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Pressure effects on the optical conductivity of Kondo insulators

Sun Zhang
Department of Physics, Nanjing University, Nanjing 210093, China

~Received 18 December 2000; published 4 May 2001!

The effects of pressure on the optical conductivity of Kondo insulators are studied in the framework of the
slave-boson mean-field theory under the coherent potential approximation. A unified picture is presented for
both the hole-type Kondo insulators@H. Okamuraet al., Phys. Rev. B58, R7496~1998!# and the electron-type
Kondo insulators@B. Bucheret al., Phys. Rev. Lett.72, 522~1994!#. The density of states off electrons under
the applied pressure and its variation with the concentration of the impurity doping are calculated self-
consistently. The Kondo temperature and the optical conductivity are obtained, in agreement with the experi-
ments qualitatively. The two contrasting pressure-dependent effects for the hole-type Kondo insulators and the
electron-type Kondo insulators are also given as predictions for further observations.
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I. INTRODUCTION

In recent years, many works have been focused on a c
of strongly correlated materials, so-called Kon
insulators1–14 such as Ce3Bi4Pt3,4,5 SmB6,6 and YbB12 @Ref.
7# etc. Generally speaking, Kondo insulators, or Kon
semiconductors are heavy-fermion compounds with insu
ing ground states, which contain rare earth (4f ) or actinide
(5 f ) elements, and exhibit very narrow energy gaps (Eg),
typically 10–100 K, at low temperature. At higher tempe
ture, especially above a characteristic temperature, Ko
temperature (TK), Kondo insulators behave as local-mome
metallic systems.1,3 In various models based on the Anders
lattice Hamiltonian,12–14 these distinguished properties
Kondo insulators are explained as results of the hybridiza
of f electrons and conduction electrons (c electrons! by
strong-correlation effects.

In order to get information on the microscopic mechani
of the gap formation of Kondo insulators, infrared micr
wave measurements are used to address the cr
points.15–19 The experiments of the infrared reflection a
the optical conductivity on Ce3Bi4Pt3,19 SmB6 @Refs. 15–17#
and YbB12 @Ref. 18# present the picture of low-energy exc
tations and the main feature of the gap formation of Kon
insulators. At high temperature, the spectrum is still metal
showing the temperature-dependent hybridization gapEg di-
minished with increasing temperature.18,19While at low tem-
perature, a significant amount of spectral weight~integrated
conductivity! is strongly depleted from the low-frequenc
region. The spectrum is typical of an insulator~semiconduc-
tor! with an energy gap.18 The extrinsic effects, including
defects and impurities, also become dominant at lo
temperature region,19 and the gap formation would be influ
enced by them.

The characteristic behaviors of the gap formation and
optical conductivity of Ce-based Kondo insulator Ce3Bi4Pt3
@Ref. 19# are very similar to those of Yb-based Kondo ins
lator YbB12.18 Without pressure, these behaviors, shared
the two representative Kondo insulators, are likely to be u
versal optical features of Kondo insulators. On the ot
hand, from the pressure-dependent measurements
Ce3Bi4Pt3,10 SmB6,9 and YbB12,11 pressure appears to su
0163-1829/2001/63~22!/224402~8!/$20.00 63 2244
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press the gaps of Sm-based and Yb-based Kondo insula
while just the opposite effect for Ce-based Kondo insulato
So the optical behaviors of these two kinds of Kondo ins
lators will be different under pressure. Although it is a ve
important and interesting problem, to the best of our kno
edge, very few works have been performed for the press
effects on the optical conductivity of Kondo insulators bo
in theories and in experiments. Theoretically, the cen
question of pressure effects on Kondo insulators is how p
sure modifies the many-body effects that determine the
velopment of the gap.20,21 The pressure-dependent behav
may arise from the cell-volume difference betweenf configu-
rations due to the valence fluctuation character of thef ions
and their valence variations with pressure. Pressure fa
the f configurations with smaller volume. On this basis, w
develop a theory of pressure effects on the optical cond
tivity of Kondo insulators, using the slave-boson mean-fie
approximation ~SBMFA! for the Anderson lattice mode
~ALM !. Especially, the effect of impurity is considered
well as the volume effect, to establish the theory.

