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We present full potentiadb initio calculations to study structural and electronic properties ofl £, with
M =Ru, Rh, and Pd. Two kind of calculations are performed: one consideringfte@tes as hybridized ones
and another simulating Ce systems with nonhybridizé&tates. We calculate the hybridization function and
analyze the influence of thef &tates on structural properties such as equilibrium volwte ratio, andbulk
modulusand study their evolution together with that of the spin magnetic moment under applied hydrostatic
pressure. The results are compared with experimental data.
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. INTRODUCTION CePdSi, and CeRBSi, show antiferromagnetic order
)  (AF) being their respective N temperature3~ 10 K and
Ce“tl_im Corrppr?uh”ds tpr:e_sent. _se\{er?rl] uguiuall ph]}’st'ﬁa% K. Both systems show a rather fast decrease in the value
properties, which have their origin in the behavior of e qt 1 \ith applied pressure, which is the prelude of pressure
highly correlated 4 electrons. The hybridization of thef4 .\ N ™" susgrconSuctivity P Qéﬁ?;the

states with the conduction band is considered as the paramy: pressure at which AF is suppressed was reported at

eter that controls the wide variety of ground states observe . ;
in these systems. Hybridization can be tuned in two ways: b;at(r:;/itshSZ% (‘)’\rlggf for CeRfBl, a lowerP¢~0.9 GPa de-

applying hydrostatic pressure or by changing the chemical
PRYINg Ny P y ging é Among the peculiarities shown by the systems under

environment of Ce. In particular, the family of 8eX, in- X
termetallics(with M a transition metal anX a p-type met- study, there is a controversy about the nature of thetédtes

alloid) which crystallizes in the ThGBi,-type structure N CeRRSk, on the one hand, the fact that Ce8h has a
shows a wide variety of physical behaviors dependingvon large ordering temperature and that the value of the magnetic
andX, such as ambient or pressure induced superconductiynoment of Ce is close to the free-ion ongq(y=1.5 us)
ity, long-range magnetic order, heavy fermion character(Ref. 5 suggests that thef4states are very localized in this
paramagnetism, and nonmagnetic order with magnetic corresompound. On the other hand, the evolution of these quan-
lations, among others. tities with applied pressure and the large value of the Kondo
The competition between the Ruderman-Kittel-Kasuya-temperature Tx~Ty) as compared to other compounds of
Yosida(RKKY)) interaction and the Kondo effect determinesthe CéM,Si, family, leads to the assumption that thé 4
the ground state of these systems. In a regime of weak hystates are strongly hybridized and quite delocalfzadother
bridization the dominant RKKY interaction leads to long- peculiar feature of CeRBBi,, which makes out of it a singu-
range magnetic order, while in the case of strong hybridizalar system in the series, is the anomalous value of its lattice
tion the Kondo interaction prevails and spin compensatiorparameters, showing the highega value within the series.
favors a nonmagnetic valence fluctuating state at low With the aim of getting deeper insight into the different
temperature$. kinds of behaviors observed in this family of compounds,
Within the above-mentioned family of compounds, ourseveral experiments have been recently done to follow the
interest lies on the study of the influence off 4and evolution of thec/a ratio and of the cell volume as a func-
conduction-band hybridization on the structural and election of chemical substitution and also to study their relation-
tronic properties of the 0@,Si, series, beindvl a 4d tran-  ship with magnetic, thermal, and transport propertie&or
sition metal with increasingl-occupation numberM =Ru,  instance, it has been reported that a decrease in the concen-
Rh, and Pd tration of Rh in the alloy Ce(Ru,Rh),Si, induces the
The low-temperature properties of these systems can bgame effect as the application of pressure for the compound
briefly summarized as follows. CeRSi, is a heavy fermion  with x=0.05. That is, under these two control parameters a
and its low-temperature behavior is well described as a paraeduction of thec/a value and in the Ce-Ru distances take
magnetic Fermi liquid, in which no long-range magnetic or-place. This seems to play a relevant role in the observed
der has been observed down to 20 mK. The low-energy exspin-density wave transition shown by this systeBeveral
citations are strongly renormalized heavy quasiparticles, agxperimental studies on the variation of the lattice param-
inferred from the large value of its specific-heat coefficienteters upon alloying have already been undertakthow-
.3 ever, as far as we are aware of, their evolution under hydro-
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static pressure has not been reported yet, neither TABLE I. Structural properties of Gé,Si,. The second column
experimentally nor theoretically. This kind of results, which shows the equilibrium properties obtained from calculations consid-
are difficult to obtain experimentally, are of interest in orderering the 4 states as part of the valence band. The third column
to understand the interplay between RKKY and Kondo inter-corresponds to the optimized values for,MgSi,, which simulate
actions through the analysis of the evolution of the Me- nonhybridized 4 systems.

