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Calculation of the exciton spectrum of YBgCus0- using the intermediate exciton theory

Dietmar Wechsler and Janos Ladik
Chair for Theoretical Chemistry, Friedrich-Alexander-University, Erlangeriderg, Egerlandstrasse 3, D-91058 Erlangen, Germany
(Received 25 June 1997

Starting from the correlation correctéquasiparticlg band structures of the Cy@®lane and the CuO chain
(always including the apical oxygen atprof YBa,Cu;O; we have calculated the exciton spectra of both
systems. For this the intermediate exciton theory was applied in its first-principles form. This leads to a
Green's-matrix equation for the determination of Egeexciton energies. We have applied in the denominator
of the Green’s-matrix quasiparticle one-electron energies instead of the Hartree-Fock ones. In this way we have
found very good agreement with experiment for the calculated exciton energies of theplan€(theoretical
values 4.4-5.7 eV, experimental values 4.5-5.5).eNurther there is a reflexion spectrum peak of
YBa,Cu;0Og ¢ at 8.0 eV which agrees well with our results obtained for the exciton energies of the chain.
[S0163-18297)06945-3

I. INTRODUCTION II. METHOD

The intermediate exciton theory was introduced in a
In a previous papémwe computed the Hartree-Fo¢kF)  simple form by Takeutf and was put for infinite chains into
band structures of the CyOplane and Cu-O chain in afirst-principles form by Suhd? Since he wanted to apply it
YBa,Cu;O,. In both calculations the apical O atom in the first of all for quasi-1D systems, he formulated his theory in
BaO plane was included and the two subunits of the “123"terms of well Iocalize(_j Wannier fungtioﬁg.'l'his has proven
were treated in a mutually consistent wéie charges ob- to be adyantageou; in the calculation of th(_a occurrlng_two—
tained from the plane calculation were used as an input in th8/€Ctron integrals. Since, however, we were interested first of
chain calculation and vice versa, until mutual consistenc Il'in palculaﬂ_ons for 2D systems, and in this case for the
was reached The calculated subunits were imbedded in a annier fl_mcu_ons we could not localize well, we had to use
three-dimensiondBD) infinite Madelung potential, in which the f(_)rmahsm n r_euprocaﬂk) space. )
the charges of the Cu and O atoms were changed at each Wlthout_repeatmg the_fulllderlvanon of Ref. 19knspace
) . . : : - Wwe can write for the excitonic wave function
iteration step together with their charges in the directly cal-
culated subunit§self-consistent-field Madelung potentigl
For the infinite 3D summation of the charges in the Made— Pq= E 5k17k2,qle,kzalzl,cblz,ﬂ¢0>- (1)
lung potential, Ewald’s methddvas used. Finally applying ki.ka
the inverse Dyson equation in its diagonal approximétion t . .
and using for the self-energy the/Mar-Plessét many-body Here the operataay  creates an electron in the unoccupied
perturbation theory in second order, the HF band structureBart of the partially filled conduction band with the quasimo-
were corrected for correlatifn (for further details, see Ref. mentumk, bl2,3d is a hole in one of the low-lyingl bands
1. with quasimomentunk,, andq is the quasimomentum of
The obtained correlation corrected band structures agreifie exciton. The Kroneckes expresses the momentum con-
quite well with the photoelectron spedtrd’ and with the  servation and¢) is the ground state of the systeimclud-
bands in the valence region above8 eV calculated with ing correlation.
local-density-functional method$-6 It should be pointed From Eg. (1) taking into account the expressions kn
out, however, that the local-density-approximation calculaspace of the electronic Hamiltonidt,, the hole oneHy,,
tions have not provided any further Cut3vands below and the electron-hole interaction operakty, the Hamil-
—8 eV. On the other hand, resonant photoemission measurenianH will be
ments have found a Cud3satellite around—9.4 eV}’
which agrees well with the four very narrow bands in our H=Ho+Hp+Ho_p, )
correlation corrected band structure for the Gualane(see
Fig. 6 in Ref. 1. The other experimentally found satelfife (in complete analogy to Suhai’s formulation working in di-
of —12 eV agrees also well with our narrovd dands in the  rect spac¥ because of the application of the Wannier func-

