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Abstract

BB E T RICBW TR FHER O GHCHN 5 2T HARSEOGIEIE, ERORMERYBICET 5 —DDRKE AP
THb, TNETIC, BFHIEBORIFIZHEG T E Vo TR ENTNGOZERIC K > T ENT &z, AW, 78
BB L OBBE T HPREICB I 2 CEFIEIC LD BT EOREIEEZ ST LT, BETHRHSEERERS T
EMTEDHLWAEZFE LI, CTOMRIE, ATHEF R ETFH S EHBEREIC BT 25T HE 25
T2 DOMENGHE 2RIt 5 T L BREd %,

1. 1ILC&HIC FIEEICHRTH D, TNE TICREDED >,
B EIC B BRI E ORI LT, ootk ZT T, HilE, BEFERBEKOMIUTHUT, wEHEE
F—DD# LT BEHTH B [1-7], JothDIK R, B ElemosTHE (QW) I8 3 3D A5 2D \NDXRTT
AEY - WoEAHRERICE < EHRHEERZZEZ, Yt BEEEZHOEH LOWTFEZIRET %, QW fhdld, FHE
DO ZEF|Z T 3 [3,4]. FHC =Xt GD) A 5 Xt (2D) DIEFITHWERTH O, IR Y & MG L T
ANOJGCHIEBIE, BFEAHSOMRICBOTRINEER VWD, EIRBEICEET 2 MO AERIXE
2D 13D RCEHFEHOR LS ENgINTDIC, ELARV, HRIZ QW KEEIC BV CimtH ML D nE
BT RV F—DBETYIHIIHER T OIRZ BN TIRES, D JEOBES7E ML) BATHEL, EHEEky &1
%D Fermi IADOPHHAIC X b K<k &EnB, —/T, S EoMosan ottt BE o OB E U TIERRIC
—RICRTIERETIED HRT T2 DICRHENE ARG ez R LTz,
Uk, ThEDOHETH 32D 2T, ElEkT L& CCC, smAHBARE LY & LT, MR TR T IRE
THES E DM 7 VI & > THIE R B PR S | & ZHBIT % Srvo, (SVO) AR U7z [9-12], Hikha
fZEN3 (7], £o7T, 3D 5 2D NI B X E SVO (X Hifli 7 8 AL 3d(t,) 7 F5 - 72 BRI 75 Fermi ik
TROEZHEARIE 20T, JoctflE HHIERLRE 4k (FL) ®ETH 5 [13]. TOHEMAEDRICE I (n
N2 BFHRIRE RIS B T OMME A8 situ ARPES) ICX > T, SVO QW RSEICEH CIA® SN Tzig
BeEHz 5, HHEEEE D FL JRBEWE = 6 ML £ RIS NIz, T OFEHR
HEERMIEICEBT % 3D D5 2D NOHIEE, a7 X &, B LY TN RO ARPES AT R ILOJEIRD
14 b EE{EY) D Ruddlesden-Popper (RP) RICKEETN B FL f#{GOPHA TR LFERENS T & 2R d % [9,11],
EHREE(EYI TR S N T E o RP R 4,805, 4IXT ZNTZR T, BADLANTHE Ul AR EF D
WAV, BIEEBESRE bt h, —BMUL Yt (AIPES) i35, SVO-QW IREENX, 3-5 ML DT
D ABO, {535 JF N AO KufxHENTEIC K> T EN MG MHIEEEZ T, WRBE () 2-3 MLICBWT, FL
ZLTWV5 [56]e TNSORIRBIEYIIEIoTEEEE  @FED 5 Mott HiIANDREIKIFR @i Az (MIT)
Bomisza L, LIXURE, SEEEEYiciy % midsg BRTZEDHSNERSTWVS 10, DX D, SVO-QW
[1]RNVF LB BT 2 ZHIGHEE 8) R XD, & M Id, Mott #MuigikHE & — XTI 7% FLIRRE (QW IRRE)
TIED EICHKT 2R EYMNART, L LEDNE, £ OBERICBI2ETREEERLERNE 20 TR, ook
BlEOR2EA T EIRMEE 2 /KNS 2 2 LIEIE IEICHRT 2B RO ENEART I LICX > THlLE
WICH LW, ZODIC, HEEAMNEEAEERZE N2 BTFEAHSZHAXNZ HOHMNTEHEA LR Z
TE LTS R TD 3D 5 2D NI D A5 1) 7 il ) %
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2. Insitu APRES + Laser MBE S 3£E

