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Theory for effects of pressure on heavy-fermion alloys
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The effects of pressure on heavy-fermion alloys are studied in the framework of the Yoshimori-Kasai model
under the coherent potential approximation. A unified picture is presented for both electron-type heavy-fermion
systems and hole-type heavy-fermion systems. The density of statetecfrons is calculated over the whole
range of doping concentration under applied pressure. The Kondo temperature, the specific-heat coefficient,
and the electrical resistivity are obtained, in agreement with the experiments qualitatively. The contrasting
pressure-dependent effects for two types of heavy-fermion alloys are discussed to reveal the coherence in the
system under pressure.
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[. INTRODUCTION is observed to finite temperature with increasing of the con-
centrationx,2>?*while the Kondo temperatufgy is indepen-

During the past two decades, considerable attention hasent ofx from experiment$22%2°Theoretically, a dispersion
been focused on heavy-fermighF) systems. Generally  term of thef electron band was introduced into the Anderson
speaking, HF systems are a class of intermetallic compoundattice model(ALM ) by Yoshimori and Kasai to get a metal-
which contain a periodic array of magnetic Kondo ions, in-lic KL system in the case of half-filling? Under the coherent
volving rare earth (#) or actinide (5) elements. At higher potential approximatiofCPA), they calculate the electrical
temperatures than the Kondo temperatligg the localized resistivity of HF alloys, and some excellent results are ob-
magnetic moments behave essentially as independent imptained, in agreement with experiments very well. Further-
rities and eacli electron becomes the scattering center in themore, Li and Qid' extended the method of Yoshimori and
Kondo effect. In this temperature region, the characters oKasai, and tried to present a reasonable picture for heavy-
the f electrons are similar to those in dilute alloys. At low fermion alloys by the application of the slave-boson mean-
temperatures, the coherent heavy fermjon Fermi liquid  field approximation. They calculated the density of states, the
behaviors are observed, and thelectrons form a coherent thermoelectric power, the specific-heat coefficient, and the
Kondo lattice. The specific-heat coefficieptis of the order  residual resistivity. The results themselves look meaningful
of 10°—10° larger than that of normal metals, and the densityand the obtained Kondo temperatig is indeed indepen-
of states near the Fermi level, deduced frems enhanced dent of the alloy concentration. While the slave-boson pa-
enormously. It is widely accepted that the large specific-heatameter has not been calculated over the whole range of the
coefficient is caused by the Kondo effect at each Kondo iorconcentration & x=<1, their results seem artificial and more

site! careful study is necessary even for the alloying effects of HF
From the ensuing experimental and theoretical works, it isystems.
clear that HF materials, such as CgAr® CeCy, > On the other hand, it is also possible to study systemati-

UBey3,**"17and CeCuSi,, % display many of the charac- cally the development of the HF behaviors through the ap-
teristics of a metallic Kondo latticéKL ), where a lattice of plication of pressure. From the pressure-dependent measure-
localized magnetic moments coexists with a conductiorments on CeAJ*~® CeCy,°'* UBe;5,'*~6 CelnCy,32-%¢
band?® Instead of a Kondo resonan¢single-peakstructure  YbCu,Si,,*"*8YbCuAl,** etc., it is clear that, for Ce-based

in the impurity case, the density of states foklectrons and U-based HF systems, the specific-heat coefficient is de-
(f-DOS has a pseudogaftwo-peal structure near the pressed and the temperatufg,,,, at which the electronic
Fermi level in the KL case, due to the periodic coherenceesistivity becomes the maximum, shifts to higher tempera-
between Kondo ions in the lattice. In order to get informationture under pressure. Furthermore, pressure tends to expand
on the development of coherence in HF systems, many exhe temperature region of the quadratic law and to enhance
periments have been performed to study the alloying effectthe coherence of the system, while for Yb-based HF systems,
in doped HF systems, such as ,Ca_,Cu,Si,?t™2® just the opposite effects appear under pressure. More gener-
Cela;_,Al32* Cela; ,Be;s,?° Cela; ,Cus,®°and so  ally, pressure qualitatively acts as nairror between Ce-

