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Abstract

In this thesis, we measure the x-ray absorption spectroscopy (XAS) at O K-
and Cu L-edge of YBay(Cu;xZny)30y( x= 0 ~ 0.05 > 6.35<y<6.9) above and below
the pseudogap temperature T". We compare the spectral weight above and below
the pseudogap temperature to testify the theory based on the Hidden charge 2e
boson model in the high-temperature superconductors proposed by Robert G.
Leigh, Philip Phillips, and Ting-Pong Choy (Phys. Rev. Lett. 99, 046404 (2007)).
The experimental results support the theory with evidence of the change of

spectral weight.



We also measure XAS on CuCrO,4 and ReCogsMngs03 (Re=Eu ~ Nd). By
both the Cr K- and Cu L K-edge spectroscopy on CuCrQO,4, we have discovered
that the Cu ions have two different valence states, i.e. Cu*** and Cu®".

We measure XAS at L ~ K-edge for ReCopsMng 503, and use XAS to clarify
the valence states of Co and Mn ions in the samples and discuss the electron
configurations of transition metal ions in different rare earth compounds. For
both Re= Eu and Nd, the valence state of the transition-metal ions is Mn**/Co®".
The phenomenon can’t be understood by the simple estimation of ionization
energy. The results of this thesis raise an issue on the robustness of the
Mn**/Co?* state with different Re ionic sizes. Furthermore, the valence state of
Mn is slight different between the cases of Re= Eu and Nd. Whether the change
of the valence state is associated with the ionic size of Re, it is another

interesting question to investigate.
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lo

-

G

Py RGP
4 (creation operator)#? ;& ;= (annihilation operation) & # » <i, j>% 77 %17 28 &
R =l F 0 AT M B v EALFE o VUG- I g p R
F RSt - i b e Coulomb £ it (ApRdac) o 3¢ @018 — Ztu "Cip @

B o RS kR S L BB R ERUYAN S TS S

\

PIZREEIIIEY A o

2.1.6 t-J model
#5848 & i U >> |t| » Hubbard model # 1231 iz = t-J model :

1
ztlj ic Jo' (Sisi _Znian (2'2)
ij

<i,j>o

U

7~ ij

o F ek NP FhIE — ztumwpﬁ—%@gﬁbi—ifé;}j%_ﬁ?ﬂﬂgﬁ

<i,j>o

D

=R ¢ 2 FilBEe; PSR Z( S; ——nn J#‘aﬁs‘findirect exchange interaction

¥ o {zAtcopper sitesp *2S=1/27F <+ rantiferromagnetic exchange it * o



22 CuCrO,z2_#§ 4

Bl 2-4 5 CuCrOg 2 & #5512 4 5 CrOs = & #4 (tetrahedral) & B

TiEzrssad Hdpem > HY FHI L5 ~fiod L4k 7 B 25 5 B
2-4 ¢ CrO,w o B2 5ALE > P F%J 2§ ~ 2 J 548 0 d 30t 5

MR R R BAP R AeR 2-60 T B 5 REFRDET (T2 4 ¥ 4B i

B @R E LT BT E SR Mo CUCIO &% 4 ¥ F kT

-~

* L TRl R o

Bl 2-5 2B 2-4° CrOsz » £
B 2-4 CuCrOq & ¥ - W © [29] (tetrahedral) z_ i% AR Bg]
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2.3 ReC0psMnosO32. f§ 4