distances and/a values, since the main contribution to the

screening of the # comes from the transition metal. It is CERYSk Experiments 4 in valence  LaRySi,
known that a reduction of these distances favors the Kondgqyilibrium volume 172.4 172.3 175.3
interaction while the RKKY one prevails if they increade. c 2 3353 2322 2380
In this contribution we address precisely to the evolutiony

of the structure of the above-mentioned systems with hydroB(GPa) 108 113 103

static pressure and undertake a comparative study of theGeRhSi, LaRh,Si,
properties setting particular emphasis on the influencefof 4 Equilibrium volume 170.2 171.2 176.3
hybridization. With that purpose we do systemale initio ¢ 2.489° 2.473 2.476

calculations for the compounds under study. Within the apa

proximations used for the exchange and correlation potentiaP(GP2) 104 102
this kind of calculations are not able to describe the low-CePdSk LaPdSi,
temperature properties of these highly correlated compoundgauilibrium volume 177-‘?: 178.9 185.2
as the many-body and correlation effects are being undere§- 2.331 2.354 2.330
: ; ; e DETY B >

timated and statically treated. Notwithstanding this, it is pos B (GPa) % 85

sible to obtain detailed information about the ground-state
electronic structure, which plays an important role in theageference 14.

determination of the structural properties and underlies théreference 15.

specific low-energy excitation spectra, through the characterreference 16.

istics of their respective hybridization functions. In order to

study the role played by thef4states on these properties we K .. is the largest reciprocal-lattice vector used in the ex-
also perform calculations for the correspondingMs5i,  pansion of plane waves in that region. The used cutoff im-

systems, which do not show occupiedl dtates. The results plies 120 plane waves per atom approximately. The total
are Compared with available experimental data. Finally, il’bnergy is Converged up to 16 Ry

order to give a more quantitative answer to the
4f-conduction-band hybridization we calculate the hybrid-
ization function itself and discuss to which extent this quan-
tity is related to the observed behaviors in terms of\NCe- The influence of the #istate on the structural properties is
distances andd band filling. studied through the calculation of equilibrium volumes and
The present paper is organized as follows. In Sec. |l wes/a ratios. We additionally calculate the bulk modulus. We
describe the applied technique and the details of the calculareat the 4 states as being part of the valence band and
tion, in Sec. Ill we analyze some structural properties aicompare the results with those corresponding td/LSi,
equilibrium, in Sec. IV we follow the evolution with pressure compounds which have almost the same electronic structure
of c/a, CeM distances and of the spin magnetic moment ofexcept for the absence off 4tates. The calculations on the
Ce for the different systems under study. In Sec. V, wela systems provide a way of simulating a nonhybridizéd 4
present the results obtained through the calculation of thetate of Ce. As cohesion in metals and, thereafter, their crys-
hybridization function and finally, in Sec. VI we summarize tal structure are mainly given by electrons in the valence

Ill. STRUCTURAL PROPERTIES

and discuss our results. bands, the equilibrium properties of those Ce compounds
which have localized #ielectrons very often can be analyzed
Il METHOD OF CALCULATION by making this kind of substitution. Experimentalists take

