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The magnetic phase diagram of the system G&&u ,Ge), with 0<x=<1 is studied by electrical trans-
port, magnetic susceptibility, and neutron scattering measurements. The transition from heavy-fermion super-
conductivity in CeCySi, to the local moment type of antiferromagnetism in CeGg is explored. The
system reveals a rich phase diagram with up to three distinct transitions below 5 K. The nature of the phases
is not fully resolved yet.

. INTRODUCTION the B-T phase diagraf” call for completion. Specifically,
the nature of thé\ andB phases is yet unknown. In addition,
Since the first discovery of superconductivitthe heavy- in careful studies with almost stoichiometic compositions of
fermion compound CeG8i, has been studied intensively. CeCySi,, an X phase has been detected which is lacking
But still this system reveals new and exciting phenomena a@ny phase transitiohThe present studies were guided by the
the B-T phase diagram shows which was recently discovere@Xpectation that alloying experiments may contribute to our
by elastic and thermodynamic investigatidms well as by —understanding of these complex phases. _
muon spin relaxation SR experiments:* In contrast to Alloying has proven to be a useful way for studying the
U-based heavy-fermion superconductors, the supercondu ompetition betvyeen the_ on—snéKondp) and Intersite
ing phase of CeCGibi, does not coexist with the surrounding RKKY) - interactions 'typlcally found in .heavy-ferm|on
magnetic phase. The so-callddhase at moderate magnetic systems. Qne of the. Important examplle_s is the compound
field, which exhibits magnetic signatures of an as yet unclea(r:e(cul‘XN'X)ZGez which shows a transition from a chal—
’ moment type of AFM ordering fox<0.5 to a heavy-fermion

nature, is expulsed by the onset of superconductivityb‘,ind magnetism betweer~0.5 andx~0.7 (Ref. 17 and
(T.=0.63 K). In addition to theA phase, a second phase finally to a heavy Fermi Iiduid close 'to the. Celie,

(labeledB) occurs in high magnetic fields above 7 Both subsystent? In the local-moment regime, two subsequent
phasesA and the high-field phasB, develop out of a state phase transitions were reported. In order to discriminate be-
which is characterized by & law of the resistivity indicat-  tween effects of chemical substitution, e.g., electronic band-
ing heavy-Fermi-liquid behavidt. structure effects, and effects on the strength of théigand

In CeCyGe,, which is isostructural to CeG6i,, the en-  hybridization, measurements of specific heat and resistivity
ergy scales of the RKKY and Kondo-type interactions are ofof Ce(Cu, _,Ni,),Ge, have been performed under presstire.
the same order. CeGBe, is antiferromagnetic(AFM)  The Kondo temperatur@, was found to be governed by
(Ty=4.1 K),” and superconductivitystarting atT.=0.7 K)  volume, while the sequence of magnetic ordering tempera-
can only be induced by applying an external pressure ofures could not be reproduced in CeG&, by a correspond-
more than 70 kbdt.At ambient pressure and low tempera- ing change in volume. It has been concluded that the higher
tures, the 4 moments are partially Kondo compensated buttransition indicates the ordering of local moments while the
still well localized. Below the Nel temperaturdy they re-  lower transition reflects a reorientation of the magnetic mo-
veal an incommensurably modulated magnetic ofdeves-  ments within the antiferromagnetically ordered phase. A re-
tigations of®3Cu NMR yield information on the local mag- cent study” of the system C@iSi),_,(CuGe, indicated a
netic behavior of CeGiGe,.° For T=Ty, the nuclear smooth transition from a highly mixed-valence system to a
relaxation rate I/, is dominated by the intersite magnetic magnetically ordered Kondo-lattice systemxagoes from O
interaction of RKKY type with a vanishing on-site contribu- to 2.
tion of Korringa type. In addition, these NMR experiments  To illuminate the transition from a local-moment type of
report the opening of a spin gap in the AFM phasehe  antiferromagnetism to a heavy-fermion superconductor, we
antiferromagnetic energy gap was also found by measurenvestigated the quasibinary system CeGiy _,Ge,), in the
ments of the thermoelectric poWeand neutron scatterinfg. entire range fromx=0 to x=1. Early studie® show
Recent NMR nuclear quadrupole resonaiit)R) studies that the superconducting transition temperature in
on CeCyGe, performed under high pressure provide evi- CeCy(Si;_,Ge,), decreases from;~0.6 K to T;<0.1 K
dence that above the transition from the AFM to the superas x increases to only 5%. Since substituting Si with the
conducting phase, which takes place at 76 kbar, the physic#édrger Ge atoms introduces a kind of negative pressure, this
properties of CeCy5e, are clearly related to those of agrees with the large enhancemenfgffrom 0.7 Kto 2.2 K
CeCuySi, at ambient pressuré. As the hybridization be- upon increasing pressure fo=30 kbar in CeCySi,, %’
tween 4 and conduction electrons increases, the antiferroalthough the shift is not continuous. The effect of replacing
magnetism is depressed, and heavy-electron superconducti8i by Ge atoms in the system Ce{S%i; _,Gg,), is twofold.
ity emerges. The-T phase diagram shown in Ref. 10 and First, the size of the atoms is varied; hence the intetoal
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TABLE |. Result of the Rietveld refinement in Ceg8i, ,Ge,),. Nominal Ge concentratior and
refined valuex,¢, lattice parametera, ¢, andz, andR values.