on. It is shown that, with an increase of the concentration obased, U-based, and Yb-based compodhd$From experi-
Kondo ions(Ce-like iong, an HF alloy system undergoes a ments, pressure destabilizes the larger ion. In the case of
crossover from the Kondo impurity state to the KL state.f-electron systems, pressure will stabilize fife * configu-
That is, doping Kondo ions present a consecutive approactation relative tof".*64%4! For Ce-based compounds, the
to the coherent Kondo state efficiently. Meanwhile, the elecnonmagnetic 4° configuration would be favored rather than
trical resistivityp follows the quadratic law on temperatufe  4f! under pressur® while for Yb-based compounds, the

in the KL case, which is one of the characteristic features ofmagnetic 42 configuration would be favored under pres-
coherence, corresponding to the Fermi liquid behavior. Adsure rather than #4*4?>Moreover, pressure tends to induce
ditionally, a shift of the peak in the specific-heat coefficignt a crossover from a localizefdelectron states to an itinerant
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or coherent one for Ce-based compoutitf§and the oppos-  substitution of arA atom by aB atom introduces the disorder
ing effect is also expected for Yb-based compoutid$ Al- into the system and creates missirglectrons, referred to as
though these important results stated above have been olendo holes. Following Li and Qid' the random variable at
tained from experiments for a long time, to the best of ourthe lattice point is defined by

knowledge, few works have been performed for the pressure

effects on the HF systems theoretically. Among various pos- 1 for | €A,

sible approaches to study the pressure effects, the Kondo &= 0 for leB @
collapse(KC) is considered as a reasonable mechanism. It ’

can be used to explain such fact that the hybridizaliois  and =x, the normalized concentration afatoms. The YK
very exponentially sensitive to pressure. But the KC theorymodel is the Anderson lattice model, with a small dispersion

also indicates that the volume decrease results in a larggn f electron band® and the disorder Hamiltonian can be
increase in the Kondo temperatdfelt is true for the \written as

Ce-basetf3°and U-based>® compounds, but not true for

the Yb-based compounds where the volume decrease results

in a decrease in the Kondo temperattfr&o such a mecha- H=> [exClmCim+ (@ex—Eo) flmfim]
nism, the KC, is still controversial, and it seems not so effi- km

cient to think that the mirror effect between Ce-based,

U-based, and Yb-based compounds can be explained within +> (1= &)EL+EQ)flfim+ VY &(F] Cim

the framework of the KC. The essential of the problem is ' m

how pressure influences the development of coherence, in : 1 : .

which the system displays typical HF features. Taking into +Cimfim) +5U 2 &fhfimfi fim (2
account the valence fluctuation bions between the singlet L mem’

and magnetic multiplet configurations, the pressureywhere—E, andE, are the energy levels électrons on the
dependent behaviors may arise from the cell-volume differ sites andB sites, respectively, is the energy ot elec-
ence betweeh configurations. i’zessure_ favors theonfigu-  trons from Fermi level, which is assumed to be zéf@ives
ration with a smaller volum&}*¢ On this basis, we would  the on-site Coulomb repulsion betwetelectrons and/ the

like to develop a theory of pressure on HF alloys involvingc_f mixing parameter. The dispersion teem, is introduced
effects of doping and effects of pressure simultaneously. Folnto the YK model to get the metallic states even in the case
lowing Li and Qiu;™ the alloying effects of HF systems are of half-filing and the parameter is proportional toV2.
studied within the Yoshimori-Kas&¥K) model by using the  other notation in Eq(2) is standard.

slave-boson mean-field approximatid8BMFA), but the In the strong correlation limitJ —<c, double occupation

main results are calcultated again over the whole range of thg, A sites is forbidden and the Coleman’s slave-bot®B)
concentration €&x=<1 carefully in order to promote the operatorb, is introduced in the-f mixing term?® Then the
credit of the method. The aim of the paper is to present &k Hamiltonian (2) in SB formalism reads

unified picture of pressure effects for both Ce-based,
U-based, and Yb-based systems.
: _ + _ +