advantage of this fact in order to separate the contribution of

We performab initio calculations using the full potential the 4f electrons when analyzing the thermodynamical and
linearized augmented plane-wave metifbdPW),'? which  equilibrium properties of Ce intermetallics. In Table | we
means that no shape approximation for the potential and fashow the ground-state values of the calculated properties ob-
the charge density are introduced. We use the exchange arained with the above-mentioned procedures within the GGA
correlation potential in the generalized gradient approximaapproximation. The available experimental data are also be-
tion (GGA) of Perdew and Warld and compare with results ing shown in the table.
obtained within the local-density approximatioii.DA ). From Table | it can be seen that the equilibrium volumes
1000 k points are used to sample the whole Brillouin zone,are better reproduced when thé dtates are considered as
with 99 k points in the irreducible one. The considered part of the valence band for the three systems. The calcula-
muffin-tinradii, R, are taken equal to 2.6 a.u. for Ce andtions for LaVl,Si, give equilibrium volumes that are larger
La, 2.2 a.u. for the d transition metals, and 2.0 a.u. for Si. than the experimental ones for KgSi,. In particular, for
For the cutoff parameter that gives the number of planghe systems containing Rh and Pd the excess volume lies
waves in the interstitial region we talkk&,K,.,=8, where  around 4% while it is around 2% for Ru. From this volume
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calculations we can say that, in comparison to other Ce conthe same for the three tackled systems. But this criterium is
pounds, the ones under study show an appreciable amount ®dmehow arbitrary as we are introducing a parameter in an
4f itineracy which cannot be disregarded when analyzingab initio calculation. Thereafter, we consider that the replace-
their physical propertie With this statement we are cer- ment of Ce by La constitutes a more transparent way to study
tainly not meaning that thef4states are completely itinerant, the influence of the # states on the structural properties. In
but that a certain degree of itineracy is present in the threg&Pite of this, the conclusions drawn for the influence 6f 4
compounds studied. hybridization on the equilibrium volumes and for the trends

It is important to stress that the experimental trends in th@f ¢/a coming out of this last procedure are completely in-
evolution of the volumes with a decreasing number df 4 agreement with those obtained when replacing Ce by La as it
holes in theM atom is obtained only when thef 4tates are wa\jvex#ectedl. ‘ d calculati ithin LDA obtai
considered as part of the valence band. The calculated equi- € have also periormed caiculations within obtain-
o . Ing as a whole a less good agreement than within GGA. As it
librium volumes of C#,Si, go down from Ru to Rh and . v .
increase again when goina over from Rh to Pd. in aareemer. usual, LDA equilibrium volumes are always reduced with

_ gain going : ' g } spect to the experimental values and to the GGA ones, if
with the experiments. In the La series the volumes gro h

! ) ) - Whe 4f's are considered in the valence band. On the other
steadily from Ru to Pd. The consideration of hybridizefd 4 -4 \when they are considered as core electrons/he

;tates versus nonhybridized ones shows, then, well differeq;;;,es of the studied systems depart more from the experi-
tiated trends. o mental ones as within GGA. Taking this into account and the
With respect to thec/a ratios, it can be seen that the well-known drawbacks of LDA when calculating equilib-
calculatedc/a value for Ru fits better with the experimental rium properties, we present in the following sections just the

results if the 4 states are hybridized with the valence band.results obtained within GGA.
In the case of Rh the ratio is rather insensitive to hybridized
or nonhybridized 4 states, while the system with Pd shows
a better performance for this ratio when calculated with non-
hybridized 4 states. But as a whole, the evolution of this  |n the preceding section we have seen that in the three
ratio along the series is mainly determined by the transitionsystems under study thef 4tate of Ce shows a certain de-
metal d-occupancy, as it can be observed when comparingree of itineracy or hybridization with the conduction band.
with the c/a values of the La series. The degree of hybridization can be controlled through
The calculated bulk moduluB of CeRySi, is more sen-  chemical or external pressure. As mentioned above, there
sitive to the presence off4states than in the cases of Rh andhave been extensive studies on the evolution of electronic,
Pd, as it can be appreciated when comparing with the resulimagnetic, and transport properties under the application of
of calculations done without f4states in the valence band. hydrostatic pressure on the KlgSi, series and their
Actually, it can be assured that the tendency for the evolutioralloys®®8We undertake here the study of the evolution of
of Bis that its value decreases as a function of increasthg 4 the structural properties under hydrostatic pressure and simu-
band filling. This also happens within thel 4ransition-metal late this as follows: We obtain first the equilibrium volume
series for bulk Ru, Rh, and Pd. Only the experimental datdor a given system, the volume then is reduced stepwise as
for CeRySi, is available in the literature, and the calculateddiscussed in the preceding section, keeping the tetragonal
value compares well with it. We cannot draw a conclusion orsymmetry of the cell and relaxing tliéa value in each step.
the influence of 4 hybridization from the comparison with In this way, we study the evolution affa and CeM dis-
the only one available experimental data due to errors intances with and without thef4states in the valence band,
volved both in measuring and in its calculation. and also the evolution of the spin magnetic moment of Ce.
Amid making calculations replacing Ce by La, we have
also performed calculations considering the eedectron
fully localized in a core level, which means that we place one
electron in the 4 state and treat this state as part of the inner Even if there have been extensive studies of electronic,
corel’ The 4f electron charge is, in this way, entirely con- magnetic, and transport properties of\C£Si, (M =Ru, Rh,
fined within the Cemuffin-tinregion, and does not hybridize and Pd under the application of hydrostatic pressure, no
with the conduction band. Within this last approach we haveexperimental results are available on the evolutionckd
calculated the equilibrium volumes and/a ratios for and of CeM distances.
CeRhBSi, and CePgSi,, obtaining similar volumes even if In Fig. 1 we show the calculatedla ratios with pressure.
some differences in the/a values when comparing with the Open circles, solid circles and crosses correspond to
corresponding LI ,Si, systems. More precisely, by taking CePdSi,, CeRBSi,, and CeRwuSi,, respectively. Solid
the 4f states as core levels we obtai=177 A2 andc/a  lines depict the results for the corresponding La calculations
=2.502 for the system with Rh and=186 A®> andc/a  which should help to disentangle the influence dfstates
=2.346 for Pd. As part of the above-mentioned proceduren the determination of/a. The trends ofc/a are already
and in order to treat thef4states as core ones, their energypresent in the nonhybridized calculations, but the appearance
has to be shifted to negative values to be handled as bouraf 4f hybridization remarkably enforces the tendendies
states by an atomic program. The criterium for choosing thegarticular, Pd and Ru casesnd there are clear differences in
mentioned energy shifts within LAPW has to be, naturally,the role played by # hybridization in each case.

