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Neutron-diffraction experiments under high pressure have been done to study the magnetic structure of the
ground state and the nature of the magnetic order of the pressure-induced superconduci®i,Cé&Rio
models for the magnetic structure of the ground state, namelyg auperposed structure and a multidomain
structure, have been tested and the former was found to be more realistic, though both of them have some
inconsistency with the results of the previous NMR experiment. The pressure dependence of both the transition
temperature and magnitude of the ordered magnetic moment indicate that the magnetism of this compound is
basically itinerant despite its high transition temperature. Our studies also revealed that, when the pressure is
close to the critical magnitude to destroy the antiferromagnetism, the compound can have a “tiny ordered
moment” which is widely observed in the metallic Kondo-lattice compounds.

[. INTRODUCTION neously, one has to consider two possibilities to construct the
model of the magnetic structure: The reflections may repre-
The compound CeRBi,, which has a body-centered- sent either modulations that resides in its own magnetic do-
tetragonal structure of the ThgSi,-type (space group main, known as the multidomain state, or a linear combina-
4/mmn), is an antiferromagnet with two transitions at 36 K tion of modulations that form a single homogeneous
(Tany) and 25 K (Tyy). ™ Hydrostatic pressure of about 1 magnetic structure over the crystéiulti-q state.” The
GPa destroys this antiferromagnetism and produces supeneutron-diffraction method by itself is not able to distinguish
conductivity below 0.4 K.°® However, this superconductivity between these two states unless any special conditions or
shows a strong sample dependence: Until now, superconduformation, for instance, the theoretically allowed size of
tivity is observed only in polycrystalline sample, and hence itthe atomic magnetic moment, are given to restrict the num-
is important to examine a single-crystalline sample by meanber of the possible structures. Discussions given in the pre-
of microscopic observation to study what happens in thevious studies were made mostly on the basis of the magni-
f-electron system around the critical pressure. tude of the moment and only adstructure was considered
On the other hand, the nature of the antiferromagnetism oés the possible multstructuré? Moreover, there is an-
this compound is also of interest: Griet al! have studied other problem as for the magnetic structure of this com-
the magnetic structure by means of a powder neutron diffraceound: The previous neutron-diffraction studies have re-
tion and determined the magnetic modulation vectors of th@orted the magnitude of the atomic magnetic moment of
two antiferromagnetic phases. They also discovered characerium in the ordered state to be between uk 7and
teristic behaviors in the temperature dependences of the irz.4ug.? Although the reported values are different from
tensities of the Bragg reflections from the two phasestjt  each other depending on the adopted model of the magnetic
the Bragg reflection which represents the magnetic modulastructure, none of them is less than, sayuk50n the other
tion with the wave vector ofg;=(0.50.50), in the hand, the recent NMR stuiyras predicted that the magni-
reciprocal-lattice units, appears to grow, with decreasingude of the cerium moment is as small-a®.3ug in a sig-
temperature, until the second Bragg reflection due to thaificant disagreement with the neutron-diffraction results. A
magnetic modulation witly,= (0.5 0.5 0.5) starts growing at discussion is given that this discrepancy may be caused by
Tn2. The special feature in these transitions is that, in conthe difference in the characteristic time of observation be-
trast with ordinary two-step phase transitions, belbyy the  tween the NMR and the neutron diffractibrit is, hence,
g, reflection is not replaced completely by the reflection  imperative to establish the ground-state magnetic structure
but both reflections remain, at low temperature, with compaand the size of the atomic magnetic moment of this com-
rable intensities. This behavior of the two intensities waspound.
gualitatively confirmed by neutron-diffraction experiments One of the central issues of the heavy-fermion physics is
with single-crystalline specimeridn such a situation, where of the origin of the “tiny moment order” which has been
one obhserves more than one independent reflections simulteather commonly observed in several paramagnetic metallic
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Kondo-lattice materials: The compounds such as 3l3Pt e RS RS RS RERAE DRSS RASAE ALy
URW,S,,*° CeRySi,, ' etc., order magnetically at typically : CeRh,Si,
a few Kelvin with an ordered moment of 18- L P=0
10 3ug/Ce,U, though they otherwise behave as a paramag- I
netic Fermi-liquid material. The “paramagnetism” of these - (a,
compounds are believed to be closely neighboring to an or-
dered state with a normal size of the ordered moment. There-
fore, it is of importance to examine, from this point of view,
the detail of the magnetic order near the critical pressure.