SVO QW #i& THMN % “XyidE FIREEZFN 51T,
THHRRI 2D A SRR B 2 EIKE 2 5 5
F XD TIEMHICERT 208 NH 5, T OHMNZERK
TE5EDIC, LG, TTFRIEXFT— (MBE) %%
MWl & EZER TR R F L)L THIE S 7z sVo
QW HEZER L, TOXRMmMZRKICHEST T L% < in
situ "C R BRI iUFHE &2 Fl VL 72 APRES A L& IlE L
7zo T DFEERIX, Photon Factory DK « S AT € — L
< A >~ BL-2A MUSASHI (Multiple Undulator beamline for
Spectroscopic Analysis on Surface and Heterointerface) ([X|
1(a) IKCHERIN T3 lin situ ARPES-Laser MBE #1335
&l (K1) Tirim-> 7z [14,15], K 1(a) ik LTz, BL-
2A MUSASHI DK E 73R, Bz 26507 >Yal
— 2 AOCIR (2RI 30~300 eV & 8K X # i i
250~2000 eV] ZEFNCEEL THD, EERIISCTT v
Val—2ZY0EZST LT, IFHITLN T IIVF
PO CZFIT 5 EMATREL 72> TV B RTH %,
TOE—LIA VORMERCS &, BZERNAEH W
APRES IC K2 /N FHEIEDMRE &, R X7z UV 7o ik
HENTHIEIC K B e SB IR AL IRRERT I & 72, A —RRt
KHEICBWTTS TEMARETH %, K 1(b)IT/RLTE, in

(a) VUV Undulator (Valriable Polarization)
(30-300eV)

SX Undulator (Planer)
(250 - 2000 eV)

Grating for SX
(250 - 2000 eV)

Grating fol
(30-300eV)

Preparation
Chamber

Figure 1 In situ ARPES—Laser MBE hybrid system at BL-2A
MUSASHI beamline of Photon Factory [14,15]. (a) Schematic
layout of the BL-2 MUSASHI beamline. (b) Schematic
Illustration of “in situ ARPES-Laser MBE system” at the
BL-2 MUSASHI beamline.
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situ ARPES-Laser MBE 8 &%%1& (%, [Laser MBE 1], 3
FFEMAL ), DEETE] OFIC=DDHDh SRR
NTEH, BVWIGESEZ T TEEENTVS, Chick
D, Laser MBE 26 T SVO QW FhEZEEIL, Fhzil
2 R R ER AR 12 £ FEE 70 CE % Tl
L, insitu TEFIREEZBNTSZENTZ S,

3. BREER
3-1. BEE&TE MIT (235175 QW JREEDZE1L

X 2 [3HR)E ¢ = 2-8 ML @ SVO s THlE X iz —if
D ARPES £ A—T7%mRd, TNHEDARYT MLt d, N
YRDOBHZZL Y b ARSI IKih-> TRIE N
726D T, ARPES A A—JIE V 3d t,, IRREEOHTRTEL
T2 d )NV FOHDNSRERENS, /N FOARFUIIIREIC
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Figure 2 A series of ARPES spectra of SrVO, quantum-well structures

with various layer thicknesses. (a) Respective ARPES images
of ultrathin SVO films with ¢t = 2-8 ML. The ARPES data
were acquired with the present photon energy of 4v = 88 eV
along a k, slice near the X point (k, = 0.75n/a) as shown by
the dashed line in the inset, which includes only the quantized
d.. band. The intensity after subtracting the momentum-
independent backgrounds at any point is given by a false color
scale. Note that the series of ARPES spectra are normalized
to the incident photon intensity, and the normalized intensity
reflects the change in spectral weight of the QP states with
changing ¢. The dashed lines show the results of the tight-
binding fitting for each QW state. The inset shows the in-
plane Fermi surface and the ARPES measured cut. (b)
Corresponding EDCs to the respective ARPES images. The
momentum-independent backgrounds have been subtracted
from all the spectra. (c) Line-shape analysis for the MDCs at
various w. The shaded areas indicate the Lorentzian functions
for the n = 1 states. The n = 1 subband is prominent in
comparison with the other subbands owing to the strong Av-
dependent intensity modulation [9,11].
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T OREEIT A EHEE THRIgEE N, A5 —)b
Bt BEZ RO ARY MVREDZEL KL TV 5,
X 2(b) DIV F—FihER (EDC) ITRLTz& D1, 2
ML TD QW Y TNV FOEKEWVWI KT, =2-3MLICE
F 2 JEJRARTE MIT DIHREICBRAIE 7z, DL ATPES O
EREAGDED L 10], 1 icixD I DN T Fermi #ENTUT
FEoae—L Y MRE (BT NRVR) S 15eVIEhiE
TBAa—L Y MRENE ARY MVEENBHI LT
WA ELHETE S, DED, SVO QW HEIC BV T N\
> THEEMID LT &, NV RERZDE DI
7N TV —/T, Fermi #EAICHBIF B Y TN RigEghH
ERBEAICIHAE LT MIT BME U TW3, T T°C, Fermi HEfL
KB B ae— L MREEOBEIZMERN FEEEZRLTH
D, BTHBEZKMUZEDIARKN T ZICHHIL 8T
BB 1o £oT, FITNY R DORBENANEKIEE
B AL TV T L ZEKL, SVO QW HEIC 1Y
% MIT FEBFHBIGER LTV EEZ 5N S,