The rest of the paper is prepared as follows. In Sec. Il we  H= >, [&xClnCim+ (@er—Eo)flmfiml
formulate the disorder scattering within the mean-field ap- m
proximation of YK model and introduce the volume variable
to describe the pressure influence via thealence fluctua- + 2 (1= E)(ELHEQ T i+ VY &(byffcim
tion, originating from the hybridization betwedrelectrons m m
and conduction electronsc (electron$. Then the spectral
function of the single-particle Green’s functig¢®F) is ob- +effimbD+ 2 &N 2 flfimtblb—1], (3
tained using the CPA method and a set of self-consistent ' m
equations is also addressed. Based on thesef-EM@S iSs  \yhere a constraint
performed numerically in Sec. Ill, while the specific-heat
coefficient and the electrical resistivity are discussed in detail ; .
in Sec. IV, where we attempt to explain and compare the > fhfimtb/by=1 for IeA (4)
contrasting effects of pressure on Ce-based, U-based, and "

Yb-based systems in a unified theory. Finally, our results argas been added with the Lagrange multiplier. Such a
summarized and discussed in Sec. V. constraint prevents the double occupancy lefel onA sites
due to the infiniteU.

In order to consider the effects of pressure, let us intro-
duce the total volume operator. In pure KL systems-(),
such as CeGy UBe;3, YbCUAI etc., there is a lattice of

In the alloy systems such as {e;_,Cu,Si,, and rare earth or actinide ions which can exist in two valence
Ce,la;_,Als, there exist two kinds of rare earth atosand  states®*® One of them is typically a singlet(j =0) with
B, whereA (Ce like) is a magnetic atom withelectrons and zero j; the other a 2+1(=N)-fold-degenerate state,
B (La like) a nonmagnetic atom without electrons. The f"*(j,+m) or f"~1(j,—m) with spinj. The weak hybrid-

Il. CPA DISORDER FORMALISM AND PRESSURE
MODEL FOR HF ALLOYS
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ization betweerc electrons and the locdlelectrons causes ~ From Eq.(10), the averaged cell volume is
the valence to fluctuate by the following changes in the —
shell occupation: Q=(1-x)Q +x[Qo+(1-r%)AQ]. (12
Since pressure always decreases the averaged cell volume
(_l, , for the e-type HF systemgsuch as CeCGuand UBeg )
" 1(j,—m)=f"(j=0)+h*(j,m) forYb. (6 WhereAQ>0, pressure will lead to the increasing of,
while for the h-type HF systemsgsuch as YbCuAl an op-

771, +m)y=f"(j=0)+e (j,m) forCeandU, (5)

According to the SB technique of Colenfan posite effect appears since <0.
ne ot Because a Kondo hole doping will lead to a very strong
[f%5=0)=by[0), (7 scattering £, —«, so thats, —. We should solve the dis-
N1, ot order slave-boson mean-field Hamiltoniékl) for arbitrary
£, =) =i |0): ® concentrations by means of a nonperturbative approach, the

47-49 : ;
Then at each site the valence fluctuation can be represented>PA." "~ Here, we would like to give the full steps to get
by a resonance between a zero-energy boson and g spirfh€ analytic solution of the coherent potential, instead of the
fermion in the subspace whe@=n,+n;=1. The fermion Procedure by Li and Qid} where such a solution is intro-

is an electrone~ for Ce and U, while a holé* for Yb,  duced directly. _ _
respectively. In this paper, the numbers of charMeE 2 To perform the CPA, we should introduce a translationally
+1)=2 would be taken for simplicity, and two values invariant but frequency-dependent coherent potential of the
(+1) are considered fom, written asc fr'om nOW ON. effective medium to replace the disorder scattering potential

12'aking into account th’e cell-volume differende) =), in Hamiltonian(11). The coherent potential for@f mixing

— ), between twdf configurations, we can write down the mw%ffg}) as the YK model could be assumed as<@ 2
total volume operator 4% matri

SCC SC
f) , (19

0=3 =3 (bt (1-blb)0l, @ son-(g S,

where Q, and Q, are the cell volume for the singlt’ and the average site GF of the effective medium is obtained:
(b/b,=1) and the multiplet state&"** (b/b,=0), respec- 1 Fo(®) For(o)
tively. Then, AQ is either positive for the cells with the Flo)=— >, 6(w,k)=< c¢ cf

