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Probing orbital symmetry in the quantum critical phenomena for the strongly
correlated systems using the polarized core-level spectroscopy

Fujiwara, Hidenori
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The symmetry of the strongly correlated rare-earth 4f and transition-metal
3d orbital plays an essential role to drive the exotic phenomena such as unconventional
superconductivity or metal-insulator transition. We have developed the new spectroscopic technique
by using the linear polarization dependence of the hard-X-ray photoemission and X-ray absorption
spectroscopies. By utilizing this technique, we have established the method to probe the
ground-state 4f symmetry for the tetragonal Ce systems.



B X C—19, F—19—1, Z—19 (Gth)
1. BFRBELMOE R

CeCusSiy (ZH1T 2 IR DI R 252 & LT, BTG 7ZREM A 2 & o 4F KT 3d HL

EEER L LIBARE DN ER ST 5, FHIBREE ORI ORE R K Z 1
9 CeCusSiz D “BHWVET" RGO E AL, SR S ER DR & FEIPED
HY | Ce 4f FEEIRREDPUEFRME & OB ME SN TWD, ZD72), RIGHIRTRFAEIIE
DXL S E VR B C G 2 DB 2P LI T 5 2 L3O THETHD, LnLR
WH, —MRITREY A N ORFTGE L~ 7 nlENDIRET 2 Z L IZREETH 5720, 1
FABSFEF 4 DI BB IZ 31T 2 0B A L DRENZ SOV T, 2 E THMITIH LT - T
WIRDo e, & ZCHRARBIRLE O WUE A FRE A AE R IS RE L SRARBIIIE O PRV & R R 2
FEBERE OB 2 IR 5 ~ e & AT - 7,

2. FEDEW

ABFFED B )L 58AH B E - PEC F1T 2 BB X PR D 5% E %%ﬁqzﬁﬂﬁ“é ETHD, FFiC
tCRAEA ﬂ‘/EﬁﬂEé%b\%ﬁéﬁi*ﬁ Ce (LEMNTIBNT, XHURILSE (XAS) & X n‘?j‘nﬁ

53t (HAXPES) O E#R R G (LD) %%ﬂﬁé\bﬁf:ﬁ%ﬁﬂ’ﬂﬁ%"?ﬁﬂﬁi‘&%ﬁ%j L. #tHfk
BYORERSEEREZRE S D, TS XY | TEAABEHOE PR & 5 VS B O AR &
HOMZT % 2 Lz BERICHITE 2 fEtE L7z,

3. WFEDOFIE

peke, FEIRIRBE DRI (CHRPE AL CRE SR X T A — 2 215 T mm+®£ﬁ$%#
Eiﬁ%*fﬂ/ K @ﬁﬁﬁﬁ“é k c,t DERINTEZ, L LARG, —iicHm 8 bEm o
FERS T VX I HEN 10550100 K E/S < VERERRAIE 720 TIHMEEER KRE W2
LV RBE LRI TEORBENER SN TW5, TE, BT ERORRAIZF] T L., XAS O
Lﬁﬁﬁ@ﬁﬁ(msw) X DEERITATE DB E T IEDBSE ST, B E R DL LVF%
HIZEIT D Af HPPEOREIIARRETH o7z, £ I T, ?ﬂw VLB X B RN TE 10
(HAXPES) & 8K X RN 4356 (XAS) D EBMR AR 7 (LD) | m&#@ﬁﬁﬁ%ﬁ#Abﬁk
LWL IR 21T 72 (X 1),

W EEF AT M IZBEND
MM, WS —L L Af B
%&@%K@<£ﬁ%@7~m

o RIS kT B, U impane -
@i%im T—wi&%&o ﬁmﬂb

728 JRFTEY 72 R PRI AR 6O THEC

BT | THRBIRA - A | B A -
*R H/‘j &: 9@ *B Eg T %/ﬂé ler/% D @LJE i‘—f susceptibility simulation

