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We have studied the role of on-site correlation in the low-energy excitations ofC(B@; in the normal
state, calculating self-energies and spectral functions according to the three-body-scattering approach. The
method allows to include all the details of realisaiis initio band-structure calculations and to augment them
with the inclusion of electron-electron correlations, getting quasiparticle energies for one-particle removal. It is
found that correlation effects modify the energy dispersion of hole quasiparticle states, both in the high and low
binding energy region, and strongly modify the Fermi surface topology.
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A detailed knowledge of low-energy electron excitationsquestion is to estimate the actual deviations in real materials.
and Fermi surface topology is essential to understand thin the case of cuprates it has been shown that accurate ap-
unusual properties of the normal state of hiffhcuprates proximations for the exchange and correlation functional can
and to shed light on the superconducting mechanism. improve the agreement between calculated KS Fermi sur-

The comparison between measured photoemission spectiaces and experiments;moreover recent calculation of qua-
and theoretical results, leading to a band mapping of electropiparticle energié§ in a noncuprate layered superconductor
states is a powerful tool to investigate energy dispersion anfiave shown that the inclusion of Hubbard-type correlation
Fermi surfaces. Density-functional theoFT) in the according to second-order perturbation theory does modify
Kohn-Sham(KS) scheme has been widely used as the startthe quasiparticle energy dispersions close to the Fermi en-
ing point of mostab initio approaches. As is well known, ergy but leaves the points where bands cross the Fermi en-
according to the DFT-KS approach the ground-state totafrgy totally unaffected, giving rise to a Fermi surface that
energy and the One_partide Spatia] density can be determiné}pinCidesexaCtly with the noninteracting result. It is then
by solving an effective noninteracting problem. Many prop-clear that more systematic data on quasiparticle energies, ob-
erties such as stable geome]trp,honon frequencie%’and tained for different SyStemS and with different approxima-
electric-field gradienfshave been calculated and success-ions, are essential in order to draw general conclusions.
fully compared with the experimental findings, thus confirm- ~We have studied the influence of electron-electron corre-
ing the ability of the DFT-KS scheme to describe ground-lation on the low-energy excitations of YBaw0O; as a
state properties of quantum many-body systems. prototypical cuprate using the 3-body-scatteriigBS)

Within the band theory based on the DFT-KS scheme th@pproach'~*°3BS is an approximate method that allows us
single-particle eigenvalues of the auxiliary noninteractingto include many-body correlationgonperturbatively and
Hamiltonian are interpreted as physical quantities describingeyond mean fie)din the calculation of one-electron re-
electron removal energies. This overinterpretation, even imoval energies; it provides self-energy corrections, spectral
very successful in many cases, fails when applied to solidginctions, and quasiparticle band structure including both
such as cuprates where valence electrons are strongly locdPng-lived coherent structures and incoherent short-lived
ized and experience a strong electron-electron correlation; iines. Within the 3BS approach, it is possible to combine an
these cases a true many-body solution of the problem is reaccurate treatment of many-body terms with a realistic de-
quired in order to reproduce the observed band dispérsiorscription of the band structure. This is done starting from a
and the occurrence in some cases of a metal-insulatdpultiband Hamiltonian, where the single-particle part con-
transition®® tains all the details of aab initio band-structure calculation

When dealing with highly correlated metals a questionand the electron-electron interaction is described by a Hub-
that has not been completely clarified yet is the role of elecbard term'® The generalized Hubbard Hamiltonian k
tron correlation in the determination of Fermi surfaces.Space IS
While the KS band gap in insulators is found to deviate . 1
considerably from experimental values, the KS Fermi sur- A=Y el al al +> > > > NU“"
faces usually agree well with experiments, even in the case kno aB kk'p nn’ mn’
of strongly correlated materials. On very general ground,

systems that are both interactingd inhomogeneous should X[Ca(k)*Cq (k+p)Cg(k")*Cg (k' —p)
exhibit deviations from single-particle Fermi surface. This Antan’  Amfam’
has been clearly demonstrated for model systémsd the X 8yt 8yt prdyr 8y p | 1)
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whereC'/(k) are the expansion coefficients of single-particle ~ The response of the system to the removal of one electron
Bloch states of wave vectdrand band index in terms of  is described by the hole spectral function

localized orbitals.«, B8, ared orbital indices andJ,; de- 1 1

scribes the on-site Coulomb repulsion amahelectrons on Dy (w)=——1Im _
copper sites. Since a band-structure calculation based on the N T w—ep— (o)
DFT-KS approach corresponds to the self-consistent meal
field solution of the interacting system, the matrix element
of the effective one-particle Hamiltonias}, can be derived
from DFT band eigenvalues according to