X T Xret a C z F%ragg I:QF
(K) A &) (%) (%)
0.4 1.6 0.4280) 4.091124) 9.9078116) 0.374526) 9.14 5.71
7.3 0.4389) 4.091625) 9.9091119 0.375127) 9.76 5.35
0.6 1.6 0.6082) 4.10556) 10.006%18) 0.37924) 4.50 2.59
27.0 0.5992) 4.10596) 10.010019) 0.37815) 6.28 3.67
0.8 1.6 0.858) 4.11796) 10.068219) 0.37575) 3.92 3.19
27.0 0.85%2) 4.11796) 10.068719) 0.375%5) 3.26 2.37

chemica) pressure is reduced. Second, the replacement of Sfiroperties of CeCy8i, are recovered. At low temperatures
by Ge changes the electronic density of states at the Fernfir=1.6 K), we also determined the lattice parameters of
level. By comparison with pressure studies the influence oCeCuy(Si,_,Ge,), by neutron powder diffraction measure-

both effects may be separated. ments. The results are listed in Table I.
We performed studies of the magnetic susceptibility, dc
electrical transport measurements, and neutron scattering in-  |j]. EXPERIMENTAL RESULTS AND ANALYSIS
vestigations on polycrystallin€e Cuw(Si;_,Gg), in the .
temperature range from 70 mK to 300 K. From these experi- A. Susceptibility

ments a complex-T phase diagram is constructed and we The magnetic susceptibility was studied in the tempera-
speculate on the nature of the different phases observed. #ire range from 2.4 to 300 K by a vibrating-sample magne-
similar phase diagram has recently been obtained on the be&asmeter similar to the one described by Fofiein addition,

sis of heat capacity experimeris. between 1.8 and 40 K the susceptibility of polycrystalline
samples of CeC(Si; _,Ge,), was measured in a field of 0.1
Il. SAMPLE CHARACTERIZATION mT by the standard ac susceptibility techniqiekHz).

