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The photoemission spectroscopy is the most standard method to determine the density of
states (DOS) of electrons in solids. At present, the energy resolution of this photoemission
spectrum (PES) overreaches a few meV, and the momentum resolution is also high enough to
clarify the dispersion relation of the valence band electron. Thus, the photoemission
spectroscopy can now clarify the natures of the electronic states more precisely than before. In
particular, to clarify the natures of the electronic states just around the Fermi level is one of
the most important issues in the solid state physics.

In connection with this high resolution photoemission spectroscopy, the nature of the
electronic states around the Fermi level of the perovskite-type compounds such as CaVos; and
S1Vo; is the matter of great interest. According to the recent experiments, a new peak structure
has been observed around the Fermi level for CaVO; and SrVos, in addition to the well-known
Hubbard-band peaks. This new peak at the Fermi level has such a double-peak structure that
the intensity are suppressed just at the Fermi level but enhanced at slightly below and above
this level. These experiments are performed by Osaka Univ. group and Tokyo Univ. group
independently from each other. However, the resultant spectra are entirely same between these
two independent groups. Thus, the origin of these new peaks, which are slightly below and
above the Fermi level, has become a hot debating point.

From the theoretical point of view, the PES directly corresponds to the Lehmann spectum of
the one-body Green’s function. Looking back on these past theoretical studies, the Lehmann
spectra were calculated for the infinite dimensional Hubbard model by using the dynamical
mean-field method. While the finite dimensional cases are also calculated by using the
quantum Monte Carlo simulations, and by various other approximation methods. In particular,
for one-dimensional systems, there are many studies including the exact results.

In the infinite dimensional case, as is already well-known, a significant peak clearly appears
at the Fermi level, if the Coulomb repulsion is weak enough to keep a metallic state. However,
it has long been believed that, the peak at the Fermi level is the artifact of the infinite
dimension. On the other hand, the peaked structure around the Fermi level is absent in the
finite dimension. As mentioned before, for these finite dimensional cases, there are many
calculations of the Lehmann spectra. However, all studies have been restricted only in strongly
correlated cases. Within the quantum Monte Carlo method for one-, two- and
three-dimensional systems, up to present, there is no theoretical study that predicts the
appearance of such peaks around the Fermi level.

For this reason, the purpose of the present paper is to clarify the DOS and the electronic
property related with this new peak appeared around the Fermi level. In particular, we focus
mainly on intermediately (or weakly) correlated regions concerning with the metal-insulator
transition.

We calculate the one-body Green’s functions for one-dimensional half-filled Hubbard

systems with various correlation strengths and temperatures, by using the quantum Monte



Carlo method. The Lehmann’s spectral functions of the ome-body Green’s functions are
obtained by using the analytic continuation. In the region of the intermediate correlation
strength and temperature, we will show some new peaks appear around the Fermi level, even
in the case of one-dimensional system, just like the case of the infinite dimension. This new
peak at the Fermi level splits into two peaks, as the temperature decreases or the on-site
Coulomb repulsion increases. These theoretical results will be shown to agree with the recent
experiments on CaVO; and SrVO; qualitatively, will also be examined in terms of a single

impurity model.



MXDEEMROES

BEHEANDOGEEFNHEICHENW —OCFRATREBITSAHCEEZSEY h—BOEE—
HEAEBISERGEHEKOMBHARHASICOEEL., REOEAKYEZIIBITIREE
BEO—DTHD., HRLRERDN - ERHOAENTDONTHSN, Z0EBEBOERIT, B
£, MBEICRZS BEIIRINENS.

—Hd, REMNERRKTHRFTREREZR/I HFETHO. ZOHEGBIL. BN SHBEE
NEEBNETTHRET, BONDORENTHRNZHENREETSEZTET 5.

i, AR (1~3) R FTOREED (BFE>T - #)b0) HBIZK> THIE
BEBDLIHETHD, COHETREROBEGENEHETHHENK WL, LN XTI,
RAMVBTORBEBEHICHEEBL TTH2EWESOLNFHEINTERZ. ZLT. ZO#HREK
ShiE, BRAIERTIE. ¢B—EKEBIL. SEMSHEBERN—EBETEREZD,
BHRIZCRMAZEOFBHEBENBZVERIERMNETOENTVS, > T, EEXTTOHH
HMOBEFEL. EXEERTEZIREEOERTHBERBRINTEL,

EZAN, BB, CaVO 3® SIVO3 EOWMHE T, REETFTHE2ARIISE-HBEAER
BOKBEERLENSS, N7z VIHEEELTEEBHNLEERS LRI THHEOE
EREBOBABTONRCIDERNICERINE,

ZORWICE A, IWEFEAF L. BREFES (BTFECT - A)h0) EARATWSE
ADBEEHBELOBSZRRL. BRABROARST., FHEFARY, BRAEHTDH
STEMNAIREICRD L DI, HZ., COEBEIETEHIHEICRIILE. ZLT. ZOHL
WHEBN AR 2EERGEL2PERCERABRTEIT L, ZOHE, PRFRAIKL
VHFRAEHE TR, SEBREARESEIE. fiROERICHD LD, —EETERL, €8
HEAPREZRHEL TTERETEZSENHRICAER T TEBHICILIAE TN .

PlE, ZHXICLDB/BONZHRIT. EMPICHRENICHBDO TKEDORWHFETH
HLERDEND, > T, BUREHAMRDERERNFEROBFLFMHLELTSED
LWAEZEDEHE L,





