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Abstract

BFEONZETRFHBEETRIHTIEFHEORENYMMRETE 21, Bo5h-BF
HARRR(NB LT ITENHARAR(2)ZE FRICE™ET S,

(1) FeRBIZEBHX EESEL CETHRAR(QCP)E DFRRNEYENMELZHENES KV
EBRWEBONAT )Y RWFEXREAVTHERLEE, Fe/ AV DAEC S BOERE L EICBIZE
HOEBRANERICEC BLaFeAs(O,F)DEEABKERICE D <FHEIFVASP(Vienna Ab-initio
Simulation Package) 1— RZ AWV TIT2 . B2 DERFTEL, NARLaFeASOICE TDARNT
A 7EFGAHM KT & LaFeAs(O,F)IC & (T 3 RBHMEA MEIE W - FHMBOZEMEZRL TV
o EIZ, LaFeAs(OF)DFR—EV I BEN4%ZBAS &, B BFe AL REB&IFEEAL,
EBRNICBOSNLETHSHREDBEMN REhiz, LEN 2T, KEEICKY,
QCPEFENEFEDNRERBOFANfTAZAREMNHEIEZRRL TV,

(2) Ca&FRKFR—EVI(EFHRVTR—ILORKR—E> D ZRL ZHRRBEEYE (La,Ca)Fe
As(O,F)ZXBR<BHL, BRXEAFICLWBERDEEEIT > &,

BERENES LOHKAUEEZT >z, BEER, FR—EVITRE()ECaR—EZ TRE(X)DE(y-
X)A"0.15 A E THRIEL,

FBH(x,y)=(0.25,0.50) % (La,Ca)FeAs(O,F) R TH EDBEEREZ RL I, i, NILIVBEER,
FEl(x,y)=(0.25,0.40)8 & T*(0.25,0.50) TR E hiz. TL T, BAMKHEAERBEE (Jo),
(x,y)=(0.25,0.50) D & # T1400(A/lcm2)IC3E L 1z, 585, As-Fe-

AsAEOKFMEFLee® 7' O Y N(20084 ; LaFeAsOR D TcldAs-Fe-AsBE ICHKIEL,
BEEVTCRENEANENIEL IZRND)DMERIC—KL . RERK,
BIERYELaFeAsONNCa&FRK R—EV T (BFBLTFR—ILORAKR—E> V)XY,
BYEOEFREN F1—_2JTEDEZRKBLTVS,

We have explored quantum functions in new strongly correlated electronic systems with quantum
entanglement or the quantum critical point (QCP) materials (such as Fe-based superconductors
and strange metals). Our overall findings are as follows.

(1) The unconventional physical nature of quantum criticality in the QCP materials have been
studied by means of hybrid computational and experimental approach. Density functional theory
calculation of LaFeAs(O,F), in which the appearance of superconducting phases is simultaneously
occurred with quenching of spin polarization in Fe ions, was performed by using Vienna Ab-initio
Simulation Package (VASP) code. Our theoretical calculation demonstrates the most stable
antiferromagnetic phase with stripe magnetic ordering in orthorhombic LaFeAsO, and experimental
magnetic phase in LaFeAs(O,F). Indeed, theoretical Fe spin polarization disappears at F-doping
concentration (x) > 0.04 in LaFeAs(O,F), indicating the consistency with electronic magnetic phase
diagrams obtained experimentally for LaFeAs(O,F) that could be tuned to the QCP enters a weird
state of quantum criticality which develops a quantum entanglement.

(2) Magnetic and structural properties of superconducting compound (La,Ca)FeAs(O,F) tuned by
Ca & F-doping (electron & hole co-doping) have been also studied by materials synthesis, powder
x-ray diffraction, electrical resistivity & magnetic moment measurements. The superconducting
phase appears at the difference doping concentration between F and Ca (y- x) > 0.15, and the
sample (x, y)=(0.25, 0.50) exceeds the maximum superconducting temperature (Tc) of
(La,Ca)FeAs(O,F). Bulk superconductivity was confirmed at the samples (x, y)=(0.25, 0.40) and
(0.25, 0.50). The maximum magnetic critical current density (Jc) attains 1.4 kA/cm2 at the sample
(x, y)=(0.25, 0.50). The dependence of As-Fe-As angles is correspond to the trend of so-called
Lee's plot (reported in 2008) ; the Tc of LaFeAsO system depended on the angle and the highest
Tc appeared near the value of the regular tetrahedron.
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1. BIERREROUE

EFULONEETAIHMBEEFRICEITAEFHEDERMYERTEITH o1z, BONEZMAERENS LV ITEHHE
RRQ)%= TERICHRET 5.

