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In this work, we introduce our studies of magnetic adatoms on a metal surface to clarify the competition
between Kondo screening and magnetic ordering. At single sites of adatoms, the Kondo screening of localized
spins by the conduction electrons of the metal surface gives rise to the bound state, which is singlet at the
ground state. While the interactions between adatoms, the indirect Ruderman-Kittel-Kasuya-Yosida (RKKY)
and the direct exchange interactions, keep the magnetic ordering of the localized spins. The calculated results
are carried out by the Quantum Monte Carlo and maximum entropy methods, detailed in the Appendices.

In Chapter 2, the competition between the Kondo screening and the RKKY interaction is studied in the
system of two magnetic adatoms on a metal surface. At single sites of adatoms with a negligible RKKY
interaction, the spectral densities exhibit the peak structures at the Fermi energy, the Yosida-Kondo resonance,
corresponding to the bound state. On the other hand, the difference between the RKKY interactions in a bulk
metal and on a metal surface is shown through the spin-spin correlation functions, which positive/negative value
corresponds to ferromagnetic/antiferromagnetic (FM/AF) interaction. The oscillation of the RKKY interaction
between the FM and AF regimes makes a significant fingerprint on the decrease and increase of the
Yosida-Kondo resonance width.

In chapter 3, we consider the system of magnetic trimer on a metal surface to clarify the observation
from the experiment. In the system of three magnetic adatoms on a metal surface, the competition between the
Kondo screening and the RKKY interaction gives us the dependence of the Yosida-Kondo resonance on the
number of nearest magnetic adatom neighbors. More specifically, the width of resonance decreases/increases
with an increasing number of neighbors due to the FM/AF-RKKY interaction. In the system of three magnetic
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adatoms on a metal surface, where the direct AF exchange interaction is also taken into account, we observe the
feature of spectral density at the Fermi level changing drastically and strongly depending on the geometric
configuration of three magnetic adatoms on the surface. In the isosceles configuration, the spectral density
exhibits a peak structure near the Fermi level, which we attribute to the Yosida-Kondo resonance. In the
equilateral configuration, no peak is observed near the Fermi level. This observation suggests the two separate
regimes; the Yosida-Kondo dominant regime with the singlet ground state, and the magnetic frustration
dominant regime with the degenerate ground state.

In Chapter 4, we clarify the existence of two separate regimes, suggested in Chapter 3. Changing from
one regime to another is realized as we gradually switch the geometric configuration from the isosceles triangle
to equilateral one. By calculating the spectral density, as well as the magnetic susceptibility for a wide range of
temperatures, we prove the existence of the two separate regimes and suggest the critical crossover between
these two regimes..

In Chapter 5, we summarize the understanding of competition between the Kondo screening and the
magnetic ordering in the systems of a dimer and a trimer on a metal surface. Also, we give an outlook into the

fundamental studies related to our study here.
MXBEOHRNDEE

AR, BEMER TR EENAE LB S B REROETFRE. BLU, BEBEFICOVWTEFEY T IS
BALTHRELEL LD THD, TNHDOBIZE, A2 ) —= 7 b ESBFOBA A oNCT2 2 b2 Al L
LTWd, BERTFOE—YA b T, HH - EHE—EERESERE S, £ 2 CRRERERTORIER £,
SBREEOEEBTFICLVERSND, —F. BERFORER L RICH < Ruderman—Ki ttel-Kasuya-Yosida (RKKY)
MEER. 8RO, BEESBBEERIX. BREAC Y OMSBEFZ2RE T M@, KR XTORBEL. BAlck
DROBEVERLNDIZL, FeRYBEBLEETERTHILDOTHD,

K0 EEMICIE, ARX T, LTOR@RE/ TS,

(D EF ZAFMEHERICHYET 5. @BRE LIC > ORMERERF R H DRIV TIERER Y Y —=27 & RKKY
MEEROREEZWN TN D, WHEFRTFRIESE? K& < RKKY HEERASERTES & & BRERTFOHE—F1 b
BT DAY bNVEBEIX, Fermi TR/ —iFfEIC °— 7 #31& (Yosida—Kondo resonance) &Y Z L ZFER L.
WA R R BEREDS IR E B I2odu, RKKY MBEMEADMENER TE 2L 25 &, FRRENE (FW) 488 & KORBEHE (AF) 8
1 & ORI TR 5 RKKY #E/EMA 25, Yosida—Kondo resonance @ E'— 7 g% FM fEI CHko. AR SEILCILIT 5 =
L. BV, BHERICKESEET I LE2HOMTI LT,

WIZZRFRAERICET 5 LA LILE L T, ZRFRERCETIHECRYBA TN S, ZORE. =R

WIEHERIEET DO THY . ZRET, 1L AEHEN TR TV oz,

Q) ZRFRERTIL, EHERAZ V) —=7& RKKY HEERADBEAIZ X T, YosidaKondo resonance 73, RKKY #8

BAERDSREE & 755 (FM/AR) IIRTET 2 7200 T < BBEEOBEMERFE R T DHITIE U T Yosida—Kondo resonance

DE—I gD LRECREAHET 5,

ZRFRAERICE T RKY FHEERICZ, KBRBIEOESETHMEERZEET 5 L. RE LOMERE =R

F DR RATERREDRELT BIZZ Lo T Fermi TRVF—EHED AT bV EORIERK & < BT

%, EZAFOEACRERTHIEE SN O T, A7 MVEED Fermi T3 /L¥F —IEEIC £ — 7 Mt

RoNRV, ZHICK L RFMEEZ S L. ZHF0=ZAFOERCRERFIEE S 5#E TIE, Ferni =R AX

—ITfFIZ, Yosida—Kondo resonance (ZHI3E L7z &' — 27 #EENTER ENd, TNbORERIL, MR L EEREE

O magnetic frustration dominant regime & . —i@%ﬁ:&%#’é Yosida—Kondo domina.nt regime D 2 -DDFH

Wbz LETRLTNS,

@) b 2 SOEHOMOBEBIL, EZAH» D S DZAH~0O BTHERED R FEE B TSR 2 2 kic X

<

@3

v, EFHEND, KWVHEOBEEFER T, A7 M EEBIUBEREZHE LRERP L, Q) Tk, ZfE
HOFENER SN, 612, TNb 2 ODBKOM TOEREL Y 0 R4 —"— L\ Hi-RESRER
SNz,

PAED X DI, RERSUTEBOMMER T AR LB REER CRRAIS NS, ZF MR L Oy sER
BT A HREHRMRAETTLOTHY . FRIXTHLNHERIT, BB O INVEMFERESE AV ERER
LEALTVWAZ bbb, ERHEMIZRFIBTCVIHOTHILTRRENTEY . BER-ERHKETHD
LRBEEND, koT, Z:Eﬁi}iiﬁ:t?ﬁjck LTEERH DD LBD B,





