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Ground-state magnetic structure of CeRh2Si2 and the response
to hydrostatic pressure as studied by neutron diffraction
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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 superconductor CeRh2Si2. Two
models for the magnetic structure of the ground state, namely, a 4-q superposed 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.
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I. INTRODUCTION

The compound CeRh2Si2, which has a body-centered
tetragonal structure of the ThCr2Si2-type ~space group
I4/mmm), is an antiferromagnet with two transitions at 36
(TN1) and 25 K (TN2).

1–4 Hydrostatic pressure of about
GPa destroys this antiferromagnetism and produces su
conductivity below 0.4 K.5,6 However, this superconductivity
shows a strong sample dependence: Until now, supercon
tivity is observed only in polycrystalline sample, and henc
is important to examine a single-crystalline sample by me
of microscopic observation to study what happens in
f-electron system around the critical pressure.

On the other hand, the nature of the antiferromagnetism
this compound is also of interest: Grieret al.1 have studied
the magnetic structure by means of a powder neutron diff
tion and determined the magnetic modulation vectors of
two antiferromagnetic phases. They also discovered cha
teristic behaviors in the temperature dependences of the
tensities of the Bragg reflections from the two phases: AtTN1

the Bragg reflection which represents the magnetic mod
tion with the wave vector ofq15(0.5 0.5 0), in the
reciprocal-lattice units, appears to grow, with decreas
temperature, until the second Bragg reflection due to
magnetic modulation withq25(0.5 0.5 0.5) starts growing a
TN2 . The special feature in these transitions is that, in c
trast with ordinary two-step phase transitions, belowTN2 the
q1 reflection is not replaced completely by theq2 reflection
but both reflections remain, at low temperature, with com
rable intensities. This behavior of the two intensities w
qualitatively confirmed by neutron-diffraction experimen
with single-crystalline specimens.2 In such a situation, where
one observes more than one independent reflections sim
PRB 610163-1829/2000/61~6!/4167~7!/$15.00
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neously, one has to consider two possibilities to construct
model of the magnetic structure: The reflections may rep
sent either modulations that resides in its own magnetic
main, known as the multidomain state, or a linear combi
tion of modulations that form a single homogeneo
magnetic structure over the crystal~multi-q state!.7 The
neutron-diffraction method by itself is not able to distingui
between these two states unless any special condition
information, for instance, the theoretically allowed size
the atomic magnetic moment, are given to restrict the nu
ber of the possible structures. Discussions given in the p
vious studies were made mostly on the basis of the ma
tude of the moment and only a 2-q structure was considere
as the possible multi-q.structure1,2 Moreover, there is an-
other problem as for the magnetic structure of this co
pound: The previous neutron-diffraction studies have
ported the magnitude of the atomic magnetic moment
cerium in the ordered state to be between 1.7mB and
2.4mB .1,2 Although the reported values are different fro
each other depending on the adopted model of the magn
structure, none of them is less than, say, 1.5mB . On the other
hand, the recent NMR study8 has predicted that the magn
tude of the cerium moment is as small as;0.3mB in a sig-
nificant disagreement with the neutron-diffraction results.
discussion is given that this discrepancy may be caused
the difference in the characteristic time of observation
tween the NMR and the neutron diffraction.8 It is, hence,
imperative to establish the ground-state magnetic struc
and the size of the atomic magnetic moment of this co
pound.

One of the central issues of the heavy-fermion physic
of the origin of the ‘‘tiny moment order’’ which has bee
rather commonly observed in several paramagnetic met
4167 ©2000 The American Physical Society
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Kondo-lattice materials: The compounds such as UP3,9

URu2Si2,10 CeRu2Si2,11 etc., order magnetically at typicall
a few Kelvin with an ordered moment of 1022–
1023mB /Ce,U, though they otherwise behave as a param
netic Fermi-liquid material. The ‘‘paramagnetism’’ of thes
compounds are believed to be closely neighboring to an
dered state with a normal size of the ordered moment. Th
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 colle
more data to determine the true magnetic structure of
compound and to consider the nature of the long-range o
on the Kondo lattice, neutron-diffraction experiments by u
ing both a single-crystalline sample and a powder sam
and also by applying hydrostatic pressure. We analyzed
results in conjunction with the results of the NMR expe
ments while taking more model structures into consid
ations.