4

Fhe self energy «(w) is determined identifying it with the
%hole self-energy. (w) that enters the definition of the hole
(retardedl Green function. This identification is justified in
the limit of an almost filled valence band: although both one
N DET  —n hole + onee-h pair and one electror- onee-h pair are in
€ko= €kno — Qko ) general required to describe time-ordered Green-function and
_ self-energy corrections, the efficiency of scattering processes
with involving three-particle states depends strongly on the band
occupatiorft Whenever the number of empty states is very
, small, the most efficient scattering processes are those in-
Q=2 |C20(k)|2Ua,3N 2 [C_, (k)% (3  volving one hole plus one-h pair. The occupation ofl
“p K'n' orbitals in YBaCu0; (ng=9.8 andny=9.7 for the two
Ij]nequivalent Cu sitesmakes this approximation quite appro-
priate in the present case. The interactions between three-
moved as a meanfield termQ] from the band body ponfigurati_or_ls are represented as in Ref. 14 by a set of
eigenvalues—then avoiding any double counting esf tmatr|%gs describing-h an_de-h scattering and.the FadQeev
correlation—and put back again in the Hamiltonian to betheor)? is used to determine the total scattering matrix, the
treated as a true many-body interacti@ee Ref. 14 for a self—energy a'nd the. resolvent of the many-body system.
' A crucial issue in the comparison between theory and

detailed discussion photoemission data is the definition of Fermi eneigy
The band structure of YB&u;0; has been calculated by Eo(N)—Eo(N—1) where Eo(N), Eo(N—1) are the

the full-pontential linearized augmented plane-wave method . . .
utilizing the wiEng7 code?® Exchange and correlation effects ground-state energies of the interacting systenNafnd N

are treated within a generalized gradient approximation_1 particles. In general we expect the interactifgto be

(GGA).M Lattice parameters were taken from experimentdifferem from the noninteracting one. This is true also in the
and all the atomic positions have been relaxed by atomic:‘fsBS ?ﬁprogch W(;l_ere co}:)rgl?tlgn e;;ec:stﬁ:ero{ eEI@?_NI)
force calculations. The computational details are described iésifeme above discussjonut do afrec particie
Ref. 2. As far as the value of Hubbaldlis concerned, we yTh . ; ting Fermi & is the highest

have choset4=8 eV in agreement with current estimates ' € noninteracting =ermi energyy 1S the highest occu-
for cuprates® This value optimizes also the agreement be-Pied energy defined by the sum-rule involving the single-
tween the present theory and experiments concerning the pBarticle (band density of statesi(e),

sition of satellite structures. f

occ

This is the way DFT-KS band structure results are used i
the present calculation: the on-sieee interaction is re-

0
According to the 3BS approach the interacting many- B n(e)de=N, (5)
body state is expanded on the configurations obtained by
adding onee-h pair to the Fermi sea, i.e., to the ground stateN being the number of occupied states. The interacting
of the single-particle Hamiltonian. The state with one re-Fermi energyE; in turn is generally assumed to be related to
moved electronl—1 particle systemis expanded in terms E? by self-energy renormalization

of the basis set including 1-hole and 3-particle configurations

(one hole plus one-h pair). If the same level of approxi- E+=E?+3(Ef) (6)

mation in the configuration expansidjust onee-h pair i the same way as quasiparticle energies are related to
added is ConSiStent|y assumed for tlhépal’tide SyStem, in- Single_particle ones. While expressi(@&) is Clearly app“_
cluding then zero- and two-particle configurations, it is easycaple to the interacting homogeneous electron gas, it cannot
to show that the ground state of the interactiNgarticle  pe ysed for inhomogeneous systems where self-energy is in-
system would coincide with the noninteracting ofigid trinsically k dependent: the chemical potential is a property
Fermi se'”~'*at this level of approximation electron cor- of the system as a whole andkajependent renormalization
relation comes into play only when dealing withBR-1 or g meaningless.