(1) Fe RBEERPCEESRBLLEFHERAQCP)E DR EM Y ENEEFHENVESIUEBRMEDON(TUIFHF
FEERWTIERLz Fe /1 AV DRAEU D BDHEBELLICBEERDHIRNRERIZHECS LaFeAs(OF)DE ENEAHIERICE O
FHE (3 VASP(Vienna Ab-initio Simulation Package)3—F#% LV TIToT=, A DEERETH I, #1758 LaFeAsO [THITHRMSATE
REBRETETEF & LaFeAs(OP)IZH T2 e EN NI SN = IEH DR EEERLTINS, EIZ, LaFeAs(O.F)D F F—EV ST EE
M 4%EEZ DL, BRI Fe REVRBITERL. ERNICHBONE-EFHSHEREOBESEINTEINT, LIzA>T, KAEICEK
U.QCP ifENEFEONIRERIBTOFAMNITASARESENAH A EERELTINS,

(2) Ca&F RIBF—EVY (BFBLUVR—ILDORIBERF—E ) # L= RBEEYE (La,Ca)FeAs(OF)ZEFEFESE L. #3K X
BREFICKYERDBREZTo-&. ERERESIUHMSAEZT o, BREX. FR—EVYRBEWYE Ca F—EV T BEXD
E(y—-0h 0.15 LLETHEIBL., H#(xy)=(0.25,0.50)I%(La,Ca)FeAs(O,F) R CHRE NDBIGEREZRLI=, Tl=-. NILVBEEX, HH
(x,y)=(0.25,0.40)3 £ 18(0.25,0.50) CREZE SNz, ZLT. XA KRERRERE E(Jo) L. (xy)=(0.25,0.50)D T 1400(A/cm2)IZFEL
T=. 158 . As—Fe-As AEDIKRFMEIL Lee DTOYI2008 4 ; LaFeAsO T M Tc & As-Fe-As BEIZIKFL. B1 =) Te [(TEMEA
DEDRLIZHEND)DIERIZ—B L=, REER (L., BIZERYE LaFeAsO ~D Ca&F FBRF—EL T (BEFELVR—ILDREIEER
—EUN &Y, BYEDEFRENF1—=0) TEDIEETELTINS,

2. MERREEOPME R

We have explored quantum functions in new strongly correlated electronic systems with quantum entanglement or the quantum
critical point (QCP) materials (such as Fe—based superconductors and strange metals). Our overall findings are as follows.

(1) The unconventional physical nature of quantum criticality in the QCP materials have been studied by means of hybrid
computational and experimental approach. Density functional theory calculation of LaFeAs(O,F), in which the appearance of
superconducting phases is simultaneously occurred with quenching of spin polarization in Fe ions, was performed by using Vienna Ab—
initio Simulation Package (VASP) code. Our theoretical calculation demonstrates the most stable antiferromagnetic phase with stripe
magnetic ordering in orthorhombic LaFeAsO, and experimental magnetic phase in LaFeAs(O,F). Indeed, theoretical Fe spin polarization
disappears at F-doping concentration (x) > 0.04 in LaFeAs(O,F), indicating the consistency with electronic magnetic phase diagrams
obtained experimentally for LaFeAs(O,F) that could be tuned to the QCP enters a weird state of quantum criticality which develops a
quantum entanglement.

(2) Magnetic and structural properties of superconducting compound (La,Ca)FeAs(O,F) tuned by Ca & F—doping (electron & hole co—
doping) have been also studied by materials synthesis, powder x-ray diffraction, electrical resistivity & magnetic moment
measurements. The superconducting phase appears at the difference doping concentration between F and Ca (y— x) > 0.15, and the
sample (x, y)=(0.25, 0.50) exceeds the maximum superconducting temperature (Tc) of (La,Ca)FeAs(O,F). Bulk superconductivity was
confirmed at the samples (x, y)=(0.25, 0.40) and (0.25, 0.50). The maximum magnetic critical current density (Jc) attains 1.4 kA/cm2 at
the sample (x, y)=(0.25, 0.50). The dependence of As—Fe—As angles is correspond to the trend of so—called Lee's plot (reported in
2008); the Tc of LaFeAsO system depended on the angle and the highest Tc appeared near the value of the regular tetrahedron.
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