PAPEZ RIS 5 2 kﬁlﬁfﬁ‘éf“%
%o F o HPPET-HGEL SR TR

o 5 (eo—(e) @ @—e—®
ﬁéioﬁwﬁﬁﬁﬁmﬁ@% [ e

v/ = == Cu (c) py @)
< ROV EBR T TH ;#@31 g ii[

HEWz B, £7-. ABlomE %
75 % °C HAXPES-LD #JHIET 5 =
- vt B - NN =3
e e T LR 1) e (AT DRI E R EORE )

XAS—LD TIFHBI T X v O
BUERFE (Z—type £721X[1-type) £ CTHEBIZIRETHZ ENTESL (K1),

"1“”

4. BFERE

(1) CeCusSirIZfRFEINDIEFE Celb BULEWIX, EBEELHEFE (M = Cu, Ni, Ru %)
&X%4b(=ﬁ,%)®M$%Eﬁ@% LV, FEIT20 K LN ORIEEIKIZ I\ T 7ekid
RRFRHE 7 =V IR S B, S HICAEEOBRE M 0 IR O EVVE 7 RIBIR
WAIRT, 2D ORERIMIEORIFIX, Hfm@Cwﬁﬁ%kh%$%®@% X DR
L Ruderman—Kittel-Kasuya—Yoshida (RKKY)ABHAERH OBiSIZkIKT 5, ZILE TiIZE F'EEJE’]}TLﬁ‘
Dﬁ&wceM?ﬁ%%%Ext/&Lfﬁw (REFE T & OIRBR D GEim ST E 2D,
FED XAS-LD Z W =HFZEN 6, FRECIRRE Té@?%LﬁﬁéﬂE%%ﬁﬁ%@%ﬁ%%
RER kB2 5202 L 75‘§$I§.ﬁ:.:ézhfb\é



o (X X AR IS RN T4 A A A AR MM AR

(HAXPES) & #( X #0053 (XAS) O A5 Tl 1
JEARAFEME (LD) Al Ao 5 2 & T K CeMs XAS M 0\,
RAEIZI1T B Ce AT WIBXTEDO Y E S — 1 (6=0°)

tgo (6= 54.7°)

EEMESL LTz, £9, OXAS A7 frk
Ce*" A A VETIHELDOEND, T
= I/ DB I INma | 5/2>+ (1-
a) 2 3/2oRBEDHIE ATV, TR T
HIUL c B MR T D B NRT A —H
aZRETH (K1), DT, @ 'y #&
JEDE N FEEF] S J, = 5/2 (k&L 3/2
REEDBIEAE B DTGB % HAXPES 7> B IRTE
T2, I, @ LLETELN Ce 4F
BB SO FRME 2 TeI . PGSR 00 S5 & F A
T5HZ ENTE L, FESLGREERES IE 0
WEIZIRET D Z E kD, ZOTEEH

WT, Fx ik, RfE Af ETREZRT i
CeCusGes IZx%F L. Ce 4f FEECIRBERIFRIED TR T P ET TS T

BB LTz, 870 880 890 900 910
Photon Energy (eV)

Experiment

Simulation
(o = 0.45)

Normalized Intensity (a. u.)

Linear Dichroism
Uic - Uiso (x10)

O Experiment
— o' =045

F 7. FREEMEIR CeAgSby (25695 HIE H

TFRPED CeCusGe, 125t LCRUIET 5 = & — T
%E‘Hj L/f: (2)0 :ﬂ@i CeAng2 @%E Ce 3ds, g

hv = 7900 eV

RREFMEN T 6 RIFETHD Z 2R L
TW5b, LLEOfEEIL, HAXPES-LD 23 F )7

i Ce [LEMOETOMMBGRIKIRELZR 3

EARETHDZ LERLTND, 4%, <

B e & R IE N B DEk S &

R UCREMATEEHET 52210k §

D R & ETMEOFEBE ORI 2

Ihd, S
0“*ﬁﬂdw§j<§§#hﬂﬂﬂﬁ“ﬂ

(3) ARMFFETIEIX Ce (LEHLUSN DA+ LD=1,-1,(x5)

S AW bISH T Tl 5, 22T A o conssh

WRFEHIIC W T EFRE A BIR 2 77T Yb PSS S S

(LB TdH D YDAIB, OBHE T-BEIFIC HIk 890 88 880 875

Binding Energy (eV)