) The inverse susceptibilityy ~! of CeCuy(Si;_,Ge&), is
The samples of CeG(5i, -G8, were prepared by re- e in Fig. 1 as a function of temperature for 0.2 and

peated arc melting of appropriate quantities of the constitug o According to the Curie-Weiss law

ent elements in an argon atmosphere. Since it is

establishet?® that a 10% Cu excess leads to the highest N2

superconducting transition temperature in the system x(T)= 3kg(T+0)’ @

CeCy.,Si,, we conclude that these samples are closest to B

the ideal CeCySi, composition. Therefore all the samples of x~(T) follows a straight line from room temperature down

the series were made with a slight nominal excess of Ciio 40 K or lower for all Ge concentrationssx<1. An

(y=0.2). Microprobe and x-ray powder diffraction tech- increased slope of *(T) is found in the range between the

niques confirmed the specimens to be single phase and tdeel temperaturely and 25 K. In the inset of Fig. 1, the

crystallize in the proper body-centered-tetragonal T8Gr  Curie-Weiss temperature® obtained from the fits of the

structure. high-temperature susceptibilities are displayed as a function
As predicted by Vegard’'s law, both lattice parametersof x. The Curie-Weiss temperature decreases linearly from

increase roughly linear witk: We find a to increase from

4.10 A t0 4.17 A, andt from 9.91 A to 10.2 A. The change

Ac/c is about twice the changka/a in agreement with two 4

(Si,Ge atoms per unit cell in the direction compared to one

in the a direction. Asx approaches 1, we observe a slower

increase ofa while the c(x) curve remains strictly linear.

These findings are in accordance with the lattice parameters

in the CeMn(Si;_,Ge), series® In CeNi;_,Cu,),Si,,

however, Vegard's law is well obsen@d? for the a direc-

tion and slight deviations are found @ In agreement with

the results of both series, the double substitdfiom 1

Ce(NiSi), _,(CuGe, exhibits deviations from the linear de-

pendence in both directions; i.e., it is seen that the two ef- 0 : ! : ! :

fects simply add up. 0 100 200 300
Increasing the Ge concentrationleads to a statistical T (K)

substitution of Si, accompanied by an increase in unit-cell

volume fromV=166.4 A in x=0 to V=176.2 & in the FIG. 1. The inverse magnetic susceptibility *(T) of

compound withx=1. In this sense Ge alloying acts like ceCuy(Si,_,Ge,), as a function of temperature for two concentra-

negative chemical pressure, in accordance with studies @ionsx=0.2 and 0.9. The inset shows the Curie tempera@ires