The rest of this paper is organized as follows. In Sec.
we formulate the impurity scattering within the mean-fie
approximation of ALM and introduce the volume variable
describe the pressure influence via thef valence fluctuation,
originating from the hybridization betweenf electrons andc
electrons. Then the spectral function of single-parti
Green’s function ~GF! is obtained using the coheren
potential approximation~CPA! method. In Sec. III, the self-
consistent calculations onf electron’s density of state
( f -DOS! and the optical conductivities are performed n
merically. We attempt to explain and compare two differe
pressure effects on Ce3Bi4Pt3 , SmB6, and YbB12. Finally,
our results are summarized and discussed in Sec. IV.

II. IMPURITY MODEL AND CPA FORMALISM

The impurity effect of Kondo insulators discussed in th
paper can be looked as disorder doping on the conduc
band.22 As an appropriate starting point for discussing dop
Kondo insulators, we introduce a random scattering poten
for the conduction electrons into the nondegenerate And
son lattice model with a half-filled conduction band.21,23The
©2001 The American Physical Society02-1
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random variable in the lattice sitel is defined by

j l5H 1 for l PA,

0 for l PB,
~1!

whereA~B! is the lattice cell with~without! a scattering po-
tential. Note that the random averagej l

25j l5x, wherex is
the normalized concentration ofA ~impurity doping! atoms.

The Hamiltonian of ALM is given by

H5(
ks

@«kcks
† cks1E0f ks

† f ks#1V(
ls

~cls
† f ls1 f ls

† cls!

1
1

2
U(

ls
f ls

† f ls f l s̄
†

f l s̄ , ~2!

wherecks (cls) and f ks ( f ls) are operators in Bloch~Wan-
nier! representation for the conduction~c! electrons and lo-
calized f electrons, respectively.«k is the band energy ofc
electrons from the Fermi level andE0 the energy off elec-
trons on B sites. V represents thec-f mixing parameter,
while U the on-site Coulomb repulsion between two ele
trons with the opposite spin.s gives the spin index.

If we introduce the scattering potentialW for c electrons
into the model,22 the Hamiltonian becomes

H5(
ks

@«kcks
† cks1E0f ks

† f ks#1(
ls

j lWcls
† cls

1V(
ls

~cls
† f ls1 f ls

† cls!1
1

2
U(

ls
f ls

† f ls f l s̄
†

f l s̄ . ~3!

In the strong-correlation limitU→`, double occupation on
B sites is strictly forbidden. The Coleman’s24 slave-boson
operatorbl is introduced in thec-f mixing term instead of
Coulomb repulsion part in Eq.~3!. So the Anderson lattice
Hamiltonian can be written in the slave-boson formalism

H5(
ks

@«kcks
† cks1E0f ks

† f ks#1(
ls

j lWcls
† cls

1V(
ls

~bl f ls
† cls1cls

† f lsbl
†!

1(
l

l l S (
s

f ls
† f ls1bl

†bl21D , ~4!

where a constraint due to infiniteU

(
s

f ls
† f ls1bl

†bl51 for l PB, ~5!

is added with the Lagrange multiplierl l . This constraint
prevent the double occupancy off level on theB sites.

In order to consider the effects of pressure, let us int
duce the total volume operator. In pure Kondo insulators,
most typical valence-fluctuation ions Ce, Sm, and Yb c
exist in two valence states:25 One is a singlet,f n( j 50) with
zero j; the others are the magnetic multiplet statesf n21( j ,
2m) and f n11( j ,1m) with nonzeroj. The weak hybridiza-
22440
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tion of conduction electrons with the localf electrons causes
the valence to fluctuate by the following changes in t
f-shell occupation:

f n21~ j ,2m!
 f n~ j 50!1h1~ j ,m! for Sm and Yb,
~6!

f n11~ j ,1m!
 f n~ j 50!1e2~ j ,m! for Ce. ~7!

In terms of Coleman’s slave-boson technique,24

bl
†u0& l5u f n: j 50& l , ~8!

f †u0& l5u f n61: j ,6m& l , ~9!

where the singlet state off ions for a sitel is represented by
a slave-boson fieldbl and the magnetic multiplet statesf n21

and f n11 by a fermion. The fermion is a holeh1 for Sm, Yb
and an electrone2 for Ce, respectively. Considering the ce
volume differenceDV5V12V0 between twof configura-
tions, we can write down the total volume operator as20

V t5(
l

V l5(
l

@bl
†blV01~12bl

†bl !V1#, ~10!

where V0 and V1 are the cell volume for the single
f n (bl

†bl51) and the multiplet statesf n61(bl
†bl50), respec-

tively. Evidently, DV is either negative for the cells with
hole-typef ions ~Sm and Yb! or positive for the cells with
electron-typef ions ~Ce!. Since, the more electrons occupyf
orbits, the larger the ionic radius is.