T 5 Sk E R T Pr AL EWE DR~
g PRRAL Gk UIFSE 2 BB L, 2L X 3) CeCusGes. 35 TR CeAgSb, ™ Ce 3d HAXPES-LD
REEDUTEITHEY LT, 2 L
(4) SRRt ERBIRER L O, PuERRF 2T e 7 204 M Mn BB (Nd,-SrMn0s,
Lag 5,Sr1iaMns0;) D& JBAEFAEIZBIT OV TAFELZ A L, 3d BUEXFREZ M L 7= 2p N
HAXPES-LD ORI EE) L7-, WLBERTFEEERIC R LD AR A2 L2 R L. BB ER
{b#C 4 HAXPES-LD MRl S bd Z & & FREL 7=,

(5)  PLEZhnz., XAS-LD ZBAM 0 TEGHT 5 X<, 7 I 7 a U8k XAS-LD %
R R RE 72 Ry B EE T BAMEE O B IC 2l L7z, fFRAVICHLE R A A o OFHISCZ ORFRE
OFHA % B 2 TR G SN D, Fo, BEREOXIFMED 27 597, BhiE RO #E
KIFEDOIITE F CHRIE 2, IEIEIERMERR X BREGEL (RIXS) Z2 W TS 7E 4 58 L 7=, Yt
A T U NOSKTIEORHEETE D L COMBBIGEIINIRREIC X 2B T EM 2175 Z &I
X, Ay b= ZAEMMEICTH DN —T7 A ZNABIR A 2T —484 MInoVAL D A B R
FREYE 2 REET CE OBIIT 5 FiEA ML LTz, Bk, F HEULA Y O ShS bk IR BE A3 B
AREZR T RV X — A EHE T ORIE N ATREIZ ZeuiX, HAXPES-LD, XAS-LD, RIXS-LD O®EAMFITIZ &
D, FEERIRRE L FHEIREED 2 TOXMMMEEZRET L ENTEXHLEEILND,



14 13 1 1

Y. Saitoh, H. Fujiwara, A. Yasui, T. Kadono, H. Sugawara, D. Kikuchi, H. Sato, S. Suga, A. 102

Yamasaki, A. Sekiyama. S. Imada

Insight into Kondo screening in the intermediate-valence compound SmOs4Sh12 uncovered by soft 2020

x-ray magnetic circular dichroism

Physical Review B 165152-1-8
DOl

10.1103/PhysRevB.102.165152

Irizawa Akinori Fujimoto Masaki Kawase Keigo Kato Ryukou Fujiwara Hidenori Higashiya 5

Atsushi Macis Salvatore Tomarchio Luca Lupi Stefano Marcelli Augusto Suga Shigemasa

Spatially Resolved Spectral Imaging by A THz-FEL 2020

Condensed Matter 38 38
DOl

10.3390/condmat5020038

Koya Nakagawa, Hidenori Fujiwara, Satoru Hamamoto, Sho Miyazaki, Yasuhiro Nakatani, Kentaro 30

Kuga, Atsushi Higashiya, Toshiharu Kadono, Kenji Tamasaku, Makina Yabashi, Tetsuya Ishikawa,

Takayuki Muro, Shin Imada, Akira Sekiyama, Kouichi Takase, Hiromi Kobori, Atsushi Yamasaki

Observation of Electronic Structures in Sr-Based Iridates by Bulk-Sensitive Photoemission 2020

Spectroscopy

JPS Conference Proceedings 011146-1-6
DOl

10.7566/JPSCP.30.011146

Satoru Hamamoto, Shuhei Fujioka, Yuina Kanai-Nakata, Kohei Yamagami, Kentaro Kuga, Hidenori 30

Fujiwara, Takayuki Kiss, Hiroyuki S. Suzuki, Atsushi Higashiya, Atsushi Yamasaki, Shin Imada,

Arata Tanaka, Yukiharu Takeda, Yuji Saitoh, Kenji Tamasaku, Makina Yabashi, Tetsuya Ishikawa,