3-2. ZRTTABIRIC ST B EFEE AT
ARPES A7 b))V 7z@8s /7l y) b 1 U 7@ Eh gy
il (MDC) ZH% & (K 2(c), BREMNEDT 51
NTE—ZEHIEML TV B HEAD R TN S, MDC D
Y— 78 Ak, EEFOFEIHBETROUHRPHOT
FIVF—DBH mz IHFIL, RDOKXTEEINS [16] 5
hv, Ak = hv,/ 1 = |2ImZ(k, ). 1)
TCTTC, W3 TS50 7@, v dBOEE, NI TFHE BT
BTH5, Lorentz AR W T w0 71 kD,
t=2FRNERTOBRBEICHEICHEET S n=1 DR
JREED MDC I8 Ak 2 BIEE o 720 K 3(a) 1, 75 QW HiE
KKBWTHBELONTz A ZHNT, XD ICkDKRDS
N AT XV F— DB S T3 )V F—ITR U T
L7zdDTH B, LAFTD SVO QW #53E D ARPES W% T
5% Fermi 8 k- 1IC BT 5 S(ho) DR TIZ & A EEND
MRENAED-T2C &5 [12], SEIOMEN ClE T 1H#HD)
BEICRELEVENGE LTz, K 3@ IaREnNizLo1g,
6 ML R O ImX(0) IE PRI TH D, ThiEThET
WCHEENTWAS K ST [11,12], SVO QW HEEICHBIT 5
FL BLECIRREZ KL L TV 5, TTTHHT AZREE, #
fifh SVO TET - i FHEMEAICKERT % 60 meV ICHBIF
% kink FEEDEII SN TV BRI hhb 5T [12], TD
TV F—REIEIC 38U T IR E O #iPH TR HI T REZS kink
MGl RoNEh -7 & THB, TOMREIBESL,
SVO IC BT 2 175 B @MW R D T2 &, FHXFHIC T
MEF kink FEDMEIO R FLIRE (n=2,3) DAXRT |
IWBEICE > THIENT LE Sz EEZIONS, Th
50 ImE(w) D o’ EIFEMNIE, + = 6 ML OEIIC BN TH
#5 6 SVO O FL EECIRRE [12,13] IMEZNTWVWB T &R
B35, LMLEDNS, BEEOKED 1o <IicoONT,
ImX(w) DAFUL IS DN & RMICZLL T
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Figure 3 Self-energy X for SrVO; quantum-well states. (a) Imaginary

part of the self-energy ImX for the n = 1 state as a function
of ® for 3-6 ML. The solid curves represent the fitted curves
based on Eq. (2). (b) (Top) Structure plot of the QW states
as a function of 7. With decreasing ¢, the number of subbands
decreases, and eventually only a single QW subband appears
in the two-dimensional limit of metallic SVO-QW structures
(3 ML). The dashed lines represent the simulation results
based on the phase shift quantization rule [9]. The number
of subbands in the QW states decreases with decreasing ¢
in SVO-QW structures, and eventually only a single QW
subband appears in the 3- or 4-ML SVO-QW structures.
(Bottom) Plot of evaluated exponent o with respect to ¢. The
value of ¢ gradually reduces from 2 to 1 in the dimensional
crossover region of 4-6 ML and then reaches to 1 at the
two-dimensional limit of metallic QW states (3 ML) on the
borderline of a Mott insulating phase. Here, FL, NFL, and MI
denote Fermi liquid, non-Fermi liquid, and Mott-insulating
states, respectively.