CeCuyGe, under hydrostatic pressutewhere basically the concentration obtained from the high-temperature data.
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T(K) FIG. 3. The derivative of the susceptibilityy/d T (shifted for
clarity) exhibits a similar temperature dependence as the heat ca-
FIG. 2. Magnetic susceptibilityy vs temperatureT of pacity C, /T [data taken from Trovareltt al. (Ref. 18]: For small
CeCuy(Si;—4Ge),. The right panels show the corresponding de-x (up tox~0.3), there is a single maximum at low temperatures. In
rivativesdx/dT. The maximum ofy(T) definesTy; another tran-  the intermediate range (Gs4<0.7), the peak shifts to higher tem-
sition T, is seen by the peak afy/dT. peratures and gets narrower; in addition a shoulder is seen at the
high-temperature side. For large a broad maximum is found with
®~140 K (CeCuSi,) to ®~20 K (CeCyGe,). It will be  an almost flat top and a sharp dropTa{.
documented in the following thafy increases from 1 K
close to CeCiSi, to 4 K in pure CeCyGs;. It is obvious lower temperatures as increases, and broad flat-top band
that the Curie-Weiss temperatufe is dominated by the which gets more pronounced for larger Above x=0.8 no
single-ion Kondo effect rather than by the magnetic ex-indications of T, can be found in the susceptibility data
change interactions. This will be discussed in Sec. IV indown to 1.8 K.
detail.
For all values ofx>0, a maximum iny(T) was found at
low temperatures. The absolute valueyofncreases withx
by less than a factor of 2. In Fig. 2 the low-temperature part In the temperature range from 70 mK to 300 K,
of the susceptibility forx=0.3, 0.5, and 0.8 is shown in we performed measurements of the electrical resis-
order to enlarge the maximum @f(T) at Ty. In addition, tivity on 10X1x1 mn? bulk samples cut from ingots of
the derivativedx/dT is evaluated and displayed in the cor- CeCuy(Si;_,Gg), (0=x=<1) using a standard four-
responding plots of Fig. 2; this allows us to detect anomaliegprobe lock-in technique. The normalized resistivity of
in the ac susceptibility. The Né temperature is defined by CeCuy(Si, _,Ge,), is plotted in Fig. 4 as a function of tem-
the cusp maximum af(T), corresponding to the zero cross- perature for different Ge concentrations. The absolute value
ing of dy/dT. A second anomaly af, is indicated by the p(300 K) falls between 100 and 2Q0C2 cm without a sig-
change of slope, best seen as a maximum in the derivativenificant dependence an
In Fig. 3 the change in susceptibilityy/d T is compared For all concentrations, a distinct double-peak feature can
with the heat capacitg,/T at similar concentration$ We  be seen: one at 100 K and a second one around 10 K. The
can clearly identify three distinct types of temperature depenbroad but well-defined maximum arouiicte~100 K is due
dences oflx/dT and find the same pattern @,/T. Figure to the crystal field CF) excitations and does not change its
3 clearly indicates the same sequence and pattern of phatemperature appreciably with variation »f Lowering the
transitions from heat capacity and susceptibility measuretemperature leads to a more or less pronounced minimum of
ments. Since the results of the two methods were obtainethe resistivity atT ,;;,=30 K. The low-temperature maxi-
from samples of different laboratories, they indicate a genmum defines the Kondo-lattice temperatdré which de-
eral and intrinsic behavior. For low Ge concentration, onlypends on the concentration and can barely be seen for small
one maximum at low temperature$y() is seen. In the in- X, because it almost merges with the CF-derived peak. As
termediate regime (0gx=<0.6) a broad shoulder builds up usually observed, for heavy-fermion systems with Kondo-
on the higher-temperature side, leading to a double featurattice temperature®* =30 K, the Kondo and CF peaks can-
consisting of a narrowl, peak which moves to slightly not be separated any more. From these results, we conclude

B. Resistivity
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FIG. 4. The temperature dependence of the normalized resistiv-
ity p(T)/p(300 K) of CeCy(Si;_,Gg), for 0<x=<1. The room
temperature resistivitp(300 K) is typically 1074 Q cm, indepen-
dent ofx. The curves for different are displaced for clarity. FIG. 5. The resistivity of CeC&Si, _,Ge), as a function of

temperature is shown in the low-temperature region for different
that T* decreases rapidly from=0 up tox=0.4, and then concentrations of Ge as indicated. The right panels exhibit the cor-
to rise slowly for higher Ge concentrations. The ratioresponding slopep/dT. The arrows indicate the Netemperature,
p(T*)/p(Tcp decreases as the Ge concentration increaseand the peaks odp/dT identify the anomalies af, and Ts.
and we findp(T*)/p(Tcp) <1 for concentrations<>0.7.
The low-temperaturg(T) of CeCu(Si;_,Ge,), is displayed dered samples were filled in vanadium containers and
in Fig. 5 for some values of. A close look reveals that the mounted in orange-type cryostats. The multidetectors cov-
electrical resistivity is not smooth beloWw=5 K and the ered an angular range from 5° to 85° for both diffractome-
structure inp(T) is assumed to be related to phase transiters. Incident neutron wavelengths)of 2.4409 A (E3) and
tions. In order to illustrate the anomaliesd(T), the deriva-
tive is plotted as a function of temperature as well: A jump in

dp/dT corresponds to a change in slope, and a maximum ST 7 1
indicates a rapid drop gé(T). In general, we used the ex- i CeCu2(8i1_xGeX)2
trema indp/dT to determine the transition temperatures. On 4t
the Si-rich sidex<<0.3, dp/dT contains two peaks. While the
higher-temperature featur@round 2 K slowly moves to sl
largerT with increasingk and can be correlated withy,, the 2
low-temperature anomaly remainsTa$~0.5 K for all x. In : .....
the intermediate range (G4 <0.8), we find a broad under- 2F o L
!ymg structure building up idp/dT which atx=0.8, for s D,' o R b3
instance, dominates the range from 2 to 4.5 K and makes the 1k T J
T, feature vanish. I PR Oty
The so-obtained transitions temperatures together with the o) . .