band structure of the CuO chafsee Fig. 7 of Ref. 1L tions). FromH one can derive the equation
The purpose of the present paper is to report first- o A
principles intermediate exciton calculations for excitations Yq=[Eq— (HetHp) 1 *Heniy. 3

from the above-mentioned four narrow Cd-®ands to the
unfilled regions of the conduction band of the plane and th&ubstituting Eq(1) into Eg. (3) one obtains for the coeffi-
chain, respectively. cientstl,k2 the equation
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FIG. 1. The exciton energids, (full curves — as a functiory
in the case of the CuQplane for excitations from the four low-
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FIG. 2. The same as in Fig. 1, but in the case of the CuO chain.

lying narrow 3 bands. The broken line --- indicates the minimal are the usual two-electron integrals between HF crystal or-

quasiparticle energy difference between the concernidgb&nd
and the Fermi leveE, [all bands, the four 8's, and the conduction
band(No. 13, are counted from the bottom of Fig. 6 in Ref. 1

1
D, k,= O,k
! /d _ QP oP
1:K2 17 K2 Eq 8k1,0+8k2,3d
— ky kgko kgy
. zr B —ky .l ki W(c g 3q ¢) ~€xChy .
ky ko

(4)

Equation(4) can be put, using the relations=(kq,k5), ]

=(ky,k3), in the matrix form
Q=G-V-Q,
(Qi=Qy, k) 5

Here

(6)

0, otherwise,
and

kg kgrka kg
cadladcC

Vi = —[W( )—exch]. (7)

The integrals

WK K0 = K1) 21 12 521 83 )

®

bitals, which were already applied in our previous pagper

the calculation of the correlation corrected band structures
[for their accelerated calculation see the remarks afte(®q.

of Ref. 1. It is important to mention that according to our
previous experienégin Eq. (6) not the HF one-electron en-
ergies, but the correlation corrected quasiparticle one-
electron energies have to be substituted to obtain good agree-
ment with experiment. The condition of the nontrivial
solution of the system of equatiofs) is

€)

The solution of Eq.9) provides then the exciton energies
Eq. For this purpose we have looked after the sign change of
the determinant between each energy diﬁeren{%ﬁ’c

- stZF”gd . The corresponding energy region was scanned with
a grid of AE<10 2 eV. In this way taking into accouri;
—k,=q differences we have obtained the exciton energies
Eq (measured from the correlated ground stdie the dif-
ferent excitations.

|GV—1|=0.

Ill. RESULTS AND THEIR DISCUSSION

Figure 1 shows thé&, values for excitations from one of
the four A bands to the unfilled parts of the conduction band
in the case of the Cu{plane as a function af. One can see
that the exciton energieg, lie between 4.4 and 5.7 eV.
These values are by 3.4-4.4 eV smaller than ﬁﬁ’;csc

—ss:w guasiparticle one-electron energy differen¢esci-

ton binding energigs
In the case of the chain as one can see from Fig. Ethe
values lie higher between 6.4 and 7.7 eV, which are by
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~3.5 eV smaller than the corresponding quasiparticle energghows one maximum at 5.0 eV and another gwéh an
differences. If one compares the calculated exciton energiednset at 7 eY at 8.0 eV>* The first value falls into the

E, in the case of Cu@with the experimental exciton spec- calculated exciton energy region of the plade4—5.7 eV,

trum of 12322 one finds that the theoretical values of 4.4—5.7the second one agrees reasonably well with our CuO chain
eV agree quite well with the absorption peak 4.5-5.5 eVresults(6.4—7.7 eVY. We intend to apply these results for
(Ref. 22 (which they classify as a charge-transfer transjtion the calculation of the main characteristics of the supercon-
Since this peak is quite high it has to do with a dipole-ducting state of 123.

allowed transition. This should be also the case, because the

transitions occur between Cuwd3bands and a conduction

band which consists mainly of Cupdand C-2 orbitals. ACKNOWLEDGMENT
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