In the present work, we performed, in order to collect I .
more data to determine the true magnetic structure of this 4 c.4 9eesC G
compound and to consider the nature of the long-range order I 1
on the Kondo lattice, neutron-diffraction experiments by us- I 140 2
ing both a single-crystalline sample and a powder sample (a4, (
and also by applying hydrostatic pressure. We analyzed the [ CRE
results in conjunction with the results of the NMR experi- P T S e Roooloncmmes]

ments while taking more model structures into consider- 0 5 10 15 20 25 30 35 40
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FIG. 1. The temperature dependences of the intensities of the
[l. EXPERIMENTALS three magnetic Bragg reflections from the single-crystalline

We have made the samole crvstals from stoichiometri CeRhlSi, under ambient pressure. The intensities have been cor-
P Y Sected so that they represent the product of the relative domain

amo_unts of th_e constituent elements with 3"\_' p_urlty by fIrStvolume,VD/Vo, and the square of the atomic magnetic moment.
melting them in an argon-arc furnace to obtain ingots of the

compound. Then we prepared the specimen for the powder- .
diffraction experiment by pulverizing an ingot to fine par- other k-dependent factors, that is, the Lorentz factor and the

ticles with sizes between 50 and 100n. Because the crys- absorption factor and also the preferred orientation factor and

tal of the compound CeRBi, has very strong cleavage, the the multiplic!ty of the reflection for the powder experiment.
powder specimen is subject to a fateful preferred—orientation:l— _he absorption fac_tor for the POW.O'"-‘T sample was determined
effect. In order to overcome this problem, we tried to mix thedIreCtIy by measuring the transmission of the neutron beam.

powder of the sample with about the same volume of powde'ra‘s for the3 form factor, the results of calculations by Lander
of molybdenum the particle size of which is much smallerand Brurt® and Freeman and Descld(bhave been used. To

N h h f th le. W hat thePut the ob;erv_ed int_ensity on an absolute basis we me_asured
(=5 pm) than that of the sample. We expected that t e‘T:he scattering intensity of thd 1 0) nuclear Bragg reflection

particles would prevent the rotational movement of them to S @ re_ferenqe. Because this r_eflect|on_|s so weak and has
imilar intensity as the magnetic reflections, we safely ne-

ward the preferred orientation. In the present work, we found® C2 i ;
that this procedure works quite effectively and could reduceglected the secondary extinction effect fo_r this ref_lectlon. .
the resulting preferred-orientation effect small enough to be In the present system, ?” the m_agnet|c reflections reside
involved in the ordinary intensity analysis. The mixture Wason_the reciprocal0.5 .O.'SK] axis with K:.O’ K=0.5, and
packed in a holder made of aluminum with a thin Slab_;;rlfgrg ?QJE?h%Orsété?ns which aie equwzilent to them. We,
shaped sample space. , procfl 1 O*-[0 O 1]J* plane as the

We grew a single crystal of the compound from the meltscatteri.ng plane for the measurements with the single-
of an ingot by using a three-arc furnace. The size of thé:rystalllne sample.
crystal is 1.5<1.5x5 mn? and its mosaic spread is 0.6°.