. T . 0 i L L L A L 1 L 1
anomalies found by the su_scept|b|I|ty experiments are used 0.0 0.2 0.4 0.6 0.8 10
to construct thex-T phase diagram shown in Fig. 6. X

C. Neutron diffraction FIG. 6. Phase diagram of Ce&8i;_,Gg),. The open circles

. . . indicate the anomalies observed in the resistivity data; the triangles
Elastic neutron scattering experiments were performed 0Qe gptained by susceptibility measurements; the solid diamond rep-

polycrystalline Cecé(sh—_xGex)z to investigate the mag- resents the superconducting transition in Cg&u The solid line
netic structure and the size of the ordered moment. Powdgggicates the Kel temperaturd . In addition two critical tempera-
patterns forx=0.4, 0.6, and 0.8 were recorded using theturesT, and T can be identified. The hatched area represents the
multidetector diffractometers E3 and E6 located at theregions of similar magnetic structure observed by neutron diffrac-
BENSC in the Hahn-Meitner Institut Berlin. Carefully pow- tion.
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TABLE II. Propagation vectors, and ordered momenjs, for ~ were taken at 1.6 K, well below the phase lifig. Hence,

CeCuy(Si;_,Gg), at T~1.6 K. the crosshatched area in Fig. 6 defines regions of the phase
diagram with essentially the same magnetic structure.
X do sl pg The fact that the magnetic structure in

CeCuy(Si;_,Ge), is amplitude modulated rather than an

0.4 — <0.25 equal moment spiral is also enforced by the heat capacity
0.6 (0.271, 0.271, 0.520 0.36+0.15 results*® In amplitude-modulated structures, the jump of the
0.8 (0.269, 0.269, 0.550 0.46+0.15 specific heat at the phase transition temperature is reduced by
1.0 (0.28, 0.28, 0.58 1.05:0.1 33% (Refs. 26,27 because the spins close to the nodes of

the modulation are almost paramagnetic and therefore do not
contribute to the specific heat. This reduction@f at Ty
increases the heat capacity at low temperatures, leading to a

roadhumplikefeature to compensate for the loss of entropy
atTy.

A=2.41663 A(E6) were selected by pyrolytic graphite
monochromators. The measurements were performed at te
peraturesT =Ty and in the magnetically ordered state at 1.6
K.

All samples exhibit the ThG6i, structure with no indi-
cations of spurious phases. The nuclear structures were ana- IV. DISCUSSION
lyzed using standard Rietveld techniques. The lattice con-

stantsa, ¢, andz, wherez is the reduced coordinate of the caused by the interplay of Kondo scattering and the crystal

t(G & t? atoms ",:. the tetrggonal C(takl:' v(v;ere ref'”ef‘-a;.” .add"fields of the 4 electrons. According to the symmetry of the
lon, the occupation number, 1.6., e e CONCENrakon =3+ g jn the ThCsSi, structure, one expects the

treated as a free parameter. The results of the Rietveld re_ g, ground multiplet to be split into three doublets. In

f.'nfrge.m_’r tct)):;]etlher with th& values Rgragq and Re, are CeCuyGe, a doublet ground state is followed by a pseudo-
Istedin Table 1. . : quartet with an energy splitting/kg~190 K. A similar CF
To determine the magnetic structures the difference speg; litting was observed by Goremychkin and OsBdrim

tra were analyzed. Here the intensities as measured in t eCuSi, (A/kg=240 K). The fact that within the experi-
paramagnetic phase were subtracted from the spectra in t 2 B . : .
magnetically ordered phases at 1.5 K. The spectra for:éﬁ"ental uncertaintyl - remains unaffected by alloying gives

x=0.8 andx= 0.6 look very similar to what was observed in vidence that the crystal-field splitting stays almost constant

o " for all x. Levy and Zhan® have shown that in heavy-
7
SE%%GSZ' No magnetic intensities could be detected forfermion systems the hybridization alone can account for the