In the case of impurity, we can express the total volu
operator of doped Kondo insulators system in terms of r
dom variablej l as21

V t5(
l

$j lVL1~12j l !@bl
†blV01~12bl

†bl !V1#%,

~11!

whereVL is the cell volume of an impurity site (A site!, V0

and V1 are the cell volumes of aB site in singletf n(bl
†bl

51) and multipletf n61(bl
†bl50) states, respectively.

In the SBMFA, the operatorbl and constraint~5! are re-
placed by their mean-field values with the ansatz:r 5^bl&
andl l5l for all B sites. Then the mean-field Hamiltonian

H5(
ks

@«kcks
† cks1Ef f ks

† f ks#1(
ls

j lWcls
† cls

1rV(
ls

~ f ls
† cls1cls

† f ls!1Nsl~r 221!, ~12!

whereEf5E01l is the renormalizedf level of B atoms. We
have to solve the disorder slave-boson mean-field Ham
tonian ~12! for arbitrary concentrations of the impurity b
means of a nonperturbative approach, the CPA. Here we
the relationx5Ns

21( lj l , andNs is the number of sites in the
system.

The idea of CPA is to replace the disorder scattering
tential by a translational invariant but frequency-depend
coherent potential of the effective medium.26,27The coherent
2-2
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potential for ac-f mixing model such as ALM should b
assumed as a 232 matrix21,23

S~v,x!5S Scc Sc f

Sf c Sf f
D . ~13!

The effective medium Hamiltonian can be written in the m
trix form

H̄5(
ks

~cks
† f ks

† !S «k1Scc Sc f

Sf c Ef1Sf f
D S cks

f ks
D 1Nsl~r 221!.

~14!

In Bloch representation, the matrix of the medium GF
determined by (v2H̄)21 in the space of basis vecto
(cks , f ks) and reads

Ḡ~v,k!5
1

Bk
S v2Ef2Sf f Sc f

Sf c v2«k2Scc
D , ~15!

with

Bk5~v2«k2Scc!~v2Ef2Sf f !2Sc fSf c . ~16!

From Eq.~15!, we obtain the average site GF of the effecti
medium

F~v!5
1

Ns
(

k
Ḡ~v,k!5S Fcc~v! Fc f~v!

F f c~v! F f f~v!
D . ~17!

The only remaining thing is to determine the cohere
potentialS(v,k), which can be obtained by solving the se
consistent equations of the CPA. In the single-site CPA,
potentialS(v,k) has to be determined in such a way, that
an average, the scatteringt matrix for the difference betwee
potentials of the disorder system and the effective med
vanishes on each site. According to Yonezawa,27 this re-
quirement is equivalent to a self-consistent equation
single-site CPA

xtA1~12x!tB50, ~18!

where tA and tB are the scatteringt matrices forA and B
atoms, respectively.

tA(B)5VA(B)@12F~v!VA(B)#
21, ~19!

with scattering potential ofA and B atoms between the ef
fective medium and our disordered system

VA5S W2Scc rV2Sc f

rV2Sf c 2Sf f
D , ~20!

and

VB5S 2Scc rV2Sc f

rV2Sf c 2Sf f
D . ~21!

Substituting Eqs.~20! and ~21! into Eq. ~18!, we can find a
analytic solution of the coherent potential
22440
-

t

e

m

n

S~v,x!5S Scc rV

rV 0 D , ~22!

whereSf f50, Sc f5Sf c5rV and only the matrix elementScc
is unknown. At the same time, the self-consistent CPA eq
tion ~18! can be written as

FccScc
2 2WFccScc1Scc2xW50. ~23!

Then, the average site GFs are expressed as

Fcc~v!5
1

Ns
(

k

v2Ef

~v2«k2Scc!~v2Ef !2~rV !2
, ~24!

Fc f~v!5F f c~v!5
1

Ns
(

k

rV

~v2«k2Scc!~v2Ef !2~rV !2
,

~25!

F f f~v!5
1

Ns
(

k

v2«k2Scc

~v2«k2Scc!~v2Ef !2~rV !2
. ~26!