Ns % Fic(w) Fii(o)

electron-type ¢é-type) f ions (Ce and U or negative for the
lIs with the hole-t -t fi Yb). Th lec-

cers Wi e hole-typeft-type) f ions (Yb) © more elec Then the effective medium Hamiltonian can be written in

the matrix form

) . (19

trons occupy thé shell, the larger the ionic radius is.
In the case of alloy (&x=<1), we can express the total
volume operator in terms of the random variabjeas™

— 8k+S S f Cko
=2 e ol s (aoprEns, (f )
0= 2 {(1- )0+ &[b/byo+(1-b[b) 0,4} i Cor T
! 10 +xANg(r?—1). (15)
where Q, is the cell volume of a Kondo hole sit@vith From the difference between the disorder Hamiltonian

La-like iong, andQ, and ), are the cell volumes of aA  (11) and the effective medium Hamiltonigas),

atom in singletf" (b/b;=1) and multipletf"**(b/b,=0)

states, respectively. Hur—H=> V,, (16)
In the SBMFA, the operatadp, and constraint4) are re- '

placed by their mean-field values with the ansatab) and  {he scattering potentials for atomsandB are reached:
A=\, for all A sites. Then the mean-field Hamiltonian is

V= —See rV_Scf) _(_Scc = Set )
Hue= 2 [oCkoCuo t (@it B o o] Mlrvese sy )T P =S a8y
ko (17)
+ (1=&)ef] f+rvy &l cio+cl ) According to Yongzawé? the self-consistent condition in
lo lo the single-site CPA is
+XANg(r2—1), (11) Xta+ (1—X)tg=0, (18

where Ef=\—Eqo and e, =E, —E; are the renormalize  \yheret, andtg are the scattering matrices forA and B
level of the magnetidA) atoms and the Kondo holeB(  atoms, respectively:

atoms, respectively. Here we have used the relation
=N_'=,&, andNs is the total number of sites in the system. tag)=Var)ll- F(w)VA(B)]*l. (19
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From Egs.(17), (18), and(19), and takinge, —« to en- N N
sure nof electron occupation on Kondo holes, we can find an Her= kE [ekCkoChot (et E+St) fi,fro
analytic solution of the coherent potential 7

+IV(fl,Chot o o) T+ (1= X)Ngp Q.
(20) +XNgA(r2=1)+p[Qo+(1-r?)AQ]}. (28

0 rv)
From the variation with respect 0,

rv Sff

where S.;=0, S;;=S;.=rV, and onlyS;; is to be deter-

S(w,x)z(

: A : : oK oH
mined. At the same time, the scatteringnatrices can be == eff> —xN(r2—1)+ it ¢
simplified as S\ < N | s ) % (Feofka) T
(29
1 0 0 1 we get the equation including the paramater
tam=r—— , tg=— , (22
1+S4F10 —Sk FielO —1
X(1=1)= = 3 (Hf)
and the self-consistent CPA equatidi8) can be written as Ng 15 ko ke/T
2 o0
SteFr=x—1. (22 :—;J dof(w)ImFi(w+i0"). (30

Now, the analytic solution 08(w,x) and the self-consistent
CPA equation are obtained after the detail derivation. Thes
expressions are the same as those in the paper by Li and SK | dHegs
Qiu,®! but the approach to them are not given there. Then, 0= 5—=<

i : r ar
the average site GF’s are expressed as

énd application of the same procedurerto

> = VkE (<Clo'f ka'>T+ <fl¢rck0>T)
T o

+2XNgr (A —pAQ), (31

o~ agg— B~ Sy implies another equation

Fedo)= 0 5
(7R, 2 (0—e)(0— as—Ef—Si) — (V)2 y
23 XO\=pAQ) == = 3 (1], G

Fer(w)=Ftc(w)

1 rv

Ns % (0—e))(0— e —E{—Si) — (rV)?’