. . .magnitude of the CF splitting. In Ce@®i,_,Ge), the
. Al maglnenc |nte.nS|t|es. are very weak and the peak POSl hndo-lattice temperature increases frdm=6 K (x=1)
tions are incompatible with a simple commensurate struc: .~ - ) L
. . to T* =15 K (x=0) while the CF splitting is almost concen-
ture. The Bragg angles of the magnetic reflections can b?ration independ ; ;
. i SRR z I pendent. It would be interesting to compare the
indexed in terms ofQ|= 7,y* o Where, is a vector of  model of Levy and Zharfd to these results.
the reciprocal nuclear lattice. The propagation vectgrare Due to the onset of Kondo scattering beldy;,, p(T)
determined graphically and by trial and error. Then a groufncreases as the temperature is further reduced. In this range
theoretical analysis following the classical paper by Beffaut the resistivity follows g (T) = — InT behavior which is typi-
was performed in order to extract all possible magnetic struceal for a single-ion Kondo type of scatterifigThe negative
tures in accordance with the propagation vector. Finallythermopower below 50 K also indicates a spin interaction
having established all possible structures allowed by thend allows one to ascribe the minimum to Kondo scattering
symmetry, the intensities were fitted using tVeNREF  on the crystal-field ground stateThe low-temperature peak
program®> This_procedure was also used for reanalyzingin p(T) can roughly be taken as a measure of the character-
pure CeCuGe,.” The fits indicate collinear spin arrange- istic Kondo-lattice temperatur&* . As displayed in Fig. 4,
ments with a modulation of the length of the magnetic mo-the maximum corresponding f6* remains almost constant
ments. The spins are confined to {16.0] plane. However, for 0.5<x<1 [T*~5 K; for concentrations close to=1,
as the (000 reflection can be detected f@=0.6, 0.8, and  the maximum inp(T) closely corresponds to the onset of
1.0, the spins cannot point alogg. The best fits reveal that magnetic orddr Forx<<0.5, it shifts to higher temperatures,
the direction of the spins is inclined by about 10¢=<(1) to  reaching 25 K forx=0. It is interesting to note that a similar
20° (x=0.6) with respect to the propagation vector. TheT*(x) behavior can be deduced from the magnetic suscepti-
propagation vectors and the ordered moments are summabiity. The Curie-Weiss temperatur® extracted by using
rized in Table Il. The fact that no magnetic Bragg reflectionsEqg. (1) and plotted as a function of in the inset of Fig. 1
could be detected for=0.4 can be used as a rough estimatedecreases from 100 Kx&0.2) to 20 K k= 1) linearly with
for the upper limit of the ordered momenu.{<0.2545).  concentration. Gmer and Zawadowski have shown that
For x=0.6, 0.8, and 1.0, the propagation vectors are vergthe Kondo temperature can be found frop(T) data as
similar. The main effect of Si substitution is an increasedT=0®/4. The determinations of characteristic temperatures
compensation of the localized moments. With respect to théy resistivity and susceptibility data are in reasonably good
phase diagram presented in Fig. 6 two facts have to be notedgreement.
Forx=1, the magnetic Bragg reflections are measured from Pressure experiments indicate the importance of the pure
1.5 K to 4.1 K, indicating no further magnetic phase volume effect. Jaccardt al® investigated the resistivity of
transitions’ The present measurements for0.8 and 0.6 CeCyGe, under pressure and found an increase of

The broad peak of the electrical resistivity @tg is
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p(T*)/p(Tcp) as the applied pressure was increased up to 7emperature rangeT(<25 K), the susceptibility also ob-
kbar, above which only one broad maximum was observegerves a Curie-Weiss behavior. The smaller valug.gfin
around 100 K. This resembles the resistivity behavior ofthis region can be explained by the crystal-field doublet
CeCu(Si,_,G8), asx increases. From the onset of super-ground state schemes propoSetifor Ce**. The Curie tem-
conductivity it has been concluded that CgGe, under an  perature linearly decreases with concentration, whilgin-
external pressure of about 70 kbar behaves similar tgreases wittx.