The parameters of SB,r and l, can be determined by th
extreme values of the grand canonical free enthalpy’s va
tions~or simply, by Hellmann-Feynman theorem!. The grand
canonical free enthalpy of the disordered Kondo system
der pressurep is

K52b21 ln ZMF , ~27!

where

ZMF5Tr$exp@2b~H̄1pV t2mNt!#%

[Tr$exp@2b~He f f2mNt!#%. ~28!

It is easy to write down the effective Hamiltonian of th
SBMFA,

He f f5(
ks

@~«k1Scc!cks
† cks1Ef f ks

† f ks

1rV~ f ks
† cks1cks

† f ks!#1xNspVL1Nsl~r 221!

1~12x!Nsp@V01~12r 2!DV#. ~29!

From the variation with respect tol,

05
dK

dl
5 K ]He f f

]l L
T

5Ns~r 221!1(
ks

^ f ks
† f ks&T ,

~30!

we get the equation including parameterr,

12r 25
1

Ns
(
ks

^ f ks
† f ks&T

52
2

pE2`

`

dv f ~v2m!Im F f f~v1 i01!. ~31!

And the same procedure tor,
2-3
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05
dK

dr
5 K ]He f f

]r L
T

5V(
ks

~^cks
† f ks&T1^ f ks

† cks&T!

12Nsr @l2~12x!pDV#, ~32!

implies another equation,

@l2~12x!pDV#r 52
V

2Ns
(
ks

~^cks
† f ks&T1^ f ks

† cks&T!

5
2V

p E
2`

`

dv f ~v2m!Im F f c~v1 i01!,

~33!

where we have usedF f c(v)5Fc f(v), andf (v) is the Fermi
distribution function. The chemical potentialm can be ob-
tained from the conservation of the total number of the p
ticles

Nt52
]K

]m
5~22x!Ns , ~34!

where we have assumed that there is only one conduc
electron per site for the disordered Kondo system. Equa
~34! can be rewritten as

~22x!52
2

pE2`

`

dv f ~v2m!Im@Fcc~v1 i01!

1F f f~v1 i01!#. ~35!

Within SBMFA, the averaged cell volume is21

V̄ l5xVL1~12x!@V01~12r 2!DV#, ~36!

where

DV[V12V0 . ~37!

Since the pressure always decreases the averaged cel

ume V̄ l , for the electron-type Kondo insulators, such
Ce3Bi4Pt3 , DV.0, pressure will lead to the increasing
r 2. For the hole-type Kondo insulators, such as SmB6 and
YbB12, an opposite effect exists sinceDV,0.

Eqs. ~23!–~26!, ~31!, ~33!, and ~35! constitute a set of
self-consistent equations, which can be used to determine
coherent potentialScc(v,x) and the electronic DOS o
Kondo insulators with arbitrary impurity concentrations u
der various pressures.

III. THEORETICAL ANALYSIS AND DISCUSSION

The f-DOS of Kondo insulators under pressure is defin
by the imaginary part of the effective-medium GF,F f f(v),

Nf~v,pDV,x!52
1

p~12x!
Im F f f~v1 i01!, ~38!

whereF f f(v) can be calculated self-consistently from Eq
~23!, ~26!, ~31!, and~33! by numerical method. In the calcu
lations, the unperturbed DOS of conduction electronsN0(v)
is assumed as
22440
r-

on
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N0~v!5~1/2D !Q~D2uvu!, ~39!

whereQ(x) is the step function andD the half-width of the
conduction band.

The numerical results off-DOS and the Kondo tempera
tureTK are shown in Fig. 1 and Fig. 2, respectively. Press
enhances Kondo interaction, hybridization gap, andTK for
the electron-type Kondo insulators (DV.0) and, on the
contrary, suppresses them for the hole-type Kondo insula
(DV,0). On the other hand, it is also clear that an impur
band emerges within the gap near the edge of the lo
band, and the band is broadened with increasing of the c
centrationx. It is very different from the case of dopin
Kondo holes into Kondo insulators,23 where the impurity
band emerges near the Fermi level. In our case here,
Kondo temperatureTK is dependent not only on the pressu
but also on the impurity concentration. From Fig. 2,TK in-
creases with increasing concentrationx.28 This is another be-
havior apart from Kondo insulators by doping Kondo hole
where the Kondo temperature is independent ofx according
to the experiments.29,30

Based on the calculation of the optical conductivity
Kondo insulators, we will give some theoretical explanati
on the experimental data for Ce3Bi4Pt3,19 SmB6,15–17 and
YbB12.18 Although, to the best of our knowledge, there a
no experimental results about the pressure effect on it,
would like to make some theoretical predictions here.