2V (=
= 7J7xdwf(w)|m Fic(w+i0"). (32

Equationg22), (23), (24), (25), (30), and(32) constitute a

(29 set of self-consistent equations. These equations are not only

fundamental to determine the coherent poten8alw,x)
1 w—8, and the SB parameter of the HF alloy systems, but also
— Z , powerful for calculating the electronic DOS of bathelec-
Ns & (0—e)(0—ae—Ef—Si) — (rV)? trons and electrons with arbitrary alloy concentration under
(25 various applied pressures.

Fif(w)=

which are also very different from those in the paper by Li
and Qiu®?

The parameters of the SBand\, can be determined by
the extreme values of the grand canonical free enthalpy’s Thef-DOS per magneti¢A) site for each spin is defined
variations(or, equivalently, by the Hellmann-Feynman theo- by
rem). The grand canonical free enthalpy of the HF alloy

Ill. DENSITY OF STATES
AND THE KONDO TEMPERATURE

i 1
system under pressupeis Nf(w,pAQ,x)z—le Fr(w+i0%), (33
__p-1
K==B"InZye, (26) whereF; can be calculated self-consistently by numerical

method. In the calculations, the unperturbed DOS of conduc-

where . :
tion electronsNy(w), is assumed as

Zye=Tr{exd — B(H+pQy J}=Tr exp— BHer) 1. 2 w)?
t e No(@)=—5\1-|g| @D —|a)), (34)
It is easy to write down the effective Hamiltonian of the where®(x) is the step function an the half-width of the
SBMFA: unperturbed conduction band.
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sool pAQYD =-0.10 S x=000 | 450 ----- paQD=-0.10 oo x=040 ]
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pAQ/D = 0.10
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N{w)} [O-1]
N (@) [D-1]

s00f - pAQID = - 0.10 (=080 - s00k - pAYD =-0.10
——PAUD=0.00 .. .- ——pa@D =000
: PAQD =0.10 Al

N (w) [D1]

1

N {w) [D1]

1

/D [109] /D [10-9]

FIG. 1. Pressure effect on teDOS of HF alloys, forx=0, 0.4, 0.8, and 1.0. The parameters for the numerical calculatioiare
=0.2D?, E,=1.2D, and =1.05.

In the case of a half-filled conduction band<1. From independent Kondo singlets in dilute limit is replaced by a
Eq. (4), n;=<1 is obtained, corresponding to the Kondo limit whole coherent Kondo lattice state here.
associated with a largé,.*® Therefore\ can be expected to On the other hand, if pressure is applied, two different
be of orderEy,>* and we can tak€;=0 and\=E, as a effects are reached for thetype HF alloys AQ>0) and
reasonable approximation. The phenomenological parametefie h-type HF alloys A Q2<0). For thee-type alloys, pres-
a in the dispersion terfii->*can be written &§ sure increases the Kondo interaction and correlation between
2 f ions (A sites,'*~*®and tends to enhance the itinerance of
- 772(—> , (35  electrons and the coherence of the systeéfiThe width of
D thef-DOS nearw=0 is broadened and the height is lowered
where the parameten is greater than 1 in order to get a Under pressure, while for tifetype alloys, the opposing ef-
metallic KL model without a real gai. fect occurs. Pressu_re decreases the Kondo mte_rgctlon and
The numerical results of tHeDOS are performed at vari- Correlation betweehions, and tends to reduce the itinerance