N+1 particle system, i.e., when calculating removal or ad-  An alternative definition of the interactirig; is obtained

dition energies. This point—that ground-state properties obxtending sum rulé5) to the quasiparticle density of states
the N-particle system are not affected within 3BS theory by

correlation effects—must be kept in mind in the following 1 E¢ 1
discussion; in particular it explains why it is important to - ;'mf_m —E—S (0-A)
start from thebest mean-field description of th#&l-particle W~ €~ 2nklw
system as the one provided by DFT with an accurate form oA =E;— E? makes the imaginary part of the self-energy—
the exchange-correlation potential. equal to zero by construction ﬁ?—vanish correctly at

— o0

=N. (7)
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FIG. 1. (a) Single-particle band structure of YBau;O; ob- —— ] SV —— —~——
tained in the DFT-GGA approach; energies are referreBto(b) I NE— H A ]
Quasiparticle band structure obtained in the 3BS schemeWyjth VLN N— e V.ON—
=8 eV with energies referred to the interactiBg. -C-5E E (o) 0.0 —C-5E E (o) 0.0 —0-5E E_(eV) 0.0

—EF —EF ~EF

E;.?'"3This definition ofE; guarantees the correct occupa-  FIG. 2. Spectral functionrbitrary units along high symmetry
tion of the band, adjusting at the same time the origin of the&lirections. (a) Single-particle and(b) quasiparticle results with
energy scale of self-energy to provide quasiparticle states afi ;=8 eV. Energies are referred B .

infinite lifetime at the interactinde; . This is the expression
we have used to calculate Fermi energy and Fermi surfac
of YBa,Cuz0O5.

The maxima of spectral functions f&rpoints along high-
symmetry directions in the Brillouin zone give rise to the
guasiparticle band structureeported in Fig. tb). Energies
are referred to the interacting Fermi eneky, which turned
out to be shifted with respect t‘ﬁ? of A=0.46 eV. By com-

paring these data with single particle resuksg. 1(a)] the below the experimental accura®$?’2® The effect ofe-e

[)nosthevzcdentt ﬁf{eCttOé'te correla‘uor& fzthce\/app(iarl?nce OT a correlation on the topology of the Fermi surface is, however,
unch of satetlite structures aroun eV partially overiap-, ey impressive: the Fermi surface is deformed just Xear

ping Ba §t?jtes. ':'he ?hiﬁe I(:)f sp_ectral functionhs in a SrF'?a ndY kpoints where single-particle bands exhibit the saddle-
energy window close 1o the Fermi energy are shown In Igpoint van Hove singularity, which is now shifted beldgy

2 W't.h art1_d|W|LhouOII sizlf-etnergy cr?g_ttectlons.hAllongStthet converting the external sheet from electronlike to holelike.
quasiparticie band structure exnibits much 1€ss SUUCHUreg o,y qr forUyq=8 eV the external sheet turns out to be

tha_n the S(Ijhgﬁl;-pﬁrtlcle ;)netm agreemebnt W;th retrc]_ent phom}}’)arallel to the internal one giving rise to an almost perfect
fem'.z?]'qg mist g\f' tﬁge dsr(;gfour:elf/lgéﬁ"ci\t'soenns ;?e e'Ser?r;scr)grenesting. The presence of two Fermi surface sheets running
glon | rection. meatl v parallel over a considerable distance can give rise to anoma-

?hrasﬁ_c ﬁlong_é a_mdlt“ —Y I\/vhef][e t?eijetr;ergy d|fpt_er3|.on ﬁfl lously strong scattering that may be extremely relevant in the
€ highest band IS strongly afiected by correlation. w Ieinterpretation of transport properties.

according to single-particle theory this band crosses the
Fermi level, after the full renormalization it does not. This is
the band exhibiting the saddle point behavior resulting in the (a) (b) (c)
well-known van Hove singularity, which is believed to have © x r r X r
an important role in the explanation of high-superconduc-
tivity in cuprates®

q—?ubbard-type interactions in the determination of Fermi sur-
faces of realistic systems: the Fermi surface calculated from
band theory does not coincide with the quasiparticle Fermi
surface inclusive of self-energy renormalization, and this is
true not only in model systerfié® but also in a real material.
Quantitatively the differences between quasiparticle and
single-particle Fermi surfaces are not too large—and perhaps

o Nt N

These features are going to affect the Fermi surface a¥ Y Y Y Y Y
well. The results obtained for YB&u;O; in the planek,
=0 for two different values ofJ ;4 are shown in Fig. 3. It S
appears that modifications do occur and that they scale with X r r T * ’
the strength of the interaction. This point is importpat se FIG. 3. Fermi surface ak,=0 obtained from the DFT-GGA

independently of the quantitative corrections, since it allowsband structuréa), and according to 3BS theory with,q=4 eV (b)
us to draw general conclusions concerning the role ofndUy4=8 eV (c), respectively.
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