II. EXPERIMENTALS

We have made the sample crystals from stoichiome
amounts of the constituent elements with 3-N purity by fi
melting them in an argon-arc furnace to obtain ingots of
compound. Then we prepared the specimen for the pow
diffraction experiment by pulverizing an ingot to fine pa
ticles with sizes between 50 and 100mm. Because the crys
tal of the compound CeRh2Si2 has very strong cleavage, th
powder specimen is subject to a fateful preferred-orienta
effect. In order to overcome this problem, we tried to mix t
powder of the sample with about the same volume of pow
of molybdenum the particle size of which is much smal
(;5 mm) than that of the sample. We expected that
molybdenum particles which fill the space around the sam
particles would prevent the rotational movement of them
ward the preferred orientation. In the present work, we fou
that this procedure works quite effectively and could redu
the resulting preferred-orientation effect small enough to
involved in the ordinary intensity analysis. The mixture w
packed in a holder made of aluminum with a thin sla
shaped sample space.

We grew a single crystal of the compound from the m
of an ingot by using a three-arc furnace. The size of
crystal is 1.531.535 mm3 and its mosaic spread is 0.6°.

The neutron-diffraction experiments have been made
the TAS-1 and the GPTAS spectrometers at the JRR-3 r
tor in JAERI, Tokai, Japan. We pressurized the sing
crystalline sample with a piston-cylinder-type pressure ce12

up to 1.25 GPa at temperatures above 1.5 K.
It has been experimentally proven that the polarization

the magnetic moment of the cerium atoms in the orde
state of CeRh2Si2 is along the crystalc axis.1,2 Then the
integrated intensity of the magnetic Bragg scattering is th
retically represented by the equation,

I ~k!5B~VD /V0!m2 sin2 uF2~k!R~k!, ~1!

whereB is a spectrometer-defined constant andVD , V0 , m,
and u are, respectively, the volume of the domain, the v
ume of the sample, the size of the atomic magnetic mom
and the angle between the crystalc axis and the scattering
vectork. F(k) is the structure factor andR(k) involves all
g-

r-
e-

t
is
er
-
le
he

-

ic
t
e
r-

n

r
r
e
le
-
d
e
e

-

t
e

n
c-
-

f
d

-

-
nt

otherk-dependent factors, that is, the Lorentz factor and
absorption factor and also the preferred orientation factor
the multiplicity of the reflection for the powder experimen
The absorption factor for the powder sample was determi
directly by measuring the transmission of the neutron be
As for the form factor, the results of calculations by Land
and Brun13 and Freeman and Desclaux14 have been used. To
put the observed intensity on an absolute basis we meas
the scattering intensity of the~1 1 0! nuclear Bragg reflection
as a reference. Because this reflection is so weak and
similar intensity as the magnetic reflections, we safely
glected the secondary extinction effect for this reflection.

In the present system, all the magnetic reflections res
on the reciprocal@0.5 0.5K] * axis with K50, K50.5, and
K51 and on the positions which are equivalent to them. W
therefore, took the reciprocal@1 1 0#* -@0 0 1#* plane as the
scattering plane for the measurements with the sing
crystalline sample.