IV. EVOLUTION UNDER HYDROSTATIC PRESSURE

A. c/a ratio and Ce-M distances
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2 T - ' O cerazsiz] | havior shown by Ce(Rd ,Rh,),Si, alloys as gfunction of,
»al — LaPd2si2| _| namely,c/a goes from 2.330 to 2.489 forgoing from O to
V; o o o @ P | 1 (Ref. 8 and reflects that, in this case, both kinds of pres-
=23 % - sure, hydrostatic and chemical, lead to increasingly elon-
%l 9 gated unit cells when the volume of CeB4 is being re-

L 4 duced until the maximunt/a is reached. Actually, when
231 — substituting Pd by Rh, there is not only a chemical pressure
present but also an alloying effect due to the different num-

10 - 6 4 2 0 ber of 4d electrons of the involved transition metals, which
T T ' I ' I ' I ' leads to a larger limiting/a value than under applied exter-
249 '} nal pressure.
2 b ® . — CeRuySi, is the system which presents matdioles and
s ® CorRhos| the repulsion among the unscreened drbitals leads to a
243 : £f§h25i2 m decrease of/a as a function of pressure. A decreasaig is
b - i the mechanism which prevents Ru atoms to get closer to

L i each other through compression. CgBig, the other ex-
237 ' ' —— ' ' ' ' ' treme case, is within the three compounds the one with the
smallest number afl holes, the repulsion among Pd atoms is
i ' ' ' ' ' ' ' — less important than in the case of Ru and this leads to an

237 ] increment in the value of/a. For hybridized 4 states the
saal X tesa| 4 relative decrease af/a in CeRySi, with respect to the non-

s T & exp. . hybridized compound is more pronounced than for
231" % ¥ CePdSi,, thus revealing a largerf4hybridization effect on
208 % X | this ratio for the Ru compound than for the other two sys-

L X ] tems.
T R As mentioned above, f44d hybridization together with
compression in volume [%] anisotropy is responsible for the different behaviors shown
) . by the three systems, it is then useful to study in more detail
FIG. 1. Evolution ofc/a with pressure. the variation of the CéM distances dcqy) With pressure.

) ) ) ) Figures 2a) and 2b) correspond to the calculations without

In the system with Pdc/a increases with applied pres- ang with 4f-conduction-band hybridization, respectively. It
sure. In this case, the growing itineracy of the states due an pe seen that wherf ybridization is turned onglen
to pressure givesrise to a s_lightly larger positive slope/_af ~ decreases in the three compounds, as compared kb Has-
as a function of compression as compared to the situatiogynces ¢, ,,), indicating that there is a hybridization effect
without hybridization(La calculation. Together with the ini- gy this variable for the three systems. It can also be observed
tial difference in the value of the/a ratio between the hy- that the relative effect varies from compound to compound
bridized and the nonhybridized calculation, already presengince, at equilibrium, the percent decreaselgfy, with re-
at equilibrium volume, this ratio is always larger for itinerant spect tod, .y is 0.9% in the system with Pd, 1,1% in Rh,
4f bands. On the other hand, in the case of Bfa is ot and 1.29% in Ru. Under applied pressure this percent varia-
sensitive to the presence of itinerarft dtates nor to applied tjgn changes and, for instance, for a 10% volume compres-
pressure. And finally, in the case of Rufa decreases as a gjon it is of 0.7%, 0.9%, and 1.6%, respectively. From these
and it remains almost constant if they are not. Ru shows thBressure with decreasingddband filling (Pd—Rh,—Ru).
largest hybridization effect on this parameter among theraking this into account, we expect thé ybridization to
three systems. be more important in CeR8i, than in CeRbSi, and, in