E, R, @ Svo QW KhED Xt TH % 3 ML
IZBVT ImY(o) FERIBICIR S,
TNBOFERIE, MITEFICE VT FL A5 JE Fermi iR
& (NFL) EECIREANDILBIECTC L 2RBT %, H
JEIRBE D Z b2 B NSRS % 72 1C, ImZ(w) HiFR%ZE
ROBGFHNEIRNT T 0w T4 VT RITIRo 7z
ZImE(w)| = T+ (w*+(mky T)* ), @
CCT, ZRBROIAAKET, B 3EFHBDOMRE 2L
TR B, ky 13 Boltzmann B, T™ I AFIMEELIC K B 4E
K 7AMOWE, o (ZEAIRHTH S, K 3(@) IRT &
2, RQIKEKB 71y T 1 »7IdFEENE Im2(e) ik
EEXLHBELE, RQIWIKK2 70y 700 ThbRED
5N 7z o OEZ BRI U THE L 7/7z& D% K 3(b) IZR
T 6 ML EDREICE N TIE a=2DFLIKEETH S C
EMNIIND. 46 ML O “JoTHHLE” M T, R ¢
t, NEDLICDONT a DI 2 M SHRAIICIHDLTED,
FL 55 NFL \NOREREDIHENELCTWVWS, LT,
3MLICHEWT o DEIE 11C#ET %, o=1 D NFL IEEIR
R EHEE LY B % marginal FL[16] & FALIL T3,
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SVO QW M3 THIHIE NIz TR RIS 5 NFL JREED
HEE, RZD ROTHRICIEL T 8T, MITIZHES #F
REEICRHT 2B L EMR LI ENFENEEZ BN
%, TNSOFERIE, SVO QW IZHBWT MIT D ¢ T fEIC
BTHESS (QCP) BMEELTWAE T EERETEEDT
b5,

3-3. MIT R EICH I B EFERERADET

X 3(b) I/~ L7z SVO QW HEIEIC BT % Structure plot (5
FALHERNIS ST B Y T3 RIED T 3 )V F—% BRI 0
LTHIBELIZED) 5, 3ML (£ 4ML) OEEE T
FCIREFEMIC AT OY TN RBMFEELTED,
Y7V FRIMHEEH O R WS Z X eRIRREIC 7> T
W3 T ENRTHENS, 51, HAEM =1 IRELIES
Al n =2 REOH DT, ZNEDTRIVF—ENE
S B RELEDIMLICBVWTCIREHTEZIZE/NEL
B EMEENS, DX D, &JE SVO QW HHED T
BRIV T, QW IRBEIXBIAHIN 2 U TIREENIE DWW 2
EFEZBND, INHDHEMMD, 2DICBITZETIED
TOWMKOFERL LT, 48 FL & Mott #fifg At R
HBEHRTQCP WFEIEL TWVWB T AR ENS, QCP
DIFE L QW IRIEDFKIE D3 LW BRI, QW Ml
EERTZHETRAEDEORT I EHIMAFERC &%
Y

4 [0 D SRS RS PR EARAE Mott B85 351 B QCP
DIFEZMR RBT 525D TH 5, QCPICHET 75
ZEDH I CIRASH TIRARWVD, TN b OBIHIKESIZ
&8 QW Kt Z Wl A B FHABIRA\DOREICE
WCHEELRMENEZ/RT, SRIEEE R TERER YD
QCPLfEICEN D, HlZIX, B O e BmEAROM
KIC T % QCP AADMEIRE F— L OIR{ENE NS
FoN (1,817, ZFAIEERYIEER CZ FD5sH R b
Ve PRS2 N TIICHIEd 5 2 L id, QCPIEfET
BN 28 FERRRZRGE - flild 57 dD#i i fE%
T %, £EME SVO QW HIED KIeHifRIC 51T
B E NIz B FEERNZEHIN 5, SVO QW MhEhIEfL F—
TEIRBRERE Y & BN R B TREE R DD, &
BOERE LT SVO QW #iEIC N 2 Y)xE T F—7
IC K B {REFEH O ATRENE [18] IFN a5 %,

4. L&

B E TR THN 2 RREAZEFIIEZHIET 21,
BT - AY Y - il H iR RN ) < B A BLVE A 72 il
TEIRENDY, I EFRELELHETDODVTVS
—DOHEEBRLEKTH S, 7k, HLIE, sSHEERICY)
SIVo,; Z Ve eER FHPHBEICE T ZOEEZET
JEHAITATHEL, XoozZbEgiiFcgE IR
BNEDXSILEDLED 2, MESHINCE T HZRNT
R Tzo BRIED 6 0 FELLE T NV 7 Bifh s Srvo, &
[FIERD Fermi IRIAIREETH - 72 b, 3-5 0 FiEDOXycMiE
BRI TIEIE Fermi RIKREL 72D, 23 FIEICET S &
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MOFEERRET %, THE TICE ISR ENIELR
BEL VS TEESNIZAMGIC K > TGN T X, 5h
DOFEFE, SEHBE RS T H ARG B0 2 T HERIE
BTREL T I > (HLINZ B FERHAREANS 128
OMANEEE L 55T LR %S %, wmiHESER -+
FREETIE, BEEOHIEICIA T, F¥ V7D R—=TIck
2 BRI M & O TREAIC K 2 BHDZE 22
IEBTENARETH D, HIZE, RENENEICX DE
I E 7RO R B YRS 2 1z DR ZE S
TEMHREENS,
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