III. RESULTS AND DISCUSSIONS

A. The ground-state magnetic structure

In Fig. 1 shown are the plots of the intensities of t
reflections from the single-crystalline sample atK50, K
50.5, andK51 as functions of temperature. In the figur
the intensities have been corrected by the known fact
sin2 uF2(k)R(k), and put on the absolute scale so that th
represent just the product (VD /V0)m2, and one can see tha
the intensity ratio of the reflections atK50, K51, andK
50.5 at the lowest temperature is 1:1:2 within the expe
mental error. Since (0.5 0.5 1)5(101)1(20.5 0.5 0), the
positions K50 and K51 represent the wave vectorsq1

1

5(0.5 0.5 0! andq1
25(20.5 0.5 0!, respectively. It should

be noted that the star ofq1 consists ofq1
1 andq1

2 ~Ref. 15! in
the present space group of the crystal. In Fig. 2, one can
that q1

2 is perpendicular to the scattering plane whileq1
1 is

FIG. 1. The temperature dependences of the intensities of
three magnetic Bragg reflections from the single-crystall
CeRh2Si2 under ambient pressure. The intensities have been
rected so that they represent the product of the relative dom
volume,VD /V0, and the square of the atomic magnetic momen
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PRB 61 4169GROUND-STATE MAGNETIC STRUCTURE OF CeRh2Si2 . . .
parallel to it. On the other hand, one needs some consi
ation as for the modulationq25(0.5 0.5 0.5!: The star of this
wave vector consists of itself and its conjugate2q2. To see
this, one should notice that, for instance,~20.5 0.5 0.5)
52(0.5 0.5 0.5)1(0 1 1!. However, it is required that, in
order for any modulation, except for the case of the scr
structure, with a wave vectorq to be static and real in a
crystal, it has to couple to the conjugate modulation wi
2q in the same weights. One, therefore, can regard that
modulation represented by the wave vectorq2 is already in a
coupled state, that is, in a 2-q state. In Fig. 3 are shown th
configurations of the magnetic moments represented by
q1

1 and theq2 modulations. Note that each configuratio
mi(r j ), in the figure is expressed as

mi~r j !5Ai exp~ iqi•r j1f i !1c.c. ~2!

with f150, f25p/4 and Ai being the amplitude of the
modulation and that, with this choice off1 andf2 , mi does
not depend on the atomic positionr j . In Fig. 1, one can see

FIG. 2. The framework of the scattering space. The scatte
plane is the horizontal@110#* -@001#* plane. The~0.5 0.5 1! vector
is equivalent to the (20.5 0.5 0! vector which is vertical and par
allel to the axis of the piston-cylinder pressure cell.

FIG. 3. The spin structures represented by Eq.~2! with f150
for q1

15(0.5 0.5 0! andf25p/4 for q25(0.5 0.5 0.5!. The struc-
ture for q1

25(20.5 0.5 0! is obtained by turning over the spins o
all the body-center cites of theq1

1 structure.
r-

w

he

he

that the intensities of theq1
1 and theq1

2 reflections in the
temperature regionTN1.T.TN2 coincide within the experi-
mental error.

The overall features of theq1 and theq2 reflections below
TN1 are in good agreements with the previous results. Fr
these intensity data, one can calculate the magnitudes o
‘‘partial’’ atomic magnetic momentsm1

1 , m1
2 , and m2 in

Eq. ~2! in the ground state if one assumes that each mod
tion occupies all the volume of the crystal, that is,VD5V0 in
Eq. ~1!. From the data of the powder-sample diffraction o
also can deduce the same information if one assumes
ordinarily does, that theq1

1 and theq1
2 modulations have the

same amplitudes. In Table I shown are thus calculated va
of the partial atomic magnetic moments.