ous concentrations under applied pressure, shown in Fig. of f electrons and the coherence of the systéftiThe width
It is clear that no real energy gap appears in the DOS off thef-DOS nearw=0 is depressed and the height is lifted
electrons for arbitrary concentration, and metallic behavior iginder pressure.
obtained. The effective mixing parameterY)? is also calculated
On the one hand, from Fig. 1, with the increasing of theout, shown in Fig. 2, over the whole range of alloy concen-
concentratiorx, the f-DOS transforms from a Kondo impu- tration O<x=<1 under various pressures. On the one hand,
rity resonant state with a single-peak structure into a Kondavith increasing concentration of (rV)? increases linearly
coherent state with a two-peak pseudogap structure. In thand connects two well-known mean-field results, the Kondo
dilute region &—0) only a single peak appears, indicating impurity (x—0) and the Kondo latticex—1) naturally>
the local impurityf states, the system behaves as a collectioron the other hand, as shown in Fig. 2, the effect of pressure
of independent Kondo singlet on eaéhsite, and evenf  appears sensitively in the change of the effective mixing pa-
electron becomes the scattering center in the Kondo effectameter. It is in agreement with experiméft¥ qulitatively
When the concentration déions increases, the delocalization that pressure tends to promote an increase in hybridization
of thef electrons enhances due to the growing coherent scaénd the mixing parameter but a decrease in localization for
tering. After the concentration reaches a critical valhe, the etype HF alloys AQ>0), while conversely for the
=0.7, for the parameters chosen for calculation here, thé-type HF alloys AQ2<0).
curve of thef-DOS nearw=0 transforms into a concave Furthermore, we would like to give some discussion on
shape from a convex one, showing the appearance of thbe pressure effects of the Kondo temperature. The Kondo
coherent (two-peak pseudogap state. In the high- temperaturel is an energy scale, which is used to charac-
concentration regionx(— 1), thef electrons form a coherent terize the contribution to resistivity with the temperature
lattice, a global Kondo singlet occurs, and the collection ofrelation p(T)=a—bIn(T) due to the inelastic scattering of
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5.0 r , . . . . . . .
R pAQ/D = 0.10 1
4.5 - -
[ - pAQ/D = 0.05 |
40l ——pA@D=000 e i
| - pAQ/D=-005 e 1
N L - AUD =-040 e -
o 3.5 paYD=-010 e
o 3.0 FIG. 2. Pressure effect on the
= X effective mixing parameterry/)?
%\ o5 for the etype (AQ>0) and the
9 L h-type (AQ2<0) HF alloys over
20 the whole range aof under various
' pressures.
1.5
1.0 - -
0.5 " | ! | 1 | 1 | 1
0.0 0.2 04 0.6 0.8 1.0

X

conduction electrons from partially compensated local moand the expression fork reads
ments. With the decreasing of the temperature, a crossover

occurs from the incoherent Kondo impurity staiex{Ty) to
the coherent KL stateT(<Tg). Theoretically, T« can be de-
termined in the limitr—0. From the self-consistent equa-

tions, it is directly obtained that

Eo—pAQ

. 3
2No(0)V? 37

D
Tk= 1.lSk—exp< -
B

This analytic expression for the Kondo temperature is given
here explicitly as one of the important results of pressure

2 %
v do ! L effects. We would like to point out that such an expression
(N=pAQ) 7] F(“’ +1 N does not appear in the paper by Li and &iwhere the case
ex kgTk p=0 is considered and no effect of pressure is obtained.
From Eqgs.(36) and (37), it is clear that the Kondo tem-
1

X1

m
k (w—gx+i0") (w—Ef+i0")

1)

0.016 ; , . ,

(36)

peratureT is independent of the concentrati@nin agree-
ment with the experiment$:?®2° On the other hand, as
shown in Fig. 3, pressure increases the Kondo temperature
Tk for the e-type HF systemsAQ>0), which is in agree-

0.014

Q 0.012
=< FIG. 3. Pressure effect on the
e Kondo temperatureTy for the

0.010

0.008

0.006 L L L L

etype (AQ>0) and theh-type
(AQ<0) HF alloys.

-0.10 -0.05 0.00
pAQ/D

0.05 0.10
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x =0.00
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= 0.4 4
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x=1.00 1
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0.1

L
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L
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0.0 0.1 02 0.3 0.4
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K

FIG. 4. Pressure effect on the specific-heat coefficienf HF alloys forx=0, 0.4, 0.8, and 1.0.

ment with the experiments on UBg®*® CeInCy,**-*¢and

other e-type materials, while for théh-type HF systems

continues to increase monotonically Bslecreases, indicat-
ing the incoherent state of the alloy syst&hWhile in the

(AQ<0), T¢ decreases with the increment of pressureKL case k>X.), a maximum is found at a finite temperature
Some experiments also indicate that the Kondo temperatungell below T and a peak appears in eaghl curve. With