According to the Kubo formula,31 ~the real part of! the
optical conductivity for an isotropic system is determined
the current-correlation function

s r~v,T!5Res~v,T!52Im
1

v
^^ j zu j z&&v, ~40!

where

j z5e(
ks

vkzcks
† cks , ~41!

is the component of the current operator along an arbitr
directionz, and\vk5]«k /]k, the velocity of the conduction
electron with wave vectork and energy«k .32 The bar in Eq.
~40! means an average over the randomness due to the
purity doping. Only the contribution of conduction electro
to the current is taken into account. Then after some sim
derivation, the optical conductivity of our system reads33

s~v,p,T!5
2e2vF

2

3p\2 E2`

`

dn(
k

@ Im Ḡcc~k,p,n1 i01!

3Im Ḡcc~k,p,v1n1 i01!#
@ f ~n!2 f ~v1n!#

v
,

~42!

wheres r is written ass for simplicity andvk approximated
by the Fermi velocityvF due to the isotropic system.32 In the
framework of CPA, we have used the effective-medium G
Ḡcc(k) to express the disorder GF̂̂cksucks

† &&v.
2-4
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FIG. 1. Pressure influences on thef-DOS of Kondo insulators for impurity concentrationsx50.00, 0.01, 0.03, and 0.05, respectively. T
parameters for numerical calculations areV250.2D2, E0521.2D, andW50.7D.

FIG. 2. Pressure dependenc
of the Kondo temperatureTK for
two types of Kondo insulators
with concentrations x50.00,
0.01, 0.03, and 0.05, respectively
The parametersV2, E0, andW are
the same as those in Fig. 1.
224402-5
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The numerical results for the optical conductivity a
given in Fig. 3. All the results are normalized to the condu
tivity s0[ limv→0 Res(v) at Kondo temperatureTK , and
both the pressure effect and the impurity effect onTK are
considered. It is explicit that there are two peaks for ev
curve. One is centered atv50 presents the Drude-like pea
of the conductivity at low frequencies due to the therm
activated behavior; The other peak is the IR peak due to
low-energy transitions of conduction electrons within the i
purity band.18 In Fig. 3~a!, the doping concentration is fixe
as x50.01 without pressure. With the increasing tempe
ture, the Drude-like peak at small frequencies increases
reaches the maximum at temperatureTK . While, due to the
decoupling ofc electrons andf electrons with increasingT,
the hybridization energy gap intends to disappear and
system would transit to a metal. The IR peak displays r
shift to low frequencies18,19 and vanishes atT5TK . On the
other hand, in Fig. 3~b!, x50.01, and the temperature is fixe
at T50.25TK . Under applied pressure, theh-type Kondo
insulators~such as SmB6 and YbB12) are strikingly different
from thee-type Kondo insulators~such as Ce3Bi4Pt3). Pres-
sure favorsf configuration with smaller volume, and sup
presses the hybridization gap forh-type Kondo insulators.
Then they tend to behave like a metal more easily and the
peak displays redshift to lower frequencies under press
while, the opposite effects fore-type Kondo insulators lead
IR peak to blueshift to higher frequencies under pressure

FIG. 3. The optical conductivity of Kondo insulators with im
purity concentrationx50.01 for ~a! different temperatures withou
pressure and~b! different pressures atT50.25TK .
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Though the optical conductivity indicates th
temperature-dependent features of gap from the anal
stated above, the experimental results also show s
temperature-independent behaviors in a large-temperatur
gion without pressure.18,19 After calculating on thes(v)
from x50.01 tox50.16 @Fig. 4~a!#, we find that due to the
increasing doping concentration, the IR peaks are broade
and smeared out at different temperatures. All the pe
seem to be gathered@Fig. 4~a!#. When pressure is applied, fo
the h-type Kondo insulators, the IR peaks also intend to
gathered; but for thee-type Kondo insulators, the IR peak
can be distinguished clearly for different pressures@Fig.
4~b!#. These might imply that the impurity effect could lea
to an almost temperature-independent, but press
dependent gap behavior for Kondo insulators, especially
the e-type Kondo insulators. Reasonably, that is respons
for the anomalous behavior of temperature dependence
Kondo insulators in experiments,18,19 and also gives some
suggestions on the pressure-dependent observations in
ther measurements.

