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Department of Physics, Tohoku University, Sendai 980, Japan 

Abstract. -We have analysed Cu 2pXPS and 3p resonant XPS spectra of (LaxSrl-x)2 Cu04 (LaCuO), consistently by 
using the impurity Anderson model. To take account of the symmetry of Cu site, five filled valence bands are introduced. 
Comparison between LaCuO, YBa2Cu307-6 and CuO is also made. 

1. Introduction 

So far the meclianism of high T, superconductiv- 
ity in (LaxSrl-,), CuOe (LaCuO) and YBazCusO.i.-s 
(YBaCuO) has been studied [I]. Photoemission study, 
in particular, resonant XPS, is one of the most direct 
way to obtain information on electronic states. Our 
purpose is to analyse consistently the Cu 3p resonant 
XPS [2] and 2p XPS [2] by using the impurity An- 
derson model with five filled valence bands. The sin- 
gle filled band version [3] of this model have already 
succeeded in describing the photoemission spectra of 
the Ce compounds. As it is well-known that the pho- 
toemission spectra of LaCuO and YBaCuO resemble 
those of CuO [4] in many respects, comparison between 
them is also a major subject. 

2. Model 

We concentrate on the Cu site on the so-called CuOz 
plane which is commonly contained in LaCuO and 
YBaCuO. We describe the system by using the im- 
purity Anderson model so as to take account of the 
strong electron correlation on Cu atom. It is given by 

In equation (I), r represents the symmetry of the Cu 
3d orbital states, AI, B1, B2 and E, which are irre- 
ducible representations in the Dqh point group symme- 
try, and the first term describes the valence band states 
(with the band width Wr) which couple to Cu 3d 
states. This treatment of the valence band is an exten- 
sion of the filled band Anderson model [3] to take ac- 

count of the symmetry of Cu 3d state in a phenomeno- 
logical way, where the emphasis is put on the effect 
of the local symmetry of oxygen atoms around the Cu 
atom, but the translational symmetry of oxygen atoms 
in the relevant crystal is not literally taken into ac- 
count.. The index k, which corresponds to the wave 
number in the radial direction, describes the energy 
distribution in each I' band. The second, third and 
fourth terms describe the 3d states, the d-d Coulomb 
repulsion and the hybridization, respectively. The fifth 
term is a core hole potential acting on 3d electrons. 

Even when the holes are doped to LazCuOl, for ex- 
ample, its effect on Cu 2p-XPS and the valence band 
XPS (v-XPS) as a first approximation seems to be 
negligible [2]. We assume nominally divalent Cu ions 
in the CuOz planes and assume that the hole state 
of those Cu ions is of B1 (z2 - y2) symmetry in the 
ground state, which is natural in explaining the easy 
plane of the spins. We describe the ground state of the 
system by a linear combination of d9 and ~ ' O L  electron 

configurations: 

Id9 (r)) = dr \dl0) (2) 

and I ~ ' O L  - (r, k)) = ark 1 dl0) , (3) 

where I? = B1 and /dl0) describes the state where both 
of d level and valence bands are occupied fully. The 

average energy difference E (dl0? (I?)) - E (d9 (I')) in 
the limit of vanishing Vr is defined as Ar. 

The states (2) and (3) describe also the final states 
of 2p-XPS. In the case of v-XPS, the final states are 
described by the states which are obtained by anni- 
hilating a d electron or a valence band electron from 
the states (2) and (3). The intermediate state of the 
resonant XPS is /d l0) .  

3. Calculated results 

We take ~ r k  = ~ d r  - Ar + Wr/2 - Wr ( k  - 112) /N 
for k = 1 N with a finite number N, so that the 
wave functions are described by a finite number of the 
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basis wave functions. Therefore we can diagonalize 
the Hamiltonians numerically. We take ~ d r  = ~d (a 
constant) for all l? 's. 

