
U,PdGa, i.e., of ~80 kOe. This behavior is consistent with temperatures, this mechanism may also be operating in
the AF state of the compound. We recognize that the magnéJZPdG%' A remarka}ble feature of our MR'resuIts, but rather
tization at 50 K shows a small spontaneous ferromagnetit‘fom_m,On to _magnetlcally ordered metals, is the oceurrence of
moment, but complete saturation is not achieved even in 148 Minimum inAp/p vs T nearTy . Such a behavior is com-
kOe. monly understood as a S|gn|f|c_ant_ suppression of spin fluc-
Further, the AF ground state is more supported by thduations by the applied magnetic field. The MR ofRdGa
ac-magnetic susceptibility’'(T) results shown in Fig. 4. @S & function of magnetic field is plotted in Figibh For
' (T) clearly shows a sharp peak at 33.5 K fofRdGa and magnetic fields up to 140 kOe, the MR is negative in the
at 31.8 K UPtGa. The position of these peaks does notange of measured temperatures. As long as the MR does not
depend on the applied frequencies, at least up to 1 kHz. F ow any tende_ncy to saturate, we believe thqt the uranium-
U,PtGg we found another peak located around 80 K, which er_lved magnetic moments do not tend to align ferromag-
is of the ferromagnetic origin netically in the applied fields. In fact, the negative MR and
' the shape ofAp/p vs H curves indicate the strong influence
of Kondo interactions on the MR in the AF state. It is inter-
esting to note that at temperatures belbyy, the MR varies
In Fig. 5a), we present the electrical-resistivity at zero asH" with n=2.6. This behavior differs from that observed

C. Electrical resistivity and magnetoresistance

field and 100 kOe as a function of temperature foPdGa.  In SG systems, wherdp/p also follows a power lavH",
The zero-field resistivity in the high-temperature rariget ~ but with n<2.'®
shown coincides with that previously reportédt increases The temperature dependence of the electrical resistivity of

logarithmically with decreasing temperature. The resistivityU,PtGa is shown in Fig. 6a). At zero field one observes a
keeps increasing down to 1.8 K, without any tendency to-‘knee” at T,,=80 K which is absent in the 100-kOe resis-
ward a reduction which would signal the onset of coherencetivity p(100 kOe, T) data. Hence a deep minimum of the
The application of a magnetic field of 100 kOe leads to aAp/p vs T curve develops around,,, coinciding with T,
depression of the electrical resistivity, i.e., to a negative mageerived from the magnetic-susceptibility measuremghii.
netoresistancéMR). In single-ion Kondo systems, the MR is 2(b)]. The general behavior of thgT) curves taken at zero
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high-temperature electronic and phonon contributiGdid line),
and the magnetic contributidislose trianglel as functions of tem-

. .. perature. Inset: the low-temperature part of the magnetic contribu-
FIG. 6. (a) Temperature dependence of the electrical re5|st|V|tytion and the ravC, data in theC/T vs T representation. The solid

of U,PtGa, measured at zero field and at a fixed magnetic field of,. . )
100 kOe. The inset shows the magnetoresistance obtained from tklllge represents a fit to the low-temperat@g,q data(see the text

above data and from those @) (full dots). (b) Isothermal magne- . -
toresistance of WPtGg as a function of the magnetic field. The Cp of U,PdGa consists of, at least, two distinct compo-

solid line representa p/p=aH" (n=2.1), and is meant to be a fit NeNts: the lattice specific he@f,, and the electronic specific
to theT=1.8 K data. heatCg,. The electronic contribution was taken as linearly
temperature depende@.(T)=yy7T. Owing to the lack of

field and 100 kOe is rather similar between 50 and 80 K2 Suitable norf-electron reference compound, we assumed
with a minimum in the resistivity at 60 K. Interestingly Cpn(T) of U;PdGa to@be/Tdescrlbed by the Debye function,
enough, such a minimum gf(T) was already observed in Cpn(T)=9R(T/0p)[,° " [(x*e*dx)/(e*~1)?]. For tem-
the SG YPdSi,° and in the re-entrant SG,BhSi.” For  peratures between 70 and 240 K, the experimental data are
U,PtGa, the p(T) minimum suggests two competing then fit by the equation
mechanisms: on the one hand, local Kondo interactions
yielding an increase of the resistivity upon decreasing tem- Cp(T)=Cpun(T)+Cq(T), 1)
o i ms s i  Debye temperati@y=210(2) K and  Sommerii
dering. These d?fferent contributionsgto the MR y?eld ([:ogfficient 7u7=0.019(1) IR moleU. These values are
qiff .t tributi A o/ Tin th f ox. typical for ternary uranium-based intermetallics. The Debye
merent contributions tadpip VS 7 IN the Presence of €X- 5 qel works well at low temperature$ € ©,/50), but also

ternally applied magnetic fields. This results in a large dif-f : . . .