ReM,M, O3 5 & 3 eperovskites ABOs % #4-#§12-7 » Re % Eu ~ Nd{rlLa

2 bR E > My oM 5 i8R £ B4 + - Goodenough et al.[31]4=Jonker[3]
$LaCo,Mn,OgiE = 7 — 2t A A3 M - # Bk ade e v hCo% 4 M p ¥k
(low-spin state)f= &k p Mn**-0-Mn®" (d* )4# & 1+ 4 2 # £ * (superexchange
interaction) 2. p 3 #+#% € - Jonker 3% LaC0osMnosOs2. 8% & 3+ € $ 7
o % B 2 0 4eMn*ICo™ & Mn*ICo™ § i § B Sk & [32] o & s Dassir
J. B. Goodenough ¢ LaCogsMngsOs 2 1 H i 7% & 3+ 2 % #ic 3 Mn*/Co™*
T Bk [33] - &LaMny CoO3® £ RSN s LR LI i
feeiB B & A o p i (spinstate) ¢ ® Rez d+ LT & o] ¢ BN 4p ¥
B RACHI2-8% Higt 2 4z ¥ (distortion)4-®]2-9 > @ % EUC0sMnosOzs* # &
P2t BB R Ty 2 T~120 KA IR 4p ¥ 40 B 2-10 ~ 2-11 > gt g i 3;;1 i
ez Jespin-glass s #c[11] » 2 NdCo0gsMngsO3it e - @ 20 b 4 27 g2 it 5 e
Fo7r 6 T~120 K75 & 485 4o B12-12 ~ 2-13 > fe 2ot 1 ficdf » T~10 KpF 9 3R

— AP RA-RI2-128 ) RIER[29] wcandF A A R AR R £ R RIBR

[

Bt 2 T+ e f e
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Bl 2-7 LaMnOs 47 4% % % #-7 & Bl » [30]

150k 143 30Rllpy. |
g paramagnetic
2 100}
= .
© !
(o) -
D- -
§ sof
= k
N PR L =
155 150 145

Mn-O-Mn bond angle ¢ (deg)

B 2-8 46§ i* 4 ReMnOgifl B -#f2 3+ L 2 (48 = Mn-O-Mn 4 &) % B hoip ] - [34]

Large R-10on Small R-10n

B 2-9 A2 43 2 ) g $HLE 2 B F - [34]
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3.1 HEWAF-EwEd
A &P YBay(CupxZngsOy (x=0~ 0.05 ) -z % & G4z -

311 44

EHEE S EARNE &4 (Y05 BaCO; ~ CUO ~ Zn0) 2. F Jis 3¢

Lty L s H 32 38 #i Y Bay(Cug g5ZN0,05)30y - fe@#38 iC &5k
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*(H R FE99.9% )2 slicy ¥ > [Iem s P FEIS S R T
FAEME ~ k%G EY 0 10°C/min 28 0 e F ¢ 02 B R (>860°C)
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E#HB 10°CEFHE bl BiEAY o RFppd BEHERFLI - HE
EEWF SR L REPTEFAI 255  pEZALEEL R
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HERE

4 3-1 e ix i

B 1R BE e B 3R R HMIERE

YBaz(Cuo_952n0_05)3Oy 870 °C 880 °C 890 °C 900 °C

312 ®EWES

NF B iE T 5548 ¢ Su(PLD, Pulse Laser Deposition System)+4r
B 3-1o ke b4k urrid 20 KiIF % 4 3 § 5 ( HyperEx400 »
Lumonics Excimer Laser) » £k & 5 248 nm > ™% fbrsc & £_400 mJ/pulse >
ERESEILT %GR BERAE LGS 4 J/em’ o "% ##4F & (Repetition rate)

5Hz » #% fbe4F 4 P ¥ (duration) %) 12 ns o

B 3-1 3 5748k L X E W
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Wm0 AN AL B BIEE o & 32 5V RLEAE N 93 R

% 11 YBay(Cu1Zny)sOy (x= 0~ 0.05) & %2 ik 2 o

%32 L g

48 & (°C) F R(torr) 7 s E(M))  F EHE K (H2)
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YBaz(CUo_95zno_o5)30y 710 0.3 400 5

N S B B FheT

(@) A¥FFF

1. #SITiOz A4 » %5 13 fir (acetone)iz ik 2 "&E4r® » A WA F A BRT B
ZGR TR LGRS BTN 10 44

2. #- SITiOz A 4% *x » ¥ fig(methanol);z 2 # > 1% 425 & ;&fﬂf—i Fo 5 7
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32 H#&EHA-FIUA