Figure 1 shows a calculated result of 2p-XPS with 
A (B1) = 2 eV, V (B1) = 2.5 eV and W (B1) = 5 eV. 
Except the observed multiplet structure which is not 
taken into account in our calculation, it reproduces 
well the observed peak separation in energy and the 
intensity ratio, I,/I,, between the main and satellite 
peaks. 

up to 7 eV. Although the satellite intensity in figure 2 
appears to be somewhat stronger than the observed 
result, it will be improved by taking account of the 
0 2p electron emission. 

From a viewpoint of the symmetry of hole state, the 
final states with B1 and E holes have the largest contri- 
bution to the total V-XPS spectrum because of their 
multiplicity. Therefore the shape of the main peak 
is strongly dependent on the parameters V (E) and 
A (E) . In the present case, we assume that V (E) = 
1 eV, A(E) = 2  eV and W(E) = 3  eV. 

B i n d i n g  E n e r g y  ( e V )  

Fig. 1. - Cu 2p XPS of La2Cu04. The abscissa is the rela- 
tive binding energy. 

Figure 2 shows a calculated d eIectron photoemission 
spectrum for La system at the energy of off-resonance. 
It consists of the broad main peak around EB = 4 eV 
and the satellite peak around EB = 12.5 eV. The satel- 
lite originates mainly from the d8 final state and its in- 
tensity shows Fano-type resonance at  the 3p core ex- 
citation threshold, as shown in the inset of figure 2. 
The main peak originates mainly from the d 9 ~  final 

- 
state, and its intensity also shows resonance behavior 
at  the threshold, which is caused by the resonance of 
the satellite through the strong mixing V (BL) . Large 
energy separation between two peaks means large U of 
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Fig. 2. - Valence band XPS of LapCu04 at the energy 
of off-resonance. The origin of the abscissa is the Fermi 
energy. The inset shows CIS spectra for two peaks in VB- 
XPS, where the origin of the photon energy is the 3pl/2 
excitation threshold. 

4. Discussion 

Our theory explains the 2p-XPS and 3p resonant, 
XPS well. Strong mixing V (B1) gives the mixed va- 
lent nature of the ground state of the undoped system. 
Moreover, estimated large U almost excludes the dou- 
ble hole occupancy of Cu site in the doped system. 

When we compare the 2p-XPS for LaCuO, YBaCuO 
and CnO, the peak separation is similar between them 
while Is/In, is larger in CuO than in LaCuO and 
YBaCuO. In our calculation, this fact is explained 
mainly by taking slightly larger A(Bl) for CuO. 
Since the 2p-XPS is very similar between LaCuO and 
YBaCuO [2], A (Bl) and V (B1) should be almost the 
same between them. However, it appears that  he 
main peak in V-XPS is somewhat different in shape 
between LaCuO, YBaCuO and CuO. As mentioned 
above, it depends remarkably on V (E) and A (E) so 
that it is concluded that these parameter values will 
be considerably different between them. 

Thus the strong electron correlation and the 
anisotropic electron transfer are important, and this 
situation becomes clearer in understanding the recent 
study on the polarization dependence of Lg XAS [5]. 

Acknowledgement 

This work is partially supported by a Grant-in-Aid 
for Scientific Research from the Ministry of Education, 
Science and Culture, Japan. 

[l] See, for example, Proc. 18th Int. Conf. on Low 
Temp. Phys. 1987, Jpn J. Appl. Phys. 27 (1988) 
Suppl. 26-3. 

[2] Shen, Z., Allen, J.  W., Yeh, J. J., Kang, J.-S. .4., 
Ellis, W., Spicer, W., Lindau, I., Maple, M. B., 
Dalichaouch, Y. D., Torikachvill, M. S. and Sun, 
J. Z., Phys. Rev. B 36 (1987) 8414. 

[3] Nakano, T., Okada, K. and Kotani, A., J. Phys. 
Soc. Jpn 57 (1988) 655 and references therein. 

[4] Thuler, M. R., Benbow, R. L. and Hurych, Z., 
Phys. Rev. B 26 (1982) 669. 

[5] Bianconi, A., in Proc. Int. Conf. on High T, 
Superconductors (Interlaken) Physica C 153-155 
(1988) 1760. 