. r T>0p/2. In the intermediate temperature regime, it must
ference between the zero-field and 100-kOe curves below D S X

K. displayed in Fig. 4a). The fact thatAp/p vs T does not 5§e considered a very crude approximation to the phonon spe-

L hat cific heat as measured. In Fig. 7 we also show the tempera-
exhibit another minimum aty, but rather at a temperature g P

of 15 K, i.e., far belowT, is surprising and calls for further turr](_a hdependk()enc_:e gfb the bmagnet|c _ﬁpecmc h&’:‘fg(-r()j’
ctudies. which was obtained by subtracti@; (T), as extrapolated to

The field dependence of the MR ofBtGa, [Fig. 60b)] is T<70 K, from the measure€,(T) data. There exists a

someuat difeent fom that of G [Py, G, For 0% Pesk cenered 1 20 K e vy coe to e
U,PtGa, we find a power-law behaviok p/pcH" with n P 9 P y

~2, i.e., the exponent known for SG systetndt is clear surements. Below =14 K, we can describ€mag(T) well

H (kOe)

thatAp/p vs H changes sign near 80 K, i.e., becomes posi—by
tive at hlgherT. Cmag(T): ’)/LTT+,8T38X|C(—A/T), (2)
3 with 1y, +=0.072(2) JJEmoleU, B=8.7x10 42 J/K*
D. Specific heat mole U, andA =15(2) K. The result of this fit is illustrated

The results of the specific-he&,(T), measurements for in the inset of Fig. 7.
U,PdGa are shown in Fig. 7. For the purpose of data analy- In the same way, théZ;(T) results for YPtGg can be
sis, the contributions to the specific heat are assumed to mnalyzedFig. 8 within nearly the same temperature interval
additive. In the paramagnetic region, the total specific heaas used for the Pd homolog. This yiel®s,=225(2) K and
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FIG. 8. Measured specific heat of,PxGa (open circley with
an accuracy as indicated by the error bars, the sum of both the
high-temperature electronic and the phonon contributisalid 2 O (degrees)
line), as well as the magnetic contributiéelose trianglek as func-
tions of temperature. Inset: the low-temperature part of the mag- FIG. 9. Difference between the neutron-powder-diffraction pat-
netic contribution and the ra@, data in theC/T vs T representa-  terns of PdGa, taken at low temperatures and at 40 K, respec-
tion. The solid line represents a fit to the low-tempera@ifg, data  tively.
(see the text
change interactions. This resembles the case of the crystallo-

—0.019(2) J/Rmole U. B tractin* (T) f h graphipally di_sordered compound UAu&hfor which no .
g:HET)O d%tg(wfe ‘:gbtg?r? eagcorﬁii;bt;agégg: ”C( ) g(;_c;mwtmf specific-heat jump could be resolved, although an AF transi-
7” ~0.061(2) J/ R mo,le U, B=8.1(2) 1,(T4TJ7K4 mole U tion at Ty~ 36 K has been established for this compound by

LT=V. ) =o. 11 -
andA=18(2) K (cf. the inset of Fig. 8 Note that, in con- mea_nsszi)f NPD(Ref. 20 as well as by . 9S_n-Mossbauer
trast to the susceptibility and the MR resulS,(T) of studies.” The Ia_tte_r experiments C'_ea”y |nd|cated_the pres-
U,PtGa, does not display any anomaly &t =80 }2 ence of magnetic inhomogeneities in UAUSH. In this context,

2 - .

We would like to add that the “total” Sommerfeld coef- ¢ reca2II3 z‘ither examples’. €.g., W (Ref. 2.2 and
ficient y=yy1+ v, 1 as obtained from the above fit proce- CelnCy,™ fqr which atomic-site disorder causing short—
dure, agrees, within the uncertainty margins given, vyiths range magnetic order apparently smears out the specific-heat

; . 2. . phase-transition anomalies.
obtained by plotting the raw data &,/T vs T< We_ find Let us finally address the magnetic entropBs.(T),
these data of both compounds to be well described by {hich for both compounds amount to onl afractiorgRtIﬁZ
straight line forT<7 K, yielding y=C,/T (T—0)=0.092 P y