Akira Sekiyama

Local 4fElectronic Structure in PrAg2ln Studied by Polarized X-Ray Absorption and Photoemission 2020

Spectroscopy

JPS Conference Proceedings 011113-1-5

DOl
10.7566/JPSCP.30.011113




Amina A. Abozeed, Keisuke Sano, Kensei Terashima, Atsushi Yamasaki, Atsushi Higashiya, Hidenori 30
Fujiwara, Takayuki Kiss, Akira Sekiyama, Yoshihito Tanaka, Makina Yabashi, Kenji Tamasaku,
Tetsuya Ishikawa, Shinichi Masubuchi, Shin Imada
Electronic States of an Antiferromagnet CeCuSh2 Studied by Linearly Polarized Hard X-Ray 2020
Photoemission Spectroscopy
JPS Conference Proceedings 011104-1-6
DOl
10.7566/JPSCP.30.011104
H. Fujiwara, Y. Kondo, S. Hamamoto, Y. Kanai-Nakata, K. Kuga, A. Yamasaki, A. Higashiya, T. 30
Kadono, S. Imada, T. Kiss, A. Tanaka, K. Tamasaku, M. Yabashi, T. Ishikawa, T. Ebihara, A.
Sekiyama
Ground State Local 4f Symmetry of CeAgSb2 Probed by Linearly Polarized Hard X-ray Photoemission 2020
10.7566/JPSCP.30.011101 011101-1-5
DOl
10.7566/JPSCP.30.011101
Satoru Hamamoto, Yuina Kanai-Nakata, Hidenori Fujiwara, Kentaro Kuga, Takayuki Kiss, Atsushi 29
Higashiya, Atsushi Yamasaki, Shin Imada, Arata Tanaka, Kenji Tamasaku, Makina Yabashi, Tetsuya
Ishikawa, Hiroyuki Hidaka, Tatsuya Yanagisawa, Hiroshi Amitsuka, Akira Sekiyama
Linearly Polarized Hard X-Ray Photoemission Spectroscopy of PrBel3 2020
JPS Conference Proceedings 012010-1-6
DOl
10.7566/JPSCP.29.012010
33
2020
177-195

DOl




R.Y. Umetsu, H. Fujiwara, K. Nagai, Y. Nakatani, M. Kawada, A. Sekiyama, F. Kuroda, H. Fujii, 99

T. Oguchi, Y. Harada, J. Miyawaki, S. Suga

Half-metallicity of the ferrimagnet Mn2VAl revealed by resonant inelastic soft x-ray scattering 2019

in a magnetic field

Physical Review B 134414-1-10
DOl

10.1103/PhysRevB.99.134414

Kentaro Kuga, Yuina Kanai, Hidenori Fujiwara, Kohei Yamagami, Satoru Hamamoto, Yuichi Aoyama, 123

Akira Sekiyama, Atsushi Higashiya, Toshiharu Kadono, Shin Imada, Atsushi Yamasaki, Arata

Tanaka, Kenji Tamasaku, Makina Yabashi, Tetsuya Ishikawa, Satoru Nakatsuji, Takayuki Kiss

Effect of Anisotropic Hybridization in YbAIB4 Probed by Linear Dichroism in Core-Level Hard X- 2019

Ray Photoemission Spectroscopy

Physical Review Letters 036404-1-5
DOl

10.1103/PhysRevLett.123.036404

Takuo Ohkochi, Hitoshi Osawa, Akinobu Yamaguchi, Hidenori Fujiwara, Masaki Oura 58

Present status of photoemission electron microscope newly installed in SPring-8 for time- 2019

resolved nanospectroscopy

Japanese Journal of Applied Physics 118001-1-3
DOl

10.7567/1347-4065/ab4b12

S. Hamamoto, Y. Kanai, S. Fujioka, Y. Nakatani, H. Fujiwara, K. Kuga, T. Kiss, A. Higashiya, A. 238

Yamasaki, S. Imada, A. Tanaka, K. Tamasaku, M. Yabashi, T. Ishikawa, H. Hidaka, T. Yanagisawa,

