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Abstract

BFFEVICR<MHEEAT>EEEEFRENRIC. BREEOHEFEZOMRE EHNWRIE
ANDERAZENETBIHARET > L. BRBEICSVTRE 7 ILIFAURAR—XEEITD K
EEBRTTVT7A—LRRAHBALEY, BAENTTANL—232ZFIRRICEVTERE
CEBAEBNELULY IR BREQEKKRVYEBRERKNIRRICEVTSHEBANE TS, BR
NICBEREEDHEFLEERUT I EIBHTEETH D,

KD SERBEFEICISKFEATNTVRZEFECTAHILOETE, EFOISBTIIILIF
DRIEBVT "TAFSHEL CRYBHREHZERVTHEN RTTELL BRI LN ASITSH
W, TOEXEEBHNBARER DA 2>TVEV, TIT, AFRTRERY A XD IS AX—DIRE
ZRO, TORREEBRREANEERITDEDIVTAZ—E(NCAISEB L, EEZOFEOHH
ELT, PBEEATR LR ERBENHEREZRITD_EELAETH D, VT AR
—ADREZRDH DB, RIMNCFEERAILED)ICK > TEShEEBREEE>TH/ ZAHIL
FHEEDCETERBETOMEZRANDENTEDN, VTAZ—OH A ANELLLFIR
ENTLES, ChEfRITZ 1, BHNHERETTPQREZAV-AREEFEZRREL I,
COFEFEDICERNTHBHREBRY A ADITAR—EZRS N TE, EDTHREILCRENSH
BRY A XRROMENZ DB H B,
VCAETPQRREZHAEDELEFEOZ LM ZER/RBDLHIC. 2RTEAKFLEO/N/N— RIERI(C
BRALL, BRREICH TR TFHERFER. BOFE, MEARI NI OBRERFHEOFTEL
BRUL, TOEFRAMERTCENTEL, SBRRICOFEZRICLT, MEFEGEOEREE
CBFBDTVT7A—LARBEFRERICHESYEBERKOBEAZBIET.

| developed a numerical method to investigate finite-temperature properties of strongly correlated
electron systems, and applied it to some problems. At finite temperatures, many intriguing physical
phenomena have been observed in experiments, such as the appearance of preformed pairs
above the transition temperature of the Bose-Einstein condensation and the metal-insulator
transition in geometrically frustrated systems. Therefore, it is quite important to establish a
theoretical method to calculate the physical properties at finite temperatures.

In quantum Monte Carlo methods, which are often used for finite-temperature calculations, it is well
known that a "negative sign problem" disrupts calculations of fermionic systems, except for several
special cases. In this study, | focus on the variational-cluster approach (VCA), which an infinite-
system state is constructed from the state of a small-size cluster. In addition, we are also able to
discuss a finite-temperature phase transition by introducing a mean-field term. Although we can in
principle obtain the physical quantities of the cluster at finite temperatures by taking the canonical-
ensemble average with the eigenstates obtained from the exact-diagonalization (ED) method, the
size of the cluster is severely restricted. To solve this problem, we make use of the method based
on thermal-pure-quantum (TPQ) state. This method can treat a relatively large cluster compared to
the ED method, and thus it can suppress the finite-size effect that often appears in ED method.

| investigated the validity of the method combining VCA and TPQ states. | succeeded in calculating
the temperature dependence of the mean-field order parameters, the thermodynamic quantities,
and the single-particle excitation spectra of the Hubbard model on a two-dimensional square lattice
with this method. The result clearly shows the usefulness of this method. | am going to investigate
the physical properties of the excitonic preformed pairs above the transition temperature of the
excitonic-insulator phase in the future.
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Development of finite—temperature calculation method for strongly correlated electron systems and its application to excitonic
insulators

1. HIREBRFROBE

BEFAREVCHEEEERI 2 BEEEFREMRIC. AREEDHEFZORBELEARNHME~DEREBNLET SMRELT
2f=, ARBEICBVWTIEIIAIA VAN R—X BT SLYVLZBETT U I+ —LRHAHBE LY BAFEH ISR —2a 0%
FIBHRIBVWTER - BB AEBNELLYTILEDEKREVYERENERICEVTEHBEASNTEY . ERWICHREE
DI BEFEEHIASEHLFIBOTEETHD,

RENSEREEFFICIERASNTVWSEFELTHILAETIRH, EFOLIBITTIIAVRICEVWTIAFSHEEICKYHE
REBIERVTEHENRITTEGRSIENMONTHEY . TNEBMFBRERIRON>TVEL, ZET KRR TRHERY 41X
DYSAZ—DREERD . TOHREBBRAEEHRITDERVIRAF—AVCAITTER Lz, FCOFEDRFHEL T, FHy5HE
BATHEIFYAERBREDHEREERT A ELARTHS. VIRF—ADKEZROHIE. RIMNITEERHILEDIZED
THONEHREEESTH/ Z AL T ELLETHREETOREERANDLENTEEN, I5RF—DH A XANELIHIR
ENTLES, CNEMRIRT 510 BHHMPBREFTPAQRBZAV-EREEHELIREL -, COFAF ED ITLEATHERMAE
BHAZXDYSRE—EH/IEMNTE ED THEICHENSGARY A XHROIMFN=DLGH D,

VCA & TPQ REEMA AL EFEDR UM ERNLOIT 2 RAEARF LEDNA—FRBEIERAL-. AREECETS
THSEHFER. BRNFE. MEARIMLOEEKRFEDHEICHIIL. EOFRAKETRT CENTEL. SRECOFEETICL
T, EFERGAROFREEICS 5T I+—LFMEFRERITHIYVERROBBEELEET,

2. MIREBRRAEEOBE R

I developed a numerical method to investigate finite—temperature properties of strongly correlated electron systems, and applied it to
some problems. At finite temperatures, many intriguing physical phenomena have been observed in experiments, such as the
appearance of preformed pairs above the transition temperature of the Bose—Einstein condensation and the metal—insulator transition
in geometrically frustrated systems. Therefore, it is quite important to establish a theoretical method to calculate the physical
properties at finite temperatures.

In quantum Monte Carlo methods, which are often used for finite—temperature calculations, it is well known that a “negative sign
problem” disrupts calculations of fermionic systems, except for several special cases. In this study, I focus on the variational—-cluster
approach (VCA), which an infinite—system state is constructed from the state of a small-size cluster. In addition, we are also able to
discuss a finite—temperature phase transition by introducing a mean—field term. Although we can in principle obtain the physical
quantities of the cluster at finite temperatures by taking the canonical-ensemble average with the eigenstates obtained from the
exact—diagonalization (ED) method, the size of the cluster is severely restricted. To solve this problem, we make use of the method
based on thermal—-pure—quantum (TPQ) state. This method can treat a relatively large cluster compared to the ED method, and thus
it can suppress the finite—size effect that often appears in ED method.

[ investigated the validity of the method combining VCA and TPQ states. I succeeded in calculating the temperature dependence of
the mean—field order parameters, the thermodynamic quantities, and the single—particle excitation spectra of the Hubbard model on a
two—dimensional square lattice with this method. The result clearly shows the usefulness of this method. I am going to investigate the
physical properties of the excitonic preformed pairs above the transition temperature of the excitonic—insulator phase in the future.
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