Bk & B3P ReCopsMngsO3(H # Re=Eu -~ Nd)#s % 2. # & 42 - (& &

d R R0 BR324 60 AN, Vasiliev et #)

3.2.1 EuCogsMnys05 2. %] #

AW EALB N L £ (EUO; ~ Co30s » MN03)2 F Jis 5 &3+ 5
L&+ E 253§ EuUCOisMngsOz > el & B it &b x(H ¥R
FiE 99.9% 17 1)z fodic o |~ IBIGATAE Y AT DS (5 0 B r AR A7
F ¢ B IE(T=1000 °C)i i > ' Eic Hopo R 10 B BHE BRE S B2 §
Wy itgEFED E B RN F P U FE(T=1250-1420°C):E 7 24 | pF

Mk > 12100 °C /h 5 R 3 3R [11]

3.2.2 NdCOoI5Mn0.503—i ?lff

#o R WA TR AR N E 54 (NdOs» Cog04 > MN2Og) 2 F 53¢ 303+ 5
)Ié. L é‘,j]'?v/n\-:j‘ j‘%—li’ﬂ 3{ NdCOO,SMn0.5O3 ’ lﬁa@_ﬁ_ i v é: 4,;,7},;#_\(:5. "i‘)}i
‘:‘g é 999%'1._F) hﬁx ’ u.' )\IE; T k2 &k ¢ /EHI,% b= {s > B 75 /E_J}é ’ %&2

F 7 0% R (T=1000 °C)ig 74 > b MR B e X 10 5 BRI BRE +sicq
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3.3.1 X-ray 3447

AF A X-ray s AL E 2 dhe 2 H BB F #ico F Xeray » B

e A 2 St 135 4§ (Bragg) B i 2

2dsind=n)\ (3-1)

He »d 2 HHBTa E%Lﬁﬁ'é}/ﬁ:’eéﬁ&f%-‘f*ir%iﬁﬁj{i ’7»]::»7‘-@/1'9]6

gy £ oon 5T o

A

ABET T IR R BPE ShoB] 32 oo A MUE KA G ¢ PP

-4

B % 4 3 ¥ (closed cycle liquid helium refrigerator) » — B E % % (chamber)
Fe 2 2 B REFF c 232 M F - B4rEES A (sample holder) » 3 % A&

pFRT R - 3F - H&R8R & 3+ (Silicon diode thermometer)id 4% 8 47 F

(Lake Shore DRC-91CA controller) -
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(") (V) (V)(I)
A B
B 3-3(a) 7 Few 2L P|E B 3-4(b) van der Pauw 7 re 3 & p)E o
d R +R
= 2)x f R, -
P="> X (=) ( ) (3-2)

HY »Ri 2 ABZ BFeng s CD2Z BFaqg e R, 2 BC2Z FFeng et AD

Z Feng e d i s f( ),?41 vl 3-4 #75T o
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0.9 | \\
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- \
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0.5 R N
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333 #aIEinfZ(Ir¥)

(@) A+4E:

YBa;CUsOy (B<y<7 ) ttif & 22 /R 4 chifs 2 8o #Ap W AP I § 7 £ chmbid
ST AR AR S R R RN 33 NP I AT W F A

1000

logP = a? +b (3-3)

B¢ PR3 R CTREER azfaF bafie-

—0.5E

LOG Po, (atm)
&
o

—2.01e

B 3-6 YBCO % #p B - [15]
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B 3-6 7 YBaCusOy F 'z st ® § 3 £ %R B & B [16] 7]

P %’:’?S\E YBagCu;;Oy e Te oo £ B R T YBagCu;;Oy = xE] g +

E"’PE{ f‘iy o
100 . - - -
—ealE2\
—— .'.:_\.‘..- e
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\
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60 |- . WP
! e
) '
= \Q =
40 |
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20 — - Sintered ]
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0 el i |- N A\,_. t
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d
FE] 3-7 YB&zCU307-5i-A§—BE—‘—Ei’ 4 5o 2 T&'«ﬁ'.‘ ';.t‘:rq_)i Tc—,‘;i? § %‘ 'E._ O % F_g] ° [16]