The different effects of # hybridization onc/a for the  tyrm, than in CePgBi,. This is going to be confirmed in the
three systems is a manifestation of the anisotropy of the infjowing sections.

teractions within these tetragonal compounds and depends The fact that thec/a ratio of CeRBSi, does not change

mainly on 4f-4d hybridization. From the obtained results, ith applied pressure does not imply that hybridization ef-

that is, from the values of/a at equilibrium volume and  fects are not present on the other variables such as, for in-
from the evolution of the spin magnetic moméefullowing stancedeey -

section, we expect that under applied pressure the evolution
of c/a will follow experimentally the behavior of the curve
calculated with the # states in the valence band.

The largest value of/a corresponds to the system with ~ We are aware of the underestimation of correlations in our
Rh, it is, namely, equal to 2.47 at equilibrium. The value ofcalculations, and that this fact together with the absence of
this ratio for CePgiSi, tends to the value of CeR8i,, going  dynamical effects make it impossible to reproduce the
from 2.33 to a value close to 2.4 when the cell volume isground states of these Ce compounds within this approach.
reduced. This result is consistent with the experimental beHowever, the study of the evolution of the spin magnetic

B. Spin magnetic moment
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33 tained for the system with Ru. The spin magnetic moment of
_ CeRBSi, follows in magnitude and, finally, the smallest one
°:€3 5% at equilibrium is the corresponding to the system with Pd.
8 ' The magnetic moment of Ce in the system with Ru shows
S a faster decrease with pressure than the corresponding mag-
% 32 netic moment of the systems with Rh and Pd and this is
= related to the decrease of théa value obtained in the pre-
j3 s ceding section. The decrease in ta ratio leads to reduced
b * LaRu2Si2 Ce-Ru distances. Within the other two compounds the one
- T RSl o which loses its Ce magnetic moment next is Rh and finally
31 - Pd. This can be associated with an increasing
I I8 ' I6 s _I4 s I2 s 0 4f-conduction-band hybridization with decreasind Band
) filling and explains the observed experimental trends, in par-
ticular, the fact that the magnetic order in the system with Rh
¥#¥3-0 Tt 3 disappears at lower pressures than in the one with Pd.
"Lsas
é V. HYBRIDIZATION FUNCTION
2 32 In order to quantify the relative degree of hybridization of
; the three systems under study, we report in this section the
b E results obtained for the hybridization functidi{e), which
SEIE - Ceruzs2| | gives information on the energy distribution of the
- et TSRS 4f-conduction-band hybridization. Following Refs. 19 and
wie ® ePd2Si2 A ..
ERIEUPRL _ 20,I'(e) can be obtained from thab initio calculated pro-
- I : I . I . I - jected 4 densities of states and it is given by
-10 -8 6 4 2 0
compression in volume [%]
FIG. 2. Evolution of La-M and Ce-M distances with volume [(e)=—Im[Gg(e—i0) ']

compression.

=—Im

@

{J’ e’ Pff(&',). ]
moment of Ce,u, with pressure within a static band- e—e'—i0
structure framework, should provide further information on
the close relationship betweerf £onduction-band hybrid- ] o ]
ization (itineracy and magnetism. For this purpose, only fer- N EQ. (1), G/ is the 4f Green's function in theonin-
romagnetic configurations are being considered and the 4t€ractinglimit and it is estimated using for the spectral den-
states are being kept in the valence baimgbridized. sity pt¢ the ab initio calculated 4 densities of states pro-

In Fig. 3 the calculated spin magnetic moments of Ce fod€cted onto the Ce sitef and f’ label the irreducible
the three systems and their evolution with pressure are ddepresentations at this site in the tetragonal point group. In

picted. The largest magnetic moment at zero pressure is of5i9- 4 the total’(s) ==T'¢(¢) are plotted for the three com-
pounds. The energy weight of the hybridization function is

shifted towards higher energies when M goes from Pd to Ru.