CeCuySi, at ambient pressure. The 35 kbar cirvef The maximum of x(T) defines the Nel temperature
CeCuyGe, has the largesi(T*)/p(Tcp) ratio, in accordance Ty, and magnetic ordering can clearly be observed for all
with the CeCu(Si;Ge&,s),. The similarity holds even be- concentrationg=0.2. As displayed in Fig. 6Ty monotoni-
yondx=0: Thep(T) curve of CeCyGe, at around 100 kbar cally increases as a function »fup toTy=4.1 K in the case
follows CeCuySi, near 30 kbar. Investigatiofs on  of CeCyGe,. This behavior is consistent with the depres-
CeCuySi, show that upon applying pressure the small maxi-sion of Ty as external pressure is applied upon
mum around 20 K moves to higher temperatures and finall;i?eCuzGez.e’G Ty slightly shifts to lower temperatures with
merges with the feature & to a structureless anomaly increasing magnetic field as expected for an AFM ordering.
resembling the behavior of typical hight heavy-fermion As seen more clearly in the derivative pfT), an additional
systems. anomaly atT,~2 K can be detecte@Fig. 2) which we in-

In the rangeT <T* the resistivity decreases significantly terpret as evidence of a subsequent phase transition. The
before it levels off at around 1 K. For smallthe resistivity  transition temperatures for differertobtained by suscepti-
drops smoothly down to 1 K, but for=0.2 slightly below  bility experiments are indicated as triangles in the phase dia-
the T* maximum, we find a kink irp(T) which monotoni-  gram of Fig. 6. For smal, Ty coincides with the maximum
cally moves to higher temperaturesxamcreases and can be of dx/dT, but in the intermediate range of Ge concentration
identified as the Nel temperaturél obtained by suscepti- 0.4<x<0.6, thedy/dT peak continues in th&, line while
bility experiments. Although less pronouncéd particular  only a shoulder indicate§,. On the Ge-rich sidex=0.9)
for x=0.4), a second anomaly can be detecteg(i) at we do not find evidence for this transition which may indi-
arourd 2 K which seems to depend only weakly ®nThis  cate a critical point al =2.1 K andx=0.8. This hypothesis
transition coincides witfT, as detected in our susceptibility is strongly supported by the results of our neutron scattering
data. Slightly below 1 K, the slope @f(T) changes again, experiments which provide evidence that the same magnetic
indicating another transition labeled ds in Fig. 6. The structure is present in Ce@@e, betweenT=1.5 K and the
specimen of CeGiBi, becomes superconducting at 0.6 K Neel temperatureTy=4.1 K. At T=1.6 K, this magnetic
(solid diamond in Fig. § confirming the high quality of our order is also found fok=0.8 and 0.6 as indicated in Fig. 6
samples. At this point we are not certain about the continuby the hatched area. The suggestion of Trovaetlil 18 that
ation of theT, and T3 asx— 0. The continuation oT (long  different magnetic structures show up in the intermediate re-
dashed line in Fig. 6probably marks the boundary to the gime is not supported by our experimental results, although
A phasé and does intersect at 0.75 K slightly above theit seems unlikely that the transition @} is anything else but
superconducting transition. of magnetic origin. The data on the thermal expan<ibave