The agreement between the results for the powder sam
and for the single-crystalline sample is satisfactory. It is u
ally the case, as far as the calculation of the magnetic m
ment concerns, that the powder-sample diffraction has
advantage over the single-crystalline-sample diffraction: T
former is free from the secondary extinction effect, from t
multiple scattering effect and also from the error in the alig
ment of the crystal. Hereafter, we therefore, use the val
obtained from the powder-sample result. Since we have th
partial atomic magnetic moments~actually, we have four,
m1

1 , m1
2 , and the coupled twom2, but we count them as

three for convenience!, the total atomic moment in a domai
is written as

m~r j !5(
i

aimi~r j !1c.c., ~3!

whereai is 1 or 0 depending on whether the partial mome
mi is involved or not. The combination ofai , f i and the
relative volume of the domain,Vi /V0 , Vi being the volume
which the modulationqi occupies, makes a large variety o
the ground magnetic structures to be chosen. Among th
we test here the following four cases as the candidates o
true ground structure.

Case~1! The q1
1 , q1

2 , and the coupledq2 modulations
form a 4-q structure.

Case~2! Theq1
1 andq1

2 modulations form a 2-q structure
in a domain and theq2 modulation occupies another domai

Case~3! Theq1
1 andq2 modulations form a 3-q phase in

a domain and theq1
2 and theq2 modulations form another 3

q phase in another domain.
Case~4! Theq1

1 , q1
2 , andq2 phases reside independent

in different domains.
When one tries to judge which one of these cases is r

the results of the NMR experiments by Kawasakiet al.8 are

g

TABLE I. The partial atomic magnetic moments at 4.2 K whic
are calculated under an assumption that all of the three modulat
q1

1 , q1
2 , andq2 with f150 andf25p/4, share the whole crysta

volume.

m1
1(mB) m1

2(mB) m2(mB)

Powder sample 0.71 0.71 0.95
Single-crystalline
sample 0.61 0.62 0.85



e

th
g

o

ti

re
te

es

th
le
ic

l
ro
a

a

lu
e

th
iv
a

tru
s

ne

e
o

r, it
-

stal
rd
tal

es

en
x-

a-
. 4,

at

the
ag-
of
ne

he

the

the
gns,
that
ave
if-

n be
ing
ich
. It
at

the
oes.
s for

ses,

gh-
the
the
res-

-

as
non
ent
der
der
s
g of

ture
be-
e

if
c
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useful: They measured the spin-echo spectra of29Si in
CeRh2Si2 and CePd2Si2 as functions of temperature and th
results for CeRh2Si2 are summarized as follows.

~a! At temperatures betweenTN2 andTN1 , the spin-echo
spectra indicate that the size of the magnetic moment of
cerium atoms is unique. There is no signal correspondin
null magnetic moment.

~b! Below TN2 , the spectrum indicates that there are tw
sizes of atomic magnetic moment, 0.357mB and 0.216mB at
4.2 K. There is no signal corresponding to null magne
moment here, too.

~c! The integrated intensities of the two signals cor
sponding to these two sizes of moment are approxima
equal to each other.

On the basis of these results, one can test the four cas
follows:

We first eliminate the Case 2 because on this model
neutron-diffraction result of the single-crystalline samp
leads to a null atomic moment of some cerium atoms wh
is made by the superposition ofq1

1 andq1
2 modulations. The

Case 3 also is eliminated because of a reason as wil
mentioned later in conjunction with the results of the neut
diffraction under pressure. Then we discuss the Case 1
the Case 4.

In the Case 1, the amplitude of each modulation is
given in Table I. The value ofm2 in the table is calculated
for the magnetic structure shown in Fig. 3, where the va
of f2 is chosen to bep/4 so that all the Ce atoms have th
same partial magnetic moment. If one superposes these
partial modulations as shown in Fig. 3 with the respect
partial moments in Table I, one obtains three sizes of m
netic moment, that is, 0.47mB , 0.95mB , and 2.37mB . This is
inconsistent with the NMR result~b!, where only two sizes
of moment are indicated.