(namely 68% for YPdGa and 65% for YPtGa) at T
?CSI)?IO?Q J/IKRmole U for the Pd and Pt compounds, respec —Ty. Together with the enhancegl values, the reduced

The magnetic specific he@i»((T) also depends linearly entropy is characteristic of a magnetically ordered Kondo

o ome lattice. This is in qualitative agreement with the assumption
on temperature a§— 0. This might be related to SG freez- P i D11 -
ing as observed in the “random-bond” SG,Rh,Ge, 16 of a “Kondo-reduced” U-derived ordered moment, similar to

A . the somewhat reduced Ce-based saturation moments found
_ k _
:'t(r)i\li\liﬁvetz’c;r?t:glsst (tjgstﬁg'%ge(l) (: Z;r'lj)— dD;- ér\?:jh:r:ce:g_folljg;jl?or in Kondo-lattice systems like CeAl’ Of course, the miss-
9 P P ing magnetic entropy is related to antiferromagnetic short-

. - ; ?énge correlations, and is released in the paramagnetic state.
tential origin for they, 1T term inCpag(T) for the L,TGay However, the unavoidable inaccuracy of the specific-heat

compounds. Instead, we ascribe this term to the Kondo eﬁe%easurement&everal percentand of the Debye fit to the

that_ appears to t?e operating in the presence of AF ordeBhonon specific heat in this temperature regime, this contri-
similar to what is well known for canonical Ce-based bution cannot be extracted from the data

Kondo-lattice systems like CeAl’ As to the second term on
the right-hand side of EQq(2), this manifests a three-
dimensional anisotropic AF magnon spectrtfiiNote, how-
ever, thatC,,,,(T) does not display any discontinuity at the ~ The difference neutron-diffraction patterns
Neel temperature for long-range ordered antiferromagnetd.(1.4 K)-1(40 K) andl (26 K)-I(40 K) of U,PdGa, shown
We ascribe the broad maximum of ti@,,(T) at Thax i Fig. 9, give evidence that this compound orders antiferro-
~Ty curve to AF order with a short correlation length. In magnetically at low temperatures. Clearly, the magnetic re-
fact, the long-range ordéwith infinite correlation lengthis  flections can be indexed as 100, 021, and 120 within the
most likely be destroyed by the randomness in the U-U eximagnetic unit cell, identical to the crystallographic one. Fur-

E. Magnetic structure
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* + FIG. 11. Difference between the neutron-powder-diffraction pat-

terns of UPtGag, taken at low temperatures and at 40 K, respec-
tively. No difference between the patterns collected at 40 K and 90
K could be resolved.

We wish to note that, in addition to the low intensity of the
a magnetic scattering, we also observed some broadening of
b the magnetic reflections. A possible explanation for this can
be imperfect magnetic order due to, for examfilginhomo-
geneity,(ii) magnetic domains, an@i ) magnetic short-range
interactions. The first interpretation requires nuclear Bragg
reflections broader than instrumental resolution, which can
thermore, no signal appears on the reflecti@®l) or (002  be clearly discardetsee Fig. 1 To prove the second expla-
at 20=18.15° and 36.77°, respectively, indicating that thenation, single-crystal studies are highly desirable. Here we
ordered magnetic moments of uranium,4, is aligned par- favor the last explanation, and estimate the magnetic corre-
allel to thec axis. lation length(MCL) &. For U,PdGa, we obtainé of 150 A
When we tried the three possible antiferromagneticn all (a*, b*, andc*) directions.
models for the arrangement of the signs of As to U,PtGa, the extra reflections indicating antiferro-
the four uranium magnetic moments parallel to thexis = magnetic order in this compound appear in the NPD patterns

FIG. 10. Model of the magnetic structure ofRIGa. Only the
uranium atoms with their magnetic moments are shown.

(+ + — —,+ — + —, + — — +) the only one com- taken below 30 K only(Fig. 11). Unlike the magnetic-
patible with the observed pattern is the spin configuratiorsusceptibility and electric-resistivity measurements, neutron
(+ + — —). In Fig. 10 we display the possible magnetic scattering in YPtGa could not resolve any features related