At low temperatures al? behavior of the resistivity been interpreteld as showing some indications of transitions
p(T)=po+AT? is observed over a limited temperature near 0.6 K and 2.3 K fox=1. These anomalies, however,
range but well within the magnetically ordered phases. In there much less pronounced than the on&@at We feel that
framework of Fermi-liquid theory, the prefactéris propor-  there is not sufficient evidence to extend the phase bound-
tional to y? and x(T—0), which was observed in a broad ariesT, and T5 beyondx=0.8.
variety of material$? For x>0.1, we foundA to rapidly The phase diagram as presented in Fig. 6 is yet unclear
decrease by a factor of 10 up #~0.6; for largerx the and can hardly be understood. At the Si-rich side, it seems
prefactor A changes only slightly. These findings are in that superconductivity is rapidly suppressed and followed by
agreement with the results of specific heat measurements phase in close analogy to tie phase in theB-T phase
whereC,/T(T=0) was reported to drop to one-third upon diagram® Hence one may conclude that the regime embed-
changing the Ge concentration frons 0 tox=0.6, while it ~ ded between the phase lin€s and T; is closely related to
is basically constant as the heavy-fermion behavior is graduhe A phase. However, this regime is also characterized
ally replaced by the regime of local magnetic moments onx=0.6 and 0.8 by the same magnetic order of the localized
the Ge-rich sidé® However, it is clear that fox>0.1,Acan moments as in the pure Ceg&e, compound which seems
also be influenced by magnetic scattering processes. lio be established along the phase boundayy Clearly, T,
CeCuySi, Bellarbi et al'® found that the range in which the is not characterized by a change of the spin alignment of the
T2 law holds increases significantly with increasing pressuréncommensurate phase which is established,at but it is

while the prefactor decreases. definitely a magnetic phase transition. We conclude that at
From the high-temperature susceptibility measurementthe phase boundafl,, a bandlike magnetism is established,
the effective magnetic momepi.; was evaluated by Eql). in addition to the existing order of highly compensated but

The valueus=(2.5+0.1)ug is close to the free-ion Gé localized moments. We are aware of no theory to explain this
value 2.54.5/Ce and indicates local magnetic moments ofcoexistence of local-moment and band magnetism in heavy-
Cet. It is in good agreement with the data reported onfermion systems and we have to agree that this proposal is
CeCuySi, (Ref. 33 and CeCyGe,,* but is in contrast to the highly speculative. Finally, at the moment nothing can be

value uer=2.1ug reported by deBoeet al®* In the low-  said concerning the low-temperature ph@seT;. Detailed
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neutron experiments are currently undertaken to shed lighthases has to be clarified. In the ranges0x& 0.4 the cross-

on this fascinating phase diagram. over, coexistence, or merging of tiig and T, boundary is
of interest. And finally, it is not clear whether thg line
V. CONCLUSION halts neax=0.8 or continues towards= 1. Of equal impor-

_ ) _ tance is the question of the nature of both transitibpsnd
We have studied the magnetic phase diagram of the sy, -~ aqditional temperature-dependent neutron diffraction
tem CeCy(Si; -,G8), with 0=x=1 by electrical transport, a4 NMR studies are in progress to clarify some of the

magnetic susceptibility, and neutron scattering measuregoims mentioned.
ments. Three phase transitions are identified in the tempera-
ture range below 5 K. We found the Bleemperaturdy to
increase continuously asincreases. In addition, in the range
from 0.4<x<0.8 a second anomaly was foundTat~2 K. The samples used in this study were prepared with the
There are also indications of another low-temperature transhelp of F. Fischer. We would like to thank P. Fulde, C.
tion at around 0.5 K. Geibel, N. Grewe, J. Sereni, and F. Steglich for helpful dis-
There are three regimes in the phase diagram which desussions. This work was supported by the Sonderforschungs-
serve further studies by complementary methods. In the vibereich 252, Darmstadt/Frankfurt/Mainz and by the
cinity of x=0 the coexistence or competition of the different Bundesministerium fuBildung und ForschungBMBF).
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