On the other hand, if one choosef150 and f25p/2
when superposing the three modulations, one obtains a s
ture as shown in Fig. 4, where the moments at the corner
the unit cell originate from the coupledq1

1 andq1
2 modula-

tions while so do at the body centers from theq2 modulation.
In this case the magnitudes of the moments at the cor
and the centers are calculated to be 1.42mB and 1.34mB ,
respectively, and hence agree with each other within the
perimental error. One may consider that this structure is m

FIG. 4. The spin configuration of the 4-q structure of CeRh2Si2.
The two silicon sites, SiI and SiII, are not equivalent to each other
the spin configurations of the first and the second neighboring
rium atoms along thec axis are taken into account.
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acceptable because of its simple appearance. Moreove
should be remarked that the spin configuration of this 4q
structure maintains the tetragonal symmetry of the cry
lattice. We note that no evidence of crystal distortion towa
orthorhombic lattice was observed, within the experimen
error, in the nuclear reflections belowTN2 .

One should note that the NMR results indicate two siz
of cerium moments, that is, 0.357mB and 0.216mB , while the
present 4-q model predicts no significant difference betwe
the moments of different sites. This inconsistency is e
plained in terms of the dissimilarity in the spin configur
tions of the cerium atoms around the silicon atoms. In Fig
the crystal structure is such that a silicon atom is located
aboutc/3 away from a cerium atom along thec axis. Then,
as far as the first-neighbor cerium atom concerns, all
silicon atoms are equivalent and should have the same m
nitudes of the transferred hyperfine fields, though half
them have an opposite sign to the other half. However, if o
assumes that the second-neighbor cerium atom along tc
axis, which is located;2c/3 away, is also effective to give
a hyperfine field to the silicon, then the silicon atoms on
c axis connecting the corners of the b.c.t. unit cell~see Fig.
4! are no longer equivalent to those on thec axis connecting
the body centers: For the former silicon, the first and
second cerium atoms have moments with the same si
while opposite signs for the latter. Then, one may expect
the silicon atoms on these two unequivalent sites should h
different hyperfine fields from each other. The observed d
ference in the moments, hence in the hyperfine fields, ca
explained if the silicon atom is supposed to be receiv
hyperfine field from the second neighbor cerium atom wh
is 1/4 as large as that from the first-neighbor cerium atom
is, however, a matter of further argument if it is possible th
a cerium atom at a distance from a silicon atom gives
same order of hyperfine field as one at the half distance d

Case 4: In this case, if one assumes the same volume
the q1 (q1

1 and q1
2) domain and theq2 domain as is indi-

cated by the NMR,~c!, one obtains 1.42mB and 1.34mB as
the magnitudes of the moments in the respective pha
again in contradiction to the NMR result.

Before considering more on the 4-q state and the multi-
domain state, we show a part of the results of the hi
pressure diffraction experiments. In Fig. 5 shown are
intensities of the reflections under several magnitudes of
applied pressure. In the figure, one can see that, under p
sure of 0.18 GPa, theq1

2 reflection has lost most of its in
tensity in the temperature regionTN2,T,TN1 and that the
q1

1 reflection is, instead, approximately twice as intense
that under the ambient pressure. Obviously this phenome
should be attributed to the effect of the possible reman
uniaxial component of the pressure which the piston-cylin
type pressure cell is often subject to. Because the cylin
axis is parallel toq1

2~see Fig. 2!, the compressive stres
along the wave vector must have suppressed the growin
the q1

2 domains. This observation is a proof that theq1
1 and

theq1
2 phases form independent domains in this tempera

region. The most remarkable feature in this figure is the
havior of the intensity of theq1

2 reflection when temperatur
is decreased belowTN2 : The intensity of theq2 reflection
starts growing atTN2 , then simultaneously theq1

2 reflection

e-
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PRB 61 4171GROUND-STATE MAGNETIC STRUCTURE OF CeRh2Si2 . . .
revives and start growing to reach the same intensity, at
lowest temperature, as that of theq1

1 reflection. All these
behaviors of all the reflections have, as was the case a
ambient pressure, good reproducibility with respect to
peated thermal cycles, and hence the system seems to