H. Amitsuka, K.T. Matsumoto, T. Onimaru, T. Takabatake, A. Sekiyama

Observation of the 4f ground-state symmetry in strongly correlated cubic Pr compounds probed by 2020

linearly polarized 3d core-level photoemission spectroscopy

Journal of Electron Spectroscopy and Related Phenomena

146885 146885

DOl
10.1016/j .elspec.2019.07.006




Kentaro Kuga, Yuina Kanai, Hidenori Fujiwara, Kohei Yamagami, Satoru Hamamoto, Yuichi Aoyama, 238
Akira Sekiyama, Atsushi Higashiya, Toshiharu Kadono, Shin Imada, Atsushi Yamasaki, Kenji

Tamasaku, Makina Yabashi, Tetsuya Ishikawa, Satoru Nakatsuji, Takayuki Kiss

Linear polarization-dependent core-level photoemission spectroscopy in Yb-based valence 2020

fluctuating system

Journal of Electron Spectroscopy and Related Phenomena

146889 146889

DOl
10.1016/j .elspec.2019.08.004

H. Aratani, Y. Nakatani, H. Fujiwara, M. Kawada, Y. Kanai, K. Yamagami, S. Fujioka, S. 98
Hamamoto, K. Kuga, T. Kiss, A. Yamasaki, A. Higashiya, T. Kadono, S. Imada, A. Tanaka, K.

Tamasaku, M. Yabashi, T. Ishikawa, A. Yasui, Y. Saitoh, Y. Narumi, K. Kindo, T. Ebihara, A.

Sekiyama

Revising the 4f symmetry in CeCu2Ge2: Soft x-ray absorption and hard x-ray photoemission 2018

spectroscopy

Physical Review B

121113(R)-1-6

DOl
10.1103/PhysRevB.98.121113

43 2 8
X alpha-YbAl1-xFexB4
76 (2021 )
2021
6 eV ARPES Bi12212 bilayer splitting
76 (2021 )

2021




Au-Ga-Ce 1/1

76

(2021 )

2021

34

2021

YbCo2Ge4 4fF

2020

2020

SmPt2Si2

4f

2020

2020




X X Co2FeSi

2020

2020

X Co2MnSi

2020

2020

H. Fujiwara, H. Aratani, Y. Nakatani, M. Kawada, Y. Kanai-Nakata, K. Yamagami, S. Fujioka, S. Hamamoto, K. Kuga, T. Kiss, A.
Yamasaki, A. Higashiya, T. Kadono, S. Imada, A. Tanaka, K. Tamasaku, M. Yabashi, T. Ishikawa, A. Yasui, Y. Saitoh, Y.
Narumi, K. Kindo, T. Ebihara, A. Sekiyama

Ground State Local 4f Symmetry in the Pressure Induced Superconductor CeCu2Ge2 Probed by Polarized Hard X-ray Photoelectron
Spectroscopy

8th International Conference on Hard X-ray Photoelectron Spectroscopy (HAXPES 2019)

2019

A. Sekiyama, Y. Kanai-Nakata, S. Hamamoto, H. Fujiwara, A. Tanaka, S. Imada, Y. Nakatani, S. Takano, T. Kashiuchi, K.
Yamagami, M. Kawada, T. Kadono, K. Kuga, T. Kiss, A. Yamasaki, A. Higashiya, K. Tamasaku, M. Yabashi, T. Ishikawa, Y. Onuki,
A. Kikkawa, Y. Taguchi and T. Ebihara

Polarization-dependent Angle-resolved Core-level HAXPES of Strongly Correlated Rare-earth Compounds: Formulations and
Applications

8th International Conference on Hard X-ray Photoelectron Spectroscopy (HAXPES 2019)

2019




S. Hamamoto, Y. Kanai-Nakata, H. Fujiwara, K. Kuga, T. Kiss, A. Higashiya, A. Yamasaki, S. Imada, A. Tanaka, K. Tamasaku, M.
Yabashi, T. Ishikawa, H. Hidaka, T. Yanagisawa, H. Amitsuka, K.T. Matsumoto, T. Onimaru, T. Takabatake, A. Sekiyama