The neutron-diffraction experiments have been made on [ll. RESULTS AND DISCUSSIONS
the TAS-1 and the GPTAS spectrometers at the JRR-3 reac-
tor in JAERI, Tokai, Japan. We pressurized the single-
crystalline sample with a piston-cylinder-type pressure'tell In Fig. 1 shown are the plots of the intensities of the
up to 1.25 GPa at temperatures above 1.5 K. reflections from the single-crystalline sample ka0, K

It has been experimentally proven that the polarization of=0.5, andK=1 as functions of temperature. In the figure,
the magnetic moment of the cerium atoms in the orderedhe intensities have been corrected by the known factors,
state of CeR}Si, is along the crystak axis!® Then the sir? 6F2(k)R(x), and put on the absolute scale so that they
integrated intensity of the magnetic Bragg scattering is theorepresent just the producVf /Vo) u?, and one can see that

A. The ground-state magnetic structure

retically represented by the equation, the intensity ratio of the reflections &=0, K=1, andK
5 o s =0.5 at the lowest temperature is 1:1:2 within the experi-
1 (1) =B(Vp/Vo)u”sin® 6F“(1)R(x), (1) mental error. Since (0.50.5%)(101)+(—0.50.50), the

whereB is a spectrometer-defined constant afigl, Vo, x,  POsitionsK=0 and K=1 represent the wave vectorg

and 6 are, respectively, the volume of the domain, the vol-=(0.5 0.5 0 andq; =(—0.5 0.5 0, respectively. It should
ume of the sample, the size of the atomic magnetic momerhie noted that the star f consists ofj; andg; (Ref. 15 in

and the angle between the crystabxis and the scattering the present space group of the crystal. In Fig. 2, one can see
vector k. F(x) is the structure factor an(x) involves all  thatq; is perpendicular to the scattering plane whig is
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TABLE I. The partial atomic magnetic moments at 4.2 K which
are calculated under an assumption that all of the three modulations,
q; ., q; , andg, with ¢,=0 and¢,==/4, share the whole crystal
volume.

[001*

w1 (ue) w1 (us) )
Powder sample 0.71 0.71 0.95
1 Single-crystalline
sample 0.61 0.62 0.85

that the intensities of the; and theq; reflections in the
* temperature regiofiy;>T> Ty, coincide within the experi-
mental error.

FIG. 2. The framework of the scattering space. The scattering 1 he overall features of thg, and theg, reflections below

plane is the horizontdl110]* -[ 001]* plane. The(0.5 0.5 1 vector
is equivalent to the £ 0.5 0.5 Q vector which is vertical and par-
allel to the axis of the piston-cylinder pressure cell.

Ty1 are in good agreements with the previous results. From

these intensity data, one can calculate the magnitudes of the
“partial” atomic magnetic momentge; , u; , and u, in

Eq. (2) in the ground state if one assumes that each modula-

parallel to it. On the other hand, one needs some consideflon occupies all the volume of the crystal, that\,=V, in

ation as for the modulatiog,= (0.5 0.5 0.3: The star of this
wave vector consists of itself and its conjugate,. To see

Eg. (1). From the data of the powder-sample diffraction one
also can deduce the same information if one assumes, as

this, one should notice that, for instande;0.5 0.5 0.5) ordinarily does, that thg; and theq; modulations have the
=—(0.5 0.5 0.5)+ (0 1 1). However, it is required that, in same amplitudes. In Table | shown are thus calculated values
order for any modulation, except for the case of the screv@f the partial atomic magnetic moments.

structure, with a wave vectag to be static and real in a  The agreement between the results for the powder sample
CrystaL it has to Coup|e to the Conjugate modulation with and for the Single-CrySta”ine Sample is SatiSfaCtory. It is usu-
—q in the same weights. One, therefore, can regard that thally the case, as far as the calculation of the magnetic mo-
modulation represented by the wave veaipis already ina ment concerns, that the powder-sample diffraction has an
coupled state, that is, in a@state. In Fig. 3 are shown the advantage over the single-crystalline-sample diffraction: The

configurations of the magnetic moments represented by th{@rmer is free from the secondary extinction effect, from the
q; and theg, modulations. Note that each configuration, Multiple scattering effect and also from the error in the align-

#i(ry), in the figure is expressed as

Mi(r)=A;exp(iq-rj+ ¢;) +c.c. 2
with ¢1=0, ¢,=m/4 and A; being the amplitude of the
modulation and that, with this choice gf, and ¢,, p; does
not depend on the atomic positiop. In Fig. 1, one can see

a1 306=0

FIG. 3. The spin structures represented by &j.with ¢,;=0
for gy =(0.5 0.5 0 and ¢,= 7/4 for g,=(0.5 0.5 0.5. The struc-
ture forg; =(—0.5 0.5 Q is obtained by turning over the spins of
all the body-center cites of thg, structure.