The optical sum rule provides a formula to calculate t
number of charge carrier upon the gap formation,19

E
0

`

s~v,T!dv}
1

m*
n~T!, ~43!

FIG. 4. The optical conductivity of Kondo insulators with im
purity concentrationx50.16 for ~a! different temperatures withou
pressure and~b! different pressures atT50.50TK .
2-6
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wherem* is the effective mass for free electrons. For Kon
insulators,c electrons, andf electrons are coupling~i.e., c-f
mixing!, the effective mixing strength is dependent on te
perature and pressure. If we take these factors into acco
Eq. ~43! can be written as

E
0

`

s~v,p,T!dv}
1

m*
n~p,T!

5
1

m*
@n0~p,TK!1Dn~p,T!#, ~44!

wheren0 is the number of conduction electrons atT5TK ,
andDn the change of free electrons due toc-f mixing. Then,

Dn~p,T!

m*
}E

0

`

s~v,p,T!dv2E
0

`

s~v,p,TK!dv,

~45!

where, we have used

n0~p,TK!

m*
}E

0

`

s~v,p,TK!dv. ~46!

For impurity concentrationx50.01, the results are show
in Fig. 5. In the calculation, the integral is cut atv/D51,
because only low-energy excitations near Fermi levelEF are
considered, leading to a reasonable conditionv<D, mean-
while, s(v,p,T) at different temperatures and pressures

FIG. 5. Temperature dependence of the change of free elec
Dn from 0 K to TK under various pressures,n0 is the number of
free electrons atTK .
22440
-
nt,

e

almost the same atv5D. The influence by pressure is als
considered forTK . From Fig. 5,Dn is negative belowTK
andn increases with a rise inT.18 Due to the conservation o
the total electrons, the depletion of conduction electronn
~i.e., 2Dn) should equal the increase of the localized ele
trons, that is

Dnlocal52Dn. ~47!

On the one hand, from the results above, the number of
calizedf electrons decreases with increasingT. The electron
localization becomes weaker due to the smaller gap at
hanced temperatures. AtT5TK , Dnlocal disappears, indicat-
ing the system undergoes a transition from a Kondo insula
to a heavy-fermion metal. On the other hand, to the effec
pressure,Dnlocal for the h-type Kondo insulators (DV,0)
is always less than thee-type Kondo ones (DV.0), it indi-
cates that, at the same temperature, anh-type Kondo insula-
tor can transit to a metal more easily than ane-type Kondo
insulator under pressure. It is the same as the result
f-DOS. We suppose that the pressure dependent effect o
charge carrier may be observed experimentally, as the
periments of neutron scattering5 and magnetic susceptibility4

for the temperature dependence.

IV. CONCLUSIONS

In this paper, the pressure effects on the optical cond
tivity are studied by using the single-site CPA in the fram
work of slave-boson mean-field theory. Thef-electron den-
sity of states (f -DOS!, Kondo temperatureTK , and the
optical conductivity are obtained in our CPA formalism f
bothh-type Kondo insulators ande-type Kondo insulators. It
is found that impurity band emerges within the gap near
edge of the lower band, and the hybridization gap intend
disappear with increasing temperature. The system wo
transit to a metal. The IR peak of the optical conductiv
redshifts and vanishes atT5TK . At a moderate doping (x
50.16), the optical conductivity seems to exhibit
temperature-independent gap behavior. All these can be
to interpret the experimental results, which imply that t
incoherent scattering of charge carrier within a Kondo imp
rity system is the crucial factor of the low-energy optic
transport process.19 On the other hand, pressure suppres
Kondo interaction and hybridization gap for ah-type Kondo
insulator. It tends to transit to a metal more easily than
e-type Kondo insulator and the IR peak of the optical co
ductivity redshifts under pressure. Conversely, pressure
motes Kondo interaction and hybridization gap for ane-type
Kondo insulator, and the IR peak blueshifts under press
The numbers of the conduction electrons and the local e
trons are also discussed, which are in agreement with
results stated above. Although, there are almost no meas
ments on the pressure dependence of the optical condu
ity, we have given some results theoretically, which might
realized in experiments before long.
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