Linear Dichroism in Core-level Photoemission Spectroscopy for Cubic Pr Compounds

8th International Conference on Hard X-ray Photoelectron Spectroscopy (HAXPES 2019)

2019

T. Kiss, K. Kuga, S. Hamamoto, Y. Takeuchi, K. Yamagami, Y. Nakatani, H. Yomosa, H. Kondo, K. Sorime, H. Fujiwara, A.
Sekiyama, M. Oura, A. Tanaka, K. Tamasaku, M. Yabashi, T. Ishikawa

Development of High Efficient Photoemission Spectrometer for Soft- and Hard-X-ray

8th International Conference on Hard X-ray Photoelectron Spectroscopy (HAXPES 2019)

2019

H. Fujiwara, H. Aratani, Y. Nakatani, M. Kawada, Y. Kanai-Nakata, K. Yamagami, S. Fujioka, S. Hamamoto, K. Kuga, T. Kiss, A.
Yamasaki, A. Higashiya, T. Kadono, S. Imada, A. Tanaka, K. Tamasaku, M. Yabashi, T. Ishikawa, A. Yasui, Y. Saitoh, Y.
Narumi, K. Kindo, T. Ebihara, A. Sekiyama

Revising Ground State Local 4f Symmetry in the Pressure Induced Superconductor CeCu2Ge2

International Conference on Strongly Correlated Electron Systems 2019 (SCES2019)

2019

2019




2019

2019
X Ce 4f
2019
2019
2019
2019
2019

2019




HAXPES

Ir

2019

2019

Co2MnSi

2019

2019

2019

2019

PrFe4p12

2019

2019




beta-YbAIB4

2019

2019

Pr 4f
33
2020
Co2FeSi
33
2020
a -YbAl1l-xFexB4 4f
33

2020




X B -YbAIB4

o -YbAIB4

33
2020
X Mn2VAI
2020
2020
PrFe4p12
2020
2020
SmPt2Si2  4F
2020

2020




X V, Cr Heusler

2020

2020

H. Fujiwara, H. Aratani, Y. Nakatani, M. Kawada, Y. Kanai, S. Hamamoto, K. Kuga, T. Kiss, A. Yamasaki, A. Higashiya, T.
Kadono, S. Imada, A. Tanaka, K. Tamasaku, M. Yabashi, T. Ishikawa, A. Yasui, Y. Saitoh, Y. Narumi, K. Kindo, T. Ebihara, and
A. Sekiyama

Ground-state 4f symmetry in CeCu2Ge2 probed by soft x-ray absorption and hard x-ray photoemission spectroscopy

J-Physics Annual Meeting FY2018

2018

H. Fujiwara, R. Y. Umetsu, K. Nagai, F. Kuroda, H. Fujii, T. Oguchi, A. Sekiyama, Y. Harada, J. Miyawaki, S. Suga

Resonant Inelastic X-ray Scattering on Half-metallic Ferrimagnet Mn2VAl

RIXS-RXS-workshop

2018

2018




Mn 2p Mn

2018
2018
X Nd2-xCexCu04
2018
2018
H. Fujiwara

Revising the 4f symmetry in CeCu2Ge2 probed by polarized hard X-ray photoemission spectroscopy

International Workshop on Trends in Advanced Spectroscopy in Materials Science

2018

X CeAgSh2

32

2019




YbNi2Ge2 4f

32

2019

H. Fujiwara, R. Y. Umetsu, K. Nagai, F. Kuroda, H. Fujii, T. Oguchi, A. Sekiyama, Y. Harada, J. Miyawaki, S. Suga

Electronic structure of the half-metallic ferrimagnet Mn2VAI probed by resonant inelastic soft X-ray scattering under
magnetic field

The first international Workshop on Momentum Microscopy & Spectroscopy for Materials Science

2019

X YbAIB4

74 (2019)

2019

YbNi2Ge2 4f

74

2019




X CeRu2Si2 4f

74

2019

https://ww.riken.jp/press/2019/20190726_2/index.html