Tx seems to decrease with pressure

compounds’

in thdaype

According to the discussion about th®OS, the effective
mixing parameterrV)?, and the Kondo temperatuf®g, it
is believed that pressure does act amiaor between the

e-type HF systems and thetype HF systems unambigu-

the increasing of concentratiog the peak shifts to higher
temperature corresponding to the pseudogap structure. Gen-
erally, the maximum value of(T), found at a finite tem-
perature, is a characteristic feature of KL, which signals the
transition to the coherent state and can be assigned experi-
mentally to the effect of the periodicity of the systéRt:*

ously, in agreement with the experiments. Based on these gop the other hand, as to the effect of pressure on the
results, we would calculate the specific-heat coefficient an"s{pecific-heat coefficieng, two opposing results are shown in

the electrical resistivity to discuss the behaviors of HF sys
tem under pressure more intensively.

IV. COHERENCE EFFECTS UNDER PRESSURE

In the low-temperature region<Ty , the main contribu-
tion of the specific heat arises from the thermal activation ofreases, leading to the decrementyainder pressure. These
f electrons near the Fermi level, and the specific-heat coeffiesults are in agreement with the measurements oe-tyyge
cient y of HF alloys can be written in terms of tHeDOS

ast

y(T,pAQ,X)

1 ©
= Eké,@f dwszf(w,pAQ,x)secI?('BTw),

(39)

Fig. 4. For thee-type HF alloys A 2>0), pressure increases
the correlation betweehions and promotes the itinerance of
f electrons. The global Kondo singlet tends to be stabilized
and thef multiplet states suppressed. Then, near the Fermi
level, thef-DOS is lowered and the thermal activation de-

HF systems CeAl®° CeCy,™® UBe3,1"® and CeCySi,.'8
For the h-type HF alloys A2 <0), pressure promotes the
localization off electrons, and tends to destabilize the global
singlet state. Thé-DOS near Fermi level is lifted and the
thermal activation increases, leading to the incremeny of
under pressure. These results are opposite to those of the
e-type HF systems, as observed in YbCi{Aktc.

From experiments, accompanying the decrdaszease
of y for the e-type (h-type) HF systems is a rapid suppres-

where B=1/kgT. Then, from thef-DOS given above, the sion (enhancemeitof the T? coefficientA of the electrical
specific-heat coefficienyy can be obtained over the whole resistivity p, an increasédecreasgeof the temperature inter-
range of concentratiox under various applied pressures val over whichp=p,+AT?, and an increas&ecreaseof
(Fig. 4), the influence of pressure diy is also considered. It the temperaturd ., at which p has its maximund! 1014
is shown that whem<x., the case of Kondo impurityy(T)

Study of the electrical resistivity presents an effective ap-
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proach to reveal the effect of coherence in HF systems. Ac-

X . — w—ask—Ef—Sff
cording to the Kubo formula, the CPA expression of the elec- G y(k,p,w)=

trical resistivity can be written 4% (0—e)(0—ag—Ef—Si) —(rV)? 0
) is the matrix element of the effective medium GF for con-
_ 2€Pvg (= af duction electrons.
o(Tpx)=—55] .9 ~ 5 At T=0, the residual resistivityo(T=0,p,x)=1/o(T

=0,p,x) is calculated as shown in Fig. 5. It is found thgt
— o has a maximum within &x=<1 and approximately follows
X; [ImGee(k,p,0+i07)]% (39 the Nordheim law poocx(1—x).22252629300n the other
hand, for thee-type HF systemsp, decreases with increas-
ing pressure, corresponding to the decrease in effective mass
whereuv is the Fermi velocity() the volume of the system, due to the enhancement of itinerance and coherence of the

and system under pressutewhich is in agreement with the ob-
12 . . . | ' ' ' ' '
| P P T pAQ/D='01O i
ol /,, \\\\\ ———— pAQ/D:-OOS -
- g . —— pAQ/D=0.00 |
II' \\\\ [T pAQ/D =0.05
ol ) ‘~\\\ ....... pAQ/D =0.10 B

FIG. 6. Pressure effect on the
electrical resistivityp of Kondo
lattice  (x=1), where p,
=37h2D?Q/2e%vE and T, is the
Tmaxatp=0.
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25 . , . , . , .