ment of the crystal. Hereafter, we therefore, use the values
obtained from the powder-sample result. Since we have three
partial atomic magnetic momentactually, we have four,
iy, mp, and the coupled twae,, but we count them as
three for conveniengethe total atomic moment in a domain

is written as

p(r)=2 am(r)+ec, 3
wherea; is 1 or 0 depending on whether the partial moment
i is involved or not. The combination d&;, ¢; and the
relative volume of the domain/; /Vy, V; being the volume
which the modulatiorg; occupies, makes a large variety of
the ground magnetic structures to be chosen. Among them,
we test here the following four cases as the candidates of the
true ground structure.

Case(1) Theq; , q; , and the coupledj, modulations
form a 44 structure.

Case(2) Theq; andg; modulations form a 2} structure
in a domain and thg, modulation occupies another domain.

Case(3) Theq; andg, modulations form a 3t phase in
a domain and thg,; and theq, modulations form another 3-
g phase in another domain.

Case(4) Theq; , q; , andg, phases reside independently
in different domains.

When one tries to judge which one of these cases is real,
the results of the NMR experiments by Kawasakil® are
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acceptable because of its simple appearance. Moreover, it
should be remarked that the spin configuration of thig 4-

. ‘ structure maintains the tetragonal symmetry of the crystal
lattice. We note that no evidence of crystal distortion toward

orthorhombic lattice was observed, within the experimental

i error, in the nuclear reflections beloty, .

: )(L One should note that the NMR results indicate two sizes

%

o

“Os
<0

‘ t of cerium moments, that is, 0.3a% and 0.216g, while the
present 49 model predicts no significant difference between
[ the moments of different sites. This inconsistency is ex-
plained in terms of the dissimilarity in the spin configura-
4-q tions of the cerium atoms around the silicon atoms. In Fig. 4,
) ] . ) the crystal structure is such that a silicon atom is located at
FIG. 4. The spin configuration of thedtstructure of CeR§Bi,. aboutc/3 away from a cerium atom along theeaxis. Then
The two silicon sites, Sand St are not equivalent to each other if , . . ’
: . ; . ! . as far as the first-neighbor cerium atom concerns, all the
the spin configurations of the first and the second neighboring ce-.l. t ivalent and should h h
rium atoms along the axis are taken into account. S'. Icon aloms are equivaient an s ou . ave thé same mag-
nitudes of the transferred hyperfine fields, though half of
them have an opposite sign to the other half. However, if one
assumes that the second-neighbor cerium atom along the
axis, which is located-2c/3 away, is also effective to give
a hyperfine field to the silicon, then the silicon atoms on the
§axis connecting the corners of the b.c.t. unit ¢ee Fig.
) are no longer equivalent to those on thaxis connecting
. the body centers: For the former silicon, the first and the
null magnetic moment. ) . .
- second cerium atoms have moments with the same signs,
(b) Below Ty», the spectrum indicates that there are two hil ite sians for the | h h
sizes of atomic magnetic moment, 0.3&7and 0.216g at while opposite signs for the latter. Then, one may expect that
. ) LT : B . the silicon atoms on these two unequivalent sites should have
4.2 K. There is no signal corresponding to null magnetlcd.ﬁc h fine fields f h other. The ob d dif
moment here. 100 ifferent hyperfine fields from each other. The observed dif-
(©) The int'e ra.ted intensities of the two sianals Corre_ference in the moments, hence in the hyperfine fields, can be
sponding to thgse WO sizes of moment are ag roximateIeXplained if the silicon atom is supposed to be receiving
P 9 P -\ﬁyperfine field from the second neighbor cerium atom which

eql(J)arll Eﬁeeka)lggsog}et;iese results, one can test the four cases ?351/4 as large as that from the first-neighbo_r _cerium_atom. It
follows: ' IS, hoyvever, a matter (_)f further argument if itis p053|_ble that
We 1.‘irst eliminate the Case 2 because on this model tha cc UM atom at a fjlstgnce from a silicon atom gives the
. . ; . %ame order of hyperfine field as one at the half distance does.
neutron-diffraction result of the single-crystalline sample