FIG. 5. The temperature dependences of the scattering inte
ties from the single-crystalline CeRh2Si2 under pressure of 0.18
0.48, and 1.03 GPa. The unit of the ordinate is the same as the
in Fig. 1.
e

he
-
in

thermal equilibrium at any temperature. One should rem
that in an ordinary antiferromagnet the domains are r
domly distributed as a result of the random nucleation-a
growth and any external perturbation which prefers one t
of domain to the others can help the particular domain
dominate over the crystal. Thus, a multidomain structure
subject to thermal hysteresis effect under such perturbati
We, therefore, consider that the present observation is
good evidence for the 4-q ground structure in CeRh2Si2.
This behavior of theq1

2 reflection eliminates the possibility
of the Case 3 in the previous argument: In this case,
phases (q1

11q2) and (q1
21q2) must degenerate and resid

in different domains from each other. It is not likely to ha
pen that theq1

2 modulation is restored to help (q1
21q2)

phase to survive the uniaxial stress which disfavors it.
The remaining problem on the ground-state magne

structure of CeRh2Si2 is the inconsistency in the size of th
ordered moment: We obtained the value 1.38mB /Ce ~the av-
erage of 1.42mB and 1.34mB) from the present study, while
the NMR study8 predicts 0.357mB and 0.216mB /Ce. These
values do not depend on the model structure, 4-q or multi-
domain, and the discrepancy in them is significantly larg
than the experimental errors in both studies. Since in the c
of CePd2Si2 the NMR results indicated a value of the ma
netic moment which is in reasonable agreement with the n
tron diffraction result, the present conflict seems to be cau
by an intrinsic nature of the magnetism of CeRh2Si2. There
may be, as has been previously discussed,8 a longitudinal
fluctuation of thef-electron moment which has a lifetim
longer than the characteristic time of observation for therm
neutrons but shorter than that for NMR. A question to th
argument, however, arises from the fact that the transi
temperaturesTN1 and TN2 have no significant difference in
between both experiments: It is expected that such a fluc
tion should give a lower transition temperature to the obs
vation by the NMR than to the one by the neutron diffra
tion. A mSR experiment, which has the same order of
time of the observation as the NMR, will provide a helpf
information on this problem.

B. Response to high pressure

The hydrostatic pressure was applied up to 1.25 GPa,
the results of the intensity measurements of the magn
reflections under 0.48 and 1.03 GPa are shown as exam
also in Fig. 5. In the figure, one can see that the intensitie
the q1

2 and q2 reflections under the pressure of 0.48 G
have been remarkably suppressed. It is, however, notice
that the intensity ratio of theq2 reflection to theq1

2 reflection
retains the value of approximately 2. This indicates that
4-q phase coexists with theq1

1phase though with very sma
volume. The 4-q phase was not observed at all under t
pressure of 0.79 GPa. TheTN1 and theTN2 , here theTN2 is
defined as the onset temperature of the 4-q phase, are plotted
in Fig. 6 as functions of the applied pressure. In the figu
one can see that both of theTN1 and theTN2 decrease with
increasing pressure and the system becomes nonmag
under pressure greater than the critical magnitude ofPc
51.1 GPa and also that the change of theTN1 is very steep
aroundPc . This feature of the two transition temperatures
quite consistent with the results of the resistivity measu

