e

» 7 >

(KB 5 9 REe= x5t ARPES TR /=

URu,Si, DEN = :

BESSY Il 13 ARPES R 5 — 3 »FIBH&BRED

IR
SR AT
Jih VL s
LA 00 R BFSE H

Ry il

e LIRS o BT o A T R 70T e B 7

T277-8581 FHERMTAADHE 5-1-5

T700-8530 il (LRl LT PR i By 3-1-1

T700-8530 i (LRl LI PR i By 3-1-1

BEEOYMMEICEERRENERLLTVWRERFEOVEDELT, REXEZRVWI-AESBEBFAOALD
%, COEBREMIAECEVWTHELVREEZEXTFTEY, HLLAL S MTEREINE—LT PT
RZF—2anBHLTWD, AT, KA VORISR BESSY IIICEHE S /- “1° (One-Cubed)
ARPES X 57— 3" [CHEWT, BaniETT -7 URu,Si, DIEEBS A RENATBFAIXERICOVTREBNT 3,
URw,Si; (175K [CEWT T RABEBR EZR TN, ZOHGEROEXRETHMEOREAOMF ML /- > 7BET
LROFTETHY, TBI-HKF] BELLTHAOSNTLS, F4n 12 ARPES R7—32 3> COERICE - 1=

BY, RHOKRFHRARND, BEHERVSZLETUHTHOL MR > 7c URWSH OBEFIREZENT D,

1. FUBHIC

TSI % e B ORISR L CREAZ L7256 L T
BHH5, BEEOSHEBRICES W TCHIFFICE ALY —ILTh
bo DS VB GHEROO & DI, MES
BXFEF 5 (ARPES) b5, AESBIEETFHIE
BRONV FEESEZEEBRTE2FETHY, #EER10
FEOMIC S K EeaB e BT o, KREBRE T, mHA
RGP EAERN L — Y — % SERICH O 7 RIRBE 23T
NTEY, FTETIII RVF—5FFESN100 ueV LT, =R
FHEE 1K BEOHENPEHRINTVBEY, LirL, Fk
FICRBI A2 HEFHHEEEEORESTHETH H5—77,
HFRTE2HEXEO T RIVF—=DBELNE LV HWLD
%o YT OV F—AEE S A RETF 5 HE T,
SRR E ST 101 3310 5 /3 F RS OB BUKEME T E
TEY, ZRTEETHEEF O>PRICKWTERE S
he ZLAUTKL, AN E I HTE TN Tl d ke
Ml ZRICHNC AT v ¢ 5 2 LB REZ K, MR )
O meV OREETHIET A Sid T2 2Tt
W,

WA, FA YOS EHEFICH W T 13 (One-Cubed)
ARPES A5 —y g VEWIFHLWIV F AT —Y 5 VI
BEIN/, SOV FAT—Y a VORI, (DD

fRRe, QF/F7F 54V —DMHE QRIESERED HEE
BENFN~1meV, ~ImeV, ~1K X5 “1 283 Ofi
&7 Oavt 7 PERTHY, APPLEII BT vy 4
V=2 —RFEROELROE—LAF A VDO N5 s
Y#wHe w727 SAFTAZ v b EHAEDR LT &
T, BRSBTS HK & L AT ICERBE L,
EIROPEZ AJFEIC L T\ 5%, O, Fx DOWFFET L —
71313 ARPES 25—V s VEHADZ V—"T & L TH)
OTHIAL, URu,Si, &\ 5> #WEIC I A KR8 5 5 ffhe
KBEF 5 HEB AT > 72 URWSi; 1217.5 K i3\ TR
MO 2R, TOIEER (=FFEE) 3wy
OF B G FI L Erc - 72 HETLHOETETHD,
hid TRNHERF REE L TabNTWAY, AT
i¥, 13 ARPES 25— 5 VOFIRIZH /- A AL
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Fig. 1 (Color online) (a) Crystal Structure of URu,Si,. (b) Body-
centered tetragonal Brillouin zone of UR,Si,. (¢)—(e) Tem-
perature dependence of ARPES intensity maps for URu,Si,
measured along the [100] direction over the temperature
range of 7-18 K. The intensity maps have been normalized by
the resolution-convoluted Fermi functions.
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Fig. 3 (Color online) High-resolution ARPES data measured
along the I-X direction for the paramagnetic state of URu,
Si, (20K). (a) ARPES intensity map measured using 19-eV
photons. (b) The energy distribution curves (EDCs)
corresponding to the data in (a). (¢) The momentum-distri-
bution curves (MDCs) corresponding to (a). (d) ARPES
intensity map measured using 34-eV photons. (e¢) EDCs
corresponding to (d). The inset shows the EDCs near kp; the
EDCs have been normalized by the resolution-convoluted
Fermi function. (f) MDCs corresponding to (d).
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Fig. 4 (Color online) High-resolution ARPES data measured
along the I'-X direction for the hidden-order state of URu,
Si, (2K). (a) ARPES intensity map measured using 19-eV
photons. (b) The second-derivative map corresponding to
(a). (c¢) The energy-distribution curves corresponding to
(a). (d) ARPES intensity map measured using 34-eV pho-
tons. (e) The second-derivative map corresponding to (d).
Black circles show the EDC-derived peak positions of the
‘M-shaped’ band in the 19-eV data. The top of the ‘M-
shaped’ band and the position of ky are indicated by the
arrows. (f) The energy-distribution curves corresponding to
(d). The broken lines in (c) and (f) are guides for the eye.
Note that the spectra were measured with circular polariza-
tion.
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Fig. 5 (Color online) The EDCs measured above and below the

hidden-order temperature. (a) The EDCs at k=0 A~ for 19
eV. (b) The EDCs at k=0.16 A~ for 19 eV. The EDCs at 2
K and 12 K are also presented in the inset after being normal-
ized by the resolution-convoluted Fermi functions. (¢) The
EDCs at k=0 A-! recorded using 34-eV photons. (d) The
EDCs at kp=0.30 A~! for 34 eV.
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Fig. 6 Schematic description of the electronic states observed in the
present study.
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Emergence of the hidden-order state in URu,Si,
studied by low-temperature ultrahigh-resolution
three-dimensional ARPES.:

Our experinence at BESSY Il 13 ARPES station

Rikiya YOSHIDA Institute for Solid State Physics, The University of Tokyo,
Kashiwa 277-8581, Japan

Takanori WAKITA Research Laboratory for Surface Science,
Okayama University, Okayama 700-8530, Japan

Takayoshi YOKOYA Research Laboratory for Surface Science, Okayama University,
Okayama 700-8530, Japan

Abstract Angle-resolved photoemission with synchoroton radition has played a pivotal role in the resaerch
of condensed matter physics. This experimetnal technique has evolved even in recent years and
promoted the development of ‘new-concept’ endstations at several synchrotron facilities. In this
article, we introduce our recent low-temperature, ultrahigh-resolution photoemision experiment
on URu,Si, performed at ““13 (One-cubed)’’ ARPES station of BESSY Il in Germany. Our study is
related to the so-called ‘“hidden-order’’ problem; while URu,Si, shows a second-order phase tran-
sition at 17.5 K, the nature of the order parameter is still unknown despite years of considerable
research. Along with our motivation for performing an experiment at 13 ARPES station and the
current situation of the endstation, we will describe our findings, which can only be elucidated by
the use of synchrotoron radiation.
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