. 4 . Case 4: In this case, if one assumes the same volumes for
leads to a null atomic moment of some cerium atoms whlcqh

) i = . edq; (g; andg;) domain and they, domain as is indi-
is made by thg sup_er_posmon of andg; modulations. Th(_—} cated by the NMR(C), one obtains 1.42, and 1.34 as
Case 3 also is eliminated because of a reason as will bt%e maanitudes of the moments. in the respective phases
mentioned later in conjunction with the results of the neutrona ain ingcontradiction to the NMR result P P '
diffraction under pressure. Then we discuss the Case 1 and? o : .

Before considering more on thegstate and the multi-

the Case 4. . .
In the Case 1, the amplitude of each modulation is asdomam state, we show a part of the resuilts of the high-

given in Table 1. The value of, in the table is calculated pressure diffraction experiments. In Fig. 5 shown are the

for the magnetic structure shown in Fig. 3, where the Valuénten&nes of the reflections under several magnitudes of the

of ¢, is chosen to ber/4 so that all the Ce atoms have the applied pressure. In the figure, one can see that, under pres-

same partial magnetic moment. If one superposes these thrag'© of 0.18 GPa, the, reflection has lost most of its in-

partial modulations as shown in Fig. 3 with the respectivet(inSIty in the temperature regioi\,<T<Ty, and that the

partial moments in Table I, one obtains three sizes of magdi reflection is, instead, approximately twice as intense as
netic moment, that is, 0.4, 0.9z, and 2.3%g. This is that under the.amb|ent pressure. Obviously th|§ phenomenon
inconsistent with the NMR resulb), where only two sizes shpulq be attributed to the effect of t_he p033|_ble remanent
of moment are indicated. uniaxial component of the pressure which the piston-cylinder
On the other hand, if one choosk, =0 and ¢,= /2 type pressure cell is often ;ubject to. Because.the cylinder
when superposing the three modulations, one obtains a strugXis is parallel toq, (see Fig. 2, the compressive stress
ture as shown in Fig. 4, where the moments at the corners ¢HoNg the wave vector must have suppressed the growing of
the unit cell originate from the coupleg{’ andg; modula- ~ thed, domains. This observation is a proof that tjie and
tions while so do at the body centers from themodulation. ~ thed; phases form independent domains in this temperature
In this case the magnitudes of the moments at the cornef€gion. The most remarkable feature in this figure is the be-
and the centers are calculated to be Lg2and 1.34ug, havior of the intensity of the; reflection when temperature
respectively, and hence agree with each other within the exs decreased belowWy,: The intensity of theqg, reflection
perimental error. One may consider that this structure is mosstarts growing afy,, then simultaneously the, reflection

useful: They measured the spin-echo spectrai in
CeRBSi, and CePgSi, as functions of temperature and the
results for CeR}Si, are summarized as follows.

(a) At temperatures betwe€ehy, and Ty, the spin-echo
spectra indicate that the size of the magnetic moment of th
cerium atoms is unique. There is no signal corresponding t