si-

ne
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4172 PRB 61SHUZO KAWARAZAKI et al.
ments by Groscheet al.16 and Thompsonet al.17 In Fig. 6
also is shown the magnitude of the saturated ordered m
netic moment,m, as a function of the pressure. In the figur
one should note that the saturated ordered moment s
decreasing immediately when the pressure is applied in
same way asTN1 does. In order to make this point clear, w
plot in Fig. 7 the magnitude of the saturated ordered mom
as a function of the transition temperature by taking the p
sure as the implicit parameter. In the figure, it is remarka
that the magnitude of the ordered moment is proportiona
the transition temperature up to 1.03 GPa. This means
the atomic magnetic moment of cerium in this compound
variable longitudinally, which is rather unexpected from
extraordinary high Ne´el temperature: If the cerium atom ha
a well-defined localized moment, the ordered moment in F
7 should be independent of the transition temperature at l
in the region of small pressure. The proportionality betwe
the ordered moment and the transition temperature is c
acteristic of the itinerant electron magnets and has been
cally observed in the spin-density wave phase of the ch
mium alloys.18 We therefore conclude that the character
the magnetic order in CeRh2Si2 is metallic from the view
point of the longitudinal flexibility of the atomic magneti
moment. Another important feature in Fig. 7 is that the po
for 1.08 GPa deviates significantly from the linear relatio
The sublattice moment at this pressure saturates
0.076mB /Ce and depends on temperature quite norm
with a clearly defined transition temperatureTN510.0 K as
shown in the inserted figure. If one extrapolates the cu
connecting all the points in Fig. 7, it seems that the cu
approaches theTN coodinate at a nonzero value ofTN around
10 K. As a matter of course, it makes no sense to expect
the system with an absolutely null ordered moment ha
finite transition temperature. However, one can reasona
expect from Fig. 7 that, if the pressure is properly increa

FIG. 6. The saturated sublattice moment~per cerium atom! and
the transition temperatures as functions of the applied pressure
P50.79 GPa, we failed to determine the magnitude of the mom
in the absolute scale but obtained only the transition temperatu
g-
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a little more, the system must have a moment much sma
than 0.076mB /Ce with no significant shift inTN from 10 K.
The figure indicates that the system undergoes, with incre
ing pressure, two different electronic states one after
other: One is characterized by the proportionality of them
and theTN ~this state is denoted as the low-pressure sta!,
and so is the other~denoted as the critical-pressure state! by
the moment which reduces toward zero at the nonzero tr
sition temperature.

Contraction of a Kondo-lattice crystal due to pressu
causes increase of the Kondo temperature through the
crease of the hybridization of thef electrons and the conduc
tion electrons. When temperature is reduced much low
than the Kondo temperature, a hybridization gap~the coher-
ence gap! is formed by the Fermi level and its size take
place of the hybridization energy kBTK as the energy scale o
the system.19 The Kondo temperature of CeRh2Si2 has been
estimated to be about 100 K from the observed behavio
1/T1 of NMR,8 though not established. Because, as has
ready been discussed, the magnetism of CeRh2Si2 is metallic
at the ambient pressure the Kondo temperature is expecte
be at least comparable with or higher than its Ne´el tempera-
ture of 35 K, being consistent with the NMR result. W

At
nt
.

FIG. 7. The saturated sublattice moment~per cerium atom! as a
function of the transition temperatureTN1 . The moment and the
transition temperature are normalized at the ambient pressure.
broken line is a guide to eyes. The unit of the pressure is GPa.
inseted figure shows the temperature dependence of the subla
moment atP51.08 GPa.
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therefore, consider that, under the pressure of 1.08 GPa
coherence of the coupledf electron and the conduction ele
tron must have been fully developed at 10 K. Then, we
gard that the critical-pressure state of CeRh2Si2 is the well-
grown coherent state with a tiny-moment order in. One m
speculate, by generalizing the present observation, that
tiny-moment ordering is a rather common nature of
ground coherent state of metallic heavy fermion compou
ys
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where the Ruderman-Kittel-Kasuya-Yosida interaction a
the Kondo effect are marginally competing with each oth

It was very difficult to make fine-tuning of pressure atPc .
Indeed, we achieved the pressure of 1.08 GPa quite incid
tally. We believe, however, that more detailed study arou
Pc of CeRh2Si2 will provide rich information to understand
the origin of the tiny-moment ordering in the heavy-fermio
compounds.
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