x | This result can be understood if we take into account that the
sl % e main contributions to the hybridization interaction of the 4
% states in these compounds is with thet dand of the transi-
8 X © ] tion metalM. The calculated d band centers are indicated
Wingl O3 0 7 with arrows, and it can be seen that they are shifted towards
I o) 1 higher energies with decreasingl 4ccupation number. The
041 o ] X CeRuZSi2 7] average 4-hybridization strength is 0.61 eV for Pd, 0.71 eV
r o Q Cepiasa . for Rh, and 0.92 eV for the Ru compound. This monotonous
03— ¢ - behavior(increasing hybridization strength with decreasing
4d band filling and the shift towards the Fermi levas$
2 e - consistent with what has been reported in the previous sec-
L | tions, that is, with the evolution gf under pressure and Ce-
DS I R E R SR R M distances.
-12 -10 -8 -6 -4 -2 0

The calculated hybridization functions could in principle
be used as input for a many-body Hamiltonian in order to

FIG. 3. Evolution of the local spin magnetic moment with pres- obtain the low-energy excitation spectra of the systems con-
sure. sidered heré®

compression in volume [%]
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2 T T T T I . We have analyzed the evolution of tleéa ratios with
CePd2Si2 y pressure, which remarkably reflects the different characteris-
L5 l : = tic behaviors of each of the three systems. When external
o : 8 pressure is applied thef 4tates should become increasingly
1 — itinerant, and we expect that the experimental evolution of
- ‘ . c/a will follow the curves obtained for the respective hybrid-
0.5 — ized calculations. Thig/a evolution and the corresponding
L Ce-M distances, which seem to be related to the competition
0 | between the Kondo and the RKKY interacticheave not
-6 -4 2 0 2 been measured as a function of pressure. Our results should
2 . T . T . T . provide a contribution in the direction of understanding their
- . : . low-energy many-body physics.
|5l CeRN2512 . The calculated evolution of Ckt distances and spin

4 magnetic moment with pressure, together with the obtained
hybridization function, indicate that the degree of itineracy in
the Ceévl,Si, series increases with decreasing Band fill-
ing.
It is interesting to point out that CeR%i, shows proper-
ties which are sensitive to the presence éfstates in the
-6 4 2 0 5 valence band and properties which are not. While it ends up
being more hybridized than Cef&l,, the evolution of its
: c/a ratio is not affected by # hybridization, being this an
L5l CeRu2siz indication of the anisotropy of the interactions present in this
’ : compound. These behaviors can be associated with the men-
tioned controversy between the itinerant and localized nature
of the 4f state in CeR}Si, existing in the literaturé?®

Even if only the spin contribution to the magnetic mo-

2 T I T I T ! T

05— ment is taken into account in the study of the evolution under
r applied pressure the experimental trends are qualitatively
0_6 ) '2 0 5 well reproducede.g., P¢ of the system with Rh is smaller

than the one with Pg and consistent with the studied evo-
lution of the structural properties with pressure and with the
FIG. 4. Total 4 hybridization function for CB!,Si, with M relative degree of hybridization of thef band given by the
=Ru, Rh, and Pd. The dot line indicates the Fermi level. The arrowcalculated hybridization functions.
points to the 4-band center of the corresponding transition metal  In the studied compounds, many of the unusual and inter-
M. esting physical properties have their origin in the behavior of
the highly correlated # electrons. In spite of the shortcom-
VI. DISCUSSION AND CONCLUSIONS ings of ab initio calculations to describe effects that are
] . dominated by strong correlations, they provide a useful tool
We have calculated structural and electronic properties ofg investigate the structural properties of Ce, intermetallic
CeM,Si, systems M =Ru, Rh, and Pdwithin the GGA  compounds. A detailed information of the electronic struc-
approximation to density-functional theory. We have com-yre is necessary to get insight and understanding of their
pared results coming out from both localized and itineraniomplex behavior and this information should provide reli-
treatments of the Ce ’'sf4electron. They indicate that the able inputs for mode| Ham"tonians Wh|Ch Capture the dy_
structural properties are, in general, in better agreement withamics of the low-energy many-body excitations of these
experiments for the #states hybridized with the conduction systems.
band (itinerand than when treated as nonhybridized levels.
For instance, this is clearly seen when regarding the evolu-

Energy [eV]
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