(b) MASLETF)RHH T > A REE 4o 37 #57 °

L #@wc b pEAN  EARTEFTE B ERRY -

2.ﬁ%ﬁgi’é%ﬁfm@J%ESMU%nuT’#ulmyMnﬁ
AR A0C HEFEMAERF R ORMRE 3P RRS EF 604
8 T R o
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Tc

=82.6(p —0.16)> (3-4)

¢ max

1,‘1 ¢ Tcmax f:‘-* ;Zﬁir%ﬁxrg L‘ﬁ"'ﬂ/ﬁ}i °
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YBa,Cu3z0¢5 YBa,Cu3z0¢5 YBa,Cu304.35
Pressure 16 2.36 1.33
(torr)
Temperature
(OC) 450 450 450
Time
(minute) 60 60 60
Te
80 55 <2K
(K)
y 6.8 6.5 6.35
YBaz(CUo_95zno_o5)3Oy YBaz(Cuo_952n0_05)3Oy YBaz(Cuo_952n0_05)3Oy
Pressure
(torr) 6.5 1.5 7.02
Temperature
(OC) 450 450 450
Time
(minute) 64 £\ 60
Te
<15K <15K <15K
(K)
y 6.6 6.8 6.7
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334 XANES 2 R 4

AR A G 2 A 1S B 7R 5 5087 7 ¢ . (National Synchrotron
Radiation Research Center - NSRRC) *# 2. 6m high energy spherical grating

monochromator (6m HSGM ) sk & 4 BL20A [17] > i&7 X Eex ek % & ip| o

3.3.4(a) XANES RZfj 4

XANES ( x-ray absorption near edge structure )i & 2 2 45+ 5 #u8 T

3

sz

e (TF)21E NI 0 hKedge (O ch1s F| 2p 7 #uss ik 42)
dORFHY B BRI R T ELF P A G2 o EXANES K #
Are v RBS fAEYE 0 2T F A S (Total electron yield) 2 X sk 5k &
F (x-ray fluorescence yield ) » 4-B] 3-8 -

d 2R FAFT FRSd o dEd s Flo § X-ray Rk S 6 ow

—L),N\«

X
L
(dm

FORO RDR S A 4T 0 F1 5 xray #E T R 12 6 7
TR PR DT g R ZRE R S A A gk o R
dkF et A xd §RPIEGIER 4 2 F 4]0 FPLFHFRRFE LTS

FHoF&RI T XEFEEFLRTRSFEWSEDEFIEL 4T
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X-ray Fluorescence: An x-ray with energy =

the difference of the core-levels is emitted.

Continuum

Ka:L— K,  Kg:M— K.
305 X krifekfe 038 ¥ S AFREF X 54 r g p kL5 AT 2
BB PR TIHIA R TR TS AL R

3.3.4(b) p A=z (self-absorption) it

FHEP A IR 2RBEFSELT A SR L S P
Az o T p A ek FH R o B 3-9 53 Mtk p AT d g
FArh Az g R AR BB G AR REE O FTEO

o+ 2o 1S B B T B 0 powy 0 7R E Ao 258 3-5 54 [19] -

I'(E)-P

:ony(E) = f_ I,(E)

(3-5)

H¢ >E % photonenergy’ pey = absorption cross section of oxygen atoms »
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Lol = absorption cross section of all elements » Eg % fluorescence energy ~
520eV » F 5 factor °

ook

I'(E) = 1(E) - 1(520) + f - 11(520)

_1:(B)

"= (E)

P = /uother (E) + /utotal (ER) X G

f = 600 — Is20
Heoo — Hszo

How (E)
/utotal (E) + ﬂtotal (ER) X G

u(E) =

_cosa’
cos S’

G (@' =45-o[JB =45-p)

Hiotal (E) = :uoxy (E) + Hother (E)
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fluorescence exciting photons
A\ from monochromator