FIG. 7. Pressure effect on the
coefficientA of the quadratic law
of the resistivity in unit ofA, for
the Kondo model X=1), where
A, is the value of theA at p=0.

A/A

0.0 1 1 1 1 1 1 1
-0.10 -0.05 0.00 0.05 0.10

pAQ/D

servation in UBg;,'*16 CeCy;, 1% CeCySi,,*® CeAl,,®7  but decreases the coefficiedtand expands the temperature

CelnCuy,33 %% etc, while for theh-type HF systemsp, in-  'egion in which the quadratic law appears. Because the larger

creases with increasing pressure, corresponding to the ifresence of the quadratic term in the temperature dependence

crease in effective mass due to the enhancement of Iocalizglc the resistivity accompanies the stronger coherence, these

tion and incoherent state of the system under preséus, results indicate that pressure studies on étgpe HF sys-

. . tems provide a means of tuning the onset of Kondo coher-
37 37
observed in YbAgCy™" YbCu,Si,,™ etc. In the KL case  gnee into the experimental temperature range without the

(x=1), the p-T curves are given in Fig. 6. The resistivity introduction of disorder which accompanies doptidsor
follows the quadratic lawp=po+AT? (here,po=0 when  theh-type HF systems, pressure decredkes, but increases
x=1) at low temperature and has a maximunTat,. The  the coefficientA and shrinks the temperature range for the
coefficientA (Fig. 7) and the temperatur€,,, (Fig. 8) are  quadratic law. Again, pressure acts as a mirror and leads to
strongly affected by the application of pressure. For thehe contrasting effects on resistivity between tigype HF
e-type HF systems, pressure increases the tempera@iyse  systems, such as UBe'*™® CeCy,''* CeCuSi,,*®

16 ; , . , . , :

o
= FIG. 8. Pressure effect on the
3 temperatureT 5, at which p has
|_E its maximum for the Kondo model

(x=1), whereT, is the T, at
p=0.

0.4 1 1 1 1 1 1 1
-0.10 -0.05 0.00 0.05 0.10

pAQ/D
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CeAl,%" and CelnCy,**~*and theh-type HF systems, such the specific-heat coefficient for thetype HF systems. Ac-

as YbAgCuy,*” YbCuAl*® and YbCySi, 338 companying these effects, pressure increases the temperature
Tmax @nd expands the temperature region for the quadratic
V. CONCLUSIONS law. Conversely, pressure decreases the Kondo temperature,

enhances the specific-heat coefficient, and shrinks the tem-
In this paper, the pressure effects on HF alloys are studieferature interval for the quadratic law in theype case. Our

by the application of CPA in the framework of Yoshimori- theoretical results on the HF systems can be looked on as a
Kasai model. Following Li and Qiu, the alloying effects of ynified interpretation on the opposite pressure-dependent ef-
HF systems are studied by using the SBMFA. The density ofects, observed in UBg, CeCy, CeCuySi,, CeAl, and
states of electrons, the Kondo temperaturg, the specific- CelnCy (the e-type HF systemsand YbAgCu, YbCUAI,
heat coefficienty, and the electrical resistivity are obtained and YbCySi, (the h-type HF systems Although, it is
in our CPA formalism for both the-type HF alloys and the \idely accepted that pressure acts qualitatively as a mirror
h-type HF alloys. It is found that with the increasing of the petween Ce-based, U-based, and Yb-based compdtrftis,
ion concentration, as pointed out by Li and Ghthe system  fyrther experiments are required to determine to what inten-

Fransforms from a Kondo impurity vyith single-peak structuresijty and to what extent thé-type HF systems are mirror
into a coherent Kondo lattice with two-peak pseudogapmages of theire-type counterparts.

structure. Accompanying this transformation, a peak appears

in the specific-heat coefficient, and it shifts to higher tem-

perature by increasing doping. On the other hand, pressure ACKNOWLEDGMENTS

tends to enhance the itinerance and coherence of the system
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