structure for YPdGa. This structure is of a collinear type, to magnetic order between 40 and 90 K. We suppose this
in which the pairs of the nearest uranium atoms, U1 and U2liscrepancy could be due to the very small value of the ura-
as well as U3 and U4, form two distinct ferromagnetic chainsnium magnetic moment betwedi~30 K andT,~80 K.
within the bc plane. These chains are coupled antiferromagAt present we cannot rule out that B, the impurity phase
netically to each other. In other words, the short U-U dis-detected by nuclear NPD orders ferromagnetically, but is not
tancesdl,_, andd3., are associated with ferromagneti- resolved in the magnetic neutron-diffraction spectra due to
cally coupled magnetic moments, whil@2,_, is its small volume fraction(cf. Sec. I). Like for U,PdGa
characterized by antiferromagnetic U-U coupling. Therefore(Fig. 9 the low-temperature difference NPD patterns of
there is no triangular magnetic structure, which could pro-U,PtGa (Fig. 11) are all similar to each other. As in the
vide magnetic fluctuations as those observed in SG systemtarmer compound, the magnetic peaks can be indexed as
Unfortunately, we were not able to refine the uranium100, 021, and 120, with a magnetic unit cell being identical
magnetic moment with an acceptable agreement fatpr  to that of U,PdGa. The magnitude of the ordered magnetic
Owing to the low intensity of magnetic scattering, we obtainmoment at 1.4 K is evaluated to 0.32¢&)/U, practically
Ru=~20%. From the integrated magnetic intensity within thethe same value as found fo,RdGa. Compared to the mo-
spin configuratio{+ + — —), we have estimated the value ments of the 8" (3.62ug/U) or U** (3.58ug/U) free
of ordered uranium magnetic moments to be 0.3g(5)J.  ions, the observed values for,RPdGa and UPtGg are

134401-7



V. H. TRAN, F. STEGLICH, AND G. ANDRE PHYSICAL REVIEW B 65 134401

strongly reduced. This, again, is in qualitative agreementherefore, the magnetic properties ofR#iGa and U,PtGa
with the assumption of a Kondo effect being operative in arhave to be discussed in terms of an interplay between Kondo
antiferromagnetically ordered state. and exchange interactions. We suppose that the latter inter-
The MCL value for YPtGa was found to beé=120 A, actions, though considerably weakened by the Kondo effect,
i.e., of similar size as for the Pd holomog. The MCL of the are still strong enough to form antiferromagnetic order, but
two compounds correspond to about 20 unit-cell dimensiongiith rather short correlation lengths due to the presence of
along theb and c axes, and about 40 unit-cell dimensions atomic-site disorder: Various electronic environments around
along thea axis. Therefore, the MCL is longer than reported the magnetic U atoms modify the magnetic indirect ex-
for the SG compound URIBe,,*® for which £ amounts to  change interactions. The structural disorder may, thus, in fact
45-75 A only. However, the MCL is substantially shorter pe the reason for the short magnetic correlation lengths ob-
than for the antiferromagnets URSi, (Refs. 25 and 26and  served in the two compounds. In summary, the combined
UPt.2"?® In fact, these latter compounds have MCL's of effects of direct and indirect exchange interactions, on the
about 200-500 A. We should mention here that bothone hand, as well as of Kondo interactions and randomness
URuW,Si, and UP§ become heavy-fermion superconductorson the other hand, appear to govern the magnetic properties
well below their respectively Ned temperature. Furthermore, of U,PdGa and U,PtGa.
their ordered U moments are extremely small, i.e., of order Finally, we would like to recall that similar scenarios have
10 2up. been assumed for some non-Fermi-liq(NFL) systems?3*
Concerning the observed magnetic structure gPtiGa  showing either a distribution of Kondo temperatufeslud-
and U,PtGa, we note that this structure is very similar to ing T¢=0) (Refs. 32—3%or structural disorder in the para-
that of UAuGaZ?® This compound adopts the same ortho-magnetic state very close to a quantum critical point
rhombic CeCgtype crystal structure, and belongs to the (QCP.%® Future investigations of the JJGa systems
class of classical antiferromagnets, characterized by a collirshould shed more light on the problem of such disordered
ear magnetic structure, in which the U moments are orientetchagnets in the vicinity of a QCP. In order to suppress AF
parallel to thec axis of the orthorhombic crystal structure. order, we plan to apply hydrostatic and/or chemical pressure.
From the NFL scaling behaviors established near the poten-
IV. CONCLUSION tial QCP of these two compounds, we expect a deeper insight

) o . into the interplay between structural disorder and magnetic
We have presented magnetic-susceptibility, electricaliqieractions.

resistivity, magnetoresistance and specific-heat measure-
ments of YPdGa and U,PtGa, in connection with neutron-
powder-diffraction experiments. We have confirmed that
these compounds crystallize in an orthorhombic Cetgpe
structure. We have observed a number of features that are One of the author§V.H.T.) thanks Professor R. Traand
consistent with the presence of Kondo-type interactionsDr. Z. Hossain for valuable discussions.
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