N

CL

(a) general geometry

y 4 4 4 e
it

(b) grazing incidence,
normal take-off

(c)noi‘mal incidence,
grazing take-off

Bl 3-10 ¥ ki s p ARt e A B ¢
(2) 5 » S 2§ %2 Bis S
(b) 52 stk ridm & » 55 F¥ Sk 5 L3 )
()% » 5123 » b » # % 540 &2 - [22]

| (E)=1,(E)cos® &+ 4, (E)sin® « (3-6)

He oI (B)5 » o4 a2 XEFLEFHR I(E)7 »o74 0 R2 X X F

REF A 0 lo(E) 5 ~ 54 90 B2 X K F LA FHA -
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3.3.4(c) HSGM %% fi 4
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34 R ko RS

W A & (Curve Fitting ) 5 S & s fpse & 2 W R > P aFycd fzk

YRR F PR Bl AR SRR S A 2R

A

vb i

# PR R e

9

ez

’

\\“‘_
:

hFT g #-R3t OK-edge iz st B F & 24 % 40~ 4% 5 ~ UHB ~
2 Cu(l)% O(1,4)it* 2 % i > P~ 526 eV ~538.5eV it £ # Fl > #-1 fc

B LY -
(a) =iz A5k

B3 v pREHE 2 Ak R T AR T R T A ol Lo

B o Ao Rt B R ROF R LB ETY SR E S fTE Ak -
(b) %o =%

kv g 2 pe[2325] EEe A ACERERE 0 AR LAY

B APy Rk 2 kR
(C) = e & ff e i

A2 H#1 YBaCuzOgo ® 4¥ ¥ 4043 T m 2 $he §F (apical O(4)) = e

BoAR o T5 AR ARI8] > 38 3 e
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Nzg + Nopain T Napex = N

apex

Ne e = Ny

anLC =Nz + Nepain

H Y 5 YBaCusOpo 45 25 e i #f N 5 0.9

it o
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¥» § #5 Hidden charge 2e boson model
2R

ARHRAIIBEE DR 7 Ry s Frkieis O K-edge (O e
1s 3 2p % #u¥et ek f7) o Cu Lu-edge ( Cu £712p3;, 31| Cu 3d 5 #iussd ek i) 2.
X % w3y % 3 (XANES) ¥ % o

AR SRR E Y S F T a Fof s rF(Fermi level 5 Ep)'igae F 2 %
% 4 £ (spectral weight) » %% & [4 (Pseudogap)t * 2§ % A% 7 “T4 £ -
it @ Z e Philip Phillips et al.#73% 1) &% F 42 #48 ¢ 37723 Hidden charge

2e boson model[2] -

41 RE=XP

0 B B EATER Y h3712 2% Hidden charge 2e boson model[2] + %
Bt AU AR F 2 E R A (R ) R R T d T R
M4 27 42 348 @ [4 (superconductivity gap)sfp B {2 A AL = 2B > Fl#t 20
{HAEFEA 2% w Y WA BE ety 2 Er g 1 hiky 2
FEGRBERT) R se 3 B A B B g - AR S

YBaQCU;gOy s YBaz(CUo.g5zno.o5)3Oy ’ ‘f'] Ll #‘l /f@ﬁ—’.—” ;7\:#"‘;_%’ » 1R 3 ;’_E, 7]@_7
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FE PR R4l Bl ARR o HY B e Y oL A%l

%A RIS XANES F &2 ER T T35 7 FEn

Room temperature (1T=300 K) ,

T (K)

T=100 K

Low temperature (1=20 K)

0.05 0.15 0.25

Y

~

Under Optirally Over
doped doped doped

CuQO,-plane hole concentration (p)

W 4-1 4o 8245 § AR ) -

42 RBkinfz

F &I R T B & YBaCusOpe ¥ YBay(ClUoosZNo05)3s069 *+
SITiO; (001) A 4= + » 4| * T re-f & & /B % 2122 vander Pauw 7 rE 5 & 7B
iR BT OH o ToX TSR R FZ ART e

BWH TS TR B 4-2~4-3-
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LT - RT 0 +0.095 -0.0023
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Predictions :
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