PRB 61 GROUND-STATE MAGNETIC STRUCTURE OF CeRSi, . . . 4171

T L thermal equilibrium at any temperature. One should remind

T
@Q) P=0.18 GPa: that in an ordinary antiferromagnet the domains are ran-
a domly distributed as a result of the random nucleation-and-
growth and any external perturbation which prefers one type
of domain to the others can help the particular domain to
dominate over the crystal. Thus, a multidomain structure is
subject to thermal hysteresis effect under such perturbations.
We, therefore, consider that the present observation is an
good evidence for the 4-ground structure in CeRBi,.
; 0 ] This behavior of they, reflection eliminates the possibility
r @i o8 Bem” 8 1 of the Case 3 in the previous argument: In this case, the
0 ; phases §; +q,) and @; +9,) must degenerate and reside
o in different domains from each other. It is not likely to hap-
[ ] pen that theq,; modulation is restored to helpg{ +d,)
R L WMW phase to survive the uniaxial stress which disfavors it.
v ti:ompé?atuig, 125 ( K30) wow The remaining _pr_oblem_ on the groupd-state_ magnetic
O structure of CeR}Bi, is the inconsistency in the size of the
m@': ordered moment: We obtained the value 1.38Ce (the av-
Ho ] erage of 1.425 and 1.34g) from the present study, while
1 ‘Oéb’@%g """ Ol ] the NMR stud predicts 0.35¢5 and 0.216.5/Ce. These
7 values do not depend on the model structure, @ multi-
domain, and the discrepancy in them is significantly larger
N ] than the experimental errors in both studies. Since in the case
2 00— 1 of CePdSi, the NMR results indicated a value of the mag-
netic moment which is in reasonable agreement with the neu-
tron diffraction result, the present conflict seems to be caused
by an intrinsic nature of the magnetism of CeBh. There
111 may be, as has been previously discussedlongitudinal
0.2 222 fluctuation of thef-electron moment which has a lifetime
] longer than the characteristic time of observation for thermal
‘mla b ? . neutrons but shorter than that for NMR. A question to this
o T . 15&&2{5‘8";5 20 3?"":0 argument, however, arises from the fact that the transition
temperature, T (K) temperaturedy; and Ty, have no significant difference in
D between both experiments: It is expected that such a fluctua-
I m tion should give a lower transition temperature to the obser-
vation by the NMR than to the one by the neutron diffrac-
tion. A uSR experiment, which has the same order of the
time of the observation as the NMR, will provide a helpful
information on this problem.
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B. Response to high pressure

The hydrostatic pressure was applied up to 1.25 GPa, and
the results of the intensity measurements of the magnetic
i reflections under 0.48 and 1.03 GPa are shown as examples
-COOO%O also in Fig. 5. In the figure, one can see that the intensities of
0.2 By the q; and q, reflections under the pressure of 0.48 GPa

[ 12 have been remarkably suppressed. It is, however, noticeable
R e that the intensity ratio of thg, reflection to they; reflection

° ° temperature, T (K) = " retains the value of approximately 2. This indicates that the
4-q phase coexists with thg, phase though with very small

FIG. 5. The temperature dependences of the scattering intensjolume. The 4g phase was not observed at all under the
ties from the single-crystalline CeRBi, under pressure of 0.18, pressure of 0.79 GPa. THg,; and theTy,, here theTy, is
048 and 1.03 GPa. The unit of the ordinate is the same as the oRfxfined as the onset temperature of the ghase, are plotted
in Fig. 1. in Fig. 6 as functions of the applied pressure. In the figure,

one can see that both of tfig;; and theT,, decrease with
revives and start growing to reach the same intensity, at thimcreasing pressure and the system becomes nonmagnetic
lowest temperature, as that of tigg reflection. All these under pressure greater than the critical magnitudeP of
behaviors of all the reflections have, as was the case at the1l.1 GPa and also that the change of Thg is very steep
ambient pressure, good reproducibility with respect to rearoundP.. This feature of the two transition temperatures is
peated thermal cycles, and hence the system seems to begunite consistent with the results of the resistivity measure-

p2 x Vp/Vo ( pg2)

o
-~
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FIG. 6. The saturated sublattice momépér cerium atormand 8 0.2 7 g o 01 \
the transition temperatures as functions of the applied pressure. / ’ g § \\
P=0.79 GPa, we failed to determine the magnitude of the momen i ] g 0.02 [P=1.08 GPa|
in the absolute scale but obtained only the transition temperature. L / I:?' ‘
16 17 . | P=1 08., N BT
ments by Groschet al=° and Thompsoret al=’ In Fig. 6 ! temperature, T (K)
also is shown the magnitude of the saturated ordered may 0 te—— — — T ]
netic momentyu, as a function of the pressure. In the figure, 0 0.2 0.4 0.6 0.8 1

one should note that the saturated ordered moment star
decreasing immediately when the pressure is applied in th_
same way ady; does. In order to make this point clear, we . .
plot in Fig. 7 the magnitude of the saturated ordered momenft FI.G' 7. The Satur"?‘t.ed sublattice moméper cerium atomas a

; .. . unction of the transition temperatui®y;. The moment and the
as a function of the transition temperature by taking the pres:

] the imolicit parameter. In the fiqure. it is remarkabl transition temperature are normalized at the ambient pressure. The
SUré as the implicit parameter. € igure, 111S remarkabl§, yen fine is a guide to eyes. The unit of the pressure is GPa. The

that the m_agnitude of the ordered moment is p_roportional t(?nseted figure shows the temperature dependence of the sublattice
the transition temperature up to 1.03 GPa. This means tha{,ment atP=1.08 GPa.

the atomic magnetic moment of cerium in this compound is

variable longitudinally, which is rather unexpected from itsa little more, the system must have a moment much smaller
extraordinary high Nel temperature: If the cerium atom has than 0.07@g/Ce with no significant shift il from 10 K.

a well-defined localized moment, the ordered moment in FigThe figure indicates that the system undergoes, with increas-
7 should be independent of the transition temperature at leastg pressure, two different electronic states one after the
in the region of small pressure. The proportionality betweerother: One is characterized by the proportionality of the
the ordered moment and the transition temperature is chaand theTy (this state is denoted as the low-pressure state
acteristic of the itinerant electron magnets and has been typand so is the otheidenoted as the critical-pressure stdig
cally observed in the spin-density wave phase of the chrothe moment which reduces toward zero at the nonzero tran-
mium alloys® We therefore conclude that the character ofsition temperature.

the magnetic order in CeR8i, is metallic from the view Contraction of a Kondo-lattice crystal due to pressure
point of the longitudinal flexibility of the atomic magnetic causes increase of the Kondo temperature through the in-
moment. Another important feature in Fig. 7 is that the pointcrease of the hybridization of theslectrons and the conduc-
for 1.08 GPa deviates significantly from the linear relation.tion electrons. When temperature is reduced much lower
The sublattice moment at this pressure saturates dhan the Kondo temperature, a hybridization gt coher-
0.076ug/Ce and depends on temperature quite normallyence gapis formed by the Fermi level and its size takes
with a clearly defined transition temperatufg=10.0 K as  place of the hybridization energyKy as the energy scale of
shown in the inserted figure. If one extrapolates the curvehe systent® The Kondo temperature of CeR3i, has been
connecting all the points in Fig. 7, it seems that the curvesstimated to be about 100 K from the observed behavior of
approaches th&, coodinate at a nonzero value®f around  1/T; of NMR,® though not established. Because, as has al-
10 K. As a matter of course, it makes no sense to expect thakady been discussed, the magnetism of G&Rhs metallic

the system with an absolutely null ordered moment has at the ambient pressure the Kondo temperature is expected to
finite transition temperature. However, one can reasonablipe at least comparable with or higher than itseNempera-
expect from Fig. 7 that, if the pressure is properly increasedure of 35 K, being consistent with the NMR result. We,

normalized transition temperature, T,/Ty,
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therefore, consider that, under the pressure of 1.08 GPa, tlvehere the Ruderman-Kittel-Kasuya-Yosida interaction and
coherence of the couplddlectron and the conduction elec- the Kondo effect are marginally competing with each other.
tron must have been fully developed at 10 K. Then, we re- It was very difficult to make fine-tuning of pressureRat.

gard that the critical-pressure state of Ce®ih is the well-  Indeed, we achieved the pressure of 1.08 GPa quite inciden-
grown coherent state with a tiny-moment order in. One maytally. We believe, however, that more detailed study around
speculate, by generalizing the present observation, that the. of CeRhSi, will provide rich information to understand
tiny-moment ordering is a rather common nature of thethe origin of the tiny-moment ordering in the heavy-fermion
ground coherent state of metallic heavy fermion compoundsompounds.
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